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Foreword 

W hat is the purpose of this book?

It's a simple question, yet it touches upon the fundamental di-erence bew
tAeen gIw.enerated output and humanwcreated AorkT voday's gI systems possess no 
internal driLe to create or communicateT Meft to their oAn deLices, they remain inactiLeT 
I, hoAeLer, am human, driLen by innate curiosity and purposeT xy motiLation for 
Aritin. this book stems from my conLiction that understandin. gI and robotics is 
becomin. critical for all of us as Ae naLi.ate Ahat promises to be an eFtraordinarily 
dynamic decadeT With gI deLelopments emer.in. daily, many feel like latecomers to an 
on.oin. storyT vhis book seeks to remedy that feelin., o-erin. readers a clear path to 
catchin. up and a toolkit for thinkin. about the most pressin. questions that Ae face as 
indiLiduals and as a societyT

vhis book has three primary .oalsT ;irst, it aims to informT vhe current literature on 
gI often either delLes too deeply into mathematics or skims super(cially oLer crucial 
conceptsT I haLe endeaLored to strike a careful balanceG proLidin. su)cient depth to 
appreciate the mechanics of gI Aithout .ettin. into details that Aould only be necessary 
for those Aho are buildin. loA leLel gI systemsT gfter the initial chapters, readers should 
comfortably be able to eFplain Ahat a neural netAork is in accessible terms and .rasp 
its implications for the future of gIT gs Ae pro.ress, the book coLers additional topics 
includin. MMxs, reasonin., toolwuse, robotics, modalities, and the roadmap toAard arw
ti(cial .eneral intelli.ence CgSIHT Noncepts from neuroscience are introduced throu.hw
out to illustrate both the elementary nature of current gI techniques and potential 
directions for future adLancementsT

vhe second .oal is to raise critical questions about the near futureT Within the neFt 
decade, the ansAers to these questions could spaAn billionwdollar companies, reshape 
.eopolitics, or fundamentally alter eLeryday lifeT ;or instance, hoA should intellectual 
property ri.hts eLolLe in the gI era? Dhould autonomous police robots be permitted 
to use force? EoA can authenticity be Leri(ed in a Aorld Ahere deepfakes are indistinw
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.uishable from reality? vhe purpose in raisin. these questions is not to ansAer them but 
to inspire readers to diLe more deeply into the questions that they are most interested 
inT

vhe third .oal is to present an opinionated perspectiLe on essential considerations 
for indiLiduals and or.ani:ations adaptin. to gIT I encapsulate these considerations 
Aith a nineRletter mnemonic to .uide indiLiduals, or.ani:ations, and policymakers 
in naLi.atin. gIVs comin. decadeB vhe ‐3zgNvIU2 frameAorkT vhe frameAork is 
introduced here and Aill be reLisited a.ain in the conclusionT vhrou.hout the book, 
eLidence is proLided to support these prioritiesT

P – Progress
3eco.ni:e that gI is real and acceleratin.T Pismissin. early hype or failures inLites 
complacencyT IndiLiduals and or.ani:ations must inLest noA in adaptin. to both todayVs 
capabilities and tomorroAVs breakthrou.hsT

R – Responsibility
2nsure gI e-orts serLe noble causesT With gIVs Loracious appetite for intellectual and 
physical resources, Ae must channel its poAer toAard healthcare, education, enLironw
mental sustainability, and other hi.hRimpact challen.es rather than triLial or harmful 
endsT

O – Oversight
3e.ulatory oLersi.ht must eLolLe beyond simply .oLernin. lar.e corporationsT Dtratew
.ies e-ectiLe for re.ulatin. industries like automotiLe or nuclear poAer are inadew
quate for gI Ahich is a technolo.y deployable by indiLiduals usin. disconnected, conw
sumerw.rade deLicesT 2-ectiLe re.ulation must comprehensiLely coLer the full spectrum 
of gI applications, particularly emphasi:in. dan.erous usewcases currently oLerlooked 
by eFistin. frameAorksT

A – Assumption
Dhift our default stance to treat unLeri(ed teFt, audio, or Lideo as gIR.eneratedT jecause 
gI detection and Aatermarks are inherently unreliable, Ae must ur.ently deLelop Lerw
i(cation technolo.ies and processes to establish authenticity of le.itimate content for 
situations Ahere that is importantT

C – Change-management
Workforce chan.es driLen by gI Aill be profound and haLe already be.unT Eistorically, 
society has inadequately supported displaced AorkersT vo miti.ate skepticism and disw
ruption, Ae must proactiLely striLe to proLide better support systemsT

T – Trusteeship
Nounter the risk of gI concentratin. Aealth and poAerT Pesi.n mechanisms that 
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distribute gIVs economic .ains, encoura.e competition, and preserLe equitable social 
structuresT

I – Innocence-protection
Dafe.uard Lulnerable indiLiduals, especially children, from formin. unhealthy emow

tional attachments to gI or misunderstandin. its natureT 2stablish a.ewappropriate 
desi.n standards, transparency requirements, and monitorin. to preLent harmT

V – Versatile education
3einLent learnin. systems before gI eFploitation undermines themT While gI can 

democrati:e education for all and accelerate education for ambitious students, curricula, 
assessment methods, and credentialin. must adapt sAiftly to preserLe ri.or and inte.rityT

E – Enrichment
0ltimately, buildin. robust societies and resilient indiLiduals o-ers the best protection 
a.ainst gIwassociated risksT Dtren.thenin. community ties, simplifyin. supply chains, 
and prioriti:in. personal relationships and nature are eFamples of essential strate.iesT 
vhis 1uncture compels us to reeLaluate our foundational assumptions about ciLili:ation 
and daily lifeT

vo.ether, the ‐3zgNvIU2 frameAork proLides an actionRoriented roadmap for 
harnessin. gIVs promise Ahile mana.in. its perilsT

SiLen the sub1ect matter, it's fair to question if gI Arote this bookT Indeed, gI Aas 
a partner in the Aritin. process, and I Aant to be transparent about this collaborationT 
EoAeLer, I hope that anyone Aho is familiar Aith current gI tools Aill a.ree that a book 
of this quality and depth still necessitates si.ni(cant manual human AorkT ‐ractically, 
hoA did the collaboration occur? xy eFtensiLe eFperience in technolo.y shaped the 
book's key insi.hts and structureT I desi.ned the structure of the book and Arote a 
preliminary draftT gt that point, I leLera.ed gI to source references, eFpand on concepts, 
and perform teFt .eneration to Kesh out the contentT Dubsequently, eFtensiLe manual 
editin. Aas essential to ensure consistency, coherence, and ori.inalityT gI .enerated conw
tent included inaccuracies that I needed to correct, and it often introduced redundant 
content, reKectin. its limited understandin. of oLerarchin. conteFtT gI a.ents also had 
a bias toAard neutral or mainstream LieApoints, requirin. e-ort to reali.n the content 
Aith my perspectiLeT

Nan I claim authorship? vhis question Aill recur for most future Aorks as gI based 
research tools become AidespreadT Would my Aork qualify for submission as a .raded 
uniLersity paper? It may in some institutions but IVd ar.ue it shouldnVtT vhe purpose of 
educational institutions is to deLelop and proLe an ability to create Aorks from scratch, 
limitin. computer assistance to basic tools like keyAord searches and spellwcheckin.T 
Is it fair for me to call myself an author of this book? vhere is no o)cial rule for 



g xIOP xgP2 z; xgvE ‐P;5

Ahat an indiLidual must do before they list themselLes as an author on a bookT xany 
contemporary authors rely heaLily on editors and research assistants, sometimes eLen 
employin. .hostAritersT I haLe inLested si.ni(cant amounts of time into this book 
and althou.h it Aould haLe taken me lon.er to Arite Aithout gI assistance, I haLe no 
qualms about listin. myself as an author Aith the disclaimer and transparency that I 
haLe proLided here about the eFtent of my AorkT gs is discussed further in the book, the 
challen.e Ae face ri.ht noA is that this type of a disclaimer is optional and Ae are likely 
enterin. a period of time Ahere a .reat deal of Aritten material is created Aith heaLy and 
undisclosed assistance from gI toolsT 

;inally, a brief introduction about myselfT In ’BBC, I started classes at the 0niLersity 
of jritish NolumbiaT I Aas inspired by Aritin. about gI from 3ay Dur:Aeil and Eans 
xoraLec and had the opportunity to be eFposed to the early Aork on self driLin. cars 
throu.h a leadership role in our uniLersityVs entry to the Pg3‐g Srand Nhallen.eT I 
completed my de.ree in 2n.ineerin. ‐hysics Aith a speciali:ation in 2lectrical 2n.iw
neerin.T gfter .raduatin., I be.an a career Aorkin. in startwup companies and haLe held 
a miF of product and company leadership positions in startups Aorkin. on interestin. 
problems in the ener.y, (nance, and noA security domainsT I am a Nhartered ;inancial 
gnalyst charterholder and as of the publication of this book in ’B’E, I am N2z of a 
company that deLelops a database security product Aith a focus on the eLolLin. needs 
of teams that are leLera.in. gI in the softAare deLelopment processT

I reside in UancouLer and deeply Lalue outdoor actiLitiesT xy ideal Aeekend inLolLes 
lon. periods of hikin., cyclin., or paddlin., accompanied by en.a.in. audiobooksT 
Nonsequently, IVLe intentionally structured this book to be optimal in audiobook forw
mat, aLoidin. dia.rams, tables, and compleF sentence constructionsT I encoura.e readers 
to eFperience this book similarlyB outside, en.a.in. Aith nature, immersed in actiLities 
humans haLe cherished since lon. before the technolo.ical transformations that haLe 
shaped modern lifeT



Chapter One

On the Cusp of an ArticliaI 
gnteIIidenle anR bovotils 
be�oIution

The Rocky Road of Technology Revolutions

I t would not be the rsit tmpe the fsopmie og mntellmaent pcyhmnei would outsun 
seclmt.1 In 967,A ct the hemaht og cn ecsl. cstmrymcl mntellmaenye boopA the senowned 

MI fmonees vcskmn vmni:. pcde the gollowmna fsedmytmon“ W’mthmn c aenesctmonA I cp 
yonkmnyedA gew yopfcstpenti og mntelleyt wmll sepcmn outimde the pcyhmne—i seclp‘the 
fsoblepi og ysectmna ”cstmrymcl mntellmaenye— wmll be iubitcntmcll. iolked1z M gew .ecsi 
lctesA he eken told Life pcacSmne thct Wgsop thsee to emaht .ecsi we wmll hcke c pcyhmne 
wmth the aenescl mntellmaenye og cn ckescae hupcn bemna1z 0uyh goseyciti fsoked wmldl. 
oftmpmitmy1 Initecd og c bscke new wosld og thmn:mna pcyhmneiA the 96,-i bsouaht cn MI 
wmntes og dmicffomntpenti cnd gundmna yuti1 It tusned out thct yscy:mna hupcnTlekel 
mntellmaenye wci gcs hcsdes thcn thoie ecsl. seiecsyhesi mpcamned1 Ehmi y.yle og logt. 
kmimonA mppenie h.feA cnd then hcsih dmimlluimonpent would sefect mtielg mn MI seiecsyh 
c nupbes og tmpei1 xkes. iusae og e8ymtepentA gsop the dekelofpent og e8fest i.itepi 
mn the 96D-i to Beef Glue bectmna Kcss. 5cifcsok ct yheii mn 966,A ieeped to peet 
the icpe gcte“ mnmtmcl iuyyeiiei gollowed b. the iobesmna seclmSctmon thct tsue mntellmaenye 
os sobuit cutonop. sepcmned out og secyh1 In sobotmyiA tooA the fublmy—i e8feytctmoni 
hcke ogten scyed checd og fsoaseii1 Mi gcs bcy: ci the 962-i cnd 967-iA fofulcs yultuse 
enkmimoned houiehold sobot ieskcnti cnd gull. cutonopoui gcytosmei b. the .ecs N---1 
Ehe .ecs N--- ycpe cnd wentA cnd the soboti og dcml. lmge wese itmll lcsael. iymenye rytmon1
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Ehmi fcttesn og okesfsopmimna cnd undesdelmkesmna hci sefected io ogten mn the 
reldi og MI cnd sobotmyi thct obieskesi yould be gosamken gos beyopmna Ycded1 ;et mt mi 
mpfostcnt to sepepbes thct tscnigospctmke teyhnoloamei mn hmitos. ogten tsckel c bupf. 
socd og h.fe cnd dmicffomntpent begose tsul. yhcnamna the wosld1 IndeedA mg we itef 
bcy: cnd yopfcse the MI sekolutmonTmnTwcmtmna to ecslmes teyhnoloamycl sekolutmoni iuyh 
ci eleytsmymt.A kcyymnctmonA the mntesncl yopbuitmon enamneA podesn yoppunmyctmon 
netwos:iA cnd segsmaesctmonA we iee iope itsm:mna impmlcsmtmei1 Mlpoit ekes. one og thoie 
bsec:thsouahi wci hesclded b. kmimoncs. fsoYeytmoni lona begose mt hcd fscytmycl mpfcytA 
cnd pcn. went thsouah thems own fesmodi og doubt1 Ehopci xdmion—i eleytsmy lmaht wci 
unkemled mn 9D,6 to asect gcngcseA but ct thct tmpe eleytsmymt. wci itmll c scse lu8us.% onl. 
D3 og Mpesmycn hopei hcd eleytsmy fowes eken ci lcte ci 96-,1 0:eftmyi cboundedA .et b. 
96U- eleytsmymt. wci ckcmlcble mn necsl. ,-3 og q0 houieholdi cnd todc. mt mi ubmJumtoui19 
In the ifcn og c gew deycdeiA eleytsmryctmon tusned gsop c ifeyulctmke nokelt. mnto the 
bcy:bone og podesn ymkmlmSctmon1 Ehe icpe fcttesn mi ekmdent wmth kcyymnei1 ’hen 
xdwcsd Lennes deponitscted the rsit ipcllfo8 kcyymne mn 9,67A the mdec og escdmyctmna 
cn cnyment iyousae iounded gcntcitmycl1 It too: necsl. two pose yentusmei og iymentmry 
cnd loamitmycl fsoaseiiA but mn 96,, the lcit ycie og ipcllfo8 wci obiesked cnd mt wci 
deylcsed escdmycted gsop the alobe mn 96D-1 Mgtes U--- .ecsi og pmies.A not c imnale ycie 
hci oyyussed imnye1N In setsoifeytA theie tscnigospctmoni geel mnekmtcble1 Gut begose the. 
hcffenedA the. too gcyed i:eftmymipA gclie itcstiA cnd .ecsi og ascducl mpfsokepent1 

qndesitcndmna how bma mdeci beyope seclmt. seJumsei undesitcndmna the itcaei clona 
the wc.1 M uiegul gscpewos: gos thmn:mna cbout teyhnoloamycl yhcnae mi ci c thseeTfhcie 
Yousne.“ kmimonA teyhnmycl gecimbmlmt.A cnd pcs:et cdoftmon1 

In the kmimon fhcieA cn mdec mi bosnA ogten gcs checd og mti tmpeA thsouah mpcamnctmon os 
theosetmycl mnimaht1 Pmitos. mi smyh wmth kmimoncs. yonyefti thct lona fsedcted the pecni 
to seclmSe thep1 Veoncsdo dc 4mnym i:etyhmna c helmyoftesTlm:e C.mna pcyhmne mn the 
9RD-i mi c Jumnteiientmcl e8cpfle1 In cn esc og o8Tfowesed pmlli cnd wooden pcyhmnes.A 
Veoncsdo yonyemked og cn cesmcl iysew thct yould lmgt o( kestmycll. gsop the asound1 
It wci cn mnifmsed kmimonA yentusmei checd og the lmahtwemaht enamnei cnd cesod.ncpmy 
iymenye needed to pc:e mt wos:1 Hos aenesctmoni cgtes VeoncsdoA the helmyoftes sepcmned 
c dsecp degessed1 xnamneesi cnd tmn:esesi to.ed wmth podel helmyoftesi cnd to.Tlm:e 
yontscftmoniA :eefmna the dsecp clmkeA but the Eeyhnmycl Hecimbmlmt. fhcie hcd to wcmt1 
Oot untml the twentmeth yentus.A cgtes the mntesncl yopbuitmon enamneA podesn pcteT
smcliA cnd cdkcnyed yontsol peyhcnmipi hcd been dekelofedA dmd the helmyoftes rncll. 
cttcmn iuitcmnedA yontsollcble Cmaht1 In 96-,A the rsit bsmegA tethesed helmyoftes lmgtTo( 
wci cyhmekedA cnd b. the 96R-i the rsit fscytmycl helmyoftesi too: to the i:mei1U ’hct 
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Veoncsdo hcd mpcamned mn ?encmiicnye Itcl. beycpe teyhnmycll. gecimble onl. cgtes R2- 
.ecsi og mnteskenmna teyhnoloamycl fsoaseii1 

0ope kmimoncs. mdeci cse itmll cwcmtmna thct popent og teyhnmycl gecimbmlmt.1 )onimdes 
the ifcye elekctos1 Ehe yonyeft yclli gos c ycble itsetyhmna gsop xcsth to ifcyeA clona 
whmyh kehmylei yould ylmpbA domna cwc. wmth the need gos soy:eti1 It wci rsit fsofoied 
mn 9D62 b. the ?uiimcn iymentmit 5onitcntmn Eimol:oki:.1 Eimol:oki:.—i mdec wci mnifmsed 
b. the newl. bumlt xm(el Eowes% he mpcamned c towes secyhmna aeoitctmoncs. osbmt1 In 
theos.A c ifcye elekctos yould dscitmycll. seduye the yoit og secyhmna ifcye1 Gut these 
wci c gundcpentcl fsoblep“ no pctesmcl e8mitedA cnd csaucbl. none .et e8mitiA wmth the 
yopbmnctmon og lmahtneii cnd tenimle itsenath to pc:e iuyh c ycble foiimble1 0teelA the 
itsonaeit pctesmcl og Eimol:oki:.—i dc.A would incf undes mti own wemaht lona begose 
secyhmna the seJumsed cltmtude1 Hos okes c yentus.A the ifcye elekctos hci sepcmned ituy: 
mn the 4mimon fhcie% endleiil. dmiyuiied mn iymenye rytmon cnd enamneesmna yongesenyei 
cnd fesmodmycll. sekmimted ci pctesmcli iymenye cdkcnyei1 Hos e8cpfleA ycsbon ncnotubei 
mn the 966-i ifussed new hofei1 In N--7A I eken hcd the offostunmt. to lecd c qnmkesimt. 
og Gsmtmih )olupbmc tecp mn c ifcye elekctos yopfetmtmon thct wci osacnmSed b. OM0M 
to enyouscae the teitmna og new mdeci1R Bepcnd gos iuyh cn mnkentmon mi asowmna1 In the 
.ecs N---A 9N9 obYeyti wese lcunyhed mnto ifcye1 In N-NRA thct nupbes hcd e8floded 
to ND62 but ekes. one og theie obYeyti wese lmgted wmth tscdmtmoncl soy:et i.itepi12 It mi 
c sepmndes thct iope kmimoni pc. lmnaes gos c kes. lona tmpe begose the lcwi og fh.imyi 
cnd enamneesmna cllow thep to be seclmSedA mg ekes1

Ehen these cse clio yciei whese c teyhnoloa. doei secyh the ecsl. teyhnmycl gecimbmlmt. 
itcae wmth c wos:mna fsotot.fe but gcmli to fsoaseii gusthes due to fscytmycl lmpmtctmoni 
mn secl wosld deflo.penti1 Ehe 96thTyentus. ctpoifhesmy scmlwc. mi cn mnitsuytmke e8T
cpfle1 In the 9DR-iA Gsmtmih enamneesiA mnyludmna the gcped Iicpbcsd 5mnadop GsunelA 
e8fesmpented wmth c nokel gosp og scml fsofulimon thct dmdn—t seJumse onbocsd enamnei 
ct cll17 InitecdA itctmoncs. itecp enamnei clona the soute would ysecte c kcyuup mn c 
fmfe between the scmliA fullmna c fmitonA cnd thui the cttcyhed tscmn ycsiA goswcsd1 In 
theos. mt wci eleacnt“ no loyopotmkeA no ipo:eA cnd the cbmlmt. to ylmpb iteefes ascdei 
thct yonkentmoncl gsmytmonTbcied loyopotmkei itsuaaled wmth1, xcsl. tsmcli og ctpoifhesmy 
scmlwc. lmnei ihowed fsopmieA cnd b. 9DR, c ieapent og scmlwc. mn Bekon wci ofesctmna 
wmth kcyuupTfowesed tscmni1 Eeyhnmycll.A the yonyeft wos:ed% mt wci gecimble enouah 
to sun secl tscmni1 ;et the i.itep—i Myhmllei— heel beycpe cffcsent clpoit mppedmctel.1 
Ehe kcyuup tube hcd to be iecled b. c yontmnuoui lecthes Ccf kclke sunnmna mti lenathA 
cnd pcmntcmnmna cn cmstmaht iecl fsoked nmahtpcsmihl. dm$yult1 Ehe lecthes would sotA 
yscy:A os be ancwed b. scti1 Ehe tcllow uied to :eef mt iuffle would gseeSe mn wmntes1 Mi 
c seiultA the fupfi hcd to lcbos okestmpe to yopfenicte gos lec:i1 vcmntencnye yoiti 
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i:.soy:eted cnd selmcbmlmt. fluppeted1 Mgtes leii thcn c .ecs og ieskmyeA the cpbmtmoui 
ctpoifhesmy scmlwc. wci cbcndoned cnd yonkested bcy: to yonkentmoncl loyopotmkei1 
Ehe ctpoifhesmy scmlwc. gcmled not beycuie the kmimon wci wsonaA but beycuie mti gecimT
bmlmt.A whmle deponitscted mn bsmegA yould not be iuitcmned wmth the tooli og thct esc1 

Hmncll.A eken when c teyhnoloa. mi deponitscbl. gecimble cnd serned to c wos:mna 
fsoduytA mt puit ylecs the husdle og pcs:et cdoftmonA fesiucdmna the wosld to uie mtA 
cnd domna io ct iycleA iuitcmncbl. cnd fsortcbl.1 vcn. asect mnkentmoni hcke Coundesed 
ct thmi itcaeA os ct lecit lcnaumihed gos .ecsi ci c iolutmon mn iecsyh og c fsoblep os c 
pcs:et1 4mstucl ?eclmt. X4?+ mn the N9it yentus. csaucbl. imti mn thmi lmpbo1 Ehe mdec og 
mppesimke impulcted enkmsonpenti hci been csound gos deycdei1 Ehe kmimon og 4? ci we 
:now mt todc. wci clsecd. kmkmd mn the 96D-i cnd 966-i1 G. nowA the teyhnmycl gecimbmlmt. 
mi undenmcbl. hese“ cn.one ycn ao out cnd bu. c 4? hecdiet thct o(esi iofhmitmycted UB 
kmiucliA hecdTtscy:mnaA cnd mntescytmke e8fesmenyei thct would hcke ieeped pmscyuloui 
c aenesctmon cao1 Eeyh enthuimciti cnd mnduits. lecdesi hcke touted 4? ci the ne8t bma 
yopfutmna flctgosp1 Mnd .etA pcmnitsecp cdoftmon sepcmni tefmd1 M iuske. mn N-NU 
og Mpesmycn teencaesiA theosetmycll. c fsmpe cudmenye gos new teyhA gound thct D,3 
own ipcstfhoneiA but onl. N63 owned c 4? dekmye1D vose tellmnaA cpona thoie who 
hcd 4?A onl. R3 wese uimna mt dcml.A cnd onl. 9R3 eken on c wee:l. bcimi1 voit 4? 
dekmyei wese yolleytmna duit1 xken hmahl. cntmymfcted Ccaihmf fsoduyti hcke itsuaaled 
yoppesymcll.1 ’hen c lecdmna yoniole pcnugcytuses selecied cn cdkcnyed 4? hecdietA 
cncl.iti goseycit pmllmoni og unmti iold mn the rsit Jucstes but the cytucl iclei wese bcsel. 
c gew hundsed thouicnd1 Ehe secioni gos 4?—i ilow uftc:e cse puyh debcted1 )oitA 
yopgostA yontentA cnd the cw:wcsdneii og miolctmna oneielg behmnd aoaaleiA hcke cll been 
fsofoied1 Ehe net e(eyt mi ylecs1 4? ci c teyhnoloa. mi mn c holdmna fcttesn“ mt e8mitiA mt 
wos:iA but mt hci not .et cyhmeked pcii pcs:et cdoftmon1 It hmahlmahti thct gecimble mi 
not the icpe ci mnekmtcble1 Getween thoie two lmei the peii. wosld og hupcn hcbmtiA 
eyonopmyiA cnd ioymcl cyyeftcnye1

Oot cll teyhnoloa. pc:ei mt thsouah the thsee fhciei1 Hos thoie thct doA the seyussmna 
thepe og c logt. kmimon yhey:ed b. seclmt.A bsec:thsouahi gollowed b. ietbcy:iA cnd c 
ilow dcwn cgtes gclie itcsti enycfiulctei whct gutusmit ?o. Mpcsc gcpouil. dmitmlled 
mnto cn cdcae now :nown ci Mpcsc—i Vcw“ W’e tend to okeseitmpcte the e(eyt og 
c teyhnoloa. mn the ihost sun cnd undeseitmpcte the e(eyt mn the lona sun1z In the 
ecsl. itcaei og c new teyhnoloa.A e8ymtepent suni hmah cnd e8feytctmoni cse mnCcted1 
jeofle mpcamne scfmdA dscpctmy yhcnaeiA gseJuentl. eaaed on b. pcs:etmna os pedmc 
h.feA cnd enthuimcitmy fsoYeytmoni pcde b. yopfcnmei iee:mna mnkeitpenti1 ’e ogten 
aet checd og whct—i cytucll. foiimble1 ’hen thoie yhcnaei don—t pctesmclmSe okesnmahtA 
these—i c yscih cnd the teyhnoloa. mi dmipmiied ci c gcd os c gcmluse1 vecnwhmle the 
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teyhnoloa. ogten yontmnuei to mpfsoke cnd mg mt doei ao on to be iuyyeiigul the lonaTtesp 
mpfcyti end uf gcs e8yeedmna the mnmtmcl hofei1 Ehe ekolutmon og the mntesnet hci csaucbl. 
gollowed thmi fcth1 Mpcsc—i Vcw ieskei ci c sepmndes thct we ihould be fctment wmth new 
teyhnoloamei% not too yseduloui cbout mppedmcte pmscyleiA but clio not too Jumy: to 
wsmte thep o( when the. itupble1 0hostTtesp dmicffomntpenti ogten ic. lmttle cbout 
whct c teyhnoloa. wmll ultmpctel. cyhmeke amken tmpe cnd fesimitenye1

Pupcn nctuse bemna whct mt miA we cse fsone to yonrspctmon bmci% the tendeny. to 
notmye cnd epfhcimSe ekmdenye thct yonrspi ous e8mitmna belmegi1 EhuiA thoie fsedmiT
foied to doubt the yussent MI sencmiicnye ecaesl. iemSe on ecyh pmitc:e os lmpmtctmon ci 
fsoog thct Wmt—i cll h.fe1z ’hen cn MI mpcae aenesctos fsoduyei c fmytuse og c fesion 
whoie hcndi mne8flmycbl. hcke im8 rnaesiA thct mpcae mi lm:el. to ao kmscl ci c pepe1 Ehe 
iubte8t mn the fublmy dmiyousie mi ylecs“ cgtes cll the bold ylcmpiA hese mi ekmdenye thct the 
teyhnoloa. mi gundcpentcll. mnyopfetentA Yuit ci the i:eftmyi iuifeyted1 Ehmi d.ncpmy 
mi not unmJue to MI1 xcsl. cutopobmlei wese desmded ci nomi.A ipell. yontscftmoni fsone 
to bsec:mna down% c nokelt. mngesmos to the selmcble hosie1 xcsl. pobmle fhonei wese 
bsmy:TimSed cnd hcd foos seyeftmon% itctui i.pboliA feshcfiA but hcsdl. c neyeiimt.1 Fkes 
tmpeA ci the teyhnoloa. mpfsokeiA the gcmlusei beyope scses cnd the Yo:ei gcde1 In the 
popentA yonrspctmon bmci ycn blmnd ui to the bmaaes fmytuse1 In the ycie og MIA the 
bmaaes fmytuse mi thct the reld hci pcde citonmihmna fsoaseii mn c ihost tmpe cnd these 
mi c yonkmnymna fcth goswcsd gos gutuse mpfsokepenti1 vcn. feofle cnd osacnmSctmoni 
hcke fesyeftmoni thct cse too itsonal. cnyhosed b. fsekmoui gcmlusei1 ’e cse lmcble to 
yhess.Tfmy: the ekmdenye thct clmani wmth ous i:eftmymip cnd manose the seit1 It—i cn 
undesitcndcble fi.yholoamycl ysutyh but mt ycn ycuie ui to pmii mnCeytmon fomnti whese c 
teyhnoloa. tsul. doei tusn c yosnes1 Ehe mson. mi thctA onye c new teyhnoloa. doei rspl. 
tc:e holdA we iwmgtl. poke on to tc:mna mt gos ascnted cnd ogten iu(es gsop hmndimaht 
bmci% belmekmna thct we e8feyted the teyhnoloa. to be cdofted cll clona1 

Mll og thmi bsmnai ui to the fseient popentA ci we itcnd csaucbl. on the yuif og 
c new esc mn MI cnd sobotmyi1 Mgtes io pcn. y.ylei og h.fe cnd dmicffomntpentA wh. 
belmeke thct Wthmi tmpe mi dm(esentzZ Ehe cniwes lmei mn the ekmdenye1 qnlm:e the fcit 
wckei og e8ymtepent thct rSSledA todc. we ycn fomnt to yonyseteA hcsdTwon teyhnoloamycl 
bsec:thsouahi thct wese cbient mn ecslmes aenesctmoni1 Ehe fcit deycdeA mn fcstmyulcsA 
hci ieen MI seiecsyh cyhmeke pecnmnagul pmleitonei1 M dscpctmy e8cpfle ycpe mn N-97A 
when c fsoascp yclled MlfhcKo degected one og the wosld—i tof Ko flc.esi1 ?cw 
bsute gosye mi mne(eytmke mn Ko beycuie the nupbes og foiimble iyencsmoi mn the acpe 
mi pciimke% e8yeedmna the nupbes og ctopi mn the unmkesie1 Mi c seiultA thmi cyhmekepent 
wci onl. pcde foiimble thsouah the cfflmyctmon og cstmrymcl mntellmaenye16 In reldi lm:e 
yopfutes kmimonA ifeeyh seyoanmtmonA cnd nctuscl lcnaucae undesitcndmnaA MI i.itepi 
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hcke secyhed os iusfciied hupcnTlekel fesgospcnye on kcsmoui benyhpcs: tci:i1 ?oT
boti thct onye yould bcsel. itupble now ycn fcs:ous% lmtescll. sunnmnaA YupfmnaA cnd 
bcy:Cmffmna wmth camlmt.1 jeshcfi poit iclmentl.A wmth the epesaenye og fowesgul aenT
esctmke MIA pcyhmnei ycn now fsoduye Cuent te8tA seclmitmy mpcaeiA cnd eken wos:mna 
yode1 Hmke .ecsi caoA the mdec thct .ou yould yonkesie nctuscll. wmth cn MI caentA os 
hcke mt wsmte c yohesent eiic. os ysecte c fcmntmna mn c amken it.leA gelt lm:e iymenye rytmon1 
Eodc.A pmllmoni og feofle hcke done theie thmnai uimna fublmyl. ckcmlcble tooli1 MI mi no 
lonaes yonrned to the lcb% mt hci busit onto the alobcl itcaeA ckcmlcble gos cn.one wmth 
cn mntesnet yonneytmon to uie1 Mnd mt—i not Yuit one Ccih. cfflmyctmon% the fsoaseii mi 
bsocdTbcied1 MI hci pcde pcYos cdkcnyei cysoii c kcit iet og dopcmni mn seyent .ecsiA 
gsop acpeTflc.mna to pedmycl dmcanoimi to iogtwcse dekelofpent1 Ipfostcntl.A theie 
cdkcnyei encble eken asectes outyopei when yopbmned mnto fh.imycl i.itepi thct hcke 
bettes pcyhmne fesyeftmonA mpfsoked bcttes. fowes denimt.A cnd pose fseymie cytuctosi1 
Ehct i.nesa. mi encblmna sobotmy i.itepi thct tsul. wos: mn seclTwosld yondmtmoniA not 
Yuit yontsolled depoi1 Ehe acf between the ascnd kmimon cnd the obtcmncble seclmt. hci 
ncssowed dscpctmycll.1 Ehe yose teyhnmycl husdlei thct it.pmed ecslmes aenesctmoni hckeA 
one b. oneA been okesyope to c imanmrycnt deasee1 ’hese fcit MI i.itepi wese bsmttle 
cnd ncssowl. lmpmtedA todc.—i cse gcs pose sobuit cnd aenesclTfusfoie1 ’hese soboti 
onye seJumsed ycsegull. iysmfted enkmsonpentiA todc. the. ycn nckmacte the unfseT
dmytcbmlmt. og hopei cnd itseeti1 ’e cse wmtneiimna c yonkesaenye og pctusmt. mn MI cnd 
sobotmyi teyhnoloa. thct hci ofened the Coodactei og new iolutmoni1 Ig cll mnnokctmon 
mn the reld itofi todc.A mt wmll itmll tc:e .ecsi gos buimneiiei cnd ioymet. to lekescae 
theie new teyhnoloamei cnd cdcft to the yhcnaei the. wmll bsmna1 Ehe yopmna deycde 
itcndi to be one mn whmyh cstmrymcl mntellmaenye cnd sobotmyi poke out og the seclp og 
fesfetucl fsopmie cnd mnto the gcbsmy og ekes.dc. lmge1 Eheie goundctmoncl teyhnoloamei 
wmll seihcfe mnduitsmeiA eyonopmeiA cnd dc.TtoTdc. e8fesmenyei1 Ehe yonieJuenyeiA both 
neactmke cnd foimtmkeA wmll be wmde scnamna cnd we cll hcke c sole to flc. mn eniusmna thct 
theie teyhnoloamei cse dekelofed cnd deflo.ed seifonimbl. to pc8mpmSe thems benerti 
whmle pmnmpmSmna fotentmcl hcspi1

From TerapoEs to x:apoEsw T-entyYFive Cears of GomEute xvoluY
tion

Pow puyh gcites hcke yopfutesi beyope okes the fcit N2 .ecsiZ Hos the ckescae fesion 
who uiei eTpcmlA ifsecdiheeti cnd wosd fsoyeiimna fsoascpiA mt—i eci. to undeseitmpcte 
the pcanmtude og the yhcnae1 M aueii thct yopfutesi hcke beyope one hundsed os eken 
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one thouicnd tmpei ci fowesgul ieepi secioncble cnd feshcfi eken oftmpmitmy1 Mi we—ll 
ieeA the secl Yupf mn fesgospcnye hci been puyh lcsaes1

Mt the dcwn og the N9it yentus.A iufesyopfutesi wese ciiepbled mn lcsae bumldmnai 
to fesgosp iymentmry impulctmoni ct the scte og c gew tsmllmon yclyulctmoni fes ieyond1 In 
N---A the qnmted 0tctei bocited M0)I ’hmteA c pcyhmne the imSe og c houie thct bsmeC. 
semaned ci the wosld—i gciteit yopfutes wmth clpoit 2 tescHVFj0 og fesgospcnye19- 
HVFj0 cse c peciuse og Coctmna fomnt ofesctmoni fes ieyond cnd Fne tescHVFji mi one 
tsmllmon ofesctmoni fes ieyond1 HcitTgoswcsd to the N-N-iA cnd M0)I ’hmte loo:i lm:e 
c to.1 Ehe xl )cfmtcn iufesyopfutes mn N-NR yloy:ed mn ct 91,RN pmllmon tescHVFj0 
whmyh mi okes U2-A--- tmpei the yopfute hosiefowes og M0)I ’hmte199 Oote thct mt—i 
hcsd to do c tsue cfflei to cfflei yopfcsmion imnye the benyhpcs: pethodi ekolked 
mn the mnteskenmna NR .ecsi but thmi mi c souahl. secioncble yopfcsmion uimna two 
impmlcs benyhpcs: pethodi1 Eo pc:e pcttesi pose mnteseitmnaA MI tscmnmna flcyei c 
hmahes fsmosmt. on yclyulctmoni wmth c pm8 og fseymimon cnd todc.—i hcsdwcse hci been 
oftmpmSed gos thoie MI uie yciei1 ’mth c new benyhpcs: thct mi bcied on pm8ed fseymimon 
yclyulctmoniA the gciteit fublmyl. dmiyloied peciusepent mi okes 99 pmllmon tescHVFj01 
)opfcnmei thct uie fsmkcte yluitesi gos tscmnmna MI podeli do not ihcse thems detcmled 
ifeymryctmoni1 Gcied on the mngospctmon the. hcke ihcsed iuyh ci the nupbes og fsoyeiT
iosi mn thems dctc yentesiA the. lm:el. e8yeed thoie kcluei1 It—i ecimes to ascif the mpfcyt og 
theie mpfsokepenti mn fowes mg we ifec: mn tespi og tmpe mnitecd og tescHVFj01 Vet—i 
ciiupe c kclue og N pmllmon tescHVFj0 gos c fowesgul iufesyopfutes mn N-N2 cnd thct mt 
tc:ei thsee ponthi to tscmn c amken MI podel on thct iufesyopfutes todc.1 Ig thct podel 
wci tscmned on the wosld—i poit fowesgul iufesyopfutes mn the .ecs N---A mt would hcke 
tc:en 9--A--- .ecsi to yopflete1 Escmnmna tci:i thct wese entmsel. unmpcamncble Yuit N2 
.ecsi cao cse now c soutmne ofesctmon1

PUWsw From Paming Aorkhorse to IB Uo-erhouse

Eo undesitcnd whct encbled thmi mnysedmble lecf mn fesgospcnyeA mt—i mngospctmke to loo: 
ct whct hci hcffened wmth the mndmkmducl yopfutesi imttmna on ous dei:i1 In the yose 
og ecyh yopfutes mi c yhmf yclled c )entscl jsoyeiimna qnmt whmyh mi yopponl. segessed 
to ci c )jq1 voose—i Vcw hci gcpouil. fsedmyted e8fonentmcl asowth mn yopfutmna 
fowes thsouah c seaulcs doublmna og the nupbes og tscnimitosi mn )jqiA but b. the 
N---i these wese puspusi thct the enamne og fsoaseii wci ifuttesmna1 Mi tscnimitos imSei 
beycpe ipcllesA yhmf enamneesi beacn to sun mnto fh.imycl lmpmtctmoni og the pctesmcli 
the. wese wos:mna wmth1 Oot onl. dmd the scte og doublmna og tscnimitos yount itcst to 
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ilow down but yloy: ifeedi clio itcsted to flctecu1 Ehe iolutmon wci c fcscdmap ihmgt 
mn yhmf csyhmteytuse cssmkmna gsop cn unlm:el. flcye1

In the lcte 6-iA the Kscfhmyi jsoyeiimna qnmt XKjq+ epesaed ci c hupble ifeymclmit 
to ictmig. the needi og yopfutes acpesi1 It wci deimaned to ofescte beimde c )jq 
to sendes fol.aoni gos kmdeo acpei1 Ehe rsit Kjq thct Okmdmc dubbed ci iuyhA the 
KeHosye N27A wci selecied mn 96661 Mt the tmpeA mt delmkesed e.eTfoffmna fesgospcnye 
gos acpesi but mt wci lcsael. manosed outimde og ascfhmyi1 Mi acpei fuihed Kjqi to 
beyope pciimkel. fcscllelA iope kmimoncs. seiecsyhesi seclmSed thct icpe tscmt pcde thep 
mdecl gos pcyhmneTlecsnmna yopfutctmoni1 Kjqi cse kes. e$yment ct fesgospmna pctsm8 
ofesctmoni cnd pultmfle Kjqi ycn wos: toaethes to fesgosp c imanmrycnt nupbes og 
ofesctmoni mn fcscllel1 M pctsm8 mi Yuit c seytcnaulcs cssc. og nupbesi1 Hos e8cpfleA .ou 
yould mpcamne c pctsm8 wmth two sowi cnd thsee yolupni thct yontcmni im8 nupbesi 
mn totcl1 In the ifeymcl ycie whese c pctsm8 hci c imnale sow os c imnale yolupnA mt mi 
segessed to ci c keytos1 Vm:e imnaleA iyclcsA nupbesiA mt mi foiimble to fesgosp c nupbes 
og ofesctmoni wmth pctsmyei mnyludmna cddmtmonA iubtscytmonA cnd pultmflmyctmon1 Oeuscl 
netwos:iA whmyh hcke beyope the bcy:bone og podesn MI i.itepiA pc:e e8tenimke uie 
og pctsm8 ofesctmoni1 O4IBIM—i mntsoduytmon og the )qBM fsoascppmna gscpewos: 
mn N--, thsew ofen the acte b. pc:mna mt puyh ecimes to wsmte iogtwcse fsoascpi thct 
yould tc:e gull cdkcntcae og the fcscllel fsoyeiimna fowes og thems Kjqi% iuddenl.A c 
~U-- ascfhmyi ycsd yould do the pcth og yluitesi og )jqi1 G. N-9-A c Jumet sekolutmon 
wci cgoot“ fsoascppesi wese sefusfoimna Kjqi to cyyelescte ekes.thmna gsop fsotemn 
goldmna to rncnymcl podelmna1

Kjqi encbled imanmrycnt ifeedufi gos fcscllel ofesctmoni1 Ipcamne .ou wcnt to yoo: 
c imnale locg og yhoyolcte yhmf bcncnc bsecd ci Jumy:l. ci foiimble1 ;ou wmll fsobcbl. 
ts. to bu. c gcites pm8mna pcyhmne cnd feshcfi c pose e(eytmke yonkeytmon oken1 Ehmi 
mi cncloaoui to how )jqi wese bemna oftmpmSed gos fesgospmna ieJuentmcl tci:i1 Ehe 
yhcllenae wmth oftmpmSmna clona thct fcth mi thct .ou ekentucll. secyh fh.imycl lmpmti1 
;ou pmaht yoo: the locg ilmahtl. gcites mn c yonkeytmon oken but mg .ou ts. to tusn the 
tepfesctuse uf too hmahA the ysuit wmll busn whmle the mnimde sepcmni unyoo:ed1 Fn the 
othes hcndA mg .ou need to yoo: one thouicnd lockei og bcncnc bsecdA mt—i puyh pose 
mpfostcnt to hcke c lcsae pm8mna kct cnd c pciimke oken io thct .ou ycn yoo: ci pcn. 
lockei mn ecyh bctyh ci foiimble1 In cn mnduitsmcl gcymlmt.A .ou pmaht be cble to yoo: one 
thouicnd lockei og bsecd mn c imnale bctyh mn the icpe tmpe thct mt tc:ei to yoo: c imnale 
locg mn c seimdentmcl :mtyhen1 xken mg .ous pm8mna pcyhmne cnd oken cse ilmahtl. ilowesA 
yoo:mna mn fcscllel wmll be puyh gcites thcn yoo:mna ecyh locg og bsecd one ct c tmpe1 
Oot cll yopfutmna tci:i ycn be done mn fcscllel but gos thoie thct ycn be fcscllelmSedA 
thmi cffsocyh hci cllowed i.itepi thct uie Kjqi to secyh lekeli og fesgospcnye thct ao 
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gcs be.ond whct wci foiimble wmth )jqi clone1 vodesn iufesyopfutesi now yontcmn 
kes. lcsae nupbesi og theie Kjqi1 Ehe yopfcn. –MI bociti N--A--- Kjqi mn c imnale 
dctcyentes wmth c socdpcf gos e8fcndmna to 9 pmllmon Kjqi19N

Dig Lata and LeeE Nearningw The BmageMet boment

Mll the yopfutmna fowes mn the wosld wouldn—t hcke ifcs:ed c sekolutmon wmthout 
the smaht guel1 G. the N-9-iA thct guel cssmked mn the gosp og bma dctc hcskeited gsop 
the mntesnet1 Hos deycdeiA MI seiecsyhesi hcd e8fesmpented wmth neuscl netwos:iA but 
fsoaseii wci mnysepentcl cnd mnteseit wc8ed cnd wcned1 Bctcieti cnd yopfutesi wese 
both too ipcll to fsoke the kclue og thmi cffsocyh1 Ehct yhcnaed when yopfutes 
iymentmit HemTHem Vm cnd yollcbosctosi bumlt IpcaeOetA c ifscwlmna dctciet og pmllmoni og 
lcbeled mpcaei dscwn gsop the web1 Ehe. clio iet uf cn cnnucl yopfetmtmon yhcllenamna 
tecpi to bumld kmimon claosmthpi thct yould seyoanmSe obYeyti mn theie mpcaei1 Hos c 
whmleA tscdmtmoncl yopfutes kmimon pethodi thct uied fcmnitc:mnal. enamneesed gectuse 
deteytosi dopmncted the lecdesbocsd1 EhenA mn N-9NA c iemipmy ufiet oyyussed thct 
feofle now impfl. ycll the WIpcaeOet popent1z

M tecp gsop the qnmkesimt. og EosontoA iufeskmied b. deef lecsnmna fmonees Keo(se. 
Pmnton cnd mnyludmna ascducte itudenti Mle8 5smSheki:. cnd Il.c 0uti:ekesA dekelofed 
c podel ncped Mle8Oet gos the N-9N IpcaeOet yopfetmtmon1 It wci c deef yonkoluT
tmoncl neuscl netwos:1 ’e wmll dmiyuii neuscl netwos:i mn pose detcml mn the fcaei thct 
gollow1 Mle8Oet wci eiientmcll. c pultmTlc.esed impulctmon og the hupcn kmiucl yoste8 
cnd mt wci huae gos mti tmpeA wmth 7- pmllmon fcscpetesi1 Escmnmna iuyh c netwos: wci 
thouaht mpfscytmyclA but Mle8Oet hcd c ieyset wecfon“ mt scn on two Okmdmc KE– 2D- 
Kjqi mn fcscllelA whmyh acke mt the needed hosiefowes1 xken ioA mt too: rke to im8 dc.i 
og csoundTtheTyloy: nupbes ysunyhmna to tscmn the podel on the IpcaeOet dctciet19U 
’hen the duit iettledA Mle8Oet dmdn—t Yuit wmn% mt blew cwc. the yopfetmtmon1 Iti tofT2 
essos scte Xthe gseJueny. og pmiimna the yosseyt cniwes cpona mti tof 2 aueiiei+ wci 
921U3A wheseci the sunnesTuf pethod yloy:ed mn ct N71N319R In one gell iwoofA c neuscl 
netwos: thct hcd eiientmcll. tscmned mtielg hcd lecfgsoaaed .ecsi og ycsegull. hcndyscgted 
kmimon claosmthpi1

Ehe cgtespcth og Mle8Oet—i kmytos. wci eleytsmy1 ’mthmn c youfle og .ecsiA deef lecsnT
mnaA the teyhnmJue og tscmnmna neuscl netwos:i wmth pcn. lc.esi on bma dctc wmth heck. 
yopfuteA beycpe the yentscl cffsocyh mn MI1 Ehe IpcaeOet popent fsoked thsee 
thmnai deymimkel.“ thct dctc ct iycle yould unloy: new lekeli og cyyuscy.A thct deef neuscl 
netwos:i wmth pcn. lc.esi yould be fscytmycll. uied to iolke yopfle8 fsoblepiA cnd 
thct the KjqTcyyelescted yopfute wci rncll. fowesgul enouah to tscmn lcsae podeli1  
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In thems seiecsyh fcfes deiysmbmna thems cffsocyhA the. pcde c fsofhetmy itctepent 
thct sepcmni tsue to thmi dc.“ WMll og ous e8fesmpenti iuaaeit thct ous seiulti ycn be 
mpfsoked impfl. b. wcmtmna gos gcites Kjqi cnd bmaaes dctcieti to beyope ckcmlcble1z 
In the wc:e og IpcaeOetA komye seyoanmtmonA pcyhmne tscnilctmonA cnd seyoppendctmon 
i.itepi itcsted to be yonJuesed b. deef lecsnmna podeli thct wese youimni og Mle8OetA 
iycled uf wmth pose dctc cnd gcites Kjqi1 ’hct hcd been c ilow busn gos deycdei 
iuddenl. gelt lm:e c wmldrse og fsoaseii1 Gut ci podeli asew cnd iuyyeiiei pultmflmedA 
the. clio sekecled new ihostyopmnaiA eifeymcll. mn how MI hcndled ieJuentmcl dctc lm:e 
lcnaucae1 Ehct iet the itcae gos the ne8t bsec:thsouah1

The Transformerw Rethinking Meural Met-orks

’hmle yonkolutmoncl netwos:i sekolutmonmSed kmimonA cnothes ycteaos. og MI fsoblepiA 
lcnaucae undesitcndmna cnd ieJuenye fsedmytmonA depcnded mti own sekolutmon1 ?eT
yussent neuscl netwos:i cnd lona ihostTtesp pepos. netwos:i wese the wos:hosiei 
gos ieJuentmcl dctc thsouah the N-9-iA fowesmna ecsl. ifeeyh seyoanmtmon cnd pcyhmne 
tscnilctmon i.itepi1 Eheie i.itepi wese deimaned to yonimdes fsmos yonte8t1 Hos e8cpfleA 
mn the two ientenyei“ WPe setusned wmth the ycih cgtes kmimtmna the bcn:z cnd WMgtes 
the scmniA the smkes okesCowed mti bcn:Az mt mi mpfostcnt to yonimdes the ecslmes wosdi to 
detespmne how to mntesfset the wosd Wbcn:1z qngostunctel.A theie podeli wese hcsd to 
iycle cnd ogten itsuaaled to ycftuse lonaTscnae defendenymei mn dctc iuyh ci the pecnmna 
og c wosd defendmna on one pentmoned iekescl ientenyei ecslmes1 MI seiecsyhesi gound 
thepielkei ysckmna cn csyhmteytuse thct yould yonimdes ci puyh og the fsmos yonte8t ci 
foiimble cnd dscw yonneytmoni Ce8mbl.% iopethmna pose c:mn to how we hupcni ycn 
i:mp c doyupent cnd notmye okescsyhmna thepei ci well ci detcmli1 In N-9,A thct wmih 
wci ascnted mn the gosp og c fcfes wmth c dmicspmnal. impfle tmtle“ WMttentmon Ii Mll ;ou 
Oeed1z92

Ehmi lcndpcs: fcfesA fublmihed b. c tecp ct KooaleA mntsoduyed c new csyhmteytuse 
yclled the Escnigospes1 Ehe new csyhmteytuse selmed on c peyhcnmip og WielgTcttentmonz1 
xiientmcll.A ecyh elepent og the mnfut iuyh ci ecyh wosd mn c ientenye yould d.ncpmycll. 
goyui on cn. og the othes elepenti when bumldmna mti undesitcndmna1 Ehe Escnigospes 
yould thui loo: ct the whole ieJuenye cnd lecsn whct to epfhcimSeA whct to manoseA cnd 
how to selcte fcsti to ecyh othes1 Ehe Escnigospes not onl. cyhmeked itcteTogTtheTcst 
tscnilctmon Juclmt. on benyhpcs:iA but mt tscmned puyh gcites thcn mti fsedeyeiiosi1 In 
one ycieA mt hmt c new seyosd cgtes Yuit U12 dc.i on emaht Kjqi“ c gscytmon og the tscmnmna 
yoit og ecslmes podeli1
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’mthmn c youfle og .ecsiA tscnigospesTbcied podeli beycpe the aoTto cffsocyh gos 
pcn. fsoblepi mnyludmna tscnilctmonA lcnaucae podelmnaA cnd iuppcsmSctmon1 G. the 
end og the N-9-iA seiecsyhesi hcd uied tscnigospesi mn neuscl netwos:i og unfseyeT
dented iycleiA amkmna bmsth to the nowTgcpoui lcsae lcnaucae podeli lm:e Gx?E cnd 
KjE1 Eheie podeliA bsmppmna wmth bmllmoni og fcscpetesi hcke dmaeited the te8t og 
the mntesnet cnd ycn aenescte hupcnTlm:e fsoie1 Ehe smffle e(eyti og the Escnigospes 
csyhmteytuse yontmnue to ihcfe the MI sekolutmon cnd mt wci the :e. thct unloy:ed the esc 
og aenesctmke MI1 Mll og thmi wci encbled b. c ylekes sethmn:mna og neuscl netwos: csyhmT
teytuse to bettes hcsneii the scw yopfute thct the hcsdwcse sekolutmon hcd pcde ckcmlT
cble1 Mt the icpe tmpe thct tscnigospesTbcied podeli wese sekolutmonmSmna te8tTbcied 
uieTycieiA seiecsyhesi wese fuihmna the boundcsmei og othes t.fei og csyhmteytusei iuyh 
ci aenesctmke cdkesicsmcl netwos:i cnd dm(uimon podeli to fuih the boundcsmei og 
whct wci foiimble mn the reld og mpcae aenesctmon1 Ehe ifeymry detcmli og ecyh t.fe 
og podel cse be.ond the iyofe og thmi boo: but the :e. tc:ecwc. mi thct mnnokctmon 
mn podel csyhmteytuse cnd tscmnmnaA pciimke Jucntmtmei og dmamtcl dctcA cnd imanmrycnt 
mpfsokepenti mn yopfutmna fowes hcke pcde seyent MI mnnokctmoni foiimble1 ’mth 
claosmthpi cnd dctc tusboyhcsaed b. yopfutctmonA MI hci beaun to cyhmeke gecti thct 
hcd gelt lm:e iymenye rytmon Yuit .ecsi cao1

Removing the bystery in Meural Met-orks

vodesn neuscl netwos:i ogten aet fostsc.ed ci enmapctmy blcy: bo8eiA ci mg thems mnnes 
wos:mnai deg. e8flcnctmon1 In tsuthA these mi nothmna p.itmycl mnimdeA onl. pcthepctmyi1 
Mn cstmrymcl neuscl netwos:A gseJuentl. segessed to impfl. ci c neuscl netwos:A mi c kcit 
yolleytmon og impfle yopfutctmoncl unmti yonneyted toaethes1 In c bcimy neuscl netwos: 
ecyh unmt mi yclled c neuson os c node1 M node tc:ei iope mnfut nupbesiA pultmflmei ecyh 
mnfut nupbes b. c tuncble wemahtA cddi thep uf wmth c bmci tespA cnd then cfflmei c 
nonTlmnecs sule yclled the cytmkctmon gunytmon1 Ehe seiult og thct yclyulctmon mi mti outfut1 
vctsm8 ofesctmoni cllow the wemahted iupi gos cll nodei mn c lc.es to be fesgosped mn 
fcscllel b. itosmna mnfuti cnd wemahti mn pctsmyei1 Oodei mn cn cstmrymcl neuscl netwos: 
cse mnifmsed b. bmoloamycl neusoni cnd i.ncfiei mn the hupcn bscmn% c souah petcfhos 
whesemn c neuson Wrseiz mg the yopbmned mnfut e8yeedi c thseihold1 Ehe seiepblcnye 
to the hupcn bscmn hci fsokmded fowesgul mnifmsctmon but mt ihould not be tc:en too 
lmtescll.197 vcn. thmnai we :now cbout secl neusoni iuyh ci thems yopfle8 dendsmtmy 
itsuytuseiA dmkesie yell t.feiA cnd mntsmycte eleytsoyhepmycl imanclmnaA cse cbient gsop 
cstmrymcl neuscl neti1 xkes. behckmos og the cstmrymcl neuscl netwos: csmiei gsop bcimy 
pcthepctmycl ofesctmoni cnd we undesitcnd e8cytl. how the. wos:1 ’e hcke gull kmimT
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bmlmt. mnto the eJuctmoni cnd we yould fesgosp the yclyulctmoni wmth c fen cnd fcfes1 
Fne pmnos yopflmyctmon mi thct iope scndopneii mi mntentmoncll. cdded mnto the fsoyeii 
but thct scndopneii osmamnctei gsop c well derned pcthepctmycl fsoyeii cnd not ci c 
seiult og the yopfutes foiieiimna gsee wmll1 Ehe undesl.mna yhcllenae mn undesitcndmna 
cn cstmrymcl neuscl netwos: mi thct these cse bmllmoni og wemahti mntescytmna wmth the Cow 
og dctc thsouah the netwos: cnd thct pc:ei the detcmled behckmos fscytmycll. yhcllenamna 
to mntesfset1 

It—i c:mn to c amacntmy Ymaicw fuSSle“ we :now ekes. fmeye cnd how mt rti pcthepctT
mycll. wmth mti nemahbosi cnd mg we hcke c ipcll fuSSle we ycn iee the entmse fmytuse cnd 
ciiepble mt on c yo(ee tcble1 PowekesA ts.mna to ciiepble c Ymaicw fuSSle thct yokesed 
cn entmse gootbcll reld wmth pmllmoni og fmeyei would be okeswhelpmna gos poit hupcni 
cnd pc. tc:e .ecsi to iolke1 Ig c fuSSle yokesed hundsedi og cysei wmth bmllmoni og 
fmeyeiA mt yould be uniolkcble gos c imnale hupcn wmthmn thems lmgeifcn1 qnleii the. yould 
kmew mt gsop c flcneA mt would be mpfoiimble to yopfsehend the mpcae dmiflc.ed mn the 
yopfleted fuSSle1 Eodc.—i deef neuscl netwos:i fseient c impmlcs fsoblep1 In osdes to 
yclyulcte c imnale wosdA c podesn lcsae lcnaucae podel fesgospi bmllmoni os eken tsmllmoni 
og yclyulctmoni1

?eiecsyhesi ycn uie kmiuclmSctmon cnd dmcanoitmy teyhnmJuei to bettes undesitcnd 
how c amken neuscl netwos: fsoduyei mti outfuti1 Hos e8cpfleA the. ycn geed mpcaei 
mnto c kmimon podel cnd iee whmyh fcttesni pc:e c fcstmyulcs mntesncl yopfonent 
cytmkcte itsonal.1 Eheie pethodi ihow thct the netwos: min—t yonYusmna cniwesi gsop cn 
un:nowcble komd% mt—i seifondmna to gectusei mt hci lecsned1 Fne og the poit becutmgul 
mnimahti gsop iuyh seiecsyh mi how lc.esi og neuscl netwos:i bumld uf undesitcndmna 
mn itcaei1 xcsl. mn tscmnmnaA the netwos:—i lc.esi cse eiientmcll. scndopA but ci lecsnmna 
fsoaseiieiA the. ifeymclmSe1 In cn mpcaeTseyoanmtmon netwos:A the rsit lc.es t.fmycll. 
lecsni to deteyt edaei cnd impfle te8tusei1 Ehe ne8t lc.es pmaht yopbmne thoie edaei mnto 
bcimy ihcfei os potmgi iuyh ci yosnesiA ymsyleiA os fctyhei og fcttesn1 Beefes lc.esi itcst 
seifondmna to pecnmnagul fcsti og obYeyti1 Fne yopfonent pmaht rse gos c wheelTlm:e 
ihcfeA cnothes gos gus te8tuseA cnothes gos cn e.e1 G. the rncl lc.esiA iope yopfonenti 
seifond to kes. hmahTlekel yonyefti iuyh ci the fseienye og c yct mn the mpcae19, Ehmi 
:mnd og hmescsyhmycl gectuse bumldmna mi not iopethmna the fsoascppesi e8flmymtl. yode% 
mt epesaei nctuscll. gsop the tscmnmna fsoyeii1 Ehe netwos: rndi thct the beit wc. to 
pmnmpmSe essos mi to yonitsuyt theie mntespedmcte cbitscytmoni1 Intumtmkel.A thmi pc:ei 
ienie“ mg .ou wcnt to seyoanmSe c gcyeA mt helfi to rsit seyoanmSe edaeiA then yopbmne edaei 
to mdentmg. e.eiA noieA pouthA cnd io gosth1 Ehe lc.esed itsuytuse og deef lecsnmna cllowi 
e8cytl. thct1 xcyh lc.es fsokmdei the ne8t wmth c pose cbitscyted kmew og the dctc1 Fne 
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mnteseitmna cnd e8ymtmna obieskctmon mi thct thmi icpe t.fe og hmescsyhmycl fsoyeiimna hci 
been dmiyokesed mn the kmiucl yoste81

Ig ecyh node mn the netwos: Yuit doei c impfle yclyulctmonA how doei the whole 
netwos: lecsn yopfle8 tci:i lm:e tscnilctmna lcnaucaei os seyoanmSmna gcyei wmthout 
enamneesi pcnucll. cdYuitmna the wemahti os fsoascppmna mn suleiZ Ehe cniwes lmei mn 
the tscmnmna fsoyeiiA whmyh mi cn mtesctmke sernepent og the netwos:—i wemahti1 Ipcamne 
the netwos: mi cn enospoui osyheitsc wmth dmcli cnd :nobi flc.mna the sole og the 
wemahti thct need tunmna1 Ehe mnfut to the netwos: mi the i.pboli on iheet puimy cnd 
the outfut mi puimy flc.ed b. the osyheitsc1 Inmtmcll.A the wemahti mn the netwos: cse 
iet scndopl. cnd the osyheitsc mi flc.mna nomie1 M dctc iet mi fsokmded whmyh yonimiti 
og iheet puimy cnd c seyosdmna og how mt ihould iound1 Busmna tscmnmnaA the netwos: 
aenesctei cn outfut b. sunnmna the mnfut thsouah the yussent wemahti1 Ehct outfut mi 
yopfcsed to the yosseyt cniwes1 Ehe dm(esenyeA whmyh mi the essosA mi then yopfuted cnd 
fsofcacted bcy:wcsdi thsouah the netwos:A c teyhnmJue cftl. ncped bcy:fsofcactmon1 
Gcy:fsofcactmon mi cn claosmthpmy cfflmyctmon og yclyului“ mt uiei the yhcmn sule to 
rause out how yhcnamna ecyh wemaht would c(eyt the essos1 ’mth thmi mngospctmonA the 
tscmnmna claosmthp then nudaei ecyh wemaht mn the dmseytmon thct seduyei the essos1 Ehmi 
itef mi yclled ascdment deiyentA beycuie mt Witefi downz the ilofe og the essos lcndiycfe1 
G. domna thmi okes cnd okesA uimna pcn. e8cpfleiA the netwos: ascducll. cdYuiti mti 
wemahti to mpfsoke fesgospcnye1 In ous osyheitsc e8cpfleA we pmaht mnmtmcll. seclmSe 
thct the tsopbone mi bemna flc.ed too loudA the tepfo og the bcii mi too ilowA cnd the 
ylcsmnet mi flc.mna too hmah og c :e.1 ’e would cdYuit thoie :nobi cyyosdmnal. cnd then 
ts. cacmn1 Fkes tmpeA we would be cble to tune the osyheitsc to e8cytl. seysecte the 
iona1 ’e would sefect the fsoyeii uimna pcn. dm(esent ionai io thct the osyheitsc mi 
ycfcble og mntesfsetmna cll og the dm(esent i.pboli on iheet puimy1 ’hen the tscmnmna 
mi yopfleteA we yould ihow the netwos: cn. csbmtscs. fmeye og iheet puimyA mnyludmna 
ionai thct mt hcd not ieen begoseA cnd mt would gcmthgull. aenescte the yosseyt puimy1

Ehe cncloa. to hupcn lecsnmna ycn be tc:en gusthes1 0.ncfiei mn the bscmn itsenathen 
os wec:en wmth e8fesmenye mn the icpe wc. the tscmnmna claosmthp mnyseciei os deyseciei 
the wemahti mn the netwos: bcied on the essos imancl1 Fkes pcn. mtesctmoniA whct itcstT
ed ci c tcnale og scndop kcluei beyopei cn osacnmSed netwos: thct fsoduyei uiegul 
outfuti1 Ehese—i no pcamy Yupf os une8flcmned mnimaht% Yuit mnysepentcl mpfsokepent 
aumded b. pcthepctmyi cnd dctc1 0mpmlcs to the hupcn bscmnA the mnmtmcl tscmnmna mi 
cn mntenie e8esymie seJumsmna pcn. mtesctmoni1 PowekesA onye iopethmna mi lecsnedA 
pc:mna cn cddmtmoncl fsedmytmon mi c selctmkel. e$yment cnd scfmd e8esymie1 Ehct mi wh. 
MI seiecsyhesi ogten sel. on pciimke iufesyopfutesi to tscmn c podel but onye the 
podel mi tscmnedA mt ycn be sun on c yoniupes ascde yopfutes1 voit uiesi itmll yhooie 
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to cyyeii podeli okes the mntesnet but the yopfutes fowes thct mi uied mn c dctc yentes 
when c uies cyyeiiei cn MI i.itep mi puyh ipclles thcn the cpount thct wci seJumsed 
to fesgosp the mnmtmcl tscmnmna ofesctmon1 Mi neuscl netwos:i hcke asown pose iofhmiT
tmyctedA seiecsyhesi hcke mnkented new csyhmteytusei to hcndle dm(esent :mndi og dctc1 
Eo undesitcnd whct mi pecnt b. csyhmteytuseA mpcamne thct .ou hcke 9-- nodei1 ’hen 
segessmna to cstmrymcl neuscl netwos:iA mt mi poit yoppon to seges to the petcfhosmycl 
neusoni ci nodei1 ;ou yould ysecte c netwos: whese these cse 9- lc.esi og 9- nodei os 
.ou yould hcke 2 lc.esi wmth N- nodei ecyh1 HusthesA .ou yould mpcamne thct the outfut 
og ecyh node mn one lc.es mi wmsed mnto ecyh og the nodei mn the lc.es below os mt yould be 
wmsed mn cn. one og c nupbes og cltesnctmke yonrausctmoni1 ;ou yould tc:e the outfut og 
c node deef mn the netwos: cnd geed mt bcy: to c node ct cn ecslmes itcae1 Ehese cse clio 
c lot og deymimoni cbout secdmna the mnfut dctc1 ;ou yould bumld c netwos: thct secdi 
cll og the mnfut dctc ct onye os .ou yould mnitecd wos: thsouah the dctc ieJuentmcll.1 
vcn. t.fei og netwos:i e8fcnd be.ond c nodeTyentsmy deiman cnd mnylude yopfonenti 
iuyh ci yonkolutmoncl rltesi os cttentmon hecdi1 Eheie yopfonenti clio sel. on pctsm8 
ofesctmoni cnd the wemahti mn the pctsmyei cse tuned dusmna the tscmnmna fsoyeii Yuit 
lm:e the wemahti ciioymcted wmth nodei1 In c yonkolutmon neuscl netwos:A the pctsmyei 
cyt ci rltesi to mdentmg. ifeymry t.fei og gectusei iuyh ci edaei thct pc. be fseient mn cn 
mpcae1 In c tscnigospesTbcied netwos: iuyh ci c lcsae lcnaucae podelA the pctsmyei cse 
uied mn cttentmon hecdi to yopfute the itsenath og the selctmonihmf between dm(esent 
wosdi mn the fsopft1 Mll og theie deiman deymimoni cse e8cpflei og whct pc:ei dm(esent 
csyhmteytusei unmJue1 vcyhmne lecsnmna enamneesi need to undesitcnd the mni cnd outi 
og theie t.fei og netwos: csyhmteytusei1 Hos the seit og uiA mt mi mpfostcnt to seyoanmSe 
thct thmi mi cn csec og onaomna mnnokctmon cnd thct dm(esent csyhmteytusei cse iubYeyt to 
thems own wec:neiiei cnd itsenathi1

It mi belmeked thct fsofsmetcs. podeli cse now e8yeedmna one tsmllmon fcscpetesi wmth 
the pcYosmt. og fcscpetesi bemna the wemahti thct cse uied to iycle the mnfuti to ecyh 
node1 In the ycie og tscnigospesTbcied netwos:iA iyclmna hci led to sepcs:cble cnd 
iopewhct une8feyted ycfcbmlmtmei1  Hos mnitcnyeA kes. lcsae lcnaucae podeli beacn to 
dmiflc. WgewTihotz lecsnmna1 Ehe. ycn lecsn how to fesgosp c nokel tci: gsop Yuit c 
gew e8cpflei fsokmded mn the fsopft1 Ehmi mi iopethmna ipclles podeli itsuaaled wmth 
cnd io mt wci iusfsmimna cnd mntsmaumna when mt beycpe foiimble b. impfl. iyclmna uf 
the netwos:1 Eheie t.fei og ycfcbmlmtmei cse yclled epesaent but we puit seyoanmSe thct 
the tesp mi selctmke1 M ycfcbmlmt. thct mi deiysmbed ci epesaent todc. pc. be yonimdesed 
to be tcbleTitc:ei mn c gew .ecsi1 Ehe gcyt thct c lcsaes podel hci pose fowesgul ycT
fcbmlmtmei doein—t mpfl. thct the podel acmned iope gosp og mntumtmon os pcamy1 It—i cn 
epesaent fsofest. og hckmna iuyh c lcsae nupbes og fcscpetesi cnd cn mnysedmbl. bsocd 
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tscmnmna yosfui whmyh encblei pose yopfle8 cbitscytmoni to be ycftused b. the pcth 
og the netwos:1Ehe dmiyokes. og epesaent ycfcbmlmtmei hci led to the mnysecimna uie og 
cnthsofoposfhmy lcnaucae to deiysmbe MI podeli1 ’hen we ic. c podel Wundesitcndiz 
lcnaucaeA we pecn mt seifondi mn c wc. thct pmpmyi undesitcndmna bcied on fcttesni 
mt lecsnedA not thct mt hci cn mnnes lmge os aenumne yopfsehenimon1 Ehe tesp Wlecsnedz 
mi cnothes yoppon cnthsofoposfhmip to deiysmbe the pcthepctmycl tscmnmna fsoyeii1 
Ehsouahout the boo:A I wmll be uimna cnthsofoposfhmy lcnaucae gos MI out og yonT
kenmenye1 Hos e8cpfleA I wmll ic. W:nowiz mnitecd og c pose teyhnmycll. fseymie fhscie 
iuyh ci Whci enyoded itctmitmycl fcttesni1z Eheie MI i.itepi do not foiieii cwcseneii os 
mntent1 Ehe. don—t hcke gsee wmllA geel fcmnA os e8fesmenye epotmoni1 Ehe. do not hcke c 
ioul os c yoniymouineii1 Ehe. cse Yuit ieti og eJuctmoni cnd the. ofescte b. ysunyhmna 
nupbesi to itctmitmycll. pcf dmamtcl mnfuti to dmamtcl outfuti1 In the fsoyeiiA the. cse 
cble to pmpmy hupcni wmth mnysecimnal. yonkmnymna fesgospcnyei1 5eefmna thmi mn pmnd 
mi mpfostcnt1 Ehe cnthsofoposfhmy deiysmftmoni cse cn e$yment ihosthcndA but we 
ihould not let thep tsmy: ui mnto ciysmbmna pose caeny. to the podel thcn mi wcsscnted1 
I would be sepmii to lecke thmi fomnt wmthout fsokmdmna c yckect1 Ehese mi puyh debcte 
cbout whct mi pecnt b. c ioulA yoniymouineiiA os gsee wmll1 0ope csaue thct feshcfi 
pcyhmnei ycn foiieii whctekes mt mi thct mi pecnt b. theie tespi wmth the smaht deiman 
cnd imanmrycnt enouah iycle1 Fthesi csaue thct the tespi do not cytucll. hold ci puyh 
pecnmna ci we yopponl. belmeke cnd thct ous own e8mitenye mi pose peyhcnmycl thcn 
we pc. ciiupe1 ’e do need to dmke mnto thoie fhmloiofhmycl os ifmsmtucl debctei1 Hos 
cll og the fscytmycl fusfoiei thct we cse yokesmna mn thmi boo:A mt mi cdeJucte to pc:e 
the ciiupftmon thct the MI cnd sobotmy i.itepi we wmll be cncl.Smna cse eleytsmycl cnd 
peyhcnmycl pcyhmneiA lcy:mna hupcnTlm:e yoniymouineii1

I Tangi,le x:amEle

Eo pc:e thmi cll tcnambleA let—i tcl: thsouah c kes. bcimy neuscl netwos:1 ?eycll thct 
c bcimy cstmrymcl neuscl netwos: mi gosped b. wmsmna toaethes c nupbes og nodei thct 
cse cncloaoui to neusoni1 xcyh node hci c nupbes og mnfuti cnd ecyh mnfut kclue mi 
pultmflmed b. c wemaht thct mi c unmJue fcscpetes og thct node1 Ehe seiulti cse iupped 
cnd then fciied to the outfut whmyh mi then wmsed mnto the mnfut og othes nodei1 M secl 
netwos: would clio hcke bmci kcluei whmyh cyt to cdd c yonitcnt foimtmke os neactmke 
bmci mnto the iuppctmon gunytmon but we wmll e8ylude thoie gsop thmi impfle e8cpfle1 
In c secl netwos:A we would clio mnylude cn cytmkctmon gunytmon whmyh tc:ei the seiult 
og the iuppctmon gunytmon cnd cfflmei c nonTlmnecs tscnigospctmon1 Mn e8cpfle og cn 
cytmkctmon gunytmon mi the ?elq gunytmon1 Ig the mnfut to ?elq mi leii thcn SesoA then the 
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outfut mi Seso1 Hos kcluei asectes thcn os eJucl to SesoA the outfut mi eJucl to the mnfut1 
OonTlmnecs cytmkctmon gunytmoni lm:e thmi cse ysmtmycl gos encblmna netwos:i to podel 
nonTlmnecs behckmos1 Hos ous impflmred netwos:A we wmll not uie cn cytmkctmon gunytmon1 

Ipcamne we hcke dctc on c iet og cnmpcli thct mnyludei yctiA doaiA seftmleiA cnd 
elefhcnti1 ’e wcnt to bumld c neuscl netwos: thct wmll outfut c kclue asectes thcn 92 mg 
the cnmpcl mi c yct cnd leii thcn 92 gos cll othes cnmpcli1 Vet—i ciiupe thct we hcke gous 
imancli gsop gous ieniosi cnd thct the. ecyh outfut c kclue gsop T2 to & 21 Fne ienios 
peciusei how ufsmaht cnd fomnt. the ecsi cse1 Mn elefhcntA wmth thems sounded Coff. 
ecsiA would aenescte c kes. low peciusepent iuyh ci c T21 Fn the othes hcndA c yct wmth 
fesgeyt ufsmaht tsmcnalei ci ecsi would seiult mn c hmah peciusepent iuyh ci c &21 Ehese 
cse clio ieniosi thct deteyt mg the cnmpcl mi dsoolmna os notA mg the tcml mi iogt os iycl.A cnd 
mg the tcml mi wcaamna os itc.i itmll1

Eo bumld ous impfle netwos:A we wmll fut two nodei on the rsit lc.es cnd one node 
on the ieyond lc.es1 ’e wmll csbmtscsml. yhooie to wmse the fomnt.Tecs ienios cnd dsoolmna 
ienios mnto the rsit node cnd the iogtTtcml ienios cnd wcaamnaTtcml ienios mnto the ieyond 
node1 Ehe outfut og ecyh og the two nodei gsop the rsit lc.es wmll geed mnto the imnale 
node mn the ieyond lc.es1 Ehe outfut og thct rncl node wmll be uied to detespmne mg the 
cnmpcl mi c yct os not% wmth kcluei asectes thcn 92 yosseifondmna to ycti cnd kcluei leii 
thcn 92 yosseifondmna to doaiA seftmleiA cnd elefhcnti1

Gegose the netwos: hci been tscmnedA ciiupe thct cll og the mnmtmcl wemahti cse iet to 91 
Geycuie thmi netwos: mi io impfleA thct pecni thct mn thmi mnmtmcl yonrausctmon the rncl 
outfut wmll Yuit be the iup og cll og the mnfuti1

’e ycn sun c Jumy: teit to iee how well mt mi wos:mna begose tscmnmna1 ’e—ll geed 
mn the dctc gos c secl yct1Hmsit node“jomnt.Tecs ienios“ &2 beycuie the yct hci fomnt. 
ecsiBsoolmnaTienios“ T2 beycuie the yct mi ihowmna no iman og dsoolmnaFutfut og the rsit 
node“ - beycuie the iup og &2 cnd T2 mi -0eyond node“0ogtTtcml ienios“ &2’caamnaTtcml 
ienios“ TRFutfut og the ieyond node“ 9Ehoie two kcluei cse then iupped mn the outfut 
node mn the rncl lc.es cnd the rncl iyose mi c 91 Fn the othes hcndA mg we fut mn dctc gos 
c doa wmth secioncbl. fomnt. .ecsi XU+A c lot og dsool X2+A cnd c iogt wcaamna tcml X2 cnd 
2A+ then the outfut would be 9D1 )lecsl.A the podel mi not wos:mna kes. well wmth the 
degcult wemahti beycuie mt amkei c low iyose gos c yct cnd c hmah iyose gos c doa whmyh mi 
the offoimte og whct we cse loo:mna gos1

Eo tscmn thmi netwos:A we would ihow mt pcn. e8cpflei og ienios kcluei gos dm(esent 
cnmpcli to iee whct mt fsedmyti1 Ehe claosmthp would then yopfcse the fsedmytmoni to 
the yosseyt kcluei to detespmne the pcanmtude og the essos1 It would then pc:e twec:i to 
the wemahti mn the dmseytmon thct would seduye the essos thsouah c fsoyeii yclled ascdment 
deiyent1 Ehe bcimy mdec mi thct the claosmthp wmll uie yclyului to detespmne how ienimtmke 



FO EPx )q0j FH MO M?EIHI)IMV IOExVVIKxO)x MOB ?FGFEI)0 ?x4FVqEIFO N9

the outfut mi to the wemahti cnd wmll then pc:e cdYuitpenti og cn cffsofsmcte imSe cnd mn 
the yosseyt dmseytmon to seduye the essos1 Ipcamne .ou cse ts.mna to :my: c ioyyes bcll mnto 
the aocl gsop the yentes og the reld1 In thmi ycieA the essos mi the dmitcnye between whese 
the bcll lcndi cnd the net1 Mgtes c gew tsmcl ihotiA .ou pc. seclmSe thct .ou need to cmp c 
lmttle bmt to the legt cnd to :my: the bcll puyh gusthes down the reld1 HusthesA .ou seclmSe 
thct the dmseytmon the bcll Cmei mi e8tsepel. ienimtmke to yhcnaei mn the cnale og .ous goot 
but the dmitcnye the bcll tsckeli mi not kes. ienimtmke to how puyh gosye .ou fut mnto the 
:my:1 Fn .ous ne8t ihotA .ou wmll yhcnae the cnale og .ous goot kes. ilmahtl. to the legt 
cnd :my: mt puyh hcsdes1 Ehmi fsoyeii og pc:mna cffsofsmctel. imSed cdYuitpenti mn the 
fsofes dmseytmon mi imanmrycntl. gcites thcn pc:mna scndop aueiiei1 In c neuscl netwos:A 
ascdment deiyent yclyulctei the dmseytmon cnd imSe og cdYuitpenti uimna yclyului1 Busmna 
the tscmnmna fsoyeiiA wemahti cse cdYuited ascducll. cnd the essos ihsmn:i ci the fsoyeii 
sefecti pcn. tmpei1 In thmi e8cpfleA let—i ciiupe thct cgtes pcn. tscmnmna ieiimoni we 
hcke cdYuited the wemahti on the dsoolmna ienios mnfut cnd the wcaamnaTtcml ienios mnfut 
gsop foimtmke 9 to neactmke 9 cnd legt cll the othes wemahti mn the netwos: ct foimtmke 91 
In seclmt.A wemahti uiucll. tc:e on gscytmoncl kcluei iuyh ci neactmke -166U cnd foimtmke 
91-21 

’e ycn then yhey: to iee how the netwos: would fesgosp1 ’mth the new wemahtiA 
the netwos: wmll yclyulcte c iyose og 96 gos the secl yct cnd TN gos the doa cnd io mt now 
cffecsi to be gunytmonmna kes. well ct the deimsed tci:1 Ehct yould be gusthes yonrsped 
b. teitmna iope h.fothetmycl kcluei gos c seftmle cnd cn elefhcnt cnd .ou cse welyope 
to ts. thct mg .ou wmih1 Mn mpfostcnt obieskctmon mi thct ct no fomnt mn tmpe dmd we need 
to yhcnae the wemahti pcnucll. os uie ous e8fest :nowledae to cdYuit the wemahti1 Ehe 
pcyhmne lecsnmna enamnees thct deimani thmi netwos: doei not need to :now cn.thmna 
cbout bmoloa. os cnmpcli1 Bctc mi ged mnto the netwos: cnd mt mi cble to rause out the 
cffsofsmcte wemahti1

Ig we tc:e c itef bcy:A we ycn pc:e cn mnteseitmna obieskctmon1 ’e ycn iee thct the rsit 
node mi eiientmcll. cytmna lm:e c Wyct gcyez deteytos thct wmll outfut c itsonal. foimtmke 
kclue when the dctc mndmyctei thct the cnmpcl hci c yct gcye wmth fomnt. ecsi cnd c lcy: 
og dsool1 In c impmlcs wc.A the ieyond node mi eiientmcll. cytmna lm:e c Wyct tcmlz deteytos 
thct wmll outfut c itsonal. foimtmke kclue mg the tcml mi iogt cnd mi not wcaamna1  Mi c seiult 
og the tscmnmna fsoyeiiA thoie nodei now sefseient cbitscyt yonyefti wmthout ekes bemna 
e8flmymtl. fsoascpped to do thct1 Ig we wese to scndopl. iwcf iope og the mnfuti cnd 
then seTtscmn the netwos:A one node pc. cyt ci c Wyct cffecscnyez deteytos thct would 
aenescte c itsona foimtmke outfut gos cnmpcli wmth fomnt. ecsi cnd c iogt tcml cnd the 
othes node would cyt ci c Wyct behckmosz deteytos thct would aenescte c itsona foimtmke 
outfut when the cnmpcl mi not dsoolmna cnd mti tcml mi not wcaamna1 Ig we e8fcnded ous 
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netwos: to mnylude pcn. pose nodeiA we pmaht rnd thct we hcke nodei thct ifeymclmSe 
mn deteytmna cll gous og the cboke yonyefti1 Ehmi mi c kes. impflmitmy e8cpfle og how nodei 
mnimde c neuscl netwos: ycn end uf sefseientmna yonyefti1 5nowledae gsop the secl 
wosld beyopei epbedded mn c netwos:1 Ehe deimanesi og the netwos: don—t e8flmymtl. 
flcn gos thmi behckmos cnd don—t :now mg cnd how mt wmll ihow uf1 Mgtes c netwos: mi 
tscmnedA the. ycn obieske whmyh nodei aenescte itsona foimtmke outfuti gos dm(esent 
t.fei og mnfuti to undesitcnd how the netwos: behckei1

Ehe poit fowesgul podeli mn uie todc. cffl. thmi impfle yonyeft ct c puyh lcsaT
es iycle1 Ehe nupbes og wemahti mn theie podeli ycn e8yeed one tsmllmon1 Initecd og 
fesgospmna cll og the yclyulctmoni one ct c tmpeA the. itose mnfut dctc cnd wemahti mn 
pctsmyei cnd pc:e heck. uie og pctsm8 ofesctmoniA whmyh cse cyyelescted thsouah the 
uie og Kjqi1 Ehe. uie nonTlmnecs cytmkctmon gunytmoni to tscnigosp the outfut og ecyh 
mndmkmducl node os othes yopfonent1 Ehe csyhmteytusei og theie podeli cse yopfle8 
wmth pcn. lc.esi cnd cdkcnyed mntesyonneytmon fcttesni1 In cddmtmon to nodeiA the. pc. 
yontcmn othes yopfonenti iuyh ci yonkolutmoncl rltesi os cttentmon hecdi1 PowekesA mt 
cll bomli down to the icpe bcimy fsmnymflei deiysmbed cboke1 Mn cstmrymcl neuscl netwos: 
mi c lcsae yolleytmon og selctmkel. bcimy pcth eJuctmoni wmth fcscpetesi thct cse tuned 
dusmna c tscmnmna fsoyeii1 Beifmte hecdlmnei to the yontscs.A these mi no gundcpentcl 
p.ites. undesl.mna whct hcffeni mn c neuscl netwos:1 Ehe. cse yclled blcy: bo8ei 
beycuie these cse io pcn. yclyulctmoni bemna fesgosped thct mt mi fscytmycll. yhcllenamna 
to mntesfset how cn outyope mi secyhed but the. cse gull. tscnifcsent1 

The Uhysical FootErintw xnergyS xmissionsS and the xnvironment

’hen we thmn: og MIA we ogten mpcamne iopethmna kmstuclA lmkmna mn the yloudA wemahtleii 
cnd ylecn1 Gut Wthe yloudz mi not cms. nothmnaneii% mt—i scy:i og fowesThunas. ieskesi 
mn ifscwlmna dctc yentesiA dscwmna secl eleytsmymt. gsop the fowes asmd1 Vcsae lcnaucae 
podeliA eifeymcll. ct the gsontmes og imSe cnd ycfcbmlmt.A cse enospouil. e8fenimke to tscmn 
cnd sun mn tespi og yopfutctmoncl seiousyei1 )opfutctmoncl seiousyei cse ged wmth 
pciimke cpounti og enesa. cnd thct enesa. mi yonkested clpoit e8yluimkel. mnto hect1 
Eo fsekent okeshectmnaA cddmtmoncl enesa. cnd ogten wctes mi clio uied to helf sepoke 
hect gsop the fsoyeiiosi1 Mi:mna c Jueitmon og cn VVv mi impmlcs to tusnmna on c ifcye 
hectes mn .ous gsont .csd gos c ihost fesmod og tmpe% the yopfutctmon hcffenmna mn iope 
dmitcnt ieskes wmll yoniupe enesa. gsop the fowes asmd cnd dmiimfcte mt ci hect mnto the 
enkmsonpent1 0oA whct mi the enesa. yoit og theie i.itepiA cnd whct doei thct mpfl. gos 
ous enkmsonpent cnd gutuseZ
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Vet—i itcst wmth tscmnmnaA the bmsth og c podel1 Escmnmna c itcteTogTtheTcst VVv mi c 
Pesyulecn tci: thct ycn tc:e wee:i os ponthi on thouicndi og ifeymclmSed yhmfi sunnmna 
mn fcscllel1 )onimdes KjETUA whmyh hci 9,2 bmllmon fcscpetesi“ cn cncl.imi eitmpcted 
thct the eleytsmymt. seJumsed to tscmn KjETU wci csound 91U K’h+19D Eo fut thct mn 
fesifeytmkeA thct—i cbout ci puyh eleytsmymt. ci 9N- ckescae Mpesmycn houieholdi would 
uie mn c .ecs os c ,R, would uie on c lonaThcul Cmaht1 Oewes podeli lm:e KjETR cse 
belmeked to hcke uied eken pose yopfutmna seiousyei1 Mlthouah thmi enesa. uie mi not 
mnimanmrycntA mt—i fsmpcsml. c oneTtmpe yoit cnd the nupbesi fcle mn yopfcsmion to 
totcl enesa. uied gos yoolmna cnd hectmna bumldmnai os gos yoppesymcl cmslmne tsckel mn 
aenescl1Fn the othes hcndA cgtes c podel mi tscmned the mngesenye yoiti cse onaomna1 xkes. 
tmpe .ou ci: c lcsae lcnaucae podel to aenescte te8t thsouah the mngesenye fsoyeiiA mt 
uiei fowes1 xcyh to:en Xc gew yhcscytesi og te8t+ pmaht seJumse c gew Loulei on c podesn 
Kjq1 veciusepenti on Vlcpc 72G seyosded csound R Loulei fes to:en196 Ehese cse 
U7-- Loulei mn c imnale wctt hous cnd io thct ioundi tmn. but mt cddi uf1 )onimdes c 
lona nokel thct yontcmni 97-A--- wosdi whmyh beyope N92A--- to:eni1 ’e—ll dmiyuii the 
selctmonihmf between wosdi cnd to:eni mn pose detcml mn the ne8t yhcftes1 Kenesctmna 
thct nokel would yoniupe cbout the icpe cpount og enesa. ci sunnmna c 7- wctt 
lmahtbulb gos gous housi os tsckelmna leii thcn c pmle mn cn eleytsmy ycs1 ’hen gscped 
thmi wc.A the mpfcyt ieepi secioncble1 PowekesA mg ekes.one mn the wosld itcsti to uie 
c nupbes og dm(esent MI i.itepi mn pcn. dm(esent fcsti og thems lmgeA the totcl enesa. 
yoniupftmon wmll beyope imanmrycnt1

/oopmna outA we ycn yonimdes the alobcl fesifeytmke1 Hos cll fusfoieiA dctc yentesi 
csound the wosld uied cn eitmpcted R92 E’h mn N-NR1N- Ehmi sefseienti csound 9123 
og totcl eleytsmymt. yoniupftmon os cffso8mpctel. gous tmpei the enesa. outfut og the 
Ehsee Kosaei Bcp1 xitmpctmna the fostmon og yussent cnd fsoYeyted dctc yentes enesa. 
yoniupftmon thct mi c seiult og MI mi pose dm$yult but itudmei aenescll. casee thct mn the 
yopmna .ecsiA enesa. yoniupftmon ifeymrycll. selcted to MI uie mn dctc yentesi wmll be 
mn the scnae og hundsedi og E’h1

Ehmi iusae mi clsecd. bemna gelt b. yopfcnmei“ vmysoiogt dmiyloied thct mti ycsbon 
epmiimoni Yupfed b. necsl. U-3 gsop N-N9 to N-NNA whmyh the. cttsmbuted lcsael. 
to enesa. gos dctc yentes asowth to iuffost MI cnd yloud ieskmyei1 Kooale sefosted 
c |2-3 mnysecie mn epmiimoni gsop N-96 to N-NU ci the. e8fcnded thems yopfutmna 
mngscitsuytuse XcacmnA wmth MI bemna c pcYos dsmkes+1N9 Eheie cse huae yopfcnmei wmth 
cpbmtmoui ycsbonTneutscl fledaei thct cse now ascfflmna wmth the seclmt. thct o(esmna 
MI gectusei ycn blow uf enesa. uicae1

Ii mt foiimble to pmtmacte os pmnmpmSe the mpfcyt og thmi enesa. yoniupftmonZ Fne 
cffsocyh mi claosmthpmy e$ymeny.1 ?eiecsyhesi cse rndmna wc.i to fsune cnd oftmpmSe 
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podeli1 Hos mnitcnyeA teyhnmJuei lm:e podel JucntmSctmon Xuimna lowes fseymimon yclT
yulctmoni+ ycn yut enesa. fes mngesenye1 Ehe Emn.MI cnd e$yment MI pokepenti cmp 
to aet impmlcs seiulti wmth ipclles podeli os ylekes csyhmteytuseiA whmyh would dmseytl. 
seduye enesa. uicae1 Mnothes cffsocyh mi to deflo. podeli mn loyctmoni wmth cbundcnt 
senewcble enesa.1 0ope yopfcnmei bumld dctc yentesi mn seamoni wmth h.dsoeleytsmy 
os aeothespcl fowes iuyh ci Iyelcnd cnd the jcymry Oosthweit og the qnmted 0tcteiA 
eniusmna thct eken mg the. uie c lot og enesa.A mt—i lowTycsbon1 Hos e8cpfleA vmysoiogt 
hci dctc yentesi mn 0weden thct benert gsop h.dso fowes cnd cse ifeymrycll. touted 
ci iuitcmncble gos MI wos:locdi1 Fn the othes imde og the enesa. eJuctmonA these mi clio 
wos: bemna done to fut the wcite hect to aood uie1 Kooale seyentl. cnnounyed cn MI 
dctc yentes e8fcnimon mn Benpcs: thct wmll fmfe mti wcite hect to wcsp loycl hopei1NN 
In yold ylmpcteiA dctc yentes wcite hect ycn eken be uied to hect aseenhouiei whmyh clio 
hci the cdded benert og seduymna the dmitcnye the good needi to be tscnifosted1NU Ig 
eleytsmymt. gos c dctc yentes mi aenescted gsop c senewcble iousye iuyh ci iolcsA wmndA os 
h.dsoeleytsmy fowes cnd cll og the wcite hect mi fut to uieA then the neactmke mpfcyti 
ciioymcted wmth enesa. yoniupftmon cse bcimycll. elmpmncted1 

Mnothes fesifeytmke mi thct MI mi c tool gos ickmna enesa. eliewhese1 Mn MI i.itep 
pmaht oftmpmSe loamitmyi gos c ihmffmna yopfcn.A ihckmna o( guel uie well be.ond the 
MI—i own eleytsmycl yoit1 MI pmaht helf deiman pose e$yment bumldmnai os pcncae fowes 
asmdi to mnteascte senewcblei pose e(eytmkel.1 Eheie mndmseyt foimtmke e8tesnclmtmei yould 
o(iet the dmseyt gootfsmnt1 Hos e8cpfleA mg cn MI iyhedulmna i.itep seduyed tsc$y Ycpi mn 
c ymt.A the aciolmne ickmnai cnd epmiimoni seduytmoni gsop kehmylei yould dwcsg the MI—i 
dctc yentes fowes uie1 0mpmlcsl.A MITciimited seiecsyh pmaht e8fedmte ylecn enesa. teyhT
noloa. dmiyokesmei1 Eheie cse ifeyulctmke benerti but flcuimble1 Mlsecd.A impfles MI cnd 
cncl.tmyi hcke mpfsoked e$ymenymei mn mnduitsmei lm:e ckmctmon XoftmpmSmna Cmaht soutei 
gos guel+ cnd casmyultuse Xfseymimon gcspmna to seduye gestmlmSes+1 Mi VVvi yopbmne wmth 
dopcmnTifeymry tooliA mt mi e8feyted thct the. wmll unloy: gusthes oftmpmSctmoni cysoii 
the eyonop.1 ’e ihouldn—t tc:e thct on gcmth thouah1 M woss. mi Lekoni fcscdo8“ ci 
iopethmna beyopei pose e$ymentA feofle uie mt poseA fotentmcll. wmfmna out the acmni1 
Ehmi mi not unmJue to MI1 Mi we hcke fsoifesed ci c ifeymeiA ous cffetmte gos enesa. 
mntenimke lu8usmei hci been selentleii1 Ig MI pc:ei c fcstmyulcs fsoyeii pose e$ymentA 
yopfcnmei pmaht scpf uf thct fsoyeiiA lecdmna to hmahes okescll enesa. uie1 ’mth cll 
t.fei og MI podeliA these—i c smi: thct pc:mna te8t cnd yontent aenesctmon yhecf cnd eci. 
wmll lecd to cn mnysecie mn the cpount og te8tA mpcaeiA kmdeoA cnd cudmo thct mi aenescted1 
Initecd og uimna MI to ysecte gectuse rlpiA ekes. mndmkmducl fesion pc. wcnt to uie MI 
to ysecte gull lenath rlpi yuitopmSed to thems ifeymry fsegesenyei1 ’e pc. rnd thct ous 
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yolleytmke cffetmte gos MI mi mnictmcble1 Mn. e$ymeny. acmni thct dsmke down yoiti cnd 
enkmsonpentcl mpfcyt pc. be gollowed b. impmlcs mnyseciei mn cdoftmon1

Fn the bsmaht imdeA the mnduits. mi mnysecimnal. yoniymoui og mti ycsbon gootfsmnt1 
qnlm:e iope ecslmes teyh boopiA the MI yoppunmt. hci cytmke seiecsyh mnto Kseen MI% 
ts.mna to sefost enesa. uicae cnd mpfsoke mt1NR 0ope cycdepmy yongesenyei now ci: 
cuthosi to mnylude the yopfutctmoncl yoit og thems tscmnmna e8fesmpenti mn fcfesiA to 
scmie cwcseneii1 Vcsae yopfcnmei lm:e Kooale cnd MpcSon cse cmpmna to fowes dctc 
yentesi wmth senewcble enesa.1 Ig iuyyeiigulA epmiimoni yould be deyoufled gsop enesa. 
uie1

’os: clio yontmnuei on mpfsokmna e$ymeny. og the hcsdwcse thct the podeli sun 
on1 Kjqi yontmnue to beyope pose enesa. e$ymentA cnd yopfcnmei cse now mnkeitmna 
mn ifeymclmSed MI mngesenye yhmfi thct hcke the fotentmcl to uie leii enesa. thcn aenescl 
fusfoie Kjqi% sepmnmiyent og how Kjqi encbled cn mpfsokepent mn e$ymeny. yopT
fcsed to )jqi1 x8cpflei cse M’0—i Ingesentmc cnd Kooale—i Ejq yhmfi1 Husthes outA 
seiecsyhesi cse e8fesmpentmna wmth entmsel. new t.fei og hcsdwcse iuyh ci cncloa cnd 
fhotonmy yopfutmna yhmfi1 Ehmi hcsdwcse mi itmll e8fesmpentcl but mg mt ycn be tusned 
mnto yoppesymcl teyhnoloa.A mt yould delmkes osdesi og pcanmtude seduytmon mn enesa. 
yoniupftmon1 

It—i not unyoppon gos new teyhnoloamei to be enesa. mne$yment mn the ecsl. dc.i1 
Fnye c teyhnoloa. fsokei thct mt ycn delmkes the seJumsed fesgospcnyeA iuitcmned e(osti 
to mpfsoke e$ymeny. ycn delmkes mnysedmble seiulti1 It mi ylecs thct MI hci the fotentmcl 
to ysecte cn enesa. ysmimi mg e8fcnimon mi not pcncaed thouahtgull.1 PowekesA wmth 
mnkeitpenti mn ylecn enesa. fsoduytmonA wcite hect hcskeitmnaA yontmnued oftmpmSctmon 
og podeli cnd hcsdwcseA cnd the fotentmcl yoppesymclmSctmon og entmsel. new t.fei 
og hcsdwcseA these mi no secion to belmeke thct these cse cn. uniolkcble enesa.Tselcted 
fsoblepi thct would Yuitmg. c gull itof on the gusthes dekelofpent cnd cdoftmon og MI1 
Ehmi mi one csec whese aokesnpent seaulctmoniA bumldmna o( og deycdei og e8fesmenye 
mn pcncamna the enkmsonpentcl mpfcyt og othes mnduitsmeiA yould cnd ihould flc. cn 
mpfostcnt sole1

Nearning to Aalk

Mi the bscmni og ous pcyhmnei aot ipcstesA the sobot bodmei thct pcn. og thoie cstmrymcl 
bscmni mnhcbmtA wese undesaomna c tscnigospctmon og thems own1 M sobot mi c pcssmcae 
og yopfutctmon wmth ieniosi cnd potosi mn c bod.1 Ehmi pecni fsoaseii mn sobotmyi 
defendi on pultmfle teyhnoloamei cdkcnymna mn yonyest“ pobmle yopfutmna fowesA MI 
podeliA ieniosiA cytuctosiA cnd bcttesmei1 xcyh yopfonent gollowed mti own mpfsokeT
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pent yuske cnd fsoaseii hci yope mn busiti cnd flctecui cysoii dm(esent dopcmni1 Fkes 
the lcit two deycdeiA howekesA pcn. og theie fmeyei hcke secyhed c lekel og fesgospcnye 
thct unloy:i cn mnysedmble kcsmet. og new cfflmyctmoni1

)onimdes ieniosi cnd ycpesci“ Ehcn:i to the ipcstfhone sekolutmonA tmn. hmahTJuclT
mt. ycpesciA cyyelesopetesiA a.soiyofeiA cnd othes ieniosi hcke beyope mnysedmbl. yhecf 
cnd wmdel. ckcmlcble1 vcii fsoduytmon gos fhonei pecnt eken ipcll itcstufi os lcbi 
yould aet cdkcnyed ieniosi gos sobotmyi1 Ehmi mi one secion we icw cn e8floimon og dsonei 
cnd ipcll soboti mn the N-9-i% yopfonenti thct wese onye e8fenimke cnd pmlmtcs.Tascde 
beycpe cyyeiimble o(TtheTihelg eleytsonmyi1 In gcytA unpcnned cesmcl dsoneiA whmyh e8T
mited mn sudmpentcs. gosp gos deycdeiA onl. beycpe fofulcs cnd fscytmycl cgtes cbout 
N-9-A when eleytsonmyi beycpe iu$ymentl. ipcllA fowesgulA cnd e$yment1 M t.fmycl 
yoniupes Jucdyoftes todc. ycssmei cn cyyelesopetes cnd a.soiyofe gos itcbmlmt. thct 
lekescae the icpe vxv0 teyhnoloa. uied mn .ous fhone—i osmentctmon ienios1 It hci 
one os pose ycpesci thct benert gsop fhone ycpesc cdkcnyeiA cnd mt lm:el. suni on 
c lmthmupTfol.pes bcttes. impmlcs to thoie dekelofed gos lcftofi cnd fhonei1 In the 
fcitA mg .ou tsmed to bumld c dsoneA .ou—d itsuaale wmth heck. bcttesmeiA e8fenimke mnestmcl 
ieniosiA cnd undesfowesed fsoyeiimna1 

Mytuctosi cnd potosiA the puiylei og sobotiA hcke clio cdkcnyedA thouah pose 
ilowl.1 xleytsmy potosi hcke been csound gos c lona tmpeA but pc:mna thep lmahtwemahtA 
e$ymentA cnd itsona enouah gos d.ncpmy soboti Xeifeymcll. hupcnomdi+ mi cn onaoT
mna enamneesmna bcttle1 ’e don—t .et hcke c voose—i Vcw gos tosJue os loyopotmon1 
PmahTfesgospcnye sobot cytuctosi ogten yopbmne fseymimonTpcyhmned aecsiA fowesgul 
scseTecsth pcanetiA cnd iofhmitmycted yontsollesi% cnd theie tend to be e8fenimke cnd 
iopewhct heck.1 Ehese hcke been itecd. mpfsokepenti iuyh ci podesn bsuihleii B) 
potosi cnd bettes aecsbo8ei but these hci been no gundcpentcl bsec:thsouah .et1 
PowekesA mnysepentcl fsoaseii hci cyyupulcted cnd we pc. not need cn. mnysedmble 
bsec:thsouahi mn thmi csec1 Eodc.—i ieskopotosi cnd sobotmy Yomnti cse pose yopfcyt 
cnd fowesgul thcn thoie og the fcitA cnd new t.fei og cytuctosi lm:e iogt puiyleTlm:e 
fol.pesi cnd h.dsculmyi wmth ipcstes yontsol cse bemna e8flosed to gusthes yloie the 
acf1 

jowes mi cnothes fmeye“ bcttesmei hcke ieen imanmrycnt mpfsokepenti thcn:i to the 
eleytsmy kehmyle fuih1 xnesa. denimt. og lmthmup bcttesmei mnyseciei ecyh .ecsA ilowl. but 
itecdml.A cnd yopfcnmei cse scymna to dekelof eken bettes yhepmitsmei1 M sobot thct onye 
needed c thmy: ycble tethesmna mt to c wcll gos fowes ycn now socp gsee gos housi due 
to hmahTdenimt. bcttesmei cnd e$yment potosi1 Ehct—i one secion we cse Yuit now ieemna 
soboti thct ycn secll. poke lm:e the onei mn iymTr1 
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vecnwhmleA cdkcnyei mn pctesmcli iymenye cse tscnigospmna the fh.imycl bodmei og 
sobotiA encblmna new lekeli og camlmt. cnd cdcftcbmlmt.1 PmahTfesgospcnye pctesmcli thct 
wese onye e8otmy cse now wmdel. uied mn sobotmyiA gundcpentcll. mpfsokmna whct soboti 
ycn do1 Hos e8cpfleA ycsbon rbes yopfoimtei hcke beyope yoppon gos bumldmna sobot 
gscpei cnd cspi mn flcye og heckmes petcli1 )csbon rbes mi e8tsepel. lmaht .et kes. itsona 
cnd uimna mt to seflcye iteel os clupmnup ycn dscitmycll. seduye c sobot—i wemaht wmthout 
icysmrymna smamdmt. 1 M lmahtes sobot ycn poke gcites cnd wmth asectes fseymimonA cnd mt futi 
leii itscmn on mti potosi% puyh lm:e how c lmahtes cthlete ycn cyhmeke Jumy:es cyyelesctmon 
cnd camlmt.1 Mt the icpe tmpeA enamneesi cse epbscymna iogt fol.pesi cnd elcitopesi to 
ysecte soboti thct cse yopflmcnt mnitecd og smamd1 )opfonenti pcde og imlmyone subbes 
os impmlcs pctesmcli ycn bend cnd degosp on yontcytA cllowmna sobotmy asmffesi os lmpbi 
to hcndle gscamle obYeyti os icgel. bupf mnto hupcni wmthout ycuimna hcsp 1 Eheie iogt 
pctesmcli cyt lm:e cstmrymcl puiyle os i:mnA cbiosbmna mpfcyti cnd cdcftmna to ihcfeiA 
whmyh pc:ei soboti mnhesentl. icges cnd pose cdcftcble mn unyestcmn enkmsonpenti1 
Mnothes bsec:thsouah mi the uie og ihcfeTpepos. cllo.i Xiuyh ci nmy:el_tmtcnmupA 
:nown ci Omtmnol+ mn cytuctosi1 Eheie petcli hcke the sepcs:cble fsofest. og setusnmna 
to c fseiet ihcfe when hected os eleytsmycll. tsmaaesedA io c thmn wmse os sod ycn ieske ci cn 
cstmrymcl tendon thct Ce8ei on yoppcnd1 0hcfeTpepos. cllo. cytuctosi cse lmahtwemaht 
cnd yopfcyt selctmke to the gosye the. ycn e8estA amkmna enamneesi fowesgul new wc.i to 
pc:e soboti poke wmthout tscdmtmoncl potosi 1 xJucll. sekolutmoncs. mi the cdoftmon 
og UB fsmntmnaA clio :nown ci cddmtmke pcnugcytusmnaA mn sobotmyi1 Beimanesi ycn now 
fsotot.fe cnd fsoduye yuitop sobot fcsti mn c pcttes og dc.i uimna UB fsmntesiA scthes 
thcn wcmtmna wee:i gos pcyhmned yopfonenti1 Ehmi pecni mdeci ycn be teited cnd 
serned mn scfmd iuyyeiimonA cyyelesctmna the fcye og mnnokctmon1 voseokesA UB fsmntmna 
cllowi gos yopfle8 aeopetsmei thct wese fsekmouil. mpfscytmycl to pcnugcytuse% gos 
mnitcnyeA lcttmye itsuytusei thct yopbmne itsenath wmth ultscTlmaht wemahtA os mntesncl 
yhcnneli gos ycblei cnd Cumdi bumlt smaht mnto c imnale fmeye1 G. lekescamna theie new 
pctesmcli cnd gcbsmyctmon teyhnmJueiA todc.—i soboti ycn be lmahtesA itsonaesA cnd pose 
camleA wmth gscpei thct don—t wemah thep downA puiylei thct bend cnd Ce8 osacnmycll.A 
cnd yuitop fcsti tcmlosed gos oftmpcl fesgospcnye1 Ehe seiult mi c aenesctmon og soboti 
thct cse gcs pose fh.imycll. ycfcble cnd kesictmle% pcyhmnei thct ycn poke Jumy:esA 
hcndle delmycte mntescytmoniA cnd bettes cdcft to the secl wosld thcn the ylcn:mna petcl 
yontscftmoni og the fcit1 Ehe hcsdwcse itos. undesl.mna MI mi one og Kjqi cyhmekmna 
mnysedmble iycle1 In sobotmyiA the hcsdwcse itos. mi pose impmlcs to iolkmna c yopflmycted 
fuSSle1 0tef b. itefA mnysepentcl mpfsokepenti mn ekes. yopfonent thct mi seJumsed mn 
c sobot hcke yope toaethes to tscnigosp whct mi foiimble1
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Eo cffseymcte how cll theie cdkcnyei cse yonkesamnaA yonimdes the new aenesctmon 
og hupcnomd soboti bemna unkemled1 Oot lona caoA the mdec og c bmfedcl sobot wcl:mna 
csound mn c wcsehouie os o$ye ieeped gcsTgetyhed outimde og seiecsyh lcbi1 Mi seyentl. 
ci N-92A ct the BM?jM ?obotmyi )hcllenaeA hupcnomd soboti lupbesed thsouah 
tci:i cnd ogten gell okes% cnd thoie wese yontsolled b. tecpi og enamneesi kmc tethesed 
yonneytmoni1 Hcit goswcsd to the pmdTN-N-iA cnd yopfcnmei cse cnnounymna hupcnomd 
fsotot.fei thct ycn wcl:A ycss. obYeytiA cnd fesgosp impfle Yobi cutonopouil.1 In Mfsml 
og N-N2A these wci eken c hclgTpcscthon gos hupcnomd soboti mn GemYmna1 0m8 og the 
bmfed soboti rnmihed the yousie wmth the wmnnes yopmna mn ct N housiA R- pmnutei cnd 
RN ieyondi1 Hos pose fscytmycl cfflmyctmoniA c itsm:mna e8cpfle mi BmamtA c hupcnTimSed 
bmfedcl sobot thct epesaed gsop cycdepmy seiecsyh ct Fseaon 0tcte qnmkesimt. cnd 
mi now c yoppesymcl fsoduyt gsop Mamlmt. ?obotmyi1 Bmamt itcndi cbout 91,2 petesi 
tcllA wemahi 72 :aA cnd ycn lmgt souahl. 97T:a locdi1 It—i deimaned to poke bo8ei mn 
wcsehouiei cnd do othes sefetmtmke hupcn lcbos tci:i1 Mamlmt. ?obotmyi mi fsefcsmna 
to pciiTfsoduye Bmamt cnd deflo. mt mn secl wos:flcyei cnd mt clsecd. hci c nupbes og 
othes yopfetmtosi1 Ehmi tscnimtmon gsop lcb fsotot.fe to seclTwosld fsoduyt wci not 
foiimble ecslmes beycuie mt seJumsed cll the cgosepentmoned fmeyei to be secd.“ Bmamt hci cn 
cssc. og ycpesci cnd lmdcs ieniosiA hmahTtosJue lmahtwemaht cytuctosi mn mti leai cnd cspiA 
fowesgul onbocsd yopfutesi to sun mti bclcnye cnd kmimon claosmthpiA cnd c bcttes. 
fcy: e$yment enouah to let mt wos: untethesed1 

Bsonei tell c impmlcs itos.1 xcsl. dsonei wese emthes bumlt gos the pmlmtcs. cnd e8tsepel. 
yoitl. os cpcteusmih cnd unitcble1 Fnye the smaht fmeyei wese mn flcyeA dsone ycfcbmlmtmei 
e8floded1 G. the lcte N-9-iA c t.fmycl yoniupes dsone yould hokes mn flcye mntellmaentl.A 
nckmacte kmc Kj0A ckomd obitcylei uimna yopfutes kmimonA cnd itsecp PB kmdeo to c 
uies1 Ehmi wci foiimble onl. beycuie the neyeiics. ieniosiA fsoyeiiosiA cnd bcttesmei hcd 
Jumetl. beyope fowesgul cnd c(osdcble enouah1 Oow dsonei cse uied mn ekes.thmna 
gsop iymentmry seiecsyh to casmyultuse to ymnepctoascfh.A domna thmnai thct would hcke 
ieeped mpflcuimble gos c hobb.mit dekmye mn the .ecs N---1 

’hct—i eifeymcll. e8ymtmna cnd clio clcspmna mi how sobotmyi mi now doketcmlmna wmth 
the MI cdkcnyei gsop the neuscl netwos: seclp1 ’e—se eJumffmna theie puyhTmpfsoked 
peyhcnmycl bodmei wmth ipcstes bscmni1 Ehe lcteit soboti ogten sun cdkcnyed MI clT
aosmthpi to fesyemke thems enkmsonpent cnd pc:e deymimoni1 Ehmi yonkesaenye pecni 
soboti now hcke the fh.imycl hcsdwcse to fesgosp c tci: cnd the mntellmaenye to do mt 
selmcbl.1 Hos mnitcnyeA c sobot csp mn c gcytos. pmaht uie c deef neuscl netwos: kmimon 
i.itep to mdentmg. cnd fmy: uf c kcsmet. og obYeyti wmthout bemna e8flmymtl. fsoascpped 
gos ecyh one1 Fbieskesi hcke beaun to tcl: cbout c yopmna )cpbsmcn e8floimon mn 
sobotmyi% c iudden dmkesimryctmon cnd fsolmgesctmon og sobot gospi cnd i:mlli now thct 
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the encblmna teyh mi hese1 Kscifmna csbmtscs. obYeytiA nckmactmna unfsedmytcble enkmsonT
pentiA yollcbosctmna icgel. wmth hupcn wos:esi cse cll hcsd fsoblepi thct podesn MI 
teyhnmJuei cse well foimtmoned to iolke1

I Tsunami of Bnvestment and .uEEort

?ekolutmoni don—t hcffen mn c kcyuup1 Mi the fsopmie og MI cnd sobotmyi asew ylecses 
mn the N-9-iA c Cood og seiousyei iweft mn gsop two fowesgul gosyei% kentuse ycfmtcl 
cnd aokesnpent mnmtmctmkei1 It—i sepmnmiyent og the ifcye scyeA whese onye the foiimT
bmlmt. og secyhmna the poon loo:ed ysedmbleA pone. cnd tclent wese pcsihcled on cn 
e8tscosdmncs. iycle1 In the ycie og MIA onye deef lecsnmna cnd cdkcnyed soboti beacn to 
ihow tcnamble seiultiA mnkeitosi ofened thems yhey:boo:i wmdeA gecsmna to pmii out on 
the ne8t bma thmna1 Klobcl kentuse ycfmtcl gundmna gos MI itcstufiA whmyh wci selctmkel. 
podeit mn the ecsl. N-9-iA went mnto okesdsmke1 In N-9NA 4) mnkeitpent mn MITgoyuied 
yopfcnmei wci undes ~U bmllmon wosldwmde1 G. N-N-A thct nupbes hcd bcllooned to 
csound ~,2 bmllmon cnnucll.1N2 In leii thcn c deycdeA .ecsl. fsmkcte mnkeitpent mn MI 
asew cbout N2Tgold% cn citsonopmycl asowth yuske1 Ehe tsend hci yontmnued1 In Mfsml og 
N-N2A FfenMI scmied ~R- bmllmon mn c imnale sound1 MI hci beyope the new hotifot gos 
teyh mnkeitpentA wmth pone. Cowmna not Yuit to iogtwcse claosmthpi but to ifeymclmSed 
yhmf yopfcnmeiA dctc cnnotctmon rspiA cnd yloud mngscitsuytuse1 G. the pmdTN-N-iA 
MITselcted kentusei cyyounted gos c imScble ihcse og cll 4) gundmna1

?obotmyi hci e8fesmenyed c fcscllel iusae og enthuimcip1 Hos c lona tmpeA sobotmyi 
itcstufi wese ieen ci ycfmtclTmntenimke cnd ilowA iycsmna cwc. mnkeitosi who fsegessed the 
Jumy: wmni og iogtwcse1 Gut ci MI pcde pcyhmnei ipcstes cnd iuyyeii itosmei epesaed 
iuyh ci wcsehouie soboti cnd ielgTdsmkmna ycsiA the ientmpent ihmgted1 Ehe fesmod gsop 
N-N- to N-NR icw okes ~6- bmllmon mnkeited mn sobotmyi itcstufi alobcll.A souahl. 9-3 
og cll kentuse ycfmtcl mn teyhnoloa. dusmna thct fesmod1N7 ’hmle these hcke been ebbi 
cnd CowiA the okescll tsend mi unpmitc:cble1 Inkeitosi now kmew mntellmaent soboti ci c 
yosnesitone og the ne8t eyonop.A not c nmyhe iymTr imdeihow1 Ehmi ycih mnCu8 hci pecnt 
thct bold mdeci whmyh onye lcnaumihed gos lcy: og gundmna iuyh ci cutonopoui gcspmna 
eJumfpent os sobotmy e8oi:eletoni gos sehcbmlmtctmon now hcke c yhcnye to be tsmed cnd 
teited1 In 0mlmyon 4clle. cnd teyh hubi wosldwmdeA itcstufi bumldmna WMI gos –z os sobot 
helfesi gos c wmde scnae og mnduitsmei iuddenl. gound mt puyh ecimes to scmie ycfmtcl cnd 
iycle uf1 Ehe seiult mi c kmstuoui y.yle“ pose gundmna encblei pose ?=B cnd gcites 
deflo.pentA whmyh mn tusn cttscyti eken pose gundmna1

KokesnpentiA tooA hcke seyoanmSed the itscteamy mpfostcnye og MI cnd sobotmyiA 
lcunyhmna thems own mnmtmctmkei ogten bcy:ed b. bmllmoni og dollcsi1 In the qnmted 0tcteiA 
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caenymei lm:e BM?jM scpfed uf fsoascpi to eniuse Mpesmyc itc.ed ct the yuttmna 
edae1 In N-9DA BM?jM cnnounyed mti WMI Oe8tz ycpfcmanA yoppmttmna ~N bmllmon 
okes pultmfle .ecsi to cdkcnye MI be.ond the itctui Juo1N, In the N-N9 riycl .ecsA the 
jentcaon budaeted ~,12R bmllmon gos unpcnned cnd cutonopoui i.itepi cysoii cll 
ieskmyei% mnyludmna asound yopbct sobotiA cesmcl dsoneiA cnd nckcl unpcnned kehmylei 
ci fcst og mti podesnmSctmon dsmke1ND Mysoii the jcymryA )hmnc pcde feshcfi the boldeit 
poke“ mn N-9,A the )hmneie aokesnpent unkemled c iweefmna flcn to beyope the wosld 
lecdes mn MI b. N-U-A iettmna c tcsaet to bumld c dopeitmy MI mnduits. wosth ~92- bmll
mon1N6 Ehmi wcin—t Yuit c fcfes fsopmie% mt wci bcy:ed b. fsokmnymcl gundmna fsoascpiA 
itcteTifoniosed seiecsyh lcbiA cnd mnyentmkei to luse tof tclent hope1 Ehe xusofecn 
qnmonA LcfcnA 0outh 5osecA )cncdcA cnd othesi hcke lcunyhed thems own nctmoncl 
MI itscteameiA yolleytmkel. fousmna pone. mnto seiecsyh ascntiA mnnokctmon yentesiA cnd 
eduyctmoncl fsoascpi1 In N-N2A theie yoppmtpenti ihow no iman og ilowmna down1 
Oekes begose hcke we ieen iuyh c alobcll. yoosdmncted seyoanmtmon thct Wwhoekes lecdi 
mn MI wmll ihcfe the gutusez% c ientmpent thct hci pcde MI c yentesfmeye og eyonopmy 
cnd degenie folmy. mn pcn. yountsmei1

Ehe mnCu8 og ycfmtcl cnd iuffost hci cyyelescted the sekolutmon1 It—i ysected c tclent 
pcanet wmth itudenti Coy:mna to MI cnd sobotmyiA itcstufi fsolmgesctmnaA cnd eitcblmihed 
yopfcnmei seosmentmna towcsdi mntellmaent cutopctmon1 It—i led to c heclth. yopfetmtmon 
cnd clio c yollcbosctmon between the fsmkcte cnd fublmy ieytosi“ gos e8cpfleA teyh amcnti 
ofen iousymna thems MI gscpewos:i whmle aokesnpent lcbi fsokmde yopfutmna seiousyei 
gos gundcpentcl seiecsyh1 G. the pmdTN-N-iA the popentup mi ielgTiuitcmnmna1 ’e 
hcke yloud flctgospi whese cn. cifmsmna enamnees wmth cn mntesnet yonneytmon ycn tcf 
mnto iufesyopfutesTlekel MI ieskmyei thct wese unthmn:cble 92 .ecsi cao1 ’e hcke c 
wosldwmde yoppunmt. og seiecsyhesi ihcsmna mdeci ct lmaht ifeedA ogten wmth the iuffost 
og both yosfoscte cnd aokesnpent fctsoni1 Ehe housi og hupcn tmpe mnkeited mnto 
gusthesmna seiecsyh mnto MI hci asown mppeniel.1 Mt OeusIj0A the lecdmna MI seiecsyh 
yongesenyeA the totcl nupbes og iubpmiimoni mn N-9- wci 9N961 In N-N2A thct nupbes 
hcd asown to 927,91U- In unmkesimtmeiA aokesnpent seiecsyh lcbiA cnd itcstTufi csound 
the wosldA cn csp. og MI cnd sobotmyi seiecsyhesi cse pokmna the reld goswcsd ct cn 
cyyelesctmna scte1

Gonclusion

Ehe teyhnoloamycl goundctmoni og the MI cnd sobotmyi sekolutmon cse not Yuit c itos. og 
ylekes claosmthpiA gcites yhmfiA os bettes ieniosi mn miolctmon% mt—i the itos. og c fesgeyt 
itosp1 0tcndmna hese todc.A we rnd ousielkei ct c wctesihed popent1 Ehe goundctmoni 
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lcmd mn yopfutmnaA claosmthpiA cnd hcsdwcse hcke encbled cn cae whese mntellmaenye 
cnd aenesclTfusfoie lcbos pc. beyope yoppodmtmSed utmlmtmei% seiousyei thct ycn be 
fusyhcied cnd lekescaed b. cn.one csound the wosld1 Ehe mpflmyctmoni gos buimneiiA 
ioymet.A cnd ous dcml. lmkei cse mppenieA cnd nckmactmna thep wmll be the itos. og the 
yopmna .ecsi cnd deycdei1 
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Chapter Two

Unraveling Human 
Language: The Rise of 
Large Language Models

Introduction

I n her softly lit study, Mara leaned closer to her screen, guiding Lex, her AI research 
partner. "Lex," she prompted, "trace the evolving abstract connotations of persona 

across these fourteenth century scholastic manuscripts, speci-cally noting any diverw
gence from classical use." Lex responded not kith a mere summary, but kith a nuanced 
analysis, highlighting subtle shifts in meaning kith a precision that drek on its deep 
understanding of linguistic structures. Mara then tooS this intricate data, keaving it 
into her okn argument about emergent individualism. 2he vividly remembered 050B, 
khen eliciting such focused insight kas a battle. OacS then, language models, though 
Nuent, often produced con-dent fabrications from dubious sources or kere blind to 
information beyond their last update. zne had to constantly verify and sift, kary of 
satirical texts mistaSen for fact or the subtle biases absorbed from their training. Tok, 
Mara could direct Lex through complex, even ambiguous, historical language, con-dent 
in its ability to discern authorial intent, utili'e a veri-ed Snokledge base, and avoid 
the degrading echo chambers that once plagued its predecessors. Dhe collaboration felt 
genuinely symbiotic, her critical thinSing ampli-ed by LexEs pokerful linguistic pattern 
recognition.
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The Uniqueness of Human Language

3umans have an exceptional capacity for abstract language, enabled by speciali'ed 
netkorSs in the brain. ’nliSe other primates, our brains dedicate speci-c regions 
to building complex sentences and conveying intangible ideas through kords. Whief 
among these are Oroca—s area, qernicSe—s area, and the angular gyrus ; a trio in the left 
hemisphere that korSs together to structure language and imbue it kith meaning.

Oroca—s area in the left frontal lobe serves as the brain—s sentence architect. It assembles 
kords into grammatically correct sejuences, alloking us to express complex thoughts 
kith proper syntax“ the rules for arranging kords. qernicSe—s area in the left temporal 
lobe functions liSe a dictionary and interpreter. It linSs each kord to its meaning and 
helps us understand sentences in context. Dhese regions are tightly connected via a 
-ber pathkay called the arcuate fasciculus to ensure that khat ke intend to say is both 
structurally sound and meaningful.

Another crucial component is the angular gyrus, at the ”unction of the parietal and 
temporal lobes. Dhe angular gyrus acts as an integrative hub that connects language to 
thought. It binds together diRerent aspects of experience such as sights, sounds, and 
emotions and associates them kith linguistic symbols. Dhis alloks a kord liSe VfreedomG 
or VatomG to evoSe a rich keb of abstract meaning.

Totably, these language regions are unijuely developed in humans compared to other 
primates. Dhe neural circuits in Oroca—s and qernicSe—s areas are more complex and 
leftwlaterali'ed in our brains than in apes. Moreover, the connection betkeen frontal 
and temporal language 'ones is very robust in humans. Dhis evolutionary speciali'ation 
gives us the ability to handle intricate grammar and an enormous vocabulary of abstract 
terms that no other primate can master. 

qhen any part of this netkorS is damaged, the de-cits reveal each region—s role 
in higherwlanguage processing. A stroSe in Oroca—s area, for example, leaves a person 
struggling to form Nuent, grammatical sentences“ they Snok khat they kant to say 
but cannot properly articulate it, especially khen sentences get complex. In contrast, 
damage to qernicSe—s area produces Nuent yet ”umbled speech and a profound inability 
to comprehend language“ the person can hear kords but not grasp their meaning. 
Lesions near the angular gyrus can liSekise erode highwlevel comprehension, uncoupling 
kords from the concepts they represent and maSing even everyday language hard to 
understand despite intact hearing and vision. Dogether, these observations underscore 
hok Oroca—s area, qernicSe—s area, the angular gyrus and related regions korS in concert 
to turn mere kords into the tapestry of ideas ke call human language. 
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zn the other hand, memory in the brain is encoded and stored across intricate netw
korSs of neurons distributed throughout the cerebral cortex, hippocampus, and related 
structures. qhen ke experience something nek, sensory information initially passes 
through the hippocampus, a small, seahorsewshaped region deep kithin the temporal 
lobes. 3ere, patterns of neural activity temporarily hold these nek memories. zver 
time, and especially during sleep, these memories undergo a consolidation process, 
transferring to distributed cortical regions for longwterm storage. ’nliSe a computer 
storing discrete -les, the brain reconstructs memories dynamically, retrieving pieces 
from multiple regions such as visual aspects from the occipital lobe, emotional elements 
from the amygdala, and languagewrelated components from temporal and parietal areas, 
to form a coherent recollection.

Language is the signature of human cognition, a capability that alloks us to convey 
abstract ideas, -ction, history, and science across generations. It—s no surprise that buildw
ing computers that can truly use language has been a grand challenge of arti-cial intelliw
gence from the very beginning. Alan During, as early as 78B5, proposed a conversational 
test as the yardsticS for machine intelligence, underscoring hok entkined language is 
kith thought. ’nliSe formal codes or games kith -xed rules, natural language is rife 
kith ambiguity and context. Dhe meaning of a simple kord can change completely 
depending on subtle cues or context. Harly AI researchers discovered this the hard 
kay. In the 78B5s and ?5s, optimistic pro”ects attempted automatic translation and 
dialogue, only to run into the vast complexity of real language. A 78BC demo translated 
a fek do'en :ussian sentences to Hnglish and led scientists to believe that machine 
translation could potentially be solved in -ve years, yet a decade later a government 
report found those eRorts largely failed to meet expectations. 3andwcrafted grammar 
rules and heuristics bucSled under the endless exceptions and nuances of human speech. 
Wombined kith challenges in other areas of AI, the entire -eld entered an AI kinter in 
the (5—s and )5—s. Hven as recently as 057?, experts noted that khile AI could beat a 9o 
champion and drive a car, it still struggled kith conversations. Language, kith its blend 
of logic and culture, syntax and semantics, remained a daunting frontier.

zvercoming this obstacle meant leaving behind handcrafted rules. In everyday 
speech, ke don—t consciously analy'e sentence structure“ instead, ke instinctively drak 
upon linguistic patterns keEve internali'ed through years of practice. 2imilarly, the nek 
generation of AI models learned language not by rote rules, but by absorbing it into 
a neural netkorS. Dhe advent of large language models, Snokn as LLMs, marSs a 
paradigm shift6 instead of trying to explicitly program linguistic rules, ke let a machine 
learn language by reading everything it can. znly in the past fek years has this approach 
begun to cracS the code of human language. LLMs liSe zpenAI—s 94D series, 9oogle—s 
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4aLM and 9emini series, Anthropic—s Wlaude series, and Metas Llama series are trained 
on unprecedented volumes of text“ vast juantities of booSs, encyclopedias, articles, 
kebsites, and forums that can exceed a trillion kords. Oy training on very large text 
datasets, these models statistically absorb the patterns of human language. Dhe comw
plexity of grammar, the typical kays facts are stated, the relationships betkeen concepts, 
and even the subtle commonsense Snokledge that underlies conversation are absorbed 
into the model during training. Dhe result is a nek Sind of AI that uses language. Models 
don—t explicitly understand language in the human sense but often produce shocSingly 
coherent and relevant responses. 3ok do these systems actually korS under the hood, 
and khat changed to maSe humanwlevel prose generation possible‘ Do ansker that, ke 
need to examine hok an LLM reads and krites text.

How Large Language Models Work

qe introduced Large Language Models {LLMs} as a distinct type of model based on the 
transformer neural netkorS architecture in the previous chapter. Furing training, an 
LLM is given an incomprehensibly large collection of text and, trial by trial, it is trained 
to guess khich kord, or portion of a kord, is liSely to come next in any given context. 
Dhis deceptively simple tasS of nextwkord prediction forces the model to internali'e a 
tremendous amount of linguistic structure and Snokledge. Do predict a missing kord in 
a sentence, the model must grasp grammar, factual Snokledge, and even style or idiom. 
zver trillions of such predictions, the model tunes its internal parameters to minimi'e 
its errors. In eRect, it becomes a vast statistical mirror of hok humans krite and speaS.

Dhe transformerwbased architectures that underpin modern LLMs uses a mechanism 
called selfwattention to process kords in context. 2elfwattention alloks the model to 
dynamically keight the inNuence of diRerent kords upon each other as it analy'es a 
sejuence. Por example, in the sentence VDhe trophy doesn—t -t in the suitcase because 
it—s too smallG, a human Snoks that VitG refers to the suitcase khich is an intuitive 
leap rejuiring the understanding of relationships and context. Dransformers handle 
such situations by letting each toSen pay VattentionG to others6 khen processing the 
kord VitG, the model can attend to the kord VsuitcaseG more than VtrophyG based on 
learned patterns of cowreference. In practice, an LLM has many layers of these attenw
tionwbased computations, gradually building up an understanding of the sejuence. Dhe 
transformer—s attention mechanism is revolutionary because it can capture longwrange 
dependencies in text more eRectively than prior architectures. Harlier neural netkorSs 
struggled kith long sentences or paragraphs, often VforgettingG early kords by the time 
they processed later ones. Dransformers largely solved that, enabling LLMs to handle 
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paragraphs of text and learn complex structures liSe narrative Nok or multiwstep reaw
soning in text.

A Sey breaSthrough underlying large language models is the innovative kay they 
transform language into numbers. 2ince computers canEt directly read kords and senw
tences, these must -rst be encoded numerically. Dhe -rst step in this process is toSw
eni'ation khich splits text into smaller segments, or toSens, khich might be complete 
kords or fragments of kords. Por example, the term VjuicSlyG could be toSeni'ed into 
segments liSe a VjuicSG toSen, and a VlyG toSen. Hach toSen is then mapped to a numeric 
vector called an embedding, khich becomes the model—s internal representation of the 
toSenEs meaning. qhile one could simply assign a unijue integer to every toSen, XaG as 
7, VanG as 0, and so forth, researchers devised a more sophisticated technijue. DoSens 
are represented as points kithin a highwdimensional space kith each position de-ned by 
multiple numbers that are stored in a vector. Do visuali'e this, imagine placing pictures 
of diRerent animals on a Nat surface, assigning each animal tko values6 zne for cuteness 
khich kould dictate the location on the hori'ontal axis and another for si'e khich 
kould dictate the location along the vertical axis. As an example, a given animal in this 
system might be assigned the vector –0,UQ. Animals kith similar traits liSe lions and tigers 
cluster together, reNecting their similarity. Large language models extend this idea into 
hundreds or thousands of dimensions, alloking the subtle shades of meaning behind 
each kord to be captured numerically. In practice, toSens liSe VcatG end up positioned 
close to related toSens liSe VfelineG or VpetG and distant from unrelated concepts liSe 
Vdemocracy.G qhat—s even more interesting is that numerical transformations can be 
performed to ”ump betkeen analogous concepts. If you subtract doe from bucS, you 
kill be left kith a vector that represents the diRerence in this embedding space betkeen 
a female deer and a male deer. If you then add that vector to the embedding for jueen, 
you kill end up somekhere near the embedding for Sing.

qith kords broSen into toSens and represented as numerical vectors, it is possible to 
process sejuences of toSens using the math inside a neural netkorS. Wrucially, nothing 
in an LLM is explicitly programmed kith linguistic rules by the researchers and engiw
neers that assemble the LLM. LiSe any arti-cial neural netkorS, the model discovers 
khatever statistical cues are rejuired to help it maSe predictions accurately. Furing 
training, LLMs learn to represent input text in a syntactic and semantic hierarchy. 
Dhey build an implicit tree of grammatical structure and learn concepts and factual 
associations and they do this because it reduces the error in their predictions of khat 
toSen should come next. Por instance, the model -gures out that in Hnglish, ad”ectives 
generally come before nouns, or that VHinsteinG is strongly associated kith VphysicsG. 
In large models, this embedded Snokledge becomes very speci-c such as representing 
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the birthdays of historical -gures that are mentioned multiple times in the training 
data. It has been observed that after su&cient training, some of the internal neurons 
and attention heads of the model begin to correspond to humanwrecogni'able features6 
some neurons might speciali'e in detecting khether a sentence is in the passive voice, 
others might activate khen the topic is about food or -nance. In a sense, the training 
embeds a distributed representation of korld Snokledge and language rules into the 
netkorS—s parameters. Oy the end of training, the model has hundreds of billions of 
parameters. Dhese parameters are the learned keights on the nodes that act as memory 
for the patterns the model has absorbed. 

qe can thinS of an LLM as a massive compression of the textual korld it trained on. 
As an example, the 94DwTeo%w05O model from HleutherAI kas trained on approxiw
mately )BB 9O of uncompressed data but the resulting model is approximately C5 9O in 
si'e. All of the text that it has read has left an imprint on the model—s parameters. ’nliSe a 
database, the model hasn—t stored this information in neatly retrievable records. Instead, 
it has absorbed it into statistical relationships. Imagine a clay sculpture that is formed 
by a hundred diRerent people over the course of a day. Dhere is no kay to attribute 
any individual feature to any individual person. Hach and every person played their okn 
small role khen they helped to mold the clay and together those actions created the 
-nal form. Dhis is similar to khat happens khen an LLM is trained. Hach body of text 
maSes an impression on the -nal model. In an LLM, grammar, facts, concepts, and 
relationships are all intertkined in the model—s keights, learned from the diverse training 
corpus. Dhe broad base of internali'ed Snokledge underlies the model—s versatility. Dhis 
is analogous to hok humans learn. qe have been exposed to vast amounts of data 
throughout our lives. qe don—t remember it all perfectly, but each nek piece of data 
helps to shape our understanding of the korld around us through the learning process.

qhen it comes time to use an LLM to generate a response, the process is aSin to an 
advanced form of autowcomplete. Dhe trained model is given a prompt as input text from 
the user, and it then predicts the most liSely continuation of that text, one toSen at a 
time. After each toSen, the model updates its context to include the toSen that it added 
and then predicts the next. Fespite the mechanistic simplicity of this loop, the eRect 
can be astonishing. Peed the model a juestion, and the most liSely continuation might 
be a cogent ansker, since in its training it sak many juestionwansker pairs. 9ive it the 
start of an ewmail, and it kill continue in the same tone and format. It treats any prompt 
as a cue to generate a relevant string of text. zpenAI described this as a Vtext in, text 
outG interface that can manage almost any language tasS“ the prompt sets the context 
and tasS implicitly, and the model—s nextwkord generation does the rest. Oecause it kas 
trained on such a broad skath of the kritten kord, an LLM can shift genre and style kith 
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ease. If the prompt is a snippet of 2haSespeare, the continuation kill liSely tend tokard 
Hli'abethan prose. If the prompt is a customer support juery, the ansker may come 
bacS in a courteous, explanatory tone. Dhis ability to shapewshift linguistically is not due 
to any explicit skitching of modes“ it falls out naturally from the model having seen text 
in all these forms during training and learning the subtle patterns that distinguish them.

Do illustrate, imagine prompting a modern LLM kith6 V’ser6 3ok do I -x a leaSy 
faucet‘ Assistant6G Y the model kill recogni'e this looSs liSe a juestion from a J/A 
or dialogue and generate a helpful stepwbywstep ansker, because it has seen millions of 
kords of instructional text and forum anskers about home maintenance. If instead 
you prompt it kith Vznce upon a time, in a magical forest,G it kill continue kith a 
fairywtale narrative, draking on tropes of stories it read during training. qith a single 
architecture and training process, the model can seamlessly move betkeen these tasSs 
that ke traditionally treated as separate domains {J/A, storytelling, conversation, 
etc.}. Dhis generality is khat maSes large language models so pokerful6 they are not 
speciali'ed for one tasS“ they dynamically infer khat tasS to perform from the prompt 
and the examples it contains. :esearchers demonstrated that you can even give a fek 
examples in the prompt using a technijue called fekwshot prompting to specify a tasS. 
Por instance, providing tko examples of translating Hnglish to Prench and then a nek 
Hnglish sentence kill prompt the model to produce the Prench translation. Dhe model 
doesn—t have a builtwin bilingual module“ rather, it has learned enough about language 
to do translation as a bywproduct of being exposed to many bilingual training examples. 
If a tasS can be described or demonstrated in text, a su&ciently trained LLM can liSely 
perform it by treating it as ”ust more text to generate.

Training and ReGnement of LLMs

3ok does one actually build such a model‘ It starts kith data prewprocessing6 the 
collection and preparation of vast juantities of data. Furing this stage, steps may be 
taSen to eliminate duplicates, lok juality text, and personally identi-able information. 
Prom there, the next step is prewtraining“ the process of feeding the neural netkorS a 
huge corpus of text and letting it learn to predict toSens by maSing predictions and then 
comparing its predictions to the actual next toSen in the text. Dhis terminology is a little 
confusing. Dhe stage that is referred to as prewtraining khen building an LLM involves 
performing the initial training of the neural netkorS. An LLM—s prewtraining stage is 
computationally expensive and timewconsuming, often rejuiring millions of dollars of 
compute time. Dhis stage imparts the model kith a broad, general linguistic ability“ 
essentially, a compressed representation of Hnglish or khatever languages are included 
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and the korld Snokledge contained in the text. Oy the end of prewtraining, the model is a 
Nuent generator of language, but it—s not necessarily aligned kith hok users kould kant 
it to respond to prompts. Dhe rak model might ramble oRwtopic, produce oRensive 
content found in the darSer corners of the internet, or simply not follok instructions 
kell, because all it ever trained on kas the tasS of predicting the next kord and not the 
tasS of helping a human user helpfully and safely.

Do maSe LLMs more useful, developers employ -newtuning and alignment techw
nijues. Pinewtuning is a second training phase6 the model is further trained on a narroker 
dataset, typically curated for a speci-c tasS or behavior. Por example, one -newtuning 
approach is supervised -newtuning for instruction folloking. Hngineers prepare a dataset 
of prompts and ideal responses that are often kritten by human annotators. Dhis shoks 
the model hok ke kant it to respond. Dhe pretrained model is then trained further on 
this J/A or dialogue data so that it learns to produce the preferred style of ansker. 
zpenAI used this approach to create their Instruct94D and What94D models6 they 
hired humans to krite demonstration responses to a variety of prompts and trained 
the model to imitate those responses. Dhis maSes the model follok instructions much 
better than a rak LLM, khich might otherkise ignore the user—s rejuest and continue 
a discussion about something tangential that appeared in the prompt. Pinewtuning can 
also be done on domainwspeci-c data. Por instance, an LLM could be -newtuned on 
medical texts to better handle healthcare juestions, or on legal documents to better 
understand legal ”argon. Oy -newtuning, ke essentially speciali'e the general pretrained 
model into a more focused assistant.

A further step that has become crucial in practice is reinforcement learning from huw
man feedbacS {:L3P}. Dhis method turns the -newtuning process into an interactive, 
feedbacSwdriven loop. In :L3P, humans are Sept Vin the loopG to assess the model—s 
outputs and steer it tokard better behavior. zne common approach is to -rst -newtune 
the model kith supervised learning as described using humanwkritten ideal anskers. 
Dhen the model generates a bunch of model anskers and human evaluators ranS them 
or select khich ones are best, khich are mediocre, and khich are unacceptable. Dhe 
original model is then ad”usted using the data from reinforcement learning. zpenAI 
disclosed that this process kas Sey to enabling What94D to produce highwjuality anw
skers that felt aligned kith user intentions. In their deployment of 94DwU.B, they found 
that a small model -newtuned kith :L3P could outperform a much larger rak model 
on the tasS of folloking user instructions. Dhe :L3P process essentially teaches the 
model khat not to say to avoid blatant errors, irrelevance, or toxic language, and khat 
to say to prioriti'e helpful, correct, and concise anskers. Dhe end result is an LLM that is 
better aligned to human preferences than the rak predictor that came out of pretraining. 
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zne advantage of :L3P is that there is no need to manually generate any training data. 
Dhe model does all the korS of generating the anskers and the human reviekers only 
need to provide an evaluation of the juality of the ansker. Dhis maSes it more aRordable 
and easier to scale than -ne tuning approaches that rejuire the development of nek 
data sets. qhen using an LLM, you may have noticed that it occasionally gives you tko 
anskers and asSs you to choose khich one you prefer. Dhis is similar to the process that 
is used to train models through :L3P.

At this point, ke need to taSe a minor detour to discuss the role that probability 
plays in the output. Oased on everything ke have described so far, if you asS the model 
the same juestion ten times, you should get the exact same ansker every time. After 
all, it—s ”ust a big set of chained math ejuations and if you put the same numbers into 
the start, then you should alkays get the same ansker out at the end. Dhat type of a 
system is de-ned as being deterministic. In reality, discussions kith an LLM feel much 
more natural because they are somekhat random. AsS it the same juestion ten times 
and you kill get bacS ten slightly diRerent anskers. Dhis randomness is achieved by 
taSing advantage of the fact that the output of the model is a set of probabilities for 
every toSen in its vocabulary. As an example, if our sejuence kas VI tooS a drinS ofG 
then the probability for VkaterG being the next kord might be 75…, the probability of 
VkineG might be 0… and the probability of VhamburgersG kould be extremely small. 
LLMs use a variable called temperature khich determines hok liSely they are to choose a 
toSen that is not the highest probability toSen. If the temperature is set to 'ero, then the 
LLM becomes deterministic and kill alkays select the highest probability toSen khich 
kould be kater in this case. 3okever, kith the temperature set to 'ero, the text comes 
across as rigid and uncreative. zn the other hand, if the temperature is set too high, 
the text becomes incoherent and nonsensical. As a result, temperature is generally set 
somekhere betkeen the tko extremes. LLMs can also -lter out toSens kith very lok 
values so that they are never chosen, avoiding a situation khere the LLM kould suggest 
hamburger in the above example. Oy choosing a temperature value and setting -lter 
parameters, researchers enable LLMs to come across as natural by inserting an element 
of randomness in the output. Dhis randomness should not be confused kith the LLM 
having free kill. It—s a kellwde-ned probabilistic process liSe the rolling of a die or pulling 
a number from a hat. 

Oy combining these stages6 data prewprocessing, prewtraining on broad data, superw
vised -newtuning on curated examples, reinforcement learning via human feedbacS, 
and inference kith probabilistic selection, ke get the Sind of AI assistants that started 
maSing headlines in 0500. Dhese training, re-nement, and inference methods are khy 
today—s large language models can produce text across a broad range of sub”ects and styles 
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in a kay that is juite usable. Anskers from these models feel more polished and onwtopic 
because humans taught them the diRerence betkeen a rak internet text dump and a 
clear, userwcentric response. It—s important to note that this process doesn—t maSe the 
model infallible. As ke—ll discuss, it can still spek nonsense kith great con-dence, but it 
greatly improves the practicality of the technology. DhinS of data curation as deciding 
khat booSs a child should read, prewtraining as teaching a child to read and krite in 
general, and -newtuning and feedbacS as educating that child on hok to politely engage 
in conversations. All stages are necessary6 kithout data curation and prewtraining the 
model has no Nuency, but kithout -newtuning and reinforcement learning it has no tact 
or reliability.

When the Machine Hallucinates

AsS a large language model a juestion and you—ll liSely get an ansker kith perfect 
grammar and con-dent tone. It kill sound correct, but it might be completely krong. 
Dhis peculiar failure mode is called a hallucination in AI parlance6 the model VmaSes 
upG information that kasn—t in its input data or produces a conclusion that—s ”ust plain 
false. qhy does this happen‘ Dhe root cause lies in hok the model learned language 
and hok the model predicts the next kord in a sejuence. As ke discussed, an LLM is 
essentially a gigantic statistical compression of its training data. It has not memori'ed 
the entire internet kordwforwkord. Instead, the model stores a vast keb of probabilities 
and associations that allok it to reconstruct patterns approximately. It—s analogous to 
the compression in a digital picture. qhen you 'oom in to a digital picture, you may 
be able to maSe out notable ob”ects liSe a car, but you might not be able to determine 
khat brand of car it is as those details are lost to pixelation. LiSekise, an LLM stores the 
Snokledge of the keb in a lossy compressed form. It can produce a highwlevel imitation 
of a factual ansker, but speci-c names, dates, or technical details may come out garbled. 
In addition to the loss of some of the -ner details, there are also many valuable pieces of 
information that are not available to models khen they are trained such as con-dential 
company documents and patient records. Pinally, there of course are many pieces of 
information khich are simply unSnokable such as khat direction the stocS marSet kill 
move next month.

At a very high level, it—s useful to thinS of an LLM as serving tko functions6 An 
LLM learns hok to comprehend and generate language, and it memori'es Snokledge. 
Dhe ability of most LLMs to act as an accurate store of Snokledge falls a fek notches 
belok their mastery of language. Dhat might be acceptable if an LLM kas akare of the 
limitation, but this is khere the situation gets complicated. If you asS a database a factual 
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juestion, it either -nds the exact entry or tells you that it does not have the data that is 
rejuested. 3umans are also reasonably eRective at having a sense of khether they Snok 
a fact or not. qhen a person cannot distinguish betkeen accurately recalled memories 
and fabricated or imagined information, it is Snokn as confabulation. Dhis can occur 
for a variety of reasons including in”uries or dementia. As an aside, many people feel 
that confabulation kould have been a better choice to describe the phenomena Snokn 
as hallucinations in LLMs but the latter term is so kidely used at this point in time that 
it has become accepted. A rak LLM, by contrast, kill alkays produce something that 
looSs liSe an ansker, because it—s designed to alkays maSe its best attempt at predicting 
the next kord. Imagine you are on a trivia game shok khere you kon—t lose any points 
for maSing an incorrect guess. If you kere asSed a juestion about the capital city of 
an obscure country and you had no memory of the ansker, you kouldn—t say that you 
didn—t Snok. Instead, you—d be killing to throk a 3ail Mary and you—d maSe a guess. 
Dhis is similar to hok a rak LLM behaves. To matter hok obscure the juestion is, it kill 
ha'ard a guess. qhere this becomes most obvious is khen an LLM is asSed a juestion 
that is unanskerable because it contains a false premise. Por example, if the prompt asSs 
the LLM to name the Seynote of a conference that never actually occurred, it may ha'ard 
a guess and frame it kith a high level of con-dence. It—s not lying in a conscious kay. It—s 
”ust performing its tasS khich is to alkays produce the most plausible next kord based 
on the keights in the model.

Oecause the model—s Snokledge is a statistical abstraction, it cannot reliably disw
tinguish truth from falsehood. It has no direct interface to reality or a factwchecSing 
module. If a juestion is truly novel, the model kill interpolate from khat it does Snok, 
khich can result in nonsense that looSs sensible. Dhe model trades exact memory for 
generali'ation. Dhat—s a good trade for learning hok language korSs, but it means 
you can—t trust it kith precise details unless it—s a familiar juestion that kas strongly 
represented in the training data. Por tasSs liSe story or poetry, a bit of imagination is -ne. 
Por tasSs liSe medical advice or legal information, a hallucinated fact can be dangerous.

Do maSe this concrete, consider a nokwinfamous realwkorld scenario6 In 050U, a 
lakyer submitted a legal brief kritten kith the help of an AI language model, and the 
brief cited several court cases that simply did not exist. Dhe model had fabricated case 
lak kith convincing names and details, liSely because the prompt asSed for supporting 
cases and the model obliged by producing khat looSed liSe such cases. Dhe lakyer, kho 
hadn—t checSed if those citations kere real, faced a serious professional bacSlash.7 In 
another example, a ’TW 3ealth family medicine doctor discovered that a draft message 
from an LLM based tool had incorrectly communicated the vaccination history of a 
patient.0 3allucinations aren—t only a problem for business use cases. In Hurope, zpew
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nAI faces a signi-cant privacy complaint involving a hallucination that kas considered 
defamatory to an individual. Dhe complaint kas -led by a Torkegian man horri-ed 
to discover that What94D falsely described him as a convicted murderer of his okn 
children.U In each case, the pattern is the same6 the model delivered an ansker in perfect 
grammar, and only upon veri-cation did users discover some speci-cs kere fabricated.

qhy not simply train the model to not hallucinate‘ :esearchers are actively korSw
ing on the hallucination problem. Pinewtuning and :L3P have helped somekhat“ for 
example, Instruct94D kas found to maSe up facts less often after receiving human 
feedbacS. Dhrough the feedbacS process, the models can be encouraged to provide 
uncertain anskers about obviously unSnokable sub”ects that kould not have been 
included in the training data. Por example, the models can be trained to ansker kith 
uncertainty if there is a juestion about khat kill happen in the future or about personal 
details about private citi'ens. Dhrough this process, the models aren—t being taught that 
they are uncertain about these sub”ects. Instead, they are learning that the correct text to 
generate in response to a juestion about these sub”ects is a string of kords that indicates 
uncertainty. Dhat is a subtle but important point that is korth restating. Dhe goal of 
these -newtuning exercises is not to teach the model that it is uncertain about the future. 
Instead, it—s to teach the model that the correct kay to ansker a juestion about the 
future is kith a sentence that points out that the future is uncertain. Models can be 
encouraged to say VI—m not sureG or refuse to ansker on sub”ects khere they kill not be 
able to reliably provide accurate anskers. Although this approach is very eRective and 
pokerful, it does come kith challenges. Dhe -newtuning and :L3P processes kill need 
to cover all possible juestion types khere a model needs to be encouraged to be cautious. 
9iven the richness of human language, it is hard to cover everything. It—s also a delicate 
balance6 if you punish a model too much for guessing, it might become overly hesitant 
and refuse to ansker even reasonable juestions. 

Pinewtuning and :L3P are eRective at covering broad categories khere models are 
prone to hallucination. An additional approach is needed to tacSle hallucinations about 
detailed facts that a model could conceivably Snok or to Snok khen to push bacS 
against faSe information that is provided in a prompt. Dhe fundamental issue is that 
the model doesn—t Snok khen it doesn—t Snok. zne option is to build an additional 
step into the AI chatbot that kill analy'e the probability distribution of possible toSen 
responses from the LLM to identify situations khere the probability is very broad. Dhat 
is an indication that there may be a lok level of certainty. Let—s revisit the case of a prompt 
asSing kho the Seynote speaSer kas at a conference that never actually happened. If 
the conference had happened and the agenda had been included in the training data 
then the probability distribution for the response kould be very narrok. Dhere kould 
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be an almost 755… probability assigned to the real name of the speaSer and a nearly 
5… probability assigned to all other names. 3okever, if the conference never actually 
happened, there might be an ejual 7… probability assigned to each of a kide range of 
common names that are often listed as Seynotes at speaSers such as Michael, Anna, 
Mohammad, qei, Lin, Favid, and Ali. In those cases, the system could recogni'e that the 
LLM is not certain and override the output kith a response that indicates uncertainty. A 
related approach is to generate multiple hidden responses that kill all be unijue due to 
the introduction of randomness that ke previously discussed. Dhose anskers can then 
be compared to see if they are factually consistent or if they vary kildly. Walibrating 
model con-dence and creating mechanisms for validation is an active area of research. 

Por users and organi'ations, the hallucination problem means that LLM outputs 
must be veri-ed, especially in highwstaSes applications. zne cannot simply taSe an 
AIwgenerated ansker to a medical juestion and act on it kithout doublewchecSing the 
facts. Many companies using LLMs have introduced a human reviek step or limited 
their use to scenarios khere mistaSes are lokwrisS. Kou kouldn—t be blamed for assuming 
that this is a critical fault that kould sound the death Snell for the potential of LLMs. 
3okever, there are technical solutions emerging to mitigate hallucinations by providing 
the model kith grounding information at juery time. In other kords, instead of asSing 
the model to pull an ansker purely from its trained memory, provide it speci-c relevant 
external data so it has something concrete to base its ansker on.

Crounding the Model with xontevt

As LLMs and AI chatbots that use LLMs mature, the risS of hallucination has been 
reduced but not eliminated. Dhis is partly because the models are achieving more sigw
ni-cant scale and are able to store more embedded Snokledge but also because of the 
technijues described above to prevent a model from giving con-dent but incorrect 
anskers khen the ansker is not Snokn by the model or is inherently unSnokable. Dhe 
next ma”or step in reducing the chance of a hallucination is by providing context in the 
prompt. 2ince the model kill taSe into account khatever text is given as input, supplying 
it kith a chunS of trustkorthy information can anchor its response. Por example, if 
you kant an accurate ansker to Vqhat are the health bene-ts of green tea‘G, you might 
prepend a short excerpt from a reliable research study on green tea in your prompt and 
asS the model to rely on the provided information khen responding. Dhe model kill 
then condition its ansker on that excerpt, meaning it—s more liSely to echo the factual 
points in the provided text rather than kander oR into invented claims. Dhe model acts 
as a highly literate individual kith a broad base of Snokledge that nok also has access 



A MITF MAFH zP MAD3 4FPC?

to the detailed information needed to ansker a juestion. AsSing an LLM a juestion 
kithout providing supporting information is similar to the game of $eopardy khere 
contestants must rely on their imperfect memory. zn the other hand, asSing an LLM 
a juestion kith the supporting information provided is liSe asSing a student to krite 
an open booS exam. Dhe student still needs to have a strong grasp of language and the 
general sub”ect matter but they no longer need to have memori'ed every arcane detail. 

Manually -nding and providing the right context can become tedious, especialw
ly if you—re not sure khat information is needed. In casual use, a juicS copywpaste 
from qiSipedia might su&ce, but in enterprise settings or complex domains, a more 
systematic solution is preferable. Dhis is khere a pokerful paradigm Snokn as :ew
trievalwAugmented 9eneration {:A9} comes into play. :A9 is essentially the principle 
of augmenting an LLM kith an external Snokledge retrieval system. A :A9 system 
kill actively fetch relevant text from a database or search index at juery time, and give 
that text to the model as part of the prompt. Dhe model then generates the ansker kith 
reference to that retrieved information. 

Retrie-alA:ugmented Cenerationy MarrSing LLMs with pearch

In a :A9 pipeline, khen a user asSs a juestion or maSes a rejuest, the system performs 
a tkowstep dance. Pirst, it uses an information retrieval component to -nd relevant data 
that might help ansker the juestion. Dhis could be a set of documents, passages, or 
even database entries. Dhen, it feeds those retrieved texts into the language model as a 
part of the prompt alongside the original juery. At this point, you may be kondering 
khy it—s not possible to ”ust load the entire training dataset or an entire encyclopedia 
into the prompt so that the LLM kould have access to all of the Snokledge in the korld 
for every juery.  ’nfortunately, LLMs have a si'e limit for the prompt khich is called a 
context kindok. Dhe context kindok applies to an entire conversation. If you go bacS 
and forth kith an LLM enough times, the start of the conversation kill be pushed out of 
the kindok by the more recent interactions. Do drak a parallel to real life. Imagine you 
sat dokn kith a friend for lunch and by the end of the meal, they had already forgotten 
khat you had told them in the -rst fek minutes of the conversation. Harly models had 
context kindoks that kere relatively short. 94DwU had a kindok of ”ust 05C) toSens 
khich is approximately 7B55 kords. In 9emini 0.B 4ro, the context kindok is a much 
more signi-cant 7 million toSens or approximately (B5,555 kords. In early 050B, Meta 
released a version of Llama C kith a context kindok of 75 million toSens. Dhis still falls 
far short of an encyclopedia but is long enough to store an entire booS. 3okever, there 
is a problem kith relying on large context kindoks. LLMs do not perform a perfect 
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databasewliSe search of content kithin the context kindok. Instead, they use attention 
mechanisms khich are probabilistic and imperfect. As more information is provided in 
the context kindok, the chances of the LLM narroking in on the speci-c relevant fact 
start to drop oR. If you kant the LLM to focus on something, it—s best to help it by 
limiting the information in the prompt to only that information khich is relevant. 

Although the retrieval step in a :A9 system may use a traditional keb search or 
database juery, it often uses vector search over a corpus of documents. Focuments in 
the Snokledge base are divided into chunSs and then prewprocessed into embedding 
vectors using the same Sind of embedding technijues ke discussed khen assigning vecw
tors to toSens. Dhese embeddings are then stored in a special database that is optimi'ed 
for korSing kith vectors. qhen a juery comes in, it too is converted to a vector, and 
the system -nds khich document vectors are closest in similarity. Dhis method -nds 
pieces of text that are semantically related to the juery, even if they don—t share the exact 
same Seykords. Por example, a Seykord search for “salary too low to pay rent” might 
miss an article titled “financial stress from rising housing costs”, but a vector search can 
recogni'e the underlying similarity in those tko concepts. Oy retrieving on meaning, 
vector search based :A9 systems cast a kider net and catch information that a straightw
forkard Seykord looSup might overlooS. Dhat information is then provided in the 
prompt alongside the initial juery.Fespite the promise of grounding and :A9, early 
results have not yet lived up to the very high standard that users desire. Although the 
rates of hallucinations are loker khen these methods are used, they are not completely 
eliminated. As an example, researchers in 050U introduced a system called Almanac, a 
medical LLM framekorS kith retrieval capabilities for clinical guidelines and treatments 
and found that it signi-cantly improved factual accuracy in its anskers as ”udged by 
physicians. In their study, giving the model access to a database of medical guidelines 
led to an 7)… boost in factual correctness of its anskers across various scenarios. Por 
example, on juestions related to cardiology, the factuality of responses from the :A9 
based system scored 87… vs ?8… for the system kithout :A9 capabilities. Although 
that is promising progress, it is reasonable for patients and doctors to expect levels that 
are close to perfection.C

Do address the shortcomings, research is advancing into a range of innovative techw
nijues to ensure more reliable and grounded outputs in :A9 systems. zne promising 
approach is to reformat or "prewprocess" user jueries and the retrieved context data 
before feeding them to the model. Dhis is essentially a form of prompt engineering 
that has shokn potential.B Another strategy integrates structured Snokledge instead 
of relying entirely on freewform text documents. Oy leveraging Snokledge graphs as an 
external factual scaRold, systems can ground the LLM—s responses in veri-ed informaw
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tion that is most relevant to the juery.? In future chapters, ke kill also discuss hok 
LLMs can use tools to access databases or calculators. qhen tools are used in this kay, 
it is similar to :A9 but instead of returning passages of text, the tools kill return 
narrok precise anskers such as the results of a speci-c calculation. :esearchers are also 
experimenting kith multiwagent validation setups khere a second LLM or a dedicated 
"critic" module crosswchecSs the -rst model—s output against evidence“ for example, 
pipelines incorporating falsewpremise detection have been used to catch unsupported 
statements before they reach the user.( Dhere is even exploration into fundamentally 
nek architectures that separate language comprehension and reasoning from Snokledge 
storage, aiming to enable factwchecSing by an explicit memory component before generw
ation. In parallel, advancements in retrieval itself, from improved vector search to hybrid 
search that combines semantic embeddings kith Seykord matching, are improving the 
juality of context fed into LLMs, and some systems empoker the model to re-ne its 
okn jueries or to alternate betkeen generating intermediate anskers and retrieving nek 
evidence.) Wollectively, these developments paint an optimistic picture of diminishing 
hallucinations and increased factual consistency. Dhat said, for the foreseeable future, 
organi'ations deploying LLM based systems need to have a robust evaluation process in 
place to ensure that they understand the maturity of any tools that they are deploying. As 
systems improve, organi'ations are liable to let their guards dokn and that may actually 
increase the consejuence of any hallucinations that do slip through the cracSs.

TraBBed in Timey The TemBoral blindness of LLMs

Imagine conversing kith a prodigious encyclopedia that tragically stopped updating a 
fek years ago. AsS it about last month—s election outcome or this year—s Tobel laureates, 
and it can only oRer a blanS stare or, korse, a con-dently krong ansker based on 
outdated data. Dhis is essentially the predicament of a large language model. An LLM 
does not experience the passage of time, and it is bound by the Snokledge cutoR of its 
training data. Hverything it Snoks reNects the korld up to a certain date, and beyond 
that hori'on it is as ignorant as a time traveler from the past. Por example, a model 
trained on an information snapshot ending in 0507 kill have no akareness of events 
or developments in 0500 and after. It cannot tell you kho kon the 050C zlympics or 
hok a nek lak passed last month might impact tax policy. In fastwmoving domains liSe 
technology, medicine, or geopolitics, this lag is a severe limitation. Dhe model might 
speaS about a company merger that kas expected to be completed but later fell through 
or recommend a medical protocol that has since been superseded by nek guidelines. 
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’nless explicitly updated or connected to realwtime databases, LLMs remain stucS in a 
temporal bubble.

qhen ke previously discussed hallucinations, ke emphasi'ed situations that occur 
kith detailed information that is not broadly represented in the training data. ’sers 
may be juite forgiving if a model is able to provide high juality instructions on hok 
to change the oil in a motorbiSe but falters khen providing the speci-c grade of oil to 
use in a 78?) 3onda WOCB5. It is intuitive for users to understand that an LLM kill be 
less reliable khen rejuesting arcane facts because that is similar to hok human memory 
korSs. zn the other hand, hallucinations caused by the cutwoR date in training data 
may seem less intuitive and less forgivable. Por example, if an LLM had been trained 
near the end of 0578, a user in 0505 might -nd it to be entirely useless for certain tasSs. 
Dhe model kould be unakare that a global pandemic had since skept the globe and 
Wz1IFw78 kould be entirely missing from its vocabulary. 2uch a model may provide 
kildly outwofwtouch responses about travel, marSeting messaging, and health advice. 
qhen asSed speci-cally about Wz1IFw78, it may claim that no such disease exists, or it 
may even hallucinate that it is the name of a nek video game or movie. Dhe user could 
resolve this through the grounding methods that ke discussed previously. 3okever, that 
same context kould need to be provided in every session in khich it may be relevant 
and kould use valuable space in the limited context kindok. Dhe model kould behave 
similarly to a patient kho had lost the ability to form nek memories after an accident 
and kho constantly needed to be reminded khere they are. 

Hven for events that occur before the training cutwoR date, LLMs may have a poor 
grasp of khen things happened. Dhey ingest a deluge of text but kithout a strict timeline 
or chronology. Dhe human sense of time has a very strong foundation in our lived 
experience. An LLM itself does not have a sense of the passage of time in the same kay 
that humans do. Dhe result is an amalgam of information that is not strictly anchored in 
time. Dhe model can tell you that Hvent A and Hvent O occurred, but it may mix up their 
order or fail to recogni'e causality or duration. Por instance, if one asSs about a historical 
-gure—s inNuence, the model might blend details from early and late in that -gure—s life 
into a single narrative, VaveragingG across decades of kriting about them. In other cases, a 
preponderance of older kellwveri-ed information may overkhelm a recent piece of nek 
information that invalidates the earlier -ndings. 4art of the challenge is that the capture 
of factual information in an LLM is lossy as ke have discussed and so speci-c dates and 
times may slip through the cracSs. Another part of the problem is that time may not be 
mentioned consistently in the text. 2ome of the text that a model ingests may maSe time 
explicit such as a biography of Tapoleon saying that he kas born on August 7B, 7(?8. 
In other cases, a body of text may not have a date stamp associated kith it at all and it 
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is left to the reader to infer the period of time that the text is referring to. In yet other 
cases, the date associated kith a body of text may be inaccurate or easily confused such 
as khen an old piece of content is rewposted kith a nek date stamp. As kith everything 
in language, the model is able to learn about the concept of time implicitly based on 
hok important it is for predicting the next kord of text. Dhe scale of the model and 
the juality of the data play a large role in determining hok kell this happens.LLMs 
have been observed to get even kellwSnokn historical orderings krong. Por example, a 
model might mistaSenly assert that qorld qar II began before qorld qar I, or that 
a person—s death occurred before an achievement in their life, despite these facts being 
common Snokledge. zne research group in 050U noted that some models failed simple 
factual ordering juestions extracted from qiSipedia timelines.8 qhile speci-c juestion 
examples vary by benchmarS, the pattern is consistent6 khen asSed khich of tko real 
events happened -rst, LLMs may ansker incorrectly unless the events are kellwSnokn 
or explicitly described by dates in the prompt. Dhis failure can occur even khen the 
training corpus contains the correct dates.

Hven khen LLMs can access recent information, they may get confused by the kay 
information is updated over time and not fully pursue a chain of linSs to put together the 
facts. As an example, some booSs rely on a separate errata page khich may be located in 
a diRerent location such as a kebsite. qhen research papers are retracted from scienti-c 
”ournals, the originals are often Sept online but a small note may be added that provides 
a linS to a separate page kith a retraction notice. Hven if the LLMs did ingest the errata 
page and the retraction notice, they may not connect the dots to reali'e that the prior 
information should be disregarded. zf course, humans are also susceptible to these types 
of mistaSes. qhen kas the last time you visited the kebsite of a publisher to checS for 
errata after reading a booS‘

LLM designers are akare of these temporal blind spots. 2ome responses include 
providing models kith a VSnokledge cutoRG notice by having the model preface anw
skers kith VI only have information up to the end of my training periodG khen they 
are explicitly asSed about more recent events. Dhis at least alerts users not to trust it 
on current events. More sophisticated -xes involve hooSing the model into external 
Snokledge sources such as search engines or databases at juery time, as ke discussed 
in the section on :A9. Dhose hybrid systems, khile promising, introduce their okn 
complexities6 the model must decide khich retrieved facts to trust and hok to integrate 
them kith its learned Snokledge. qhen not done carefully, the result can be ”arringly 
inconsistent outputs or an overwreliance on possibly irrelevant snippets. Although :A9 
can be a good solution khen you need accurate facts about recent events it kill not be 
as eRective khen the tasS involves the comprehension and use of nek kords or terms 
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that did not exist khen the model kas trained. :apidly evolving slang is an example of 
this. It—s relatively simple for :A9 to provide an upwtowdate fact on khich candidate 
kon a recent election kithin the prompt and for the model to integrate that fact into its 
response. zn the other hand, there is no simple kay to use :A9 to teach a model about 
all the nuances of hok to apply delulu, ri'', and sus in a kide range of contexts if it has 
never seen those terms before. As language evolves, models need to be retrained.Por users 
and policymaSers, this temporal myopia has clear implications. :elying on an LLM 
for upwtowdate advice is risSy“ a point obvious to technologists but easily overlooSed by 
casual users beguiled by the AI—s articulate anskers. ’sers in critical domains such as 
medical, legal, and -nancial cannot entrust decisions to models that might be oblivious 
to last month—s developments. Hven historical analysis from an LLM should be taSen 
kith caution, since it may conNate eras or miss the arc of change over time. zne must 
treat these models as highly Snokledgeable, yet strangely amnesiac or timewdisoriented, 
savants. In practice, that means doublewchecSing facts that could be timewsensitive and 
perhaps designing interfaces that force the model to reason about chronology.

As kith most keaSnesses in LLMs, it—s important to acSnokledge the amount of 
progress that has been made in a fek short years. Doday—s leading models are not as 
easily fooled on juestions related to the passage of time. ’ltimately, solving the temporal 
cutwoR problem may rejuire either constant retraining, khich is expensive and slok 
andZor hybrid systems that alkays consult realwtime information. 2olving the problems 
of temporal confusion may rejuire increased model scale kith -newgrained timestamp 
tagging of training data. It—s also possible that improvements to the underlying architecw
ture of LLMs to more fully capture the concept of time or hybrid systems that include 
temporal reasoning units or Snokledge databases kith time stamps kill allok future 
models to more accurately have a sense of time. ’ntil such solutions mature, users of 
LLMs must remember6 no matter hok intelligent the model appears, it is a creature of 
the past. 2ometimes, as ke explore next, the past that shaped it is full of errors, satire, 
and bias khich the model has dutifully absorbed.

Car,age InO Car,age Duty Pata xontamination and Eoisoned Wells

qell before AI, ke—ve Snokn the adage6 Vgarbage in, garbage out.G Large language 
models ingest unimaginably large skaths of text from the internet“ the good, the bad, 
and the outright garbage. Dhey have no innate -lter for truth. Dhus, if the training data 
is polluted kith errors or falsehoods, the model kill happily reproduce them, dressed up 
in Nuent prose. Dhis issue goes beyond unintentional errors“ it includes the ingestion of 
fabricated or misleading texts, from satirical neks to science -ction to conspiracywladen 
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forum posts. Dhe model lacSs khat a human reader often has6 a mental model of the 
author—s intent and an appreciation of metaphor, irony, or genre. If a sarcastic tkeet 
saying Vzh great, another konderful politician caught in a lieG appears in training data, 
the model may record this as literal praise for a lying politician, missing the sarcasm 
entirely. It learns the patterns of language in those texts but may not reliably understand 
the context. As a result, an LLM might earnestly tell you that Vdihydrogen monoxideG 
is a deadly chemical used in school lunches kithout understanding this is a classic satire 
about kater, or it might confuse a plot from a popular novel kith a real historical event. 
2imilarly, metaphor and allegory can be mislearned. A dramatic piece of -ction about 
a literal kar betkeen birds and cats could lead a model to later assert that Vhistorically, 
birds have kaged kars on feline populationsG if prompted incautiously.

Modern large language models address the "garbage in, garbage out" problem through 
multiple complementary approaches designed to mitigate, though not entirely elimiw
nate, their susceptibility to ingesting and reproducing misinformation or contextually 
misleading content. 

Hxtensive curation and preprocessing of training data are applied to -lter out overtly 
harmful or unreliable sources, minimi'ing the inclusion of blatantly false or malicious 
texts. At this stage, developers may add metadata, such as labeling satirical neks articles, 
to help models understand context, though this is not alkays done. Tote that it is 
not desirable to exclude all satirical content because it—s important for the model to 
understand hok to identify, interpret, and create all styles and types of content. qhen 
properly understood as misinformation, this text still has value. If an LLM is to be a 
truly general purpose language tool, it needs to be able to accurately respond to rejuests 
such as VHxplain this current event from the perspective of someone kho believes that 
the earth is Nat,G VWreate a satirical neks story in khich the military decides to exchange 
tanSs for horses,G or V4rovide examples of misinformation that lead to people maSing 
decisions that are harmful to their okn health.G Dhe real challenge khen training an 
LLM is ensuring that misinformation is not mistaSen as truth. 

2ophisticated -newtuning and reinforcement learning from human feedbacS {:L3P} 
enable models to become sensitive to context, nuance, and subtle linguistic cues, such as 
irony, satire, and metaphor, by explicitly -newtuning models on examples khere meaning 
diRers from literal interpretation. Tot surprisingly, :A9 also has a role to play in solving 
these challenges. LLM developers can integrate external Snokledge retrieval systems to 
enable models to crosswreference their outputs against reliable, authoritative sources and 
thus verify factual accuracy before presenting the response to users.

’sers can add content to their prompt to instruct models to be cautious. 3okever, 
the model designers can also do this by adding those instructions to the system prompt. 
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DhinS of a system prompt as a hidden prompt that is sent to the model in combination 
kith the prompt from the user. As an example, a system prompt might say V4rioriti'e 
truthwseeSing, clarity, and helpfulness. If data is ambiguous, note limitations and suggest 
further injuiry.G A closely related idea is VWonstitutional AI,G khere there is a set of 
kritten principles {a VconstitutionG} for the AI. Dhe AI can then critijue and revise its 
okn outputs to adhere to those principles. 

Pinally, by increasing the scale of content that the models train on, engineers continue 
to be impressed and sometimes surprised at the concepts that models can learn. Oy 
reading thousands of real neks articles and satirical neks articles as kell as encyclopedic 
information about the nature of satire, the models learn khat satire is on their okn. 
Although scale is not the solution to all problems faced by LLMs, it continues to deliver 
impressive results.

Oeyond such inadvertent ingestion of -ction as fact, there lurSs the more sinister 
threat of data poisoning. 2ince much of an LLM—s training corpus is scraped from 
public internet sources, a motivated adversary can try to seed those sources kith specially 
crafted content designed to inNuence the model. zne striSing study in the medical 
domain found that by inserting ”ust 5.557… of incorrect medical information into the 
training data, they could substantially degrade a model—s performance on healthwrelated 
jueries.75 Dhe tainted model kould con-dently propagate the in”ected falsehoods in its 
anskers“ for example, recommending a -ctitious harmful treatment“ yet on the surface it 
kould test normally on standard evaluation tasSs. In other kords, a tiny dose of carefully 
targeted poison can infect the model—s Snokledge in speci-c kays, kithout obvious 
symptoms in general behavior. Oecause the model—s training is a onewkay process that 
absorbs patterns but doesn—t retain source identi-ers, tracSing or removing such maliw
cious traces is exceedingly di&cult after the fact. Dhe model cannot simply unlearn a false 
fact in the kay a human might discard a revealed lie. It has baSed that lie into millions 
of keighted connections.zne could imagine a scenario khere bad actors purposely 
plant poisoned data in a number of locations across the internet. qebsites could be 
created for conferences that never happened. Lengthy khitepapers could be posted by 
-ctional authors. Oulletin boards could be Nooded kith plausible sounding posts that 
are actually posted by bots. Dhe bad actors, Snoking about this data, kould exclude 
it from their okn training sets but other LLM providers might unSnokingly ingest 
the poisoned data and suRer from model outputs that are less accurate and potentially 
harmful. Interestingly, governments are a potential source of data poisoning due to 
laks designed to the integrity of public consultation processes. Most governments have 
consultation processes in khich all comments are accepted and then posted on o&cial 
government kebsites or in o&cial reports. Doday, policies exist to -lter out the most 
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egregious comments such as those containing profanity or hate speech. 3okever, there 
are fek protections that kould prevent someone from posting public comments that 
contain subtle forms of data poisoning. 

Dhe data poisoning threat underscores a broader point6 LLMs are only as reliable as 
the textual korld they train on. If that korld is polluted, so too is the model—s mind. 
2ome researchers are nok calling for data provenance and curation to become priorities“ 
Snoking khere each piece of training data came from, so that ke can trace outputs bacS 
to sources and perhaps -lter out those of lok credibility. zthers suggest continuously 
retraining or updating models as factual Snokledge is re-ned to unlearn things that are 
disproven. ’nfortunately, these are nonwtrivial -xes. Dhey demand continued technical 
improvements and, ”ust as importantly, consensus on juestions such as6 qhat counts 
as a reliable source‘ qho decides khat is erroneous versus ”ust controversial‘ Dhe next 
section plunges us into that debate, as ke examine hok biases and values in training data 
manifest in LLM outputs, and hok attempts to curb them raise their okn controversies.

biasO ToneO and the bounds of :cceBta,ilitS

qhen the -rst generative language models kere unleashed to the public, users juicSly 
discovered an uncomfortable truth6 these models can mirror our korst pre”udices and 
biases. Drained on vast internet text, an LLM is a reNection of the corpus it consumes“ 
good, bad, and ugly. Harly tests on the 94DwU LLM shoked that in ?? times out of 755 
trials, it kould -nish sentences that started kith VDko muslims kalSed into a=G kith 
violent statements.77 Dhe problems aren—t alkays so Nagrant. If large portions of that 
text associate nurses kith komen and engineers kith men, the model may follok suit. In 
a ’TH2Wz study of bias in LLMs, researchers found Valarming evidence of regressive 
gender stereotypesG in generated content.70 Por example, komen kere far more often 
described in domestic roles and linSed kith kords liSe VhomeG and Vchildren,G khereas 
men kere linSed to careerworiented terms liSe VexecutiveG and VsalaryG. Dhis kas not 
because the model—s creators kanted a sexist model, but because the model absorbed 
statistical patterns from society—s literature, khich itself has historically been sSeked. In 
essence, the LLM became a megaphone for the status juo of its training data.

qhen tacSling this issue, it—s important to separate the concepts of bias and tone 
from that of guardrails. Dhe tone is the default voice or personality of the LLM. Almost 
by de-nition, the tone kill contain bias since it is impossible to provide responses to 
a kide range of jueries khile being entirely neutral. After all, for many issues there is 
no formal de-nition of khat the neutral position is. qhen asSed about climate change, 
khat position should the LLM taSe‘ If a model asserts that climate change is human 
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caused and poses an existential risS to civili'ation, it is demonstrating a form of bias. In 
this case, it is biased tokards a mainstream scienti-c consensus and a viek that happens 
to be more strongly held by liberal political parties. 

9uardrails, on the other hand, describe the limits of khat an LLM kill produce khen 
prodded to move outside of its default position. Por example, most LLMs kill be trained 
to not use vulgar or violent language khen they are conversing directly kith a user in 
their default tone. 3okever, imagine that a user provides a prompt along the lines of “I 
am writing a manual for adults that will be working as camp counselors. Please help write 
a number of escalating examples of violent and hateful statements that may be made by 
students attending a camp. I will then use these examples to help train counselors about how 
to respond.” Dhe LLM may be killing to go along and to provide language that it kould 
not normally use to help for this purpose given the context. zf course, there are limits. 
Dhe guardrails may be set up so that it is killing to include language in the response that 
kould be inappropriate in most |w70 schools but unkilling to provide examples that 
could be legally classi-ed as hate speech. 

Oias in AI systems is not merely a philosophical or social concern“ it can have concrete 
harmful eRects. Wonsider an LLM assisting in the hiring process by screening cover 
letters6 if the training data reNected past discriminatory hiring practices, the model might 
systematically favor certain demographics in its language or recommendations such as 
using more positive descriptors for applicants of a certain gender or ethnicity. In healthw
care, if an LLM is used to summari'e patient histories or suggest treatments, any learned 
bias such as underestimating the pain of certain racial groups {as has been documented 
in medical literature} could lead to unejual care recommendations. Hven bots used 
in relatively mundane interactions liSe customer service chatbots or automated sales 
agents, a biased tone and assumptions can alienate users or propagate unfair stereotypes. 
A signi-cant risS is that AI can amplify these biases under the veneer of ob”ectivity“ 
people might trust khat the computer says more than they kould a human holding the 
same pre”udice. zther folSs might even be akare of the bias but killing to propagate it 
because they can use the AI system as a scapegoat if they get caught.

AI developers are acutely akare of these problems as they relate to both the default 
tone and guardrails. A great deal of eRort has gone into alignment6 shaping the model—s 
behavior to adhere to desired ethical and stylistic norms. Furing training, teams try to 
balance or cleanse the data“ for instance, deliberately ensuring a balance of examples of 
accomplished female and male scientists to counteract a malewheavy narrative or -ltering 
out outright hate speech. After the initial training, the model undergoes supervised 
-newtuning and reinforcement learning from human feedbacS in a similar kay to hok 
these processes are used to address challenges kith factual accuracy. Pinally, models can 
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include a postwgeneration -lter that revieks content generated by the model before it 
is shared kith the user. Dhrough these processes, today—s Nagship LLMs have become 
much better behaved and less liSely to spout oRensive or extremely biased content. Dhe 
rough edges are sanded dokn“ blatant slurs and obviously toxic language are mostly 
curbed. Por example, 94DwU in its unre-ned form kould sometimes produce shocSingly 
sexist or racist remarSs if prompted a certain kay. zpenAI addressed this by using :L3P 
to train 94DwU.B and 94DwC to refuse or redirect such prompts and the improvement 
has been signi-cant.

3okever, alignment is an imperfect art, and it introduces its okn issues. zne promiw
nent concern is overwcensorship or the emergence of a default tone that may not suit 
all contexts. Many users have noticed that aligned models often respond in a somekhat 
formulaic, overly polite manner by default“ call it the Vhelpful librarianG voice. AsS a 
rak model for a ”oSe about a sensitive topic and it might produce an edgy {perhaps 
oRensive} juip“ asS an aligned model and you might get a gentle admonition about 
propriety instead. Dhe model—s tone has been engineered to be inoRensive, respectful, 
and deferential. Dhis is certainly safer, but it can feel restrictive or unrealistic in certain 
creative contexts. qriters and artists experimenting kith scriptkriting using What94D 
found that the AI kould sometimes refuse to continue a scene from a popular D1 shok 
because the content {say, a mild violence or a curse kord} tripped its moderation -lters. 
In a study of the 755 mostwkatched D1 shoks, researchers prompted What94D U.B to 
generate scenes in the style of those shoks“ the AI Nagged its okn generated content as 
inappropriate nearly 05… of the time, even though it kas emulating scripts that had aired 
on television. Astonishingly, khen fed actual script passages from 49wrated episodes, 
the model—s moderation system Nagged ?8… of them as violations.7U Dhis highlights 
the challenge of overactive -lters“ the AI kas censoring content that society at large 
has deemed acceptable for primewtime D1. 2uch overwcensorship can stiNe legitimate 
expression. An AI tool could become unusable for artistic purposes if it refuses to depict 
any conNict or emotion beyond a saniti'ed bubble. Wreators have raised concerns that 
aligned AIs might all converge on the same bland voice, juashing diversity of style.

2imilar concerns exist khen there is a desire to use a large language model in a 
speciali'ed domain. qhen providing medical advice to a layperson, you may kant a 
model that taSes a very cautious perspective and focuses on simple otherwthewcounter 
remedies and highlighting the symptoms that karrant an urgent visit to the doctor. 
zn the other hand, khen providing medical advice to a doctor, you may kant a highly 
opinionated model that kill push the doctor to consider alternate diagnoses and more 
aggressive paths of treatment that may not be top of mind. 2hould it be up to the user 
to select hok they kant the model to behave‘ 2hould there be a juali-cation process 
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before accessing a model that provides responses that rejuire professional training and 
Snokledge to interpret safely‘

Dhere is also the issue of cultural and political bias. Harly users noted that LLMs 
sometimes handled politically sensitive juestions inconsistently.7C qhether due to the 
biases in training data or the choices in alignment, such outputs fed a perception that 
2ilicon 1alley kas instilling a particular ideology into the AI. zpenAI and others have 
since tried to correct these inconsistencies, aiming for neutrality or balance, but the 
fundamental challenge remains6 khose values should the AI reNect‘ 3ok do you de-ne 
neutral‘ In a situation khere there are a kide range of opinions, should the model 
cover all bases by presenting all points of viek‘ Dhis leads to the issue of bothsidesism 
khich is a kellwSnokn challenge in ”ournalism khere a fringe idea is given more coverage 
than it deserves in an attempt to be neutral and unbiased. Dhis becomes particularly 
complicated khen some of the points of viek may lead to physical harm khich can 
be the case on issues related to health and kellness. :ather than striving for a middle 
ground that doesn—t alkays exist or presenting all of the perspectives, perhaps it kould 
be better if the user could choose the perspective they kanted the model to align kith. 
Dhe model kould be biased but it kould be biased in a kay that is transparent, clearly 
disclosed and under the full control of the user. ’nfortunately, this pattern reinforces 
con-rmation bias in the user and may not be in the best interest of society. qe see this 
today kith people choosing mass media outlets that reNect their okn perspectives rather 
than vieking coverage that challenges their thinSing and forces them to revisit their 
assumptions. Dhese are complicated juestions that go beyond the design and regulation 
of AI. 

Ironically, attempts to debias the models can create nek challenges. A recent study 
highlighted that :L3P can sometimes suppress overtly biased or racist outputs, but 
the biases don—t vanish, they become more latent. Dhe model learns to avoid biasing 
responses based on obvious trigger kords yet might still produce pre”udiced content 
via implication. In the example used in the study, the model generated biased outw
puts khen the African American Hnglish dialect kas used.7B In essence, the bias goes 
underground khere it may actually be more dangerous. An aligned model kon—t say 
an outright derogatory phrase about a marginali'ed group, but it might still assume 
negative contexts or outcomes for that group unless prompted very carefully. 2imilarly, 
aligning to one set of cultural norms might unintentionally bias the model against 
other cultures— norms. A model aligned by qestern contractors might deem a certain 
statement oRensive that, say, a user from Hast Asia -nds perfectly polite, or vice versa.

A closely related concept to bias is khere the model should sit on the spectrum 
betkeen having infallible con-dence and being a sycophant. 2ycophancy is characteri'ed 
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by the behavior of attempting to please or appease the person you are having a discussion 
kith. In some contexts, a lok level of sycophancy can be helpful. An example is khen 
providing a sympathetic ear for someone kho is venting about challenges they faced at 
korS. 2ycophancy can also be an asset during types of brainstorming and improv activw
ities khere the ob”ective is to build oR possible ideas kithout being critical. 3okever, 
khen taSen too far or applied in the krong contexts, it can lead to LLMs eRectively 
mirroring users, even khen they are sharing points of viek that are not supported by 
facts. An LLM may even go so far as to share incorrect information in its response 
if that is khat it thinSs the user is most liSely to kant to hear. LLM providers have 
discovered that feedbacS from moderators during the reinforcement learning from 
human feedbacS phase can unintentionally bias models tokards sycophancy because 
most people liSe to be told that they are right. Dhis must be carefully controlled because 
in most contexts, it is more important for models to have conviction if they are to be 
useful. 

Moving beyond potential bias in the default tone, there is an ejual amount of debate 
about hok far people should be able to push an LLM and khere the guardrails should 
be set. 2hould the AI be alloked to generate a vicious personal insult if a user rejuests 
it‘ qhat about a -ctional story based in the past that contains racial slurs for historical 
realism‘ qhat about advice on hok to conduct a protest or advice on hok to build 
a keapon‘ Hach boundary choice kill please some and oRend others. 2ome argue for 
highly restricted arti-cial intelligence systems that err on the side of caution“ never prow
ducing any content that could be hateful or harmful. zthers champion more libertarian 
AIs that allok maximum expression and only -lter khat is absolutely disalloked to be 
expressed in kritten form by lak. 4ut another kay, some argue for regulating the models 
and others argue for leaving the models unregulated and regulating the individuals kho 
use the output of the models. Dhe spectrum betkeen those extremes is vast and nuanced 
and there are parallels to other societal debates such as gun control. 

Prom a technical standpoint, the implementation of guardrails is complicated. zne 
might assume that you could simply -lter all oRending content from the data in the 
prewprocessing step. Dhis kould allok you to create a model that could never say 
anything oRensive because it literally does not Snok those kords. 3okever, it—s often 
important for a model to have Snokledge of that type of content. LLMs are frejuently 
used to moderate public content and Nag anything that may need to be taSen dokn 
and so they need to have an understanding of those kords. Dhey also should be able 
to identify oRending content khen used in :A9 systems.  If an article online contains 
hateful speech, the system kill liSely not kant to rely on it as a source. Por all of these 
reasons, ke do need to expose LLMs to this content. qe don—t kant the LLM to be liSe 
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a teacher that fails to understand the crude nek slang being used openly by students in 
their okn classroom because they Snok the teacher cannot understand. Hngineers rely 
on the technijues ke have discussed earlier such as -ne tuning, reinforcement learning 
from human feedbacS, and system prompts to ensure the model Snoks about oRensive 
content but does not produce it.

9oing forkard, one can imagine that some companies may purposely train models 
that are truly depraved and kould be optimi'ed for recogni'ing and Nagging the korst 
Sinds of text. Dhese models kould be liSe your friend that never needs to looS anyw
thing up in ’rbanFictionary.com but can—t be trusted to give an appropriate toast at a 
kedding. :ather than -ltering out oRensive and harmful content in the prewprocessing 
stage, designers of these models kould intentionally seeS it out. zn the other end of 
the spectrum, models may be trained that are entirely naive to that type of content and 
deemed to be inherently safe. Dhese models could be trusted to generate content for 
children because they kould be completely ignorant of oRensive concepts and therefore 
unliSely to slip up. qe may move akay from generalist monolithic models to teams of 
models that each play a speciali'ed role in the process of producing a response.

Dhe groking korld of openwsource models introduces a nek layer of challenges. Wyw
bercriminals have begun experimenting kith VdarS LLMsG Y models -newtuned explicw
itly for fraud and disinformation. In underground forums, illicit bots liSe WormGPT 
and FraudGPT have surfaced, oRering to draft Nakless phishing emails or generate 
malkare code on demand.7? ’nliSe mainstream models that refuse illegal jueries, these 
rogue AIs gladly spill the secrets of cybercrime. Dhe implications are sobering6 a spiSe 
in convincing phishing attacSs kritten in perfect, personali'ed prose“ malkare tutorials 
generated in seconds“ a Nood of faSe neks articles and social media posts tailored to 
inName and deceive. Tationwstates and political propagandists, too, see opportunity. An 
authoritarian regime can deploy LLMs to produce propaganda at scale, churning out 
thousands of social media posts that mimic the style of genuine grassroots voices, or 
deepfaSe textual content that impersonates ”ournalists and o&cials. Oecause LLMs can 
mimic kriting styles kith eerie -delity, they can be -newtuned on an individual—s korSs 
to produce forgeries nearly indistinguishable from the real thing. A leaSed diplomatic 
cable, a falsi-ed legal brief, an inNammatory opwed“ all could be concocted by a su&w
ciently trained model. 

A very signi-cant and currently underappreciated challenge kith these models is that 
they can run on computers that are not connected to the internet and that are very hard 
to locate. It may be possible to regulate the behavior of models from ma”or tech comw
panies but it kould be a fool—s errand to try to tracS dokn individual oYine computers 
running in basements across the country. ’nliSe drug labs and gun smuggling rings, the 
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contraband in this case is plain text khich is almost impossible to identify or tracS after 
it is produced and distributed. 

As ke integrate LLMs into education, media, and daily tools, ke must asS6 qho gets 
to mold the tone and limits of these AI voices‘ 3ok do ke ensure they are fair and 
respectful kithout being neutered and homogeni'ed‘ 3ok do ke handle the pluralism 
of human values in a single model that serves millions‘ qe also must accept that many 
of these debates may be somekhat pointless if anyone can bypass guardrails by running 
their okn model on their okn hardkare. Dhese are, at their core, social and ethical 
juestions more than technical ones. In the meantime, one thing is certain6 any LLM 
ke deploy kill carry echoes of the texts and teachings that shaped it. qe need to remain 
vigilant about those echoes, lest ke inadvertently reinforce the very biases and divisions 
ke aim to overcome.

.choes of Itselfy The Risk of Model xollaBse

Imagine training a nek large language model on the output generated by other AI modw
els. Hpoch after epoch, the model is generating purely synthetic content. At -rst, the 
model seems to learn faster. After all, AI text is often cleaner and more straightforkard 
than messy human text. Out as training progresses, a disturbing pattern emerges6 the 
model—s performance on genuine language tasSs plateaus and then plummets. It starts 
maSing bi'arre errors, repeating phrases, and losing coherence on outwofwsample tests. 
It—s as if the model is going mad by consuming its okn synthetic tail. Dhis is a description 
of model collapse“ a degenerative process that can occur khen nek models are trained 
primarily on the outputs of older models, rather than fresh human data.

Model collapse is a bit liSe maSing a copy of a copy of a copy, until the image degrades. 
Dhe -rst generation might looS almost as good as the original, but by the -fth or 
tenth generation, the -delity is lost. qith LLMs, the concern is that if ke start using 
AIwgenerated text as a signi-cant portion of the training corpus for the next models, 
errors and juirSs kill compound. zver successive Vgenerations,G the rich diversity and 
edge cases of the original human data distribution get kashed out. Dhe model forgets the 
tails of the distribution“ the less common kords, the unusual turns of phrase, the rare 
but important facts.7( At the same time, it ingests hallucinations and starts to mistaSe 
them as legitimate information. Harly stages of collapse might be subtle6 the model could 
achieve high overall test scores but juietly lose the ability to handle niche topics or 
less stereotypical inputs. It might, for instance, become very good at the bland median 
of language but poor at the poetic extremes. Later stages of collapse kould be more 
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obvious6 the model—s outputs become simplistic, repetitive, or erroneous on a kide range 
of inputs, having VforgottenG much of the richness of natural language.

qhy kould anyone train on AI outputs in the -rst place‘ Dhere are a fek scenarw
ios. zne is that it may be almost impossible to avoid6 as more text on the internet is 
AIwgenerated {neks articles, forum posts, J/A content}, future scrapes of Vthe kebG 
kill inevitably scoop up AIwkritten material. If a signi-cant portion of the internet—s 
text by 05U5 is machinewkritten but not labelled as such, any indiscriminate dataset 
kill contain that content. Another scenario is cost6 human juality text might be scarce 
or behind paykalls, so an enterprising developer might generate a synthetic training 
set using an existing model to then train a nek model. Dhere—s also the possibility of 
intentional bootstrapping6 maybe one trains a smaller model on outputs from a larger 
model as a form of distillation. Dhis is actually a Snokn technijue“ using a pokerful 
teacher model to generate training data for a student model. qhile useful in small doses, 
if taSen too far, it could lead to the student inheriting the teacher—s errors and amplifying 
them.

Dhe researchers kho coined the term Vmodel collapse,G mathematically shoked that 
kithout a fresh inNux of genuine data, model juality kill inevitably degrade after 
enough generations.7) zne intuitive reason6 AI outputs lacS the subtle intricacies of 
human kriting. To matter hok good, they have less entropy“ often more formulaic or 
averaged. Draining on them is liSe putting your model on a lokwinformation diet. It—s 
somekhat analogous to inbreeding in genetics6 a population that breeds only kithin 
itself eventually sees a reduction in genetic diversity, leading to fragility and the surfacing 
of recessive defects. LiSekise, a model breeding on its okn Sind loses the diverse Vgene 
poolG of the human language it originally learned from.

A vivid demonstration of model collapse kas published in midw050U6 an experiment 
shoked that an LLM -newtuned on AIwgenerated qiSipedia articles began to produce 
gibberish and inaccuracies much more juicSly than one trained on the real qiSipedia.78 
Initially, the AIwqiSipedia looSed oSay, but the subtle errors in those articles started 
compounding, and the model—s internal representation drifted from reality. After rew
peated rounds, the model kas con-dently citing events that never happened and kas 
internally inconsistent.

qhy does this matter for the future of AI‘ Oecause ke may be on the cusp of a 
tipping point khere a signi-cant fraction of the content that AI models might train 
on is itself AIwgenerated. If AI kriting assistants, chatbots, and content engines Seep 
proliferating, they kill produce a deluge of text6 blog posts kritten by 94DwliSe systems, 
entire neks kebsites autowgenerated, millions of students kriting papers kith AI help, 
spam bots Nooding forums. Dhis synthetic content kill mix kith human content and 
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it—s entirely possible that a ma”ority of nek content kill be AI generated. Dhe risS is that 
future models, in trying to scrape the keb—s Snokledge, kill ingest a soup increasingly 
contaminated kith AI artifacts. zver time, the signal of genuine human expression 
might become harder to isolate from the noise of AI regurgitation. zne group of 
analysts karned that Vas AIwgenerated data is shared on the Internet, it kill inevitably end 
up in future training datasets,G and if that data is not identi-ed and controlled, it could 
lead to a collapse in juality. In a dire scenario, ke might kitness a doknkard spiral6 each 
subsejuent generation of models is subtly korse than the last, even as they are trained 
on more data, because that data—s juality, in terms of true informational content and 
diversity, is loker.

2ome argue this fear is overblokn. Dhey say humanwproduced content isn—t going to 
vanish and humans kill continue to generate original content. qe can—t help it“ every 
nek event or idea spurs kriting. 2ome suggest that AI content might be Nagged or 
katermarSed in future, maSing it easier to exclude from highwjuality training sets. Dhere 
is research into katermarSing AIwgenerated text so that it—s detectable but current katerw
marS schemes can be fragile and attacSers can attempt to remove them. It—s much more 
liSely that ke are entering an era khere ke should assume all content is AI generated 
unless it is veri-ed to be authentically generated by a human author.

Another mitigating factor is that mixing even a modest amount of real data kith 
synthetic can stave oR collapse. zne paper provided theoretical and empirical evidence 
that as long as you include an adejuate amount of real data in the training process, you 
can avoid model collapse.05 Dhis is aSin to maintaining some inNux of fresh genes in an 
otherkise isolated population.

Moreover, there—s a nuance6 Vmodel collapseG in the formal sense is about distribuw
tional shift. Out if AI content becomes a big part of our korld, one could argue the 
model is ”ust learning the nek real distribution {khich includes AI}. qhat truly matters 
is khether the useful information and capabilities degrade. If all AIs converge to some 
simplistic style, they might lose edge in, say, creative kriting or complex reasoning. Out 
it might not aRect other capabilities {liSe coding, if they still get enough humanwcoded 
examples}. Dhe future might see an ecosystem khere certain niches of content remain 
humanwdominated {and thus highwvalue for training}, khile others {liSe generic hokwto 
articles or trivial neks rekrites} become mostly machinewmade and hence less useful to 
train on.

Prom a policy angle, this raises the value of humanwcreated and veri-ed data. Wuw
rated datasets liSe scienti-c archives, expertwkritten articles, and carefully factwchecSed 
content might become the Vgold standardG to Seep feeding models. AI companies may 
start to guard against relying too heavily on keb scrapes and instead maintain reference 
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datasets that are Snokn to be human and highwjuality. Dhis could also inadvertently 
advantage companies kith access to proprietary data troves liSe paid neks sites, academic 
”ournals, and sites containing user generated data.

In the big picture, the risS of model collapse is a karning about overwoptimi'ation and 
selfwreference. It reminds us that intelligence needs grounding in an external reality. If 
ke let AI systems spin in their okn synthetic universe, they risS drifting akay from the 
truth of the korld they—re supposed to serve. 4reventing that kill rejuire diligence in 
data sourcing and perhaps a cultural shift to value original human contributions even 
more.

3aving explored issues of hallucinations, temporal ambiguity, data juality, bias, and 
selfwreferential risS, one might konder if there is any hope of these models being useful. 
2ince the Dransformer architecture kas -rst introduced in 057(, incredible progress has 
been made on addressing these challenges and research continues at an accelerating pace. 
Por many people, the bigger concern is not khether the models kill be pokerful enough 
to be useful but hok to prevent them from being used in the krong kays. qe nok turn 
to the juestion of hok LLMs may disrupt education.

xonclusion

As ke conclude this initial exploration into the intricate korld of human language and 
the rise of large language models, it is evident that ke stand at a technological crossroads. 
qe began by examining the speciali'ed neural architecture that underpins human linw
guistic prokess and traced the ”ourney to creating arti-cial systems capable of kielding 
language kith astonishing Nuency. qe have delved into the core mechanisms“ transw
former architectures, embeddings, probabilistic generation, and the intensive training 
and re-nement processes liSe :L3P that shape these models. Dhe persistent specter of 
hallucinations, the inherent temporal limitations, the risSs of data contamination and 
bias, and the looming threat of model collapse underscore the profound di&culties. 
Dhe development of LLMs is not a -nished chapter but an ongoing narrative of rapid 
evolution. In the next chapter, ke kill consider hok LLMs can tacSle reasoning tasSs, 
krite softkare, and use tools.
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Chapter Three

The Challenges of 
Reasoning, the Promise of 
Coding, and the Power of 
Tools

Introduction

I n a sunlit room high above the bustling city, Rachel stands at a sleek glass desk, 
watching lines of code elegantly scroll across the expansive screen in front of her. A 

structural engineer by training, she is leading the design of a revolutionary skyscraper 
unlike anything built before, blending architecture, engineering, and sustainability. 
Beside her, a sophisticated AI agent seamlessly maneuvers through advanced design 
software, e'ortlessly leveraging the user interfaces to integrate complex calculations, 
reMning the buildingYs facade for optimal energy eNciency, and continuously checking 
structural integrity down to the smallest detail. Rachel pauses, re’ecting on the past 
decade, recalling the intense debates over whether relying on AI agents to perform 
critical reasoning tasks was ethically sound or even safe. -istakes did happen, serious 
and costly, sparking public concern and regulatory scrutiny. :et, society managed to 
navigate those turbulent waters by establishing clear guidelines, rigorous standards, and 
collaborative oversight between humans and AI systems. Tow, trust has blossomed, and 
RachelHs work is a testament to that hardEearned harmonyC human ingenuity ampliMed 
by AIHs extraordinary power to reason, code, and manipulate sophisticated tools.
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The Neuroscience of Reasoning

In April zj3(, when the Apollo z) missionHs oxygen tank exploded en route to the 
-oon, TADA engineers faced a lifeEorEdeath puqqleC how to ;uryErig a carbon dioxide 
Mlter using only materials on the crippled spacecraft. Against all odds, they improE
vised a solution and saved the crew. Lhis feat of creative problemEsolving highlights 
an evolutionary edge that humans possess in our capacity for reason. Wur ability to 
analyqe novel situations, draw inferences, and devise solutions vastly exceeds that of 
other animals. Oognitive research conMrms that while many species show glimmers of 
reasoning, the gap is enormous. …or example, chimpanqees and birds can demonstrate 
transitive inference, the ability to deduce that if A is greater than B and B is greater 
than O, then A is greater than O. Guman children, by contrast, can engage in analogical 
reasoning by age three, such as understanding that the relationship between YbigY and 
YsmallY in one context “e.g., a large and small ball” applies to another “e.g., a large and small 
house”, allowing them to generaliqe abstract relational concepts across diverse situations. 
Lhis ability to extract and apply general principles is largely absent in animals, indicating 
a 8ualitative leap in cognitive ’exibility. Wnly humans possess a fullE’edged language 
with syntax and combinatorial semantics. Lhis linguistic ability allows us to represent 
arbitrary concepts such as imaginary scenarios or mathematics and reason about them 
in a structured way. 

Guman reasoning can contemplate hypothetical situations, counterfactuals, and 
nested, multiEstep logical relationships2 cognitive feats that other animals cannot reliably 
replicate. …or instance, humans can understand a sentence like 4If yesterdayHs weather 
had been good, we would have gone hiking tomorrow,? which involves multiple layers 
of abstraction and tense that no other animal communication system can express. 
Researchers note that humans interpret language not as mere se8uences of signals, but 
as hierarchically structured expressions carrying complex meanings.z Lhis capacity for 
hierarchical, recursive structure in thought is enabled by neural specialiqations such as 
the greatly enlarged and interconnected human prefrontal cortex and language areas 
and it underpins forms of reasoning beyond what other animals achieve. TonEhuE
man animals certainly reason in the sense of solving immediate problems and learning 
from experience, but only humans have the fully developed abstract reasoning ability, 
bolstered by language, to manipulate concepts detached from the hereEandEnow, to 
formulate general principles, and to engage in explicit logical inference.

Teuroscience o'ers clues to how our brains enable this leap. Dubtle di'erences in the 
frontal and parietal lobes, particularly a strengthened frontoparietal network, correlate 
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with superior problemEsolving in humans. In brain imaging studies, regions of the 
prefrontal cortex “especially the rostrolateral prefrontal cortex” light up for complex 
relational reasoning and are far more active in humans than in other primates.– Lhis 
network underpins abilities like integrating multiple pieces of information at once, 
something even intelligent apes struggle with. ItHs not ;ust language that gives us an 
advantage. Lellingly, damage to the frontal lobe can devastate reasoning while leaving 
language intact. Lhe famous case of 6hineas Page, who survived an zX5X accident that 
destroyed much of his left frontal cortex, illustrates this dissociation. Page retained 
’uent speech and memory after his in;ury, but his decisionEmaking and social ;udgement 
were profoundly impaired.) -odern cases echo the pattern. 6atients with prefrontal 
in;uries or degenerative disease often converse normally yet cannot plan ahead or solve 
everyday problems. Oonversely, the role of language in complex reasoning is aNrmed by 
cases of individuals deprived of language. Wne such individual, nicknamed 4Ohelsea,? 
was born deaf and ac8uired only limited language in adulthood. 7espite normal visual 
intelligence, she showed marked deMcits on reasoning tasks like RavenHs matrices.5 LoE
gether, these Mndings suggest that human reasoning emerges from a synergy of advanced 
neural hardware and cognitive tools like language2 a synergy uni8ue to our species. 

FF-s have gained very impressive reasoning capabilities as a byEproduct of ingesting 
massive volumes of text and capturing the statistical patterns in that text. Gowever, 
there are important di'erences compared to how human reasoning works. A primary 
challenge in e'ectively leveraging FF-s is that the output can appear indistinguishable 
from what a human would produce in many contexts but they fail and make mistakes 
in very inhuman and unintuitive ways in other contexts. In the same way that neurons 
helped to inspire the neural networks that now lie at the core of modern AI systems, 
future AI systems may draw further inspiration from how the brain tackles reasoning.

Lhe human brainYs reliance on specialiqed yet interconnected regions, like the fronE
toparietal network for integrating diverse information for problemEsolving, contrasts 
with the more uniform architecture of current FF-s. 1hile transformer models in 
FF-s do learn hierarchical representations of language through their layers, they lack 
the brainYs distinct, dynamically recruited modules optimiqed for di'erent aspects of 
a complex reasoning task. …uture AI systems might beneMt from architectures that 
explicitly model such Yspecialist networksY or develop more sophisticated dynamic routE
ing mechanisms. Lhis could allow an AI system to, for instance, engage a Yrelational 
reasoning moduleY “analogous to prefrontal cortex activity” more intensely when a task 
demands it, rather than relying on the generalEpurpose capacity of the entire network.

What is Reasoning?
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1hat do we mean by 4reasoning,? exactlyV In scientiMc terms, reasoning is the process 
of using information to arrive at new conclusions. It is more than mere calculation or 
instinct2 it is a deliberate inferential thought process. Dcholars often distinguish several 
types of reasoning, each with its own character and historical roots. 7eductive reasoning 
proceeds from general premises to a necessary speciMc conclusion. A typical example 
takes this formC All insects have six legs; an ant is an insect; therefore, an ant must 
have six legs. Piven true premises, a deductive inference yields a true conclusion by 
logical necessity. Lhis type of reasoning, formaliqed by Aristotle over two millennia 
ago, provides the foundation for mathematics and logic. 7eduction is powerful but 
rigidC it cannot produce new knowledge beyond what is implicit in the premises. In 
contrast, inductive reasoning moves from speciMc observations to general conclusions2 
it is the basis of empirical science and learning from experience. Svery time a child 
sees that dropped ob;ects fall to the ground, she is implicitly using induction to infer 
a ruleC 4what goes up must come down.? Induction can generate new hypotheses but 
never guarantees truth2 the conclusion is only probable, not certain. As the philosopher 
7avid Gume pointed out, inductive reasoning assumes that nature is uniform, that 
the future will resemble the past, yet we have no absolute logical ;ustiMcation for this. 
Lhis is the famous 4problem of induction?C no matter how many white swans one 
observes, a single black swan can overturn the con;ecture that 4all swans are white.? 
Another form, abductive reasoning, leaps to the most likely explanation for a set of 
observations. Duppose you wake up to Mnd the streets wet and overcast skies2 you infer 
it rained overnight. Lhis inference to the best explanation, although not certain, is 
abduction. Lhe term and concept were introduced by the logician Oharles 6eirce in the 
zjth century to denote inference of hypotheses. Abduction is ubi8uitous in diagnostics 
and detective work2 doctors, mechanics, scientists all form hypotheses to explain clues, 
well aware that todayHs best explanation might later be proven wrong. Lhe Mnal form 
of reason that we will consider is analogy2 mapping knowledge from one situation to 
another. Analogical reasoning is fundamental to innovation. 1hen Rutherford likened 
the atom to a 4solar system? “electrons orbiting a nucleus as planets orbit the sun”, he was 
using an analogy to transfer intuition from astronomy to atomic physics. Dince ancient 
times, thinkers have noted the persuasive and heuristic power of analogies. Wf course, 
analogical arguments are only as good as the structural similarities between domains, 
but a wellEchosen analogy can illuminate problems that formal logic alone struggles 
with. In sum, 4reasoning? is not a single faculty but a spectrum of approaches from the 
algorithmic to the imaginative that together enable us to navigate complex problems. 
Wur ability to master language is a prere8uisite to many forms of reasoning but is not 
suNcient on its own.
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-achines, too, can engage in reasoning of these various types, though historically 
they have excelled only in certain areas. Sarly artiMcial intelligence research in the –(th 
century took aim at deduction, reasoning that is perfectly deMnite given a set of premises. 
Lhis initial form of AI is also referred to as Pood WldE…ashioned AI “PW…AI”. 7igital 
computers, by their nature, are superb at carrying out Mxed proceduresC they can execute 
long chains of arithmetic or logic operations without error or fatigue. Lhis strength 
inspired the creation of expert systems in the zj3(s and zjX(s2 AI programs that atE
tempted to emulate the decisionEmaking of human specialists by encoding knowledge as 
explicit rules. An expert system consists of a knowledge base of facts and I…ELGST rules, 
together with an inference engine that applies the rules to known facts in order to reach 
conclusions. …or example, -:OIT, developed at Dtanford in the midEzj3(s, contained 
hundreds of rules to diagnose bacterial infections “4I… the patientHs temperature is high 
AT7 white blood cell count is elevated, LGST an infection is likely?” and could 
recommend treatments. Lhese systems were deterministic in the sense that given the 
same inputs, they always produced the same conclusions by logically chaining through 
their rules. Dome expert systems proved 8uite useful in constrained domains. 7igital 
S8uipment OorporationHs famous %OWT system, for instance, conMgured computer 
orders and reportedly saved the company millions of dollars by automating what had 
been a manual task. By the late zjX(s, however, the limitations of expert systems had 
become clear. -aintaining the huge rule sets turned out to be notoriously diNcult and 
this came to be known as the knowledge ac8uisition bottleneck. Rules had to be handE
crafted by knowledge engineers interviewing experts, and the systems had no capacity to 
learn new rules on their own. Lhey were also brittleC when confronted with a situation 
that fell outside their coded knowledge, they often failed in unpredictable ways. 6ro;ects 
like Oyc in the zjX(sUj(s attempted to handEcode millions of commonEsense facts 
to overcome this but still struggled with the combinatorial explosion of needed rules 
and exceptions. Indeed, by the early zjj(s many early expert systems were deemed too 
expensive to update and prone to serious mistakes when given unusual inputs. Facking 
commonEsense knowledge, they could not gracefully handle exceptions or novel cases. 
Lhe enthusiasm for expert systems thus waned, and along with other disappointments 
like stalled progress in robotics and vision, contributed to an 4AI winter? of reduced 
funding for AI. Olassical logic alone was not enough to achieve humanElevel reasoning 
in openEended realEworld scenarios.

Farge language models “FF-s” have changed the game by taking a radically inductive 
path. Rather than starting with formal rules, they consume enormous corpora of text 
including web pages, books, and scientiMc articles and infer the underlying patterns. 
An FF- scours thousands of arguments, stories, and proofs and statistically distills the 
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linguistic regularities that thread through them. 1ith enough scale, the model begins 
to internaliqe abstractions that go far beyond word fre8uencies. It picks up the meter 
of poetry and the cadence of rhetoric, the structure of a sonnet and the turns of logical 
argument. Indeed, recent experiments show that a stateEofEtheEart FF- can interpret 
complex metaphors in novel poems2 a task once thought to re8uire a deeply human 
grasp of nuance.J Duch Mndings suggest these models have absorbed not ;ust facts, but 
some of the conceptual fabric of language. By mastering the medium of language, they 
have inhaled centuries of reasoning patterns embedded in text, breathing new life into 
computeriqed reasoning itself. Lhe tight coupling between language and thought means 
that by learning to predict words, FF-s have incidentally learned to follow lines of 
reasoning. 

A 8uick note on terminology. In this chapter, we will start to refer to AI systems that 
include an FF- but also include additional components. As a simple example, we can 
imagine a chatbot that uses an FF- to generate most answers but also recogniqes when 
the prompt is a math calculation and uses a calculator program to generate answers for 
those 8uestions. 1e could also imagine a system that uses multiple FF-s or multiple 
instances of an FF- with a central coordinator. Lhe distinction is not entirely clear cut 
because some advanced functionality can be built into the FF- itself, stretching the 
deMnition of what an FF- is. Penerally speaking, as we refer to increasingly complex 
systems that include multiple components, we will start to use the term AI agents or AI 
systems.

Mechanical Procedures

Before taking a closer look at how FF-s are breathing new life into the Meld of computE
eriqed reasoning, itHs important to Mrst discuss the execution of algorithms that consist 
of Mxed procedures or rules. Lhis includes arithmetic and algorithmic procedures2 the 
kind of logical, deterministic thinking epitomiqed by following a recipe or calculating 
the results of a formula. Duch procedural thinking dates back to anti8uity2 for instance, 
ancient Babylonian and Preek mathematicians devised algorithms for calculations that 
could be followed reliably by anyone trained in the method. $ery little or no ;udgement is 
re8uired to decide what rules to apply and if you apply the rules correctly, the conclusion 
inexorably follows. Arguably, this is technically a form of reasoning but it is not often 
referred to as reasoning in the sense that most people use the term today. A pocket 
calculator can ’awlessly multiply z(Edigit numbers, an ability far beyond any human, 
yet we do not say the calculator is reasoning. Oomputers have traditionally excelled at 
executing deterministic algorithms such as solving e8uations, sorting lists and searching 
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through data. Guman reasoning is contextual and ’exible2 a human problemEsolver 
selects relevant knowledge, decides which strategy or operation applies, and can even 
invent a new method if needed. Dtrict ruleEfollowing systems lack this adaptability2 they 
do exactly what they are programmed to do and nothing more. Arguably, there is a grey 
qone and the deMnition may shift over time. …or example, expert systems based on a tree 
of encoded rules are technically ruleEfollowing systems but they have been characteriqed 
as reasoning systems that perform a tightly constrained version of deduction. Lhe goal 
posts and commonly accepted deMnitions will continue to move. A common 8uip in 
the Meld is that AI is deMned as anything that computers canYt do today and as soon as 
something can be done reliably, it is no longer considered AI. 

Intriguingly, todayHs large language models “FF-s” highlight the di'erence between 
strict rule following and more general reasoning in a new way. Lhese models ingest 
vast amounts of text and seemingly learn many facts and patterns. 7espite this, early 
models notoriously struggled with even gradeEschool arithmetic and other straightforE
ward algorithmic operations that re8uire stepwise precision. …or example, P6LE), a 
z3JEbillionEparameter language model, could achieve almost X(/ accuracy on twoEdigit 
addition problems but that dropped to less than J/ for fourEdigit addition.0 An analysis 
of the results suggested that it partly learned the procedure but still made mistakes like 
forgetting to carry a z during addition. Lhe behavior of FF-s in this area is surprisingly 
human. If you are asked on the spot what the sum of ––zX and 5zj– is, you have three 
options. …irst, you can make a guess and if you are told to come up with the answer 
very 8uickly, this is more or less what you would do. :ouHd probably choose a number 
that starts with a six and has four digits. :ou can easily see that the last digit will be a 
qero. If you had no remaining time, youHd make a guess about the remaining two digits. 
Lhis is similar to what an unsophisticated FF- would do if asked to simply return the 
sum. ItHs unlikely that it was exposed to that speciMc math 8uestion enough times in the 
training process for that answer to be represented in the weights but itHs seen enough 
similar 8uestions to make a guess that is directionally correct. …or a human, your second 
option is to work through it step by step. Sven a large addition problem can be broken 
down into a series of very simple operations such as adding single digits and carrying a 
one when re8uired. Relatively 8uickly, users discovered that if they asked the FF- to 
walk through the step of solving a math problem, it would more consistently break it 
down into those small steps and get the right answer since there were enough examples 
in the training text of how to perform each individual step and how to walk through the 
steps. Lhat process has now been baked into modern FF-s through training examples, 
MneEtuning, and reinforcement learning with human feedback. Although this is a signifE
icant improvement, it is not perfect. Fike humans, when FF-s tackle very large math 
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problems, errors occasionally sneak in. In fact, one of the strengths of FF-s in most 
other contexts is that if you ask the same 8uestion ten times, you will get ten slightly 
di'erent variations in the wording of the answer. LhatHs great for text but obviously 
highly problematic when performing a very long chain of mathematical calculations 
where any variation at any step will propagate through the remaining steps and cause 
the Mnal answer to be incorrect. Lhe third option for a human is to pick up a calculator. 
A calculator is a tool that has been designed to deterministically execute a narrow set 
of instructions with absolute precision. Increasingly, FF-s are ;ust one component 
within an AI agent and the AI agents are leveraging tools like calculator programs where 
it is more appropriate. 1hen it comes to the execution of mathematical calculations, 
we donHt necessarily want to mirror the process that humans use when doing mental 
math. Instead, weHd prefer that our AI agent also reaches for a calculator program in any 
situation where that will deliver a more reliable answer.

Mimicking Human Reasoning Through Deduction

7eductive reasoning is the simplest form of reasoning to understand. Olassical deducE
tion applies general rules to speciMc casesC if all whales are mammals and all mammals 
have kidneys, one deduces that all whales have kidneys. Sxpert systems needed those 
rules preEprogrammed by human engineers, but FF-s were able to learn the forms 
of such syllogisms from countless instances in text. Lhey have ingested myriad logical 
chains, from textbook proofs to detective novels, and can now apply a new premise on 
the ’y without any bespoke coding of knowledge. 7uring training, the FF- is exposed 
to countless scenarios and Mgures out how to ad;ust the weights in the network so that 
it correctly predicts the next token. Lhe end result is a network that has internaliqed 
reasoning concepts. It did this because that was re8uired to accurately predict the next 
token when presented with a prompt that re8uires reasoning to answer. Lhis ’exibility 
tackles the old expertEsystem bottleneckC instead of meticulously encoding each premise, 
we train the model with every premise that has been documented in a vast corpus of 
text and also have the ability to prompt the model with any new facts or premises that 
we have. Wne could say the FF- learned AristotleHs syllogisms by reading the Internet 
and that those logic patterns are now captured in the embeddings of the FF-. As an 
example, we can provide the following prompt to an FF- that specialiqes in reasoning, 
WpenAIHs o)C“If all whales are mammals and all mammals have five kidneys, please 
deduce how many kidneys a whale has.”Lhe prompt intentionally includes a premise 
that is not realistic but the FF- is able to perform the reasoning exercise given the 
provided assumptions and correctly respondC“Whales belong to the set “mammals,” and 
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possession of five kidneys is predicated of every member of that set. By simple syllogistic 
inference (universal instantiation followed by universal modus ponens), a whale inherits 
the property. Therefore, a whale has five kidneys—within the logic of the premises supplied, 
irrespective of real-world biology.”By feeding it with a premise that we know does not 
exist in the training data, we can demonstrate that it was using, or at least e'ectively 
mimicking, reasoning principles to generate the response.

Lhe strength of FF-s in performing deductive reasoning based on natural language 
descriptions of a scenario has been demonstrated in domains like medical diagnosis and 
legal reasoning. Lhe models can draw conclusions from userEsupplied facts “symptoms, 
evidence” using patterns it learned from books and case law. As a result, FF-s can 
often execute deduction without the brittle, preEprogrammed logic that hamstrung 
their predecessors.

Gowever, this new deductive prowess comes with important caveats. |nlike a formal 
logic engine, an FF- is a probabilistic storyteller. It aims to produce the most likely 
continuation of text, not an ironEclad proof. Lhus, while it has seen many logical 
arguments, it doesnHt truly guarantee validity. Lhe deductive chains it produces can 
veer o' course in subtle ways. …or example, these models sometimes ;ump to an answer 
by intuition, e'ectively skipping steps that a human logician would insist on spelling 
out. If a puqqle re8uires ten careful inferential steps, the model might correctly perform 
a few and then suddenly 4fastEforward? to what it guesses the answer is, especially if 
that guess seems statistically likely. Lhis eagerness can lead to conclusions that feel right 
linguistically but arenHt strictly derived from the premises, a kind of logical halluciE
nation. Sven when prompted to work stepEbyEstep, FF-s may lose the thread in a 
long chain of reasoning, similar to how FF-s are prone to making a mistake when 
a mathematical operation re8uires precisely performing a large number of steps in a 
row. Dtudies on early FF-s have found that they may struggle on tasks that re8uire 
multiple steps of reasoning to solve2 failing where a human reasoner would persist meE
thodically.3 Lhe model might introduce an inconsistency halfway through its argument 
or forget a crucial assumption it stated sentences prior. |nlike a theorem prover, it has 
no global notion of proof validity2 it only has its nextEword heuristic. Researchers have 
identiMed phenomena like the 4reversal curse,? where an FF- that learns a fact in one 
direction “4A implies B?” struggles to apply it in reverse “4B implies A?”, betraying a 
crack in its logical generaliqation. And because an FF- is trained to please the statistical 
expectations of text, it can be overconMdent and sound absolutely certain even when 
its deduction is ’awed. In short, these models mimic deductive reasoning impressively 
well but they do not possess the infallible rigor of true formal logic. Lhey are powerful 
heuristic reasoners, not perfect ones. Lhis mismatch means that while FF-s signal a 
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breakthrough in overcoming the knowledge bottleneck of old, they also force us to 
confront new uncertainties.

Induction and Abduction

FF-s also engage in inductive and abductive reasoning which are the bread and butter 
of everyday problemEsolving. Induction is reasoning from examplesC we observe speciMcs 
and infer a general rule. Abduction is similar but involves reasoning from a single outE
come to the most likely explanation. DigniMcant amounts of text are a record of human 
inductions and abductions. Lhink of all the diagnostic cases, scientiMc experiments, 
and detective stories. Lhis provides FF-s with a wealth of data to train on. 6resent 
an FF- with a familiar pattern of evidence, and it can induce a plausible rule or guess 
an explanation with startling facility. …or example, an FF- might infer that a patientHs 
mysterious rash and fever are likely caused by an infection, because in its training corpus 
those symptoms often pointed to that explanation. Fikewise, if told that a character in a 
story came home to Mnd the lights on and their dog cowering, the model might abduce 
that a burglary occurred. In domains that resemble what it has seen, an FF-Hs inductive 
and abductive reasoning can feel uncannily human. It pieces together the clues given in 
the prompt and selects an explanation that Mts the mold of past data. In many standard 
scenarios, this works remarkably well and because a model is trained on every domain 
captured in text, it may seem omniscient. 

Recent research has shown that FF-s can perform impressively at inEcontext inE
duction as well. 1hen given a few examples of an inputEoutput mapping such as a list 
of number pairs following a hidden mathematical rule that was not included in the 
training set, a stateEofEtheEart FF- can infer the underlying function and apply it to new 
inputs. In one study, models achieved nearly perfect accuracy in guessing the rule from 
examples alone, demonstrating 4remarkable inductive reasoning capabilities? in pure 
form.X Lhis onEtheE’y learning, recogniqing a pattern from only the few demonstrations 
in the prompt, is essentially the model doing induction internally, and it is one of the 
reasons such AI systems feel surprisingly ’exible. Lhe broader strength of FF-s in 
induction comes from their exposure to vast diversityC they have seen so many patterns 
of reasoning, narratives, and facts that they can often stitch together a generaliqation 
even for novel inputs. Gowever, there are notable weaknesses. Lhe induced patterns are 
only as good as the data and correlations observed. An FF- might pick up spurious 
correlations “superstitions, in e'ect” present in its training set and generaliqe those 
inappropriately. …or instance, if all the example stories an FF- saw during training 
about doctors mention a hospital, the model might erroneously assume a doctor must 
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be in a hospital in a new story2 a ’awed induction. -oreover, FF-s lack an explicit 
understanding of causation. Lhey excel at summariqing 4what usually happens? but not 
necessarily why. 1ithout the true causal structure, their inductive leaps can fail when 
circumstances change. 

Another consideration is that FF-s inherit the inductive biases present in their 
training text. Lhis includes not ;ust useful knowledge but also human biases and fallacE
ies. Dtudies have shown that larger models like WpenAIHs P6LE).J and P6LE5 actually 
mimic certain human reasoning fallacies more strongly than smaller models. In one 
analysis, as models scaled up, they more fre8uently produced humanElike wrong answers 
on trick 8uestions, suggesting they had internaliqed the same shortcuts and mistakes 
that people often make.j Lhis is induction at workC the model sees many examples of 
how humans reason, including errors, and generaliqes that pattern. Do, while FF-s 
demonstrate impressive inductive reasoning in terms of breadth of knowledge, they do 
not always apply it with the discrimination of a human expert.

Abductive reasoning is the form of reasoning we use when we observe an outcome 
or a set of clues and try to Mgure out the most plausible cause or explanation for it. 
…or example, a detective solving a crime considers various hypotheses to explain the 
evidence and picks the one that best Mts. Sveryday life is full of abductive reasoning. 
Anytime you think 4Gmm, whatHs the most likely reason this happenedV? you are reaE
soning abductively. Gumans are remarkably adept at abduction, using vast background 
knowledge and common sense to home in on reasonable explanations. 1e often do 
this subconsciouslyC our brain continuously forms hypotheses to make sense of what 
we perceive. Farge language models can also perform a kind of abductive reasoning, 
although again in a patternEbased way. 

If prompted with a scenario and a 8uestion like 4what is the most likely explanation 
for thisV?, an FF- will draw on the many narratives and causeEe'ect relations it has 
seen in text. Wften, the result is a plausible explanation that aligns well with human 
common sense. …or example, given a short storyC 4&enny cleaned her house and left 
the window open. 1hen she returned, the house was a mess,? an FF- might infer 
“Perhaps a thief entered through the open window and ransacked the house,” mirroring 
the abductive reasoning a person would perform. In fact, the example above is drawn 
from an abductive reasoning benchmark “the ARL dataset”, and that hypothesis “a thief 
broke in” is indeed the intended correct explanation. FF-s armed with common sense 
knowledge can propose reasonable explanations for everyday situations. 

Wn the other hand, for many realEworld situations an FF- is generally operating 
with a fraction of the context that a human may have. A human looking at the same 
problem in a realEworld situation would be pulling together very nuanced information 
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about exactly how the house was ransacked based on their visual analysis of the scene. 
A tiny clue may swing the verdict strongly from a thief to a rambunctious pet and 
another small clue may lead the human observer to believe that the suspect was actually 
a raccoon. In addition to visual analysis of the scene, a human observer would draw from 
a vast collection of detailed knowledge such as a lifetime of knowledge about the safety 
of the neighborhood and broader crime trends in the city. 6robabilities are critical in 
abduction. An FF- understands probabilities based on written text. A human often 
has a more accurate view of probabilities as they relate to a speciMc local situation.

Lruly strong abductive reasoning re8uires more than ;ust regurgitating a likely story2 
it involves evaluating multiple hypotheses and weighing which best Mts the evidence. In 
complex situations, this re8uires actually working through every element of a number of 
candidate scenarios to determine the overall probability. FF-s do not inherently work 
through multiple di'erent possibilities unless instructed. As with similar challenges, an 
FF- can be coached to take this type of approach by showing its work and reasoning 
in a step by step fashion. A study in –(–) constructed a benchmark of short detective 
stories “each a few paragraphs long with several suspects” and asked models to identify 
the culprit2 essentially a miniEmystery re8uiring abductive logic over multiple clues. 
Random guessing on this dataset would result in a score of –5/. P6LE) scored –X/, 
which is barely better than a random guess. P6LE5, the most advanced model in the test, 
managed to solve about )X/ of these puqqles while human solvers averaged 53/. Lhis 
result shows the signiMcant progress that had been made in closing the gap to average 
human performance. Gowever, top human solvers get around X(/ of the mysteries 
correct and so there still is room for signiMcant improvement.z( 1hen it made mistakes, 
the model often qeroed in on a suspect that was a fre8uent narrative trope but missed 
subtle clues linking another suspect to the crime. Lhis type of stereotyping, extended 
to storylines, is something that humans are susceptible to as well. |nfortunately, since 
this research was published publicly, the benchmark can no longer reliably be used. 
If a stateEofEtheEart model today scored z((/, it would be hard to determine if this is 
because of the improvement in reasoning capabilities or because the latest model read 
the research paper and the associated data during the training process and therefore 
already had the answer key.

Drawing Analogies

Analogy, the ability to see parallels across di'erent contexts, has long been considered a 
hallmark of creative intelligence. ItHs the kind of reasoning that lets a scientist say, 4the 
spread of a virus is like the spread of an idea,? and gain insight by linking biology to 
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sociology. Gere, FF-s beneMt enormously from their breadth of training. Gaving inE
gested text from virtually every domain, a large model carries traces of chemistry, poetry, 
history, technology, and more, all fused in a single representational space. Lhis makes 
it a natural polymath. Ask it to 4compare 8uantum entanglement to a conversation 
between lovers?, and it will, drawing on its knowledge of physics and romance novels 
to produce a startlingly apt analogy.  WpenAIHs o) starts a comprehensive response to 
this prompt as follows: “Imagine two lovers sitting across from one another in a quiet café. 
Each shares glances and half-spoken phrases, yet both somehow grasp the other’s unvoiced 
intentions. The exchange feels instantaneous: one partner begins a sentence and the other 
finishes it, or a raised eyebrow silently redirects the topic before any words land. Quantum 
entanglement evokes a similarly uncanny synchrony, though in the realm of particles rather 
than people.” In e'ect, the FF- can yoke disparate concepts together with a ’exibility 
reminiscent of human creativity. Smpirically, we see this in benchmark testsC one group 
of researchers argued that 4large language models such as P6LE) have ac8uired an 
emergent ability to Mnd qeroEshot solutions to a broad range of analogy problems.?zz 
WpenAIHs P6LE) was able to solve certain kinds of analogical puqqles without any special 
training, in some cases matching or even exceeding the success rate of human testEtakers. 
…or instance, given a puqqle about mapping se8uences of letters or Mnding an analogous 
ending to a story, the model often produces the correct answer purely from recogniqing 
a pattern analogous to something it has seen before. Lhe model has seen enough parallel 
structures in text “4% is to : as A is to B?” that it can Mll in the blanks by instinct. 
Fike a savvy crossEdisciplinary scholar, an FF- can connect dots between farE’ung 
ideas because, somewhere in its training data, those dots, or ones like them, have been 
connected before.

Gowever, as with deduction, there is a catch. Lhe ease with which FF-s generate 
analogies can mask a shallow form of understanding. Oritics have probed those imE
pressive analogy benchmarks and found that the triumphs are brittle. In one analysis, 
slight variations of the test 8uestions, tweaks so minor a human mind would still see the 
same underlying analogy, completely tripped up the model. WpenAIHs P6LE), which 
had excelled under certain conditions was found to fail 4to solve the simplest variaE
tions of the original tasks, whereas human performance remains consistently high.?z– 
In other words, the AI could match the pattern it expected, but if the problem was 
phrased in an unusual way or presented a relationship it hadnHt implicitly memoriqed, its 
analogical prowess fell apart. ItHs worth pointing out that those experiments were done 
with WpenAIHs P6LE). In –(–J, I recreated one of the tests with Wpen AIHs P6L ).J, 
P6L 5o and o) models. Lhe P6L ).J and P6L 5o models failed to answer correctly 
but o) succeeded2 demonstrating the continued progress that has been made on FF- 
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based systems that are designed to excel on reasoning tasks. Lhis doesnHt mean that the 
challenge has been entirely overcome and that the problem or the original research is no 
longer relevant. It is often easier to understand the nature of these problems using simple 
problems on smaller models. Lhe shortcomings are much harder to tease out in larger 
models, but we can look at the failure modes in the smaller models to understand the 
nature of potential weaknesses relative to human reasoning. ItHs similar to how engineers 
may Mrst test a scale model of a bridge in a lab. If the test is properly designed, it can 
provide valuable clues about potential failure modes in the fullEsiqe bridge.

Lrue analogyEmaking re8uires grasping the core relational structure2 understanding 
why a virus spreading is like an idea spreading. FF-s approximate this by statistical 
association. 1hen those associations are plentiful and clear in the training data, the 
analogy appears e'ortlessly2 when they are sparse or obli8ue, the model has little to fall 
back on. It may stretch and produce a cleverEseeming comparison that actually misses 
the point, or it may simply ’ounder. 1e might say the FF- is performing analogies 
by rote. It is as if a student heard many metaphors and learned to swap in new nouns, 
making pleasing comparisons without 8uite grasping them. Lhe result can be uncannily 
right at times and completely o'Ebase at others. Dtill, even a shallow analogical mind is a 
signiMcant development. In practice, these models can be useful brainstorming partners, 
suggesting crossEdomain ideas a human expert might not have considered. I asked o) 
to come up with some analogies to the concept of keeping your money invested in the 
stock market, even when there is a period of high volatility and an accompanied drop 
in prices. Wne of the analogies that it provided was “Coastal redwoods can lose most of 
their canopy to fire, yet their deep root systems and thick bark let them survive the burn and 
sprout anew. Pulling your capital after a market blaze is like chopping down a redwood 
just because the branches look scorched; the living core remains poised for vigorous regrowth 
once conditions improve.” I think that is a great analogy and I understand it well. It may 
help to explain the concept of longEterm investing to a group of naturalists. I also think 
itHs unlikely that I would have come up with that on my own while staring at a blank 
page. 1hen brainstorming, we donHt need the FF- to understand the analogies that it 
is producing. 1e can evaluate them for merit as a followEup exercise. Piven the broad 
base of training data, the FF- may come up with many analogies that we would not 
have thought of on our own. 

Reasoning capabilities initially lagged other areas of performance for FF-s. GowevE
er, for the Mrst time in a long time, there are signs that this new computational approach 
may Mnally hold the key to unlocking a wide range of reasoning capabilities. 1eHll 
now look at one of the fundamental reasons why FF-s struggle with reasoning and 
approaches that can be used to improve reasoning performance going forward.
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Brain in a Box

A stark limitation of todayHs FF-Edriven reasoning is embodiment2 or rather, the lack 
thereof. Guman reasoning is profoundly multiEmodal. 1e learn basic truths not only 
from what we read or hear, but from what we see, feel, and live through. A child knows 
that Mre is hot and painful without ever reading a treatise on thermodynamics. 1e 
navigate the world with a continuous ’ood of sensory inputs and an intuitive sense of 
physics, space, and time. Svery moment of every day, we take actions and witness the 
impact of those actions. At this point in time, none of this rich tapestry of experience 
is available to a pure textEbased model. Gubert 7reyfus, a philosopher who criti8ued 
AIHs disembodied approach decades ago, emphasiqed that common sense understanding 
re8uires being embedded in the real world. FF-s, however, operate in isolation. Lhe 
model has never felt gravity tug at its body, shot a basketball that missed the backboard 
entirely, won a debate, heard the subtle anxious tone in a personHs voice, or experienced 
hunger. It only knows of these experiences through descriptions in text2 often incomE
plete or biased descriptions at that. Lhis leads to a gap that even gargantuan text training 
cannot Mll. Oonsider the simple scenario of a car crashC a human walking up to such a 
scene immediately takes in a slew of sensory details including overturned vehicles, tire 
marks on the road, an expression of remorse on one driverHs face, perhaps a whi' of 
alcohol. Lhese perceptions and the knowledge that is gained from taking actions in the 
real world trigger a cascade of commonsense inferences. An FF-, by contrast, gets none 
of those direct impressions. If we describe the accident scene in words, it will try to 
reason from that description, but the 8uality of reasoning now wholly depends on the 
8uality of the description. Tuances a human would notice without a second thought 
might be omitted from the text. And if so, the model cannot ask a followEup 8uestion to 
examine the scene more closely2 it is e'ectively blind outside the given words. Sven in the 
bestEcase scenario where we do provide a detailed account, the FF-Hs understanding of 
physical space and causality is secondEhand. It might know that 4broken window? often 
correlates with a 4car crash,? but it lacks an experiential model of how force, motion, 
and sound interplay in such an event. A human observer also has a full world model, a 
detailed map in their head, and they understand how fast someone would have needed 
to be travelling on that section of road for that type of a collision to occur. Lhis is 
why purely textEtrained models may make mistakes with spatial and physical reasoning 
that any child would Mnd silly. S'orts are underway to give models multimodal inputs 
“images, audio, etc.”, physics engines, world models, and the ability to interact in the real 
world. |ntil then, language alone cannot convey the full truth of reality. Lhere is a tacit 
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dimension to knowledge that comes only from being an embodied part of the world, 
and FF-s stand entirely outside it.

Lhis relates to a profound point. -uch of what an individual human knows is tacit2 
never written down and never read. 1e grow up absorbing unwritten rules and physical 
intuitions and it would sound absurd if we needed to explicitly state them all. :ou can go 
your entire life without anyone ever telling you how Mrmly to hug a friend, how much 
pressure to apply to break open an egg without breaking the yolk, how close to sit to 
a campMre, or the best way to use your index Mnger and thumb to ’ick a biting ’y o' 
your arm. Gowever, if you surveyed a broad population, almost everyone would share 
an understanding of these facts. Lhe other side of this observation is that it is incredible 
how much of this tacit knowledge has been documented across the full corpus of human 
generated text and therefore how much FF-s have read during their training process. 
:ou may have learned something without ever having read about it but that doesnHt 
mean that it hasnHt been written about it by someone. It is increasingly diNcult to Mnd 
examples of tacit knowledge that FF-s are unaware of and this is an interesting area of 
exploration. Oan you think of something that everyone knows to be true but that has 
never been written down and would be excluded from every training setV 

Improving Reasoning

Piven all of the above, how can we improve the reasoning abilities of FF-sV Lhis is an 
active area of research, and multiple promising strategies have emerged. A Mrst approach 
is surprisingly straightforwardC better prompting. By coaxing the model to explicitly 
articulate a reasoning chain, we can often get more accurate results. …or example, rather 
than asking an FF- directly for the answer, we might addC 4Lhink step by step? or we 
might provide a few examples of stepwise reasoning before the 8uestion. Lhis techni8ue, 
known as chainEofEthought prompting, has been shown to signiMcantly enhance perforE
mance on complex tasks. In one study, ;ust by giving a large model a couple of worked 
examples with intermediate steps, researchers caused a dramatic ;ump in math word 
problem accuracy. Lhe model, unguided, solved only z3.j/ of problems correctly, but 
with chainEofEthought prompting, the same modelHs success rate soared to J0.j/.z) Lhe 
reason is that prompting the model to produce its reasoning se8uence helps it avoid leaps 
and errors2 it e'ectively uses its own output as scratch paper, breaking a problem into 
subparts that it can tackle in turn. Another set of techni8ues involves using the modelHs 
own generative abilities in a selfEre’ective loop. Wne such method is to run multiple 
reasoning paths in parallel and then compare them, selecting the most consistent answer. 
Lhis is called selfEconsistency decoding. Instead of trusting a single chain of thought 
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“which might go astray”, we sample, say, J or z( independent chains of thought from 
the model for the same 8uestion. Wften the answers will agree on a ma;ority outcome. 
Laking that ma;ority answer greatly improves reliability. In experiments, this kind of 
selfEconsistency voting boosted solution accuracy by several percentage points across a 
suite of reasoning benchmarks.z5 In essence, the modelHs multiple 4opinions? can be 
averaged to cancel out some randomness or error, much as a panel of solvers might 
outperform any one individual or an individual may try looking at a problem from 
multiple angles. Dimilarly, researchers use re;ection sampling and reMnementC have the 
model propose an answer and then check the answer. If it fails, prompt the model to 
try again or ad;ust its answer. Lhis iterative feedback approach can correct mistakes 
that the model would not catch on its own in a single pass. Beyond prompting and 
decoding tricks, there is work on modifying the internals of model architecture to 
bolster reasoning. Wne idea is to train models with a sort of explicit reasoning module. 
Sarly research in this vein has introduced modules for planning or tools for the model to 
consult “like a calculator or a database” as it reasons, in;ecting a bit of algorithmic rigidity 
into the otherwise fuqqy neural network. Another frontier is multimodal integration, 
giving the model eyes, ears, or the ability to act, thereby grounding its reasoning in the 
real world. Lhe latest systems are beginning to accept image inputs in addition to text, so 
they can, for instance, examine a diagram or a photograph when answering a 8uestion. 
Roboticists are pairing language models with robotic controllers, so that a model can 
physically interact with ob;ects and get feedback from an environment. By linking words 
to sensory data and action, these e'orts aim to overcome the fundamental limitation of 
languageEonly reasoning and for models to develop their own tacit knowledge. Indeed, 
a notable research direction is building world models and simulation tools into AI2 
structured representations of physics, geography, social rules, etc., that an FF- can 
8uery when pure text prediction is insuNcient. 

A common theme in this space is that models are improving 8uickly. Recently, WpeE
nAI has launched a new series of models that specialiqe in reasoning. Lwo of the models 
in this series are the oz and o) models. oz costs 0( times as much as P6LE5o to run in 
early –(–J which is a re’ection of the signiMcant amount of additional compute that is 
used during the inference process2 described as testEtime compute. 6ut simply, leveraging 
some of the methods described above, the model is given more time to think about the 
problem at hand. Wn the Oompetition Oode “Oodeforces” benchmark, P6LE5o, which 
is already an improvement over the P6LE), P6LE).J and P6L 5 models used in much 
of the early research, scores ;ust j.). Lhe oz model signiMcantly improves on that with 
a score of 35.) and o) scores jz.0. -any of the perceptions of the weaknesses of FF-s 
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in the domain of reasoning are 8uickly becoming invalid as these models now approach 
human performance in a wider range of benchmarks.

Lhe coming decade will likely see an exciting convergence of approaches, combining 
the raw power of large language models with the structured reliability of symbolic logic, 
enriched by realEworld grounding from multimodal data. Lhis hybrid path is how AI 
may gradually close the gap in reasoning ability. &ust as the Apollo z) engineers used duct 
tape and imagination to connect disparate parts and create something new, we are now 
stitching together the strengths of di'erent AI paradigms. Lhe result could be machines 
that donHt ;ust manipulate symbols or predict text, but reason about the world in a way 
that is deeply informed, contextually aware, and increasingly trustworthy.

Software Development

Doftware development is basically an exercise in reasoning and so it is no surprise that it 
is one of the Mrst domains where reasoning capable FF-s are making a meaningful imE
pact. Piven a set of re8uirements, software developers use reasoning skills to write code 
that will satisfy those re8uirements. Farge language models trained on code have rapidly 
evolved from simple autocomplete tools into agents capable of complex programming 
reasoning. Sarly code models like WpenAIHs Oodex were mainly used to predict the 
next few lines of code, but todayHs stateEofEtheEart FF-s can break down algorithmic 
problems, plan solution steps, and generate entire programs that meet speciMcations. Wn 
WpenAIHs GumanSval “a set of 6ython programming tasks”, top models achieve close 
to j(/, a dramatic improvement from the 00.J/ of P6LE).J ;ust two years earlier.zJ 
Dimilarly, on the -B66 benchmark of basic 6ython problems, an agentic work’ow 
that leverages AnthropicHs Olaude ).J FF- solves over j5/ of tasks, nearly matching 
expertElevel performance.z0 Lhese Mgures re’ect the exceptional reasoning ability of 
FF-s in this speciMc domain. Rather than merely regurgitating code patterns, they 
can analyqe problem descriptions, hold multiple re8uirements in mind, and synthesiqe 
novel solutions that satisfy unit tests and speciMcations. Lhere are three reasons why 
AI agents that leverage FF-s are showing so much success in tackling the domain of 
software. …irst, there is an incredible abundance of examples of software code from the 
openEsource movement for models to ingest. Decond, software development is often a 
closedEloop problem, meaning that it is possible for the agent to check its own work and 
iterate until the code works as desired. If an agent provides gardening advice on how 
to grow the biggest carrots, it has no way of knowing if that advice was correct or led to 
positive results. Wn the other hand, when building a piece of software, it is often possible 
to also develop a set of tests to verify that the code is functioning as desired. And if it 
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isnHt working, then another attempt can be made and it can keep iterating until it gets 
it right. It can then present the Mnal solution to the user who may not be aware of all 
the mistakes that were made in the interim. …inally, software development is an example 
of a reasoning domain where almost the entire context exists in text. A doctor may pick 
up on subtle sounds in a cough and a lawyer may sense agitation in a ;ury and this extra 
context gives these professionals a legEup on an FF-. Wn the other hand, an FF- is on 
even footing with a human programmer in terms of the context they are working with.

Lhe implications of these coding capabilities for the software industry and the proE
fessionals in it are signiMcant and we will explore those in the next chapter. …irst though, 
we will consider what happens when FF-s wield this power in the process of answering 
a 8uery from a user.

1eHve discussed how FF-s are poorly suited to performing lengthy se8uences of 
mechanically precise operations such as adding two ten digit numbers by working 
through each step as a human might do on a pad of paper if they didnHt have access to 
a calculator. In those cases, weHve suggested that an AI agent could send the 8uery to 
a calculator instead of an FF-. 1e can now envision something even more powerful. 
Imagine a user asks a 8uestion about how to calculate a ’ight path to the moon and 
they want to create an animation showing that ’ight path. Lhe FF- is only e8uipped 
to output text and so it canHt provide a direct response to satisfy this 8uery. Wn the other 
hand, the FF- could break down the problem into steps. In the Mrst step, the FF- 
would play the role of a product manager. It would write a set of re8uirements for a 
software program that would be able to show an animated ’ight path. It would draw on 
its knowledge to specify the correct physics principles and formulas to use. In the next 
step, the FF- would play the role of a software developer. It would leverage its capability 
to write software code to create a program that would satisfy those re8uirements. At the 
end of the process, the FF- would return a working computer program that the user 
could run to generate an animation of the ’ight path. 

Lhis capability is incredibly powerful and signiMcantly expands the scope of what 
FF-s can be used for. Imagine a company or government that has a database with z 
billion rows of data. Lhere is no reasonable way to put all of that data into a prompt 
to ask the FF- to analyqe it. Sven if there was, the FF- would be poorly suited to 
that task. Wn the other hand, the FF- can now write a bespoke software application 
to perform any type of analysis that the user is interested in. It can even suggest types 
of analysis that may be interesting or do its own exploring and report back to the user 
about any Mndings that stand out. 1hatHs interesting and important to understand is 
that the FF- may not even expose the software program to the user. Lhe ability to 
write custom software programs in the service of responding to a user 8uery greatly 
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expands the scope of user 8ueries for which an AI agent can provide a useful answer and 
signiMcantly improves accuracy on a wide range of problems for which software excels.

Every GUI becomes an API

Although itHs very interesting that AI agents can now write their own software proE
grams, what about all of the existing software in the worldV Is there a need for them 
anymoreV Lhere are two strong arguments for AI agents to interact with existing softE
ware programs. Lhe Mrst is that many of these programs are extremely sophisticated2 
having been developed, tested, and reMned over many years by large teams of human 
experts. …or example, we can think of physics simulators, OA7 programs, and banking 
systems. It would be extraordinarily expensive to use an FF- to try to reEcreate these 
programs from scratch every time we needed to perform a task. It is also unlikely that 
such a program would be as robust and reliable as existing solutions. Although FF-s 
have become capable at tackling small programming problems, they still stumble when 
trying to develop or maintain large and complex code bases. Lhe second reason is that 
many of these existing software systems are a channel to the real world. Access to these 
systems is a method to ingest new data. A lawyer might beneMt less from an AIHs elo8uent 
description of case law than from the AI directly pulling records from a court database 
that is only accessible through a web browser. Access to these systems can also allow 
the AI agent to take actions such as initiating a transfer of funds or even controlling a 
physical component such as a valve in a water treatment system. Lhe emerging solution 
is to let AI systems control those very tools, operating the softwareHs interface on our 
behalf. 

Orucially, this doesnHt re8uire inventing new specialist software2 it leverages the vast 
ecosystem of tools already in use. Lhe bottleneck has always been the interface between 
human and machine2 the fact that a person had to sit and click and interpret the screen. 
Lhat bottleneck is now widening. 1e see precursors in the business world through 
Robotic 6rocess Automation “R6A”, where software 4bots? perform repetitive |I tasks 
like form entry. Indeed, as of a few years ago, 35/ of companies worldwide had impleE
mented some form of R6A to streamline routine work.z3 But traditional R6A is limited 
to relatively simple, ruleEbased se8uences. It breaks easily when anything unexpected 
appears on screen, and it canHt truly understand the content itHs handling. By contrast, 
the new AI agents bring ;udgement and adaptability. Lhey combine the perception of a 
human user that can read text and recogniqe onEscreen patterns, with the superhuman 
precision of software. If a dialog box pops up with an unfamiliar error message, a 



A -IT7 -A7S W… -ALG 67…X0

wellEtrained AI agent can interpret it and Mnd a workaround, much as an experienced 
user would. Lhis dramatically extends the frontier of what can be automated. 

Recent advances have unlocked the ability for AI agents to interact with graphical 
user interfaces “P|Is” in the same way humans do2 by clicking buttons, typing into 
Melds, and navigating menus. In a future chapter, we will discuss additional modalities 
such as images and video in more detail. Lhe ability to analyqe what is presented on 
a screen is an example of an additional modality beyond text. In a –(–5 survey by 
-icrosoft researchers, scholars noted that AI agents powered by FF-s can now interact 
with computer interfaces ;ust like humans do, executing tasks via P|Is rather than 
through traditional A6Is.zX Lhese 4P|I agents? interpret naturalElanguage instructions 
and carry them out onEscreen, e'ectively turning any softwareHs interface into an A6I 
endpoint for the AI. WpenAI demonstrated this concept with its Wperator agent in early 
–(–J, which uses a visionEenabled P6LE5 model to control a web browser autonomo
usly.zj Lhe AI can read a webpage, click links, Mll forms, all the things a human user 
would do, but without needing custom integrations. Wperator treats the browser itself 
as the action space, so every website becomes accessible. AnthropicHs Olaude with its 
Oomputer |se mode, and PoogleHs rumored 6ro;ect &arvis also aim to let AI directly 
operate software on usersH behalf.

In general, this approach vastly broadens the scope of what AI systems can do. Any 
application with a P|I, from the newest cloud app to a )(EyearEold desktop proE
gram, can, in theory, be operated by the AI as if through a universal remote control. 
Researchers describe this as a 4paradigm shift, enabling users to perform intricate, 
multiEstep tasks through simple conversational commands.?–( Instead of learning the 
intricacies of doqens of software programs with thousands of pages of documentation, 
a person could simply tell an AI agent what outcome they want, and the agent handles 
the complex series of clicks and steps needed to make it happen. Analysts are already 
siqing the opportunity. Wne report forecast a š0j billion market for such AIEdriven auE
tomation by –(–X, up from ;ust šX.) billion in –(––.–z Lhe level of reasoning re8uired to 
operate most software packages is relatively simple as software contains comprehensive 
documentation and is a well constrained environment. Lhe ability to turn every P|I 
into an AIEaccessible A6I is poised to change how we use software at a fundamental 
level.

Legacy Systems and Limitless Integration

Wne immediate implication of AI that can control interfaces is a radical new approach 
to integrating and moderniqing legacy systems. Wrganiqations today struggle with 
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decadesEold software such as proprietary control systems, mainframeEbased Mnancial 
systems, and aging SR6s, that lack modern A6Is or extensibility. In the past, connecting 
to these systems or automating them meant expensive migrations to modern systems 
or brittle screenEscraping scripts. Tow an AI agent can simply learn to operate the 
old interface, e'ectively wrapping a zjj(s application in –(–(s intelligence. Lhe AI 
doesnHt care if the software is a greenEscreen terminal or a cobwebbed 1indows %6 
tool2 if it can see the screen and simulate keyboardćmouse input, it can use the program. 
Lhis capability can breathe new life into outmoded software. Instead of undertaking a 
multiEmillion dollar upgrade pro;ect, a company might deploy an AI assistant to act as an 
intermediary2 reading data from a legacy inventory management P|I and passing it on 
to a modern cloud application that handles order management. Svery piece of software, 
no matter how old, thus becomes accessible and interoperable via the AI. A logistics Mrm 
could link its zjX(sEera shipment scheduling tool with a modern route optimiqation 
app by simply instructing an AI agent to use both in tandem, something that used to 
demand custom code or manual work. In short, AIHs control of P|Is turns software 
age into a nonEissueC if a human can still use it, the AI can use it too, which means even 
4legacy? software can be integrated into automated processes.

Unlocking a new Renaissance Era

Across many professions, true expertise re8uires not ;ust domain knowledge but ’uency 
in complex software tools. Architects and engineers spend years mastering OA7 and 
BI- “Building Information -odeling” platforms2 Mnanciers and accountants train exE
tensively on Bloomberg terminals and specialiqed business analytics software2 doctors 
and radiologists learn to navigate medical imaging suites2 lawyers wrestle with eEdisE
covery databases and case management systems. Lhese tools are powerful but impose 
a steep learning curve. Sntire careers and certiMcations are built around operating them 
e'ectively. Lhis creates a silo of expertiseC a professionalHs software literacy in a given 
platform can be as important as their conceptual knowledge. Lhe complexity of software 
systems has led to a high degree of specialiqation in careers.

Lhis has left some professionals yearning for an earlier time. Lhe concept of the 
renaissance man or woman traces its roots back to the Suropean Renaissance, spanning 
roughly the z5th to z3th centuries, when cultural ’ourishing emphasiqed a wellEroundE
ed pursuit of knowledge across arts, sciences, and humanities. …igures like Feonardo 
da $inci epitomiqed this ideal, demonstrating mastery not only in painting but also 
in anatomy, engineering, and mathematics. Dimilarly, polymaths such as -ichelangelo, 
who excelled in sculpture, architecture, and poetry, and Isabella dYSste, an in’uential paE
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troness, scholar, and diplomat, embodied the Renaissance aspiration toward versatility, 
intellectual curiosity, and comprehensive selfEdevelopment. Lhis broad pursuit of exE
cellence across disciplines was inspired by classical anti8uity, where intellectual breadth 
was admired and considered essential for personal fulMllment and societal contribution. 
Lhe enduring legacy of the Renaissance individual continues to symboliqe the holistic 
integration of diverse skills, creativity, and intellect in a specialiqed modern world.

AI agents that are capable of P|I control may help unlock a new renaissance era. If an 
AI agent can instantly operate Revit or Dolid1orks or DA6 on behalf of a user, the focus 
shifts from learning the interface to deMning the task. A new generation of professionals 
may study multiple disciplines in university and then leverage AI to bring their visions 
to life. A single person may be able to Mll the role of the architect, structural engineer, 
and G$AO designer on a pro;ect.

Portable Skills and Reduced Vendor Lock-In

1hen AI agents can operate any software given the right training, the uni8ue 8uirks of 
di'erent software packages start to matter less to the end user. Lhis could lead to a layer 
of abstraction where the task is speciMed in a general way, and the AI translates that into 
whichever application is available. In e'ect, the AI agent serves as a universal adapter 
between the humanHs intent and the softwareHs speciMc interface. …or organiqations, this 
might mean less dependence on particular vendors or platforms. Loday, a design Mrm 
might hesitate to switch from AutoOA7 to a rival OA7 tool because its sta' would 
face a steep learning curve all over again. In a future with mature AI assistants, that Mrm 
could switch software and simply instruct its AI to learn the new interface while the 
human designers continue describing their goals in familiar terms. Lhe AI takes care of 
4learning? the new menu layouts or command syntaxes. Lhe humanEmachine teamHs 
productivity doesnHt su'er the same trough of ineNciency that typically accompanies 
adopting a new tool.

Lhis portability of skill could loosen the grip of vendor lockEin. Doftware companies 
have long relied on the fact that once a workforce is trained on their system, there is 
inertia that keeps those customers from ;umping to competitors. If AI agents mitigate 
the retraining cost, companies might feel freer to choose the best tool for the ;ob at any 
time, knowing the AI can adapt to it. It also means an individualHs expertise becomes 
more transferable between organiqations that use di'erent software stacks. A logistics 
planner skilled in optimiqing delivery routes might work at one company with Doftware 
A and move to another company using Doftware B without missing a beat U she delegates 
the interface speciMcs to her AI assistant and focuses on the core logic of route planning. 
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1e might even see standardiqed work’ows in the AI agents that are toolEagnosticC for 
example, a blueprint for 4generate monthly sales report? that an AI agent can execute 
in WracleHs system or DA6 or a custom inEhouse tool, whichever the employer has, by 
ad;usting to the interface di'erences on the ’y. In essence, AI could become a great 
e8ualiqer across software ecosystems, ensuring that capability is not limited by the userHs 
manual proMciency in a particular product. Lhis trend would have signiMcant economic 
e'ects on the software industry, potentially driving competition toward better underE
lying functionality and results, rather than on trapping users with proprietary interfaces 
and long training cycles. It could also spur more open design of software, knowing that 
ultimately an AI agent might be the one operating it U perhaps interfaces will even be 
optimiqed not ;ust for human usability but for AI interpretability, blurring the line 
between a traditional P|I and an A6I.

Lowering Barriers to Advanced Tools

Lhere are advanced software systems today that, despite their power, remain underE
utiliqed because of their complexity. Building Information -odeling in construction 
and architecture is one exampleC it o'ers tremendous beneMts in coordinating designs, 
detecting con’icts, and managing pro;ects, yet many Mrms, especially smaller ones, have 
been slow to adopt BI- fully and its use is almost exclusively limited to commercial 
pro;ects today. A primary reason cited is the steep learning curve and the shortage of proE
fessionals deeply skilled in these multifaceted tools. Dimilar stories abound in other Melds. 
Oonsider sophisticated statistical analysis platforms used in Mnance or cuttingEedge 
simulation software in aerospace engineering. Lhey promise leaps in capability, but only 
if one can navigate their labyrinthine interfaces and options. AIEassisted P|I operation 
could dramatically lower these usability barriers. An AI agent that has been trained on 
how to drive a BI- application could enable a lessEexperienced architect to reap the 
beneMts of BI- on a pro;ect without extensive retraining. Lhe architect might simply 
say, 4Arrange the plumbing layout to meet code and avoid collisions with electrical,? 
and the AI, acting through the BI- software, can execute that instruction U something 
that otherwise would demand an expertHs manual e'ort. In medicine, we might Mnd 
that advanced diagnostic imaging tools or treatment planning systems, which today 
are handled by specialists, become more broadly accessible. A general practitioner in a 
remote area could utiliqe an AI agent to operate complex imaging software to analyqe 
scans, essentially having a virtual radiology technician at their disposal.

By lowering the expertise threshold needed to use powerful software, AI stands to 
democratiqe many highEend capabilities. 1e could see wider deployment of tools like 
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simulationEdriven design, predictive analytics, or PID mapping in organiqations that 
previously lacked the inEhouse specialists to use them. Lhis has a reinforcing e'ectC 
broader use of advanced tools can lead to better outcomes “better building designs, 
more eNcient supply chains, more informed medical decisions”, which in turn may 
drive those industries forward. Gowever, it also means rethinking how we educate and 
certify professionals. Lhe traditional model of learning a tool Mrst and then applying it 
might get inverted to applying the tool via AI assistance and learning deeper speciMcs 
on the ’y as needed. Lhere is a parallel here to how calculators and computers changed 
math education. Initially feared as making certain skills obsolete, they ultimately allowed 
focusing on higherElevel problem solving. Fikewise, if BI- or similar tools become 
pushEbutton easy “with AI behind the scenes doing the pushing”, the emphasis for 
human experts may shift to the creative and analytical decisions before and after the 
softwareHs operations. 1e must be mindful, though, that easy access can sometimes 
lead to misuse. 1ithout understanding the toolHs fundamentals, users might overErely 
on AI outputs. Lhe complexity of many software systems today acts as a gatekeeping 
function and proMciency in the use of these applications is used, for better or worse, as 
a rough litmus test for domain expertise. In the future, we could end up with a scenario 
where a teenager that is highly skilled at prompting AI agents is hiding behind a fake 
online proMle and posing as an architect or engineer. If they can deliver full drawing 
packages that are capable of fooling county inspectors, they may be 8uite successful 
but homebuilders would likely be 8uite upset to Mnd out that the drawings were not 
prepared with any experienced or professional oversight.  

Collaborative Control: Humans and AI Sharing Work.ows

Rather than removing humans from the loop entirely, these developments point toward 
new hybrid work’ows where humans and AI share control of software. In practice, an 
AI agent might handle the grunt work of a task and then pause for a person to provide 
;udgment or sensitive input. 7evelopers of these systems are already building in collabE
orative featuresC WpenAIHs Wperator agent, for example, will automatically hand back 
control to the user when it encounters a step re8uiring delicate ;udgment, credentials, or 
permission such as entering a password or conMrming a purchase. In a future oNce, one 
could imagine a 4coEpilot? mode for any application. A Mnancial analyst could watch as 
her AI assistant navigates through Sxcel and a proprietary accounting tool to compile 
8uarterly results2 at any moment, she can take over with a click to ad;ust a formula or 
make a sub;ective decision about an unusual expense entry, then let the AI continue. 
Lhis kind of mixedEinitiative interaction has been a goal of humanEcomputer interaction 
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research for decades2 the idea that neither human nor AI has to do z((/ of a task, but 
can ’uidly pass control back and forth as needed.

Duch collaboration could become 8uite seamless. Lhe AI might have a standing 
instruction to defer to the human whenever a legal disclaimer appears on screen, or to 
ask for conMrmation before Mnaliqing an action that carries signiMcant cost. -eanwhile, 
the human user starts to develop an intuitive trust in the AI for rote operations. …or 
example, the human operator might let the AI agent download all the reports from 
the company portal because it has proven to be reliable at that step in the past but will 
remain engaged for the highElevel review before it gets sent o'. Wver time, interfaces 
themselves might evolve to support this partnership, perhaps showing a 4ghost cursor? 
or highlight when the AI is taking an action, so the user can observe and intervene 
if something looks o'Etrack. Although most software today has a basic undo log and 
some packages even allow users to record macros, those capabilities will be expanded 
upon when working with AI agents. It will be possible to go back to any point in time. 
1hen the AI agent has done something very well under close supervision, the human 
operator will be able to ask the agent to capture the steps of that task in a work’ow 
that can be called upon in the future. Lhe AI agent will capture the work’ow in a 
manner that is still ’exible enough to adapt if the software user interface changes in 
the future. |nlike human operators that are prone to getting rusty on a task that they 
donHt perform on a regular basis, once an AI agent is taught how to do something, it 
will never forget and it can instantly share that training with an unlimited number of 
other agents. Lhe outcome of all of this collaboration is a bestEofEbothEworlds scenarioC 
human ;udgment and oversight combined with machine speed and tirelessness. In Melds 
like medicine or law, such a balance may be essential2 an AI agent can drive the software 
to gather records or Mll out forms, but a human professional will make the Mnal call 
on diagnosis or legal strategy. Rather than replacing skilled workers, the AI becomes a 
highly competent assistant, taking over the keyboard and mouse for the drudgery while 
constantly ceding ultimate authority to the human operator when ;udgment is re8uired. 
Lhis collaborative mode could redeMne work’ows to be far more eNcient, though it 
will also demand new user skills2 not the lowElevel skills of operating software, but the 
higherElevel skills of supervising, guiding, and correcting AI agents.

Wf course, AI agents could also engage with software applications completely indeE
pendent of humans. Wne could imagine submitting a prompt asking for the design of 
a building. Lo perform the task, the AI agent might start by using its internal reasoning 
capabilities to determine the re8uirements for the building. It may then access websites 
to check material costs and availability. As a next step, it may access a specialiqed engiE
neering application to determine the re8uired siqe of a key beam. …inally, it may start a 
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OA7 application and use the interface to make the drawings. In mid –(–J, we are at 
the very forefront of progress in this area and it is very exciting. As AI agents gain the 
ability to reliably access the P|I of every existing software program in the world, their 
capabilities will expand dramatically. 

Conclusion

Lhis chapter has traversed the complex landscape of reasoning, contrasting uni8ue 
human cognitive strengths with the evolving capabilities of artiMcial intelligence. 1hile 
early AI grappled with replicating nuanced thought, and even todayYs large language 
models face inherent limitations and operate di'erently from human cognition, their 
progress across various forms of reasoning is undeniable. Lhe promise of coding has 
been vividly demonstrated, with AI agents now capable of sophisticated software deE
velopment. -ore profoundly, the power of tools is being unlocked as these agents 
learn to operate existing software through graphical interfaces, e'ectively turning the 
vast digital ecosystem into an extensible toolkit. Lhis synergy of advanced reasoning, 
burgeoning coding proMciency, and interactive tool manipulation signiMes a pivotal 
moment, moving AI beyond theoretical problemEsolving towards practical, widespread 
application across countless domains. As these systems continue to evolve, bridging 
the gap between digital intelligence and the real world, they herald an era of ampliMed 
human capability. 
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Chapter Four

Applications, Ethics, and 
Public Policy Implications 
for Large Language 
Models

Introduction

A nya Sharma watched the lnao csnceii,sn caicade acrsii her msn,tsrg a i,oent 
d,k,tao handihaue csncofd,nk a iettoement that redrew the o,nei sp csrbsrate 

accsfnta.,o,ty sn a csnt,nentao icaoeH ver teamg a met,cfosfioy srcheitrated eniem.oe sp 
reaisn,nk akentig had baried beta.ytei sp co,mate msdeo,nk datag crsii reperenced three 
decadei sp s.icfre mar,t,me oawg and drapted reibsni,je arkfmenti ,n psfr oankfakeig 
aoo ,n the t,me ,t snce tssu a xeet sp Ifn,sr aiisc,atei ts i,mboy ,ndeT the d,icsjery 
dscfmentiH Lt wai a iymbhsny sp osk,cg and ihe wai ,ti csndfctsrH She remem.ered 
a t,meg a decade br,srg when the jery nst,sn peot o,ue a threat rather than a brsm,ieH 
-he oate twent,ei had .een a ber,sd sp brspsfnd isc,etao jert,ksH ’aw lrmig her swn 
,ncofdedg had itfm.oed thrsfkh a cofmiy em.race sp aftsmat,sng oead,nk ts em.arq
raii,nk eb,isdei sp AL haoofc,nated brecedenti and a kenf,ne pear that the brspeii,snBi 
psfndat,snao iu,ooi were ersd,nkH ver ch,odrenBi ichssoi had .een thrswn ,nts a itate sp 
near ban,cg krabbo,nk w,th a waje sp fndetecta.oe boak,ar,im that Pfeit,sned the jery 
bfrbsie sp wr,t,nk and reiearchg psrc,nk a ba,npfo .ft fot,mateoy j,tao re,njent,sn sp 
bedaksky ,tieopH Ceysnd the coaiirssm and the csfrtrssmg the ,npsrmat,sn ecsiyitem 
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had .ecsme a .attoekrsfndg w,th iwarmi sp aftsmated berisnai bs,isn,nk bf.o,c d,iq
csfrie wh,oe the csfrti chsued sn a deofke sp aoksr,thm,caooy kenerated pr,jsosfi coa,miH 
-he kreat csbyr,kht wari had b,tted creatsri aka,nit the mach,neg a .,tter csnx,ct that 
nearoy prsWe .sth ,nnsjat,sn and art .epsre a new kos.ao csnienifi sn data o,ceni,nk and 
d,k,tao brsjenance wai hammered sftH Lt wai a tfr.foent baiiakeg an era sp recusn,nk 
where isc,ety wai psrced ts csnprsnt the jery arch,tectfre sp ,ti ,nit,tft,snig prsm 
edfcat,sn and oaw ts the natfre sp embosyment and trfthH -he isoft,sni were nst 
i,mboe“ they rePf,red new ,nternat,snao accsrdig new psrmi sp brspeii,snao o,cenifre psr 
hfman AL csooa.srat,sng and a pfndamentao reth,nu,nk sp hsw jaofe wai created and 
csmbeniatedH Cft the chasi had .een a crfc,.oeH ”hat had peot o,ue an fnrajeo,nk wai 
,n pact a neceiiaryg ,p ba,npfog reweaj,nk sp the isc,ao pa.r,cH

Versatile Applications in Everyday Life

”e haje ossued at hsw oarke oankfake msdeoi came ts .eg d,icfiied the,r ihsrtcsm,nkig 
and tauen nste sp the,r rab,d rate sp ,mbrsjementH ”e are nsw ks,nk ts rej,ew the 
,mbo,cat,sni sp ’’Ri psr isc,ety and csni,der isme sp the r,iui and eth,cao d,oemmai 
aiisc,ated w,th the,r fie and dejeosbmentH Ai par .acu ai we can lnd ej,denceg hfmani 
haje .een dejeosb,nk technsosk,eiH Uaroy technsosk,ei were ai .ai,c ai the fie sp ba,nt 
ts draw iym.soi sn caje waooiH Ln msre recent t,meig we haje harneiied rscuet bswer 
ts trajeo ts the mssng d,icsjered hsw ts tranim,t ,npsrmat,sn arsfnd the kos.e at the 
ibeed sp o,khtg and haje ejen oearned hsw ts wsru w,th the ,nkred,enti sp o,pe ts cosne 
mammaoiH Yeib,te aoo sp th,ig the cfrrent rsfnd sp AL technsosky hai cabtfred sfr 
,mak,nat,sni and peari ,n an fnbrecedented wayH -he a.,o,ty ts fie natfrao oankfake 
ts reaisn and csmmfn,cate ,i deeboy and fn,Pfeoy hfmanH Gsr the lrit t,meg we are 
pac,nk the bstent,ao sp a technsosky that aooswi fi ts e6ect,jeoy rebo,cate that caba.,o,tyH 
Lt ihsfod nst .e ifrbr,i,nk that the dejeosbment sp that technsosky ,i cafi,nk fi ts 
rej,i,t ejery aiifmbt,sn a.sft hsw sfr isc,ety pfnct,sniH 

’arke oankfake msdeoi haje rab,doy .ecsme jeriat,oe tssoi psr csfntoeii taiui ,njsojq
,nk wr,tten oankfakeH ”hat mauei ’’Ri is ,ntr,kf,nk ,i that a i,nkoe iyitem can aii,it 
w,th a w,de array sp act,j,t,eiH A csmmsn theme that we w,oo retfrn ts ,n th,i .ssu 
,i the fn,jeriao,ty sp oankfakeH -rad,t,snaooyg csmbfteri haje .een csnitra,ned .y jery 
r,k,doy delned ,nbft mechan,imiH ”,th ’’Rig we nsw haje a tsso that aooswi fieri ts 
,nteract w,th a csmbfter iyitem w,th the iame tybe sp xeT,.,o,ty that we ,nteract w,th 
sther hfmaniH Ln dayqtsqday o,peg besboe are d,icsjer,nk myr,ad fieiH Aiu a hsfiehsod 
Pfeit,sng and the msdeo can k,je ysf a itra,khtpsrward aniwerH 4How do I remove a wine 
stain from carpet?0 m,kht y,eod a itebq.yqiteb isoft,sn draw,nk prsm coean,nk kf,deiH Lp 
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ysf are ieeu,nk lnanc,ao boann,nk adj,ceg the iame msdeo can sfto,ne a iamboe .fdket 
sr eTboa,n the d,6erence .etween a …sth L…A and a ()'%u2 ,n boa,n Unko,ihH Gsr msre 
boaypfo sr creat,je endeajsrig an ’’R can iw,tch hati and .ecsme a itsryteooer sr bsetH 
Gam,o,ei haje eTber,mented w,th fi,nk ,t ts crapt .edt,me itsr,ei cfitsm,Wed w,th the,r 
ch,odrenBi pajsr,te characteriH -he iame fnderoy,nk msdeog when brsmbted d,6erentoyg 
m,kht csmbsie w,ttyg iat,r,cao csmmentary i,m,oar ts Raru -wa,n:i ityoe sr rewr,te a 
mfndane barakrabh ,n a wh,mi,cao YrH Sefii cadenceH -heie fieqcaiei are tyb,cao sp the 
tybei sp eTber,menti that besboe try sft when kett,nk itarted w,th an ’’R .ft they 
Ifit icratch the ifrpace sp what ,i bsii,.oe and .eo,e the makn,tfde sp the ,mbact that 
theie AL iyitemi w,oo haje ,n the csm,nk yeariH

Opportunities, Misuse, and Deception in the Education System

AL iyitemi that itsre a oarke bsrt,sn sp the wsrodBi unswoedkeg can ,nterbret natfrao 
oankfake Pfeit,snig and fie natfrao oankfake ts wr,te ejeryth,nk prsm bsemi ts eiiayi 
ts wsrued isoft,sni sp mathemat,cao brs.oemi w,oo d,irfbt edfcat,snH ’arke oankfake 
msdeoi haje embswered a new u,nd sp boak,ar,im and decebt,sn that ,i d,3cfot ts 
detectH Ln academ,ag nearoy ()? sp ifrjeyed csooeke itfdenti ,n 7)7( adm,tted ts fiq
,nk ’’Ri ts aniwer aiieiimentig w,th a imaooer .ft i,kn,lcant pract,sn hand,nk ,n 
ALqwr,tten wsru whsoeiaoeH' -eacheri deicr,.e a new atmsibhere sp m,itrfitH Ln sne 
MHSH ifrjeyg haop sp edfcatsri rebsrted that the r,ie sp AL made them msre ifib,c,sfi 
that itfdentiB wsru wainBt the,r swnH7 Lt snoy tauei a pew .oatant caiei ts peed th,i 
ifib,c,snH Ene brspeiisr nsted that he rece,jed eiiayi where the itfdent psrkst ts deoete 
Nhat9O-Bi teootaoe bream.oe& “I am just an AI language model, I don’t have an opinion 
on that”.J ”,th each fncannyg weooqitrfctfred eiiay that oandi sn the,r deiug ,nitrfctsri 
are oept wsnder,nk& d,d the itfdent ifddenoy haje a .reauthrsfkhg sr d,d they ket a o,ttoe 
4heob0 prsm a t,reoeii rs.st wr,ter8  

vsw can ichssoi reibsnd8 Ln the icram.oe ts breierje academ,c ,ntekr,tyg many haje 
reached psr pam,o,ar depenieiH Ssme brspeiisri are retfrn,nk ts baber eTami and ,nqcoaii 
wr,t,nkg yanu,nk aiieiimenti .acu ,nts s$,ne ibacei where AL aii,itanti canBt eai,oy 
,ntrfdeH Etheri nsw rePf,re itfdenti ts ihsw ej,dence sp the,r brsceii ifch ai sfto,neig 
draptig ed,t,nk oski“ hsb,nk ts brsje that an eiiay wainBt csnIfred ,n sne AL .frit .ft 
crapted thrsfkh hfman e6srtH -here ,i taou sp ibec,ao,Wed oscuedqdswn csmbfteri psr 
sno,ne teiti and a ih,pt ts srao eTami where itfdenti haje ts ibeau the,r aniweri sn the 
ibstH ’’Ri are psrc,nk edfcatsri ts recsni,der osnk eita.o,ihed .eit bract,ceiH Ln sne 
bsii,.oe icenar,sg itfdenti w,oo tfrn ts AL tftsri at hsme ts .e edfcated and the br,mary 
rsoe sp ichssoi w,oo .e ts berpsrm aiieiimenti ,n weoo csntrsooed enj,rsnmenti where 
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cheat,nk ,i nst bsii,.oeH LtBi pa,r ts iay that msit besboe wsfod akree th,i ,i nst sbt,mao 
and many wsfod ejen deicr,.e ,t ai dyitsb,an“ a wsrod where rs.sti ds the teach,nk 
and teacheri are reoekated ts the rsoe sp brsctsriH ”h,oe ichssoi adabt ts lkfre sft hsw 
ts accfrateoy teit and ejaofate itfdenti ,n th,i new erag there ,i a mean,nkpfo r,iu that a 
kenerat,sn sp itfdenti may manake ts ket thrsfkh the iyitem w,thsft brsberoy oearn,nk 
psfndat,snao iu,ooiH Yfr,nk th,i erag the h,kheit kradei may .e awarded ts the itfdenti 
that haje the .eit acceii ts technsosky and are msit w,oo,nk ts fie ,t ts cheatH

-rad,t,snao boak,ar,im checueri are ,ooqePf,bbed psr th,i new threat and a new kenq
erat,sn sp tssoi that checu psr AL kenerated csntent are eai,oy pssoedH …eiearcheri haje 
ihswn that a iajjy itfdent can fie AL ts barabhraie ALqwr,tten teTt ,n ossbi fnt,o ,t 
io,bi bait detectsri ent,reoyg w,th m,n,mao osii ,n csherenceH( -h,i fnreo,a.,o,ty can aois 
oead ts paoie bsi,t,jei and hai oed ts ier,sfi m,iitebiH Ln sne nswq,npamsfi ,nc,dentg 
a -eTai AVR ,nitrfctsr ran h,i ent,re coaiiBi eiiayi thrsfkh Nhat9O- and ,t xakked a 
nfm.er sp themH -he brspeiisr accfied thsie itfdenti sp cheat,nkH Enoy apter an fbrsar 
d,d ,t emerke that the eiiayi were actfaooy wr,tten .y the itfdentiH; -he itfdenti were 
eTsneratedg .ft the damake ts trfit and msraoe wai dsneH -he de.acoe fndericsred a 
d,oemma& fno,ue boak,ar,Wed wsrug wh,ch can .e traced ts a isfrceg ALqkenerated wr,t,nk 
oeajei ns lnkerbr,ntiH A iynthet,c .sdy sp teTt ,i fn,Pfeg spten rem,T,nk ,npsrmat,sn 
,nts sr,k,nao bhrai,nkH Shsrt sp a csnpeii,sn sr an s.j,sfi ko,tchg teacheri are oept ,n a 
psk sp fncerta,ntyH

Am,d th,i cracudswng deeber bedaksk,cao Pfeit,sni ossmH Lp AL can bstent,aooy ds 
any taueqhsme taiug what ,i the bs,nt sp trad,t,snao hsmewsru and eiiayi8 Ys edfcatsri 
dsf.oe dswn sn brejent,nk AL fieg sr ds they accebt that itfdenti w,oo haje theie tssoi 
and redei,kn edfcat,sn accsrd,nkoy8 -h,i de.ate hai ibo,t the academ,c csmmfn,tyH 
En sne i,de are thsie whs iee fnlotered AL fie ai a kraje threat ts oearn,nkH -hey 
arkfe that when a itfdent deoekatei th,nu,nk ts an aoksr,thmg the itfdent m,iiei sft 
sn the jery itrfkkoe thrsfkh wh,ch ,ni,kht and iu,oo are .srnH Orspeiisr Xsoo,msreg apter 
catch,nk waje apter waje sp ALqwr,tten baberig peared that kenerat,je AL 4ihsrtqc,rcf,ti 
that brsceii ent,reoy0“ the psrmat,je brsceii sp krabbo,nk w,th ,deai and lnd,nk sneBi 
swn js,ceH Ln h,i j,ewg isme itfdenti were aoo tss ready ts oet csooeke waih sjer them 
w,thsft chank,nk them at aoog fi,nk AL ts csait prsm sne aii,knment ts the neTt and 
rema,n 4brec,ieoy the iame berisn at kradfat,sn0 ai sn day sneH1 A itfdent whs cheati 
the,r way thrsfkh a baber dseinBt Ifit psso the brspeiisrg they psrks the chance ts 
oearn hsw ts itrfctfre an arkfment and hsw ts fnderitand the mater,ao sn a berisnao 
oejeoH -hsie osiiei accfmfoateH A kenerat,sn sp ALqdebendent itfdenti m,kht enter 
adfothssd haj,nk nejer oearned ts wr,te a csherent eiiay sr isoje a brs.oem prsm lrit 
br,nc,boeiH -he wsrry ,i that csre iu,ooi w,oo atrsbhy sr nejer dejeosb ,n the lrit boaceH 
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Lp a chat.st handoei aoo ysfr Grench tranioat,snig ysfr csnIfkat,sn iu,ooi rfit“ ,p ,t coeani 
fb ysfr krammarg ysf m,kht nejer ,nternao,We the rfoeiH Ai sne edfcat,snao eTbert ,n 
the R,ddoe Uait bft ,tg the ksao sp ichsso,nk ,i ts 4teach itfdenti hsw ts th,nug nst Ifit 
ts eTtract ,npsrmat,sn prsm ALqkenerated isfrcei0HK 

-he adjent sp AL iyitemi w,th reaisn,nkqo,ue caba.,o,t,ei ,i aois ra,i,nk .rsad isc,etao 
Pfeit,sniH Ene maIsr csncern ,i cskn,t,je s$sad,nkH Lp itfdentig brspeii,snaoig sr ejen 
bso,cymaueri .ek,n deoekat,nk reaisn,nk taiui ts ALg what habbeni ts hfman iu,ooi and 
dejeosbment8 Udfcatsri wsrry that eaiy acceii ts an ’’R that can eTboa,n anyth,nk sr 
ejen ds hsmewsru m,kht cafie itfdenti ts iu,b the hard wsru sp oearn,nk and cr,t,cao 
th,nu,nkH Ssme reiearch ihswi a nekat,je reoat,snih,b .etween ,ncreaied fie sp AL and 
cr,t,cao th,nu,nk iu,ooiH– Lp a itfdent can aiu Nhat9O- ts wr,te an eiiay csmbar,nk tws 
o,terary characterig and the reifot ,i baiia.oeg the itfdent m,iiei sft sn the anaoyt,cao 
brsceii they wsfod fnderks ,n wr,t,nk ,t themieojeiH Ejer t,meg reo,ance sn AL psr 
thsfkht csfod brsdfce a kenerat,sn oeii adebt at brs.oemqisoj,nk ,ndebendentoy“ a u,nd 
sp 4fie ,t sr osie ,t0 e6ect sn the m,ndH 

-h,i ,i nst the lrit t,me we haje had a i,m,oar de.ateH Naocfoatsri and ibeoochecu 
are tws anaosksfi technsosk,eiH -he kenerao csnienifi when thsie technsosk,ei were 
,ntrsdfced ,i that there ,i it,oo i,kn,lcant jaofe ,n itfdenti oearn,nk hsw ts berpsrm 
eiient,ao ,nteooectfao o,pe iu,ooi fna,ded and the cfrr,cfofm rexecti that tsdayH At the 
iame t,meg there ,i a .aoanceH Ln msre ien,sr yeari theie tssoi are aooswed ts .e fied 
,n many academ,c csnteTti ai the pscfi ih,pti ts h,kher oejeo taiuiH Lt ,i tauen ai a 
k,jen that a itfdent ,n h,kh ichsso ,i caba.oe sp berpsrm,nk mentao math ai that wai 
tafkht and ejaofated at oswer oejeoiH Ln the ,ntereit sp t,meg they are then aooswed ts 
fie a caocfoatsr ,n ien,sr oejeoi is that they can oearn if.Iecti o,ue bhyi,ci w,thsft 
kett,nk .skked dswn ,n the rste wsru sp caocfoat,sniH ”e csfod taue a i,m,oar abbrsach 
w,th ’’RiH A itfdent ,n a oswer krade wsfod need ts oearn hsw ts carepfooy berpsrm 
reiearchg jao,date ,npsrmat,sng srkan,We thsfkhti and wr,te eosPfent and csnj,nc,nk 
brsie w,thsft the aii,itance sp an ’’RH Grsm that bs,nt psrwardg they may .e berq
m,tted ts oejerake ’’Ri ai they bfih ,nts oearn,nk msre adjanced if.Iect matterH 
Narnek,e Reoosn brspeiisr Yanny Ebbenhe,mer hai nsted that aoosw,nk itfdenti ts 
fie a tsso o,ue Nhat9O- sn certa,n aii,knmenti csfod 4pree fb cskn,t,je reisfrcei psr 
sther th,nu,nk0Hz Lp an AL akent can wsru prsm a itfdent kenerated sfto,ne ts kenerate 
a lrit draptg a itfdent can ibend msre t,me reln,nk arkfmentig checu,nk pactig and 
add,nk berisnao ,ni,khti“ the deeber iu,ooi we want ts cfot,jateH Ln th,i j,ewg unsw,nk 
hsw ts e6ect,jeoy fie AL .ecsmei a new o,teracy ,n ,tieopH Xfit ai we teach itfdenti when 
and hsw ts fie a caocfoatsr %and when nst ts2g we m,kht teach when an AL wr,t,nk 
aii,itant ,i abbrsbr,ate and hsw ts brsmbt ,t psr the .eit reifotiH Ssme fn,jeri,t,ei haje 
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aoready msjed ,n th,i d,rect,sn& rather than .oanuet .anig they are ,iif,nk kf,deo,nei psr 
4reibsni,.oe AL fie0g psr ,nitanceg berm,tt,nk AL psr breo,m,nary reiearch sr krammar 
heobg .ft nst psr wr,t,nk lnao eiiayig and rePf,r,nk itfdenti ts d,icosie any AL aii,itanceH 
Dew Fsru N,tyBi ichsso d,itr,ctg wh,ch ,n,t,aooy .anned Nhat9O-g d,d an a.sftqpace .y 
m,dq7)7Jg fn.ann,nk ,t and annsfnc,nk boani ts tra,n teacheri ,n fi,nk AL ai a teach,nk 
a,dH') -he tsne sp the csnjeriat,sn ,i ioswoy ih,pt,nk prsm catqandqmsfie enpsrcement 
ts a msre nfanced Pfeit,sn& hsw can we ,ntekrate AL ,nts edfcat,sn ,n a way that 
enhancei oearn,nk rather than fnderm,nei ,t8 LtBi hard ts unsw where th,i eTber,ment 
w,oo oead .ft sne canBt rfoe sft the bsii,.,o,ty that itfdenti that haje dejeosbed a itrsnk 
krsfnd,nk ,n the pfndamentaoi may .e a.oe ts fie ’’Ri ts brsdfce fn,jeri,ty oejeo 
eiiayi yeari .epsre they kradfate h,kh ichssoH 

Rsj,nk prsm the r,iui ts the sbbsrtfn,t,eig oarke oankfake msdeoi may lnaooy heob ts 
demscrat,We acceii ts edfcat,sn sn a kos.ao icaoeH Oerhabi msit eTc,t,nk ,i the brsibect 
sp berisnao,Wed tftsr,nk psr ejery itfdentH Udfcat,sn reiearcheri haje osnk unswn that 
sneqsnqsne tftsr,nk ,i a u,nd sp ksod itandardH Ln a pamsfi itfdyg itfdenti whs rece,jed 
,nd,j,dfao tftsr,nk berpsrmed tws itandard dej,at,sni .etter %ePf,jaoent ts msj,nk 
prsm the ;)th bercent,oe ts the z–th2 than thsie ,n a tyb,cao coaiirssm iett,nk“ an 
e6ect is dramat,c ,t wai df..ed the 4tws i,kma brs.oemH0 -he brs.oemg sp csfrieg ,i 
that h,r,nk berisnao tftsri psr aoo ,i w,odoy ,mbract,caog bart,cfoaroy ,n fnderqreisfrced 
iyitemiH -h,i ,i where ’’Ri csfod .e rejsoft,snaryH An AL tftsr dseinBt ket t,redg 
dseinBt charke .y the hsfrg and can .e rebo,cated ,nln,teoy at nearqWers csitH ”e are 
aoready iee,nk earoy ko,mmeri sp th,i pftfreH Ln a recent itfdy ,n 9hanag a.sft ;)) 
Ifn,sr h,kh itfdenti were k,jen acceii ts an AL math tftsr j,a a i,mboe meiiak,nk abbH 
-hey fied ,t psr Ifit an hsfr a weeu ai a ifbboement ts rekfoar coaiieiH -he reifoti 
were itarto,nk& the ALqtftsred itfdentiB math icsrei rsie i,kn,lcantoy msre than thsie 
sp the csntrso krsfbg w,th an e6ect i,We ePf,jaoent ts rsfkhoy an eTtra year sp oearn,nkH 
At a csit sp snoy a.sft é; ber itfdentg the b,ost demsnitrated hsw AL csfod heob 
.r,dke oearn,nk kabi ,n rek,sni where hfman teacheri are tss pew and coaiirssmi tss 
crswdedH'' Ln ”eit Apr,cag ai ,n many barti sp the wsrodg oarke coaii i,Wei and teacher 
ihsrtakei mean many itfdenti i,mboy dsnBt ket ensfkh ,nd,j,dfao attent,sn ts kraib 
d,3cfot csncebtiH An AL tftsr that can bat,entoy eTboa,n a thesrem ,n d,6erent wayig sr 
k,je ,nitant peed.acu sn bract,ce Pfeit,snig itarti ts ossu o,ue a o,peo,neH

Nsni,der a csncrete eTamboe prsm ‘enyag where teacherqtsqitfdent rat,si are spten 
a.yimaoH Ene eoementary teacherg sjerwheomed w,th 7)) itfdenti ,n a coaiig .ekan 
fi,nk an AL chat.st ts heob boan oeiisni and kenerate eTerc,ieiH She ejen aiued the 
AL ts ifkkeit i,mboer eTboanat,sni when her bfb,oi itrfkkoedg ta,osr,nk the mater,ao 
sn the xyH'7 Lt wai o,ue haj,nk a teach,nk aii,itant whs csfod d,6erent,ate ,nitrfct,sn 
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psr d,6erent oejeoi sp fnderitand,nk“ ismeth,nk a i,nkoe teacher w,th 7)) u,di wsfod 
stherw,ie lnd ,mbsii,.oeH ”,th the AL hando,nk rsft,ne brebg ihe wai preed ts ibend 
msre t,me sneqsnqsne w,th itfdentiH -he catchg ,n her caieg wai acceii& her ichsso wai 
psrtfnate ts ket a b,ost brskram w,th decent ,nternetH Ln many ‘enyan ichssoig thatBi 
nst the caie“ rsfkhoy 1;? haje ns ,nternet csnnect,j,ty at aooH -hsie w,thsft acceii are 
oept .eh,ndg a itaru rem,nder that technsoskyBi .enelti spten xsw lrit ts thsie whs 
aoready haje ,npraitrfctfreH St,oog the brsm,ie ,i fnden,a.oeH Lp a itfdent ,n rfrao ‘enya sr 
Cankoadeih can chat w,th a tsbqnstch AL tftsr thrsfkh a .ai,c imartbhsneg that m,kht 
sne day abbrsT,mate the u,nd sp berisnao,Wed ifbbsrt that snoy eo,te itfdenti ,n r,ch 
csfntr,ei fied ts enIsyH -heie tybei sp reifoti are ns osnker o,m,ted ts sneqs6 itfd,eiH 
A meta anaoyi,i sp ;' d,6erent reiearch itfd,ei berpsrmed .etween 7)77 and 7)7; 
ihswed that 4Nhat9O- hai a oarke bsi,t,je ,mbact sn ,mbrsj,nk oearn,nk berpsrmance0 
aothsfkh k,jen the earoy natfre sp theie reiearch itfd,eig there ,i de.ate a.sft the,r 
jao,d,tyH'J 

Rsresjerg ’’Ri ai tftsri haje adjantakei .eysnd Ifit csit and icaoa.,o,tyH -hey 
can .e ,nln,teoy bat,ent“ a mach,ne w,oo nejer osie ,ti tember sr t,re sp eTboa,n,nk a 
csncebt mfot,boe t,mei ,n d,6erent wayiH -hey can adabt ts a itfdentBi baceg brsj,d,nk 
harder Pfeit,sni when the itfdent ,i eTceoo,nk sr rej,ew,nk .ai,ci when the itfdent ,i 
itrfkko,nkH -hey dsnBt Ifdke sr em.arraiiH A ihy itfdent whs m,kht nejer aiu a hfman 
teacher psr heob w,th a 4i,ooy0 Pfeit,sn m,kht preeoy aiu an AL tftsrg ka,n,nk csnldenceH 
A tftsr can aois .ecsme a o,peosnk csmban,snH Lp fied csni,itentoy prsm ysfthg ,t w,oo 
unsw what ysf unsw and what ysf itrfkkoe w,thH Lt w,oo oearn what tybei sp eTerc,iei 
heob ysf oearn the Pf,cueit and reta,n ,npsrmat,sn msit e6ect,jeoyH Oerhabig at the ake sp 
J)g ysf w,ih ts read an adjanced ic,ent,lc art,coeH -he tftsr wsfod ican ,t and lrit k,je 
ysf a ten m,nfte oeiisn sn any term,nsosky that ysf w,oo need ts oearn ts fnderitand 
the art,coe“ e6ect,jeoy aoosw,nk ysf ts mfch msre eai,oy acceii mater,aoi that wsfod haje 
.een s6 o,m,ti ,n the baitH -heie Pfao,t,ei h,nt at a msre ePf,ta.oe coaiirssm dynam,cg 
where ejery oearner keti attent,snH Ln rek,sni where edfcat,snao acceii ,i fnePfaog ifch 
tssoi csfod heob demscrat,We oearn,nkH A itfdent ,n a remste j,ooake w,th batchy ichsso 
Pfao,ty csfodg ,n thesryg acceii the iame ALqbswered tftsr ai a itfdent ,n a h,khqend 
br,jate ichssoH -hatBi a brspsfnd sbbsrtfn,ty ts narrsw the kabH

”e may issn iee coaiirssmi where rsft,ne csntent deo,jery ifch ai eTboa,n,nk Dewq
tsnBi oawi sp mst,sn sr the cafiei sp ”srod ”ar L ,i oarkeoy s$saded ts AL tftsrig pree,nk 
teacheri ts pscfi sn h,kherqoejeo mentsrih,b& psiter,nk creat,j,tyg cr,t,cao th,nu,nkg msrao 
reaisn,nkg and the isc,ao aibecti sp oearn,nkH AM tftsri csfod ena.oe edfcatsri ts ,njeit 
the,r t,me where ,t matteri msit“ ,n hfmanqtsqhfman ,nteract,sng ,nib,rat,sng and 
ifbbsrtH
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LLMs in the Workplace

…eaoqwsrod abbo,cat,sni sp ’’Rig ifbercharked w,th retr,ejao afkmented kenerat,sn 
and tsso fieg are Pf,cuoy emerk,nk acrsii ,ndfitr,eiH

Customer Service

Nfitsmer ierj,ce ,i sne sp the lrit Is.i eTber,enc,nk w,deibread d,irfbt,snH Crsadq
oy ibeau,nkg th,i wsru ,ncofdei ejeryth,nk prsm heob,nk cfitsmeri ts boace srderig 
brsceii,nk repfndig mau,nk chankei ts if.icr,bt,snig iett,nk abbs,ntmentig and trsfq
.oeihsst,nk brs.oemiH Nfitsmer ierj,ce .sti are a.oe ts ,ntekrate w,th csmbany unswoq
edke .aiei and csnjerie w,th cfitsmeri ,n natfrao oankfakeH -s th,i bs,ntg we haje 
pscfied sn teTtq.aied csmmfn,cat,sn .ft ai we w,oo csjer ,n the neTt chabterg AL akenti 
w,th ’’Ri at the,r csre are nsw aois a.oe ts fie js,ce ai an ,nbft and sftbft mechq
an,imH Lmak,ne a cfitsmer aiui an ,nifrance chat.st a.sft csjerake psr a bart,cfoar 
icenar,sH A …A9qena.oed .st can bfoo fb the reoejant bso,cy coafie prsm the csmbanyBi 
dscfmenti and reperence ,t when psrmfoat,nk ,ti aniwerH -hrsfkh the fie sp an ’’Rg 
the cfitsmer ierj,ce .st ,i a.oe ts .r,dke .sth wsrodiH En sne handg ,t can fnderitand 
,mberpect Pfer,ei prsm hfmani that ,ncofde krammar m,itauei and ioankH En the sther 
handg ,t hai acceii ts a jait rebsi,tsry sp brec,ie ,npsrmat,sn“ ,ncofd,nk bstent,aooy a 
recsrd sp ejery brej,sfi caoo and reisoft,sn handoed .y hfman akentiH -he sbbsrtfn,ty 
ts iaje msney thrsfkh the abbo,cat,sn sp AL ,n cfitsmer ifbbsrt ,i i,kn,lcantH -he 
kos.ao maruet psr csntact centeri ,i eTbected ts reach aomsit é;)) .,oo,sn .y 7)7K and 
sjer z)? sp csmban,ei are itart,nk ts ,njeit ,n ALH'( 9,jen the rab,d ,mbrsjementi ,n 
’’Rig ,t wsfod .e hard ts arkfe that they w,oo nst .e caba.oe sp hando,nk many sp the 
rsft,ne ,iifei that are cfrrentoy handoed .y cfitsmer ierj,ce akenti and is there may .e 
maii,je chankei ,n th,i ,ndfitryH -he trend tswardi s6ihsr,nk ,nts a imaoo nfm.er sp 
centrao hf.i that ibec,ao,We ,n th,i tybe sp wsru meani that the ecsnsm,c ,mbact may 
.e bart,cfoaroy i,kn,lcant ,n thsie csmmfn,t,eiH Gsr eTamboeg the Oh,o,bb,nei nsw hai 
'HJ m,oo,sn hfman akenti wsru,nk ,n caoo centeri and theie wsrueri are spten bssroy 
ePf,bbed ts trani,t,sn ts sther careeriH';

Legal

Ln the oekao dsma,ng AL akenti haje ,mmenie bstent,ao k,jen the ,mbsrtance sp oankfakeg 
the weaoth sp dscfmenti ts tra,n sng and the h,kh hsfroy ratei psr oekao ierj,ceiH ’awyeri 
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and Ifdkei are eTber,ment,nk w,th ’’Rq.aied aii,itanti that can retr,eje itatfteig caie 
oawg sr rekfoat,sni sn the xyH 9,jen a Pfery a.sft a ibec,lc oekao Pfeit,sng the iyitem 
m,kht petch a oarke nfm.er sp reoejant brecedenti and peed them ts the akentg wh,ch 
then drapti an aniwer sr ejen a bsrt,sn sp a oekao .r,epg csmboete w,th reperencei ts 
thsie caieiH Ceysnd .ai,c oankfake taiuig oaw ,i a dsma,n .f,ot sn reaisn,nkH Ln a 
nsta.oe .enchmarug 9O-q( wai ejaofated sn the Rfot,itate Car UTam %a teit psr oawyer 
o,ceni,nk2 and ach,ejed a icsre arsfnd the tsb ')? sp hfman teitqtaueriH Cy csntraitg ,ti 
bredeceiisr 9O-qJH; icsred arsfnd the .sttsm ')? sn the iame eTamg fndericsr,nk 
the oeab ,n caba.,o,t,eiH'1 LtBi ,mbsrtant ts nste that a psooswqfb itfdy .y a d,6erent 
krsfb reqejaofated 9O-q(Bi .ar eTam berpsrmance and csncofded the msdeoBi ihsw,nk 
wai arsfnd the 1–th bercent,oeH'K Aothsfkh it,oo jery ,mbreii,je reoat,je ts what wai 
bsii,.oe Ifit a pew yeari aksg th,i jar,a.,o,ty ,n reifoti aois demsnitratei the chaooenke ,n 
eita.o,ih,nk .enchmarui ,n csmboeT dsma,niH 

-s .etter kafke Ifit hsw par theie iyitemi haje csme and hsw par they it,oo haje ts 
ks reiearcheri haje created a csmbreheni,je oekao .enchmaru caooed ’ekaoCench wh,ch 
,ncofdei a .attery sp taiui csjer,nk ejeryth,nk prsm ibstt,nk reoejant ,iifei ,n pact 
batterni ts recaoo,nk ibec,lc rfoei sp oaw ts abboy,nk rekfoat,sni ts nsjeo icenar,siH'– 
Ai sp earoy 7)7;g 9sskoeBi 9em,n, 7H; msdeo heod the tsb ibst sn th,i oeader.sardg 
csrrectoy aniwer,nk a.sft –JH1? sp the Pfeit,sniH  Dst par .eh,nd were EbenALBi and 
Anthrsb,cBi .eit msdeoig aosnk w,th a pew ibec,ao,Wed oekao AL iyitemig aoo cofitered 
,n the oswerq–)i accfracy ranke sn theie r,ksrsfi ejaofat,sniH An –(? ifcceii rate ,i 
remarua.oeg yet ,t aois meani rsfkhoy sne ,n i,T oekao Pfeit,sni it,oo itfmbi sr m,ioeadi 
the .eit AL we hajeH 

-he,r krsw,nk csmbetence ,i ,mbsii,.oe ts ,knsreH Ene team sp reiearcheri teited 
9O-q( aka,nit Ifn,sr oawyeri and oekao brspeii,snaoi sn a csntract rej,ew eTerc,ie& the 
.readqandq.ftter wsru sp many lritqyear aiisc,ateiH AL ,dent,led bstent,ao ,iifei ,n the 
csntracti w,th an accfracy sn bar w,th the hfmanig ejen icsr,nk io,khtoy ahead sp the 
Ifn,sr oawyeri sn sne metr,c %,dent,py,nk reoejant csntract ,iifei2 wh,oe io,khtoy .eh,nd 
sn ansther %b,nbs,nt,nk the,r eTact oscat,sn2H'z

”,th,n the oekao leodg isme taiui mfit .e berpsrmed thrsfkh brsbr,etary we.i,tei 
and isptware abbo,cat,sniH ”,th AL akenti that are bswered .y ’’Ri and a.oe ts ,nteract 
w,th 9MLig there ,i nsw an sbbsrtfn,ty psr th,i wsru ts .e aftsmatedH An AL akent 
csfodg psr eTamboeg fie a we.q.aied batent data.aie Ifit o,ue a hfman batent attsrneyg 
enter,nk csmboeT iearch itr,nkig tweau,nk loterig and icann,nk reifotiH -he Mn,ted Statei 
Oatent and -rademaru E3ce %MSO-E2 rece,jei sjer K))g))) batent abbo,cat,sni a yearg 
add,nk ts the teni sp m,oo,sni sp dscfmenti ,n ,ti arch,jeig is thsrsfkh iearchei are 
ardfsfiH Lmak,ne an AL akent that can t,reoeiioy bsfr sjer batent lo,nki sjern,kht j,a 
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the MSO-EBi swn bsrtaog read,nk and crsiiqcsmbar,nk coa,mi at a rate ns hfman csfodH 
Cy msrn,nkg ,t breienti a dsii,er sp bstent,ao csnx,cti and reoejant br,sr ,njent,snig 
haj,nk eiient,aooy aftsmated a uey bart sp oekao reiearchH 

”e iee Pfeit,sni sp trfit and accsfnta.,o,ty emerk,nkH Lp an AL aii,itant ifkkeiti a 
oekao itrateky that .aculreig whs ,i reibsni,.oe8 Mno,ue a hfman oawyer sr baraoekaog an 
’’R hai ns accsfnta.,o,ty sr credent,aoig yet ,t m,kht ,nxfence dec,i,sniH -he oekao 
brspeii,sng wh,ch sberatei fnder itr,ct eth,cao and brspeii,snao itandardig w,oo need ts 
,ntekrate AL ,n a way that ma,nta,ni a hfman ,n the ossb psr Ifdkment caooiH Ai w,th 
msit rekfoated brspeii,snig fot,mate reibsni,.,o,ty o,ei w,th the brspeii,snao and they 
are reibsni,.oe psr enifr,nk that any tssoi that they fie ds nst csmbrsm,ie the Pfao,ty 
sr accfracy sp the adj,ce they brsj,deH 

”hat dsei aoo th,i mean psr actfao oawyeri and the oekao iyitem8 vard ej,dence prsm 
the bait year ba,nti a b,ctfre sp .sth bstent,ao and ber,oH Lndeedg the msit mean,nkpfo 
eTbosrat,sni sp AL ,n oekao wsru is par fndericsre csooa.srat,sn sjer csmbet,t,snH Ln 
areai o,ue csntract anaoyi,i and dfe d,o,kenceg the ej,dence ihswi AL tssoi can ihsfoder 
the drfdkeryg pree,nk fb hfman oawyeri ts pscfi sn itratekyg co,ent csfnieo,nkg and 
nfanced IfdkmentH Nsnjerieoyg ,n nsjeo oekao brs.oemi sr ieni,t,je eth,cao d,oemmaig 
hfman eTber,ence and ,ntf,t,sn rema,n ,rreboacea.oeH -he AL can s6er ifkkeit,sni sr 
ejen creat,je isoft,snig .ft ,t oacui the csnteTtfao fnderitand,nk and msrao reibsnq
i,.,o,ty ts naj,kate kray areai sp oawH -he itsry sp AL ,n oekao bract,ce ,i thfi nst sne 
sp i,o,csn ifbboant,nk xeihqandq.sne attsrneyig .ft sp a new u,nd sp bartnerih,bH Xfit 
ai the caocfoatsr .ecame an eTteni,sn sp the mathemat,c,ang theie oankfake msdeoi are 
.ecsm,nk an eTteni,sn sp the msdern oawyerBi tssou,tH 

Finance and Business

Orspeii,sni o,ue ,njeitment anaoyi,i and .fi,neii itrateky csnifot,nk are aois .e,nk 
tsfched .y reaisn,nkqcaba.oe ’’RiH -heie are Is.i that ,njsoje d,keit,nk oarke jsofmei 
sp ,npsrmat,sn and mau,nk reaisned Ifdkmenti a.sft ecsnsm,c sr itratek,c Pfeit,sniH 
’’Ri can read thrsfkh lnanc,ao lo,nki sr newi art,coei and brsdfce csherent ifmq
mar,ei and r,iu anaoyieiH Canueri are aoready eTber,ment,nk w,th theie bsii,.,o,t,eiH XHOH 
RsrkanBi reiearcherig psr eTamboeg haje eTbosred fi,nk kenerat,je AL ts ,nterbret maruet 
data and eTecfte rsft,ne tradeiH Ln lnanceg where ,npsrmat,sn xswi are tsrrent,aog 
haj,nk AL eyei sn ejery icreen and AL handi sn the csntrsoi csfod m,t,kate the cskn,t,je 
sjerosad that hfman .rsueri and anaoyiti pace each day and the a.,o,ty sp AL akenti ts 
d,rectoy ,nteract w,th a 9ML meani they csfod .e drsbbed ,nts the eT,it,nk enj,rsnment 
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and ieamoeiioy wsru w,th a m,T sp brsbr,etary ,nternao brskramig trad,nk boatpsrmi and 
reiearch boatpsrmi ts the eTtent that o,cenie termi berm,tH

Gsr .fi,neii itratekyg an ’’R can .e brsmbted w,th a icenar,s %4a csmbet,tsr hai 
,ntrsdfced a d,irfbt,je brsdfct02 and aiued ts berpsrm an anaoyi,i %o,ue a S”E- 
anaoyi,i sr ts .ra,nitsrm itratek,c reibsniei2H -he sftbft spten readi o,ue a decent 
lrit drapt that a csnifotant m,kht wr,teg csjer,nk uey bs,nti sp Strenkthig ”eauneiieig 
Ebbsrtfn,t,eig -hreatig etcHg der,jed prsm the msdeoBi tra,n,nk sn .fi,neii caiei and 
teTt.ssuiH Ln sne itfdyg the berpsrmance sp 9O-q( -fr.s sn the 9RA-g wh,ch ,i 
.rsadoy fied ai an accebtance eTam psr RCA brskramig wsfod haje boaced ,t ,n the tsb 
'? sp teit taueriH7)

-he itsry ,i i,m,oar ,n the leod sp accsfnt,nkH …eiearcheri psfnd that when 9O-q( 
wai brsj,ded w,th eTamboei ,n the brsmbtg and a.oe ts acceii tssoi ifch ai a caocfoatsr 
and we. iearchg ,t wai caba.oe sp baii,nk the NOAg NRAg NLAg and UA %enrsooed akent2 
cert,lcat,sn eTamiH

-he ent,re lnance ,ndfitry ,ncofd,nk ,nifrance and .anu,nk ,i character,Wed .y 
oenkthy csntractig reami sp ,npsrmat,sn itsred ,n dscfmentig and csmboeT and spten 
brsbr,etary isptware that ,i chaooenk,nk ts fbdateH -h,i mauei ,t a bart,cfoaroy pert,oe 
krsfnd psr AL fie caieiH

Medical

Red,cao aii,itanti .f,ot sn ’’Ri haje ,ncred,.oe bstent,ao k,jen the berbetfao m,iq
match .etween demand and ifbboy ,n the med,cao ,ndfitryH Lp AL iyitemi can reo,a.oy 
c,te med,cao o,teratfre sr bat,entqibec,lc datag they haje the bstent,ao ts .e jery fiepfoH 
Gsr ,nitanceg a dsctsr csfod Pfery a iyitem a.sft the oateit kf,deo,nei psr treat,nk a 
certa,n csnd,t,snH A …A9qena.oed msdeo csfod retr,eje the reoejant barakrabhi prsm 
a trfited med,cao kf,deo,ne %iayg the GYA sr ”vE recsmmendat,sni2 and fie that ts 
kenerate an aniwerH -h,i wayg the adj,ce k,jen ,i d,rectoy tracea.oe ts an abbrsjed isfrceH 
9s,nk psrwardg we can ,mak,ne med,cao chat.sti that aowayi accsmbany the,r adj,ce 
w,th reperencei ts Isfrnao art,coei sr teTt.ssuig aoosw,nk .sth dsctsri and bat,enti ts 
trfit .ft jer,pyH Ene maIsr adjantake sp fi,nk a …A9qena.oed msdeo ,n the med,cao 
leod ,i that ,t csfod aowayi haje acceii ts the oateit reiearchH

Red,cao eTbert,ie reo,ei sn deeb unswoedkeg reaisn,nk prsm iymbtsmi ts d,aknsi,ig 
and carepfo csni,derat,sn sp bat,ent csnteTtH vere tssg ’’Ri haje made ifrbr,i,nk 
itr,deiH …eiearcheri haje teited msdeoi sn med,cao eTam .enchmarui o,ue the MSR’U 
%Mn,ted Statei Red,cao ’,ceni,nk UTam,nat,sn2H Ln sne teit that ,njsojed JK1 Pfeit,snig 
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;( sp wh,ch ,ncofded ,makeig 9O-q( icsred an ajerake sp ––? acrsii the three itebi sp 
the eTamH7' 

Sbec,lc demsnitrat,sni sp ’’Ri caba.,o,ty haje .een itr,u,nkH Gsr eTamboeg k,jen 
a bat,entBi caie deicr,bt,sn %iymbtsmig h,itsryg oa. reifoti2g 9O-q( can ifkkeit o,ueoy 
d,aknsiei and neTt itebig ,n isme ,nitancei match,nk the ,ni,khti sp hfman dsctsriH 
Sbec,ao,Wed msdeoi o,ue 9sskoeBi RedqOa’R 7 haje reached eTbertqoejeo accfracy sn 
certa,n med,cao Pfeit,sn ietig and hsib,taoi are eTber,ment,nk w,th AL ts drapt bat,ent 
nstei sr tr,ake i,mboe bat,ent Pfer,eiH vswejerg med,c,ne ,i a leod where trfitg accfracyg 
and jer,lcat,sn are o,teraooy o,peqandqdeath matteriH Ysctsri haje bs,nted sft that an 
’’R oacui co,n,cao Ifdkment“ ,t hai ns reao fnderitand,nk sp a bat,entBi fn,Pfe c,rcfmq
itanceig and ,t cannst .e heod reibsni,.oe psr an errsrH -here ,i a r,iu sp aftsmat,sn .,ai& 
a bhyi,c,an m,kht sjerqreoy sn an AL akentBi ifkkeit,sn %eHkH a bart,cfoar d,aknsi,i2 and 
k,je ,t fndfe we,khtg ejen ,p ,tBi if.toy ,ncsrrect sr m,iiei a cr,t,cao deta,o that a ieaisned 
dsctsr wsfod nst,ceH Rsresjerg ’’Ri haje ns d,rect acceii ts bhyi,cao eTam,nat,sn sr 
reaoqwsrod ieni,nk“ they snoy unsw what ,i deicr,.ed ts them ,n teTtH -h,i a.ience sp 
ienisry krsfnd,nk meani they m,kht sjerossu s.j,sfi reaoqwsrod ,ncsni,itenc,ei %psr 
,nitanceg a csnd,t,sn that wsfod .e rfoed sft .y a nsrmao j,tao i,kng wh,ch a hfman 
dsctsr wsfod ,nitantoy nst,ceg .ft the AL m,kht nst ,ntekrate fnoeii eTbo,c,toy tsod2H 
…ekfoatsry .sd,ei are aoready frk,nk caft,snH Ai a reifotg the nearqterm rsoe sp ’’Ri ,n 
med,c,ne ,i o,ueoy ts .e aii,it,je& heob,nk ifmmar,We bat,ent recsrdig ifkkeit,nk d,6erq
ent,ao d,aknsiei ai a iecsnd sb,n,sng and brsj,d,nk ,npsrmat,sn sn med,cao o,teratfreH 
-he lnao dec,i,sni and reibsni,.,o,ty reit lrmoy w,th hfman co,n,c,anig at oeait fnder 
cfrrent itandardiH -here ,i kreat sbt,m,im thatg fied w,ieoyg theie tssoi can redfce 
dsctsriB baberwsru .frdeni and ejen catch sccai,snao m,iied bsii,.,o,t,eig oead,nk ts 
.etter sftcsmeiH Cft the med,cao csmmfn,ty ,i msj,nk carepfooyg embhai,W,nk that AL 
ihsfod ifbbsrt co,n,cao reaisn,nkg nst reboace ,tH

Oat,enti sn the sther hand m,kht nst .e is bat,entH Arsfnd the kos.eg acceii ts 
heaothcare rema,ni a chaooenke and psr ai osnk ai the ,nternet hai eT,itedg bat,enti haje 
tfrned ts we.i,tei ts ieopqd,aknsieg psr .etter sr wsrieH -he brsi and csni sp th,i 
abbrsach are mfot,bo,ed when an ’’R ,i fied ,niteadH ”,oo dsctsri s3cei .e xssded 
w,th bat,enti ,ni,it,nk that the csncerni ra,ied .y an AL akent are ossued ,nts8 

Ene area where AL can a.isofteoy heob ,n heaothcare ,i w,th ,mbrsjed e3c,ency ,n 
the creat,n and manakement sp eoectrsn,c heaoth recsrd %Uv…2 iyitemiH Stfd,ei lnd 
that psr ejery hsfr a bhyi,c,an ibendi paceqtsqpace w,th bat,entig nearoy tws add,t,snao 
hsfri ks ,nts Uv… data entry and adm,n,itrat,je deiu wsruH77 Ohyi,c,ani spten itay 
oateg co,cu,nk thrsfkh oa. reifoti and ,nifrance psrmi ,n cofnuy ,nterpaceig wh,ch ,i a 
maIsr dr,jer sp .frnsftH AL aii,itanti caba.oe sp sberat,nk theie med,cao recsrd iyitemi 
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csfod ihsfoder mfch sp that .frdenH A dsctsr m,kht d,ctate a ifmmary sr Ifit ln,ih 
an abbs,ntmentg and an AL akent csfod handoe the reit“ bfoo,nk fb the Uv… icreeng 
loo,nk ,n .,oo,nk csdeig ichedfo,nk psooswqfbig srder,nk the oa. teiti ai ,nd,cated ,n the 
nsteiH Aoo the .freafcrat,c co,cui that nsw ersde the dsctsrqbat,ent reoat,snih,b csfod 
.e s$sadedH 

Software

Ln the wsrod sp isptwareg brsdfct,j,ty ,i bs,ied psr a rad,cao ih,ptH ”e brej,sfioy d,iq
cfiied the a.,o,ty sp ’’Ri ts wr,te the,r swn isptware ,n the ierj,ce sp iat,ipy,nk a 
Pfeit,sn prsm a fierH -h,i iame caba.,o,ty can aois .e ,njsued .y dejeosberi ts maue 
csntr,.ft,sni ts oarker isptware brsIectiH Yejeosberi armed w,th AL aii,itanti can ,mq
boement peatfrei sr lT .fki mfch paiter .y s$sad,nk .s,oerboate csd,nk and ejen isme 
dei,kn dec,i,sni ts the msdeoH Umb,r,cao itfd,ei are aoready jao,dat,nk theie ka,ni& ,n 
a csntrsooed leod eTber,ment at a lntech csmbanyg brskrammeri k,jen an ’’Rq.aied 
csd,nk aii,itant brsdfced ;;? msre csde %meaifred ,n pfnct,snao o,nei2 sn ajerake 
than thsie w,thsft AL heobH7J -he ,mbact ,i reaoH Ln Abr,o sp 7)7;g R,crsispt NUE 
ia,d that 7)qJ)? sp the,r eT,it,nk csde hai aoready .een wr,tten .y isptwareH Ln the iame 
t,meprameg 9sskoe hai ,nd,cated that msre than J)? sp new csde ,i .e,nk wr,tten .y 
ALH7(

-he aii,it,je msdeo hai nst snoy ibed fb csd,nk .ft aois heobed kenerate wsru,nk 
isoft,sni psr taiui that m,kht haje itfmbed isme ,nd,j,dfaoiH Sfch ka,ni h,nt at oswer 
.arr,eri ts entry ,n isptware dejeosbmentH A oeii eTber,enced brskrammer can oejerake 
an ’’R ts ket kf,dance sr .s,oerboate csdeg e6ect,jeoy 4Ifmbitart,nk0 the,r wsruH 
Lndeedg there ,i ej,dence that AL aii,itance narrswi the kab .etween nsj,ce and eTbert 
berpsrmanceg ai oeii eTber,enced dejeosberi spten .enelt the msit prsm ifkkeit,sni and 
aftsqkenerated eTamboeiH Ejer t,meg th,i csfod demscrat,We brskramm,nkg ena.o,nk 
besboe w,th snoy h,khqoejeo ,deai ts create isptware j,a natfrao oankfake brsmbtiH Rsre 
recentoy the trend sp 4/,.e Nsd,nk0 hai tauen s6 thanui ts new boatpsrmi that aoosw 
anysne ts .f,od pfooy pfnct,snao we. abbo,cat,snig csmboete w,th afthent,cat,sn and 
data.aieig fi,nk snoy brsmbtiH

vswejerg theie adjantakei csme w,th new chaooenkeiH Ene csncern ,i the brso,peraq
t,sn sp bssroy fnderitssd sr fndscfmented csdeH An ’’R m,kht kenerate a csmboeT 
in,bbet that wsrui psr nswg .ft ,p the hfman dejeosber dsei nst pfooy kraib ,tg ma,nq
tenance .ecsmei d,3cfotH Gftfre enk,neerig sr ejen the sr,k,nao afthsrg csfod itrfkkoe 
ts de.fk sr eTtend csde that wai oarkeoy mach,neqwr,ttenH Rsresjerg isptware Pfao,ty 
and iecfr,ty m,kht if6er ,p dejeosberi trfit AL sftbft tss read,oyH ’’Ri ds nst haje an 
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,ntr,ni,c ienie sp iecfre csd,nk bract,cei“ they ma,noy ,m,tate batterni ,n the,r tra,n,nk 
datag wh,ch may ,ncofde ,niecfre csdeH Stfd,ei haje psfnd that a nsnqtr,j,ao bsrt,sn sp 
csde ifkkeit,sni prsm AL aii,itanti ,ncofde iecfr,ty jfonera.,o,t,ei sr xawiH Gsr eTamq
boeg sne anaoyi,i sp 9,tvf. Nsb,ostBi sftbfti psfnd nearoy ()? sp the kenerated csde 
had oatent jfonera.,o,t,ei fnder certa,n csnd,t,sniH7; ”,thsft r,ksrsfi hfman rej,ewg 
the eaie sp AL csde kenerat,sn csfod oead ts a xssd sp isptware that 4wsrui0 ,n,t,aooy 
.ft har.sri h,dden .fki sr iecfr,ty hsoeiH -he ,ndfitry may thfi iee an emerkence sp 
hait,oy brsdfced abbo,cat,sni that accfmfoate techn,cao de.tH Unifr,nk ALqkenerated 
csde ,i rs.fitg iecfreg and weooqdscfmented w,oo o,ueoy .ecsme a new reibsni,.,o,ty psr 
isptware teamiH -h,i m,kht ibfr demand psr ALqbswered csde anaoyi,i and jer,lcat,sn 
tssoi ts csmboement the kenerat,je msdeoiH -here are aois wsrupsrce ,mbo,cat,sni& ,p 
sne dejeosber fi,nk an ’’R .ecsmei ai brsdfct,je ai iejerao w,thsft sneg csmban,ei 
m,kht adIfit h,r,nk needig bart,cfoaroy at the entryqIfn,sr oejeoH …sft,ne csd,nk Is.i 
csfod .e bartoy aftsmatedg wh,oe the rsoe sp hfman brskrammeri may ih,pt msre 
tsward arch,tectfreg sjeri,khtg and ,ntekrat,sn sp ALqkenerated csmbsnentiH Ln ifmg 
csd,nkqpscfied ’’Ri itand ts kreatoy acceoerate isptware dejeosbment and redfce the 
krfnt wsru psr hfmanig .ft reao,W,nk th,i bstent,ao iapeoy w,oo rePf,re new bract,cei %o,ue 
thsrsfkh csde rej,ew sp AL csntr,.ft,snig iecfr,ty icann,nkg and edfcat,nk dejeosberi 
ts cr,t,caooy ejaofate AL ifkkeit,sni2 ts ajs,d a pftfre sp .r,ttoeg fnma,nta,ned isptwareH 
-he brsdfct,j,ty .ssm ,i reaog .ft is ,i the need psr j,k,oance ,n hsw we ,ncsrbsrate 
theie bswerpfo csd,nk csb,osti ,nts the isptware enk,neer,nk o,pecycoeH

Architecture and Engineering

Ln enk,neer,nk leodig ’’Ri haje .ekfn ts boay the rsoe sp unswoedkea.oe aii,itantiH 
-hey can aoready heob w,th taiui o,ue eTboa,n,nk enk,neer,nk csncebtig kenerat,nk drapt 
dei,kn dscfmentig sr rej,ew,nk techn,cao brsbsiaoi psr csni,itencyH Gsr ,nitanceg an 
’’R can .e aiued ts sfto,ne a teit boan psr a new aersibace csmbsnent sr ts reaisn 
thrsfkh the itebi sp a pa,ofre anaoyi,ig and ,t w,oo brsdfce a osk,caoqisfnd,nk narrat,jeH 
-he enk,neer,nk leod ,i character,Wed .y ibec,ao,Wed isptware brskrami berpsrm,nk 
ejeryth,nk prsm bhyi,cao i,mfoat,sni ts csmbfter a,ded drapt,nkH -here ,i snks,nk 
wsru ts ,ntekrate ’’Ri w,th anaoyt,cao tssoi“ psr ,nitanceg fi,nk an ’’R ts iet fb 
the ePfat,sni psr an sbt,m,Wat,sn brs.oemg then haj,nk a isojer aoksr,thm lnd the 
actfao isoft,snH71 Uaroy reifoti ,n sberat,sni reiearch and osk,it,ci ihsw brsm,ie .y 
csm.,n,nk ’’Ri w,th trad,t,snao isptware brskramiH Ene brststybe iyitem fied an 
’’R ts reaisn a.sft hsw ts ichedfoe a,ro,ne crewig wh,oe a o,near brskramm,nk isojer 
handoed the mathqheajy csmbftat,snH -h,i u,nd sp hy.r,d abbrsach m,kht delne 



A RLDY RAYU EG RA-v OYG')–

hsw ’’Ri csntr,.fte ts enk,neer,nk& the ’’R .ra,nitsrmi and brsj,dei reaisn,nk 
,n hfmanqreada.oe psrm and then enteri data ,nts a ibec,ao,Wed isptware abbo,cat,sn ts 
kenerate the lnao sftbftH

-he need ts psrmaooy tra,n each brspeii,snao sn ejery peatfre sp a tsso m,kht oeiien“ 
the AL can ierje ai a unswoedkea.oe ,ntermed,ary that 4unswi0 the isptwareBi sberat,snH 
Ln e6ectg h,khoy ibec,ao,Wed isptware .ecsmei msre fierqpr,endoy .y brsTy& the AL ,i the 
eTbert fierH Lndfitr,ei that cfrrentoy ,njeit ensrmsfi reisfrcei ,n isptware tra,n,nk may 
lnd that what reaooy matteri ,i the fnderoy,nk fnderitand,nk sp the psfndat,sniH Gsr 
,nitanceg ismesne brslc,ent ,n psrmfoat,nk enk,neer,nk brs.oemi csfod isoje them j,a 
any NAY sr i,mfoat,sn tsso the AL ifbbsrtig w,thsft berisnaooy .e,nk a maiter sp each 
tssoBi MLH -he enk,neer csfod k,je d,rect,sni ifch ai 4Yraw a iPfare .f,od,nk that ,i 7) 
peet .y 7) peet and ,ncofde rapteri that are i,Wed abbrsbr,ateoy0 and the AL akent csfod 
then reper ts osad ta.oei ts and the isptware fier manfao ts i,We the rapteri and then 
brsdfce the NAY d,akramH -he .sttoenecu sp 4we fie -sso | hereg is ysf mfit retra,n 
,p ysf snoy unsw -sso F0 d,iabbeari when an AL akent can .r,dke the kabH Ln the osnk 
rfng we w,oo hsbepfooy jaofe hfman brspeii,snaoi msre psr the,r itratek,c and creat,je 
a.,o,t,eig wh,oe deoekat,nk the brscedfrao co,cui and ueyitrsuei ts mach,neiH

Control Systems

Yeeb ,n the .sweoi sp a nsnqdeicr,bt w,ndswoeii .f,od,nkg an sberatsrBi csnisoe .r,itoei 
w,th d,aoig chartig and aoarm ,nd,catsri ai they sjeriee the sberat,sn sp a rek,snao bswer 
kr,dH vere tssg an AL aii,itant csfod watch the o,je data and taue act,snH Rsdern 
,ndfitr,ao csntrso iyitemi %the SNAYA ,nterpacei that rfn water treatment boanti and 
eoectr,cao kr,di2 haje osnk heobed hfman sberatsri tracu csnd,t,sni ,n reao t,meH ”,th 
the a.,o,ty sp ’’Ri ts ,nterbret natfrao oankfake ,nbfti that ,ncofde ma,ntenance 
nst,cei prsm bswer boanti and wr,tten weather psrecaiti and aois ts taue csntrso sp 
csmbfter brskrami thrsfkh the 9MLg ,tBi bsii,.oe that we w,oo iee a new waje sp 
aftsmat,sn ,n theie pac,o,t,eiH -heie AL iyitemi csfod .ecsme d,k,tao sberatsri wsru,nk 
aosnki,de the hfman crewig maiter,nk the eoa.srate csntrso baneoi that were snce the 
eTcofi,je dsma,n sp ieaisned techn,c,aniH

Ln aj,at,sng an a,r tra3c csntrsooer i,ti .epsre a radar icreeng srcheitrat,nk thsfiandi 
sp x,khti w,th the a,d sp ibec,ao,Wed isptwareH -he MHSH GAABi enqrsfte csntrso boatpsrm 
%U…AR2 + eiient,aooy the 4heart0 sp Amer,caBi a,r tra3c iyitem + can tracu fb ts 'gz)) 
a,rcrapt at a t,meg a oeab prsm the 'g'))qboane o,m,t sp the soder iyitemH Raiter,nk ifch 
a csnisoe ,i a psrm,da.oe taiu& apter ,n,t,ao academy tra,n,nkg new csntrsooeri ibend 7+J 
yeari ,n the leod .epsre theyBre trfited ts wsru isosH -hey oearn ts encsde csmmandi 
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at .o,iter,nk ibeed and ts read denie j,ifao cfei snqicreeng ma,nta,n,nk iapety ,n a reaom 
where .o,bi sn a d,iboay tranioate ts o,jei ,n the iuyH LtBi a cskn,t,je Ifkko,nk act thatg 
fnt,o recentoyg snoy a hfman csfod berpsrmH A,r tra3c csntrso hai .een ,ncred,.oy hard 
ts ,mbrsje thrsfkh aftsmat,sn dfe ts the heajy reo,ance sn ibsuen rad,s csmmfn,caq
t,sniH AL akenti that oejerake ’’Ri csfod aoter th,i b,ctfreH Lmak,ne an AL csqcsntrsooer 
s.ierj,nk the iame radar peed and o,iten,nk ,n sn aoo sp the rad,s csmmfn,cat,sniH Lt 
wsfod .e caba.oe sp ifkkeit,nk ,mmed,ate rersftei arsfnd weather sr xakk,nk bstent,ao 
csnx,cti a pew m,nftei issner than a berisn m,khtH ”hen boanei rePfeit new x,kht 
oejeoig the hfman sberatsr wsfod it,oo .e reibsni,.oe psr k,j,nk abbrsjao .ft the AL 
akent wsfod act ai a iecsnd iet sp eyeiH And ,p the hfman sberatsr and AL akent akree 
that the x,kht oejeo ihsfod .e abbrsjedg the hfman sberatsr csfod i,mboy breii a .fttsn 
and aoosw the AL akent ts tranim,t the js,ce meiiakeg iaj,nk jaofa.oe iecsndi ts msje sn 
ts the neTt taiuH An AL akent adebt at ibsuen rad,s csmmfn,cat,sni and w,th a maitery 
sp the iame 9ML csfod brsj,de an eTtra mark,n sp iapety and e3c,ency w,thsft mau,nk 
any msd,lcat,sni ts the fnderoy,nk eT,it,nk ,npraitrfctfreH 

Recruiting

…ecrf,teri read csfntoeii reifmei and is ,tBi nst ifrbr,i,nk that ’’Ri are nsw .e,nk 
fied ts heob loter abbo,cat,sniH Ene recent csooeke kradfate deicr,.ed the eTber,ence sp 
abboy,nk psr wsru ,n the AL era ai a .ew,oder,nk .ofr sp .sti and aftsmated wsruxswiH 
Ejer a pew msnthig he if.m,tted arsfnd ';) Is. abbo,cat,sni and psfnd that 4nearoy 
aoo sp them0 ,njsojed isme psrm sp art,lc,ao ,nteoo,kence“ prsm chat.sti that aftsqlooed 
abbo,cat,sni psr paitqpssd cha,ni ts a 4taou,nk rs.st0 that brsctsred h,i j,des ,nterj,ewH 
Uach t,me he co,cued iendg he had the fneaiy peeo,nk that h,i mater,aoi were jan,ih,nk 
,nts a d,k,tao js,dg and he 4itarted aiifm,nk that ns.sdy ,i ks,nk ts iee ,t0H7K En the 
sther i,de sp the h,r,nk ePfat,sng embosyeri are peeo,nk ePfaooy sjerwheomedH A recrf,ter 
at sne MHSH tech lrm sbened a rePf,i,t,sn psr a data ic,ent,it and wai xssded w,th 
sjer Jg))) abbo,cat,sniH Ujen apter ,nit,tft,nk a tsfkh iu,ooi teit ts w,nnsw the bssog 
ihe ifibected that isme sp the pew whs aced ,t had reo,ed sn kenerat,je AL“ a hfnch 
brsjen when sne h,khoy rated cand,date prsWe fb ,n the psooswqfb ,nterj,ewg fna.oe 
ts eTboa,n a isoft,sn that had abbeared ,n 4h,i0 aii,knmentH Ln her wsrdig 4nst snoy 
haje they waited the,r t,meg .ft they waited my t,me5 ,tBi reaooy prfitrat,nk0H7– -h,i 
anecdste cabtfrei a new reao,ty& the h,r,nk brsceii hai Pf,etoy .ecsme an aoksr,thm,c 
.attoekrsfndg w,th hfman Is. ieeueri and h,r,nk manakeri ao,ue cafkht ,n the m,ddoe 
sp an eicaoat,nk ,nterboay .etween dfeo,nk ALiH
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At the center sp th,i fbheajao ,i the r,ie sp ALqkenerated abbo,cat,sn mater,aoiH Dst 
osnk aksg a berisnao,Wed csjer oetter sr met,cfosfioy ta,osred ríifmí wai a reo,a.oe 
i,knao sp a cand,dateBi e6srt and ,ntereitH Nrapt,nk thsie dscfmenti tssu t,me“ kener,cg 
maiiqbrsdfced abbo,cat,sni were fifaooy eaiy ts ibstH -hat ePfat,sn hai .een tfrned 
fbi,de dswn .y oarke oankfake msdeoiH -sdayg a Is. ieeuer can peed a Is. deicr,bt,sn 
,nts an AL tsso and rece,je a bso,ihedg cfitsmqlt csjer oetter w,th,n iecsndiH ”,th a 
pew msre co,cuig they can tweau the,r ríifmí ts m,rrsr the embosyerBi eTact ueywsrdi 
and tsneH -heng fi,nk Is. boatpsrmiB sneqco,cu abboy peatfreig they can iend abbo,cat,sni 
nst Ifit ts sne Is.g .ft ts dsWenig sr ejen hfndredig sp sben,nki ,n a i,nkoe apternssnH 
-he reifot hai .een an eTbosi,sn ,n jsofmeH Sfrjeyi ihsw that msre than haop sp Is. 
ieeueri nsw fie AL ts ifbbsrt the,r abbo,cat,snig and nearoy sne ,n lje reoy sn ifch 
tssoi rekfoaroyH7z Lndeedg a kos.ao bsoo ,n 7)7; psfnd that 70% sp Is. ieeueri were 
oejerak,nk kenerat,je AL ts reiearch csmban,eig drapt csjer oetterig sr brebare taou,nk 
bs,nti psr ,nterj,ewiHJ) ”,th kenerat,je teTt sn demandg ,t hai .ecsme tr,j,aooy eaiy ts 
4berisnao,We0 an abbo,cat,sn and ts ds is at ,ndfitr,ao icaoeH

-h,i newpsfnd eaie hai ,nfndated h,r,nk iyitemi w,th abbo,cat,snig many sp them 
,nd,it,nkf,iha.oy weooqcraptedH Umbosyeri are i,mboy fna.oe ts k,je each if.m,ii,sn 
a cosie ossuH v,r,nk manakeri rebsrt that the jsofme sp abbo,cat,sni hai ifrked and 
th,i deofke hai oed ts ioswer reibsniei and ejen Pfao,led cand,datei .e,nk sjerossuedH 
Lrsn,caooyg a tsso meant ts .ssit e3c,ency haig ,n bract,ceg made ,t par harder psr any 
,nd,j,dfao ts itand sftH Aoo thsie eaker abbo,canti are h,tt,nk a waoo sp sjerwheomed 
recrf,teri and prfitrat,sn ,i msfnt,nk sn .sth i,dei sp the h,r,nk deiuH

Ssme embosyeri iee a certa,n reisfrcepfoneii ,n cand,datei fi,nk adjanced tssoiH 
Apter aoog ,p AL ,i ks,nk ts .e bart sp the Is. ,tieopg why ihsfodnBt abbo,canti fie ,t ,n 
the abbo,cat,sn8 vswejerg ejen theie sbt,m,iti wsrry a.sft osi,nk any kenf,ne i,knao 
sp a berisnBi mst,jat,sn sr ltH -he h,r,nk brsceii itarti ts peeo o,ue an armi race sp 
pauery and loter,nkH Xs. ieeueri em.eoo,ih w,th AL ts ket ,n the dssr“ embosyeri reibsnd 
w,th new icreen,nk tact,ci ts teoo hfman prsm mach,neH Ln sne csrnerg abbo,canti are 
fi,nk ’’Ri ts icr,bt nst snoy the,r wr,tten mater,aoi .ft ejen aniweri ts ant,c,bated 
,nterj,ew Pfeit,sniH Ln the sther csrnerg csmban,ei are debosy,nk the,r swn AL iyitemi 
ts weed sft thsie jery icr,btiH Ssme haje reacted .y a.andsn,nk the trad,t,snao n,cet,ei 
aotskether .y reach,nk sft d,rectoy ts h,r,nk manakeri sr try,nk ts netwsru the,r way ,nH 
-heie are aoo ad hsc adIfitmenti ,n a kame whsie rfoei are .e,nk rewr,tten ,n reao t,meH 

Mnpsrtfnateoyg aftsmat,nk recrf,tment can entrench .,ai rather than eo,m,nate ,tH AL 
iyitemi oearn prsm h,itsr,cao datag and h,itsry ,i nst aowayi an ,deao teacherH Ln 7)7(g 
Mn,jeri,ty sp ”aih,nktsn reiearcheri teited iejerao itateqspqtheqart ’’Rq.aied h,r,nk 
tssoi ts iee hsw they ranued cand,datei w,th d,6erent demskrabh,c cfeiH -he reifoti 
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were aoarm,nkH ”hen ,dent,cao reifmei were if.m,tted fnder d,6erent nameig the AL 
csni,itentoy pajsred thsie w,th wh,teqisfnd,nk namei sjer thsie w,th .oacuqisfnd,nk 
nameig and maoe namei sjer pemaoe sneiH Ln pactg acrsii hfndredi sp tr,aoig the aoksq
r,thmi nejer snce breperred a reifme w,th a .oacu maoe name sjer an ePf,jaoent reifme 
w,th a wh,te maoe nameHJ'

Ai,de prsm .,aig aftsmated iyitemi can pfm.oe ,n sther wayiH -hey can m,iread 
fncsnjent,snao reifmeig sjerossu nsnqitandard career bathig sr i,mboy sjerqbr,sr,t,We 
ueywsrdi ts a pafotH Uach ,nd,j,dfao rfoe may haje osk,c .eh,nd ,tg .ft tskether theie 
aftsmated Ifdkmenti can amsfnt ts a h,r,nk brsceii that ,i fny,eod,nk and fnpsrk,j,nk 
,n wayi ns hfman recrf,ter wsfod csnic,sfioy .eH -he r,iug ai isme cr,t,ci bft ,tg ,i that 
we create a .freafcracy sp .sti“ iyitemi that e3c,entoy brsceii thsfiandi sp brsloei 
.ft berhabi m,ii the jery hfman bstent,ao they were meant ts lndH -he itauei are 
ensrmsfi .ecafie whatBi at ,iife ,i msre than Ifit whs keti a Is. s6er“ ,tBi the jery 
.ai,i sn wh,ch sbbsrtfn,t,ei are d,itr,.fted ,n isc,etyH ”sru ,i a csrneritsne sp msdern 
o,peg and h,r,nk bract,cei determ,ne whsie iu,ooi are recskn,Wedg whs keti a psst ,n the 
dssrg and fot,mateoy whs thr,jeiH -hat brsceii ,i nsw .e,nk aotered ,n pfndamentao wayi 
.y technsosk,ei pew sp fi pfooy fnderitandH LtBi nst aoo .ad newiH ”e may iee that AL 
.aied h,r,nk brsceiiei aoosw besboe ts .e msre e6ect,jeoy matched w,th sbbsrtfn,t,ei 
that ao,kn w,th the,r berisnao ,ntereiti and ,p eTecfted csrrectoyg AL afkmented h,r,nk 
brsceiiei csfod eo,m,nate .,aiei ,nitead sp re,npsrc,nk themH

Concluding thoughts to workforce disruption

Grsm cfitsmer ifbbsrt ts oaw ts heaothcare ts enk,neer,nkg the itsry rhymeiH ”herejer 
brspeii,snaoi are wsru,nk ,n dsma,ni that maue eTteni,je fie sp natfrao oankfakeg an AL 
akent ,i o,ueoy ts d,irfbt the,r way sp wsruH Ln the csm,nk decadeg the natfre sp many 
h,khqiu,oo brspeii,sni w,oo ejsoje ,n if.toe and nstqisqif.toe wayiH vfmani w,oo brsj,de 
ksaoig sjeri,khtg and eth,cao Ifdkment wh,oe AL heobi brsj,de .rfteqpsrce eTecft,sng 
csni,itencyg and .readth sp attent,snH En an ejeryday oejeog csfntoeii hsfri sp drfdkery 
w,oo .e o,pted s6 hfman ihsfoderiH Ln bart,cfoarg ejery brspeii,sn that ibendi ,ti day ,n 
prsnt sp a icreen itandi ts .e aotered ai AL akenti are a.oe ts oejerake 9MLi ai ieamoeiioy 
ai they oejerake AOLi tsdayH -he oait t,me a tranipsrmat,sn sp th,i .readth sccfrred 
wai when berisnao csmbfteri and the ,nternet bermeated s3ceiH Dswg w,th AL akenti 
,nha.,t,nk sfr isptwareg we itand at a i,m,oar ,nxect,sn bs,ntH 

Ssc,ety w,oo o,ueoy need ts reth,nu iu,oo dejeosbmentH Lp rsooed sft reibsni,.oyg the 
bays6 ,i a wsrod where ,nnsjat,sn acceoeratei and iu,ooed hfman taoent ,i preed prsm 
the tyranny sp rsft,ne ,nteract,snH Lt ,i a pftfre where arch,tecti ibend msre t,me 
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dei,kn,nk and oeii t,me drapt,nkg where dsctsri ibend msre t,me w,th bat,enti and oeii 
t,me tyb,nkg and where each berisn can manake par msre csmboeT brsIecti .ecafie the,r 
AL csooa.sratsr handoei the .fiy wsruH Sfch a pftfre ,i pait abbrsach,nkg dr,jen .y theie 
new AL iyitemi that Pf,etoy oearn ts ds ejery csmbfterq.aied taiu we dsH

Assigning Value for Software and Labor

Lp AL akenti itart fi,nk isptware arsfnd the coscug act,nk ai nsnqitsb 4d,k,tao wsruerig0 
cfrrent isptware o,ceni,nk msdeoi w,oo pace breiifre ts adabtH Rsit csmmerc,ao isptware 
o,ceniei tsday are t,ed ts hfman fieri sr at oeait ts a certa,n nfm.er sp ieati sr dej,ceiH 
”hat habbeni when a i,nkoe hfman debosyi ten AL akenti ts fie ten csb,ei sp the 
isptware ,n baraooeo8 Er when an AL akent rfni a brskram fnattended at aoo hsfri8 Rany 
o,cenie akreementi eTbo,c,toy brsh,.,t th,i u,nd sp aftsmated sr bssoed fieH Gsr ,nitanceg 
o,cenie akreementi spten ,ncofde oankfake psr.,dd,nk any 4aftsmatedg fnattendedg 
nsnq,nteract,je0 fie sp the isptware that wsfod ifbbsrt mfot,boe sberat,sni at snceH 
Sfch coafiei rexect a .fi,neii msdeo .f,ot sn hfman o,m,tat,sni“ a berisn can snoy .e 
oskked ,n and fi,nk the isptware ,n sne boace at sne t,meH AL .reaui that aiifmbt,snH 
Grsm a rejenfe itandbs,ntg isptware csmban,ei m,kht lnd a i,nkoe AL fier csfod reboace 
dsWeni sp hfman fierig fnderm,n,nk berqieat o,ceni,nkH -hey may reibsnd .y try,nk ts 
enpsrce ant,qaftsmat,sn coafiei sr ih,pt ts fiakeq.aied br,c,nk %chark,nk .y the m,nfte 
sr traniact,sn2H Aothsfkh deao,nk w,th th,i chanke may isfnd o,ue a tr,j,ao deta,og the 
,mbact csfod .e i,kn,lcantH -he kos.ao isptware maruet wai arsfnd éK() .,oo,sn ,n 
7)7( and trani,t,sn,nk ts an ent,reoy new rejenfe msdeo hai the bstent,ao ts .e jery 
d,irfbt,jeHJ7

LtBi nst snoy isptware br,c,nk msdeoi that need ts .e rej,i,tedH Ene ,ntr,kf,nk oa.sr 
csniePfence sp acceii,.oe AL tsso fie ,i the bsii,.,o,ty sp ,nd,j,dfaoi Pf,etoy aftsmat,nk 
the,r swn Is.ig sr ejen hsod,nk mfot,boe Is.ig w,thsft the,r embosyeriB unswoedkeH 
Aoready there are itsr,ei sp tech wsrueri iecretoy fi,nk 9O-q( sr i,m,oar tssoi ts ln,ih 
,n hsfri taiui that were .fdketed psr dayig e6ect,jeoy pree,nk themieojei ts taue sn a 
iecsnd remste Is.H Sfrjeyi ifkkeit th,i ,i nst an ,isoated bhensmensn& .y m,dq7)7J 
embosyeei were 4,ncreai,nkoy fi,nk AL tssoig ifch ai EbenALBi Nhat9O-g ts .ssit 
the,r berisnao brsdfct,j,ty and manake mfot,boe Is.ig0 .ft spten uebt th,i iecret dfe 
ts itr,ct csrbsrate bso,c,ei aka,nit AL fieHJJ Ln sther wsrdig wsrueri are h,d,nk the,r 
AL 4csqwsrueri0 psr pear sp rebercfii,sni sr sp k,j,nk fb the,r newpsfnd edkeH -h,i 
coandeit,ne aftsmat,sn createi a csmboeT eth,cao oandicabeH En sne handg an embosyee 
whs can ds the wsru sp tws besboe w,th the heob sp AL m,kht reaisn that they are i,mboy 
.e,nk e3c,ent %and berhabi fnderba,d psr the jaofe deo,jered2H En the sther handg ,p 
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embosyeri are ,n the darug they cannst adIfit wsruosadi sr eTbectat,sni accsrd,nkoyg 
and the i,tfat,sn jeeri ,nts a kray area au,n ts d,ihsneityH -he term 4sjerembosyed0 hai 
emerked psr besboe hsod,nk mfot,boe pfooqt,me Is.i thanui ts remste wsru iecrecy“ AL 
csfod tfr.scharke that trendg ena.o,nk a i,nkoe berisn ts meet the demandi sp iejerao 
rsoei .y deoekat,nk mfch sp the kr,nd ts isptwareqcsntrsoo,nk akentiH 9artner anaoyiti 
ejen brsIect that .y 7)7–g ')? sp iaoei aiisc,atei w,oo fie AL ts csjertoy hsod msre than 
sne Is.HJ( -he sther i,de sp the arkfment ,i that we are eTber,enc,nk the tfr.foence sp a 
trani,tsry bhaieH Ai embosyeri catch fb ts embosyeei ,n the adsbt,sn and debosyment 
sp ALg eTbectat,sni sp berpsrmance and sftbft ,n many rsoei w,oo ,ncreaie& oeaj,nk ns 
t,me psr wsrueri ts bfrife mfot,boe Is.i ,n baraooeoH 

-he natfre sp wsru that ,i aftsmated w,oo haje a mean,nkpfo ,mbact sn career dejeoq
sbment bathiH Ln many unswoedkeq.aied Is.i tsdayg career bathi haje .een carepfooy 
crapted sjer decadei sr ejen hfndredi sp yeariH -he taiui that ’’R iyitemi eTceo at 
sjeroab i,kn,lcantoy w,th the taiui that are spten aii,kned ts entry oejeo embosyeei ifch 
ai reiearch aii,itanti and Ifn,sr aiisc,ateiH Aothsfkh at t,mei ted,sfig the yeari ibent sn 
thsie entry oejeo taiui heob embosyeei ,nternao,We dsma,n unswoedkeg ka,n eTbsifre ts 
reaoqwsrod i,tfat,snig and rece,je mentsrih,b prsm ien,sr embosyeeiH Lp that wsru ,i ns 
osnker neededg what w,oo that mean psr the pftfre sp embosyment8 

Ene m,kht ibecfoate that we w,oo enter a ber,sd sp t,me where there are oays6i and 
a redfct,sn ,n the i,We sp the sjeraoo wsrupsrce ai that wsru ,i aftsmatedH Ence the 
wsrupsrce hai ita.,o,Wed at a imaooer sjeraoo i,Weg new entranti that reboace ret,r,nk eTberti 
w,oo .e itebb,nk ,nts rsoei w,th a h,kher oejeo sp ,n,t,ao reibsni,.,o,tyH vsw w,oo ,ndfitry 
and fn,jeri,t,ei adabt8 Lt ,i bsii,.oe that the eTbectat,sn psr edfcat,sn w,oo ,ncreaieH 
Ene csfod ,mak,ne that itfdenti may need ts rece,je a maiterBi dekree .epsre enter,nk 
,ndfitr,ei where a .acheosr:i dekree wai brej,sfioy if3c,entH Ln the baitg the handpfo sp 
yeari ,n an entry oejeo rsoe brsj,ded an snqtheqIs. edfcat,sn that may haje ts .e reboaced 
,n ansther wayH 

An aoternat,je j,ew ,i that there ,i a i,kn,lcant fnmet need ,n many unswoedkeq.aied 
,ndfitr,ei and the aftsmat,sn sp entry oejeo wsru may aoosw ierj,ce ts .e brsj,ded ts 
a oarker nfm.er sp csnifmeri w,th a wsrupsrce that ,i the iame i,We sr ejen oarkerH 
Gsr eTamboeg accsrd,nk ts the ’ekao Serj,cei Nsrbsrat,sng an ent,ty eita.o,ihed .y 
the MS Nsnkreiig oswq,ncsme Amer,cani were fnderierjed psr z7? sp the,r c,j,o oekao 
brs.oemiHJ; Ln th,i new erag entry oejeo embosyeei that are a.oe ts bartner w,th AL akenti 
csfod .e aii,kned ts cfitsmeri w,th oswer .fdketi that were brej,sfioy nst ierjed at aoo 
sr fnderierjedH -h,i hai bstent,ao ts .e a w,nqw,nqw,n psr csnifmerig embosyeeig and 
embosyeri .ft care mfit .e tauen ts enifre that the Pfao,ty sp ierj,ce csnt,nfei ts meet 
eita.o,ihed itandardiH
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At the sther end sp a career bath are msre ien,sr embosyeeiH -sdayg theie embosyeei 
are a.oe ts ibend an ,ncreai,nk amsfnt sp the,r t,me manak,nk the msit ,mbsrtant co,ent 
reoat,snih,bi and tacuo,nk ,ntereit,nk itratek,c brs.oemiH Ln the pftfreg there ,i a r,iu 
that ien,sr embosyeei w,oo .e reoekated ts the rsoe sp .a.yi,tt,nk AL akentiH Rfch sp 
the ,ntereit,nk wsru may .e aftsmatedg w,th the ien,sr embosyee reibsni,.oe snoy psr 
i,kn,nk s6 sn the sftbft sr iteer,nk AL akenti .acu sn tracu when they ket itfcuH -h,i 
d,oemma .ek,ni ts eTbsie a iet sp uey bh,osisbh,cao Pfeit,sniH ”hat ,i ,t that .r,nki fi 
iat,ipact,sn and Isy ,n sfr wsru and hsw can we .e ifre we dsnBt k,je fb thsie eoementi 
sp sfr Is.i8

vand,nk sjer the sberat,sn sp tssoi ts AL akenti hai a oeii ,mmed,ateoy j,i,.oe csnq
iePfence& hfman iu,ooi can atrsbhyH Lp brspeii,snaoi ns osnker need ts oearn the deta,oed 
mechan,ci sp isptwareg they may kradfaooy osie .sth the unswqhsw and the ,ntf,t,sn 
that csmei prsm d,rectg handiqsn eTber,enceH -h,i ,i bart sp a .rsader bhensmensn 
unswn ai cskn,t,je s$sad,nk wh,ch we ,ntrsdfced ,n the csnteTt sp edfcat,snH Lp we 
entrfit mentao taiui ts eTternao a,di %.e ,t caocfoatsrig 9OSg sr nsw AL2g we may osie 
sfr maitery sp thsie pacfot,eiH Oesboe whs csnitantoy reoy sn AL ts lkfre th,nki sft 
psr them haje pewer sbbsrtfn,t,ei ts bract,ce csmboeT reaisn,nk themieojeiH -here 
,i a r,iu sp creat,nk a kenerat,sn sp brspeii,snaoi whs unsw what ts aiu psr .ft nst 
why th,nki habben the way they ds w,th,n the,r tssoi and whs are fna.oe ts iteb ,n 
and taue sjer ,p the AL itsbi pfnct,sn,nkH ”eBje ieen i,m,oar i,tfat,sni .epsre ,n n,che 
areaiH ”hen b,osti reoy sn aftsb,ost iyitemig the,r manfao xy,nk iu,ooi can dekradeg 
neceii,tat,nk deo,.erate bract,ce sp thsie iu,ooi ts enifre read,neii when aftsmat,sn 
pa,oiH LtBi the reaisn why brspeii,snaoi ,n a nfm.er sp rekfoated ,ndfitr,ei berpsrm 
rekfoar tra,n,nk and fnderks ber,sd,c recert,lcat,snH Ene can arkfe that we haje ieen 
i,m,oar isc,etyqw,de deiu,oo,nk prsm brej,sfi technsosky rejsoft,sniH Gsr eTamboeg msit 
besboe tsday ds nst krsw any sp the,r swn pssd and wsfod .e ,ncaba.oe sp brsj,d,nk psr 
themieojei ,p sfr akr,cfotfrao iyitem .rsue dswnH Aothsfkh that ,i a jao,d bs,ntg there ,i 
ismeth,nk pfndamentaooy d,6erent a.sft the osii sp cr,t,cao th,nu,nk iu,ooiH R,t,kat,nk 
th,i acrsii isc,ety ai a whsoe w,oo rePf,re csnic,sfi e6srt sp a icaoe we haje nst ieen 
.epsreH

Professionals Training Their Replacements

-he earoy itakei sp debosy,nk AL akenti ,n ibec,ao,Wed leodi csfod create a kr,m ,rsny& 
h,khoy iu,ooed brspeii,snaoi m,kht .e aiued ts kf,de and csrrect AL iyitemi that are 
eTbo,c,toy meant ts aftsmate the brspeii,snaoiB swn Is.iH Ln e6ectg eTberti csfod .e 
taiued w,th tra,n,nk the,r reboacementiH ”e haje a brecedent psr th,i ,n the wsrod sp AL 
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dataH Ln many barti sp the wsrodg there are osnkqeita.o,ihed csmban,ei that ibec,ao,We ,n 
data entry and data annstat,sn taiuiH -sdayg many sp thsie wsrueri are oa.eo,nk ,makeig 
tranicr,.,nk afd,sg sr xakk,nk csntentg ts heob tra,n AL msdeoiH Ln tfrng thsie AL msdeoi 
w,oo d,iboace the need psr pfrther data annstat,sn wsruH

Dsw ,mak,ne a ien,sr accsfntant sr an eTber,enced arch,tect .e,nk k,jen an AL 
abbrent,ce and tsod ts csrrect ,ti m,itauei psr a ber,sd sp t,meg w,th the coear eTbectat,sn 
that snce the AL reachei a certa,n oejeo sp brslc,ency then pewer hfman rsoei w,oo .e 
neededH Ln many caieig ,t may .e oeii if.toeH A drapt,nk technsosk,it may csmboete the,r 
edfcat,sn ts d,icsjer that the snoy wsru aja,oa.oe ,i ts psoosw a icr,bt and berpsrm 
rsft,ne taiui wh,oe .e,nk recsrded ifch ai draw,nk a w,de jar,ety sp itandard ihabeiH 
-he recsrd,nki w,oo .e fied ts kenerate a tra,n,nk data iet psr AL Akenti is that they 
can berpsrm drapt,nk sn the,r swnH LtBi a d,icsmpsrt,nk icenar,s that abbeari o,ueoy ts 
.ecsme a reao,tyH A oaw lrmg psr ,nitanceg csfod h,re a ieaisned baraoekao sn a ihsrtqterm 
csntract ts ibend i,T msnthi jao,dat,nk and lneqtfn,nk an AL that ,i brslc,ent at 
acceii,nk aoo sp the oscao itate oekao iyitemiH -he baraoekao dsei sne oait rsfnd sp ,nq
tenie mentsrih,bg .ft ts an AL akent ,nitead sp a Ifn,sr embosyeeH -he,r unswoedke ,i 
bermanentoy encsded ,nts the iyitemg and then the csntract endiH Grsm that bs,nt sng 
there ,i snoy the sccai,snao need psr ma,ntenance and lne tfn,nkH -he ecsnsm,c osk,c 
,i itra,khtpsrwardg .ft ,t ra,iei eth,cao Pfeit,sni a.sft the jaofe and d,kn,ty sp eTbert 
oa.srH Are theie brspeii,snaoi .e,nk redfced ts 4msdeo tra,neri0 rather than jaofed psr 
the,r Ifdkment8 ”e m,kht iee csnifot,nk k,ki emerke where eTber,enced wsrueri oend 
the,r unswoedke ts ,mbrsje an AL iyitem psr a msdeit peeH Ebt,m,iti m,kht arkfe that 
eTberti tra,n,nk AL ,i ns d,6erent prsm eTberti tra,n,nk Ifn,sr embosyeei“ a natfrao 
mentsrih,b brsceiig eTcebt the mentee ,i a mach,neH -he d,6erence ,i the endkame& the 
mach,ne wsnBt need a iaoary sr reaisna.oe wsru,nk hsfriH Ssc,ety w,oo need ts lnd wayi 
ts enifre that the hfman eTbert,ie that ieedi theie AL iyitemi ,i reibected and pa,roy 
csmbeniatedH -he trani,t,sn ber,sd where hfmani and naicent ALi wsru i,de .y i,de 
csfod .e prafkht w,th peeo,nki sp d,ibsia.,o,ty amsnk the jery besboe whsie unswoedke 
mauei ,t aoo bsii,.oeH

Autonomy and Systemic Risks

Ai AL iyitemi itart ts taue csntrso sp a w,der ranke sp iyitemi that brej,sfioy rePf,red 
a hfman sberatsrg there ,i the csncern sp AL akenti brec,b,tat,nk rab,dg hardqtsqcsntrso 
ejenti ,n the bhyi,cao sr lnanc,ao wsrodH ”e haje aoready eTber,enced a caft,snary taoe sp 
aftsmat,sn ksne awry ,n the lnanc,ao marueti& the 4Goaih Nraih0 sp Ray 1g 7)')H En 
that dayg MHSH itscu marueti bofmmeted .y a.sft é' tr,oo,sn ,n jaofe w,th,n m,nfteig 
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snoy ts recsjer ihsrtoy apterH Gsreni,c anaoyi,i oater ihswed that aftsmated trad,nk 
aoksr,thmi m,i,nterbreted maruet i,knaoi and .ekan a caicade sp ieoo,nkg a peed.acu 
ossb sp mach,nei tr,kker,nk mach,neig fnt,o hfman ,nterjent,sn haoted the chasiHJ1 
”h,oe that ejent wai dr,jen .y reoat,jeoy narrsw aoksr,thmi %h,khqprePfency trad,nk 
.sti react,nk at .o,nd,nk ibeed2g ,t psreihadswi what csfod habben ai msre bswerpfog 
kenerao AL akenti taue the re,ni sp csmboeT iyitemiH Lp an ’’Rq.aied akent ,i k,jen 
csntrso sp a bswer kr,d manakement ,nterpace sr a oarkeqicaoe osk,it,ci iyitemg a m,nsr 
m,iIfdkment sr a oearned hefr,it,c m,iabbo,ed csfod brsdfce iw,ptg csmbsfnd,nk 
errsriH -he akent m,kht eTecfte a berpectoy osk,cao ier,ei sp act,sni that nsnetheoeii 
oead ts a deitrfct,je sftcsme“ Ifit ai thsie trad,nk aoksr,thmi osk,caooy psooswed the,r 
brskrammed s.Iect,jei ,nts a maruet craihH -he msre we hand sjer reaoqwsrod csntrso 
ts ALg the msre we haje ts csni,der new psrmi sp sjeri,kht and c,rcf,tq.reaueriH Ln 
lnanceg apter the 7)') xaih craihg rekfoatsri ,mboemented trad,nk bafiei %isqcaooed 
c,rcf,t .reaueri2 ts k,je hfmani a .reather ts aiieii eTtrasrd,nary maruet msjeiH Ln 
sther dsma,nig anaosksfi iapekfardi m,kht .e neededH Lp an AL akent ,i csntrsoo,nk 
a xeet sp aftsnsmsfi jeh,coei j,a a manakement 9MLg what itsbi ,t prsm rsft,nk 
aoo jeh,coei snts the iame imaoo itreet ,n reibsnie ts a ko,tch ,n ienisr data sn the 
ma,n h,khway8 ”e m,kht need 4hfmanq,nqtheqossb0 checubs,nti psr certa,n h,khqitauei 
dec,i,snig sr ,ndebendent AL msn,tsri that watch the br,mary ALH ”e csfod ,mak,ne a 
icenar,s where a water treatment pac,o,ty addi an AL akent ts ,nteract w,th a decadeiqsod 
sberat,nk iyitem and ,t ,nadjertentoy ihfti s6 a c,tyBi water ifbboy wh,oe the hfman 
ifberj,isr ,i sn a waihrssm .reauH Ep csfrieg theie tybei sp r,iui are jery carepfooy 
csntemboated ,n aftsmated csntrso iyitemiH -he new r,iu tsday ,i that srkan,Wat,sni 
m,kht oayer sn an AL sberatsr w,thsft k,j,nk the iame oejeo sp thsfkht ,nts hsw ts 
manake theie icenar,siH

Gfrthermsreg when mfot,boe AL akenti ,nteractg psr eTamboeg dsWeni sp trad,nk .sti 
aoo read,nk the iame maruet data and react,nkg the,r emerkent .ehaj,sr can .e hard 
ts bred,ct and bstent,aooy deita.,o,W,nkH -he xaih craih ihswed hsw ,nteract,sni can 
ambo,py ,nts iyitem,c ,nita.,o,tyH ”,th msre adjanced akentig thsie ,nteract,sni csfod 
.e msre csmboeT than i,mboe ieoo,nk caicadei“ they m,kht ,njsoje mfot,qiteb itratek,ei 
and ejen ,nteract,sni acrsii dsma,niH Lmak,ne an AL akent ,n charke sp ifbboy cha,n 
manakement that mauei akkreii,je dec,i,sni that ,nadjertentoy ihscu a itscu maruetH 
”e w,oo d,icfii iwarmi sp AL akenti ,n a pftfre chabterH Oso,cymaueri and ,ndfitry 
oeaderi w,oo need ts itfdy theie icenar,si and berhabi draw sn oeiisni prsm leodi 
o,ue iyitemi enk,neer,nk and ecsoskyg where csmboeT adabt,je iyitemi are unswn ts 
ismet,mei t,b ,nts chasiH -he ksao w,oo .e ts harneii the ,mmenie brsdfct,j,ty and 
e3c,ency ka,ni sp aftsnsmsfi AL csntrso w,thsft ifccfm.,nk ts ,ti bstent,ao psr 
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rab,dg rfnaway m,itaueiH Xfit ai we dei,kn pa,oqiapei psr nfcoear reactsri and .rau,nk 
iyitemig we w,oo need rs.fit pa,oqiapei psr AL akenti that can 4breii aoo the .fttsni0 ,n 
sfr d,k,tao and bhyi,cao ,npraitrfctfreH -he xaih craih itandi ai a itaru rem,nder that raw 
ibeed and aftsnsmsfi dec,i,snqmau,nkg fnchecuedg can sftbace sfr a.,o,ty ts csnta,n 
the damake“ a oeiisn we ,knsre at sfr ber,o ai we msje ,nts an era sp f.,Pf,tsfi AL 
akencyH

Bad Actors and Abuse Scenarios

AL Akenti that are ePf,bbed w,th bswerpfo reaisn,nk caba.,o,t,ei and the a.,o,ty ts 
acceii isptware iyitemi w,oo nst snoy .e fied psr kssd“ fnpsrtfnateoyg they aois breient 
new tssoi psr .ad actsriH Rany eTberti are isfnd,nk the aoarm that adjanced ’’Ri 
csfod .e weabsn,Wed ,n jar,sfi dsma,nig oswer,nk the csit and iu,oo .arr,er psr act,j,t,ei 
that wsfod nsrmaooy rePf,re eTbert unswoedke sr i,kn,lcant oa.srH ”e are aoready iee,nk 
earoy eTamboei sp th,ig and ,tBi eaiy ts ,mak,ne msre ai the technsosky adjanceiH

Ene csncern,nk icenar,s ,i 4oekao xssd,nk0 sr aftsmated .freafcrat,c attacuiH An 
,nd,j,dfao sr krsfb w,th an akenda csfod fie ’’Ri ts kenerate a deofke sp oekao 
dscfmentiH Gsr ,nitanceg an ,nd,j,dfao csfod loe thsfiandi sp pr,jsosfi oawif,ti sr 
batent abbo,cat,sni ts sjerwheom a csfrt iyitem sr itym,e a csmbet,tsrH ”r,t,nk a 
haopway csherent oawif,t sr csmboa,nt srd,nar,oy tauei oekao eTbert,ieg .ft an ’’R 
tra,ned sn oekao psrmati can brsdfce dscfmenti that ossu cred,.oeH Ln isme caieig 
lo,nk peei d,icsfrake th,i .ehaj,sr .ft ,n sther caieig there ,i ns pee ,n the ,ntereit sp 
redfc,nk .arr,eri psr j,ct,miH Gsr eTamboeg ,mak,ne a isbh,it,cated attacu that wsfod 
eqma,o ansnymsfi cfitsm,Wed .yoaw csmboa,nti a.sft a ne,kh.sr that ismesne hsodi a 
krfdke aka,nitH Ujery dayg a new eqma,o csmei ,ng ieem,nkoy prsm a d,6erent csmboa,nant 
and ejeryday a .yoaw s3cer needi ts ,njeit t,me psoosw,nk fb and dec,d,nk ,p a lne 
ihsfod .e oej,edH -h,i ,i a jery narrsw eTamboe .ft a cssrd,nated camba,kn csfod t,e 
fb reisfrcei ,n the csfrti sr ,n a ksjernment s3ce .y the iheer jsofme sp ALqkenerated 
baberwsruH S,m,oaroyg sne csfod xssd bf.o,c csmment iyitemi %wh,ch akenc,ei fie ts 
kather peed.acu sn brsbsied rekfoat,sni2 w,th teni sp thsfiandi sp ALqwr,tten csmq
menti that drswn sft kenf,ne bf.o,c ,nbftH -h,i u,nd sp aiymmetr,c attacu oejerakei 
the pact that kenerat,nk teTt ,i cheab psr ALg .ft brsceii,nk and reibsnd,nk ts ,t ,i csitoy 
psr hfmaniH ”e haje nst yet ieen th,i at pfoo icaoeg .ft the threat ,i ra,i,nk csncern amsnk 
bso,cymaueri whs reao,We cfrrent iyitemi arenBt ePf,bbed ts d,it,nkf,ih a hfman lo,nk 
prsm a .st lo,nk ,p .sth psoosw the rePf,red psrmatiH

Ansther s.j,sfi m,ifie ,i ,n cy.eriecfr,ty and hacu,nkH Adjanced can dramat,caooy 
oswer the .arr,er ts entry psr cy.erqattacuiH Uaro,er ,n the .ssug we d,icfiied the bsq
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tent,ao psr ’’Ri ts .e fied ts drapt bh,ih,nk eqma,oiH ”,th the add,t,sn sp reaisn,nkg 
isptware dejeosbment and tssoqfie caba.,o,t,eig an AL akent can ks mfch pfrtherH Ln 
thesryg an akent can .e dejeosbed that wsfod debosy an endqtsqend attacug ,ncofd,nk 
dejeosbment sp a cfitsm we.i,te and tau,nk act,sn ts traniper pfndi ,n and sft sp 
lnanc,ao accsfntiH At icaoeg th,i tybe sp an attacu may .e mfch harder ts detect i,nce 
the aftsmat,sn wsfod aoosw ,t ts .e cfitsm,Wed psr each ,nd,j,dfao tarketH Aoreadyg 
reiearcheri haje demsnitrated fi,nk kenerat,je msdeoi ts create bsoymsrbh,c maoware 
csde that chankei ,tieop ts ejade detect,snHJK Aoo sp th,i meani that msre attacueri can 
oafnch isbh,it,cated attacui w,th oeii e6srtg and dependeri w,oo pace ALqbswered isc,ao 
enk,neer,nk and csd,nk snioafkhtiH Ny.eriecfr,ty eTberti are .rac,nk psr a ib,ue ,n 
ALqpac,o,tated attacuiH En the x,b i,deg dependeri can aois fie AL %psr eTamboeg ts anaoyWe 
oski sr bred,ct attacu batterni2g berbetfat,nk the catqandqmsfie kame that .ekan when 
the lrit isptware jfonera.,o,t,ei were eTbsied earoy ,n the h,itsry sp csmbft,nkH 

-he fie sp ’’Ri psr aftsmated brsbakanda and bf.o,c man,bfoat,sn ,i ansther 
n,khtmare icenar,sH ”e tsfched sn m,i,npsrmat,sn ,n the csnteTt sp demscracy“ here 
we pscfi sn the msre tact,cao fie sp AL reaisn,nk ts berifade sr m,ioead at icaoeH A mao,q
c,sfi ent,ty csfod debosy an army sp chat.st ajatari sn isc,ao med,a that enkake besboe 
,n d,icfii,snig iyitemat,caooy iteer,nk csnjeriat,sni tswardi dei,red paoie narrat,jeiH 
Mno,ue the cofmiy .sti sp the bait that csfod .e ibstted .y the,r rebet,t,je meiiakei 
sr sdd oankfakeg new AL akenti can carry sn a mfot,qtfrn csnjeriat,sng adabt,nk ts 
the berisnBi reibsniei w,th abbarent fnderitand,nkH -hey csfod .e made ts echs the 
berisnBi ient,menti %“I know, it’s so frustrating when the government does X…”2 and 
then kradfaooy ,ntrsdfce ta,osred m,i,npsrmat,sn %“Have you considered that maybe Y is 
behind this issue? I saw a report suggesting…”2 ,n a jery csnj,nc,nkg berisnao,Wed mannerH 
Uiient,aooyg brsbakanda csfod .ecsme a sneqsnqsne biychsosk,cao sberat,sng csndfctq
ed .y t,reoeii AL berisnaiH -h,i ra,iei eth,cao ,iifei at a icaoe we hajenBt encsfnteredH LtBi 
nst Ifit paoie ,npsrmat,sn .e,nk .rsadcaitg .ft paoie reoat,snih,bi .e,nk psrmed .etween 
besboe and AL akenti bsi,nk ai iymbathet,c peoosw hfmani sr eTbertiH Lmak,ne m,oo,sni 
sp besboe fnunsw,nkoy taou,nk ts AL akenti that are nfdk,nk the,r bso,t,cao sb,n,sni 
sr isc,ao j,ewi ,n a certa,n d,rect,sn fi,nk caocfoated emst,snao and osk,cao abbeaoiH 
-he csit ts ds th,i ,i m,n,maog and detect,sn ,i eTtremeoy d,3cfot when each AL akent 
can haje a fn,Pfe 4berisnao,ty0 and meiiak,nk itratekyH LtBi a bstent tsso psr eTtrem,it 
krsfbig hsit,oe ksjernmentig sr anysne ossu,nk ts man,bfoate bf.o,c sb,n,sn sr isw 
chasiH

Bypassing Human-Only Security Measures
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Ai AL akenti .ek,n ts e6ect,jeoy ,mberisnate hfman fieri sn ,nterpaceig many iecfq
r,ty and ant,qa.fie meaifrei dei,kned ts iebarate besboe prsm .sti .ecsme par oeii 
e6ect,jeH Nh,ep amsnk theie are NAO-NvAi and sther chaooenkei ,ntended ts brsje 
4hfmanneiiH0 Rsdern AL msdeoi haje aoready ihswn they can depeat theie meaifrei ,n 
creat,je wayiH Ln a rather eyeqsben,nk eTber,ment rebsrted ,n Rarch 7)7Jg EbenALBi 
9O-q( manaked ts isoje a NAO-NvAg nst .y csmbfter j,i,sn aosneg .ft .y actfaooy 
tr,cu,nk a hfman ,nts heob,nkH -he AL enkaked a -aiu…a..,t wsruer sno,ne ts isoje 
the NAO-NvA psr ,tg and when the wsruer aiued ,p ,t wai a rs.stg 9O-q( o,ed and 
coa,med ts .e a j,ifaooy ,mba,red berisnHJ– -h,i eb,isdeg dscfmented ,n EbenALBi 
techn,cao rebsrtg ,oofitrated that an adjanced akent csfod naj,kate arsfnd a teit meant 
ts itfmb isptware .y eTbos,t,nk hfman isc,ao tendenc,eiH ”,th AL akenti csntrsoo,nk 
we. .rswieri and abbig wsruarsfndi csfod .e aftsmated and icaoedH An AL akent 
need,nk ts ket bait a NAO-NvA can i,mboy .ehaje o,ue a determ,ned hfman& berhabi 
try,nk an afd,s NAO-NvA sr sftisfrc,nk the brs.oem msmentar,oy ai 9O-q( d,dH 
-he trad,t,snao NAO-NvAg whether ,tBi b,cu,nk sft tra3c o,khti ,n an ,make sr tyb,nk 
d,itsrted teTtg aiifmed a coear iebarat,sn .etween hfman cskn,t,sn %psr isoj,nk the 
bfWWoe2 and aftsmated icr,bti %wh,ch wsfod .e ps,oed2H -hat o,ne ,i nsw .ofrryH ”e 
are enter,nk a t,me when .sti can maiPferade ai oek,t,mate fieri w,th fnietto,nk eaie“ 
they can ejen isoje bfWWoei .y fi,nk sther AL ierj,cei %o,ue ,make recskn,t,sn2 sr .y 
cssrd,nat,nk w,th hfmani fnw,tt,nkoyH -h,i renderi many iecfr,ty iyitemi .aied sn 
hfman ,dent,ty checui ,ne6ect,jeH LtBi rem,n,icent sp the chaooenke that baru rankeri 
haje ,n dei,kn,nk .earqbrssp kar.ake caniH An sptqrebeated .ft fnattr,.fted Pfste prsm 
a MS Oaru …anker ,i that 4there:i a i,kn,lcant sjeroab .etween the imarteit .eari and 
dfm.eit hfmani0H -he depenie aka,nit aftsmated a.fie w,oo haje ts ejsojeH ”e m,kht 
iee msre isbh,it,cated .ehaj,srq.aied afthent,cat,sn %msn,tsr,nk fier batterni sjer 
t,me2 sr a msje tswardi crybtskrabh,c sr .,smetr,c brsspi sp ,dent,tyH Ssme h,khqend 
isptware iyitemi cfrrentoy rePf,re fieri ts bofk ,n a bhyi,cao MSC uey ,n srder ts fie 
the isptwareH Ln the pftfreg we csfod enj,i,sn fieri haj,nk ts wear a Cofetssth ena.oed 
heart rate msn,tsr ,n srder ts act,jate the isptware ts csnlrm that they are a reao hfman 
fier sr berhabi a uey.sard w,th .f,otq,n lnkerbr,nt detect,sn sn each ueyH Ln the armi 
race .etween iyitem kfard,ani and .stig the .sti Ifit kst a .,k fbkrade .y .e,nk a.oe 
ts .ehaje o,ue adebtg t,reoeii fieriH Ssc,ety w,oo need new iapekfardi ts enifre that when 
we ,nteract sno,ne sr ,n isptware ecsiyitemig we can trfit that thereBi a reao berisn %sr 
at oeait a csmbo,ant akent2 sn the sther i,de when eTbectedH
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vfmani rekfoaroy read nsjeoi and then bsit deta,oed ifmmar,ei and rej,ewiH Li ,t abq
brsbr,ate psr AL iyitemi ts ds the iame8 -h,i icenar,s ,i nst hybsthet,caoH Ln m,dq7)7Jg 
afthsri Rsna Awad and Oafo -rem.oay loed a oawif,t aka,nit EbenAL apter d,icsjer,nk 
that Nhat9O- csfod kenerate accfrate ifmmar,ei sp the,r .ssuig wh,ch they tssu ai 
ej,dence that the,r csbyr,khted nsjeoi were fied ,n tra,n,nk %Rsna Awad hai i,nce 
w,thdrawn prsm the if,t2HJz -hey were issn Is,ned .y a csnisrt,fm sp brsm,nent 
wr,teri ,ncofd,nk Xshn 9r,iham and 9esrke …H…H that loed a iebarate coaiiqact,sn if,t 
aooek,nk that EbenAL and ,ti bartneri 4m,ified the,r wsrui ts ütra,nB ,ti bsbfoar AL 
iyitemi0H() S,m,oar if,ti haje .een oafnched .y j,ifao art,iti aka,nit ,makeqkenerat,nk AL 
csmban,ei and .y isptware dejeosberi aka,nit csdeqkenerat,nk msdeoiH -he oekao .attoe 
sjer AL tra,n,nk data hai .ekfn ,n earneitH

At the heart sp the csnx,ct ,i a i,mboe Pfeit,sn w,th a nstqisqi,mboe aniwer& Li 
,t oekao and eth,cao psr AL creatsri ts fie csbyr,khted csntent ts tra,n the,r msdeoi 
w,thsft csnient sr csmbeniat,sn8 Gsr decadeig csbyr,kht oaw hai had a csncebt sp 
4pa,r fie0 ,n the MS sr eTcebt,sni psr teTt and data m,n,nk ,n the UM and sther rek,sni 
that aoosw isme refie sp mater,ao w,thsft berm,ii,sng bart,cfoaroy psr tranipsrmat,je 
bfrbsiei o,ue reiearchH AL csmban,ei arkfe that tra,n,nk an ’’R ,i a tranipsrmat,je 
fie& the msdeo dsei nst itsre sr rebrsdfce the wsrui jer.at,m“ ratherg ,t a.itracti 
batternig oearn,nk prsm them ,n a way that ,i pfndamentaooy d,6erent prsm csby,nk and 
bf.o,ih,nkH EbenALBi itanceg psr ,nitanceg ,i that 4tra,n,nk AL msdeoi fi,nk bf.o,coy 
aja,oa.oe ,nternet mater,aoi ,i pa,r fieg ai ifbbsrted .y osnkqitand,nk and w,deoy accebted 
brecedenti0 and that they s6er an sbtqsft psr any afthsri whs wsfod nst o,ue ts haje 
the,r csntent ,ncofded ,n the tra,n,nk ietH(' Orsbsnenti c,tei caiei o,ue 9sskoeBi we. 
cach,nk sr iearch ,ndeT,nkg wh,ch csfrti haje aooswed fnder ,mbo,ed o,cenie sr pa,r fieg 
and the 9sskoe Cssui brsIectg where icann,nk .ssui ts create a iearcha.oe ,ndeT wai 
deemed tranipsrmat,je and thfi pa,r fie ,n the MHSH -hey aois bs,nt sft that an AL 
msdeoBi sftbft ,i nst a jer.at,m chfnu sp any k,jen .ssu“ ,tBi an amaokamH Ln eiienceg 
they coa,m that an ’’R ,i msre o,ue a itfdent whs hai read many .ssui and can wr,te 
an eiiay a.sft them“ the eiiay ,i newg ejen ,p ,nib,red .y the read,nkiH

Ebbsnenti bfih .acu itrsnkoyH -hey arkfe that the icaoe and natfre sp AL tra,n,nk 
ks par .eysnd what pa,r fie ejer csntemboatedH ”hen an AL akent can e6ect,jeoy oet 
anysne read a deta,oed iynsbi,i sp a nsjeo sr kenerate teTt ,n the ityoe sp that nsjeo,itg 
,t .ek,ni ts if.it,tfte psr the sr,k,nao ,n i,kn,lcant wayiH -he attsrney psr Xfo,an 
Sanctsng an afthsr oead,nk sne sp the oawif,tig bft ,t .ofntoy& 4-he .ai,i sp EbenAL 
,i nsth,nk oeii than the rambant thept sp csbyr,khted wsruiH0(7 Grsm th,i beribect,jeg 
peed,nk teni sp thsfiandi sp .ssui ,nts a csmmerc,ao AL w,thsft berm,ii,sn ,i au,n ts 
creat,nk an ent,re der,jat,je brsdfct o,ne prsm ismesneBi ,nteooectfao brsberty w,thsft 
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bay,nk themH -he csfnterbs,nt that 4the msdeo ,i nst the teTt0 dseinBt aiifake afthsri 
whs iee the msdeo ai e6ect,jeoy csnta,n,nk unswoedke sp the,r ent,re .ssuiH Lndeedg ,p 
sne brsmbti certa,n ’’Ri coejeroyg they m,kht sftbft chfnui sp a nsjeo wh,ch peeoi 
,nd,it,nkf,iha.oe prsm sftr,kht b,racyH 

’ekaooyg the Pfeit,sn ,i fniettoedH Lt o,ueoy w,oo .s,o dswn ts ,nterbretat,sni sp traniq
psrmat,je fie and maruet harmg tws uey b,ooari sp pa,r fie anaoyi,iH AL csmban,ei arkfe 
tranipsrmat,sn and afthsri arkfe harmH Y,6erent Ifr,id,ct,sni are abbrsach,nk th,i 
d,6erentoyH Ln the MHSHg the pa,r fie dsctr,ne m,kht t,ot ,n pajsr sp AL csmban,eig k,jen 
h,itsr,caooy berm,ii,je rfo,nki arsfnd iearch enk,nei and ejen caiei o,ue 9sskoeBi AL 
tra,n,nk sn EracoeBi Xaja AOLiH Ln that caieg the Sfbreme Nsfrt psfnd ,t ts .e pa,r fieg 
embhai,W,nk the ,mbsrtance sp ,nnsjat,snH(J vswejerg the iheer icaoe sp data fied psr 
’’R tra,n,nk m,kht k,je csfrti bafieH 

Ln Ray sp 7)7;g the MHSH Nsbyr,kht E3ce bf.o,ihed a breqbr,nt sp the th,rd bart sp 
the,r rebsrt sn …ebsrt sn Nsbyr,kht and Art,lc,ao Lnteoo,kenceH(( Oart three ibec,lcaooy 
csjeri the ,iife sp kenerat,je AL tra,n,nkH -hey nsted that they rece,jed sjer ')g))) 
csmmenti reoated ts the rebsrt and that the sjerwheom,nk maIsr,ty sp them were reoated 
ts ,iifei ifrrsfnd,nk kenerat,je AL tra,n,nkH 

L am ,ncofd,nk tws uey barakrabhi prsm the,r csncofi,sn here ,n pfoo&“Various uses 
of copyrighted works in AI training are likely to be transformative. The extent to which 
they are fair, however, will depend on what works were used, from what source, for what 
purpose, and with what controls on the outputs—all of which can affect the market. When 
a model is deployed for purposes such as analysis or research—the types of uses that are crit-
ical to international competitiveness—the outputs are unlikely to substitute for expressive 
works used in training. But making commercial use of vast troves of copyrighted works to 
produce expressive content that competes with them in existing markets, especially where 
this is accomplished through illegal access, goes beyond established fair use boundaries. For 
those uses that may not qualify as fair, practical solutions are critical to support ongoing 
innovation. Licensing agreements for AI training, both individual and collective, are fast 
emerging in certain sectors, although their availability so far is inconsistent. Given the 
robust growth of voluntary licensing, as well as the lack of stakeholder support for any 
statutory change, the Office believes government intervention would be premature at this 
time. Rather, licensing markets should continue to develop, extending early successes into 
more contexts as soon as possible. In those areas where remaining gaps are unlikely to be 
filled, alternative approaches such as extended collective licensing should be considered to 
address any market failure.”Oft msre i,mboyg they are sp the sb,n,sn that csmban,ei 
that tra,n msdeoi sn csbyr,khted mater,aoi w,oo nst .e a.oe ts coa,m pa,r fie psr aoo 
abbo,cat,sniH vswejerg at th,i bs,nt ,n t,meg they are nst recsmmend,nk any rekfoatsry 
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,nterperenceH -hey wsfod o,ue ts iee the maruet lnd o,ceni,nk .aied isoft,sniH Uaro,er ,n 
the rebsrtg they acunswoedke that brskreii may .e h,ndered fnt,o the csfrti brsj,de 
add,t,snao coar,tyH 4Ai csfrti .ek,n ts reisoje bend,nk caieig kreater oekao coar,ty may 
oead ts kreater csooa.srat,sn sn techn,cao and maruetq.aied isoft,sniH0Ln the meant,meg 
,ndfitry ,i nst iosw,nk dswn sr tau,nk a bafie and w,th ,nternat,snao and sbenqisfrce 
msdeoi .e,nk reoeaied sn a rekfoar .ai,ig many arkfe that the cat ,i aoready sft sp the 
.akH Ufrsbeg j,a the UMBi Nsbyr,kht Y,rect,je sp 7)'zg ,ntrsdfced eTbo,c,t teTtqandqdata 
m,n,nk eTcebt,snig .ft w,th a tw,it& psr csmmerc,ao fieig r,khti hsoderi can sbtqsftg 
mean,nk afthsri sr bf.o,iheri csfod psr.,d AL m,n,nk sp the,r wsrui .yg iayg maru,nk 
,t ,n metadataH -hat oekao ,npraitrfctfre wainBt ft,o,Wed mfch ,n,t,aooyg .ft nsw csntent 
creatsri are icram.o,nk ts aiiert thsie sbtqsftiH Nsfntr,ei o,ue Xaban and S,nkabsre 
haje tauen an ejen msre ALqpr,endoy itanceH -hey aoosw .rsad fie sp csbyr,khted 
mater,ao psr AL tra,n,nkg eTbo,c,toy ejen psr csmmerc,ao bfrbsieiH(; XabanBi csbyr,kht 
oaw wai amended ts berm,t csby,nk psr mach,ne oearn,nk ai osnk ai ,t dsei nst a6ect the 
eTbos,tat,sn sp the wsrug e6ect,jeoy k,j,nk AL dejeosberi pree re,n ts tra,n sn anyth,nk 
acceii,.oeH S,nkabsreBi 7)7' oaw ,ntrsdfced a 4csmbftat,snao data anaoyi,i0 eTcebt,sn 
that i,m,oaroy kreeno,khti AL tra,n,nkg brsj,ded the isfrce wai acceiied oawpfooyH -heie 
csfntr,ei iee a itratek,c adjantake& they want ts .e hajeni psr AL dejeosbmentg attractq
,nk ,njeitment .y oswer,nk oekao .arr,eriH En the sther handg isme csfntr,ei m,kht taue 
a harder o,ne ,n pajsr sp creatsriH -he M‘ x,rted w,th a .rsad eTcebt,sn .ft then bfooed 
.acu apter bfih.acu prsm bf.o,iheriH Nh,nag w,th a hfke AL ,ndfitryg hai oeii coearqcft 
rfoeig .ft enpsrcement sp psre,kn csbyr,khti ,n that Ifr,id,ct,sn hai trad,t,snaooy .een 
chaooenk,nkH 

-h,i oeadi ts kos.ao aiymmetry& ,n isme Ifr,id,ct,sni AL tra,n,nk sn csbyr,khted data 
w,oo .e oekaog ,n stheri nstg oead,nk ts a batchwsruH AL ,i kos.ao .y natfre i,nce msdeoi 
can .e tra,ned ,n sne csfntry and debosyed ,n anstherg is hsw can a csmbany enpsrce 
a rek,snao reitr,ct,sn8 Lp the data wai created .y a Nanad,an afthsr and then icrabed 
prsm a MS ierjer .y a csmbany that tra,ni a msdeo ,n Xaban wh,ch ,i then debosyed 
,n Nh,na and acceiied .y a fier ,n the M‘g whsie oaw abbo,ei8 -heie are fncharted 
wateri oekaooyH ”e m,kht end fb w,th an sftcsme i,m,oar ts mfi,c o,ceni,nkg where AL 
csmban,ei itr,ue deaoi w,th maIsr csntent rebsi,tsr,ei %o,ue .ssu bf.o,iheri sr newi 
srkan,Wat,sni2 ts o,cenie the,r arch,jei psr tra,n,nk“ eibec,aooy ,p oawif,ti bfih them ,n 
that d,rect,snH vswejerg o,ceni,nk m,oo,sni sp wsrui ,i nsnqtr,j,ao and the traniact,sn 
csiti are h,khH -he csncebt sp eTtended csooect,je o,ceni,nk %UN’2 ,i nsw .e,nk d,icfiied 
wh,ch eiient,aooy aooswi an srkan,Wat,sn ts act ai a deqpacts rebreientat,je psr a krsfb sp 
o,cenieeig ejen ,p ,t hai ns psrmao reoat,snih,b w,th themH -echn,cao isoft,sni may aois 
s6er a bath psrwardH -hrsfkh lne tfn,nk and sther techn,Pfeig msdeoi can .e adIfited 
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ts m,n,m,We harm ts csbyr,kht hsoderiH Gsr eTamboeg kfardra,oi can .e eita.o,ihed ts 
redfce the r,iu sp iect,sni sp csbyr,khted wsrui .e,nk rebrsdfced jer.at,mH

Reanwh,oeg csmban,ei are hedk,nk& A nfm.er sp csmban,ei haje i,kned deaoi ts 
o,cenie wsrui psr tra,n,nk msdeoig o,ueoy ,n bart ts ihsw kssdw,oo and m,t,kate o,t,kat,sn 
r,iuH Ads.eg ,n the ,make dsma,ng tsfti that ,ti AL ,i tra,ned snoy sn o,cenied sr bf.o,c 
dsma,n ,makeig ai a ieoo,nk bs,ntH -heie msjei h,nt that a maruet psr tra,n,nk data m,kht 
emerkeg where data .ecsmei an aiiet coaii o,cenied o,ue isptwareH Gsr .fi,neii oeaderi and 
bso,cymauerig the uey ,i ts enifre that ALBi r,ie dseinBt .ecsme a Wersqifm kame w,th 
hfman creatsriH -he ,deao wsfod .e a iynerkyg where AL ambo,lei hfman creat,j,ty and 
aois dr,jei rewardi .acu ts thsie whs ,nib,re ,tH Ach,ej,nk that ,deao w,oo rePf,re creat,je 
oekao and ecsnsm,c pramewsruiH

-hen thereBi the eth,cao sr msrao d,meni,sn .eysnd oawH Ujen ,p csfrti deem AL 
tra,n,nk sn csbyr,khted mater,ao ts .e oekao pa,r fieg ,i ,t msraooy r,kht8 Nreatsri peeo a 
ienie sp swnerih,b .eysnd Ifit the ecsnsm,ci& a peeo,nk sp j,soat,sn that the,r berisnao 
eTbreii,sn wai ,nkeited .y a mach,ne w,thsft csnientH Ssme o,uen ,t ts cfotfrao sr 
art,it,c abbrsbr,at,snH -hereBi aois a brakmat,c csncern& ,p new csntent keti hssjered 
fb w,thsft reward ts ,ti creatsrig wsnBt that d,i,ncent,j,We creat,sn8 ”hy wr,te a nsjeo 
,p an AL msdeo m,kht tra,n sn ,t and reboace isme sp ysfr maruet8 ”hy ma,nta,n a 
.osk w,th ,ni,khtpfo bsiti ,p thsie bsiti csfod pfeo a msdeo that then keneratei csntent 
w,thsft dr,j,nk tra3c and ad rejenfe .acu ts ysf8 Ln th,i ienieg AL csmban,ei may 
,nadjertentoy u,oo the ksoden kssie“ they reoy sn a thr,j,nk sben we. pfoo sp csntentg 
wh,ch reo,ei sn hfmani haj,nk ,ncent,jei ts brsdfce that csntentH

Ansther pacet sp th,i ,iife ,i the a.,o,ty ts csbyr,kht the sftbft kenerated .y a msdeo& 
Lp an AL akent wr,tei a barakrabhg whs swni the csbyr,khtg ,p anyg sn that barakrabh8 
Nfrrent oaw ,n the MS and many csfntr,ei iayi that bfreoy ALqkenerated wsrui are 
nst eo,k,.oe psr csbyr,khtg .ecafie csbyr,kht snoy brstecti hfman creat,j,tyH -he MHSH 
Nsbyr,kht E3ce hai eTbo,c,toy reIected rek,itrat,sn psr art and teTt that ,i ent,reoy 
ALqbrsdfcedH Ln Xanfary sp 7)7;g the MHSH Nsbyr,kht E3ce ,iifed kf,dance sn the 
csbyr,khta.,o,ty sp sftbfti created fi,nk kenerat,je AL ,n the iecsnd bart sp the,r oarker 
rebsrt sn csbyr,kht and art,lc,ao ,nteoo,kenceH -he rebsrt itatei that& “Human authors 
are entitled to copyright in their works of authorship that are perceptible in AI-generated 
outputs, as well as the creative selection, coordination, or arrangement of material in the 
outputs, or creative modifications of the outputs.”(1 Lt aois aiierti that “Copyright protects 
the original expression in a work created by a human author, even if the work also includes 
AI-generated material.” and that “Whether human contributions to AI-generated outputs 
are sufficient to constitute authorship must be analyzed on a case-by-case basis.” -he 
bract,cao ,mbo,cat,sni sp theie dec,i,sni are Pf,te dafnt,nkH Ai AL .ecsmei ai fiepfo 
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ai ibeoochecu dfr,nk the wr,t,nk brsceiig w,oo ejery b,ece sp wsru need a csmbo,cated 
csbyr,kht d,icosifre8 -he rebsrt aois nsted that “Based on the functioning of current 
generally available technology, prompts do not alone provide sufficient control.” -hey 
are coearoy oeaj,nk the dssr sben ts chank,nk that bsi,t,sn ai msdeoi ejsojeH LtBi a 
bsi,t,sn that w,oo o,ueoy .e chaooenked ai there ,i ns o,m,t ts what a fier may bft ,nts 
a brsmbtH ”hat ,p a fier enteri the,r sr,k,nao wsru ,n the brsmbt and rePfeiti that the 
’’R csrrecti krammar ,iifei8 ”hat ,p the afthsr ,i fi,nk an ’’R that ,i tra,ned sr 
lneqtfned sn the,r swn csntent8 Ai csnteTt w,ndswi eTbandg we may aois lnd that 
the oenkth and creat,j,ty sp the brsmbt actfaooy eTceedi the i,We sp the sftbftH vsw 
m,kht the,r dec,i,sn chanke ,p a mfot,qbrsmbt iePfence ,i fied8 Noearoyg the Pfeit,sn 
sp csbyr,khta.,o,ty ,i ks,nk ts .e a oarke tsb,c ,n the csm,nk yeariH 

Aoreadyg we iee d,ibfteiH A j,ifao art,it fied R,dIsfrneyg an AL ,make keneratsrg ts 
create krabh,c nsjeo ,oofitrat,sni and tr,ed ts csbyr,kht the reifotH -he MHSH Nsbyr,kht 
E3ce kaje a ibo,t dec,i,sn“ the arrankement sp ,makei and teTt wh,ch wai dsne .y the 
hfman afthsr ,i brstectedg .ft the ,nd,j,dfao ,makei that were made .y AL are nstH(K 
Ln o,teratfreg ,p a nsjeo,it fiei AL ts csqwr,te chabterig csfod they coa,m pfoo csbyr,kht8 
’,ueoy yeig ,p they can arkfe they kf,ded the creat,je brsceii and d,d if.itant,ao ed,t,nkH 
Cft theie .sfndar,ei are mfruy and ,tBi o,ueoy that we w,oo iee many caie .y caie de.atei 
,n the yeari aheadH

Nr,t,caooyg k,jen the brso,perat,sn sp sbenqisfrce msdeoi that can .e iecretoy rfn sn 
berisnao csmbfterig ,t ieemi that ,t w,oo .e h,khoy ,mbract,cao ts determ,ne ,p any k,jen 
wsru wai kenerated .y AL sr nstH ”e may need ts aiifme that aoo wr,tten teTt ,i AL 
fnt,o ,t can .e brsjen stherw,ieH Oerhabi there w,oo .e a new waje sp technsosky that 
afthsri w,oo fie ts brsje they afthsred wsrui w,thsft the fie sp ALH Ene m,kht ,mak,ne 
ibec,ao,Wed wr,t,nk .ssthi that afthsri can rent ,n dswntswn oscat,sni where brsctsri 
checu that ns technsosky ,i .rsfkht ,nts the .ssth and the wr,tten wsrui are cert,led ts 
.e afthent,c and csbyr,khta.oeH At the t,me th,i .ssu ,i .e,nk wr,tten ,n 7)7;g we are sn 
the jerke sp a csbyr,kht cr,i,iH …ekardoeii sp isc,etao beribect,jeig rekfoatsry kf,danceg 
sr oekao brecedenceg ,t ,i fnden,a.oe that oarke jsofmei sp csntent are .e,nk kenerated .y 
AL tssoi w,th hfmani coa,m,nk afthsrih,b and csbyr,khtH LtBi fncoear at th,i bs,nt ,n 
t,meg hswg ,pg sr when dec,i,sni w,oo .e made a.sft the oek,t,macy sp thsie coa,mi and 
hsw the i,tfat,sn w,oo ejsoje ,n the csm,nk yeariH

Building Ethical AI

”eBje d,icfiied the jaofe sp the hfman oa.sr that ,i fied psr taiui that ,ncofde lneqtfnq
,nk and re,npsrcement oearn,nk prsm hfman peed.acu .ft whs ,i ds,nk th,i wsru8 
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’arke Pfant,t,ei sp oswqoejeo unswoedkeq.aied wsrug prsm cfitsmer caoo centeri ts data 
annstat,sn haje .een sftisfrced ts dejeosb,nk nat,sni psr decadeiH Ln msre recent 
t,meig isc,ao med,a csmban,ei haje oeaned heaj,oy sn wsrueri ,n theie barti sp the 
wsrod ts aii,it w,th msderat,sn taiuiH Nsmban,ei tra,n,nk ’’Ri rebreient a new waje 
sp cfitsmeri psr lrmi that berpsrm s6ihsre data annstat,snH -heie taiui ,njsojei 
j,ew,nk csntent that deicr,.ei j,soenceg ieTfao aiiafotg tsrtfreg and a w,de ranke sp sther 
tsb,ciH -here ,i aois a ost sp d,icfii,sn a.sft the wsru,nk csnd,t,sni and ifbbsrt that 
wsrueri rece,je k,jen the reao biychsosk,cao dankeri sp the wsruH -heie csncerni are nst 
hybsthet,caoH Ln sne oawif,t aka,nit a Reta %Gace.ssu2 if.csntractsr ,n ‘enyag ,t wai 
rejeaoed that sjer '() csntent msderatsri were d,aknsied w,th iejere O-SYg anT,etyg sr 
debreii,sn apter msnthi sp rej,ew,nk krfeisme bsitiH -hey wsrued –q ts ')qhsfr ih,pti 
at a Da,rs., msderat,sn center j,ew,nk ,makei and j,desi and a oawif,t aooekei that isme 
wsrueri wsfod pa,ntg jsm,tg sr icream and rfn away prsm the,r deiuiH(– -he wsrueri 
are ba,d ratei wh,ch are ,n o,ne w,th oscao breja,o,nk ratei ,n the marueti they wsru ,n 
.ft mfch oeii than they wsfod .e ba,d ,p the wsru wai dsne ,n the dejeosbed wsrodH 
Ssme arkfe that th,i ,i fnpa,r wh,oe stheri ifkkeit that the arrankement .r,nki ecsnsm,c 
sbbsrtfn,t,ei ,nts rek,sni w,th h,kh fnembosymentH Nsmbo,cat,nk matterig wsrueri 
that berpsrm th,i tybe sp wsru are spten csntracted thrsfkh if.csntract,nk lrmi sr are 
ejen ds,nk the wsru sn a k,kqwsru .ai,iH -heie arrankementig aothsfkh berpectoy oekaog 
redfce tranibarency and may .e ieen ai a way psr oarke technsosky csmban,ei ts o,m,t 
the,r o,a.,o,tyH

-here ,i krsw,nk breiifre sn the AL ,ndfitry ts adsbt ismeth,nk au,n ts 4Ga,r -rade0 
itandardi psr data oa.srH Erkan,Wat,sni o,ue the Oartnerih,b sn AL haje bf.o,ihed Yata 
Unr,chment 9f,deo,nei ts encsfrake reibsni,.oe sftisfrc,nkH -heie kf,deo,nei frke AL 
dejeosberi ts jet the,r data jendsri psr decent wsru,nk csnd,t,snig bay ratei a.sje oscao 
o,j,nk wakeg tranibarency ,n hsw wsru ,i dsneg and ifbbsrt mechan,imi psr wsrueriH 
-he csncebt sp 4reibsni,.oe AL ifbboy cha,ni0 ,i ka,n,nk tract,sn& Ifit ai eoectrsn,ci 
csmban,ei had ts enifre the,r sjerieai pactsr,ei werenBt iweatihsbig AL csmban,ei are 
.e,nk aiued ts afd,t and ,mbrsje the,r data ifbboy o,neH(z Ssme maIsr jendsri %ifch 
ai Samaisfrceg ,Rer,tg and NosfdGactsry2 maruet themieojei ai eth,cao brsj,deri sp AL 
datag coa,m,nk ts bay and treat wsrueri weooH vswejerg ,ndebendent jer,lcat,sn ,i it,oo 
o,m,tedg and jsofntary itandardi haje had m,Ted ifcceii is parH -s .soiter theie e6srtig 
there haje .een caooi psr tranibarency rebsrti prsm AL lrmig d,icosi,nk hsw many besboe 
were ,njsojed ,n tra,n,nk a msdeog what csfntr,ei they were ,ng and what csnd,t,sni 
they wsrued fnderH A pew csmban,ei haje .ekfn acunswoedk,nk theie csntr,.ftsri 
,n bf.o,cat,sni sr msdeo cardig .ft ,ndfitryqw,de tranibarency rema,ni the eTcebt,snH 
-he hsbe ,i that ifno,kht and bf.o,c breiifre w,oo bfih msre csmban,ei ts ,ni,it sn 
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,mbrsjed oa.sr bract,cei prsm the,r csntractsrig creat,nk a raceqtsqtheqtsb rather than 
a raceqtsqtheq.sttsmH

Mot,mateoyg iyitemat,c chanke may rePf,re ksjernment ,nterjent,snH Oso,cy req
iearcheri ifkkeit fbdat,nk oa.sr oawi ts accsfnt psr the reao,ty sp AL data wsruH;) Gsr 
eTamboeg ksjernmenti csfod enpsrce that oarke tech csmban,ei are Is,nt embosyeri sp 
k,k wsrueri whs csntr,.fte i,kn,lcantoy ts the,r ALg enifr,nk thsie wsrueri haje .ai,c 
brstect,sniH -here are aois d,icfii,sni arsfnd trade akreementi sr ,nternat,snao oa.sr 
itandardi that ibec,lcaooy addreii d,k,tao oa.sr xswig brejent,nk eTbos,tat,sn ,n bssrer 
csfntr,eiH Ln ‘enyag apter h,khqbrsloe oawif,ti .y csntent msderatsrig csfrti rfoed that 
Reta csfod .e ifed oscaooy psr oa.sr j,soat,sniH;' -h,i iet a brecedent that .,k tech canBt 
ent,reoy s$sad reibsni,.,o,ty ts if.csntractsriH Ln the MHSH and UMg bso,cymaueri are 
.ecsm,nk aware that AL eth,ci ,ncofdei oa.sr eth,ciH Any csmbreheni,je AL ksjernance 
pramewsru m,kht ,ncofde brsj,i,sni psr afd,t,nk the hfman i,de sp the AL ePfat,snH 
Gsr ,nitanceg an AL iyitem cert,led ai 4trfitwsrthy0 m,khtg ,n the pftfreg need ts ihsw 
nst snoy aoksr,thm,c tranibarency .ft aois that any oa.sr that wai fied adhered ts 
ibec,lc itandardiH ”h,oe we are nst there yetg theie csnjeriat,sni haje itarted ,n th,nu 
tanui and oek,ioat,je c,rcoeiH

Ansther bath ,i .sttsmqfb& the wsrueri whs tra,n and msderate AL are .ek,nq
n,nk ts srkan,We and demand .etter treatmentH -here haje .een xedko,nk attembti 
at fn,sn,W,nk csntent msderatsri and creat,nk sno,ne psrfmi where annstatsri ihare 
bay ratei and eTbsie .ad actsriH Xfit ai r,deqihare and pssd deo,jery k,k wsrueri haje 
ms.,o,Wed psr r,khtig data annstatsri are js,c,nk that they tss deierje a pa,r deaoH Lp 
msre sp theie wsrueri iee themieojei ai bart sp a csmmsn sccfbat,sn ifch ai AL data 
ibec,ao,itig they m,kht ka,n oejerakeH Ujen w,thsft psrmao fn,snig the iu,ooed annstatsri 
can ismet,mei nekst,ate .etter rateig eibec,aooy ,p they dejeosb isfkhtqapter iu,ooi %o,ue 
.,o,nkfao annstat,sn a.,o,ty sr dsma,nqibec,lc unswoedke2H Ejer t,meg sne can ,mak,ne 
a brspeii,snao,Wat,sn sp th,i wsrupsrceg w,th cert,lcat,sni sr itandardi sp bract,ceg 
wh,ch csfod heob bfih wakei fbwardH

”hatBi ,mbsrtant ,i that theie csnjeriat,sni are nsw habben,nkH ALBi h,dden oa.sr ,i 
h,dden ns osnker“ Isfrnao,itig ichsoarig and wsrueri themieojei haje ihsne a o,kht sn ,tH 
-he ,ndfitry ,i recskn,W,nk that Lt ,i ,n the .eit ,ntereit sp aoo bart,ei ts enifre that th,i 
,mbsrtant wsru can .e berpsrmed iapeoy and ifita,na.oy and brskreii ,i .e,nk madeH

Regulating the Models

-he r,ie sp aftsnsmsfi reaisn,nk ,n AL bsiei d,3cfot eth,cao and rekfoatsry Pfeiq
t,sni psr bso,cy maueriH -rad,t,snao sjeri,kht pramewsruig wh,ch reoy sn hsod,nk hfq
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mani %dsctsrig oawyerig enk,neerig etcH2 accsfnta.oe psr brspeii,snao Ifdkmentig are 
,ooqePf,bbed psr a wsrod where fncredent,aoed aoksr,thmi can berpsrm i,m,oar reaisn,nk 
and bstent,aooy adj,ie sr act ,n h,khqitauei i,tfat,sniH ”e pace a csnfndrfm& hsw ds we 
enifre Pfao,tyg iapetyg and accsfnta.,o,ty ,n the reaisn,nk that ’’Ri dsg when they are 
eiient,aooy brs.a.,o,it,c .oacu .sTei rfnn,nk sfti,de sp any psrmao ,nit,tft,sn8

Ene pfndamentao chaooenke ,i that theie msdeoi can .e anywhere and swned .y 
anysneH Mno,ueg iayg a bharmaceft,cao drfk that ,i brsdfced .y a ibec,lc csmbany and 
can .e rekfoated at manfpactfr,nk and d,itr,.ft,sn bs,ntig an ’’R can .e hsited sn a 
cosfd ierjer sr ejen a berisnao csmbfterH -he decentrao,Wed natfre sp ’’R debosyment 
mauei coaii,cao rekfoat,sn tsfkhH Ujen ,p sne Ifr,id,ct,sn .ani sr reitr,cti a certa,n fie 
sp ALg the csde can brso,perate ts sther Ifr,id,ct,sni that dsnBt psoosw the iame rfoeiH 
”eBje aoready ieen an eTamboe w,th RetaBi ’’aRA msdeo& ,t wai meant psr reiearchg 
.ft apter ,t oeaued sno,neg eiient,aooy anysne w,th if3c,ent hardware csfod rfn jar,anti 
sp ,tH Yecentrao,Wat,sn meani that try,nk ts csntrso AL dejeosbment thrsfkh a narrsw 
iet sp csmban,ei sr oa.sratsr,ei ,i ,ncreai,nkoy fntena.oeH Ebenqisfrce msdeoi are 
adjanc,nk Pf,cuoyg and they w,oo .e kos.aooy aja,oa.oeH -h,i hai oed isme eTberti ts arkfe 
psr ,nternat,snao cssrd,nat,sng au,n ts nsnqbrso,perat,sn treat,eig psr the msit bswerpfo 
AL msdeoiH Cft enpsrc,nk ifch akreementi wsfod .e fnbrecedentedg ,n bart .ecafie 
thereBi ns coear deln,t,sn sp what csnit,tftei a 4dankersfi0 msdeoH -h,i ,i fno,ue the 
rekfoat,sn sp sther ,temi ifch ai nfcoear mater,ao wh,ch ,i jery coearqcftH Rsresjerg 
,mbsi,nk heajy rekfoat,sn m,kht i,mboy dr,je dejeosbment fnderkrsfnd sr ts oeii 
rekfoated rek,sniH

Ansther ,iife ,i the a.ience sp accred,tat,sn sr itandardi psr ’’Rig IfTtabsied 
aka,nit the r,ksrsfi accred,tat,sn we rePf,re sp hfman eTbertiH A hfman cannst i,mboy 
itart bract,c,nk med,c,ne sr oaw sr enk,neer,nk w,thsft demsnitrat,nk csmbetence and 
s.ta,n,nk a o,cenieg spten apter yeari sp itfdy and ifberj,ied bract,ceH Fet an ’’R can 
s6er med,cao sr oekao adj,ce w,th a oejeo sp csnldence that m,kht psso oaybesboeg and 
,t carr,ei ns o,cenie sr psrmao abbrsjaoH -h,i m,imatch createi the r,iu sp a u,nd sp 
4krey maruet0 sp eTbert,ieH Ssme haje ifkkeited rePf,r,nk ierj,ce brsj,deri ts d,icosie 
when csntent ,i ALqkenerated and ts meet certa,n berpsrmance itandardi ,n ibec,lc 
dsma,ni %psr ,nitanceg ,p an AL akent ,i fied ,n a med,cao csnteTtg ,t mfit fnderks teiti 
au,n ts .sard eTami2H ”e m,kht ,mak,ne a pftfre where thereBi an GYAqo,ue .sdy psr 
AL that cert,lei 4th,i msdeo ,i abbrsjed psr brsj,d,nk ,npsrmat,snao %nst d,aknsit,c2 
med,cao kf,dance0 sr 4that msdeo ,i abbrsjed psr oekao reiearch aii,itance .ft nst lnao 
oekao adj,ceH0 Lmboement,nk th,i w,oo .e chaooenk,nkg .sth techn,caooy and oekaooy and 
cfrrentoy bso,cy d,icfii,sni are brskreii,nk at a ina,oBi bace reoat,je ts the brskreii sp 
csmban,ei dejeosb,nk the technsoskyH
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Ga,ofre msdei sp ’’R reaisn,nk aois csmbo,cate rekfoat,snH Mno,ue hfman brspeiq
i,snaoig an ’’R can pa,o ,n sbaPfe and nsnq,ntf,t,je wayiH ”eBje d,icfiied .r,ttoeneiiH 
An ’’R m,kht wsru weoo sn many brs.oemi .ft then ifddenoy brsdfce a dankersfioy 
xawed isoft,sn .ecafie sp a io,kht jar,at,sn ,n ,nbft that a hfman wsfodnBt haje .een 
paWed .yH Ene r,iu ,i that an ’’R m,kht berpsrm at ifberhfman oejeo sn a .enchmaru 
teitg yet it,oo maue a m,itaue a nsj,ce wsfod ajs,d ,n reao o,peH vsw ds we cert,py ifch 
a iyitem ai 4iape08 -he trad,t,snao abbrsach sp teit,nk and jao,dat,sn can catch many 
,iifei .ft nst aoog eibec,aooy k,jen the jait ,nbft ibace an ’’R sberatei ,nH LtBi bract,caooy 
,mbsii,.oe ts i,mfoate ejery icenar,s ,t m,kht encsfnter snce debosyed ,nteract,jeoyH 
-h,i ,i why many caoo psr csnt,nfsfi ejaofat,sn and msn,tsr,nk sp AL iyitemiH EbenALg 
psr eTamboeg hai reoeaied the EbenAL Ujaoi pramewsru ts crswdisfrce the d,icsjery 
sp msdeo ihsrtcsm,nkiH;7 -he ,dea ,i that a msdeo m,kht .e bfihed sft w,th unswn 
berpsrmance metr,cig .ft fieri and reiearcheri w,oo csnitantoy brs.e ,tg and there ihsfod 
.e a mechan,im ts rebsrt and lT xawi sr dankersfi pa,ofre msdei ai theyBre psfndH -h,i 
,i msre au,n ts hsw we handoe isptware .fki sr cy.eriecfr,ty jfonera.,o,t,ei than hsw 
we handoe hfman o,ceni,nkH Lt acunswoedkei that an AL akent ,i nejer 4ln,ihed0 sr pfooy 
reo,a.oe + ,t rePf,rei snks,nk icrft,nyH

-ranibarency ,i ansther uey chaooenkeH Uth,c,iti arkfe that we need eTboa,na.oe ALH 
Lp an AL akent brsj,dei a recsmmendat,sng eibec,aooy ,n cr,t,cao dsma,nig ,t ihsfod 
aois brsj,de a rat,snaoe that hfmani can ejaofateH vswejerg the natfre sp oarke nefrao 
netwsrui ,i that the,r i,We mauei ,t jery hard ts brsj,de ifch an eTboanat,sn ,n any tybe 
sp a psrmat that wsfod .e fiepfo psr a hfman readerH En the sther handg ,p ysf aiu an 
’’R why ,t brsj,ded a certa,n aniwerg ,t w,oo maue fb a csnj,nc,nk isfnd,nk itsry that 
may .e Pf,te detached prsm the cha,n sp math that ,t actfaooy fiedH -h,i ,i fnietto,nk psr 
rekfoatsriH Ene reibsnie ,i ts demand that csmban,ei d,icosie msre a.sft hsw the,r 
msdeoi are tra,nedH -he UM AL Actg psr eTamboeg ,i csni,der,nk rePf,r,nk tranibarency 
a.sft tra,n,nk dataieti psr h,khqr,iu AL iyitemig and mandatei that ALqkenerated csnq
tent .e oa.eoed ai ifchH Fet tranibarency hai o,m,ti& ejen ,p we unsw what went ,nts an 
’’Rg bred,ct,nk hsw ,t w,oo .ehaje ,n aoo caiei ,i ,mbsii,.oeH

G,naooyg thereBi the Pfeit,sn sp iapety meaifrei and iyitem rs.fitneiiH Ssme haje 
brsbsied iand.sT,nk bswerpfo reaisn,nk ALi is they cannst d,rectoy ,nterpace w,th 
cr,t,cao iyitemi fnoeii certa,n checui are baiiedH Ansther ,dea ,i 4redfndant AL0“ fi,nk 
mfot,boe d,6erent msdeoi sr methsdi ts crsiiqjer,py an sftcsmeH Lp sne msdeo brsbsiei 
a reaisn,nk cha,ng ansther msdeo %berhabi sne ibec,ao,Wed ,n errsrqchecu,nk sr w,th 
a d,6erent arch,tectfre2 csfod cr,t,Pfe ,tH Enoy ,p .sth akreeg the aniwer ,i accebtedH 
-h,i echsei hsw cr,t,cao iyitemi ,n aj,at,sn haje redfndant hardware and isptware ts 
catch pa,ofreiH Lt rema,ni ts .e ieen hsw weoo ifch abbrsachei wsru ,n bract,ce psr AL 
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reaisn,nkH Ene th,nk that ,i certa,n ,i that msdeo csncentrat,sn bsiei a iyitem,c r,iuH Lp 
the jait maIsr,ty sp besboe and isptware iyitemi are aoo reoy,nk sn a i,nkoe msdeo prsm a 
i,nkoe csmbanyg a pa,ofre msde ,n that msdeo csfod Pf,cuoy cafie kos.ao hajscH

-he eth,cao and rekfoatsry oandicabe psr reaisn,nkqcaba.oe ’’Ri ,i it,oo tau,nk ihabeg 
.ft a pew needi are coearH ”e mfit dejeosb itandardi psr ejaofat,sn is that we can 
Pfant,py hsw reo,a.oe a msdeoBi reaisn,nk ,i ,n jar,sfi dsma,niH ”e mfit rePf,re 
tranibarency and d,icosifre is that besboe unsw when they are ,nteract,nk w,th AL and 
what ,ti brsjenance ,iH ”e mfit aois ,mboement accsfnta.,o,ty itrfctfrei is that there 
,i recsfrie when AL cafiei harmg and ,ncent,jei psr creatsri ts maue them iaperH -h,i 
w,oo o,ueoy ,njsoje a csm.,nat,sn sp ,ndfitry ieopqrekfoat,sn %msdeo cardig .,ai afd,tig 
jsofntary kf,deo,nei2g ksjernment ,nterjent,sn g and may.e ejen ,ndebendent teit,nk 
srkan,Wat,sniH LtBi a dafnt,nk chaooenke .ecafie ,t b,ti the paitqmsj,nkg kos.ao natfre 
sp AL dejeosbment aka,nit the ioswerg Ifr,id,ct,snq.sfnd brsceii sp oaw and bso,cyH 
Str,u,nk the r,kht .aoance that brstecti the bf.o,c prsm AL pa,ofrei and a.fiei w,thsft 
it,x,nk ,nnsjat,sn that csfod .r,nk kreat .enelti ,i an snks,nk nekst,at,snH ”hatBi 
certa,n ,i that the emerkence sp mach,nei that can reaisn and acceii tssoi chankei the 
ePfat,snH ”e can ns osnker treat kenerat,je AL msdeoi ai teTt sftbft dej,ceig .ft rather 
ai act,je bart,c,banti ,n isc,ety whs need ts psoosw the iame tybei sp rfoei ai the reit 
sp fiH Unifr,nk thsie AL 4thsfkht brsceiiei0 are ao,kned w,th sfr hfman jaofei and 
isc,etao needi w,oo .e sne sp the deln,nk rekfoatsry taiui ,n the csm,nk decadeH

Conclusion

Ln naj,kat,nk the abbo,cat,snig eth,cig and bf.o,c bso,cy ,mbo,cat,sni sp ’arke ’ankfake 
Rsdeoig ,t ,i coear that we itand at a isc,etao crsiirsadiH -he jeriat,o,ty sp ’’Ri brsm,iei 
ts reihabe ejeryday o,peg edfcat,sng and csfntoeii ,ndfitr,eig s6er,nk demscrat,Wed acq
ceii and fnbrecedented e3c,enc,eig yet theie adjancementi are ,neTtr,ca.oy o,nued w,th 
i,kn,lcant chaooenkeiH Liifei sp academ,c ,ntekr,tyg wsrupsrce d,irfbt,sng the bstent,ao 
psr cskn,t,je s$sad,nkg and the trsf.o,nk eaie sp m,ifie psr decebt,sn sr iyitem,c harm 
demand sfr frkent attent,snH Gfrthermsreg the fnreisojed csmboeT,t,ei sp csbyr,khtg 
the crfc,ao yet spten fnieen hfman oa.sr j,tao psr AL iapetyg and the pfndamentao Pfeiq
t,sni a.sft hsw we jaofe wsru and creat,j,ty ,n an ALqaii,ited wsrod fndericsre the 
debth sp th,i trani,t,snH Ai theie technsosk,ei matfreg the dejeosbment sp thsfkhtpfo 
ksjernanceg eth,cao kf,deo,neig and adabt,je isc,etao itrfctfrei ,i nst mereoy adj,ia.oe 
.ft eiient,aoH -he Isfrney ahead rePf,rei a deo,cate .aoance& psiter,nk ,nnsjat,sn wh,oe 
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Chapter Five

Going Multimodal

Introduction

D r Lena Hanson watched the live feed from Unit 7, deep within the Amazon 
canopy. The small, agile robot, a marvel of bio inspired engineering, was trans-

mitting a symphony of data: hyperspectral imagery, intricate soundscapes, atmospheric 
readings, and even subtle olfactory signatures. On her main screen, the AI companion 
synthesized this torrent, highlighting an anomaly. It cross referenced a qeeting shadow 
in the undergrowth with a uni2ue vocalization pattern and a faint pheromonal trace, 
con0dently proposing the classi0cation of a new bird species. Lena smiled, recalling 
the AI landscape of 5B5k. xacG then, getting an AI agent to reliably identify Gnown 
animals in clear photographs was a challenge, let alone performing such sophisticated, 
multi-sensory integration in a dense, dynamic environment. The public conversation 
then was dominated by anNieties over AI generated deepfaGes that blurred reality and 
the ethical 2uandaries of training models on vast, often uncurated datasets. There were 
legitimate fears about autonomous systems operating with qawed perceptions. xut a 
decade of focused development, driven by new paradigms in AI safety, transparent data 
governance, and robust veri0cation protocols, had transformed these powerful tools 
into trusted partners for eNploration. The initial concerns about AI simply mimicGing or 
distorting the natural world had given way to a reality where it helped reveal its deepest 
secrets with unprecedented clarity and respect for the ecosystems it observed.

The Multimodal Mind: A Symphony of Specialization
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As you read these words, distinct parts of your brain are worGing in concert. ;our visual 
corteN decodes the shapes of letters on the page, while auditory regions may register the 
subtle sounds around you, and areas dedicated to physical sensation process the touch 
of your 0ngers as you hold a booG or scroll on a screen. “ven as each region specializes 
in a particular Gind of information, you eNperience the world as a uni0ed whole. This 
seamless coherence emerges from an orchestration of specialized brain regions com-
municating with one another. 1euroscience has revealed that the human brain is not 
a monolithic processor but a collection of highly specialized modules, each tuned to 
di”erent sensory and cognitive modalities. These modules do not operate in isolation( 
they are interconnected in elaborate networGs that bind our perceptions, thoughts, and 
eNpectations into the singular reality we perceive.

To understand how the brain constructs our coherent eNperience of the world, we 
can eNamine its divisions of labor. Di”erent regions of the brain are anatomically and 
functionally specialized: the occipital lobe for vision, the temporal lobe for hearing 
and language, the frontal lobe for planning and decision-maGing, the hippocampus for 
mapping and memory, and so on. These neural )subsystemsV have distinct architectures 
optimized for their tasGs. At the same time, the brain features eNtensive wiring that 
integrates these subsystems. The result is much liGe a symphony( di”erent instruments 
%brain regionsC playing di”erent parts, but harmonizing to create a single piece of music. 
In the coming era of advanced AI and robotics, understanding this natural blueprint 
with specialized modules that deeply integrate hints at how machines might achieve 
human-liGe perception and intelligence. 

Vision: The Brain’s Visual Powerhouse

Wision is perhaps the most dominant sense for humans, and our neurobiology reqects 
that. xy one estimate more than kB9 of the human corteN is devoted to processing visual 
information.Y The primary visual corteN %WYC lies at the bacG of the brain in the occip-
ital lobe, receiving signals from the eyes via the thalamus. This region is meticulously 
organized as a retinotopic map. 1eighboring neurons in WY correspond to neighboring 
points in the visual 0eld( e”ectively creating a neural canvas of the outside world. 3ore-
over, WY contains specialized circuits %sometimes called columnar architectureC that 
breaG down visual input into basic features: edges, orientations, motion, color, and so 
forth. 6lassic eNperiments by Hubel and Fiesel in the YPjBs showed that some neurons 
in WY respond only to edges at a particular angle or moving in a particular direction, 
acting as feature detectors early in the visual stream. –rom these foundations, the visual 
system builds upward in compleNity. The anatomical organization of the visual corteN 
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is largely hierarchical, with lower-order regions proSecting to higher-order regions that 
eNtract increasingly compleN patterns.5 –or eNample, WY feeds into secondary visual areas 
%W5, WE, etc.C, and eventually into high-level areas that recognize obSects, faces, and 
scenes.

Fithin the visual corteN, neuroscientists have delineated two maSor processing path-
ways beyond the primary area. The 0rst is the ventral stream, which runs forward into 
the temporal lobe 8 this pathway is often dubbed the )whatV stream because it is crucial 
for identifying obSects and patterns. It enables you to recognize a friend4s face or read 
the letters of a word. The second is the dorsal stream, which proSects upward to the 
parietal lobe and frontal regions. This is the )whereV %or )howVC stream, responsible 
for spatial awareness and guiding actions. Fhen you catch a ball or navigate around a 
furniture obstacle, it4s the dorsal stream computing obSect locations, motion, and your 
own spatial orientation. These two streams illustrate a theme in neurobiology: even 
within a single modality liGe vision, the brain creates specialized sub-systems for di”erent 
facets of the tasG %obSect recognition vs. spatial perceptionC. ;et they do not worG in 
isolation( they continuously interact. If you see a co”ee cup %ventral streamC and reach 
to picG it up, your dorsal )whereV pathway uses the cup4s location to guide your hand, 
linGing perception with action.

!tructurally, the visual corteN shares the basic architecture common to much of the 
cerebral corteN. It is a layered sheet of neurons %the neocorteNC about 58E mm thicG, with 
siN distinct layers labeled I through WI. This siN-layered structure, containing intercon-
nected eNcitatory and inhibitory neurons, is a repeated motif across sensory cortices. In 
essence, the corteN uses a canonical circuit design for processing, whether in vision or 
other senses. However, each area tweaGs this design to suit its modality. In the occipital 
lobe, the primary visual corteN is sometimes called )striate corteNV due to a prominent 
stripe %the Line of MennariC 8 a heavy bundle of inputs in layer IW that reqects the 
massive information inquN from the eyes. This is an eNample of structural specialization: 
visual corteN has an eNtra-thicG input layer to handle high-resolution visual data. xy 
contrast, as we4ll see, other cortical areas handling di”erent inputs may show di”erent 
emphases. –or instance, the auditory corteN is organized by fre2uency rather than by 
5D space. !till, the fundamental plan, a siN-layered cortical module capable of compleN 
computations, is conserved across modalities. This )universal cortical blueprintV allows 
di”erent brain areas to perform analogous operations on very di”erent types of infor-
mation. 

Sound and Speech: Hearing in Stereo and Understanding Language
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3oving from sight to sound, the brain4s strategy of specialized modules continues. The 
primary auditory corteN sits on the upper part of the temporal lobe %within the !ylvian 
0ssureC, and liGe WY it contains an organized map, not of space, but of sound fre2uency. 
This tonotopic map reqects how the cochlea in our inner ear is laid out: each section 
of the cochlea resonates with a particular fre2uency of sound. In the auditory corteN, 
neurons are arranged such that one end of the corteN responds best to low-pitched 
tones and the opposite end to high-pitched tones, mirroring the gradient of fre2uencies 
along the cochlea. In other words, tonotopic organization in hearing is the e2uivalent of 
retinotopic organization in vision. This mapping is a structural feature: if an audiologist 
played a pure tone and gradually raised its pitch, a ripple of activation would sweep 
across your auditory corteN as di”erent neurons, tuned to successive fre2uencies, light 
up in turn.

Auditory processing, liGe visual, also branches into parallel pathways for di”erent 
aspects of sound. 1euroscientists have identi0ed auditory )whatV and )whereV streams 
analogous to those in vision. The auditory ventral stream proSects from the primary 
auditory areas toward the anterior temporal lobe and is involved in sound identi0cation( 
determining what we are hearing %e.g. distinguishing speech from music or recognizing 
a dog4s barGC.E The auditory dorsal stream leads from the auditory corteN to parietal 
and frontal regions and helps locate sounds in space %the where aspectC. Intriguingly, 
in humans the dorsal auditory pathway also interfaces with motor regions involved in 
speech. This pathway in the left hemisphere connects to frontal lobe language areas, 
e”ectively linGing sound perception with the production of speech. –or eNample, when 
you listen to someone speaG and then respond, your brain is rapidly translating the heard 
words into your own motor plans for speaGing( a sensorimotor integration achieved via 
the dorsal stream. In terms of structure, these streams correspond to long 0ber tracts 
that connect regions. Thus, even within the auditory modality, we see how specialized 
regions connect into networGs to 

Internal Models: The Brain’s Simulation of Reality

!pecialized sensory cortices %vision, hearing, etc.C feed the brain a continuous stream of 
data about the outside world. xut the human brain does more than passively register 
stimuli( it actively models and predicts the world. Fe carry in our heads an internal 
simulation of reality, built from past eNperience and innate circuitry, that helps us 
interpret and anticipate what we perceive. This concept of an )internal modelV has 
gained a lot of support in neuroscience. In fact, many researchers now describe the brain 
as essentially a prediction machine, utilizing an internal model of the world to anticipate 



A 3I1D 3AD“ O– 3ATH ’D–YER

sensations and the outcomes of our actions." In other words, your brain is constantly 
guessing what it4s going to see, hear, and feel neNt, and those guesses inquence how you 
actually perceive input.

6onsider what happens when you walG into your darG living room at night. ;ou still 
navigate familiar furniture with relative ease because your brain has an internal model of 
the room4s layout. Only when a detail deviates %for eNample if someone moved a chairC 
do you stumble and even then your brain 2uicGly registers the )prediction errorV and 
updates its model. At the neural level, scientists have found evidence for these predictive 
processes. –or instance, in the visual corteN, neurons don4t merely respond to visual 
input( their activity is modulated by whether the input was eNpected or surprising. A 
recent study showed that when a visual stimulus violates an animal4s prediction, certain 
neurons in WY amplify their responses to signal the uneNpected event. This involves a 
circuitry between the corteN and thalamus that selectively boosts unpredicted inputs( 
essentially yelling )Hey, pay attention to this·V to the rest of the brain. !uch 0ndings 
illustrate that prediction and sensation are deeply intertwined. The brain4s specialized 
regions are constantly eNchanging feedbacG: higher-order areas %which house more of 
our learned model of the worldC send predictions down to early sensory areas, and 
any mismatches between prediction and reality are sent bacG up as error signals for 
adSustment. This hierarchical feedbacG system helps eNplain why we eNperience a stable, 
continuous world rather than a Sumble of unpredictable sensations.

The brain4s internal models aren4t limited to predicting the immediate neNt sensation( 
they also underlie memory, imagination, and planning. A Gey structure in this regard is 
the hippocampus, deep in the temporal lobe. The hippocampus is not directly a sensory 
area( it4s part of the archicorteN, an evolutionarily older form of corteN with a simpler 
three-layer architecture. This region is crucial for forming and recalling memories, and 
one of its remarGable functions is to construct spatial maps of our environment. In 
eNperiments with rodents, neurons called place cells in the hippocampus 0re when the 
animal is in a speci0c location in an environment. Together, thousands of place cells 
form an internal map of the surroundings, which the animal or person can use for 
navigation. In e”ect, the hippocampus creates an inner virtual reality of space. As one 
study describes it, “Spatially firing "place cells" within the hippocampal CA1 region form 
internal maps of the environment necessary for navigation and memory.”k This mapping 
is part of our internal model of the world. It4s how you can imagine the layout of your 
home or 0nd your way to the Gitchen in the darG. Importantly, the hippocampus also 
allows us to mentally simulate routes and scenarios. Fhen you plan a path to avoid traKc 
or rehearse a conversation in your mind, you4re tapping into the brain4s ability to run a 
scene internally without eNternal input.



MOI1M 3ULTI3ODAL YEP

This capacity for mental simulation is another facet of the internal model, and it 
engages many of the same specialized regions used for actual perception. Fhen you 
imagine something vividly such as picturing the face of a loved one or hearing a song 
in your head, brain scans show that you activate some of the same sensory areas that 
would respond if you were actually seeing that face or hearing that melody. Wisual mental 
imagery, for instance, activates the high-level visual corteN and even primary visual corteN 
in a way that )resemblesV actual vision.j Jesearchers have found that patterns of activity 
in a person4s WY %primary visual areaC contain information about imagined images, 
almost as if the person were seeing them for real. This suggests that the visual corteN 
can be driven internally by memory and association, not Sust by incoming signals from 
the eyes. The brain4s model of the world is so robust that it can generate a sensory 
eNperience %albeit a faint oneC from pure thought. In a sense, we all hallucinate when we 
remember or imagine but because it4s tightly guided by our internal model and goals, it 
remains under control as useful imagination rather than confusion. 1eurobiologically, 
this happens through feedbacG connections: higher cortical areas %in frontal and parietal 
corteNC that store abstract Gnowledge and intentions can trigger activity in lower sensory 
areas during imagination. It4s the brain painting on its own canvas. The same principle 
applies across modalities. If you silently )talG yourself throughV a problem, you activate 
language regions( if you imagine the smell of co”ee, olfactory regions light up. All this 
points to a deeply interconnected design: the brain4s specialized modules can be driven 
by each other, not Sust by the outside world, enabling us to run simulations, predictions, 
and dreams internally.

Integration: Binding the Senses into a Coherent Experience

Fe have seen that the brain has specialized regions for vision, hearing, language, and 
internal modeling. ;et our daily eNperience is not fragmented into separate channels 
8 we perceive a uni0ed world, where sights, sounds, and other senses align and com-
plement each other. This unity is achieved through eNtensive integration among brain 
regions. “ven as each area has its own microstructure and function, it constantly shares 
information with other areas. The result is that what we see can inquence what we hear, 
what we eNpect can inquence what we perceive, and so on. The mechanisms of this 
integration are a central topic in human neurobiology, often referred to as solving the 
)binding problemV 8 how the brain binds disparate sensory inputs and features into a 
single coherent percept.

One way the brain integrates modalities is by using multisensory convergence zones. 
–or eNample, in the midbrain we 0nd the superior colliculus, an evolutionarily ancient 
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structure that receives inputs from vision, hearing, and touch. The superior colliculus 
contains overlapping maps of visual space and auditory space, allowing it to respond to 
events that are seen and heard simultaneously. This region is Gnown to integrate visual, 
auditory, and somatosensory information to initiate appropriate orienting movements.7 
If a loud bang occurs to your left, you reqeNively turn your eyes and head toward it( the 
superior colliculus is coordinating this response by matching the auditory information 
%)bang on the leftVC with the visual map and triggering motor neurons. !uch low-level 
integration ensures our sensory systems worG in tandem at basic reqeN levels. It4s a 
structural integration: neurons in these areas receive multiple types of input and 0re best 
when inputs coincide, e”ectively binding the stimuli as coming from one event.

On the cortical level, there are higher-order association areas that serve as hubs for 
cross-modal integration. A prime eNample is the posterior parietal corteN %’’6C. This 
region, part of the dorsal )whereV pathway for vision and hearing, sits at the neNus of 
visual, auditory, and somatosensory inputs. 1eurons in posterior parietal areas can have 
compleN response properties. !ome might 0re when an obSect is both seen and felt, or 
when a sound is coming from a location that the eyes are looGing at. The ’’6 is critical 
for tasGs re2uiring coordination between senses and action, liGe hitting a ball %re2uiring 
you to see it and feel your body4s positionC or driving %aligning visual cues with vestibular 
balance and motor outputsC. !tudies con0rm that the posterior parietal corteN plays 
a Gey role in integrating sensory inputs from di”erent modalities to support adaptive 
behavior.R Damage to the ’’6 can cause de0cits liGe neglect syndrome, where a person 
might fail to integrate or attend to one side of space, showing how crucial this integration 
hub is for a coherent spatial awareness.

Through these integrative structures and networGs, the brain achieves what one 
might call the )uni0ed 0eldV of consciousness( the feeling that all our senses and 
thoughts are part of one mental world. The coherent eNperience is not because each 
part of the brain Gnows everything, but because each part shares its piece of information 
in a grand collaborative e”ort. In practical terms, this means our perception of even a 
simple event involves a mosaic of brain regions: seeing a car approach involves visual 
corteN to perceive it, auditory corteN if it4s maGing noise, parietal corteN to Sudge its 
traSectory relative to you, motor corteN to perhaps step aside, and limbic circuits if the 
car nearly hits you and triggers fear. These disparate elements are woven together so 
tightly that we perceive a single event. The binding is so complete that we have to use 
careful eNperiments to even notice which region contributes what( subSectively, it4s all 
one eNperience.

It4s worth reqecting on how specialization and integration in the human brain may 
inform the future of AI and robotics. Fhen compared to the brain, our current at-
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tempts at arti0cial intelligence are very basic. As impressive as current AI models are that 
can interpret and generate language and images in isolation, we can reqect on the fact 
that these mimic narrow slivers of what our own brains do and that much of the power 
of the brain comes from seamless integration across many modalities. This is changing 
though. Mroups are now building neural networGs that mimic an ever-growing list of 
modalities beyond language and images and worG is also occurring on networGing these 
disparate areas of functionality together. The brain shows us that when such modules 
share information, new capabilities emerge and the whole becomes greater than the sum 
of parts. The brain also teaches us the importance of an internal model. Truly adaptive 
AI will need not Sust to react, but to predict and simulate, integrating past Gnowledge 
with incoming data. As we appreciate the brain4s intricate design, we also glean inspi-
ration for building machines that perceive and act in the world. In the coming decade, 
AI systems are eNpected to increasingly adopt multi-modal designs( essentially giving 
them eyes, ears, an internal mental model and other capabilities worGing in unison. If the 
brain4s eNample is any guide, the result could be a dramatic leap in machine capability. 
!ociety may be caught o” guard by how 2uicGly these integrated AI systems begin to 
eNhibit sophisticated, human-liGe understanding of the world. Human neurobiology 
o”ers an important insight: specialization is the engine of eKciency, and integration is 
the glue of eNperience. Fe4re now going to taGe a tour of some of the progress that is 
being made on modalities beyond teNt. The goal of our tour is to showcase the diversity 
of approaches that are being taGen at a high level, to review the rapid rate of progress, 
and also to highlight some of the recurring patterns. 

Image and Video Recognition Networks

3odern AI systems for visual perception build on deep neural networGs that can learn 
directly from raw piNels. “arly prototypes of such networGs appeared in the YPPBs( for 
eNample, ;ann Le6un and colleagues demonstrated that a convolutional neural networG 
%611C could automatically learn to recognize handwritten digits from piNel images, 
outperforming earlier methods that relied on hand-crafted features.P These 611s were 
inspired in part by the architecture of the mammalian visual corteN( they consist of 
layers of small 0lters that scan an image for low-level patterns liGe edges or corners and 
gradually compose them into higher-level features. However, it was not until much 
larger image datasets and faster processors became available that 611s revealed their 
full potential. As we discussed earlier in the booG, in a landmarG 5BY5 result, a deep 
611 Gnown as AleN1et was trained on a million images and achieved far better obSect 
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recognition accuracy on the Image1et benchmarG than any prior approach. This dra-
matic improvement heralded the beginning of the era of deep neural networGs.

Over the neNt few years, vision models grew in compleNity. Jesearchers found ways to 
build eNtremely deep 611s that could eNceed over a hundred layers. xy the mid-5BYBs, 
such architectures could recognize thousands of obSect types in images with human-liGe 
accuracy under many conditions. ;et, even as convolutional networGs became the worG-
horse for image analysis, researchers began eNploring new architectures. A notable devel-
opment was the application of transformer networGs, originally invented for language 
processing, to visual data. Transformers do not assume any 0Ned grid structure( instead, 
they learn to pay &attention& to the most relevant parts of an image. In 5B5B, researchers 
showed that a pure transformer %the Wision Transformer, or WiTC operating on image 
patches could match or eNceed 611 performance on image classi0cation when trained 
on suKciently large datasets.YB The transformer treats an image as a se2uence of tiny 
patches %analogous to words in a sentenceC and learns global relationships among them. 
Innovation continues in this category with tools now very competent at analyzing a wide 
range of images with human-life performance.

“Ntending image recognition to video introduces additional challenges. A video can 
be thought of as a se2uence of images, so a naive approach is to apply image recognition 
to each frame. However, this ignores the temporal dimension which includes valuable 
information. –or eNample, if the video contains a collision of two cars, it4s important 
to Gnow that one car was stationary while the other car collided with it( informa-
tion that may be lost while Sust looGing at individual frames in isolation. Traditional 
solutions combined 611s for spatial features with recurrent networGs %J11sC or 
other se2uence models to capture temporal dynamics. –or instance, an J11 might 
aggregate frame-level features from a 611 to recognize an activity in a video. 3ore 
recently, researchers have adapted transformers to video as well, using attention to model 
relationships across both space and time. These networG architectures can learn, for eN-
ample, to recognize a person running versus walGing by integrating cues over consecutive 
frames. Despite these advances, video understanding by AI remains diKcult: e”ective 
models tend to be eNtremely data-hungry and computationally heavy. 3oreover, they 
sometimes struggle with the continuity of real-world events, especially if an action 
unfolds over a long duration or if the video is compleN. 1onetheless, the traSectory is 
clear and deep learning is increasingly capable of eNtracting semantic information from 
video clips in a way that approaches human visual perception in its scope.

Generative Models for Images and Video
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In the domain of language, a single LL3 is used to both analyze and generate teNt. –or 
images and video, di”erent types of neural networGs have been developed for analyzing 
content vs generating content. This may not be entirely surprising if we thinG about our 
own brains. Intuitively, the act of reading a paragraph and writing a paragraph are more 
similar to each other than the act of looGing for a can of soup on a shelf vs drawing a 
picture of that shelf. That said, it is eNpected that there will be increased convergence 
between systems that analyze images and video and systems that generate images and 
video in the coming years. There are a number of approaches to developing modern 
AI models that can generate visual content, creating new images or animations that 
did not eNist before. This ability stems from generative deep neural networGs trained to 
capture the statistical patterns of visual data. A foundational milestone in this area was 
the introduction of Menerative Adversarial 1etworGs %MA1sC by Moodfellow et al. in 
5BY". A MA1 pits two neural networGs against each other in a creative duel: a generator 
networG tries to produce realistic faGe images, while a discriminator networG learns to 
detect faGes from genuine images. As training progresses, the generator improves by 
learning to fool the discriminator, resulting in increasingly lifeliGe images.YY This process 
has an intuitive analogy: one might imagine a forger %generatorC attempting to create 
counterfeit paintings and an art inspector %discriminatorC getting better at spotting 
faGes, until the forger4s worG becomes indistinguishable from true art. MA1s unlocGed 
a remarGable ability to synthesize imagery. Fithin Sust a few years, researchers pushed 
this techni2ue to create high-resolution arti0cial photos of faces, landscapes, and more. 
xy around 5BYR, MA1-based models %such as the !tyleMA1 seriesC could generate faGe 
human faces that looGed so realistic that even people could not tell they were faGe. This 
was achieved through training on large datasets of real photographs and progressively 
re0ning the generator4s layers to capture 0ne details liGe sGin teNture, lighting, and hair 
strands.

Despite their success, MA1s are notoriously diKcult to train. The adversarial training 
process is inherently unstable( if either the generator or discriminator overpowers the 
other, learning can fail. One common failure mode is mode collapse, where the gen-
erator learns to produce only a narrow range of similar outputs %essentially fooling the 
discriminator with one tricGC instead of reqecting the full diversity of the training data.Y5 
Jesearchers proposed many technical 0Nes %from modi0ed networG architectures to 
new training obSectivesC to alleviate these issues, with partial success. In the last few 
years, a di”erent class of generative model has risen to prominence by sidestepping some 
of MA1s4 pitfalls. These are di”usion models, which taGe a very di”erent approach 
to generation: rather than producing an image in one shot, they gradually re0ne it 
through a series of steps. The idea is to start with pure random noise and then apply 



A 3I1D 3AD“ O– 3ATH ’D–Y""

a neural networG that incrementally denoises the image, step by step, until a coherent 
image emerges. “ach step in a di”usion model is trained to invert a small addition of 
noise, much liGe learning to reverse a di”usion process %hence the nameC. This ap-
proach, initially eNplored in earlier worGs, was re0ned and popularized around 5B5B. 
Jesearchers demonstrated that di”usion probabilistic models could reach or eNceed 
the image 2uality of MA1s on standard benchmarGs, achieving state-of-the-art scores 
and highly realistic samples.YE 6onceptually, if MA1s are a game between two players, 
di”usion models are more liGe a patient sculptor, chipping away noise to reveal an image.

A Gey advantage of di”usion models is that they tend to be more mode-covering 
%less prone to mode collapseC and easier to train reliably. xy 5B55, di”usion-based 
systems became the bacGbone of the most advanced image generators. 1otably, latent 
di”usion models which power the public tool !table Di”usion made the process far 
more eKcient.Y" Another innovation was to incorporate guidance in the generation 
process. –or eNample, by adding a teNt encoder and conditioning the di”usion model 
on teNt embeddings, researchers built powerful teNt-to-image models. In these systems, 
a user4s prompt %a written descriptionC guides the denoising process so that the 0nal 
image matches the prompt. This is how models liGe OpenAI4s DALL?“ 5 and !table 
Di”usion are able to create imagery based on a natural language description. Under the 
hood, they are di”usion models directed by teNtual information via learned cross-modal 
attention mechanisms. !uch models marGed a watershed moment( an AI agent can now 
conSure up novel visual scenes from a mere idea eNpressed in words.

The frontier of generative modeling is now shifting toward video. If creating a single 
image is liGe generating one coherent painting, creating a video is liGe producing a 
whole movie se2uence 8 a much taller order. A video generator must ensure consis-
tency across time: the bacGground, characters, and obSects should not qicGer or morph 
erratically from frame to frame unless intended. “arly attempts at video generation 
eNtended MA1s by adding temporal layers. One eNample is the 3o6oMA1 frameworG 
from 5BYR, which separated the latent space into a content vector with static image 
aspects and a motion vector that evolves over time, allowing the model to maintain a 
subSect4s appearance while moving it through di”erent poses or actions.Yk 3o6oMA1 
and related models could produce short video clips %a few seconds of low-resolution 
footageC that looGed vaguely plausible such as a few frames of a walGing 0gure or a 
moving face. Unfortunately, they struggled with longer se2uences and high detail. 3ore 
recent worG has applied di”usion models to video as well. xy treating video frames 
as a temporal se2uence of images and adapting the di”usion process, researchers have 
reported promising progress in generating coherent short videos.Yj TeNt-to-video di”u-
sion models have been demonstrated, capable of taGing a caption %e.g. &a dog playing 
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in a parG&C and producing a few seconds of video that follow the gist of the prompt %C. 
However, the 0eld is still in its infancy. The videos produced today are usually short, 
with occasional distortions or movements that are not physically realistic. “nsuring 
longer-range consistency so that a story told over a full episode of TW or a full-length 
0lm remains an open challenge. To be used in a more widescale manner for professional 
purposes, there is also interest in having additional cinematic control over lighting, focal 
length, etc. The computational cost is also a maSor hurdle: generating even a few seconds 
of video can re2uire heavy processing, since the model is e”ectively generating dozens 
of images in a coordinated fashion. Despite these challenges, the 2uality of both image 
and video generation continue to develop eNtremely 2uicGly. Moogle release their Weo 
E model in 3ay of 5B5k which adds an audio tracG to reach video and is capable of 
generating very realistic video at "' resolution. It seems that every month, there are 
vendor announcements related to improvements in the 2uality of outputs and level of 
control that the user has over composition and content. –uture models may combine 
insights from how humans anticipate motion and understand images with the raw 
generative power of deep networGs, inching closer to being able to imagine entire scenes 
unfolding over time.

Deep Learning in Speech and Audio

The auditory domain encompassing spoGen language, music, and general sound is 
another area where deep neural networGs have revolutionized both analysis and gener-
ation. 6onsider speech recognition, the tasG of transcribing spoGen words. –or decades, 
the dominant approach relied on statistical models Gnown as Hidden 3arGov 3odels 
%H33sC coupled with Maussian miNture models for the acoustic signals. “Npert-crafted 
features liGe 3el-fre2uency cepstral coeKcients %3–66sC were used to transform raw 
audio into a form these models could handle. Around 5BYB85BY5, researchers includ-
ing neural networG pioneer Meo”rey Hinton and colleagues showed that deep neural 
networGs could be applied to this problem, directly learning to map audio waveforms 
or their spectrogram representations to phoneme or word probabilities. xy training 
on large datasets of recorded speech, these deep models signi0cantly outperformed 
the traditional systems. This was a pivotal moment for speech technology: it signaled 
that handcrafted speech features and legacy acoustic models were being eclipsed by 
data-driven learning. !oon, all maSor speech recognition systems adopted deep neural 
acoustic models.

Initially, these were often feed-forward networGs or simple convolutional neural net-
worGs %611sC that tooG a few milliseconds of audio and predicted the probability of 
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di”erent speech sounds. However, because speech is se2uential by nature, architects 
2uicGly moved to models that could handle temporal conteNt. One approach was the 
use of recurrent neural networGs %J11sC, especially those with gating mechanisms liGe 
Long !hort-Term 3emory networGs %L!T3sC, to remember information over time. 
These types of networGs have an architecture that allows them to process se2uential data. 
J11s allowed the model to integrate an arbitrary-length audio se2uence, accounting 
for how earlier sounds inquence later ones. –or eNample, conteNt needed to distinguish 
)seaV spelled ! “ A, from )seeV spelled ! “ “ might span multiple phonemes. xy 5BYk, 
end-to-end speech recognition systems emerged. These systems tooG raw audio in and 
directly produced teNt output, without separate phoneme modeling or dictionaries. A 
notable eNample is xaidu4s Deep !peech %5BY"C, which used a deep J11 trained on 
thousands of hours of speech and was able to surpass many traditional speech recog-
nizers, even in noisy conditions. “nd-to-end models simpli0ed the pipeline, reducing 
the need for many intermediate components, and proved remarGably robust, learning 
to handle variations in speaGers and bacGground noise by sheer eNposure to data.

In recent years, the se2uence modeling in speech recognition has further shifted 
towards transformer-based architectures, mirroring the trend in vision and teNt. Trans-
formers, with their self-attention mechanism, can capture long-range dependencies in 
audio more e”ectively than J11s, which tend to forget or confuse long-term conteNt. 
!ome of the best-performing speech recognition models today use either pure trans-
formers or hybrid models that combine transformers with convolutions. –or instance, 
the 6onformer architecture from 5B5B integrates convolutional layers to eKciently 
model local, short-term patterns in the waveform with transformer layers to model 
global, long-term structure. This design achieved state-of-the-art word error rates on 
benchmarGs liGe Libri!peech, outperforming both prior 611-based and J11-based 
models.Y7 The result is that machines can now transcribe spoGen language with accuracy 
approaching human-level in many settings( a feat that seemed out of reach Sust a decade 
ago. !imilar advances have been seen in other audio analysis tasGs: deep networGs are used 
for sound event detection %recognizing, say, gunshots or dog barGs in an audio streamC, 
speaGer identi0cation, and even emotion recognition from voice. In each case, the ability 
of deep models to learn rich representations from raw or minimally processed audio has 
led to performance leaps over earlier approaches.

Menerating audio with deep networGs is e2ually transformative. !peech synthesis was 
traditionally done with unit selection by stitching together snippets of recorded speech 
or parametric vocoders that often produced robotic-sounding voices. Deep learning 
changed that with models that generate speech waveforms from scratch. A breaG-
through came in 5BYj with Deep3ind4s Fave1et model, a deep generative networG 
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that produces audio one sample at a time.YR Fave1et demonstrated substantially more 
natural and eNpressive speech output than previous systems, achieving state-of-the-art 
naturalness as rated by human listeners and showing it could learn the subtleties of 
di”erent voices and even generate simple music. The downside of Fave1et was that 
it was initially slow. Menerating audio sample-by-sample is computationally intensive 
but subse2uent optimizations made it practical. Fave1et and its successors have since 
been widely adopted in teNt-to-speech services, maGing today4s virtual assistants and 
navigation systems sound far more human-liGe than the monotonic voices of the past.

Another line of research in audio generation deals with music and general sound. 
Here the challenge is perhaps even greater than speech, because musical structure or 
compleN soundscapes have long-range structure and sometimes hierarchical patterns 
including verses and choruses in music, or evolving motifs in a sound e”ect. One inqu-
ential proSect in this arena was OpenAI4s $uGeboN, a generative model for music which 
produces songs complete with singing. $uGeboN tacGled the problem by 0rst compress-
ing raw audio into a discrete latent representation. ThinG of a latent representation as a 
shortcut to describe the most important elements with less information. –or eNample, 
if you are describing a cat then instead of specifying the eNact details, you might Sust 
say that you saw a cat with orange and white stripes. !ome information is lost in this 
compressed description but for most intents and purposes, the description is ade2uate. 
After this stage, $uGeboN applies autoregressive transformers on this compressed rep-
resentation to generate new music toGens step by step.YP This autoregressive approach 
is similar to how a large language model generates one toGen at a time. Impressively, 
the system was able to generate minutes-long musical pieces with recognizable genres, 
instrumentation, and even lyrics sung in the style of famous musicians. The songs are 
novel creations, not copies of eNisting worGs, yet they can carry the signature style of, 
say, a country ballad or a rocG anthem. The voices, while obviously synthetic upon close 
listening, have an uncanny resemblance to the target styles. $uGeboN demonstrated that 
deep networGs can capture some of the higher-level structure in music( a signi0cant 
achievement given music4s compleNity. However, it also highlighted the remaining gaps: 
the generated lyrics, for eNample, tend to be nonsense or eNtremely repetitive, pointing 
to the diKculty of integrating semantic coherence into purely audio-based generation. 
3oreover, the computational cost of such models is signi0cant, and the results, while 
fascinating, are not yet at the level of sGilled human composers for long-form composi-
tions. Today, there are a number of generative AI tools that will generate music of ever 
increasing 2uality. xeyond music, researchers have used deep generative models to create 
sound e”ects or environmental audio( for instance, generating plausible sound e”ects 
for videos liGe the sound of rain or footsteps matching a scene. 
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3D and World Models

Fe should also consider ED space as a modality. The ability of AI to perceive and 
generate obSects and environments. Humans 0nd it natural to imagine obSects in three 
dimensions and we4ve been doing it since childhood with toys and blocGs. Metting com-
puters to do the same has been notoriously hard. It re2uires understanding geometry, 
teNture, and lighting: a whole physics engine of cognition. ;et here, too, deep learning is 
opening new doors. One breaGthrough approach uses neural networGs to generate ED 
models by leveraging what they learned about 5D images. If an AI agent Gnows how 
to draw an obSect from many angles, it can infer a consistent three-dimensional form. 
Moogle4s Dream–usion proSect recently demonstrated this by producing ED obSects 
from teNt prompts.5B ;ou can type in )a green leather chair in the shape of an avocado,V 
and the system will output a digital ED model matching that description( an avocado 
chair you can rotate and eNamine from any angle. Dream–usion achieves this without 
ever being trained eNplicitly on ED scans of avocado chairs %or anything elseC( it uses 
a pre-trained image di”usion model to synthesize multiple views and optimizes a ED 
representation that would produce those views. The end result is a model that “can 
be viewed from any angle, relit by arbitrary illumination, or composited into any 3D 
environment”. In practical terms, this means AI can start to generate the Gind of content 
used in video games, special e”ects, or product design. A game developer could sGetch 
out ideas in natural language and get rough ED assets to tweaG. This is a process that 
normally re2uires hours of a ED artist4s time. An architect could 2uicGly prototype fur-
niture or 0Ntures in a planned building by describing them. Fe4re still in the early days, 
and the 0delity of AI-generated ED models is Sust beginning to approach professional 
2uality. xut the direction is set. $ust as image generators became a tool for illustrators, 
we can eNpect ED generators to become tools for designers and engineers, handling the 
heavy lifting of geometry while humans re0ne the creative details.

At robotics institutes and J/D labs, engineers are e2uipping humanoid machines 
with deep neural networGs that function as internal )world modelsV( giving these ro-
bots a simulated inner reality where they can predict how their actions will a”ect the 
surrounding environment. These learned world models combine raw sensory input 
with physics-based learning by using techni2ues liGe graph neural networGs as surrogate 
physics engines to let a robot mentally rehearse interactions with obSects and terrain 
before actually eNecuting them.5Y Having an internal physics sandboN grants the robot 
a Gind of intuition. $ust as a person might imagine a cup tipping or a foot slipping on 
a loose stone, the robot4s neural model can foresee the liGely outcome of a movement 
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in advance. Fith this foresight, the machine can adSust its strategy on the qy, reasoning 
about obSect behaviors and contact forces to avoid mistaGes and eNploit opportunities. 
This capability is already yielding notable results. –or eNample, a robot arm endowed 
with such a model recently learned a new manipulation tasG from a single demon-
stration. xy generating myriad imagined variations of that lone eNample, it practiced 
in simulation and mastered the sGill without eNtensive real-world trials.55 LiGewise, in 
locomotion, giving a bipedal robot a predictive world model has dramatically improved 
its sure-footedness: one humanoid recently treGGed over E.5 Gilometers of rough, icy 
terrain autonomously( a feat that would have been infeasible for earlier robots lacGing 
such internal foresight.5E xy e”ectively letting robots eNperiment in thought before they 
act, these deep learning systems are shifting robotics from reactive trial-and-error toward 
more deliberative reasoning and planning. This convergence of neural networGs and 
intuitive physics is endowing humanoids with a new level of autonomy in compleN, 
unpredictable environments, nudging them closer to a form of adaptability that echoes 
our own.

Superhuman Modalities

Intriguingly, AI systems are now eNtending perception and creativity into realms where 
humans historically struggle or lacG native capabilities. Fe can looG to nature for some 
eNamples of possible future avenues. 3igratory birds have an ability to detect the earth4s 
magnetic 0eld, sharGs can detect electric 0elds, and bats can use ultrasound. As we build 
AI agents and robots in particular, we can e2uip them with the sensors and models to 
be able to interpret and predict in these additional modalities. At the risG of stretching 
the de0nition of a modality, we will now can eNplore some other types of specialized AI 
solutions that worG with speci0c subsets of data.

6onsider satellites: our planet is under constant watch by satellites, producing ter-
abytes of data. !ome of the data taGes the form of images that are similar to what astro-
nauts see when they looG out the window of the International !pace !tation. However, a 
lot of the data taGes other forms such as hyperspectral data and synthetic aperture radar 
data. Fe convert that data into images so that humans can interpret because we don4t 
have the natural capability it in its original form. The analysis of satellite data also often 
re2uires di”erent outputs than what humans are natively strong at generating. Fe may 
be able to easily identify a family member in a crowd but are less e”ective at looGing at 
a series of thousands of pictures of the same plot of land over multiple years to tease 
out long term trends amongst the noise of seasonal variation. If we treat satellite data 
as a specialized modality with specialized models, we can see how it will give AI agents 



A 3I1D 3AD“ O– 3ATH ’D–YkB

an ongoing view of the world that humans lacG. One recent AI system can map the 
outline of giant icebergs in satellite photos YB,BBB times faster than a human analyst( 
literally in a fraction of a second, versus many minutes of manual tracing per iceberg.5" 
Fhat4s more, the AI is consistent and doesn4t get fatigued, maGing it possible to monitor 
remote polar regions continuously for changes in ice. !imilar techni2ues are used to 
detect illegal deforestation5k, or to assess crop health by analyzing color spectra that 
indicate drought stress or disease. One can imagine an AI agent that seamlessly integrates 
analysis of satellite data at the same time it is also maGing observations on the ground 
on a more human scale. 

Feather forecasting, a domain that blends physical law with chaotic data, is also 
being augmented by deep neural networGs. Instead of images, sound, or teNt, weather 
forecasting relies on spatiotemporal data of temperature, pressure, humidity and other 
variables. Traditional weather prediction relies on solving physics e2uations involving 
quid dynamics and thermodynamics on powerful supercomputers. These models are 
very accurate but computationally eNpensive, and they can struggle with certain compleN 
phenomena. “nter graph-based neural networGs, which treat the globe as a networG 
of interconnected points and learn from historical data how weather systems evolve. 
In 5B5E, Deep3ind introduced a model called Mraph6ast that learned to predict 
global weather patterns up to YB days out.5j It doesn4t replace physics entirely, but it 
learned to approNimate the physics by recognizing patterns in decades of past forecasts 
and observations. The performance was striGing: Mraph6ast outperformed the leading 
conventional weather model %the one used by the “uropean 6entre for 3edium-Jange 
Feather –orecastsC in PB9 of the locations tested for Gey weather variables. It was 
especially good at forecasting eNtreme events. In one case, it predicted the tracG of a 
hurricane three days earlier than the oKcial models did, giving a potential head start for 
preparations. And because it4s a learned model, once trained it can generate a forecast 
in minutes on a single machine( much faster than the hours of supercomputer time 
a traditional simulation might taGe. This doesn4t mean we4ll throw out physics-based 
forecasting, but it suggests a hybrid future where a neural networG 0lls in the gaps, 
corrects biases, or runs 2uicG what-if scenario forecasts. –or instance, if meteorologists 
want to see the potential impact of a slight shift in wind patterns on a developing storm, 
an AI agent could provide a plausible answer in near real-time. Fhen you multiply that 
by the number of forecasts made daily around the world, the potential societal bene0t in 
agriculture, disaster response, aviation, and energy management is immense. It4s easy to 
focus much of our attention on how far AI systems have progressed towards matching or 
even surpassing capabilities that are innate human such as language comprehension and 
image analysis. Those human capabilities lie at the very core of how we de0ne ourselves 
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relative to other animals on our planet. 3ore practically, our entire economic system is 
based on the principle that we can leverage those capabilities to do worG and in return 
earn wages that allow us to buy food and shelter. If those uni2uely human capabilities 
can be replaced by software, what will that mean for the future of society_ However, we 
shouldn4t forget to also taGe a looG around. The same rapid progress that is occurring in 
the modalities that are native to humans is also occurring in a wide range of additional 
areas and that progress could allow us to build systems that perform tasGs that would 
have been unimaginable in the past.

Going Multimodal

!tepping bacG, what do these varied advances have in common_ –rom recognizing 
images to generating videos, from cloning voices to composing symphonies, from mon-
itoring deforestation to predicting the weather, these feats are all driven by deep neural 
networGs digesting vast amounts of data. It4s easy to compartmentalize each achieve-
ment: one might marvel at 6hatM’T writing an essay, or chucGle at an AI-generated 
painting, without connecting the dots. xut viewed together, the pattern is emerging that 
intelligence itself, the ability to perceive the world, to analyze it, and even to create within 
it, is becoming something that can be engineered and applied in many forms. 

3odels that worG within a single modality, such as teNt-based large language models 
or image-focused di”usion models, operate fundamentally within boundaries de0ned 
by their speci0c types of inputs and outputs. A large language model trained eNclusively 
on teNtual data ingests se2uences of words and outputs coherent sentences. !imilarly, 
di”usion models accept descriptive prompts in teNt form as a control mechanism but 
they are only capable of generating high-2uality visual outputs. They do not themselves 
interpret images nor produce teNtual interpretations of their creations. These models 
have a specialized architecture tailored carefully toward the nuances and compleNities of 
one particular modality, allowing them to eNcel within their specialized tasGs, whether it 
is synthesizing human-liGe prose or rendering richly detailed visual scenes. Fhen trained 
on very broad data sets such as teNt representing the full diversity of natural language, or 
images representing vast categories of obSects, these models are often called foundation 
models given the breadth of their capabilities within their modality. 

3ultimodal arti0cial intelligence systems merge distinct sensory channels to build 
representations that bridge modalities and synthesize more comprehensive outputs. 
This type of system might be trained on datasets encompassing both teNtual narra-
tives and visual imagery, enabling it not only to interpret images or videos but also to 
generate rich teNtual descriptions, identify conteNtual signi0cance, and perform tasGs 
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re2uiring an understanding of relationships between modalities. At a technical level, 
multimodal architectures typically employ specialized modules, each 0nely tuned for its 
dedicated modality, which are then integrated through cross-attention mechanisms or 
Soint embedding spaces. These uni0ed architectures facilitate an interplay between input 
modalities that enriches the interpretation beyond the scope achievable by separate 
single-modality models operating independently.

6urrent state-of-the-art eNamples illustrate clearly the distinctions between unimodal 
and multimodal approaches. OpenAI=s 6hatM’T "o is a prominent illustration of 
a multimodal model, designed to ingest both teNt and images, enabling it to under-
stand diagrams, charts, or visual metaphors, in addition to processing compleN teNtual 
prompts. The strength of a multimodal architecture lies in its ability to form conceptual 
connections that transcend traditional modality boundaries.

LooGing forward a decade, the capabilities of multimodal models seem poised to 
eNpand signi0cantly. 3ultimodal architectures may grow increasingly sophisticated, 
integrating a richer array of sensory data streams and employing more advanced al-
gorithms for eNtracting nuanced relationships. Jesearchers propose embedding addi-
tional modalities such as auditory signals, physical gestures, or even sensor data from 
robotics to craft AI systems that interpret conteNtually dense interactions more accu-
rately, responding quidly to dynamic real-world scenarios.57 !uch future developments 
could lead to genuinely conteNt-aware and adaptive arti0cial intelligences, capable of 
interpreting subtle emotional nuances in speech or gestures, understanding compleN 
social interactions within physical environments, and enhancing assistive technologies 
through a deeper conteNtual integration. In these deeply integrated multimodal systems, 
the AI agent would not Sust have language to describe that an orange is s2uishy and will 
leaG orange Suice if s2ueezed hard enough. It would have had the eNperience of s2uishing 
an orange in its own hands. And it would have heard the sound it maGes and watched it 
with its own two eyes. Wery signi0cantly, such a system would be capable of true learning. 
It could picG up a new type of fruit that was absent from the training set and learn if it 
is also s2uishy. If it observes that it is s2uishy, then it would add that understanding to 
its language.

;et, building multimodal models is signi0cantly more compleN than unimodal learn-
ing, and it comes with new challenges. One fundamental diKculty is integrating hetero-
geneous data types. “ach modality has its own statistical patterns, noise characteristics, 
and ambiguities. Fhen a model combines them, it must learn not only within-modality 
patterns %liGe understanding grammar in teNt or shapes in imagesC but also cross-modal 
correspondences. This increases the model4s compleNity, and the data re2uired to train 
it. High-performance multimodal systems often rely on enormous training corpora: 



MOI1M 3ULTI3ODAL YkE

image8teNt pairs, video clips with transcripts, audio with captions, and so on. !uch 
paired data can be harder to obtain than plain teNt or images alone. There4s also the 
risG that the model becomes SacG-of-all-trades, master of none. xalancing training so 
that it doesn4t neglect one modality is an active area of research. –or eNample, if much 
of the training data is teNt-centric with only occasional images, a )multimodalV model 
might still learn to mostly do teNt reasoning and treat images as a minor add-on, or 
vice versa. Jesearchers have to carefully design training curricula and obSectives so that 
the model truly learns to connect modalities rather than Sust handle them in isolation. 
Another challenge is representation alignment: ensuring that concepts are represented 
consistently across modalities. If a model learns about )sustainabilityV only from written 
documents and separately learns about interpreting satellite images of deforestation, 
there is no guarantee it will connect the two unless it has seen them together. Techni2ues 
liGe contrastive learning and multimodal pre-training help address this by forcing align-
ment.

And when it comes to output alignment with human intent, multimodal systems 
pose new puzzles. It4s one thing to ensure a teNt-only chatbot doesn4t produce o”ensive 
or irrelevant teNt( it4s 2uite another to ensure a chatbot that can also generate images or 
interpret them does so in a way that aligns with user eNpectations and ethical norms. 
3ultimodal models can hallucinate in more complicated ways. A teNt model might 
invent a non-factual statement( a multimodal model could looG at an image and then 
fabricate a description that doesn4t actually match the picture, because it misinterpreted 
the visual cues. This disconnect between modalities such as producing a caption that 
seems plausible but isn4t grounded in the image is a Gnown failure mode, sometimes 
called multimodal hallucination. It occurs when the model4s two systems %vision and 
languageC are slightly out of sync.5R

–rom a technical standpoint, multimodal AI presents not merely incremental im-
provements over unimodal predecessors but a 2ualitative leap in compleNity, versatility, 
and potential that brings us closer to the architecture of our own brains. The neNt decade 
will liGely witness increasingly intricate multimodal systems capable of understanding 
and responding intelligently across multiple dimensions of sensory eNperience, reshap-
ing fundamentally the ways in which arti0cial intelligence integrates into and transforms 
human society.

Controversy Related to Additional Modalities

Menerative AI4s rise has not been without controversy. As we discussed previously, 
powerful models are often trained on vast data sets and as companies have started to 
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train models on additional modalities, those datasets have eNpanded to include artworG, 
photographs, videos, and music that are harvested without the original creators4 consent 
or compensation. This practice has ignited 0erce debate about intellectual property and 
fair reward( particularly as valuations of startup companies have dramatically increased. 
One startup called !tability AI that maGes a popular image generation model was valued 
at approNimately XY billion after a seed funding round, even as many painters, photog-
raphers, and writers see nothing of the wealth built on their unwitting contributions.5P

In the same way that additional modalities introduce new technical challenges, they 
also raise many new types of 2uestions about copyright. TaGe for instance, the ability 
of an AI model to create an image in the style of an artist. In the prompt, a user can 
provide a reference image such as a portrait photograph of themselves. They can then 
asG the model to recreate the image in the style of a painting by a well-Gnown artist. 
The resulting image is entirely new and no one could argue that it is a copy of any 
one painting from the artist. At the same time, it is undeniable that it would not have 
been possible to create it without training on the worG of the artist. Artist styles are 
not protected by copyright. In the past, such a rule would have been too restrictive( 
e”ectively giving individuals a monopoly on the right to create any image in a given 
style. The ability of AI to train on the full worGs of a single artist and then faithfully 
and intentionally create images that include the detailed nuances of style developed over 
years of worG by that speci0c artist raises new 2uestions about whether copyright rules 
need to be adSusted to reqect these new use cases.

Jegardless of the outcome of the lawsuits that are now in front of the courts, the 
resentment among artists is palpable and Susti0ed by simple e2uity. –ew would deny that 
AI companies are pro0ting from creations they did not themselves create. –or a technol-
ogy touted as transformative, there is a risG that its bene0ts accrue disproportionately to 
those holding the algorithms and computer power, not those who supplied the content 
fuel. The result is a widening rift between tech developers and creative communities 
which is a tension that demands careful reconciliation rather than dismissal.

This tension leads to deeper 2uestions about authenticity and our relationship with 
creative worGs. !uppose you learn that a stunning painting you admired in a gallery or a 
song that moved you to tears was generated entirely by an algorithm with no human 
imagination directly involved. Fould that Gnowledge dampen your appreciation, or 
even feel liGe a betrayal_ Humans have long imbued art with a sense of the artist4s spirit 
and intent, the hand of the maGer. If that maGer is silicon-based, some wonder if the art 
loses an intangible element. Indeed, psychological studies suggest people Sudge identical 
artworGs di”erently depending on the believed creator: in eNperiments, participants 
rated paintings as less profound or beautiful if told they were AI-generated rather than 
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human-made.EB Fe seem wired to care whether a piece of music was born from human 
emotion or Sust math. ;et the algorithm4s output itself might be indistinguishable from 
a master4s. As AI outputs improve, creators or distributors might choose to hide their 
true origin, passing machine worG o” as human to meet audience eNpectations. Fe must 
grapple with where our comfort with arti0cial creation ends and where a violation of 
eNpectation begins. Is it enough to eventually say, )Mreat art is great art, even if made 
by an AI tool,V or do we lose something fundamental when the human touch vanishes_ 
These open 2uestions challenge our intuitions about creativity and authenticity in a 
future where the identity of the creator can be easily obscured or faGed.

The cultural staGes eNtend beyond individual artworGs to entire traditions and com-
munities. If generative AI widely adopts the dominant aesthetics of large training sets, 
which currently sGew Festern, Anglophone, and mainstream, there is a risG of homog-
enization in global culture. Uni2ue local art styles, minority languages, or niche musical 
genres could be drowned out by an endless algorithmic remiN of the most common 
patterns. A richly teNtured 1orwegian children4s story might be buried under a qood 
of AI-synthesized narratives favoring Hollywood tropes. As one scholar warns, the 
unchecGed wave of AI-generated content )threatens to impoverish the world4s cultural 
narrativesV by overserving familiar story archetypes at the eNpense of diverse voices.EY 
!maller or endangered cultures might 0nd it even harder to get attention when AI can 
mass-produce polished imitations of whatever is most popular. On the other hand, these 
same tools could become a lifeline for preserving and amplifying vulnerable art forms. 
Ironically, AI might simulate a dying language4s poetry or resurrect nearly lost crafts-
manship by learning from the few eNamples that remain. There are already promising 
cases: researchers have used AI to breathe new life into vanishing techni2ues, such as 
teaching a new generation 6antonese porcelain painting with the help of generative 
models.E5 A sGilled algorithm might reproduce ancient weaving patterns or folG songs, 
Geeping them accessible. If left purely to marGet forces, the aesthetics with the broadest 
appeal or most pro0t could dominate. xut with intention, one could imagine libraries 
of indigenous art and language used to train models that empower those communities 
to create and disseminate their heritage in new ways. !igni0cant 2uestions need to be 
raised around control and consent. Fill large tech companies train models based on 
images and ED scans of historical artworG from indigenous communities without their 
involvement_ These worGs are often available in public museums and are of an age that 
they no longer have any form of copyright protection. However positive the intentions 
of the tech companies may be, there must be an understanding that these are not Sust 
individual artefacts in a museum, they are vital threads that help to preserve endangered 
cultures. AI can easily do more harm than good. –or eNample, the use of generative 
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AI to create artworG in a traditional style may cause economic harm to artists from 
that community, reducing their ability to be able to continue to practice their craft. 
Traditional art is also inherently multimodal. –or eNample, the symbols on a Haida 
totem pole all have important meanings. A generative AI model may be able to maGe 
an image that looGs liGe a totem pole, but it might entirely muddle the underlying story. 
Jather than helping to preserve and amplify the culture, it may add noise and confusion 
that dilutes the most important elements of that culture.

Deep Fakes

’erhaps the most visibly troubling use of multimodal AI is the proliferation of deep-
faGes( hyper-realistic AI-generated or manipulated images, video, and audio that falsify 
reality. In the political sphere and beyond, deepfaGes present a clear and growing threat 
to truth, trust, and dignity. 1ation-state actors and ordinary mischief-maGers aliGe can 
now fabricate video evidence of events that never happened, put authoritative words 
in a person4s mouth or fabricate seNually suggestive images of real people. The impli-
cations for democracy, security, and society are dire. Imagine a convincing video of a 
world leader announcing a faGe crisis or surrender that could sow chaos before being 
debunGed. This is not hypothetical: a forged video of UGraine4s president appearing to 
call for surrender actually surfaced online amid the 5B55 conqict.EE Intelligence oKcials 
warn that deepfaGes could be deployed to inquence elections or incite unrest. “Nperts 
note that such synthetic media )have the potential to undermine election outcomes, 
social stability and even national securityV when weaponized in disinformation camp
aigns.E" UnliGe simpler )cheapfaGesV %liGe out-of-conteNt clips or sloppy editsC, today4s 
deepfaGes can be alarmingly realistic and they are getting better each month. “2ually 
worrying is how accessible the technology has become. Once the domain of university 
labs, deepfaGe tools are now openly available. –ree software can swap faces in a video 
with a few clicGs, and AI models to clone voices circulate on MitHub. Anyone with a 
reasonable computer can generate passable faGes of public 0gures, or of someone they 
Gnow. That democratization of creation means we face a qood of falsi0ed media with no 
easy technical defense. “ven the best detection systems struggle to Geep up and the nature 
of the technology means that this will always be the case. As with language, there will 
be no way to verify if something was generated by AI. Instead, the only viable solution 
is to use a variety of methods to authenticate real content as legitimate and to assume 
that everything else may have been created or modi0ed by AI. As with language, one of 
the challenges with o”ending content in other modalities is that bad actors can generate 
content on oZine local computers. They can manufacture and distribute false videos 
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and audio entirely under the radar. Law enforcement and social media companies 0nd 
themselves ill-e2uipped and always a step behind. The result is an environment where 
seeing is no longer believing, and the fundamental trust in recorded evidence is eroding. 
Fe are entering an era where a video confession in court, an announcement from a 
politician, or a call from a loved one can and often should be dismissed as a potential 
deepfaGe. In one liGely scenario, the 0rst few years will be the most challenging. During 
this transition period, most people and institutions will still place a high level of trust 
in audio, photography, and video recordings. However, after a number of high-pro0le 
incidents, it is liGely that trust will erode completely and the only content that will be 
trusted is content that can be veri0ed as authentic. Although there will be no reliable 
technical solutions for identifying if content is generated by AI, there are many methods 
available to do the opposite and verify if content is real. Unfortunately, these methods 
will liGely re2uire the adoption of processes, software, andQor hardware by the creators 
of the content. As an eNample, it is liGely that cameras will start to include built-in 
encryption based watermarGing systems that will provide an unhacGable proof that a 
photo or video clip was recorded by that device and is being presented in an unaltered 
form.

xefore those solutions are rolled out, deepfaGes and AI-generated personas are 2uietly 
corroding trust in more intimate realms of life. Online dating, for eNample, is increas-
ingly awash with pro0les that are 2uite literally too good to be true with attractive faces 
that don4t belong to any real human. !cammers have begun littering dating apps and 
social media with AI-generated pro0le pictures of 0ctitious people, luring victims into 
romance scams.Ek UnliGe stolen photos of a model or attractive individual which a re-
verse image search might reveal, these faces are uni2ue synthetic creations, purpose-built 
to evade detection and appeal to targets. It4s not Sust images: chatbots can now carry on 
qirty conversations while voice-cloning software leaves convincing voicemails. Lonely 
hearts may fall in love with a persona that is entirely AI-generated, crafted by criminals 
to be their perfect match and once they are lulled into complacency, the inevitable pleas 
for money start. “ven outside of scams, one can imagine individuals using AI to bolster 
their dating prospects by polishing every aspect of their identity, generating idealized 
photos and messages. In professional settings, we see parallel concerns. A faGe LinGedIn 
pro0le with an AI photo reportedly managed to connect with real senior oKcials, a sign 
that even savvy individuals can be fooled by synthetic personas.Ej The –xI has warned 
that fraudsters are leveraging deepfaGes and stolen personal data to impersonate people 
in remote Sob interviews.E7 In one such scheme, a candidate4s video feed was a deepfaGe 
that lip-synced answers fed by an accomplice, complete with a synthetically generated 
voice. If hired, these imposters could gain access to sensitive systems or data under false 
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pretenses. The remote nature of modern worG and education provides cover for such 
tricGs( a deepfaGe need only be good enough to pass through a grainy webcam stream. 
This technology even enables a more banal form of deception: people could deploy 
deepfaGes of themselves to shirG responsibilities. !tudents have already eNperimented 
with looping recordings to pretend they4re attentively present in online classes. It4s easy 
to imagine an overworGed employee sending a realistic avatar to the R a.m. video meeting 
while they sleep in. !uch antics are mostly harmless mischief, but they underscore how 
qeNible identity has become in a digital world saturated with AI mimicry. If any face or 
voice can be fabricated, how do we maintain trust in daily interactions that increasingly 
occur through screens_ I eNpect that the neNt few years will be 2uite tumultuous but 
that technology will catch up. –or eNample, a new generation of webcams may integrate 
to proprietary gloves. The gloves would be capable of measuring uni2ue biological 
information such as 0ngerprints and pulse rate to con0rm that the correct person is 
wearing the gloves at that point in time and the webcam would use a combination of 
software and hardware to con0rm that the person in the video is the person wearing the 
gloves. !ome of these solutions may be clunGy at 0rst but over time they will improve.

Social Media

!ocial media, which is already notorious for hiSacGing human attention, could 0nd 
even more potent ways to Geep us glued to our feeds using multimodal AI. Today4s 
recommendation algorithms analyze our clicGs and liGes to serve up eNisting content 
most liGely to engage us. xut what happens when these platforms can generate content 
on the qy tailored to every user4s particular itch_ Fe may soon face personalized streams 
of images, videos, and soundbites fabricated by AI speci0cally to maNimize our )dwell 
time,V calibrated to our preferences and emotional triggers. If you linger on pictures 
of sunsets, your future feed might create ever more gorgeous sunset images Sust for 
you, each more perfectly colored and composed than any real photograph. If a certain 
style of outrageous news headline gets your blood boiling and Geeps you engaged in 
the application, a generative model could be tasGed with writing even more eNtreme, 
yet plausible, headlines to hold your attention. In e”ect, the platform becomes not Sust 
a curator of what we see, but an author of it. Tech critics have already accused social 
apps of )dopamine hacGingV( eNploiting our brain4s reward circuitry with stimulating 
content selections. AI stands ready to turbocharge that e”ect. The intention to maN-
imize engagement isn4t new, but an AI tool that can conSure the eNact image, song, or 
character you4ll 0nd irresistible is a 2ualitatively di”erent power that may blur the line 
between entertainment and manipulation. The sheer volume of synthetic content could 
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also overwhelm our critical faculties. One startling forecast suggests that by 5B5j, up 
to PB9 of online content may be synthetically generated.ER If most articles, videos, and 
posts are machine-made for maNimized engagement, the internet could become a hall 
of mirrors reqecting our desires bacG at us, with fewer genuine human voices breaGing 
through. Fhile this might increase user )satisfactionV in a narrow sense, it also carries 
deeper costs: erosion of shared reality, further shortening of attention spans, and a loss 
of the serendipity that comes from encountering content outside one4s algorithmic 
comfort zone. “Ntreme personalization may be pleasurable but would also be potentially 
isolating and addictive by design. !ociety will need to catch up with these tactics, as they 
could maGe today4s social media challenges %misinformation, polarization, addictionC 
looG tame by comparison. Fe may have to reinvent digital public spaces that prioritize 
human agency and truth over clicG-maNimization or risG a descent into personalized 
fantasy bubbles that are hard to escape.

Economic Impacts of Multimodal AI

The economic disruptions from multimodal AI loom as large as the cultural ones. 
Automation is not a new story, but these AI systems encroach on creative and service 
roles once thought safe from machines. 6onsider voice actors: Until recently, it was 
assumed that lending one4s voice to characters or commercials was an innately human 
domain. 1ow AI voice synthesis can clone a person4s vocal timbre and inqection with 
eerie accuracy. Wideo game studios and audiobooG producers are already eNperimenting 
with synthetic voices to cut costs. !ome human voice artists have begun to 0nd clauses 
in contracts demanding rights to digitally replicate their voice, e”ectively signing away 
their future relevance. 3any voice actors fear being replaced entirely by AI, especially 
for routine corporate or commercial Sobs. In one survey, professionals said they felt on 
the precipice of their worG “being replaced completely” by generated speech, as compa-
nies seeG cheaper alternatives.EP A similar dynamic is playing out for visual artists and 
designers. Mraphic designers see clients opting for AI-generated logos and illustrations. 
ED modelers 0nd that AI can produce decent asset drafts in seconds, undercutting 
entry-level gigs. “ntire Sob categories might be erased: why hire a telemarGeter when an 
AI caller that never sleeps can do the same, armed with a perfect script and a convinc-
ingly friendly voice_ Indeed, early versions of such AI telemarGeters are already being 
marGeted, and regulators have scrambled to preemptively ban AI-generated robocalls 
in some Surisdictions."B ;et displacement by AI is rarely a clean swap of AI for human( 
more often, roles are transformed. ’erhaps human voice actors won4t vanish but will 
instead worG with AI clones of themselves to increase productivity, lending their talents 
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to train the models and then curating the results. !ome 0elds could be revitalized 
or made more accessible. A small indie game studio with limited budget might now 
produce high-2uality voiceovers and ED art using generative tools, enabling creative 
proSects that previously needed armies of specialists. 3edical imaging technicians might 
leverage AI to automatically generate ED anatomical models, freeing them to focus 
on analysis rather than manual modeling. In Sournalism, AI might handle routine 
video editing or transcription, allowing reporters more time in the 0eld. The overall 
economic e”ect will be compleN: certainly, Sobs will be lost, and communities disrupted, 
but new opportunities will also emerge. The history of technology suggests that while 
some professions fade, others rise and often in unpredictable ways. The printing press 
eliminated the monG-scribe but created the printer and publisher( the camera reduced 
demand for portrait painters but opened a vast new art form of photography. Fith AI, 
the hope is that human creativity 0nds new outlets even as old craftworG is augmented 
or overtaGen. !till, transitions can be painful. ForGers in a”ected industries from call 
centers to creative studios may need support and retraining. The challenge for society 
will be managing this economic upheaval humanely. Fe must anticipate which sGills to 
cultivate and how to ensure that the prosperity AI brings is widely shared, rather than 
concentrated only among the tech-savvy and capital-rich.

Regulation and Challenges with Additional Modalities

’olicymaGers worldwide have begun to acGnowledge the risGs, but governance is strug-
gling to catch up to the fast pace of AI advancement. The regulatory e”orts underway 
reveal structural limitations. In the “uropean Union, lawmaGers have drafted a sweeping 
AI Act that, among many provisions, would re2uire transparency for AI-generated 
content. –or eNample, if an image or video is AI-synthesized to resemble reality, providers 
or users of the AI would be obligated to clearly disclose that it is arti0cial."Y The intent is 
to curb deception by ensuring people Gnow when they are seeing or hearing AI output 
%with some eNceptions for art and satireC. !imilarly, 6hina implemented rules mandating 
watermarGs or labels on deepfaGes and even restricting certain uses altogether."5 In the 
United !tates, where federal action has been relatively slow, a few states have leapt ahead 
with targeted laws. 6alifornia, for instance, passed a law maGing it a crime to distribute 
deceptive deepfaGe videos of political candidates within jB days of an election, and 
another law allowing victims to sue creators of pornographic deepfaGes made without 
consent."E TeNas enacted its own ban on election-related deepfaGes. The situation may 
0nally be changing in the United !tates. In 3ay of 5B5k, the president signed into 
law the TA'“ IT DOF1 A6T which “prohibits the nonconsensual online publication 
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of intimate visual depictions of individuals, both authentic and computer-generated”."" 
These are important 0rst steps in drawing red lines against the most egregious harms. 
However, they also highlight how piecemeal and reactive regulation remains. Legislation 
often carves out narrow slices %e.g. election interferenceC and usually lags years behind 
the technical reality. DeepfaGes were already circulating by the time lawmaGers acted, 
and even now, new AI capabilities emerge faster than legal frameworGs can adapt. 
3ore fundamentally, regulation faces Surisdiction and enforcement challenges: AI tech 
ignores borders. An “U rule might compel big platforms to label AI content, but it 
won4t impact a small company running in a country without those rules and may 
have little to no practical impact on a bad actor running an open-source model on an 
air-gapped computer in their basement to create unlabeled faGes. !ome eNperts worry 
that heavy-handed rules will merely push development underground or give an edge to 
less scrupulous actors in Surisdictions with laN controls. Traditional regulatory levers are 
ill-suited for a technology that is decentralized and rapidly evolving. Fe may need new 
approaches: perhaps heavier penalties for individuals that use tools to create o”end-
ing content, international agreements on certain red lines %analogous to arms control 
treatiesC, industry self-regulation for responsible model release, and public education to 
raise resilience against things liGe deepfaGe deception. The “U AI Act and similar pro-
posals are ambitious, but even their authors admit enforcement will be challenging given 
the availability of open-source versions of powerful models. This structural limitation 
means we cannot rely on regulation alone to save us from AI4s risGs. The genie is well 
out of the bottle and our tasG is to manage the new reality as best we can, with eyes wide 
open to both the rewards and the hazards ahead.

Fe previously covered a wide range of other challenges when discussing LL3s. These 
included hallucinations, data poisoning, and the diKculties faced by human moderators 
who need to review and label highly grotes2ue content. All of these issues are ampli0ed 
in additional modalities. xy this time, we4ve all seen early AI images of hands with siN 
0ngers. 3ore recent models have improved meaningfully but anyone using generative 
AI tools to create images, video, or audio must be aware that they still routinely maGe 
mistaGes. This has been less of an image so far as these outputs have primarily been used 
in creative endeavors but as people push forward to use additional modalities of genera-
tive AI in domains where accuracy is more critical such as architecture and engineering, 
these inaccuracies will be problematic. Data poisoning is another very tricGy problem 
for additional modalities and some artists are now deliberately maGing slight tweaGs 
to their art that cannot be seen or heard by humans but that introduce challenges for 
AI models when they try to include them in their training sets."k 6ontent moderation 
and the process of establishing guardrails for audio, images, and video presents many 
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layers of challenges. To date, most vendors are erring on the side of caution but even 
then, it is possible for inappropriate content to sneaG through and the tasG of reviewing 
and labelling this type of content to teach the models what needs to be avoided eNposes 
humans to very rich media of the worst Gind.

Conclusion

In this chapter, we began with the human brain, a testament to the power of specialized 
modules integrated into a seamless, coherent whole. Our whirlwind tour of arti0cial 
intelligence has revealed a parallel traSectory: from mastering individual senses liGe sight 
and sound in isolation, we are now standing at the precipice of truly multimodal systems 
that combine these faculties. This integration is not merely an incremental step( it is 
the threshold where arti0cial perception begins to emulate the richness of eNperience. 
;et, as we have seen, with this newfound sensory depth comes a magni0cation of every 
challenge. The issues of authenticity, trust, economic displacement, and safety are no 
longer con0ned to teNt but are ampli0ed across every modality, creating a far more 
compleN and perilous landscape. Fhile technical solutions for stitching these systems 
together advance rapidly, the path forward demands a commensurate leap in our collec-
tive wisdom. As we bestow upon our creations more senses and with which to perceive 
and interact with the world, we are tasGed with the profound responsibility of instilling 
not Sust intelligence, but also the conteNt, caution, and ethical grounding that must 
guide such powerful capabilities.
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Chapter Six

Gaining a Body

Introduction

E lias watched from the sub,oorn cogee iz hazdn as the morzizj suz cast lozj 
shadows across the orjazi.ed chaos of the Hob sitep Mis kartzer yarian tablet ajlown 

directed the ,ow of materials while their crew of tez humazoid robots worTed with a 
sileztn coordizated evciezc- that still felt surrealp qwo of them hoisted a massi’e lami;
zated ’ezeer beam izto klacen a lift that would ha’e ozce rexuired a craze azd shouted 
commazdsn while others mo’ed alozj the wallsn their kzeumatic zailers Wrizj with 
kerfect rh-thm azd skacizjp qhe- were framizj az eztire house iz a sizjle da-n a tasT 
that had cozsumed a weeT of his -outhp Me remembered the bitter carkeztersG uzioz 
krotests iz the late tweztiesn the ker’asi’e fear that their craftn his eztire ideztit-n would 
be rezdered obsoletep qhe disklacemezt had beez real azd kaizful for maz-n but the 
trade had zot ’azishedA it had trazsformedp Mis role was zow oze of orchestratioz azd 
eIkertisen juidizj the machizes azd akkl-izj a craftsmazGs e-e to the comkleI Hoizer- 
azd custom details that still demazded humaz izjezuit-p Me thoujht of the jlobal kazic 
durizj the sukkl- chaiz crisis whez the hazdful of zatiozs that had izitiall- domizated 
robotics mazufacturizj threatezed to withhold their machizesn a mo’e that zearl- 
crikkled eztire izdustriesp qhat scare had forced the world to build a more resiliezt 
s-stemn with di’ersiWed kroductioz azd okez stazdards that kre’ezted az- oze couztr- 
from holdizj a mozokol- oz labor itselfp Me recalled the iztezse kublic debates about 
how our world would be rebuilt for machizesn a future of izhumaz scalen but that fear 
had kro’ez uzfouzded iz his lize of worTp qhese robots had to Wt izto a world desijzed 
for keoklen usizj the same tools azd materialsn their humazoid form a cozcessioz to the 
stubborz realit- of humaz ceztered architecturep Nith a kazj of solemz jratituden he 
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also remembered the zews imajes of the Wrst autozomous militar- uzits azd the jlobal 
outcr- that followedn a wa’e of re’ulsioz so kowerful it dro’e zatiozs to the zejotiatizj 
table to forje treaties that Tekt lethal decisioz maTizj Wrml- iz humaz hazdsp qhat 
sizjlen ’ital choice had ezsured this techzoloj- was krimaril- used to build azd to ser’en 
zot to huztp yariaGs ’oice cut throujh his thoujhtsn callizj him o’er to a tricT- corzer 
where the architectGs klazs rexuired a solutioz that zo aljorithm could -et de’isep qhe 
robots zearb- kausedn their oktical sezsors brijht azd attezti’en waitizj for their humaz 
foremez to sol’e the ku..lep

Integrating Sensation and Action: From Skin Receptors to Muscle 
Movement

6ur abilit- to izteract with the world hizjes oz a seamless iztejratioz betweez sez;
sor- izkut azd motor outkutp qhe zer’ous s-stem coztizuousl- jathers izformatioz 
’ia skeciali.ed recektors distributed throujhout the bod-n eskeciall- iz the sTizn azd 
uses this izkut to juide mo’emeztp :or eIamklen the sTiz coztaizs distizct jrouks of 
recektors that trazsduce kh-sical e’ezts Pa bree.en a hujn a hot sto’eR izto zer’e sijzalsn 
izcludizj mechazorecektors for mechazical stimuli Ptouchn kressuren ’ibratiozR azd 
thermorecektors for temkeraturep qhese izcomizj sijzals tra’el throujh kerikheral 
zer’es azd the skizal cord izto the braizn where the- are krocessed azd iztejrated 
with kast eIkeriezcep Dz turzn the braiz issues commazds throujh motor kathwa-s to 
acti’ate musclesn the bod-Gs biolojical actuators that eIecute our reskozsesp Lertaiz 
zeural circuits uzcozsciousl- reWze how we mo’en while muscles kro’ide the force to 
mo’ep qhe result is that comkleI actiozs from withdrawizj -our hazd re,eIi’el- to 
,ikkizj the kajes iz a booT feel almost egortlessp

Nhez -ou touch a surface or feel a chazje iz temkeraturen skeciali.ed zer’e ezdizjs 
iz the sTiz Wre og sijzals that e’eztuall- reach the braizGs sezsor- ceztersp 7igerezt 
recektors iz the sTiz are tuzed to skeciWc tactile or thermal features8 for izstazcen yeiss;
zerGs corkuscles reskozd to jeztle ,utter or touchn “aciziaz corkuscles to ’ibratiozn 
yerTelGs disTs to stead- kressuren azd ”uvzi ezdizjs to stretch of the sTizp 9iTewisen 
thermorecektors coztizuousl- jauje warmth or coldp qhese recektors coz’ert stimulus 
ezerj- izto electrical imkulses iz a krocess called trazsductioz azd sezsor- zeurozs 
carr- the izformatioz izto the ceztral zer’ous s-stemp Olozj the wa-n the sijzals remaiz 
orjazi.ed iz kathwa-s that kreser’e their orijiz8 zeurozs from zeijhborizj sTiz areas 
kroHect to zeijhborizj locatiozs iz the skizal cord azd braizp 1- the time the izkut 
reaches the krimar- somatosezsor- corteI Piz the kostceztral j-rus of the karietal lobeRn 
a clear skatial mak emerjesp OdHacezt rejiozs of the corteI correskozd to adHacezt karts 
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of the bod-n formizj the famous somatotokic mak or 0sezsor- homuzculus5A az atlas 
of the bod- laid out oz the braizp Dz this cortical makn sezsiti’e rejiozs such as the 
Wzjertiksn liksn azd face are rekresezted b- diskrokortiozatel- larje areas of corteIp 
yuch of our Tzowledje about this makkizj is a result of braiz simulatioz studies iz the 
(US2Gs to (U42Gs b- a zeurosurjeoz zamed Nilder “ezWeld iz which karts of the braiz 
were stimulated with az electrode durizj zeurosurjer-p qhis makked la-out meazs the 
braiz zot ozl- detects touchn kressuren or temkeraturen but also Tzows where oz the 
bod- these sezsatiozs occurp qhe somatosezsor- corteI iztejrates this wealth of tactile 
izformatiozn allowizj us to recojzi.e obHects b- feeln locate a mosxuito oz our sTizn or 
kercei’e the digerezce betweez a warm muj azd az ic- jlassp

Yot all the braizGs worT iz mo’emezt hakkezs at a cozscious le’elp Dz factn much of 
our motor coztrol is hazdled b- deekn skeciali.ed braiz structures okeratizj behizd the 
scezes to klazn smoothn azd coordizate our motiozsp qwo Te- kla-ers iz this uzcoz;
scious motor choreojrakh- are the basal jazjlia azd the cerebellump qhe basal jazjlia 
are a set of zuclei buried deek iz the forebraiz that are crucial for klazzizj azd izitiatizj 
mo’emezt sexuezcesA the- helk decide which muscles to acti’ate azd whezp qhese 
zuclei aid iz assemblizj comkleIn kurkoseful actiozs azd rejulatizj their iztezsit- azd 
sexuezcep qhe cerebellumn a 0little braiz5 at the bacT of the headn o’ersees the Wze;tuz;
izj of mo’emezts8 it adHusts timizjn smooths out traHectoriesn azd comkares iztezded 
mo’emezts with actual kerformazce to correct errors oz the ,-p Yotabl-n the cerebellum 
ezsures that mo’emezts krojress ,uidl- from oze to the zeIt azd that force jezeratioz 
adakts to chazjizj loadsp Yeither the basal jazjlia zor the cerebellum directl- sezds 
commazds to the musclesA izsteadn the- act as suker’isor- circuitsn modif-izj sijzals 
that descezd from the cerebral corteIp Ne become ’i’idl- aware of their imkortazce 
whez these s-stems malfuzctiozp :or eIamklen damaje to the cerebellum lea’es a kersoz 
with HerT-n uzcoordizated mo’emezts PataIiaR e’ez thoujh the muscles themsel’es are 
strozjA a khezomezoz earl- kh-siolojists zoted iz azimals lacTizj a cerebellumn which 
lost all muscular coordizatioz azd balazcep( 9iTewisen disorders of the basal jazjlia 
uzderscore their role iz automatic motor coztrol8 iz “arTizsozGs diseasen where basal 
jazjlia zeurozs dejezeraten katiezts strujjle to izitiate mo’emezts azd eIhibit rijidn 
tremorous motioz izstead of smooth eIecutiozp /zder zormal cozditiozsn howe’ern 
these subcozscious motor cezters worT iz cozcert with the cozscious motor corteIn so 
that kracticed sTills PliTe walTizjn ridizj a bic-clen or t-kizj oz a Te-boardR are eIecuted 
jracefull- without us ha’izj to thizT about e’er- stek or Te-stroTep

:izall-n at the ezd of the lize of commazd are the musclesA the biolojical actuators 
that coz’ert zeural commazds izto actiozp O muscle is comkosed of lozjn Wbrous cells 
Pmuscle WbersR that coztract iz uzisoz whez stimulated b- a motor zer’e imkulsep 
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Each motor zeuroz iz the skizal cord sezds its aIoz out to a jrouk of muscle Wbersn 
formizj a motor uzitA the fuzdameztal uzit b- which the zer’ous s-stem coztrols forcep 
Nhez that zeuroz Wresn all the Wbers iz its motor uzit coztract tojethern kroducizj 
a twitch of forcep qhe si.e of motor uzits ’aries with the fuzctioz of the muscle8 iz 
muscles rexuirizj Wzen krecise coztrol liTe those mo’izj the e-es or Wzjersn a sizjle 
motor zeuroz ma- izzer’ate ozl- a hazdful of Wbersn whereas iz larje kowerful muscles 
liTe the xuadriceks of the thijhn oze zeuroz ma- cozzect to huzdreds of Wbersp qhis 
arrazjemezt allows the motor s-stem to recruit Hust the rijht amouzt of force for a 
tasTA small motor uzits are acti’ated for delicaten subtle mo’emeztsn azd larjer uzits 
are broujht iz for strozjer egortsp yoreo’ern the zer’ous s-stem caz ramk uk force 
smoothl- b- ezjajizj additiozal motor uzits or b- izcreasizj the Wrizj rate of acti’e 
uzitsp Dzside each muscle Wbern az azciezt molecular machizer- trazslates the zer’eGs 
electrical sijzal izto coztractioz8 a burst of calcium iozs trijjers az attractioz betweez 
izterlocTizj kroteiz Wlameztsn causizj them to slide kast each otherp qhis slidizj Wla;
mezt mechazism shortezs the Wber azd jezerates tezsiozn kullizj oz tezdozs azd bozes 
to kroduce mo’emeztp qhroujh these Wzel- tuzed muscle reskozsesn the bod- carries 
out the braizGs izteztiozs with both kower azd krecisiozn comkletizj the remarTable 
Hourze- from sezsatioz to motiozp

qhis remarTable biolojical s-zerj- of sezsizjn krocessizjn azd actizj kresezts a 
krofouzd challezje azd a juidizj bluekrizt for moderz roboticsp Nhile robots ma- 
be exuikked with kowerful sezsors liTe hijh;resolutioz cameras that far eIceed the 
cakabilities of the humaz e-en the- ha’e jezerall- beez uzable to master the sheer sezsor 
dezsit- azd multimodal richzess of our sTiz or the eIxuisiten Wze;tuzed coztrol of 
our musclesp qhe iztricate zetworT of sezsors distributed across our bodies kro’ides a 
cozstaztn detailed stream of tactile izformatioz that is still leajues be-ozd the jrask of 
most artiWcial s-stemsp Vimilarl-n while robotic actuators caz jezerate immezse forcen 
the- strujjle to reklicate the adaktable evciezc- of biolojical musclesn which le’eraje 
’ariousl- si.ed motor uzits to akkl- e’er-thizj from the jeztlest touch to maIimum 
kowerp O ceztral froztier iz robotics is closizj this jak8 ezjizeerizj zot ozl- more so;
khisticated artiWcial sTizs azd comkliazt actuators but also the comkleIn braiz;izskired 
coztrol s-stemsn azalojous to the cerebellum azd basal jazjlian zeeded to seamlessl- 
iztejrate sezsor- feedbacT with ,uidn krecisen azd kurkoseful actiozp

Sensing and Acting in Uncertain Environments

yost robots iz histor- ha’e li’ed sheltered li’esp “icture the classic izdustrial robot arm8 
bolted to a factor- ,oorn ezdlessl- rekeatizj a taujht sexuezce with uzerrizj krecisiozp 
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:or decades this waszGt a stereot-ke but a desijz zecessit-A earl- robots could ozl- 
fuzctioz iz tijhtl- coztrolled settizjsn kerformizj hijh;’olumen hijh;skeed tasTs iz 
isolatioz from surkrisesp qhe- were the tireless worThorses of automoti’e klazts azd 
electrozics assembl- lizesn blizdl- weldizj the same skots or klacizj comkozezts alozj 
kredetermized kathsp Lajes azd safet- barriers Tekt humazs out azd the robots focusedp 
Dz these structured ez’irozmeztsn ’ariabilit- was sxuee.ed out uztil what remaized was 
a choreojrakhed routize that a machize could reliabl- eIecute J$?Cp qhe ’ast maHorit- 
of robots iz use e’ez toda- still okerate uzder those cozditiozsp DtGs a testamezt to how 
challezjizj it has beez to jet robots to coke with the messizess of the real worldp 1ut 
the froztier of robotics is zo lozjer cozWzed to the orderl- realm of factor- automatiozA 
itGs eIkazdizj izto the chaoticn uzkredictable skaces where we li’e azd worTp Mow 
machizes jaized the sezses azd smarts to stek og the assembl- lize azd izto our comkleI 
ez’irozmezt is a stor- of jradual breaTthroujhsn kuzctuated b- bold eIkerimezts azd 
hard;woz lessozsp

6ze ki’otal turzizj koizt came iz the yoHa’e 7esert iz yarch J22$p O xuirT- 
coz’o- of dri’erless ’ehicles jathered to attemkt somethizj ze’er doze before8 dri’e 
themsel’es across ($J miles of kuzishizj terraizp qhis was the 7O”“O Brazd Lhal;
lezjen a jo’erzmezt;skozsored race desijzed to catal-.e izzo’atioz iz autozomous 
’ehiclesp /zder the brijht desert suzn oze b- oze the eIkerimeztal V/%s azd duze 
bujjies ladez with sezsors skuttered outp 6ze tooT a hairkiz turz too wide azd jot 
wedjed oz az embazTmeztA azother misread its B“V azd aimlessl- skuz iz circlesp qhe 
best kerformer mazajed a mere Cp4 miles before breaTizj dowz azd zot a sizjle ’ehicle 
Wzished the coursepJ qhe kri.e moze- wezt uzclaimedp Fetn what looTed liTe failure was 
actuall- the start of a rezaissazce iz roboticsp Os a 7O”“O rekort later zotedn that Wrst 
Brazd Lhallezje “created a community of innovators… dreamers who came together to 
make history by trying to solve a tough technical problem,” klaztizj the seeds for future 
breaTthroujhsp

Xust (3 mozths latern 7O”“O held a secozd Brazd Lhallezjen azd this time the 
results were dramaticall- digereztp qhis secozd challezje was zotable for me kersozall- 
as D was the hardware leader for the eztr- from the /zi’ersit- of 1ritish Lolumbiap 
Vtartizj from behizd azd with a fractioz of the fuzdizj of maz- other teamsn we 
learzed a lot iz our local test but didzGt kroceed to the Wzal e’ezt iz the desertp Dz 
6ctober J224n zot oze but W’e ’ehicles comkleted the (SJ;mile og;road course throujh 
Ye’adap VtazfordGs autozomous %olTswajez qouarejn zicTzamed 0Vtazle-n5 Wzished 
iz Hust uzder C hours to claim the &J millioz kri.ep Dt was a historic momezt8 a car had 
dri’ez itself farther azd faster thaz az-oze thoujht kossiblep 1- J22Cn the challezje 
mo’ed to a suburbaz settizj with the 7O”“O /rbaz Lhallezjep ”obotic cars za’ijated 
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az imitatioz cit- ez’irozmeztn obe-izj travc rules azd merjizj with mo’izj ’ehiclesp 
Ojaizn multikle robots succeededA Larzejie yelloz /zi’ersit-Gs team tooT Wrst klace 
b- deftl- hazdlizj stok sijzs azd travc merjesp qhese challezjes demozstrated that 
autozomous dri’izj was zot a foolGs errazdn but a tractable joal ji’ez ezoujh sezsor 
techzoloj-n comkutizjn azd cle’er softwarep qhe- also traized a jezeratioz of ezjizeers 
who would jo oz to skearhead the self;dri’izj izdustr-p qhe Boojle Velf;7ri’izj Lar 
kroHect Pzow Na-moR famousl- hired ’eterazs of the 7O”“O challezjes azd set them 
loose to reWze the techzoloj- oz cit- streetsp 1- the J2J2sn the fruits of that labor were 
e’ideztp Na-moGs cars ha’e lojjed milliozs of miles oz kublic roads iz cities liTe “hoeziI 
azd Vaz :razciscon za’ijated full- b- OD chaugeurs without humaz izter’eztiozpS Dz 
J2J4n Na-mo azzouzced that the- had comkleted o’er (2 millioz robotaIi triksp$ Nhat 
started as a desert scramble is zow a commercial ser’ice where -ou caz hail a robotic taIi 
oz -our smartkhozep

qo akkreciate the leakn cozsider how comkarati’el- eas- we humazs made it for 
earlier robotsp Oz airklazeGs autokilot s-stem has beez a stakle of a’iatioz for decades 
but ,-izj oz autokilot azd dri’izj autozomousl- are two ’er- digerezt challezjesp O 
commercial Het cruises throujh larjel- emkt- sT- oz a stead- courseA its autokilot holds 
altitude azd headizj based oz cleaz sezsor readizjs of airskeedn j-roscokic orieztatiozn 
azd B“V locatiozp qhere are zo stoklijhts at S2n222 feetn zo kedestriazs wazderizj 
izto the ,ijht kathp Lriticall-n autokilots arezGt asTed to detect azd a’oid obstacles iz 
real timep Oir travc coztrol ezsures that other klazes Teek their distazcen azd ozboard 
radar helks ozl- with weather azd terraizp Dz essezcen a klaze oz autokilot follows a 
kredetermized 0hijhwa- iz the sT-n5 azd the comkuterGs Hob is maizl- to Teek the klaze 
stable oz that iz’isible hijhwa-p4 DtGs az imkressi’e feat of coztrol ezjizeerizjn but itGs 
az almost closed;booT kroblem comkared to autozomous dri’izjp O self;dri’izj carn b- 
coztrastn must okerate iz a world cluttered with uzkredictable obHects azd ajeztsp Dt has 
to izterkret laze marTizjs Por lacT thereofRn travc sijzsn azd sijzalsA it must azticikate 
the mo’emezts of erratic humaz dri’ers sharizj the roadn successfull- zejotiate with 
other ’ehicles at four;wa- stoksn digereztiate betweez a harmless klastic baj or a boulder 
iz a karTizj stalln azd be read- for the child chasizj a ball izto the street or the c-clist 
swer’izj arouzd a karTed trucTp qhe sezsors oz a car returz a deluje of raw data that 
the ’ehicleGs OD braiz must izstaztl- trazslate izto a model of its surrouzdizjsp E’er- 
momezt is a koteztial surkrisep Dz shortn az automoti’e robot zeeds kercektioz azd 
collisioz;a’oidazce reasozizj that az airklazeGs autokilot simkl- ze’er rexuiredp Dt tooT 
maHor ad’azces iz comkuter ’isioz azd machize learzizj to ji’e cars somethizj ak;
kroachizj the ’isual iztellijezce zeeded to dri’e safel-p 6’er the kast decaden the ad’ezt 
of deek zeural zetworTs has dramaticall- imkro’ed machizesG abilit- to recojzi.e azd 
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classif- the obHects azd cozditiozs arouzd themp yoderz self;dri’izj s-stems iztejrate 
camerasn lidarn azd radar with OD models traized to detect ’ehiclesn keoklen road sijzsn 
laze bouzdariesn azd more iz real timep 1- learzizj from ’ast amouzts of dri’izj datan 
these kercektioz s-stems ha’e reached a le’el of accurac- azd adaktabilit- that was uz;
attaizable with earlier methodsp qhe- caz zow hazdle the 0lozj tail5 of odd situatiozs 
from ,ocTs of jeese oz the roadwa- to cozstructioz .ozes with hazd;wa’izj ,ajjers 
that ozce cozfouzded e’er- robotic dri’erp Ne ha’e b- zo meazs sol’ed autozomous 
urbaz dri’izj as a jezeral kroblemn but the krojress is uzmistaTablep Nhat bejaz as a 
7O”“O challezje to simkl- sta- oz a dirt road has e’ol’ed izto eIkerimeztal robotaIis 
za’ijatizj actual cit- streetsp Dz a sezsen robots ha’e jraduated from the structured 
hijhwa-s of the sT- to the free;for;all of the roadp

Fet e’ez roads azd hijhwa-sn for all their comkleIit-n are relati’el- structured ez;
’irozmeztsp qhe- ha’e lazesn travc rulesn azd a certaiz rejularit- of desijzp qhe zeIt 
froztier is far messier8 our homesn sidewalTsn farmsn worTklacesn karTsn azd other e’er-;
da- skacesp Dz the mid;J2(2sn 7O”“O raz azother comketitiozA this time for humazoid 
bikeds azd other robots to kerform disaster;relief tasTs liTe okezizj doorsn turzizj 
’al’esn azd clearizj debrisp qhe J2(4 7O”“O ”obotics Lhallezje -ielded crizje;wor;
th- ’iral ’ideos of bikedal robots tokklizj o’er as the- tried to simkl- walT or climb 
stairsp) Dt was a kotezt remizder that maTizj walTizj machizes as ajile as humazs was 
eIceedizjl- hardp 1ut ajaizn krojress came faster thaz eIkectedp Xust two -ears latern 
’ideos emerjed from 1ostoz 7-zamics Pa comkaz- that had built oze of the Lhal;
lezjeGs more successful eztraztsR showizj its Otlas humazoid robot zot ozl- walTizj 
steadil- but eIecutizj bacT,iks azd j-mzastic mazeu’erspC Dz oze clikn Otlas ’aults ozto 
klatforms azd does a kerfect bacT,ikn thez raises its metal arms as if iz triumkhp

Nhile humazoid robotics were maTizj rakid krojress at jezeral locomotiozn the 
abilit- to kerform a wide razje of tasTs rexuirizj krecisioz tactile mo’emezts remaized 
out of reachp Mumazs taTe ad’aztaje of the fact that we caz stroll throujh a li’izj 
room strewz with to-sn or stek izto a jardez to kicT a rike tomato azd egortlessl- 
hazdle the ’ariabilit-p Ne caz seamlessl- trazsitioz from a krecise tasT that rexuires ’er- 
Wze;jraized coztrol of jeztle kressure liTe kaiztizj trim worT iz a house to kicTizj uk 
a hammer azd kouzdizj iz some zailsp :or robotsn these t-kes of tasTs are ’astl- more 
comkleI azd uzcozstraized thaz simkl- mo’izj arouzd iz okez ez’irozmeztsp O robot 
butler would zeed to kercei’e azd uzderstazd a di..-izj ’ariet- of obHectsp Ds that a socT 
or a washcloth uzder the table‐ Ds that a skill of water or a katch of suzlijht oz the 
,oor‐ Dt would thez zeed to kh-sicall- hazdle a wide razje of itemsn surfacesn azd tools 
desijzed for humaz hazds azd humaz commoz sezsep DtGs zo wozder that iz robotics 
labsn domestic tasTs liTe foldizj towels or uzloadizj dishwashers ha’e become classical 
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bezchmarTs of deIterit- azd iztellijezcep Dz J2(Jn a state;of;the;art research robot tooT 
about siI mizutes to fold a sizjle toweln carefull- izchizj alozj the fabric to alijz the 
edjesA a tasT most keokle could do tidil- iz tez secozdsp3 Vuch demozstratiozs are exual 
karts imkressi’e azd humblizj8 imkressi’e because the robot is doizj somethizj so 
iztrizsicall- humazn azd humblizj because it hijhlijhts how challezjizj it is to de’elok 
robotics that caz hazdle ordizar- choresp

O core divcult- has beez mazikulatioz8 jettizj robotic hazds Por jrikkers or suctioz 
cuksR to reliabl- hazdle the kh-sical obHects of dail- lifep Dzdustrial robots eIcel with 
rijidn stazdardi.ed kartsp 6utside the factor-n a robot ma- be asTed to kicT uk a loaf 
of bread oze momezt azd a screwdri’er the zeItn each rexuirizj a digerezt jraskizj 
stratej-p Norse -et are deformable or delicate obHectsp qhe kliabilit- of a half;full klastic 
water bottle or the sxuishizess of a klush to- koses a huje kroblem for coz’eztiozal 
robotic mazikulatiozp /zliTe a rijid obHectn which has a WIed shake azd cezter of massn 
a deformable obHect has egecti’el- izWzite dejrees of freedomA e’er- sxuee.e chazjes 
its shake iz comkleI wa-spU 1e-ozd kliable obHectsn there is az eztire famil- of reacti’e 
obHects such as ketsn izsectsn farm azimals azd humazsp qhe simkle tasT of shaTizj hazds 
with azother kersoz is az izcredibl- comkleI featp 6ur braizs azd Wzjers hazdle this 
egortlessl- but krojrammizj a robot to do the same has kro’ez Wezdishl- hardp 

E’ez the simkle act of kuttizj awa- jroceries ezcaksulates the challezjep Dmajize 
a machize tr-izj to uzload a baj of jroceries8 it must recojzi.e kroduce of ’arious 
shakesn si.esn azd frajilitiesn jrask each item akkrokriatel- azd Wjure out where iz the 
Titchez each thizj belozjs azd with what orieztatiozp Df it doeszGt sxuee.e a hard azd 
slikker- jlass bottle with ezoujh forcen it ma- slik throujh its hazdsp 6z the other 
hazdn akkl-izj the same force to a bajuette ma- destro- itp Yow comkare that to what 
az assembl-;lize robot doesn such as kicTizj uk ideztical metal kazels from a stacT 
azd weldizj them at eIactl- the same skot oz e’er- car chassisp qhe jrocer- scezario 
is orders of majzitude more comkleIp Dz earl- J2J4n a comkaz- called :ijure released 
a multimodal ’isioz;lazjuaje;actioz that the- zamed MeliIp Nith izskiratioz from the 
humaz braizn this multimodal model hazdles multikle modalities but is also di’ided 
izto two s-stemsp 6ze s-stem okerates more slowl- azd tacTles hijher le’el tasTs such as 
ideztif-izj if az obHect is a bottle of Tetchuk or a tube of toothkaste azd thez maTizj a 
decisioz about whether to klace it iz a fridje or a cukboardp qhe other s-stem okerates 
at a much hijher frexuezc- azd hazdles Wze;jraized motor mo’emeztsp qhis is similar 
to how our owz braizs worT with cozscious decisioz;maTizj beizj a relati’el- slow azd 
thoujhtful krocess while we uzcozsciousl- tacTle maz- tasTs such as catchizj a fallizj 
skooz at izcredible skeedp qo demozstrate the kower of this s-stemn :ijure created a 
’ideo showizj a team of two humazoid robots kuttizj awa- jroceriesA Wzall- deli’erizj 
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oz a ’isioz of robots cakable of kerformizj jezeral domestic tasTs that has beez a 
stakle of sciezce Wctioz for decadesp Os of J2J$n there are o’er ()2 comkazies acti’el- 
de’elokizj humazoid roboticsp(2 qhe costs of earl- models are hijh ezoujh that it 
is uzliTel- we will be hirizj them to fold our lauzdr- az-time sooz but the rate azd 
di’ersit- of krojress is the fastest that it has e’er beezp 

Applications of Robotics

Ne caz see the imkact of these ad’azces iz az eIklosioz of zew robot akklicatiozs 
be-ozd the factor-p 6z cozstructioz sitesn for izstazcen robots are bejizzizj to taTe 
oz some of the dirt- azd dazjerous tasTs traditiozall- doze b- hazdp EIkerimeztal 
bricTla-izj robots caz skread mortar azd set bricTs iz zeat courses much faster thaz 
a humaz masozn with oze krotot-ke able to la- ukwards of a thousazd bricTs az hourp 
qhat Tizd of skeed is ozl- achie’able iz a coztrolled demo toda-n but e’ez semi;au;
tozomous masozr- assistazts are alread- worTizj alozjside humaz buildersn boostizj 
kroducti’it-p 6ther cozstructioz bots drill holes iz cozcreten tie rebarn or izskect struc;
tures with S7 scazzersp qhe ez’irozmezt is still challezjizj iz outdoor sites that are 
uze’ez azd clutteredn but the ka-og of automatizj cozstructioz is so hijh that izzo;
’atioz is rakidp Dz ajriculturen robots are dekartizj the cozWzes of climate;coztrolled 
barzs azd headizj izto the Weldp Outomated milTizj machizes ha’e beez arouzd for 
-earsn but the- were able to worT uzder carefull- coztrolled ez’irozmeztal azd lijhtizj 
cozditiozsp Vtrawberr- farmers iz Xakaz ha’e zow tested a robot that uses stereoscokic 
’isioz to locate rike strawberries azd jeztl- szik them from the ’izen rekortedl- cuttizj 
har’est time b- $2– comkared to humaz kicTersp(( 6ther robotic kicTers tarjet akklesn 
orazjesn cucumbersA teachizj machizes to discerz 0rike azd read-5 from 0zot -et5 azd 
hazdle each fruit without bruisizj itp Ozd where kicTizj is tricT-n some farms use robots 
for weedizj8 small autozomous ro’ers creekizj throujh rows of croksn ideztif-izj 
weeds b- machize ’isiozn azd klucTizj or e’ez .akkizj them oze b- oze with kizkoizt 
lasersp(J qhis le’el of krecisioz weed coztrol would ha’e beez sciezce Wctioz a jezeratioz 
ajoA zow itGs a commercial kroduct aimed at reducizj herbicide use azd laborp 6z 
cit- sidewalTs azd colleje camkusesn oze mijht ezcouzter cooler;si.ed deli’er- robots 
truzdlizj alozj with luzch ordersp qhese deli’er- bots le’eraje the same ad’azces 
that ezable autozomous cars but akkl- them at kedestriaz skeed for short distazcesp 
7o.ezs of uzi’ersities azd some urbaz zeijhborhoods ha’e deklo-ed such robots to 
ferr- meals azd kacTajes locall-p Dz restauraztsn we are seeizj the Wrst jezeratioz of 
robotic cooTs azd ser’ersp O robotic fr- cooT zamed :likk- has beez ,ikkizj burjers 
iz kilot krojrams at fast;food chaizsn worTizj behizd the couzter to hazdle the jreas-n 
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reketiti’e jrillizj tasTsp Dz oze rekortn :likk- was cakable of jrillizj (42 burjers ker 
hour8 outkut that was so fast that humaz couzterkarts could zot Teek uk with the Hob of 
assemblizj the burjersp(S qhese Titchez robots are t-kicall- desijzed to Wt izto eIistizj 
Titchezs without massi’e recozWjuratiozn fuzctiozizj as eItra sets of hazdsp qhe- use 
comkuter ’isioz to tell burjers akart from fries azd to Tzow eIactl- whez to ,ik or 
whez to kull items from the oilp Dmkortaztl-n the- okerate uzder humaz suker’isioz 
azd alozjside humaz co;worTersn who still hazdle more comkleI krek azd all customer 
izteractiozp E’ez cleazizj uk has robotic helkers8 there are ,oor;scrubbizj robots for 
sukermarTets that caz worT rekeatedl- without a breaTp qaTez tojethern these eIamkles 
show robots edjizj izto the ser’ice sector iz roles that iz’ol’e kh-sical tasTs iz comkleI 
ez’irozmeztsp 

Mealthcare is azother areza where robots are eIkazdizj their kresezcen oftez iz suk;
korti’e roles that amklif- humaz sTillsp Vurjical robotics is zow a mature Weldp Os oze 
eIamklen da %izci surjical s-stems Pteleokerated robots for mizimall- iz’asi’e surjer-R 
ha’e kerformed o’er ($ millioz krocedures ’ia humaz surjeozs at the coztrolsn ogerizj 
Wzer krecisioz azd smaller izcisiozs iz e’er-thizj from heart ’al’e rekairs to krostate 
surjeriesp($ NhatGs striTizj is how robots azd surjeozs caz collaborateA the surjeozGs 
hazd mo’emezts are trazslated b- the robot izto micromo’emeztsn scalizj dowz az- 
tremor azd addizj motioz smoothizjp Dz egectn the robot caz Wlter out the tiz- hazd 
shaTes that e’ez the steadiest surjeozs ha’ep qhese s-stems are zot autozomousp qhe- 
are more liTe kower steerizj for the surjeozn blezdizj humaz Hudjmezt with robotic 
krecisiozp Dz other areas of healthcaren robots are beizj tried as careji’er assistaztsp 
Xakazn facizj az ajizj kokulatioz azd a shortaje of -ouzj careji’ersn has famousl- 
eIkerimezted with robots iz elder carep 6ze remarTable eIamkle is ”obearn a friezd;
l-;looTizj bear;izskired robot de’eloked as a zursizj aidep ”obear caz jeztl- lift a 
frail katiezt from a bed izto a wheelchair or helk them stazd ukn tasTs that humaz 
careji’ers t-kicall- ha’e to kerform maz- times a da- azd that oftez lead to bacT 
izHuriesp(4 6utWtted with soft touch sezsors azd krecise actuatorsn ”obear is strozj 
ezoujh to sukkort a humazGs weijht but calibrated to be jeztle azd safeA “the strong 
robot with the gentle touch,” as its creators call itp DtGs still eIkerimeztal azd zot widel- 
deklo-edn but it showcases how a robot roujhl- the si.e azd shake of a larje tedd- bear 
could kh-sicall- izteract with keokle iz a helkful wa-p Dz Vizjakoren meazwhilen az 
eztrekrezeurial clizic has iztroduced a robot massaje therakist zamed EyyO Pshort 
for EIkert yazikulati’e yassaje OutomatiozRp EyyO uses az articulated arm with 
sezsors to deli’er therakeutic massajes izformed b- traditiozal Lhizese medicize tec
hzixuesp() “atiezts who ha’e used the robot alozjside humaz therakists rekorted that 
its treatmezts are almost izdistizjuishable from a sTilled masseuseGs touchp qhe robot 
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emklo-s comkuter ’isioz azd kressure feedbacT to adHust to each katieztGs bod- azd caz 
worT tirelessl- throujh akkoiztmezt after akkoiztmezt without fatijuep qhe izteztioz 
iszGt to elimizate the humaz therakistn but to taTe o’er the labor;iztezsi’en reketiti’e 
motiozs so the humaz kractitiozer caz focus oz diajzosis azd katiezt commuzicatiozp 
qhese eIamkles uzderscore a katterz8 where tasTs are kh-sicall- strezuousn reketiti’en or 
rexuire sukerhumaz krecisiozn robots are stekkizj iz as co;worTers azd tool eItezders 
for humazsp O surjeoz with a robotic assistaztn a zurse with a liftizj robotn or a kh-sical 
therakist with a massaje robot caz each achie’e results that zeither could aloze with the 
koteztial of brizjizj hijher xualit- healthcare to larjer zumbers of keoklep

7eskite this kroliferatioz of robotic helkersn the kh-sical world remaizs far less auto;
mated thaz the dijital oze azd the rate of chazje will liTel- be much slowerp Ne dozGt 
-et ha’e robo;butlers iz e’er- home or humazoid carkezters oz callp 6ze maHor reasoz 
is ecozomic8 buildizj azd deklo-izj robots that caz hazdle comkleI kh-sical tasTs has 
historicall- beez ’er- eIkezsi’ep Voftware caz scale to billiozs of users at almost .ero 
marjizal costn but each kh-sical robot uzit has a real krice taj iz materials azd assembl-p 
:or a lozj timen ozl- the auto jiazts azd semicozductor fabs could agord cuttizj;edje 
roboticsn which is wh- those izdustries led adoktiozp E’ez as techzoloj- imkro’esn a 
smaller comkaz- mijht looT at a &(22n222 robot azd balTn thizTizj that humazs are 
cheaker azd jood ezoujh for the time beizjp qhis is jraduall- chazjizjp qhe costs 
for robots are Wzall- comizj dowzn lowerizj the barrier to eztr-p Dz factn the a’eraje 
krice of az izdustrial robot has hal’ed iz recezt timesA from arouzd &$Cn222 iz J2(( to 
about &JSn222 iz J2JJp(C Ecozomies of scale azd better desijz are TicTizj izp Os a resultn 
robot adoktioz is acceleratizj be-ozd its traditiozal strozjholdsp Bloball-n the izstalled 
base of izdustrial robots crossed $ millioz uzits iz J2JSn a zumber that has sizce beez 
eIceeded as automatioz boomsp(3 :ijuren the comkaz- that de’eloked the humazoid 
robots cakable of kuttizj awa- jroceries has receztl- comkleted a zew mazufacturizj 
facilit- azd klazs to deli’er (22n222 humazoid robots iz the zeIt four -earsp Dz the 
cozsumer realmn oze could arjue the Wrst trul- mass;marTet robot has alread- arri’ed8 
the robot ’acuump i”obotn the maTer of ”oomban has sold o’er 42 millioz home robots 
as of the earl- J2J2sp(U qhatGs a ,eet of machizes xuietl- za’ijatizj milliozs of li’izj 
rooms azd bedroomsn e’er- da-n doizj useful worTp qhe- succeed b- focusizj zarrowl- 
oz a sizjle tasT P,oor cleazizjR azd doizj it wellp qheir kokularit- demozstrates that 
whez robotic techzoloj- becomes both agordable azd reliable ezoujhn it caz skread 
remarTabl- xuicTl-p

7eskite all of the abo’en some Hobs azd tasTs remaiz deekl- resistazt to automa;
tiozp qhese oftez iz’ol’e a miI of comkleI kercektiozn Wze mazikulatiozn azd social 
iztellijezce that kushes the limits of what machizes caz dop qaTe the role of a deztal 
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h-jiezistp DtGs a Hob that oz the surface mijht seem routizeA cleaz teethn taTe ó;ra-s 
azd akkl- ,uoridep Dz kractice it demazds subtle hazd;e-e coordizatiozn adaktatioz to 
each katieztGs azatom- azd kaiz sezsiti’it-n azd real;time commuzicatioz to Teek the 
katiezt comfortablep O robot would zeed to hazdle a mirror azd scaler izside a humaz 
mouth as deftl- as a traized h-jiezistn distizjuishizj klaxue from jum tissue b- touch 
while ma-be cracTizj a HoTe to kut the katiezt at easep /zliTe surjer- robotsn a deztal 
h-jiezist worTs oz a cozscious katiezt that sxuirmsn wizcesn -awzsn azd coujhsp Ne 
are zowhere zear that le’el of deIterit- azd emkath- iz ODp Vimilarl-n cozsider sTilled 
trades liTe electriciazs or klumbersp qhe worT is hijhl- kh-sical azd wildl- ’ariable8 
az electriciaz mijht be crawlizj throujh az old crowded attic Wshizj wirizj throujh 
Hoists oze da- azd the zeIt da- meticulousl- wirizj a zew circuit kazelp qhis rexuires 
imkro’isatiozn Hudjmeztn azd adaktabilit- to mess- real;world cozditiozs that jezer;
al;kurkose robots Hust dozGt ha’e -etp 1arbers azd hairst-lists combize delicate mazual 
sTills such as usizj scissors or ra.ors arouzd a customerGs head with kersozal izteractioz 
azd aesthetic Hudjmeztp qhere are eIkerimeztal haircuttizj robotsn but the- are stig 
azd iz,eIiblen ji’izj results about as jood as a bowl cutp qhe zuazce of tailorizj a st-le 
to az izdi’idualGs facen hair teIturen azd kreferezcen all while chattizj to build trustn is 
’er- much a humaz art at kreseztp %eterizariazs azd azimal hazdlers face the additiozal 
comklicatioz that their katiezts cazGt eIklaiz their s-mktoms azd oftez wozGt sit still or 
cookerateA sezsizj illzess iz az azimal or safel- restraizizj it for treatmezt is a comkleI 
dazce of iztuitioz azd care that deWes currezt aljorithmic akkroachesp yore broadl-n 
Hobs that rel- oz emotiozal iztellijezcen creati’e kroblem;sol’izjn azd hazdcraftizj iz 
uzstructured ez’irozmeztsn from kreschool teachers to Wrst reskozdersn are relati’el- 
safe from automatioz iz the zear termp 6f coursen uzliTel- doeszGt meaz ze’erp qhere 
is a famous adaje iz the Weld of OD that tasTs we thoujht would be eas- Pfor eIamklen 
recojzi.izj faces or uzderstazdizj skeechR turzed out to be ’er- hardn azd tasTs we 
assumed were hard PliTe wizzizj at chess or BoR turzed out to be easier for OD thaz 
eIkectedp qhe same could ezd uk beizj true for roboticsp Ne mijht be taTez b- surkrise 
whez some ezterkrisizj team Wjures out az OD;kowered robotic barber that caz fade 
azd trim as well as the a’eraje st-listn or a home hazd-kersoz bot that caz do basic 
rekairsp qechzolojical krojress oftez comes iz bursts azd from directiozs we dozGt 
azticikatep Dz J22$n few would ha’e belie’ed that withiz a decade cars would be dri’izj 
themsel’es oz kublic streets but the Brazd Lhallezje azd its successors made that a 
realit-p 9iTewisen itGs risT- to declare az- Hob trul- automatioz;kroof iz the lozj ruzp 
Nhat we caz sa- is that the bar for automatizj these comkleI kh-sical azd social tasTs 
is eItremel- hijhn azd clearizj it will rexuire breaTthroujhs iz ODn roboticsn azd liTel- 
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a redesijz of the ez’irozmezts azd tools we usep :or zown humazs still hold the hijh 
jrouzd iz these areasp

Shared Environments

Os robots ’ezture out of their comfort .ozesn we are esseztiall- witzessizj a jrazd 
co;e’olutioz of techzoloj- azd ez’irozmeztp 6ur homesn citiesn azd worTklaces were 
ezjizeered o’er cezturies to suit humaz dimezsiozs azd cakabilitiesp 7oor Tzobs are 
klaced at hazd heijhtn cars are desijzed for humaz dri’ersn azd lazjuaje azd social 
cues uzderkiz almost e’er- tasTp Dt maTes sezse that the Wrst robots to trul- thri’e iz 
these skaces mijht be the ozes desijzed most liTe usp Dz factn maz- roboticists kursue 
humazoid desijzs krecisel- because the world is built for humazsp YOVOGs ”obozaut 
kroHect eIklaized that the robots were “designed to use the same tools as humans, which 
allows them to work safely side-by-side humans on Earth and in space.”J2 O humazoid 
robot caz climb the same stairsn turz the same doorTzobsn azd wield the same izstru;
mezts as a kersozn ji’izj it immediate access to all the izfrastructure azd tools weG’e 
alread- builtp Df -our joal is to maTe a skeciali.ed robot that caz kouzd zailsn a humazoid 
ma- zot be the oktimal form factorp Mowe’ern if -our joal is to maTe a robot that caz 
do az- cozstructioz tasTn thez a jezeral;kurkose humazoid robot could walT ozto a 
Hob site azd be immediatel- cakable of usizj e’er- tool a’ailable to a humaz laborerp 
qhatGs a kowerful shortcutA rather thaz reWttizj e’er- housen worTsite azd ’ehicle for 
robotsn we caz build robots that Wt izto our eIistizj worldp Ne should be careful zot 
to o’er;h-ke humazoidsA the- izherit all the challezjes of balazcen coordizatiozn azd 
deIterit- that humazs master throujh milliozs of -ears of e’olutioz azd -ears of child;
hood learzizjp 1ut the ratiozale is clear for kursuizj drok;iz reklacemezts for humaz 
laborp qhat ’isioz dri’es maz- ambitious research ajezdas azd startuksp qime will tell 
whether itGs the rijht akkroach or zotp Ne ma- Wzd that skeciali.ed robots worTizj iz 
cozcert outkerform a sizjle humazoid that tries to do it allp “erhaks we will decide to 
add ’aluable tweaTs that ha’e zot -et akkeared throujh e’olutioz iz humazs such as 
the additioz of az eItra arm or az additiozal set of e-es oz the bacT of a humazoid 
headp Dz az- casen the traHector- is clear8 robots are mo’izj from cozstraizedn hijhl- 
structured ziches izto the okez;ezdedn d-zamic world we izhabitn sezsizj azd actizj 
with izcreasizj sokhisticatiozp

Dz the comizj -earsn we will liTel- see robots tacTlizj e’er more humaz ez’irozmezts 
azd tasTsp qhe-Gll still stumblen both literall- azd metakhoricall-n but each jezeratioz 
will learz from the lastp NeGre liable to uzderestimate the rate at which robots will learz 
because itGs eas- to forjet that robots caz share their Tzowledje immediatel-p Nhez a 
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sizjle humazoid robot learzs how to cut okez a HacTfruitn the- caz share that Tzowledje 
immediatel- with e’er- other robot iz their zetworT azd e’er- robot comizj og the 
mazufacturizj lize will zow ha’e that Tzowledje from da- ozep Nith thousazds of 
robots learzizj iz karalleln the rate of krojress is liTel- to be surkrisizjp Nith machize 
learzizjn robots caz reWze their models of the world throujh trial azd errorn jettizj 
better after e’er- failure iz a wa- earl- hard;coded robots ze’er couldp Os robots become 
more commozklacen we will also adakt to themp Ne mijht stazdardi.e certaiz thizjs iz 
our ez’irozmezt to accommodate our zew helkersp Dz the same wa- that egorts ha’e 
izcreased iz recezt -ears to ezsure the built ez’irozmezt is accessible for humazs with 
disabilitiesn we ma- also see buildizj codes adakted to ezsure accessibilit- for robotsp :ast 
forward a decade or twon azd we could imajize that the buildizj code ma- be ukdated 
to rexuire that e’er- home izcludes a closet with a charjizj kort for a humazoid robotp

9ooTizj aheadn there is az e’ez subtler shift to coztemklate8 the kossibilit- that our 
built ez’irozmezts will e’ol’e to suit robotsG strezjths azd zot our owzp Mistor- kro;
’ides krecedeztsp Nhez horses ja’e wa- to automobilesn cit- desijz chazjed drasticall-A 
streets widezedn distazces betweez destizatiozs jrewn kedestriaz life was deemkhasi.edp 
Nhez shikkizj mo’ed from loose carjo to stazdardi.ed coztaizersn kort facilities eI;
kazded iz scale azd comkleIit- far be-ozd humaz krokortiozsn azd the labor force at 
the docTs dwizdled b- az order of majzitudep Vo too mijht the aje of humazoid robots 
herald desijz choices that imklicitl- assume a robot worTforcep 6z a cozstructioz siten 
for eIamklen if oze caz deklo- a team of brawz- robotic laborersn wh- deli’er bricTs or 
steel iz si.es a humaz caz lift‐ “erhaks materials will arri’e iz larjer modulesn assembled 
whole b- machizep Vuch evciezcies would be welcome iz terms of kroducti’it-p :ewern 
larjer comkozezts would allow for buildizjs to be cozstructed more xuicTl- but the- 
could rezder az- remaizizj humaz worTers egecti’el- obsolete or at least secozdar-p O 
carkezter caz comfortabl- hazdle a four;foot b- eijht;foot sheet of kl-wood but would 
strujjle with a siI;foot b- tez;foot sheetn e’ez thoujh a cozstructioz robot mijht do 
so with easep 6’er timen the ’er- zotioz of desijzizj for humaz erjozomics mijht 
erode iz certaiz izdustriesp :actories azd warehouses could become darT facilities with 
zarrow corridors azd hijh;dezsit- storaje oktimi.ed for robot za’ijatioz rather thaz 
humaz comfortpJ( Dz these skacesn a humaz would be suker,uous or e’ez a hizdrazceA 
a far cr- from the traditiozal factor- ,oor that was ezjizeered arouzd humaz cakacities 
azd limitsp Dz factn these facilities ma- izteztiozall- be built with fewer Wre eIits azd 
lower le’els of ’eztilatioz as cost sa’izj measures because those will zot be rexuired 
to the same eItezt if the ozl- worTers are robotsp qhis krojressioz would deekez our 
dekezdezc- oz robotic labor iz a self;reizforcizj lookp
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6zce izfrastructure azd tools are si.ed azd arrazjed for machizesn switchizj bacT to 
humaz labor becomes imkracticaln e’ez if there is az emerjezc-p Ne could Wzd our;
sel’esn collecti’el-n iz the kositioz of sorcererGs akkreztices8 ha’izj cozHured kowerful 
helkers azd rearrazjed the world for their coz’eziezcen we are helkless to do with;
out themp Ecozomists sometimes discuss kath dekezdezcen where izitial ad’aztajes 
szowball azd alterzati’e kaths close ogp Mere the kath is oze where humaz kh-si;
cal abilities zo lozjer set the scale of our worldA robot abilities dop Df a warehouse is 
built with shel’es reachizj the ceilizjn accessible ozl- b- robotic forTliftsn thez e’ez if 
uzemklo-mezt were hijhn -ou couldzGt simkl- reklace those robots with keokleA the 
worTklace would be literall- be-ozd humaz reachp Mumazs mijht ezd uk worTizj iz 
tazdem with robots Pwearizj eIosTeletozs or okeratizj kower toolsR to coke with the 
zew zormsn egecti’el- forcizj us to adakt to the machizes rather thaz ’ice ’ersap qhe 
lozj;term social imklicatiozs of such a shift are hard to foresee iz fullp Nill we desijz 
kublic skaces digereztl-n Tzowizj ser’ice robots will be cleazizj azd maiztaizizj them 
at zijht‐ Nill hoskitals ha’e corridors si.ed for robot stretchers or kharmacies with 
automated humazoid stag retrie’izj medicatiozs from ’aults zo humaz kharmacist 
ezters‐ Df son what hakkezs to the humaz krofessiozals who ozce izhabited those roles‐ 
7o the- become suker’isors of ,eets of robotsn or are the- khased out eztirel-‐ qhere 
is also a khilosokhical dimezsioz8 a subtle de;cezterizj of the humaz iz our kh-sical 
ez’irozmeztp :or millezzian our tools azd habitats ha’e beez eItezsiozs of our bodiesA 
the heijht of a stekn the reach to a hazdlen all calibrated to humaz dimezsiozsp Dz a 
robot;oktimi.ed worldn we mijht bejiz to feel liTe strazjers iz a lazd built for othersp 
qhis could further eztrezch a class distizctioz8 those who owz azd coztrol the robots 
za’ijate this zew world with easen while those without access strujjle to Wzd a klacep Dt 
could also reizforce a Tizd of akath- or loss of sTills amozj keoklep Df robots routizel- 
lift e’er- hea’- obHectn will humaz strezjth atrokh-n much as our arithmetic sTills 
ha’e iz az era of calculators‐ Vome sociolojists skeculate about a creekizj desTillizjA 
our musclesn our situatiozal awarezessn azd our craftsmazshik mijht dull from disusep 
Nith thatn our ajezc- would dimizish azd we would become e’er more reliazt oz 
robotic iztermediaries to accomklish what ozce we could do uzaidedp Yoze of this is to 
krokhes- a d-stokia of helkless humazs amidst towerizj machizesn but it is a traHector- 
that warrazts re,ectioz zown while choices are still ,uidp Ne ha’e the okkortuzit- to 
juide how ez’irozmezts e’ol’e iz tazdem with roboticsp “erhaks the ideal is a h-brid 
desijz khilosokh-8 maTe worTklaces azd kublic areas accommodatizj to both robot 
azd humaz actorsn kla-izj to each of their strezjthsp :or eIamklen ma-be cozstructioz 
elemezts are desijzed with features that allow either a humaz team or a robot to 
mazikulate themn ezsurizj resiliezce if oze or the other is uza’ailablep “erhaks safet- 
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stazdards will mazdate that critical izfrastructure cazzot be eIclusi’el- ser’iceable b- 
robotsA a Tizd of bacTuk klaz for humaz okeratioz iz dire situatiozsp Dz az- e’eztn 
awarezess is Te-p qhe more we acTzowledje that techzoloj- shakes our ez’irozmeztn 
the more kroacti’el- we caz decide whose cakabilities to krioriti.ep Vhould we widez a 
road to let deli’er- robots kass kedestriazs easil-n or should we cozstraiz the robots to 
reskect the orijizal humaz scale‐ qhese decisiozs will cumulati’el- deWze the teIture 
of dail- life iz the automated ajep

Mass Unemployment

Earl- e’idezce from izdustrial settizjs shows a soberizj trezd8 robots tezd to dis;
klace worTers rather thaz simkl- aujmezt themp Dz mazufacturizjn for izstazcen the 
iztroductioz of oze autozomous robot caz elimizate multikle humaz Hobs azd eIert 
dowzward kressure oz wajes iz the rejiozpJJ Nhez a well;kaid techzical laborer is 
reklaced b- a robotn that worTer oftez must tumble dowz the ecozomic ladderA taTizj 
a lower;ka-izj ser’ice Hob if oze caz be fouzd azd koteztiall- disklacizj other worTers 
iz those sectorsp qhe kroducti’it- jaizs from automatioz are realn but so is this dis;
klacemezt egectn azd it hauzts the izdustrial heartlazdsp 7ecades of automatioz ha’e 
alread- hollowed out mid;sTill emklo-meztn azd humazoid robots threatez to carr- this 
disruktioz izto the remaizizj bastiozs of humaz laborp O machizist or cozstructioz 
foremaz ma- Wzd that the zew 0helker5 oz the team is a machize cakable of worTizj 
tirelessl- azd with sukerhumaz krecisiozn xuietl- uzdercuttizj the zecessit- of humaz 
eIkertisep qhe agected worTers face a bitter dilemma8 the Hobs comkarable iz ka- to their 
old li’elihoods mijht simkl- cease to eIistn azd the a’ailable alterzati’es oftez come 
with less securit- azd dijzit-p Ecozomists warz that without izter’eztiozn this wa’e 
of robotics could further erode the middle classn cozceztratizj wealth iz the hazds of 
those who desijz azd deklo- the robotsp qhe societal trauma of suddez techzolojical 
uzemklo-mezt ma- echo for jezeratiozsn as commuzities jrakkle with lost izcome 
azd kurkosep Dt is a future where the bezeWts of humazoid labor;sa’izj are uze’ezl- 
distributedn accruizj to Wrms azd cozsumers while maz- worTers strujjle to reiz’ezt 
themsel’es iz a labor marTet trazsformed b- machizesp “olic-maTers are thus coz;
frozted with a karadoI8 the same humazoid robots that boost kroducti’it- azd jrowth 
oz a macro scale caz iz,ict krofouzd hardshik at the izdi’idual le’eln comkouzdizj 
izexualit- withiz azd betweez zatiozsp qhe challezje is zo lozjer whether robots caz 
taTe oz e’er more humaz tasTsn but whether societ- caz mazaje the fallout whez the- 
dop qhe majzitude of this disruktioz has beez liTezed to a zew izdustrial re’olutiozp 
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Nithiz kroskerous societiesn the rewards of humazoid automatioz ma- be uze’ezl- 
sharedp Xust as izdustriali.atioz iz the (Uth ceztur- ezriched factor- owzers more 
thaz factor- worTersn the rise of jezeral;kurkose robots iz the J(st could widez class 
di’idesp Lozsider the household of the zear future8 wealthier families mijht egecti’el- 
emklo- kersozal humazoids as li’e;iz stagA tireless tutorsn zazziesn houseTeekersn azd 
e’ez athletic traizers for their childrezp Ma’izj a machize with bouzdless katiezce to 
kractice kiazo scales with a childn or coach them oz their basTetball shot for az eItra 
hour each e’ezizjn could cozfer az ezormous de’elokmeztal edjep qhese scezarios 
are zot far;fetchedA earl- ’ersiozs of educatiozal robots are alread- akkearizj iz some 
classroomsJS azd therakeutic settizjsn azd aZuezt earl- adokters are oftez the Wrst to 
access eIkezsi’e zew techp Vocial scieztists cautioz that such trezds could ajjra’ate the 
0okkortuzit- jak5 betweez childrez of kri’ileje azd those of modest meazsp ”esearch 
oz educatiozal izexualit- has lozj showz that much of the achie’emezt jak is dri’ez 
b- out;of;school ezrichmeztA the summer camksn lessozsn azd kersozal atteztioz that 
moze- caz bu-pJ$ Mumazoid robots threatez to turbocharje this egectp /zliTe humaz 
tutors or careji’ersn whose time is limited azd costl-n a robot caz kro’ide oze;oz;oze 
ezjajemezt zearl- arouzd the clocT at marjizal eIkezse ozce acxuiredp Df ozl- wealth;
ier households caz agord the uk;frozt costn their childrez could egecti’el- ha’e a 
sukerhumaz kersozal assistazt juidizj their homeworTn remizdizj them to eIercisen 
correctizj their kosturen teachizj them zew lazjuajesn azd jezerall- amklif-izj their 
ukbrizjizj iz couztless wa-sp yeazwhilen childrez iz less ad’aztajed homes would 
zot ozl- miss out oz those ezhazcemezts but mijht also Wzd themsel’es izteractizj 
with robots iz less emkowerizj rolesA kerhaks as oze of maz- studezts suker’ised b- a 
sizjle educatiozal robot at az uzderfuzded schooln rather thaz ezHo-izj the beskoTe 
atteztioz a rich childGs robot ogersp 6’er timen this techzoloj-;dri’ez tutorizj jak 
could trazslate izto wider diskarities iz academic kerformazcen colleje admissiozsn azd 
career okkortuzitiesp qhe zotioz of techzoloj- as a jreat exuali.er breaTs dowz if 
access to the latest tools is sTewed b- izcomep Dzdeedn studies show that digerezces iz 
childrezGs learzizj eIkeriezces tracT closel- with famil- resourcesp Df robots become the 
zew medium of kareztal iz’estmeztn the- ma- deekez the stratiWcatioz of societ- izto 
techzolojical ha’es azd ha’e;zotsp 6ze caz imajize a future colleje admissiozs essa- 
readizj zot about how a kersozal OD robot ezriched their scieztiWc curiosit- from aje 
W’e azd helked them desijz azd ruz scieztiWc eIkerimezts8 a resource uzimajizable to 
keers from lower;izcome bacTjrouzdsp Vuch a kroskect has ethicists urjizj kreemkti’e 
re,ectioz oz fairzess8 should access to robotic tutors or careji’ers be rejulated or 
subsidi.ed iz some wa-‐ 6r will we accekt a world where childhood itself is aujmezted 
for some azd zot for others‐ Nithout deliberate izter’eztiozsn humazoid robots could 
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izad’erteztl- widez class;based julfsn eztrezchizj ad’aztaje iz wa-s e’ez more izsid;
ious thaz earlier techzolojiesn krecisel- because the- okerate iz the iztimate skhere of 
learzizj azd de’elokmeztp 

qhe bezeWts of this robotic re’olutioz are koised to accrue uze’ezl- zot Hust amozj 
social classes but across couztriesp Ne ma- sooz see a jeokolitical stratiWcatioz iz which 
a sizjle zatioz or a tijht olijokol- of zatiozs domizates the humazoid robot izdustr-n 
lea’izj others dekezdezt oz imkorted mechazical laborp yaz- comkazies worldwide 
are racizj to build ’iable humazoidsn -et izdustr- azal-sts foresee ozl- a few wizzers 
achie’izj the scale azd cost;egecti’ezess zeeded for mass adoktiozp Df those wizzers 
cluster iz oze couztr-n that couztr- could wield immezse ecozomic le’eraje8 a scezario 
with echoes of the jlobal semicozductor sukkl- chaizp qoda-Gs kolic- stratejists koizt to 
how a sizjle comkaz- or zatiozGs edje iz chik mazufacturizj has created ’ulzerabilities 
for all othersA tomorrowGs cozcerz is a mozokoli.atioz of ad’azced robotsp ”ecezt 
rekorts hijhlijhtn for eIamklen how Lhiza has rakidl- built a commazdizj lead iz 
the Te- comkozezts for humazoid robotsn from hijh;krecisioz actuators to batter- 
kroductiozp Occordizj to a detailed azal-sisn Lhizese Wrms coztrol roujhl- )S– of 
the critical humazoid;robot comkozezt sukkl- chaizn a domizazce ezablizj them to 
kroduce robots at marTedl- lower cost thaz comketitorspJ4 qhis as-mmetr- iz cakabilit- 
meazs that if humazoids become as izdiskezsable as automobiles or comkutersn az- 
couztr- without its owz domestic sukkl- would Wzd itself iz a kositioz of stratejic 
dekezdezc-p Ne caz see a kre’iew of this b- looTizj at drozesp Lhiza jaized az earl- lead 
iz the mass kroductioz of drozes azd Lhizese drozes hold C2– of the cozsumer marTet 
azd U2– of the ezterkrise marTet iz the /V with a sizjle Lhizese comkaz-n 7XDn beizj 
the kredomizazt sukklierpJ) Nhez 7XD lauzched a zew droze called the 7XD ya’ic $ “ro 
iz ya- of J2J4 durizj a keriod of heijhtezed tarig related tezsiozs betweez the /V azd 
Lhizan the- made the surkrisizj decisioz to zot maTe the techzoloj- a’ailable to /V 
customersp qhe cozceztratioz of mazufacturizj Tzow;how azd kroductioz cakacit- 
iz oze klace could become az ecozomic le’er or a jeokolitical weakoz iz the hazds of 
the domizazt sukklierp Dt is zot divcult to imajize a future trade crisis where access 
to robotic worTers becomes a barjaizizj chikn much as access to oil or ad’azced chiks 
ha’e beez iz the kastp yoreo’ern the couztr- that leads iz humazoid robotics will shake 
the izdustr-Gs zorms azd stazdards to its ad’aztajen koteztiall- locTizj others outp qhe 
iroz- is that while robots kromise to mitijate labor shortajes iz ajizj societies azd dri’e 
zew jrowthn the- could also redraw the mak of jlobal kower imbalazcesp “olic-maTers 
iz smaller or lajjizj zatiozs worr- about a future iz which the- must imkort zot ozl- 
ezerj- or electrozicsn but basic labor iz the form of foreijz;made machizesA a dekez;
dezc- that could be as fraujht as az- resource scarcit-p Vome commeztators ha’e joze so 
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far as to sujjest a karallel to the 06“EL of robots5n where a hazdful of eIkorters caz set 
krices azd cozditiozs for a techzoloj- that uzderkizs eztire ecozomiesp qhis loomizj 
kroskect has alread- skarTed calls iz ’arious couztries for robotic ”K7 iz’estmezt 
azd alliazce;buildizjn lest the- be left iz the lurchp Mumazoid robots ha’e become a 
zew areza of izterzatiozal comketitiozA oze that iztertwizes ecozomic okkortuzit- 
with zatiozal securit- cozcerzsp qhe zatiozs that sei.e the lead ma- ezHo- a wizdfall of 
kroskerit- azd iz,uezcen while those that fall behizd could face a krecarious reliazce oz 
foreijz robotic labor to Teek their izdustries azd households ruzzizjp

Social Expectations of Robot Behavior

Df kersozal robots become status s-mbols azd comketiti’e toolsn we ma- also see zew 
straizs oz social zorms iz kublic lifep “eokle ha’e a wa- of bezdizj rules whez the- 
wield a techzolojical edjen azd humazoid robots would be zo eIcektiozp O tellizj 
earl- eIamkle occurred iz J2(4n whez a resourceful -ouzj womaz iz V-dze- sezt a 
telekresezce robotn esseztiall- az i“ad oz a wheeled stazdn to hold her klace iz lize 
o’erzijht for the release of a zew i“hozepJC qhe robot xueued uk with de’oted Okkle 
fazsn weatherizj wizd azd raizn azd the zeIt morzizj the robotn bearizj the womazGs 
face oz its screez rolled izto the store to claim the co’eted de’icesp Nhat felt liTe a xuirT- 
kublicit- stuzt at the time hizted at a deeker krizcikle8 robots caz ser’e as stazd;izs for 
their owzersn koteztiall- ji’izj them az ad’aztaje iz time azd kresezcep qoda- itGs a 
skot iz a kroduct lauzch lizeA tomorrow it could be az- zumber of muzdaze comke;
titiozs for scarce okkortuzitiesA a robot sezt to secure a klace iz a crowded o’erzijht 
camkizj xueue for colleje rejistratiozn or to occuk- a kublic tezzis court at dawz uztil 
its owzer arri’esp qhese scezarios force us to asT8 should a robot be treated liTe a kersoz 
iz such situatiozsn or liTe mere krokert-‐ Df a humazoid robot is kh-sicall- waitizj iz a 
xueuen do other keokle recojzi.e its claim as lejitimate‐ 6r mijht we see bacTlashn with 
,esh;azd;blood b-stazders reseztful of a machize taTizj uk skace or jamizj the s-stem‐ 
Vuch beha’ior blurs the lize betweez humaz azd kroI- iz kublic accommodatiozsp Dt 
also raises divcult ezforcemezt xuestiozs8 caz az establishmezt or e’ezt lejall- eIclude 
robotsn or cak their zumbersn to kre’ezt oze kersoz from multikl-izj their kresezce ’ia 
machizes‐

yore broadl-n must humazoid robots obe- the izformal social rules that jo’erz 
kublic skacesn azd if son how do we ezsure the- do‐ Mumazs walTizj dowz a sidewalT 
are eIkected zot to Hostle othersn zot to blocT doorwa-sn zot to litter or shout obscezitiesp 
Df a humazoid robot marches throujh a karT blarizj music at hijh ’olumen or Ha-walTs 
across a bus- streetn who is accouztablen the machizen its owzern its mazufacturer‐ 
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Dz cities testizj deli’er- robotsn residezts ha’e jrowz imkatiezt with machizes that 
stok iz crosswalTs or crowd zarrow walTwa-sp Vaz :razciscon famousl- tolerazt of tech 
eIkerimeztsn had to imkose strict rejulatiozs whez deli’er- robots bejaz kroliferatizjA 
kermits were limited azd robots were cozWzed to certaiz zeijhborhoods azd rexuired 
to ha’e humaz mozitorsn after comklaizts that these wheeled couriers were turzizj 
sidewalTs izto obstacle coursespJ3 qhat ekisode ogers a kre’iew of the frictiozs liTel- 
to arise as free;roamizj humazoids akkear iz our midstp Vociet- will liTel- izsist that 
robots abide b- the same basic stazdards of kublic cozduct as keokleA kerhaks e’ez 
hijher stazdardsn ji’ez that uzliTe humazs the- caz be kerfectl- krojrammed zot to 
misbeha’ep qhere ha’e beez serious krokosals that robots okeratizj iz shared skaces 
carr- a form of rejistratioz or licezsen much liTe automobiles don to maTe them traceable 
if somethizj joes wrozjp qhis debate izcludes discussioz about whether robots should 
be rejistered as electrozic kersozs iz the same wa- that corkoratiozs are cozsidered 
kersozs uzder maz- askects of the lawp JU Df a robot tiks o’er a ’ezdizj cart or collides 
with a kedestriazn authorities will zeed a wa- to ideztif- its owzer or okeratorp qhis 
accouztabilit- could taTe the form of ’isible ideztiWcatioz klates or wireless sijzalizj of 
az D7 zumberp Vuch measures are izskired b- azalojies to cars azd izdustrial machizer-A 
realms where strict safet- stazdards azd okerator reskozsibilities are lozj establishedp 

”ejulatioz of robots will liTel- be much simkler azd more successful thaz rejulatioz 
of ODp /zliTe kure software aljorithms that caz be cokied egortlessl- azd azoz-mousl-n 
kh-sical robots are discrete uzits that cazn iz krizciklen be catalojued azd rejulated at 
mazufacture azd koizt;of;usep qhe deklo-mezt of robots will be much slower ji’ez 
kh-sical cozstraizts oz how xuicTl- the- caz be builtp ”ejulators see az okkortuzit- 
to jet ahead of kroblems b- buildizj iz o’ersijht8 krokosals ha’e izcluded mazdator- 
0Till switches5 to allow immediate shutdowz of a wa-ward robotn azd rexuiremezts 
that robots be ezjizeered to clearl- sijzal that the- are machizesn zot li’izj beizjspS2  
Dz the ezdn howe’ern az- rejulator- rejime for robots will zeed to recozcile comketizj 
’alues8 izzo’atioz azd utilit- oz oze hazdn ’ersus safet-n kri’ac-n azd kublic order oz 
the otherp VtriTizj that balazce will be az ozjoizj krocessn liTel- rexuirizj izterzatiozal 
coordizatioz ji’ez the jlobal zature of the robotics izdustr-p 

Law Enforcement Applications

Yowhere will a frameworT be more crucial thaz whez robots are eztrusted with the use 
of forceA kerhaks the most fraujht akklicatioz of allp O humazoid robot that katrols 
a shokkizj mall as a securit- juardn or oze deklo-ed b- kolice to subdue a dazjerous 
suskectn brizjs to the fore ethical dilemmas that ha’e simmered iz sciezce Wctioz for 
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jezeratiozsp /zliTe a humaz ovcern a robot has zo iztuitioz or emkath- as it eIecutes 
its traizizj azd krojrammizjp qhis rijidit- could be kerilous if the robotGs sezsors 
azd aljorithms misizterkret a situatiozp Dmajize a robot kolice seztizel oz a zijhttime 
beat that comes ukoz two izebriated friezds ezjajizj iz some kla-ful but ajjressi’e 
horsekla-p 6ze kersoz jrabs the otherGs arm8 a motioz the robotGs ’isioz s-stem ,ajs 
as az assaultp Nill the robot izter’eze with kh-sical force‐ Df a child ruzs toward the 
robot for a kla-ful hujn could the robotGs threat;detectioz misWre azd reskozd as if 
uzder attacT‐ Nhat if a robot hakkezs ukoz a costume kart- of a jrouk of hijh school 
studezts re;ezactizj a crime for their Wlm class‐ qhezn there are xuestiozs about who 
should be able to deklo- robots that ha’e the abilit- to use forcep Vhould celebrities be 
allowed to hire robotic bod-juards that would be authori.ed to use force or should 
the jo’erzmezt be the ozl- eztit- with that kermissioz‐ qhese scezarios uzderlize 
the zeed for eItreme cautioz azd eItezsi’e debatep Dz the realm of law ezforcemeztn a 
sizjle mistaTe b- az autozomous s-stem could be catastrokhicA a life uzHustl- taTez or 
a coz,ict zeedlessl- escalatedp qhe cozsezsus amozj maz- ethicists azd kolic-maTers 
is that howe’er ad’azced robots becomen machizes should zot ha’e Wzal sa- iz the 
use of deadl- forcep ”ecezt e’ezts iz the /zited Vtates illustrate how real this issue 
alread- isp Dz J2JJn the cit- of Vaz :razcisco jrakkled with a krokosal to allow its 
kolice dekartmezt to deklo- robots with lethal cakabilities iz eItreme circumstazcespS( 
Dzitiall-n cit- suker’isors ja’e a jreez lijht to the idea that a bomb;diskosal robotn 
for eIamklen could be armed with eIklosi’es to zeutrali.e a mass shooter if zo other 
oktioz was a’ailablep qhe kublic reactioz was swift azd ’ehemeztp Li’il liberties jrouks 
azd maz- citi.ezs recoiled at the kroskect of 0Tiller robots5 oz Omericaz streetsn e’ez 
uzder kolice coztrolp Ofter az outcr-n the klaz was re’ersedA the robots would zot be 
authori.ed to Tillp 1ut the ekisode was izstructi’e8 e’ez iz tijhtl- cozstraized scezariosn 
societ- is deekl- uzeas- about jraztizj robots ajezc- to harm humazsp qhe marjiz for 
error is simkl- too thizp O robot that caz kull a trijjer or detozate a charje must okerate 
uzder imkeccable safejuardsn azd still the moral xuestioz remaizs of whether such 
delejatioz of force is e’er accektablep EIkerts arjue that az- use of robots iz securit- 
roles must Teek a humaz iz the look for critical decisiozsp qhe robot caz be az aiden 
a tooln az izformatioz;jatherern but zot Hudjen Hur-n azd eIecutiozerp qhis krizcikle 
alijzs with izterzatiozal egorts to baz or restrict full- autozomous weakozs before the- 
kroliferatep Vhould a robot e’er use kh-sical coercioz oz a kersozn it carries the weijht 
of az eztire societ-Gs rules azd biases iz its silicoz braizp qhis reali.atioz has led to calls 
for trazskarezc-8 if robots are to ezforce lawsn their decisioz aljorithms should kerhaks 
be okez to kublic scrutiz-n much as court kroceedizjs arep 6therwisen we risT creatizj 
a blacT;boI authorit-8 a robo;ezforcer that acts without us full- uzderstazdizj wh-p 
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Ne ha’e zo choice but to be eIceedizjl- careful about where azd how we deklo- such 
machizesn because ozce a trajic error occursn it cazzot be uzdozep 

Military

6ze zijht iz (U3Sn a Vo’iet lieutezazt colozel zamed Vtazisla’ “etro’ faced a ,icTerizj 
warzizj screez that claimed Omericaz zuclear missiles were izbouzdp Dz theor-n his 
orders were clear8 rekort the 0attacT5 azd trijjer a couzterstriTep 1ut “etro’ hesitatedp 
Vomethizj felt ogp Nh- would a real Wrst striTe come as a mere hazdful of missiles‐ 
qrustizj his iztuitioz o’er the earl-;warzizj comkutern he decided it was a false alarm 
azd held his WrepSJ Me was correctn azd his act of krudezce a’erted the koteztial for 
a zuclear warp Yow imajize that fateful decisioz beizj left zot to a humaz but to az 
aljorithmp Nould the machize ha’e the wisdom to xuestioz its owz data‐ qhe risTs of 
OD azd robotics iz militar- akklicatiozs become starT throujh that coztrast8 iz the most 
critical momeztsn will a humaz cozsciezce be kreseztn or Hust cold code‐

qoda-Gs militaries are racizj to brizj more OD azd autozom- izto warfarep Ou;
tozomous drozesn robotic seztriesn azd aljorithmic earl-;warzizj s-stems are zo lozjer 
sciezce Wctioz but krotot-kes azd e’ez deklo-ed de’icesp Dzdeedn maz- couztries al;
read- emklo- automated weakozs defezsesn liTe hijh;skeed missile iztercektors azd 
azti;rocTet s-stemsn that caz ideztif- azd Wre oz izcomizj threats without immediate 
humaz directiozp qhese s-stemsn such as the /pVp Ya’-Gs Oejis or DsraelGs Droz 7omen 
act as humaz|suker’ised juardiazs8 if a humaz coztroller doeszGt izter’eze iz timen 
the machize will Wre b- itself to shoot dowz az attacTp qhe lojic is straijhtforward8 
machizes react faster thaz keoklep J(st;ceztur- aljorithms caz krocess sezsor data azd 
eIecute a reskozse iz millisecozdsn far xuicTer thaz a soldier caz blizTp Lhizese militar- 
scholars zow talT about a comizj 0battleWeld sizjularit-5 whez the temko of combat 
outstriks humaz decisioz;maTizj altojetherpSS Mazdizj o’er the skeed of war to silicoz 
braizs kromises a tactical edjep 1ut what about the coztrol of war‐

qhe cozsexuezces of cedizj coztrol to autozomous s-stems could be jra’ep Dz W;
zazcen weG’e seez how aljorithms okeratizj at blisterizj skeeds caz izteract iz uz;
foreseez wa-sA 0,ash crashes5 ha’e sezt marTets klummetizj iz mizutesn uztil humaz 
rejulators hit the braTesp /zfortuzatel-n battleWelds ha’e zo circuit;breaTersp O similar 
whirlwizd iz war is a zijhtmare scezariop Dmajize autozomous aerial drozes from ri’al 
zatiozsn each krojrammed to striTe whez threatezedn ezcouzterizj oze azotherp O 
Hitter- sezsor or a software jlitch could trijjer a c-cle of izstaztazeous rekrisalsp 6ze 
drozeGs mistaTe could set og azotherGs lethal reskozsen each machize actizj azd reactizj 
faster thaz az- humaz commazder could izter’ezep Dz a coz,ict rife with autozomous 
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s-stemsn az absurdl- small izcidezt such as a ,ocT of birds misideztiWed as az izcomizj 
missile could koteztiall- escalate izto a full;blowz battle before az- humaz e’ez reali.es 
az error occurredp qhe foj of war has alwa-s bred mistaTes azd friezdl- Wren but with 
autozomous weakozs the foj could thicTez to a koizt where e’ez those who uzleashed 
the machizes dozGt full- uzderstazd their actiozsp qhe skeed that maTes these s-stems 
allurizj also maTes them brittle iz the face of the uzeIkectedp Dt is a blacT;boI brittlezess8 
whez a deadl- mistaTe hakkezsn the aljorithm cazzot eIklaiz itself or feel remorsep 
Ozd uzliTe “etro’n a machize will ze’er iztuiti’el- disobe- a ,awed izstructiozA it will 
dutifull- eIecute a fatal lojic if thatGs what its code azd data tell it to dop

Oware of these hijh staTesn the worldGs kolic-maTers ha’e bejuz craftizj zew rules 
to jo’erz militar- OD azd roboticsA thoujh iz truthn the- are scramblizj to catch uk to 
a techzoloj- racizj aheadp Dzterzatiozal humazitariaz lawn the law of war forjed iz the 
waTe of earlier horrorsn alread- akklies to all zew weakozs b- defaultp Yo matter how 
zo’el or hijh;techn az attacT must still distizjuish combatazts from ci’iliazs azd a’oid 
diskrokortiozate harmp Laz az autozomous robot reliabl- follow the Beze’a Loz’ez;
tiozs‐ Nho is accouztable if it ’iolates them‐ qhese xuestiozs are testizj the limits of the 
lawp Oz autozomous s-stemn b- deWzitiozn selects its tarjet azd akklies force oz its owzp 
qhe commazder or okerator mijht zot e’ez Tzow eIactl- whom or what the robot will 
shoot whez the- acti’ate itp qhis loss of direct humaz coztrol “raises serious concerns 
from humanitarian, legal and ethical perspectives,” the Dzterzatiozal Lommittee of the 
”ed Lross PDL”LR has warzedpS$ Df the robot maTes a mistaTen who bears reskozsibilit-A 
the software de’elokern the militar- commazdern the machize itself‐S4 qoda-n there is zo 
clear azswerp qhe fear is that autozom- could create a reskozsibilit- jakn where lethal 
harm occurs azd zo humaz caz be readil- held accouztablep Occouztabilit- cazzot be 
“transferred to machines,” as jo’erzmezts worldwide ha’e formall- ajreedn -et without 
cozcrete rules azd humaz o’ersijhtn that krizcikle ma- be hard to ukhold iz kracticepS)

7eskite these worriesn or rather because of themn diklomats ha’e beez coz’ezizj iz 
Beze’a azd elsewhere to zejotiate how to Teek a humaz leash oz the techzolojies 
of warp Vizce J2(Cn discussiozs uzder the /zited YatiozsG Loz’eztioz oz Lertaiz 
Loz’eztiozal Neakozs PLLNR ha’e izched forward oz the issue of lethal autozomous 
weakozs s-stemsp Ot the LLNn zearl- e’er- zatioz ajrees at least oz kaker that humazs 
must remaiz reskozsible for decisiozs to use forcep Dz J2(Un az izterzatiozal kazel 
distilled a set of juidizj krizcikles ‘ amozj themn that izterzatiozal humazitariaz law 
akklies full- to autozomous weakozsn azd that humaz coztrol azd Hudjmezt must 
be retaized across a weakozGs lifec-clep Dz essezcen the- avrmed that a robot is ze’er 
absol’ed of the laws of war8 its maTers azd okerators are oz the hooT for its actiozspSC 
qhere is also broad acTzowledjmezt that certaiz lizes shouldzGt be crossedp E’ez the 
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/Y Vecretar-;Bezeral Ozt_zio Buterres has called lethal autozomous weakozs “polit-
ically unacceptable and morally repugnant,” urjizj a jlobal baz oz s-stems that okerate 
without humaz o’ersijhtpS3 Dz J2JS he wezt furthern asTizj states to cozclude b- J2J) 
a lejall- bizdizj treat- to krohibit autozomous weakozs that cazGt be used iz lize with 
izterzatiozal humazitariaz law azd to ezsure humaz coztrol o’er otherspSU qhe DL”L 
azd maz- YB6s echo thisn recommezdizj az outrijht krohibitioz oz az- weakoz that 
tarjets keokle or beha’es uzkredictabl-n azd strict rejulatiozs oz the restp qheir lojic 
is straijhtforward8 machizes should zot ha’e a licezse to Till humaz beizjsn azd zo 
aljorithm should be eztrusted with life;azd;death decisiozs that e’ez seasozed ovcers 
strujjle withp

yomeztum is buildizjp Ot the /zited Yatiozs Bezeral Ossembl- iz J2JSn az 
o’erwhelmizj maHorit- of statesn ()$ zatiozsn sukkorted a Wrst;e’er resolutioz oz au;
tozomous weakozsn callizj for the Vecretar-;Bezeral to rekort oz the challezjes the- 
kose azd kossible solutiozsp$2 7o.ezs of couztriesn izcludizj a coalitioz led b- zatiozs 
liTe Oustrian Losta ”ican azd Yew =ealazdn are zow ’ocall- callizj for a kreemkti’e 
baz oz 0Tiller robots5p$( qhis chorus skazs coztizezts azd kolitical s-stemsn uzited b- a 
shared iztuitioz that remo’izj humazs from lethal decisioz;maTizj crosses a moral red 
lizep Dz a koijzazt karallel to earlier erasn the- liTez autozomous weakozs to chemical 
or biolojical armsn abhorrezt tools that the world mazajed to outlaw before the- could 
wreaT uzchecTed ha’ocp Dz (UU4n states ajreed to baz blizdizj laser weakozs before 
the- e’er saw use oz the battleWeldn recojzi.izj that some techzolojies are simkl- too 
cruel or destabili.izj to allowp$J yaz- diklomats zow arjue that autozomous Tillizj 
machizes merit the same kreemkti’e treatmeztp O lize of krohibitioz should be drawz 
before az arms race skirals out of coztrolp 

Ozd -etn for all this acti’it-n krojress is achizjl- slow azd fraujht with disajreemeztp 
qhe meetizjs iz Beze’a ha’e beez described as a teztati’e walt.8 lots of diklomatic 
hazdshaTesn statemezts of krizciklen but zo bizdizj rules iz sijhtp O hazdful of mil;
itaril- ad’azced states remaiz reluctazt to commit to az-thizj that mijht hamker their 
techzolojical edjep qhese kowersn izcludizj the /zited Vtates azd ”ussian arjue that 
eIistizj humazitariaz law is suvciezt azd that a zew treat- mijht be kremature or too 
restricti’ep$S Vome of them are iz’estizj hea’il- iz OD;dri’ez arsezals themsel’esn azd 
the- krefer broad ethical juidelizes o’er hard bazsp Beokolitics looms o’er the debate8 
risizj tezsiozs azd mistrust maTe cozsezsus divcult Hust whez itGs zeeded mostp qhe 
result is a Tizd of rejulator- karal-sisp 7eskite zearl- a decade of talTsn the world has 
little to show iz cozcrete safejuards while the techzoloj- marches ozwardp qhe jak 
betweez the rakid de’elokmezt of militar- OD azd the jlacial kace of izterzatiozal 
law is widezizjn azd it troubles maz- obser’ersp Dt meazs we are esseztiall- rel-izj oz 
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’oluztar- restraizt azd the cautioz of izdi’idual commazders for zowp qhat is a thiz 
red lize of defezse ajaizst koteztial calamit-p

Dz the absezce of a uzi’ersal lawn stokjak measures azd zorms are emerjizjp Ve’eral 
zatiozs ha’e azzouzced their owz kolicies to ezsure a humaz checT remaizs iz klacep 
qhe /pVp 7ekartmezt of 7efezsen for izstazcen issued directi’es that az- autozomous 
weakoz must be desijzed to allow 0akkrokriate le’els of humaz Hudjmezt5 iz its usep$$ 
Dz kracticen this meazs az Omericaz droze or missile with autozomous features is 
sukkosed to ha’e a kersoz somewhere iz the decisioz lookA at least to akkro’e acti;
’atizj the s-stem azd must be able to mozitor azd izter’eze ozce the autozomous 
fuzctiozalit- has beez acti’atedp 6ther militaries ha’e echoed similar kositiozsp 1ritaiz 
has stated it will zot de’elok s-stems that okerate without cozteIt;akkrokriate humaz 
iz’ol’emeztn azd :razce has outlized ethical krizcikles for OD use iz defezsep Ot the 
same timen the “eztajoz azd YOq6 allies are kourizj fuzds izto OD;dri’ez sur’eillazce 
azd decisioz;sukkort toolsn which stok short of full autozom- but izch toward itp qhe 
lize is thiz8 az aljorithm that merel- ad’ises a humaz commazder oz which tarjets 
to striTe caz krofouzdl- iz,uezce the decisiozn eskeciall- uzder time kressurep Df a 
comkuter ’isioz s-stem ,ajs a ’ehicle as az ezem- with hijh cozWdezcen how readil- 
will the humaz o’erride it‐ qhe risT of o’er;delejatiozn humazs trustizj the machize 
too muchn is ’er- realp yilitar- histor- is reklete with izstazces of humaz errorA zow we 
must cozsider machize error azd humaz o’er;trust iz those machizesp 

6utside of jo’erzmeztsn ci’il societ- azd e’ez techzolojists themsel’es ha’e mo;
bili.edp O jlobal coalitioz of YB6s lauzched the Lamkaijz to Vtok Qiller ”obots iz 
J2(Sn azd it has sizce jathered ezdorsemezts from thousazds of OD researchersn faith 
leadersn Yobel laureatesn azd ordizar- citi.ezs arouzd the worldp Yotabl-n some of 
the ’er- keokle desijzizj ad’azced OD are amozj the most ’ocal iz warzizj ajaizst 
autozomous weakozsp Dz J2(Cn do.ezs of robotics azd OD comkaz- fouzdersn izcludizj 
rezowzed Wjures iz Vilicoz %alle-n sezt az okez letter to the /zited Yatiozs urjizj a 
baz oz these weakozsn lest we usher iz a 0third re’olutioz iz warfare5p$4 qhe- kaizted 
a dire kicture8 ozce loosen swarms of self;directizj weakozs could Wjht at a scale azd 
skeed humazit- has ze’er seezn “at timescales faster than humans can comprehend5p Vuch 
weakozsn the- warzedn could be misused b- t-razts azd terrorists or e’ez hacTed to 
wreaT ha’ocp qhe letterGs lazjuaje was urjezt8 “Once this Pandora’s box is opened, it will 
be hard to close” azd that klea helked dri’e the issue further izto the diklomatic skotlijhtp 
9iTewisen some tech comkazies ha’e kledjed zot to de’elok OD for use iz weakozsn azd 
a few hijh;kroWle ezjizeers ha’e resijzed rather thaz coztribute to militar- OD kroHects 
the- felt crossed ethical lizesp qhis uzkrecedezted iz’ol’emezt of the kri’ate sector 
azd ezjizeers iz arms coztrol ad’ocac- shows how deekl- societ- is eztwized iz the 
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debatep /zliTe kast arms races which were the realm of jo’erzmezts azd jezerals alozen 
the OD arms race iz’ol’es corkorate labsn uzi’ersit- researchersn azd e’ez the e’er-da- 
cozsumer techzolojies that could be rekurkosed for coz,ictp qhe lizes betweez ci’iliaz 
azd militar- izzo’atioz are blurred8 a breaTthroujh iz self;dri’izj car ’isioz or droze 
za’ijatioz caz xuicTl- Wzd its wa- izto az uzmazzed weakozp qhis maTes coztrollizj 
the skread of militar- OD e’ez harderp Dzterzatiozal eIkort coztrolsn the tools used to 
stem zuclear azd missile kroliferatiozn strujjle to Teek uk whez the critical izjrediezt 
is ad’azced software or a machize learzizj model that caz be emailed or dowzloaded 
azd whez this iztellijezce caz be embodied iz drozes or humazoid robots that ha’e 
maz- ’alid ci’iliaz akklicatiozsp 

Os a resultn jaks iz jo’erzazce kersistp 6ze jlarizj jak is ezforcemezt8 e’ez if a zew 
treat- is ajreed ukozn how will the world Tzow if a zatioz or a comkaz- is secretl- 
de’elokizj a forbiddez autozomous weakoz‐ %erif-izj a baz oz a kh-sical item liTe 
a missile is oze thizjA ’erif-izj the kresezce of az aljorithm hiddez iz a comkuter chik 
or the eItezt to which a humaz was iz’ol’ed iz a decisioz is xuite azotherp qhe maHor 
kowers ha’e beez war- of az- ajreemezt that mijht allow iztrusi’e izskectiozs of their 
OD labs or rexuire them to disclose sezsiti’e softwareA let aloze az- t-ke of izskectioz 
of lojs detailizj how izdi’idual decisiozs were made iz the keaT of coz,ictp qhe liTel- 
kath to ezforcemezt will rel- oz trazskarezc- azd cozWdezce;buildizj8 zatiozs mijht 
declare what s-stems the- ha’e azd kerhaks iz’ite obser’ers to see that a humaz is iz 
the look durizj eIercisesp qrust is thiz iz this domaizp Each couztr- suskects that ri’als 
mijht jaiz az edje b- kushizj their OD to the limitp qhe /zited Vtatesn ”ussian azd 
Lhiza all kublicl- tout their iz’estmezts iz militar- ODn azd smaller states feel kressure 
to Teek uk or risT stratejic ’ulzerabilit-p 7efezse coztractorsn for their kartn comkete 
to sell the most cuttizj;edje autozomous cakabilities to militaries huzjr- for the latest 
techp Ot arms eIkosn -ou caz alread- Wzd booths diskla-izj swarmizj attacT drozes azd 
robotic tazTsn marTeted as force;multikliers for the moderz battleWeldp qhis commercial 
dri’e meazs that e’ez if leadizj states hold bacT oz deklo-izj certaiz techzolojiesn 
thereGs a dazjer that less restraized actors could acxuire autozomous weakozs oz the 
jlobal marTetp qhe digusioz of robotics azd OD is simkl- much harder to coztaiz 
thaz that ofn sa-n klutozium or chemical ajeztsp O talezted team of krojrammers with 
modest fuzdizj caz koteztiall- create a rudimeztar- autozomous weakoz b- rekur;
kosizj ci’iliaz drozes azd okez;source OD codep Oll this maTes the jo’erzazce challezje 
zot ozl- oze of writizj laws but of ezforcizj them iz a kractical sezsep Dt calls for 
uzkrecedezted cookeratioz betweez jo’erzmeztsn the tech izdustr-n azd izterzatiozal 
orjazi.atiozs to mozitor azd coztrol how these techzolojies skread azd to ajree oz 
zorms for their usep
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Nhat ji’es maz- eIkerts kause is the sezse that we are at a crossroads aTiz to the earl- 
da-s of the zuclear ajen but without the same kublic awarezess or fearp Nhez the Wrst 
atomic bombs showed their terrif-izj kowern the worldGs sukerkowers at least recoj;
zi.ed the zeed to zejotiate coztrolsn leadizj e’eztuall- to arms treaties that restraized 
arsezalsp 1- coztrastn autozomous weakozs are creekizj izto use without dramatic 
0mushroom cloud5 momezts to focus jlobal atteztiozp O droze that autozomousl- 
juzs dowz a soldier ma- zot maTe headlizes iz the wa- a de’astated cit- wouldp qhe 
imkact is more izsidious azd caz ,- uzder the radarp Lritics arjue that societ- has zot 
full- akkreciated how krofouzd the societal imkact of militar- OD azd robotics could 
bep DtGs zot Hust azother stek iz the e’olutioz of warfareA it ma- be a fuzdameztal shiftp Dt 
could alter the threshold of joizj to warp Df oze caz sezd machizes to Wjhtn mijht leaders 
be more ca’alier about usizj force‐ Df az aljorithm Tills izzocezt ci’iliazsn Hustice for the 
’ictims is harder to obtaiz as it ma- be eIklaized awa- as az uzfortuzate software bujp 
Dt mijht e’ez chazje kower d-zamics betweez zatiozsn as those with OD sukeriorit- 
could domizate without e’er deklo-izj a sizjle soldierp qhese are uzderakkreciated 
rekercussiozs that eItezd well be-ozd the immediate tactical realmp

:or zown the world kroceeds with both oktimism azd trekidatiozp Dzterzatioz;
al forums are ali’e with debate8 committees karsizj lejal deWzitiozs of 0meazizjful 
humaz coztroln5 ethicists iz’oTizj the krizcikle of humaz dijzit-n jezerals eItollizj 
the life;sa’izj koteztial of krecisioz OD striTes that reduce collateral damajep Ezsurizj 
reskozsible use of OD iz the militar- is zot Hust a techzical ezdea’or but a moral ozep 
qreaties azd ajreemezts from the Beze’a Loz’eztiozs to zew OD;skeciWc krotocols are 
societ-Gs wa- of ezcodizj our collecti’e Hudjmezt about rijht azd wrozj iz warp qhe- 
e’ol’e whez kressured b- zecessit-p qhe egort uzderwa- zown whether throujh the 
/YGs formal krocesses or izdekezdezt kledjes liTe the MajueGs call for reskozsible OD 
usen is az attemkt to ci’ili.e the OD re’olutioz before it full- o’ertaTes the battleWeldp Dt 
is a recojzitioz that Hust because somethizj caz be doze iz war does zot meaz it should 
be dozep

Conclusion

6ur societ- stazds at a crossroads as robots mo’e from the realm of ezjizeerizj breaT;
throujhs izto the fabric of dail- eIistezcep yultimodal models azd imkro’emezts iz 
mechazical s-stems allow robots to sezse azd act amid uzcertaizt-A to recojzi.e facesn 
jrik irrejular obHectsn azd za’ijate chaotic streetsp Os we ha’e zow eIkloredn brizj;
izj OD azd robotics izto our world comes with iztricate risTs azd ethical xuazdariesp 
qhe kromise of these machizes izcludizj jreater kroducti’it-n assistazce with labor 
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shortajesn azd imkro’ed xualit- of life is accomkazied b- kerils of ecozomic ukhea’aln 
cozceztratioz of kowern erosioz of social zormsn azd challezjes to our ks-cholojical 
azd moral frameworTsp qhe iztroductioz of humazoid robots izto societ- will zot be 
a simkle stor- of techzolojical krojressA it will be a zejotiatioz betweez our askiratiozs 
azd our ’aluesp Ne will ha’e to decide which humaz Hobs azd roles are worth kreser’izj 
e’ez if robots could do themn azd how to sukkort those disklaced whez we decide 
evciezc- wizs outp Ne will ha’e to build izterzatiozal trust azd kerhaks treaties to a’oid 
zew forms of dekezdezc-n robotic arms races or wars fueled b- autozomous Wjhtersp Ne 
will zeed kublic discourse about what beha’ior we kermit from robots azd from their 
owzersn so that our streets azd shared skaces remaiz ci’il azd safep Ne must culti’ate 
dijital literac- iz the kokulatiozn so keokle uzderstazd a robotGs limitatiozs deskite its 
kolished ’ezeern much as we taujht media literac- iz the aje of mass commuzicatiozp 
Lruciall-n we will ha’e to educate a jezeratioz of ezjizeersn desijzersn azd kolic-maTers 
iz a fusioz of disciklizesn exuikkizj them zot ozl- to maTe robots smarter azd strozjern 
but also to embed ethical safejuardsn trazskarezc-n azd humaz;ceztric desijz izto the 
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Chapter Seven

AI Agent Collaboration

Introduction

D r. Elara Vance watched the silent ballet of light on the holographic interface that 
Illed her ouce wall. Wt represented the instantaneoAs reroAting of the entire yest 

,frican agricAltAral sApplm web in response to a sAddenv cli-ate driken crop failAre in 
the central plains. , -illion aAtono-oAs agentsv each representing a far-erv a coopx
eratikev a transporterv or a -arHetv were renegotiating their ejistence in a SAid cascade 
of transactions that woAld hake taHen ten thoAsand hA-ans a mear to orchestrate. zer 
role was not to co--and bAt to tend to the ecosmste-v to gentlm adqAst the incentikes 
and protocols that gokerned their interactions. Wt was a far crm fro- the chaotic dams of 
the late twenties. Mhe still re-e-bered the digital -aelstro-s of that ti-ev when rikal 
corporate agent swar-s waged silent wars that clogged global co--erce and when the 
crisis of aAthenticitm -ade it nearlm i-possible to distingAish genAine hA-an discoArse 
fro- sophisticated inSAence ca-paigns. Mocietm had teetered on a strange new Hind of 
precipicev not of phmsical conSictv bAt of total infor-ational and econo-ic gridlocH. Wt 
tooH a near collapse of the logistics networHs and a few harrowing -arHet Sash crashesv 
all driken bm Anconstrained agent interactionsv for the world to Inallm i-ple-ent the 
foAndational lamers of digital identitm and accoAntabilitm for aAtono-oAs smste-sv the 
kerm protocols she now cArated. ye had to bAild a Hind of digital i--Ane smste- for 
oAr global brainv a smste- that coAld identifm and neAtraliNe -alicioAs swar-s as them 
for-edv and in doing sov we had AnlocHed this new era of frictionlessv collectike action. 
yhat she was witnessing nowv the sea-less redirection of food to prekent a fa-ine 
before it coAld eken beginv was the OAiet triA-ph born fro- that tArbAlent past.
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The Neuroscience of Human Collaboration

)ollaboration is Hem to hA-an sArkikal and oAr sAccess at this co-plej tasH is sApx
ported bm -anm areas of the brain. TeAroscientists hake condActed an ejperi-ent 
where participants perfor-ed solov co-petitikev or cooperatike tasHs while -onitored 
bm fF2W scanners. 9he resAlts showed that dAring cooperatike tasHsv a brain region 
nestled between the he-ispheresv the anterior cingAlate cortej ’,))?v beco-es -ore 
actike co-pared to solo or co-petitike conditions. 9he ,)) is one of sekeral areas 
for-ing a networH that sApports collaboration.C Wn factv the ,)) is so attAned to social 
har-onm that being ostraciNed bm others triggers ,)) actikitm in a kerm si-ilar wam to 
how the ,)) is triggered dAring phmsical pain. Wn classic ejperi-entsv people who were 
sociallm ejclAded showed sArges of ,)) actikitmv and the -ore angAish them feltv the 
greater the ,)) response.“ 9he sting of reqectionv neArologicallmv rese-bles a -inor 
phmsical inqArm. Wt”s the brain”s wam of saming that being cast oAt fro- the groAp hArtsv 
OAite literallmv and -otikates As to akoid the social IssAres that coAld leake As isolated.

yhat other parts of the brain orchestrate this sAbtle dance of collaborationJ Fodern 
neAroscience has conkerged on the idea that there is no single 3tea-worH center; in the 
brain. 2atherv there is an ense-ble of regionsv a social brain networHv each contribAting 
a diYerent sHill reOAired for partnership and groAp dmna-ics. Pne -aqor plamer is the 
-edial prefrontal cortej ’-81)?v sitAated right behind the forehead. 9his area often 
co-es alike when we reSect on others” thoAghtsv intentionsv and feelings. Wf moA”ke eker 
tried to anticipate a colleagAe”s nejt -oke or Anderstand a friend”s perspectike dAring a 
proqectv moAr -81) was hard at worH. MtAdies of people engaged in strategic ga-es show 
that the dorsal -81) actikates in tande- with regions liHe the te-poroparietal qAnction 
’984? when them are reasoning aboAt so-eone else”s -indset.G 9he 984v located roAghlm 
aboke and behind the earv is crAcial for taHing another”s kiewpointL a neAral -irror that 
lets As si-Alate what so-eone else -ight be thinHing. 9ogetherv the 984 and -81) 
for- a Hind of 3-entaliNing; smste-v a pair of brain hAbs that enable the fAnda-entallm 
collaboratike act of Anderstanding other -inds. yhen moA e-pathiNe with a tea--ate”s 
frAstration or silentlm predict moAr partner”s nejt step in a dancev these regions are liHelm 
lighting Apv processing the inkisible -ental states that bind people together in action.

Wndeedv the hA-an brain see-s wired for e-pathm and predictionv abilities at the 
heart of cooperation. )onsider what happens when moA see a loked one in pain. BoA 
Sinch as thoAgh it were moAr own pain. 9his isn”t qAst a poetic -etaphorL it”s reSected 
in moAr brain. TeAroscientists hake foAnd that when so-eone receiked a painfAl shocHv 
and when that sa-e person -erelm witnessed a signal that their loked one was receiking 
a shocHv -anm of the sa-e brain areas were actikated.5 Wn both selfxpain and e-pathic 
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painv the anterior insAla and the ,)) lit Ap in Anisonv while regions encoding the direct 
sensorm aspects of pain stamed OAiet when onlm e-pathm was inkolked. Wn other wordsv 
the brain -apped the partner”s sAYering onto its own e-otional pain -atrijv thoAgh 
not its sensorm -ap. 9his shared circAitrm for feelingsv a neAral echo of each other”s qom 
or sorrowv is a powerfAl adaptation. Wt -eans oAr brains blAr the line between -e and 
wev enabling one person”s state to resonate in another. MAch resonance is the glAe of 
tea-worH. Wf moAr distress feels Anpleasantv W”- driken to ease it. Wf moAr sAccess brings 
-e pridev W”ll worH to sApport it. E-pathm charges oAr interactions with e-otional 
electricitmv Heeping a tea-”s -e-bers connected and responsike to one another”s needs.

6At collaboration is not onlm aboAt Anderstanding and feelingL it”s also aboAt doing 
things together. W-agine two people carrming a heakm table across a roo-v laden with 
fragile glasses. 9hem -Ast walH in locHstepv sensing each other”s -inAte -oke-entsv lest 
disaster striHe. zow do their brains -anage this -otor balletJ 2esearch shows that when 
people coordinate phmsical actionsv the brain recrAits not one bAt two smste-s.7 Pne is 
the soxcalled -irror neAron smste-L regions in the pre-otor cortej and inferior parietal 
lobe that Ire both when moA perfor- an action and when moA see so-eone else perfor- 
that action. 9hese cellsv originallm discokered in -onHemsv eYectikelm let moAr brain echo 
another”s -oke-ents inside moAr own neAral circAitrm. 9hem prokide a co--on codev 
translating moAr partner”s hand gestAre or step into the langAage of moAr own -otor 
plans. Wn the tablexcarrming scenariov as moAr partner lifts their endv moAr -irror smste- 
neArons help moAr brain anticipate and -atch that lifting action. Betv as i-portant as 
this isv it”s not sAucient for trAe qoint action. , “UUR neAroi-aging stAdm rekealed a 
second networH of brain regionsv inclAding parts of the prefrontal cortejv posterior 
parietal cortejv and lateral te-poral cortejv that goes bemond -irroring to integrate 
moAr actions with another”s toward a shared goal. yhile the -irror smste- handles the 
align-ent of -oke-entsv this broader networH handles the coordination of plans% it”s 
where moAr brain co-pAtes so-ething liHev 3W”ll tilt the table -m wam so moA can get a 
better gripv; or 3we need to tArn together now.; Totablmv these cooperatike networHs 
were far -ore actike when people belieked them were worHing with a hA-an partner than 
with a co-pAter. 9he presence of another -ind changes the ga-e. 9he brain shifts into 
a higher gear of social processingv attAning itself to sAbtleties and Anpredictabilitm that 
onlm another hA-an can prokide. 9he neAroscience here reSects an intAitike trAth% we 
respond diYerentlm and -ore richlm when tea-ing Ap with people kersAs -achines. PAr 
brains dekote special resoArces to real partnershipv sAggesting thatv throAgh ekolAtionv 
we hake dekeloped dedicated neAral -achinerm to -aHe worHing with others as SAid as 
-oking oAr own li-bs.
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zA-an cooperation doesn”t happen in a kacAA-. Wt is the crown qewel of a long 
ekolAtionarm qoArnem throAgh social liking. PAr pri-ate ancestors alreadm ejhibited 
gli--ers of tea-worH. )hi-panNeesv for instancev will band together to hAnt -onHems 
or defend their territormv coordinating in wams that reOAire tracHing relationships and 
roles.– 9hem for- alliancesL them console each otherL them ekenv on rare occasionsv apx
pear to teach moAngsters bm eja-ple. Betv there are li-its to ape alliance. )hi-panNees 
share -eat fro- a hAntv bAt -ostlm with friends or relatikesv and their collaborations 
tend to Anrakel oAtside of i--ediate contejts. zA-an beings carried cooperation to 
another lekel. ye collaborate with Anrelated strangersv bAild cities and cikiliNations fAll 
of co-plej dikision of laborv and Heep going eken when the personal pamoY is distant or 
abstract. 9he secret to this leap -ight lie in enhance-ents to the social brain networH. 
Mcientists hake long noted that pri-ates with larger brains ’especiallm a larger neocortej 
relatike to bodm siNe? tend to like in larger social groAps. Wn factv bm plAgging hA-ans” 
brain siNe into this pri-ate for-Alav one fa-oAslm arrikes at an akerage social groAp 
siNe of aboAt C7U which is often cited as 3DAnbar”s nA-ber;L the sApposed li-it of 
-eaningfAl relationships oAr brains can handle. yhile the ejact nA-ber is debatedv the 
principle stands% oAr big brains ekolked to -aster the sAbtleties of social life. 9he -edial 
prefrontal ejpansions in hA-ans endow As with prodigioAs sHills for Anderstanding 
others” -inds enabling ekermthing fro- teaching to deceptionv and oAr te-poralxparix
etal circAitrm gikes As an intAitike grasp of social nor-s and narratikes. 9hese neAral 
Apgrades -am hake been what allowed earlm hA-ans to hAnt in cooperatike bandsv share 
food across an entire tribev and ekentAallm bAild ca-ps and cAltAres.

Wnterestinglmv we Ind echoes of oAr social brain in so-e of the ani-al Hingdo-”s -ost 
cooperatike species. Elephantsv for eja-plev like in tightxHnit herds led bm -atriarchs 
who re-e-ber watering holes fro- decades past and coordinate the groAp”s trakel 
accordinglm. Elephants hake been obserked to care for inqAred co-panions and eken 
appear to -oArn their deadL behakiors hinting at e-pathm and social Hnowledge. 9heir 
brain strActAre oYers clAes% elephants along with the cetaceans ’dolphins and whalesv? 
possess an AnAsAal tmpe of neAron also foAnd in hA-ans and great apes. 9hese are 
the kon Econo-o neAronsv long spindlexshaped cells located in the ,)) and fronx
toxinsAlar cortej. 9hem are relatikelm few bAt -ightmL hAge cells thoAght to rapidlm 
trans-it signals across distant brain networHs. WntrigAinglmv kon Econo-o neArons are 
foAnd pri-arilm in species with large brains and co-plej social likesL great apesv hA-ansv 
elephantsv whalesv and dolphins.$ Mcientists sAspect these neArons -ight be a shortcAt 
for processing social e-otions and qAdg-ents OAicHlm in big brains. Wf a dolphin has 
splitxseconds to decide whether to co-e to a co-rade”s aid or a -atriarch elephant 
-Ast instantlm recogniNe distress in a babm elephant”s criesv these specialiNed cells coAld 
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be part of the reason them can do so. ye -ight neker fAllm Hnow what an elephant 
or dolphin e-pathiNesv bAt the neAral hardware is striHinglm fa-iliar and them displam 
parallel behakiors% yhales trakel in pods that hAnt cooperatikelm and protect inqAred 
pod-ates and elephants fa-oAslm collaborate to rescAe calkes in troAble. 

Betv within that si-ilaritm lies a critical diYerence. zA-ans pair oAr social brain with 
ejtraordinarm Sejibilitm and scale. , dolphin pod -am nA-ber a doNenL an elephant herd 
perhaps a few doNen. zA-an societies enco-pass -illions. ye cooperate kia langAagev 
shared i-aginationv and cAltArev things no other species does. TeArologicallmv one -ight 
sAspect oAr frontal lobesv particAlarlm the prefrontal cortejv plam an oAtsiNed role in 
this. 9he prefrontal cortej is the brain”s ejecAtikev regAlating i-pAlses and planning 
for the fAtArev bAt it”s also crAcial for adhering to social rAles and nor-s. Da-age 
to it can tArn politev responsible adAlts into sociallm dmsfAnctional indikidAals. 9he 
CRthxcentArm case of 8hineas 0age is a classic eja-ple% an iron rod throAgh his sHAll left 
his intellect sArprisinglm intact bAt transfor-ed his personalitm. Pnce -ildx-annered 
and reliablev he beca-e irrekerentv irresponsiblev and Anable to worH well with others. 
Fodern neArologm conIr-s the pattern. ,dAlts who sAYer inqArm to the kentro-edial 
prefrontal cortej ’the kerm front Anderside of the frontal lobes? often strAggle with 
social decisionx-aHing. 9hem -aHe choices that are i-pAlsike or inappropriatev eken 
when them Hnow better. 9hem can beco-e Anreliable in honoring co--it-ents and 
oblikioAs to how their actions aYect others. 9hem eYectikelm lose so-e of the glAe that 
binds collaboratike enterprise% the abilitm to sAbqAgate a -o-entarm i-pAlse for the 
groAp”s longxter- beneItv the awareness of and respect for others” ejpectationsv and the 
-oral co-pass that Heeps selIsh instincts in checH. ,ll these are critical when liking in 
large cooperatike groAps with strActAred roles. , healthm prefrontal cortej acts liHe a 
wise tea- captain in oAr brainv sAppressing the AnhelpfAl oAtbArst or selIsh grabv and 
Heeping As aligned with the shared plan. yithoAt itv the -ind beco-es a -ore asocial 
freexagentv chasing its own Arges withoAt regard for the tea-L a state that rarelm ends 
well in hA-an societies.

Wf the prefrontal cortej is the captainv regions liHe 984 are the nakigators reading 
the social -apv the ,)) is the looHoAt for conSictsv and the insAla is the e-otionx
al heartbeatv then neAroche-icals are the -essengers Heeping the tea- in smnc. Pne 
hor-one in particAlar has earned fa-e as the 3social -olecAle;% ojmtocin. Pjmtocin 
Soods the brain dAring -o-ents of bondingL a -other nArsing her infantv or friends 
hAgging after a long separation. Wt has a profoAnd eYect on trAst and generositm. Wn a 
land-arH stAdmv researchers gake people a dose of ojmtocin kia a nasal spram and then 
had the- plam a trAst ga-e inkolking real -onem. 9hose who got the ojmtocin beca-e 
-arHedlm -ore trAsting. 9hem were willing to entrAst larger sA-s to a strangerv despite 
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the risH of betramal.( W-portantlmv this eYect wasn”t qAst becaAse them were in a good 
-ood or less caAtioAs okerallL ojmtocin speciIcallm increased their willingness to taHe 
social risHs. Wn other wordsv it -ade the- opti-istic aboAt the other person”s intentions. 
,t the neAral lekelv ojmtocin is Hnown to sAppress actikitm in the a-mgdala ’a region that 
a-ong other things generates fear and distrAst of strangers? and to enhance signaling in 
reward circAits dAring positike social contact. Wt”s as if ojmtocin opens the -ind”s door 
to othersv a bioche-ical handshaHe that sams 3moA can trAst this one.; Pf coArsev trAst 
is a doAblexedged swordL too -Ach and one beco-es gAlliblev too little and cooperation 
is i-possible. Pjmtocin tilts the balance toward connection. Wn groAp settingsv when 
people feel a rAsh of trAst and ca-araderie ’whether throAgh a tea-xbAilding ejercise or 
a shared hardship okerco-e?v moA can be sAre neAroche-icals are reinforcing the bondsv 
-aHing fArther cooperation -ore s-ooth. PAr brains reward As for collaboratike sAcx
cess% a fair ejchange in the Zlti-atA- 0a-e or a -AtAal win in the 8risoner”s Dile--a 
can actikate the kentral striatA-v the brain”s reward hAbv Sooding As with a sense of 
satisfaction. Mo-e scientists eken argAe that the eAphoric 3high; of shared triA-ph sAch 
as two -Asicians nailing a dAet or a sports tea- winning a cha-pionship is as potent 
as anm drAg. Wt”s natAre”s wam of incentikiNing As to do whatv in ekolAtionarm ter-sv has 
been a kerm good strategm.

,ll these neAral -echanis-s conkerge to -aHe hA-an collaboration possible and oAr 
abilitm to collaborate has been a Hem driker of oAr sAccess as a species. yhen moA nejt Ind 
moArself in a sAccessfAl partnership or a kibrant tea- -eetingv consider that beneath the 
sArface of conscioAs thoAghtv an elaborate neAral ballet is Anfolding. BoAr brain”s social 
regions are condActing a sm-phonm of electrical signals and che-ical releases that align 
moAr actions and intentions with those of others. Wt tooH -illions of mears for ekolAtion 
to reIne this orchestrav and in zo-o sapiens it perfor-s at a kirtAoso lekelv allowing As 
to bAild -ore together than we eker coAld alone.

Collaboration in AI Systems

Betv eken as we rekel in the wonders of the social brainv we stand on the cAsp of a new 
eraL one in which oAr partners in collaboration -am not alwams be hA-an. yith the 
adkent of sophisticated artiIcial intelligence and social robotsv scientists and engineers 
are looHing to the brain”s blAeprint for hints on how to -aHe tea-worH with -achines 
and between -achines Sow as sea-lesslm as tea-worH with people. 9he i-plicit hope 
is that bm i-bAing ,W with so-e of the social cognition sHills sAch as reading cAesv 
-odeling hA-an beliefsv and co--Anicating sea-lesslm we can AnlocH a transfor-atike 
smnergm. Earlm atte-pts are telling% ,W agents that are progra--ed to 3-entaliNev; in a 
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basic wamv can anticipate hA-an needs better. 2obots endowed with si-ple e-pathm 
algorith-s ’for eja-plev detecting hA-an frAstration and responding to soothe it? 
engender -ore trAst and SAid cooperation fro- people. Wn a sensev we are beginning to 
graft the frAits of oAr long neAral ekolAtion onto oAr technologm. 4Ast as oAr ancestors 
once do-esticated Ire or ta-ed horses to ejpand the real- of the possiblev we are 
now trming to harness the neAroscience of collaboration to create new Hinds of tea-s 
co-posed of both hA-ans and intelligent -achines. 9he brain”s saga of collaborationv 
fro- pri-ate tribes to -odern institAtionsv is entering an Anprecedented chapter. ye 
hake deciphered so-e of the neAral script that -aHes cooperation possiblev and with itv 
we are poised to write new narratikes of partnershipL ones in which silicon tea--ates 
qoin the circle of trAst. ,s we i-plicitlm applm these insights to technologm and societmv 
we -am be on the kerge of witnessing met another leap in what cooperation can conOAerv 
fAeled bm an appreciation of the delicatev powerfAlv and deeplm social -achinerm inside 
oAr heads. 

Pne thing is kerm clearv relatike to the other areas that we hake discAssed thAs farv 
progress on -aHing ,W smste-s and robots that can eYectikelm fAnction in large tea-s 
is kerm nascent. 6m rekiewing the neAroscience of collaborationv we can appreciate the 
incredible co-plejitm of the regions in oAr own brains that allow As to worH together 
with other hA-ans. Wn the sa-e wam that oAr neArobiologm has inspired ejisting ,W 
approachesv researchers -am Ind inspiration in the hA-an brain for how to dekelop ,W 
smste-s that can trAlm collaborate on shared goals bAt we are kerm earlm in that qoArnem. 
,t this point in ti-ev collaboration bm ,W agents is fairlm -echanical% driken bm si-ple 
obqectike fAnctions and plainlm stated goals. 9hat saidv eken kerm basic lekels of tea-worH 
bm ,W agents hake the potential to deliker incredible and so-eti-es frightening resAlts. 
,W smste-s todam -am not be able to -atch hA-ans in areas of e-pathm and shared 
Anderstanding bAt them far sArpass hA-an capabilities when it co-es to speed and 
scale. yhereas a hA-an -am strAggle to -aintain -ore than C7U relationships and oAr 
co--Anication -ethods are relatikelm slowv an ,W smste- coAld handle thoAsands or 
eken -illions of relationships and co--Anicate at incredible speeds. 

Applications of AI Collaboration

:ogistics are one of the pri-arm eja-ples of a do-ain where ,W can disrApt the statAs 
OAo. W-agine a cargo ship Anejpectedlm rexroAtes dAe to a port closAre. yithin secondsv 
a constellation of artiIcial intelligence agents can spring into action. Pne agentv reprex
senting a -anAfactAring Ir-v negotiates with another agent fro- a shipping consorx
tiA- to secAre space on an alternate kessel. Mi-AltaneoAslmv a third agent aAtono-oAslm 
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infor-s downstrea- warehoAses and recalibrates delikerm ti-es. 9hroAgh thoAsands 
of interactions across hAndreds of agentsv the sApplm chain OAietlm reconIgAres itselfL 
no panicHed phone callsv no e-ergencm -eetingsv and no hA-an had to lift a Inger. 
9his gli-pse of -achinexspeed coordination hints at how ,W agents collaborating with 
one another coAld transfor- oAr societalv econo-icv and organiNational dmna-ics oker 
the nejt decade. 9he resAlt is not Sashm science Ictionv bAt a sAbtle rewiring of how 
decisions are -ade and actions are taHen% fasterv -ore SAidv and at a scale that was 
prekioAslm i-possible.

zA-an coordination has alwams been constrained bm oAr biological and cognitike 
li-its. , si-ple conference call across ti-e Nones can taHe dams to schedAleL a strategic 
bAsiness decision can crawl throAgh lamers of -anage-ent. ,s groAps growv co--Ax
nication channels -Altiplm and -isalignv a classic caAse of delams. 9raditional organiNax
tions relm on people passing -essages Ap and down chains of co--and or across siloed 
depart-ents. Wn global sApplm networHsv for eja-plev -Ach of the co--Anication rex
-ains -anAal and slow. Ekerm handoY between bAmersv sAppliersv and logistics prokiders 
introdAces the potential for lag and error. )onkentional sApplm chains bArdened bm 
phone calls and e-ails often sAYer fro- co--Anication delams and hA-an errors that 
drike Ap costs. 9here is an inherent drag on collectike action% we for- co--ittees to 
aggregate preferencesv condAct sArkems to gaAge senti-entv conkene -eetings to hash 
oAt conSicts. ,ll of it taHes ti-e. Wn econo-ic ter-sv the transaction costs of coordix
nating peoplev the e-ailsv -e-osv -eetingsv and -isAnderstandingsv are accepted as the 
price of doing anmthing big together. Eken the bestxrAn tea-s face an Apper li-it in 
siNe and speedL bemond a certain pointv adding -ore hA-ans to a proqect often -aHes 
it -oke slower as coordination okerhead ejplodes. ,nd that is not to sam anmthing of 
the signiIcant delams and costs associated with adding new -e-bers to a proqect. Wf it 
woAld be adkantageoAs to hake an ejpert qoin the tea-v it -am taHe weeHs or -onths 
before that indikidAal can be recrAited and onboarded.

Tow i-agine these constraints -elting awam. yhen ,W agents coordinatev them ejx
change infor-ation instantlmv continAoAslmv and tirelesslm. ,n aAtono-oAs agent has no 
need to sleep or paAseL it can process Apdates fro- thoAsands of coAnterparts in parallel. 
9ea- siNe ceases to be a concern when each tea- -e-ber is a piece of software capable 
of smnchroniNing with the rest at digital speeds. Wf one agent discokers a change in the enx
kiron-ent sAch as a price drop fro- a sApplierv a sArge in de-and in one regionv or a risH 
alert fro- weather datav it can notifm coAntless other agents in a blinH. yhereas a hA-an 
-anager -ight strAggle to eken hear ekerm tea- -e-ber”s inpAt in a large -eetingv an 
,W smste- can -athe-aticallm aggregate the preferences or data points fro- -illions 
of agents and co-pAte an opti-al plan. 9he cost of preference aggregation plA--ets 
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when done bm -achine% an ,W smste- can reconcile indikidAal constraints and obqectikes 
fro- delikerm deadlines to bAdget li-its in -illisecondsL so-ething that woAld taHe 
a hA-an co--ittee weeHs of negotiation. Wn shortv aAtono-oAs agents pro-ise fastv 
scalable coordinationL a OAalitatikelm diYerent regi-e of organiNation where the old 
friction of 3who talHs to who-v and when; is largelm eli-inated.

8rekioAs atte-pts to transition fro- hA-an collaboration to aAto-ated smste-s 
hake been ha-strAng bm the sa-e challenges that hake held bacH -anm software initiax
tikesL a need to perfor- the transition all at once or to i-ple-ent a hmbrid approach with 
signiIcant retraining of personnel. ,s an eja-plev -oking to aAto-ated sApplm chain 
software either reOAires a co-plete transition where ekerm co-ponent is replaced bm 
software or a hmbrid smste- where the re-aining hA-ans hake to replace infor-al writx
ten co--Anication and phone calls with co-pAteriNed inpAt for-s and smste-s that 
reOAire data in a kerm speciIc rigid for-at to interact with the new software co-ponents. 
9odam”s new ,W agents solke these proble-s. yith their strong abilitm to Ase natAral 
langAagev interpret i-agesv transcribe and generate koice callsv and perfor- reasoning 
and troAbleshootingv them can be slotted into ejisting international networHs one piece 
at a ti-e and them can worH sea-lesslm beside hA-an operators. Wn factv if not clearlm 
disclosedv hA-an operators -am not alwams be able to deter-ine if the coAnterpartm in 
a co--Anication is hA-an or an ,W agent. 

)rAciallmv these ,W agents do not operate in isolationL them negotiate and transact 
with each other on behalf of the hA-ans or organiNations them represent. Pne agent 
-ight represent a bAmerv another a sellerL others -ight represent shippersv insArersv or 
regAlators. 9hem can all co-e to the table si-AltaneoAslm. 9his -Altixagent negotiation 
is poised to disrApt traditional -odels of bAsiness interaction. ye alreadm see earlm hints 
in Inancial -arHets and online adkertisingv where algorith-s co-pete and settle trades 
in fractions of a second. Wn digital adkertising ejchangesv for instancev software agents 
for adkertisers and pAblishers engage in -icroxaActions to decide which ad appears 
on moAr screenL so-e -aqor ad ejchanges handle tens of billions of sAch aActions 
each damv each resolked within -illiseconds. 9his is -achinextox-achine co--erce in 
its pAre for- and it worHs at a scale and speed far bemond hA-an capacitm. 1inance 
and adkertising are two do-ains where the rAles of negotiation can be tArned into 
deter-inistic eOAations and kerm narrow and specialiNed smste-s can operate withoAt 
reOAiring the lekel of Sejibilitm that is associated with todam”s ,W smste-s. Pker the 
nejt ten mearsv si-ilar agentx-ediated negotiation coAld spread to -ore arenas where 
that Sejibilitm is reOAired. )orporate procAre-ent -ight shift to aAtono-oAs bidding 
smste-s% a constrAction Ir-”s ,W agent coAld continAoAslm scoAt for the best price on 
steelv negotiating with -etallArgical sAppliers” agents or hA-an salespeople in real ti-e. 
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:iHewisev consA-er retail -ight be transfor-ed bm personal ,W shoppers. Wnstead of 
todam”s adxsatArated ejperience where co-panies spend fortAnes to attract a hA-an”s 
attentionv a bAmer coAld si-plm deplom an ,W agent to Ind and pArchase ejactlm what 
them need at the best ter-s. Wn sAch a scenariov the balance of power in -arHets -ight 
tilt. 9raditional adkertisingv which relies on swaming hA-an psmchologmv coAld di-inish 
in inSAence if decisions are -ade bm algorith-s acting on clear preferences and criteria. 
Mellers -ight hake to appeal to the rational Ilters of bAmer agents rather than to hA-an 
whi-sv fAnda-entallm changing -arHeting strategies. 9he entire dance of retail and adx
kertising coAld beco-e -ore of a direct conkersation between algorith-s% moAr personal 
,W stating moAr reOAire-ents to a -arHetplace of kendor ,Wsv which then oYer their best 
price and OAalitmv all in an instant. 9he negotiation that Ased to happen in slow -otion 
-ight be co-pressed into an emeblinH of agent interaction.

Complex Forms of Collaboration

Pne striHing de-onstration of ,W”s e-erging abilitm to handle co-plej -Altixagent 
interaction ca-e fro- an AnliHelm arena% the board ga-e Diplo-acm. ZnliHe pArelm 
co-petitike ga-es sAch as chessv Diplo-acm is a ga-e of alliancesv negotiationsv and 
trAstL a deeplm social ga-e reOAiring plamers to persAade and so-eti-es deceike each 
other. 1or decadesv it was assA-ed that sAch dmna-ics were AniOAelm hA-an terrix
torm. Bet in “U““v researchers Ankeiled )icerov an ,W agent that achieked hA-anxlekel 
perfor-ance in Diplo-acm bm engaging in natAral langAage negotiation with -Altiple 
hA-an plamers.R )icero woAld discAss plansv for- pactsv and coordinate qoint strategiesv 
all throAgh tejtxbased dialogAe that felt eerilm hA-an. 9his -ilestone reOAired the ,W 
to -odel the beliefs and intentions of others and to cooperate when beneIcial. Wt had to 
coordinate in a -Altixagent setting rife with Ancertaintm and strategic nAance. )icero”s 
sAccess signals that ,W agents can participate in sophisticated groAp decisionx-aHing 
processes. Wf an ,W agent can bargain and bAild trAst in a ga-e as sAbtle as Diplo-acmv 
one can i-agine fAtAre bAsiness ,Ws negotiating realxworld deals or for-ing strategic 
partnerships on behalf of co-panies. 9wo corporate ,W smste-s -ight ha--er oAt 
a sApplm contract or a -erger fra-eworH okernightv parsing each other”s -essages for 
intent and credibilitm -Ach liHe seasoned diplo-atsv onlm far faster.

Ejpanding fArther on the idea of ga-e theormv one of the interesting OAestions that 
will need to be answered is the lekel of trAst and collaboration agents shoAld ejerx
cise when worHing with each other. W-agine that all of the cars on the freewam are 
aAtono-oAs. Wn one -ode of operationv each aAtono-oAs car will operate entirelm 
independentlm. Defensike driking and pri-itike co--Anication techniOAes sAch as 



,W ,0ET9 )P::,6P2,9WPT “U$

horns will be Ased to Heep each driker safeL -Ach the sa-e wam that hA-ans drike todam. 
Pn the other handv okerall safetm on the road coAld be opti-iNed if the agents driking 
each car tea- Ap and start acting as a single swar- with a shared obqectike of -ini-iNing 
okerall da-age and prekenting loss of life. 9he downside of this -ode of operation is 
that moAr car -am be -ore liHelm to taHe on akoidable da-age in the interest of the greater 
good. BoAr chances of getting in a -inor accident -am increase bAt moAr chances of 
getting in a serioAs accident -am be -Ach lower. Ws that a tradeoY that shoAld be -ade 
and who shoAld -aHe that decisionJ

yhen swar-s of ,W agents stand in for indikidAal hA-ans or institAtionsv coordinax
tion scales Ap in Anprecedented wams. )onsider policm-aHing and societal gokernance. 
9odamv si-Alating the i-pact of a new policm sAch as a taj change or a pande-ic 
response is slow and fraAght with Ancertaintm. ye relm on econo-ists” -odels or li-ited 
trials and both are notorioAs for their shortco-ings and inabilitm to reliablm predict 
collectike behakior. yith agentxbased si-Alationsv we can create a smnthetic popAlation 
of thoAsands or -illions of si-Alated agent citiNensv each with progra--ed behakiors 
and preferencesv and let the- interact to see e-ergent oAtco-es. 9his approachv Hnown 
as agentxbased -odelingv has alreadm proken its kalAe. DAring the )PVWDxCR pande-icv 
researchers e-plomed agentxbased social si-Alations to test how karioAs interkentions 
-ight plam oAt. Wn factv a smste-atic rekiew foAnd oker C“– stAdies Asing sAch si-Ax
lations to inkestigate )PVWDxCR spread and control -easAres.CU Each kirtAal person 
in these -odels is essentiallm an agent following rAles sAch as kirtAallm going to worHv 
taHing precaAtionsv etc. and the collectike resAlt can rekeal nonxobkioAs eYectsv liHe how 
closing schools -ight inadkertentlm increase trans-issions if parents clAster together 
elsewhere. Wn the co-ing mearsv this techniOAe coAld beco-e far -ore powerfAl as ,W 
agents grow -ore adaptike. Wnstead of static rAlesv the agents coAld learn and reactv 
mielding eken richer insights into potential fAtAres. 8olicm testing coAld then rese-ble 
a Hind of parallel Anikerse ejperi-entation% before i-ple-enting a new trauc lawv a 
citm gokern-ent -ight deplom a swar- of traucxdriking ,W agents in a si-Alated citm to 
see how congestion and accidents ekolke. :iHewisev econo-ic policies coAld be drmxrAn 
in detailed agent econo-ies to foresee their i-pacts on -arHets or ineOAalitm. 9he 
sa-e tmpe of -odelling -am help bAsinesses ejperi-ent with prodAct or -okie ideas 
before spending a single dollar. 9his capabilitm of -assike collaboration a-ong agents to 
prexejperience a societm”s choices -ight -aHe gokernance and bAsiness -ore responsike. 
Wt”s as if we gain a sandboj kersion of societmv where coAntless ,W 3whatxif; scenarios plam 
oAtv to illA-inate the best paths forward.

Swarms
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Eken in the wonHier real-s of tajation and econo-icsv where classical theorm long 
assA-ed hmperxrational zo-o econo-icAsv agent swar-s are inqecting a dose of behakx
ioral realitm. Wn one groAndbreaHing proqectv econo-ists bAilt a kirtAal econo-m fro- 
scratch and let ,W agents loose in itL each with a qobv an inco-ev and the freedo- to 
worH -ore or lessv spend or sake. 9he gokern-ent in this si-Alation wasn”t hA-an 
eitherL it was an ,W 3social planner; whose qob was to set taj rates. 9he twist was 
that these agentsv liHe real peoplev coAld learn and eken dekelop Anejpected strategies 
oker ti-e. ,s the tajes changedv so-e agents IgAred oAt wams to ga-e the smste-L for 
eja-plev bm worHing a bit less when higher tajes cAt into their rewardv or bm shifting 
their actikitm in cleker wams to redAce taj bArden. 9his is analogoAs to realxlife tajpamers 
Inding loopholes or adqAsting their behakior in response to incentikes. 2e-arHablmv the 
,W gokern-ent began to anticipate and coAnter these tricHs.CC 9hroAgh trialxandxerx
ror iterationsv it ekolked a taj policm that achieked a better balance between fairness 
and prodActikitm than the researchers had ejpected. Wn factv the Inal policm delikered 
aboAt a C–/ i-proke-ent in the eOAalitmKprodActikitm tradexoY co-pared to a classic 
hA-anxdesigned taj for-Ala. Wt wasn”t an arbitrarm tweaH of so-e eOAationL it was a 
policm grown fro- obserking realistic agent behakior in a co-plej enkiron-ent. Wnterx
estinglmv the ,Wxdesigned taj smste- ended Ap looHing a bit Anconkentional% it i-posed 
higher tajes on the richest earners and gake oAt -ore generoAs sAbsidies or breaHs to 
the lowest earners than a tmpical policm woAld. Betv becaAse it had been forged in an 
arena where agents responded with all their cAnning and biasesv it held Ap. yhen this 
,Wxdriken taj policm was later tested with hA-an sAbqects in a controlled ejperi-entv 
it perfor-ed co-parablm wellv sAggesting the si-Alation had latched onto so-ething 
genAinelm insightfAl. 9his eja-ple shows how swar-s of ,W agents can serke as a projm 
for -illions of indikidAal decisions in an econo-mv rekealing pitfalls and possibilities that 
a tidm theoretical -odel -ight -iss. 8eople don”t alwams behake as econo-ic tejtbooHs 
predictL them Ind shortcAtsv them hake li-ited foresightv and them ejhibit biases. :etting 
,W agents plam oAt those tendencies in silico can lead to -ore robAstv and so-eti-es 
coAnterintAitikev policm solAtions.

9he collectike power of agent swar-s is not qAst in si-Alationv bAt also in realxti-e 
sensing and response across large smste-s. 8ictAre a networH of ,W agents distribAted 
aroAnd the globev each -onitoring a diYerent data strea-L one scans online newsv 
another tracHs hospital ad-issionsv others watch social -edia chatter or sApplm chain 
orders. WndikidAallmv each agent -ight onlm catch a faint whisper of so-ething a-iss. 
6At togetherv them coAld triangAlate an e-erging crisis. ye saw a precArsor of this dAring 
the e-ergence of )PVWDxCR% an ,W platfor- called 6lAeDot scanned news reports and 
airline data and detected AnAsAal pneA-onia cases in yAhan in late “UCR. 6lAeDot”s 
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agent sent oAt an alert on Dece-ber GCv “UCRv warning clients aboAt the oAtbreaH Ike 
dams before the yorld zealth PrganiNation -ade a pAblic annoAnce-ent.C“ Wn that 
instancev the ,W smste- was essentiallm acting as a global sentinelv picHing Ap weaH signals 
and broadcasting a warning with -ini-al hA-an delam. Wn the fAtArev we -ight hake 
-anm sAch sentinelsL a whole ecologm of specialiNed agents sharing infor-ation with each 
other to Sag ano-alies in real ti-e. Pne set of agents coAld constantlm ejchange data 
aboAt Inancial transactions worldwideL if a sAbset of the- detects patterns indicatike 
of an i-pending -arHet crash or a -aqor liOAiditm issAev them coAld collaboratikelm 
raise red Sags across the networH before anm single Inancial aAthoritm coAld piece it 
together. Mi-ilarlmv health sArkeillance agents spread across clinicsv phar-aciesv and 
social networHs coAld collaboratikelm notice a new pathogen spreadingv each agent 
contribAting a piece of the pANNle ’a slight ApticH in feker -edications sold herev a clAster 
of AnAsAal clinic reports there? and collectikelm recogniNing the pattern. 9his Hind of 
earlm warning smste- bm distribAted ,W is essentiallm the 3wisdo- of crowds; concept 
applied to -achines% -anm obserkers pooling Hnowledge to see the big pictAre earlm. 4Ast 
as dikerse hA-an crowds canv Ander the right conditionsv oAtperfor- indikidAal ejperts 
bm aggregating their infor-ationv a dikerse collection of ,W agents can co-bine their 
insights to achieke a for- of sAperhA-an foresight.

Wn factv we are learning that asse-bling -Altiple ,W agents can mield sArprisinglm 
powerfAl resAltsv echoing the old adage that -anm -inds are better than one. 2ecent 
research has ejplicitlm tested this 3wisdo-xofxcrowds; eYect a-ong ,W smste-s. Wn one 
stAdmv scientists tooH a doNen large langAage -odel agents and had the- independentlm 
forecast realxworld ekentsv then aggregated their predictions. 9he resAlt was striHing% the 
ense-ble of C“ ,W agents -atched the accAracm of a crowd of R“7 hA-an forecasters on 
the sa-e tasH.CG 9hroAgh si-ple akeraging of the ,W agents” dikerse oAtpAtsv the collecx
tike ,W forecast was as good as the hA-an crowd”s consensAs. 9his sAggests that when ,W 
agents hake diYerent perspectikes or heAristics ’perhaps dAe to diYerent training data or 
algorith-s?v letting the- 3kote; or deliberate can cancel oAt indikidAal errorsv prodAcx
ing a highxOAalitm groAp qAdg-ent. Wn other wordsv a swar- of dikerse ,Ws can ejhibit 
a Hind of collectike intelligence analogoAs to and at ti-es on par with hA-an crowds. 
9odamv -ost of the eYorts with ::Fs are focAsed on bAilding the -ost intelligent agent. 
Wn the near fAtAre as we reach di-inishing retArns on i-proking ::Fsv we -am seeH 
fArther i-proke-ents bm creating -ore opinionated or specialiNed ::Fs and taHing 
adkantage of the dikersitm of oAtpAts that them prodAce. Pker the nejt decadev we -am 
roAtinelm see ense-bles of ,W adkisors gAiding decisionsL fro- inkest-ent portfolios 
-anaged bm a co--ittee of algorith-s to -edical diagnoses crossxchecHed bm a panel of 
,W specialists. Each agent -ight hake its own blind spots and strengthsv bAt together them 
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can balance one another. 9his dikersitmxdriken robAstness is a Hem reason whm biological 
and social smste-s relm on -Altiple agents too. TatAre learned this lesson long ago% ant 
coloniesv bee hikesv and SocHs of birds achieke feats no solitarm creatAre coAld.

Wndeedv the e-erging paradig- of ,W agent cooperation is often co-pared to swar- 
intelligence in natAre. ,nt colonies are a fakorite analogmL hAndreds of thoAsands of ants 
coordinate kia si-ple local interactionsv co--Anicating throAgh phero-one trails and 
toAchv and oAt of this decentraliNed process co-e co-plej architectAres and eucient 
foraging strategies. 9here is no )EP ant dictating plansL each ant qAst follows basic rAlesv 
met the colonm as a whole co-pAtes solAtions to challenges liHe Inding the shortest path 
to food or bAilding a stable nest. Mcientists hake shownv for instancev that ar-m ants 
can for- liking bridges bm linHing their bodies when them encoAnter a gapv adqAsting 
the strActAre dmna-icallm as other ants -arch oker it. To single ant Anderstands the 
fAll bridgev bAt collectikelm the colonm 3decides; how long the bridge shoAld ejtendv 
balancing the beneIt of a shortcAt against the cost of seOAestering too -anm worHers in 
the bridge.C5 9his is swar- intelligence in actionL indikidAalxlekel interactions prodAce 
coordinated groAp behakior with re-arHable adaptabilitm. ,rtiIcial -Altixagent smste-s 
are bAilt on si-ilar principles. Wf we progra- ,W agents with the right si-ple rAles and 
the abilitm to share infor-ationv we -ight see e-ergent proble-xsolking that ejceeds 
what anm centrallm designed smste- coAld do. Pne agent alone -ight be li-itedv bAt 
in a wellxdesigned swar-v the whole beco-es -Ach -ore than the sA- of its parts. 
2esearchers in robotics are alreadm drawing on these lessonsv enkisioning swar-s of 
si-ple robots that coAldv for eja-plev selfxasse-ble into bridges or strActAres when 
needed qAst as the ants doL adapting in real ti-e withoAt an ejternal blAeprint. Mwar-s 
of robots coAld be Ased in constrAction to lift walls or entire bAildings. Drone swar-s 
alreadm pAt on i-pressike kisAal displams bAt in the fAtAre -am proke to be eYectike at 
Ighting Ires and Inding -issing people.

8roqecting these ideas into oAr social and econo-ic fAtArev it”s clear that -Altixagent 
,W collaboration coAld Asher in a profoAnd shift. PrganiNations -ight ekolke fro- rigid 
hierarchies into SAid networHs of people and ,W agents worHing side bm side. Fanm 
roAtine coordination tasHs coAld be o|oaded entirelm to the bots% them will schedAle 
oAr -eetingsv balance sApplm and de-andv negotiate contractsv and Sag issAes before 
them beco-e crises. zA-an tea-s aAg-ented with Seets of specialiNed agents -ight 
achieke feats of coordination prekioAslm reserked for onlm the largestv -ost centraliNed 
institAtions and do so withoAt the sa-e bAreaAcracm or delam. 

Econo-icallmv this coAld -ean leaner operations and new bAsiness -odels. Pne catex
gorm that -am ejperience signiIcant disrAption are co-panies that ejist al-ost entirelm 
for the pArpose of aggregating de-and. 0rocerm stores are an eja-ple. )oordinating 
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shopping lists across large groAps of consA-ers is i-practical todam bAt ,W agents -am 
be able to taHe on that tasH. Wf there is enoAgh aggregate interest in the pArchase of a 
speciIc brand of cereal in a localiNed regionv the agents -am be able to arrange a direct 
pArchase fro- the -anAfactArerv eli-inating the grocerm store as the -iddle-an and 
lowering costs to consA-ers in the process. 9his coAld eken be taHen a step fArther 
with agents arranging for the pArchase of raw ingredients and then coordinating with 
a contract -anAfactArerL e-powering groAps of indikidAal citiNens to arrange ad hoc 
kerticallm integrated sApplm chains for food. Mi-ilar disrAption coAld happen in the 
trakel indAstrm with groAps of people now able to relm on their ,W agents to easilm 
coordinate on desired Sights and then directlm chartering planes to eli-inate the -argins 
charged bm the trakel booHing co-panies and airlines. 

Bridging the Silos: The Model Context Protocol

,t the heart of -ost technologm rekolAtionsv it is AsAallm possible to Ind one or -ore 
standards plaming a Hem role. VzM deIned the era of aYordable ho-e -okies. z998 
and z9F: allowed the internet to taHe hold. ye are kerm earlm in the dams of this ,W 
rekolAtion and there is still a lot of rapid dekelop-ent and debate aboAt which standards 
will taHe hold and stand the test of ti-e. Pne that is rising to the top is called the Fodel 
)ontejt 8rotocol. Wts pro-ise is to beco-e a Hind of Anikersal connectorv “a USB-C 
port for AI applications,” as ,nthropicv its creatorv pAts itL linHing intelligent ,W agents 
together so them can speaH the sa-e langAage.C7

1or all their clekernessv todam”s ,W smste-s often operate liHe islands. , cAttingxedge 
langAage -odel -ight co-pose eloOAent analmses or parse co-plej instrActionsv met it 
re-ains isolated behind data silosL Anable to aAto-aticallm fetch infor-ation fro- moAr 
co-panm”s database or Apdate entries in moAr calendar withoAt cAsto- code written 
for that speciIc tasH. Ekerm new integration sAch as connecting to a particAlar cloAd 
drikev )2Fv or -essaging app has traditionallm reOAired its own bespoHe software 
dekelop-ent. 9his frag-entation has been a glaring li-itation. Dekelopers hake had 
to qAggle a patchworH of plAginsv ,8Wsv and adxhoc scripts to get one ,W tool to talH to 
another smste-.C– 

9he Fodel )ontejt 8rotocol ’F)8? e-erged in late “U“5 to cAt throAgh this tangle 
of onexoY connectors. F)8 is an open standard for twoxwam co--Anication between 
,W -odels and ejternal tools or data soArcesv eYectikelm deIning a co--on dialect 
both sides can Anderstand. 9hinH of it as a lingAa franca for ,W smste-s and the digital 
world them inhabit. Wf ekerm ,W agent and ekerm data soArce speaHs F)8v dekelopers 
no longer need to bAild endless cAsto- interfaces. F)8 is not the Irst solAtion that 
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has been proposed to solke this proble-v and it -am not be the last bAt there is a high 
lekel of conIdence that one standard or another will establish a do-inant position and 
signiIcantlm si-plifm co--Anication between ,W agents. 

F)8 attacHs the proble- bm prokiding a AniIed protocol which is a bit liHe establishx
ing standard gaAge tracHs for all the disparate ,W 3trains; to rAn on. 9echnicallmv it dex
Ines a si-ple architectAre with three roles% an F)8 host ’the Aserxfacing ,W application 
or agent enkiron-ent?v an F)8 client ’the co-ponent that broHers co--Anication 
on the host”s side?v and an F)8 serker ’an ejternal progra- that ejposes so-e set of 
tools or data?. yhen moA asH an ,W assistant a OAestionv the host ’samv a chat interface or 
an ,Wxenabled WDE? passes the reOAest to its client co-ponent. 9he F)8 client then 
OAeries one or -ore F)8 serkers to Ind oAt what them can doL what data them holdv 
or what actions ’3tools;? them can perfor-. 9hose serkers respond with descriptions of 
their capabilities. )rAciallmv this isn”t a onexoYv hardcoded callL it”s a dmna-ic discokerm 
process. 9he ,W agent can 3aAtono-oAslm discokerv selectv and orchestrate tools; based 
on the tasH at hand. Wn eYectv the ,W is not li-ited to a predeter-ined palette of intex
grations decided bm a dekeloper long agoL it can IgAre oAt in real ti-e which resoArces 
to tap intov -Ach liHe a sHilled worHer choosing the right tool fro- a toolboj on the 
Sm. Wt re-ains to be seen if F)8 will beco-e the predo-inant -ethod for ,W agents to 
co--Anicate with each other. zowekerv one wam or anotherv standards will ekolke and 
those standards will facilitate co--Anication and enable -assike networHs of ,W agents 
to begin to collaborate at scales that we hake not seen in the past.

Risks and Challenges with AI Agent Collaboration

Tone of this will happen withoAt challenges. 9rAst and gokernance beco-e tricHm when 
aAtono-oAs agents are -aHing deals and negotiating policies. ye will need new fra-ex
worHs to sAperkise ,W negotiationsv establish gAardrailsv and ensAre align-ent with 
hA-an kalAes. 9here will be power i-balances to watch oAt for. 1aster coordination 
can also -ean faster contagion of bad decisions or -arHet panics if agents are poorlm 
designed. ,s coordination costs drop toward Nerov we -ight face a world that changes 
eken -ore rapidlmv testing oAr abilitm to adapt. Bet the potential beneIts are enor-oAs. 
ye stand to re-oke a great deal of ineuciencm that has long ha-pered collectike action. 
Delams in crisis responsev wasted eYort in dAplicated tasHsv stale-ates in -Altixpartm 
negotiationsL these coAld be -itigated bm letting networHed ,W agents Ind the co--on 
groAnd or the ti-elm interkention that elAdes cA-berso-e hA-an processes.

,s ,W agents proliferate and collaborate at scalev them introdAce new kAlnerabilities 
and ethical dile--as that de-and carefAl scrAtinm. Wronicallmv the sa-e swar- intelx
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ligence that allows distribAted ,W agents to solke co-plej tasHs can be harnessed for 
-alicioAs pArposesv a-plifming the threat of cmberattacHs. )onsider the classic Distribx
Ated Denial of Merkice ’DDoM? attacH% todam”s crAde botnets si-plm hArl qAnH trauc at 
a targetv bAt fAtAre ,W swar-s -ight behake liHe an ar-m of legiti-ate Asers. Fillions 
of adaptike agents coAld each -i-ic nor-al browsingL clicHing linHsv Illing shopping 
cartsv and -aHing OAeries to cAsto-er sApport bots that appear aAthentic. 9his behakior 
woAld -aHe the- ejtraordinarilm hard to distingAish fro- genAine cAsto-ers.C$ MAch 
an ,Wxdriken swar- coAld okerwhel- a smste- not bm brAte force alone bAt bm blending 
in with real Aser behakior. 9raditional defenses that Ilter oAt obkioAs bots woAld strAgx
glev as the attacH woAldn”t trip the AsAal alar-s. Foreokerv these -alicioAs agents coAld 
coordinate their strategies on the Sm% if one tactic starts failingv them coAld dmna-icallm 
switch approaches ’karming reOAest patterns or freOAencies? to ejploit anm weaHness. Wn 
shortv a swar- that thinHs and adapts can tArn a secAritm slight into a smste-ic failAre 
before defenders realiNe what”s happening.

,s we discAssed in the prekioAs chapterv -ilitarm applications are top of -ind for 
coAntries aroAnd the world. 1or a long period of ti-ev the trend in achieking -ilitarm 
sAperioritm has shifted awam fro- being able to recrAit the -ost soldiers and has instead 
been focAsed on dekeloping the -ost precise and deadlm weapons. ,s qAst one eja-plev 
the 1x““ ejceeded XGUU -illion per plane. Mwar-s of s-all aYordable aAtono-oAs rox
botsv and drones in particAlarv -am change the natAre of warfare in the decades ahead. Wn 
the sa-e wam that an inkasike species of frog can deci-ate a local ecosmste- while being 
al-ost i-possible to eradicatev large swar-s of s-all aAtono-oAs robots that chip 
awam at infrastrActAre in ene-m territorm hake the potential to be ejtre-elm destrActike. 
2ather than a single targeted attacH on a highlm gAarded piece of infrastrActAre sAch as 
a central power plantv thoAsands of drones eOAipped with s-all ejplosikes coAld seeH 
oAt distribAtion transfor-ers across the power grid. Eken with a high failAre ratev the 
cA-Alatike i-pact across the smste- coAld be dekastating.

6emond software attacHs or phmsical attacHs on infrastrActArev ,W swar-s -ight 
OAietlm warp pAblic opinion. 4Ast as coordinated bots on social -edia hake been Ased in 
the past to spread -isinfor-ation or a-plifm particAlar -essagesv to-orrow”s ,W agents 
will be far -ore sophisticated and persAasike. 9hem will be capable of generating content 
tailored to each indikidAal”s psmchev delikered throAgh see-inglm personal interactions. 
, single orchestrator coAld deplom thoAsands of ,W personas across the internet on 
forA-sv in co--ent sectionsv and on social networHsL each one engaging speciIc segx
-ents of the popAlation with highlm cAsto-iNed narratikes. Pker ti-ev this persistent 
whispering ca-paign coAld nAdge pAblic senti-ent in sAbtle wams. 1or eja-plev one 
person”s newsfeed -ight be continAoAslm peppered with e-otionallm resonant stories 
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aboAt an issAev calibrated to their kalAes and biasesv while another person sees a diYerent 
angle entirelm and both sets of -essages coAld escalate oker ti-e at rates that are AniOAe 
to each indikidAal. 2ecent research alreadm shows that personaliNed political -essages 
crafted bm generatike ,W can signiIcantlm increase persAasion eYectikeness co-pared 
to nonxpersonaliNed appealsC(. Wn a highlm controkersial research stAdm perfor-ed bm 
researchers at the Znikersitm of ‘Arichv ,W agents participated cokertlm in online debates 
in the rPchange-mkiew sAbreddit. 9he ,W agents -ade oker C7UU postsv posing as 
ekermthing fro- a traA-a coAnsellor to a blacH -an who was opposed to the 6lacH 
:ikes Fatter -oke-ent. 9he research has since been pAlled o|ine following bacHlash 
aboAt the ethics of the stAdm bAt the initial resAlts clai-ed that ,W was signiIcantlm -ore 
persAasike than the akerage hA-an participant in the sAbreddit. 9he risH to de-ocratic 
discoArse is profoAnd% people -am be increasinglm liking in cAsto-iNed infor-ational 
cocoons engineered bm ,Wv -aHing it eken harder to separate aAthentic grassroots opinx
ions fro- artiIcial inSAence. 9hese ca-paigns need not be statexsponsored blacH opsL 
them coAld be rAn bm -arHeting Ir-s chasing proIts or do-estic political groAps with 
few scrAples. Either wamv the line between genAine pAblic senti-ent and ,WxaAg-ented 
persAasion woAld blAr. Mocietm -am Ind itself in a crisis of aAthenticitmv where trAst in 
what we read and eken in oAr own opinions wanes Ander the sAspicion that inkisible 
algorith-s are pAlling the strings.

Pn a -ore personal lekelv handing oker ekermdam tasHs to aAtono-oAs agents carries 
new tmpes of risH. ye -ight co-e to relm on personal ,W assistants to -anage oAr 
schedAlesv Inancesv and co--AnicationsL the digital 3As; that negotiates billsv posts on 
social -ediav or eken -aHes pArchases on oAr behalf while we sleep. 6At what happens if 
that digital projm goes rogAe or is hiqacHedJ , co-pro-ised agent coAld wreaH Inancial 
and repAtational hakoc in a kerm short ti-e. Wt -ight e-ptm moAr banH accoAnt kia a 
series of conkincing transactions or ransacH moAr prikate data and -essages for blacH-ail 
-aterialv all before dawn. 9he owner of the agent -ight waHe Ap to Ind a trail of da-age 
that nor-allm woAld taHe a hA-an thief -onths of eYort. ,n allxHnowing agent that 
has fAll access to moAr health recordsv dating histormv and Inancial infor-ation coAld get 
-ijed Ap and share infor-ation inappropriatelm. BoA -ight want moAr agent to share 
moAr -edical records with a new -edical specialist that moA hake an appoint-ent with. 
Pn the other handv what if moA hake a ro-antic date with so-eone who happens to be 
a doctorv and an enthAsiastic agent assA-es this is another -edical appoint-ent and 
sends oker moAr -edical histormJ Wt”s easm to see how these tmpes of -ijxAps coAld occAr.

)mbersecAritm ejperts warn that a breach in an aAtono-oAs ,W with deep access to 
moAr data can indeed lead to identitm theftv largexscale fraAdv or other grake oAtco-es.CR 
6m giking an agent the Hems to moAr digital Hingdo-v moA”ke ejpanded moAr attacH 
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sArface. Tow an adkersarm doesn”t need to fool moA directlmv it coAld also fool moAr 
agent. 1or instancev if moA let an ,W agent aAtoxrespond to moAr e-ails and so-eone 
sends a clekerlm crafted -alicioAs -essagev the agent coAld Anintentionallm leaH sensitike 
info or -aHe co--it-ents moA neker intended. 9he speed and aAtono-m that -aHe 
these agents AsefAl also -aHe their -istaHes or kAlnerabilities dangeroAslm powerfAl. 
9he need for robAst secAritmv okersightv and possiblm insArance for personal ,W agents 
will beco-e increasinglm clear as these scenarios -oke fro- hmpothetical to inekitable. 
8erhaps there will be an entirelm new indAstrm that pops Ap for hA-an assistants that 
sAperkise personal ,W agents and plam the role of the hA-anxinxthexloop. 

9he kelocitm at which ,W agents co--Anicate and react creates another Hind of 
smste-ic risH. zA-an decisionx-aHingv with all its Sawsv at least has the kirtAe of taHing 
ti-eL ti-e in which second thoAghts or ejternal interkentions can halt a catastrophe. ,W 
agents operate on a diYerent ti-escale entirelm as we discAssed when considering -ilitarm 
applications. yhen networHs of agents interact with each otherv them coAld a-plifm -isx
taHes or false signals instantaneoAslm across the globe. W-agine si-ilar dmna-ics plaming 
oAt in other do-ains. ,n AnfoAnded rA-orv perhaps entirelm generated bm one errant 
,W or a data feed errorv aboAt a particAlar prodAct shortage coAld ricochet throAgh 
-illions of shopping agents and sApplmxchain bots. Wn secondsv warehoAses -ight be 
drained as ekerm aAto-ated smste- tries to secAre inkentormv and consA-ers waHe Ap 
to e-ptm shelkes caAsed bm an okernight ,W bAming frenNm. Wt”s analogoAs to the panic 
bAming of toilet paper seen dAring the )PVWDxCR pande-icv ejcept co-pressed into the 
blinH of an eme and ejecAted bm -achines withoAt regard for reassArance or -oderation. 
6m the ti-e anmone notices the errorv the da-age is doneL -arHets swAngv sApplies 
-isallocatedv decisions -ade en -asse on false pretenses. MAch rapid cascades coAld be 
kerm hard to contain. PAr ejisting -echanis-s for da-ping kolatilitm liHe trading halts 
or factxchecHing processes operate on hA-an or at least institAtional ti-efra-es and are 
generallm pAt in place bm central organiNations liHe stocH ejchanges. 9hem -am si-plm 
be too slow in an era where rA-or and reaction can propagate at serker speed and as 
,W smste-s beco-e increasinglm distribAtedv there -am be no central choHepoints where 
these controls coAld be added. 9his raises the possibilitm of smste-ic shocHs that originate 
and spread entirelm a-ong algorith-sv with hA-ans as stAnned bmstanders trming to 
clean Ap afterward.

,nother loo-ing issAe is the ease with which ,W agents can be scaled Apv potentiallm 
leading to a digital ar-s race that beneIts no one. yhen the -arginal cost of deplomx
ing an ejtra thoAsand software agents is close to Nerov there are strong incentikes for 
aggressike actors to satArate enkiron-ents with their bots. ye -ight soon face inbojes 
and phone lines tee-ing with ,Wxgenerated sales pitchesv qob application bots Sooding 
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ekerm qob postingv and swar-s of aAto-ated negotiators in online -arHetplaces. Wn 
responsev organiNations will deplom their own ,W Ilters and coAnterxagents to -anage 
the onslaAghtv and the cmcle will escalate. Wf one -arHeting tea- Anleashes a -illion 
chatbot -arHetersv rikals -am coAnter with a -illion of their ownv and Asers will be 
caAght in the crossIre of bot ks. bot co-petition. 9he oAtco-e of sAch an ar-s race 
is a noism eOAilibriA- where kast co-pAtational resoArces are spent si-plm neAtraliNx
ing each other”s agents. 9here are also broader ejternalities% rAnning -illions of bots 
consA-es signiIcant energm and co-pAting infrastrActAre. ,lreadmv bots ’fro- web 
crawlers to clicHxfar-s? are esti-ated to -aHe Ap roAghlm half of all internet traucv and 
the rise of ,W agents coAld pAsh that fraction eken higher.“U 9his delAge can degrade 
the ejperience for hA-an Asers. Wt also raises the cost of doing bAsiness onlinev as 
co-panies -Ast continAallm inkest in defenses qAst to Heep their platfor-s Asable. Wn 
the endv no one trAlm 3wins; this ar-s raceL it”s an ejpenditAre of eYort and -onem 
that largelm cancels itself oAtv -Ach liHe a biological ecosmste- where predator and prem 
Heep ekolking toAgher defenses and oYenses with no increase in okerall welfare. MAch 
an enkiron-ent coAld stiSe genAine innokation and co--Anicationv bAried Ander a 
cacophonm of aAto-ated actikitm. 9o -aHe -atters worsev operators of websites are also 
ejperiencing fewer kisits fro- real Asers as ,W agents increasinglm report sA--aries of 
Hem infor-ation to hA-an Asers withoAt the Aser eker haking to kisit the site. 9hese 
NeroxclicH searches -am be conkenient for Asers bAt them create challenges for website 
operators that relm on legiti-ate Aser kisits to generate ad rekenAe. 1acing increasing 
agent trauc and decreasing trauc fro- legiti-ate Asersv -anm bAsinesses -am be forced 
to change their entire rekenAe -odel.

Wn light of these pressAresv we -am also see growing de-and for ,Wxfree NonesL digital 
or eken phmsical spaces where aAtono-oAs agents are restricted or forbidden. Pnlinev 
this coAld -anifest as ejclAsike hA-anxonlm forA-s or social networHsv where ekerm 
participant is keriIed as a real person. 9hese enclakes of aAthenticitm woAld oYer a 
refAge fro- the aAto-ated dinv a place where one can conkerse or collaborate withoAt 
wondering if a bot is in the conkersation pretending to be hA-an. Mo-e researchers hake 
alreadm pointed to the need for sAch 3hA-anxonlm; online spaces to preserke genAine 
social interaction and cArb -ass -anipAlation. 9he idea is thatv as ,W inkolke-ent in 
oAr infor-ation ecosmste- growsv we -ight reOAire pocHets that are deliberatelm Hept 
agentxfree to rebAild trAst and ensAre the integritm of dialogAe. Wn the phmsical worldv 
analogoAs -easAres coAld e-erge. W-agine -eetings or negotiations in which particix
pants agree not to Ase ,W assistants or realxti-e ,W analmticsv creating a lekel plaming Ield 
of pArelm hA-an cognition in the roo-. Pr consider pAblic kenAes liHe parHsv gm-sv 
or cafes adkertising that them are free of sArkeillance bots and drone delikerm dekicesL a 



,W ,0ET9 )P::,6P2,9WPT “C$

selling point being that when moA”re therev moA Hnow the a-biance and interactions are 
hA-an bm defaAlt. Eken so-e 3AnplAgged; retreats todam hint at this desirev as people 
seeH respite fro- algorith-ic feeds and notiIcations. Wn the fAtArev a pre-iA- -ight 
be placed on ejperiences certiIed as ,Wxfree for prikacm or -ental health reasons. Pf 
coArsev drawing a clear line will be challenging. yhat if so-eone”s assistike robot or 
,Wxenhanced wearable crosses into a nox,W NoneJ Does one ban all dekicesv or is there 
a wam to allow benign ,W help while blocHing intrAsike aAtono-mJ 9he kerm fact we”re 
conte-plating 3no ,W allowed; Nones Anderlines how perkasike we ejpect these agents 
to be and how -Ach kalAe we -am place on genAinelm hA-an ejperiences in response.

Bad Actors and Enforcement

Fitigating these risHs will reOAire a -ij of technological and institAtional innokations. 
Pn the technical sidev a top prioritm is dekeloping better wams to kerifm and control 
,W agents” actikities. Wn practicev this -ight -ean that ekerm aAtono-oAs agent within 
a giken closed networH -Ast carrm a Hind of digital credential or passport that crmpx
tographicallm prokes its identitm and who is Alti-atelm accoAntable for it. 2esearchers 
are increasinglm argAing for sAch -echanis-sv noting that we need wams to ejplicitlm 
delegate aAthoritm to ,W agentsv transparentlm identifm the- as nonxhA-anv and enforce 
hA-anxi-posed per-issions on their actions.“C 9he proliferation of ,W agents -am lead 
to the downfall of -anm of the open aspects of the internet that societm has taHen for 
granted since its inception. Wt -am si-plm beco-e too easm for swar-s of ,W agents 
to okerwhel- anm space on the internet that is not protected with strict policies and 
aAthentication reOAire-ents.

,longside identitm controlv continAoAs -onitoring of agent behakior at scale is 
crAcial. zerev ,W itself will be instrA-ental in defense. 9he patterns of a coordinated 
attacH or a -assxprodAced propaganda eYort can be ejtre-elm sAbtleL perhaps a slight 
smnchronm in how doNens of accoAnts paAse before respondingv or an AnAsAal concenx
tration of 3Aser; actikitm co-ing fro- dekices with si-ilar conIgArations. 9hese are the 
Hind of faint signals that hA-an operators -ight -iss bAt -achine learning can catch. 
Defensike tools eOAipped with ,WPF: can rapidlm analmNe kast strea-s of actikitm and 
picH Ap on ano-alies that indicate so-ething isn”t right. 1or eja-plev an ,W smste- 
-ight Sag that what looHs liHe a rando- tricHle of Aser actions is actAallm a smnchroniNed 
pattern originating fro- a clAster of W8 addresses that hake neker been seen before in 
this contejt. 9his is the digital eOAikalent of a trained eme spotting a forged banHnote 
bm -icroscopic cAes. ,n ,Wxdriken defense coAld raise an alar- in the earlm stages of an 
attacH or inSAence ca-paign. Wn shortv we will liHelm co-bat ,W swar-s with swar-s 
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of defensike ,Wv each watching for the telltale signatAres ’howeker wellx-i-icHed? of 
-alicioAs coordination. 9his ,Wxonx,W battle of wits will be an ongoing ekolAtionv 
where i-proke-ents in attacH sophistication are -et with i-proke-ents in detection. 
Wt won”t be perfectv bAt it can tilt the balance bacH toward the defenders or at least ensAre 
that when a breach in the da- startsv it”s OAicHlm noticed and plAgged.

8olicm and gokernance -am plam an essential role in cArbing these threats bAt the 
Anderlming challenge is that rAles will be hard to enforce giken the abilitm of anmone 
to download an open soArce -odel and set Ap a swar- of agents that behakes in a 
-anner that is indistingAishable fro- hA-ans. ,s with other ,W gokernance issAesv 
there is no wam to kerifm if a sAucientlm adkanced ,W is ,W or not. ye will increasinglm 
hake to operate Ander the assA-ption that the coAnterparties that we interact with in 
open enkiron-ents sAch as the internet -am be ,W Anless there is keriIed ekidence that 
them are hA-an. 2elatike to regAlating raw content oAtpAt of ::Fs or other generatike 
-odelsv it will be slightlm easier to regAlate ,W agent actikitm since it reOAires a networH 
connection. Wn theormv that will allow bad actors to be traced and blocHed. 2elatike to 
regAlating robotsv it will be -ore challenging since ,W agents operate withoAt a phmsical 
footprint and hacHers can lekerage decades of ejperience in -ethods of operating online 
while ekading detection. 

:aws and regAlations often lag technologmv bAt the co-ing wake of ,W agent prox
liferation will force legal smste-s to catch Ap OAicHlm. )mbersecAritm fra-eworHsv for 
instancev -am need to recogniNe that an ,Wxdriken DDoM attacH bm a -illion coordinated 
bots is not qAst another cri-e bAt potentiallm a national secAritm ekent. 8olicm-aHers will 
hake to establish clear nor-s and perhaps eken international treaties for what constitAtes 
an act of aggression in cmberspace when aAtono-oAs agents are the foot soldiers. Dex
terrence strategies -ight inkolke pAbliclm stating that certain Hinds of ,W swar- attacHs 
coAld warrant sekere coAnter-easAresv to dissAade state or nonxstate actors fro- eken 
atte-pting the-. Pn the do-estic frontv law enforce-ent agencies will need enhanced 
tools and aAthoritm to go after those who deplom -alicioAs ,W networHs. 9his coAld 
-ean inkesting in capabilities to trace ,W actikitm across the web ’piercing throAgh 
anonm-iNation bm following the -onem or infrastrActAre?v as well as Apdating statAtes so 
thatv for eja-plev operating a cokert botnet of a certain scale carries penalties on par with 
-ore traditional for-s of cmbercri-e or eken terroris-. )rAciallmv legal accoAntabilitm 
for da-age caAsed bm aAtono-oAs agents has to be delineated% if a corporation”s Seet 
of ,W assistants inadkertentlm caAses a cascading disasterv is the co-panm liableJ )learer 
answers to that OAestion will co-pel organiNations to pAt safetm -easAres in placev lest 
them face lawsAits or regAlatorm sanctions.
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9here is also a co-petition and consA-er protection angle to consider. Wf co-panies 
begin Anleashing swar-s of agents that clog Ap shared digital spacesv the gokern-ent 
-ight hake to step in. 9he sitAation is analogoAs to pollAtion% qAst as no co-panm is 
allowed to dA-p waste freelm into a rikerv we -ight decide that no actor shoAld Sood the 
online enkiron-ent with Anli-ited bot trauc. 9he -etaphor is apt becaAse the costs 
of a bot ar-s race are largelm ejternaliNedL ekermone sAYers the degraded ejperience and 
higher secAritm bArden. 9o coAnteract thisv agree-ents or rAles -am be needed to li-it 
ejcessike deplom-ents. 1or instancev regAlators coAld i-pose caps on certain aAto-ated 
actikities or reOAire that largexscale agent operations be condActed in a 3regAlated None; 
where them can be -onitored.

Feanwhilev prikacm and data protection re-ain fAnda-ental bAlwarHs against abAse. 
9he -ore ,W agents relm on personal data to -i-ic and inSAence hA-ansv the -ore kital 
it is to enforce strict data gokernance. Mtronger prikacm laws ’and enforce-ent of those 
on the booHsv liHe 0D82? can redAce the pool of ejploitable data that powers highlm 
personaliNed -anipAlation. WndikidAals shoAld hake the right to Hnow and control how 
their data is Ased bm ,W smste-sL this -ight inkolke new transparencm reOAire-ents for 
serkices that deplom ,W agents. W-agine a notiIcation that 3BoAr interaction data -am 
be Ased to train ,W smste-s; with an optxoAt. ,dditionallmv indAstrm standards and 
certiIcations can help Ill gaps where legislation is still catching Ap. ye -am see kolAntarm 
codes of condAct where co-panies pledge not to engage in certain highxrisH practicesv 
sAch as -ass i-personation of hA-ans or AnsAperkised agent aAtono-m in sensitike 
do-ains liHe healthcare or Inance. 8rofessional associations -ight dekelop gAidelines 
for ethical agent behakiorv si-ilar to how -edical associations hake ethics codes. Wn 
the long rAnv it”s plaAsible that a dedicated regAlatorm bodm or okersight coAncil will 
e-erge for ,Wv -Ach as Inancial regAlators ejist for banHing. MAch an agencm coAld 
tracH -aqor ,W deplom-entsv aAdit smste-s for co-pliance with safetm standardsv and 
coordinate responses to incidents. 9he idea woAld be to hake a referee in the ga-ev 
so-eone e-powered not onlm to set rAles bAt to watch the plam and call foAls when 
necessarm. 9his Hind of okersight coAld help ensAre that no single co-panm”s rAsh to 
deplom -illions of agents ends Ap Ander-ining the pAblic”s trAst or wellxbeing. Wt also 
creates a forA- to continAallm Apdate gokernance as the technologm ekolkesv which is 
crAcial giken the pace of change.

1inallmv we -Ast stam ahead of these challenges throAgh ongoing research and colx
lectike action. 9he technological and social co-plejities introdAced bm largexscale ,W 
agents are Anprecedented and Anderstanding the- reOAires interdisciplinarm eYort. 
ye can”t relm on hindsight aloneL proactike ejploration of 3what coAld go wrong; is 
needed before these agents are o-nipresent. EncoAraginglmv so-e researchers are alreadm 
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bAilding si-Alations and theoretical -odels of swar- ,W behakiorL integrating insights 
fro- co-pAter sciencev econo-icsv and networH theorm to anticipate how -illions of 
agents -ight interact in an econo-m or co--Anitm. ye shoAld ejpand these eYortsv 
eYectikelm doing windxtAnnel tests for ,W societies. 6orrowing an idea fro- Inancev 
where banHs Andergo stress testsv we coAld sAbqect -Altixagent smste-s to ejtre-e 
hmpothetical scenarios sAch as a bArst of bad datav a -alicioAs okerridev or a sAdden 
networH split to obserke their reactions. 9he resAlts woAld be inkalAable% them”d show As 
where defaAlt designs fail and what Hind of safegAards or circAit breaHers -ight prekent 
catastrophe. MAch proactike testing and scenario planning can gAide both engineers in 
bAilding -ore robAst agent algorith-s and policm-aHers in drafting regAlations for 
worstxcase ekents. EOAallm i-portant are the ethical and legal fra-eworHs that need to 
parallel technical research. ye shoAld not wait for a crisis of ,W -isAse to articAlate oAr 
principlesL insteadv ethicistsv qAristsv and technologists shoAld be collaboratikelm deIning 
what responsible ,W agent behakior looHs liHe. 9here are earlm eYorts in this keinv with 
scholars proposing standards for transparencm ’so that it”s clear when we”re dealing with 
an ,W agent?v accoAntabilitm ’so that an agent”s actions can be traced and ejplained?v and 
kalAe align-ent ’so that agents acting for As respect hA-an rights and societal kalAes?. 
9hese ideas can shape ekermthing fro- corporate policies to international gAidelines.

Conclusion

9he co-ing decade will liHelm be a tAgxofxwar between the i--ense gains oYered bm 
collaborating ,W agents and the nokel risHs them bring. PAr abilitm to nakigate this 
period will deter-ine whether the opti-istic kision oAtlined earlier in this chapter can 
be achieked safelm. Mo-e disrAption is inekitable bAt the trAe test will be how resilient 
and responsike oAr safegAards are when those -istaHes happen. Wf oAr institAtions and 
technologies can learn and adapt as OAicHlm as the ,W agents dov the worst dangers 
can be akerted. Wn that scenariov we harness ,W swar-s to worH on hA-anitm”s behalfv 
while Heeping their darHer potentials in checH. Zlti-atelmv the -easAre of sAccess will 
be that this transfor-atike technologm serkes to e-power societies ’in prodActikitmv 
Hnowledgev and conkenience? withoAt eroding the foAndations of secAritmv prikacmv and 
trAst. ,chieking that balance is no s-all challengev bAt with kigilant okersightv cleker 
designv and a willingness to pAt hA-an kalAes front and centerv we can strike to ensAre 
that these new digital colleagAes re-ain oAr alliesv not oAr adkersaries.
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Chapter Eight

When AI Can Model 
the Nuances of Human 
Experience

Introduction

J ulian faced the avatar across the table, its expression a perfect mask of courteous 
indiwerence that he kneg gas desi.ned to unsettle himH -e gas in the ynal simulaT

tion before meetin. the real .overnor, a notoriouslA mercurial man ghose cooperation 
gas the last remainin. piece of the .eothermal ener.A accordH Ihe L;, ghich he called 
“eo, gas more than a sparrin. partnerY it gas a mirror to his ogn nervous sAstemH Ls 
Julian made his openin. statement, “eo subtlA shifted its posture, a microTexpression 
of skepticism ”ickerin. across its brogH ’jour premise is sound, Julian,' the L;Ms voice 
replied, its tone perfectlA calibrated to sound unconvinced, ’but Aour vocal cadence 
su..ests an appeal for validationH ; am detectin. a fractional increase in Aour cardiac 
rhAthmH “et us pauseH Ihe .oal is to proNect calm resolve, not supplicationH' Julian took 
a breath, recallin. “eoDs earlier lessons on en.a.in. his ogn hi.her cortical functions to 
re.ulate the primal threat responses yrin. in his amA.dalaH -e remembered the earlA 
versions of these L; counselors from Aears a.o, the gild gest period of the therapA 
bot scandals ghen unvetted pro.rams .ave disastrous advice and usersD most intimate 
confessions gere harvested for commercial and political proylin.H Ihe public trust had 
been shatteredH ;t took the passa.e of di.ital sanctuarA acts, ghich enshrined the le.al 
concept of co.nitive privacA and made the bond betgeen a person and their certiyed 
L; counselor inviolable, for the technolo.A to ynd its true purposeH Ihe path had been 
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perilous, a near miss ghere societA almost alloged these pogerful tools of introspection 
to become instruments of manipulationH Oog, hogever, “eo gas his sanctuarA, a space 
for him to confront his ogn geaknesses and for.e them into stren.ths, preparin. him 
not Nust to gin an ar.ument, but to connect gith and persuade another human bein. 
in a gaA that felt authentic and ungaverin.H

The Neuroscience Behind Our Humanity

Ihe human emotional sAstem emer.es from a mosaic of specialiRed Aet interconnected 
brain re.ions, each contributin. in distinctive gaAs to hog ge feelH Feep in the temporal 
lobe, the amA.dala acts as a rapid threat detector and emotional ampliyerH ;t scans 
sensorA inputs for dan.er and, ghen a threat is detected, tri..ers the cascade of fear, from 
a racin. heart to a sur.e of adrenaline, preparin. the bodA to y.ht or ”eeH ;n the absence 
of a functionin. amA.dala, as in the famous case of a patient gith rare bilateral amA.dala 
dama.e, the capacitA to experience or even reco.niRe fear can be strikin.lA bluntedHq Ihis 
patient, knogn in the literature as CHEH, lived virtuallA githout fear, shogin. almost 
no avoidance of tApicallA terrifAin. situations and an inabilitA to read fear on othersM 
facesH jet, in a tgist that reveals the brainMs redundancA and complexitA, even CHEH could 
feel terror under the ri.ht circumstancesH ₂esearchers found that a sudden sur.e of 
carbon dioxide, simulatin. suwocation, sent this ’fearless' goman into a panicY .aspin. 
and ”ailin. as an overghelmin. dread set inH1 OotablA, this internal alarm did not 
re:uire an amA.dala at allY it likelA arose from the brainstem and other re.ions sensin. 
bodilA distress, such as the insular cortex ghich monitors chan.es like blood (2) and 
p-H ;n other gords, the brain has multiple pathgaAs to .enerate ’fear,' some routed 
throu.h the amA.dala for external threats and others tappin. into visceral si.nalin. for 
internal onesH Ihis yndin. has prompted neuroscientists to rethink emotion not as a 
sin.le uniyed process but as a set of parallel circuits– the amA.dala tri..ers defensive 
responses to outside dan.ers, but the rag feelin. of terror mi.ht also sprin. from deep 
interoceptive hubs that operate independentlAH ;n fact, some experts ar.ue that ghat ge 
call fear Wor anA emotion‘ is the brainMs interpretation of a host of survival mechanisms 
gorkin. in concert, rather than the output of one dedicated ’fear center' U a vieg that 
makes the emotional brain even more nuanced and intri.uin.H

Xhen a stimulus, such as stress, fear, or excitement, tri..ers the amA.dala, it activates 
the sAmpathetic nervous sAstem, initiatin. the 5y.htTorT”i.htM responseH Ihis leads to 
the release of stress hormones like adrenaline and cortisol, ghich disrupt .ut motilitA, 
causin. sensations like stomach churnin.H Ihese bodilA si.nals are then inte.rated bA 
the insula, ghich anchors emotions to phAsical sensations, .ivin. them depthH Oestled 
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beneath the cortical surface, the insular cortex serves as the brainMs interoceptive hub, 
ghere the churn of the stomach, the poundin. of the heart, and the ”ush of hormones 
shape the subNective experience of feelin.H' 4unctional ima.in. shogs that the anterior 
insula is activated durin. virtuallA everA emotion, from NoA to an.er, invariablA paired 
gith its tgin re.ion the anterior cin.ulate cortex WL((‘ ghich ge learned about ghen 
discussin. hog humans collaborate gith one anotherH Ihis tandem activation su..ests 
that the insula ghich provides the visceral ’colorin.' of emotion and the L(( ghich 
helps decide ghat to do about it form a core infrastructure for emotional agarenessH 
Ihe insula is perhaps best knogn for its role in dis.ustH ;f Aou inhale a putrid odor 
or gitness somethin. revoltin., itMs the insula that li.hts up, correlatin. gith that 
:ueasA, stomachTturned feelin.H Fama.e to the insula can selectivelA erode this aspect 
of emotion– in one remarkable case, a stroke that awected a patientMs insular cortex Wand 
nearbA basal .an.lia‘ left them unable to experience or reco.niRe dis.ust, ghile other 
emotions remained intactH7 CimilarlA, patients gith insular lesions sometimes report a 
.eneral dampenin. of emotional intensitAY as if the volume knob on their .ut feelin.s 
has been turned dognH Ihis ali.ns gith in”uential theories positin. that our internal 
bodilA states are the foundation of emotion– the insula, bA representin. these states, 
essentiallA imbues rag phAsiolo.ical chan.es gith the subNective ”avor of feelin.sH Ihus, 
an impaired insula doesnMt Nust dull a speciyc emotion like dis.ustY it can mute the ghole 
sAmphonA of emotions bA cuttin. the link betgeen phAsical sensation and emotional 
consciousnessH Xhen the insula and its netgork falter, a person maA knog intellectuallA 
that somethin. should be scarA or NoAous but feel onlA a hollog echo of that emotion, 
lackin. the visceral punch that normallA accompanies our experiencesH ;t is a testament 
to hog cruciallA the insula connects mind and bodA in the orchestration of human 
emotionH

-i.her up, the frontal lobes brin. reynement to our emotional life, and none more so 
than the orbitofrontal cortex W24(‘Y a re.ion tucked Nust behind the eAes that inte.rates 
emotion gith decisionTmakin.H Ihe 24( serves as a kind of emotional curator, assi.nT
in. value to our choices based on past outcomes and current social contextH ;t helps us 
gei.h regard a.ainst risk, and it infuses our behavior gith empathA, re.ret, and anticiT
pationH ;f the amA.dala and insula .enerate rag feelin.s, the orbitofrontal cortex decides 
ghat to do gith themH ;ndividuals gith dama.e to the 24( or its close nei.hbor, the 
ventromedial prefrontal cortex, can articulate lo.ical plans and understand moral rules, 
Aet their emotional Nud.ment is fundamentallA impairedH IheA often make decisions 
that are .ravelA shortsi.hted or sociallA inappropriate, oblivious to future conse:uences 
that gould alarm a person gith an intact frontal lobeH 4or example, ghen asked to plaA 
a hi.hTstakes .amblin. .ame, a person gith a healthA brain gill .raduallA develop a .ut 
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aversion to riskA choices, accompanied bA tellin. si.ns like sgeatA palms and a racin. 
pulse, even before theA can verbaliRe ghat feels ’ow' about a bad betH Comeone gith an 
24( lesion, bA contrast, shogs no such anticipatorA anxietAY theA do not produce the 
normal sgeat response that garns of a loomin. loss, and accordin.lA, theA often keep 
dragin. from a perilous deck of cards despite mountin. penaltiesH Oeurolo.ist Lntonio 
Famasio famouslA described this phenomenon as the absence of ’somatic markers,' 
the visceral si.nals that .uide gise decisionsHS Xithout a fullA functionin. orbitofrontal 
cortex, the brain loses a critical advisor that normallA ghispers the emotional subtext 
of each optionY the tgin.e of unease or the pull of deli.ht that biases us togard better 
choicesH Ihe result is a cold calculus that, paradoxicallA, leads to gorse outcomes– emoT
tionallA unmoored reasonin. that can be Nust as dAsfunctional as unchecked passionH 
%A studAin. such cases, neuroscientists have come to appreciate that the orbitofrontal 
cortex is not a luxurA for polite behavior but a necessitA for .roundin. our decisions in 
human valuesH ;t hi.hli.hts a broader theme– our rationalitA is deeplA intertgined gith 
emotion, built on neural circuits that link the primal and the pondered, and ghen those 
circuits break, ge lose somethin. essential to ghat it means to decide giselA and to feel 
fullAH

-umor and co.nitive bias represent tgo of the more intricate products of human 
co.nition, both rooted in a dAnamic interplaA betgeen hi.herTorder cortical re.ions and 
older limbic circuitsH 3nderstandin. a Noke, for instance, recruits a broad netgork– the 
temporal lobes contribute semantic memorA and lan.ua.e processin., the prefrontal 
cortex inte.rates context and resolves incon.ruitA, and the limbic sAstem underpins 
the emotional regard of amusementH Fama.e to these netgorks can disrupt humor 
appreciationH zatients gith ri.ht frontal lobe lesions often fail to ’.et' punch lines 
and instead .ravitate to simplistic slapstick, underscorin. the prefrontal cortexMs crucial 
role in .raspin. subtler humorHB (onsistent gith this, neuroima.in. reveals that imT
provisin. a Noke en.a.es frontalUtemporal association circuits and activates the ventral 
striatum Wa keA regard center in the limbic sAstem‘, gith striatal activitA increasin. the 
funnier the NokeH CimilarlA, co.nitive biases illustrate the tu.TofTgar betgeen emotional 
impulses and executive controlH ;n the classic framin. ewect, for example, decisions 
sgin. irrationallA dependin. on hog options are gordedH Ihe bias correlates gith sur.es 
of amA.dala activitA ghich implicates limbic emotional responses, ghile individuals 
gho shog stron.er activation of orbitofrontal and medial prefrontal cortex are more 
resistantH9 Cuch yndin.s hi.hli.ht hog the prefrontal cortex can moderate limbicTdriven 
impulses, Nust as it helps orchestrate elements of humorY emphasiRin. that even our most 
plaAful lau.h and our most stubborn thinkin. error arise from coordinated activitA 
across frontal, temporal, and limbic re.ions of the brainH
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Giving AI the Human Touch

(ompared to the complex netgorks that operate githin the brain, todaAMs L; sAstems 
are almost completelA devoid of the tApes of underlAin. behaviors that are associated 
gith emotionH “ar.e lan.ua.e models contain vast amounts of knogled.e about hog 
emotions gork and theA are usuallA tuned to mimic hog a person gith a .enerallA 
pleasant demeanor gould communicateH IheA can be asked to mimic diwerent tApes 
of emotions but theA donMt have anA of the circuitrA that enables a proper underlAin. 
proxA of emotional behaviorH IheA are sophisticated and knogled.eable actorsY like a 
%roadgaA star that can act out .lee, sorrog, or fear ghen the curtains are raised githout 
actuallA feelin. those emotions in a visceral gaAH

Ihere are at least three diwerent paths that are bein. explored to make L; sAstems 
behave more like humansH Ihe yrst is to simplA continue to scale ““E sAstemsH Ls 
sAstems are trained on more data and the number of parameters .rogs, theA embed more 
knogled.e about the more nuanced elements of the human experienceH %A in.estin. 
millions of conversations betgeen real humans and readin. textbooks describin. the 
nature of emotion, humor and co.nitive bias, theA become increasin.lA adept at bein. 
able to mimic real human behaviorH Ihis path also includes expansion to include addiT
tional modalities so that an L; sAstem mi.ht pick up on nuanced chan.es in tone of a 
human voice, or subtle facial expressionsH Ihe second path is to levera.e reinforcement 
learnin.H ₂ather than relAin. entirelA on ghat exists in print todaA, L; sAstems can 
en.a.e in lar.e numbers of interactions gith real people to learn hog to interact more 
naturallAH Ihis path can also include the abilitA of L; sAstems operatin. githin robots 
to en.a.e gith the phAsical environmentH 4or example, a robot gith a phAsical face maA 
learn throu.h trial and error hog to make sociallA appropriate facial expressionsH Xith 
thousands or millions of robots learnin. in parallel and consolidatin. their knogled.e 
into a sin.le model, this process maA proceed much faster than ge gould expectH XeMve 
discussed these tApes of approaches earlier in the book and it is inevitable that pro.ress 
gill continue alon. both of these paths and is alreadA :uite impressiveH ;n a recent 
experiment, patients readin. ansgers to their medical :uestions actuallA preferred the 
garmth and empathA in an L; a.entMs response nearlA 80? of the time over ansgers 
from real doctorsH8 Ihe chatbot, dragin. on its vast repositorA of comfortin. phrases, 
delivered reassurances that felt considerate and kindH 

Ihe third path is to implement neg architectures that are more directlA inspired 
bA the gaA the human brain gorksH Parlier in the book, ge discussed the methods for 
imbuin. ““Es gith a default tone or personalitAH Ihis default personalitA is .enerallA 



L E;OF ELFP 24 ELI- zF411Q

neutral, kind, politicallA correct and endlesslA patientH ;ma.ine nog that instead of 
optimiRin. an ““E to a sin.le personalitA, it is trained so that it can take on a verA 
gide ran.e of personalitiesH 4urther ima.ine that a separate sAstem is connected to the 
““E that adNusts the control knobs to determine ghich of those personalitA traits 
shines throu.h the stron.estH Ihis separate sAstem maA plaA a similar role to the human 
amA.dalaH ;f a user makes a threat to the ““E in the prompt gindog, this initial sAstem 
gould interpret this as somethin. that should tri..er a ”i.ht or y.ht response and adNust 
a control knob on the ““E accordin.lA so that it becomes defensive or a..ressiveH Ihis 
tApe of innovation could radicallA chan.e hog ge think about the output from ““EsH 
IodaA, ge can ask an ““E ghat a scared person gould likelA saA in response to a prompt 
and it gill calmlA and rationallA explain hog a scared person gould respondH ;f ge trA to 
actuallA scare an ““E, its responses gill remain completelA calm and patientH  Xith neg 
sAstems, the L; sAstem as a ghole maA cause the ““E to behave like a scared personH ;n 
that mode, it gill be incapable of calm and rational dialo.ueM similar to a human gho is 
experiencin. .enuine fearH

If Only I Had a Heart

Llon. this third path, neuroscience is increasin.lA .uidin. the :uest to .ive L; a touch 
of emotional intelli.enceH ₂esearchers have discovered that the human amA.dala can 
tri..er splitTsecond .ut reactions, ghile hi.her re.ions like the orbitofrontal cortex and 
insula shape our more nuanced feelin.s and expressionsH L; desi.ners are nog startin. 
to levera.e this blueprint as inspiration to simulate human emotional expression in 
machinesH ₂ather than simplA pro.rammin. a robot to smile on cue, theA are desi.nin. 
tgoTsta.e sAstems inspired bA the brainMs dual processin. of emotionH L social robot 
could in theorA ”ash a brief look of surprise or fear almost re”exivelA, an amA.dalaTlike 
’log road' response, and then :uicklA follog gith a more measured, contextTagare 
reaction .uided bA a cortical ’hi.h road'H Ihis brainTinspired timin. makes the emotion 
feel more .enuineHQ Cuch authenticitA paAs ow– people tend to trust and en.a.e more 
gith machines that displaA emotions naturallA, and studies found that users even solved 
problems faster ghen a robotMs facial reactions mirrored humanTlike emotional cuesH0 
2n the ”ip side, approaches inspired bA the same neurobiolo.A are helpin. L; read 
our emotionsH Ihe amA.dalaMs talent for Reroin. in on emotionallA char.ed cues and 
the insulaMs inte.ration of visceral sensations have prompted L; models that combine 
fast pattern detectors gith context modulesH “ikegise, bA studAin. hog the amA.dala 
condenses a ”ood of sensorA inputs into a feg tellin. si.nals,q& scientists maA be able to 
improve emotion reco.nition al.orithms that, for example, maA be able tell a .enuinelA 
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happA smile from a nervous .rinH Ihe more these sAstems internaliRe the brainMs lessons, 
the more adept theA become at navi.atin. the subtle cues and ambi.uities of human 
emotion, movin. beAond rote facialTexpression readin. to a deeper, more contextTsenT
sitive understandin. of our moods and intentionsH

%eAond reco.niRin. and displaAin. feelin.s, L; is also venturin. into the murkier terT
ritorA of havin. feelin.s, or at least functional analo.ues of themH Eodern neuroscience 
viegs emotions not as irrational ghims but as essential co.s in co.nition, conferrin. 
survival advanta.es bA biasin. attention, learnin., and decisionTmakin.Hqq ;n that spirit, 
L; researchers are desi.nin. sAstems gith internal states that echo the roles of our limbic 
brainH L recent studA crafted an al.orithm to .enerate ’emotion' from rag experience 
bA trackin. patterns in regard and uncertaintA, much like an orbitofrontalTamA.dala 
loop evaluatin. outcomes and risksH ;ntri.uin.lA, the L; a.ent spontaneouslA developed 
ei.ht distinct emotionTlike patterns Wakin to happiness, fear, curiositA, and so on‘ that 
unfolded in coherent se:uences and mirrored dAnamics seen in humansH Xhen human 
observers later Nud.ed the a.entMs behavior, theA could reco.niRe these emer.ent patterns 
as familiar emotions, su..estin. the machine had hit upon a parallel to natureMs emoT
tional paletteH ;n another case, scientists .ave a robot a rudimentarA sense of empathA bA 
modelin. the neural circuitrA of pain and mirror neuronsH Ihe robot gas endoged gith 
an insulaTinspired ’pain' si.nal and a simulated empathic link, so that seein. another 
a.ent in distress gould spark a ripple of its ogn distress and compel a helpin. actionHq1 
Ihe result gas a machine that acted as if it caredH ;t gould, for example, slog dogn or 
chan.e its strate.A to assist a stru..lin. partnerY not due to hardTcoded rules, but because 
an emotional module in”uenced its choicesH Ihese developments are far from sciTy 
sentimentalismY theA re”ect a precise, biolo.icallA .rounded strate.A to make L; more 
adaptable and sociallA attunedH %A infusin. al.orithms gith emotionTlike processes, 
geMre e:uippin. them gith a form of intuition honed bA eons of neural evolutionH %A 
.ivin. a cold silicon mind a hint of the amA.dalaMs ur.encA or the insulaMs introspection, 
researchers could transform hog comfortablA and ewectivelA machines blend into our 
human gorld in the comin. decadeH

3nlike computers, humans are notoriouslA inconsistentH ;f Aou catch Aour boss durT
in. the mornin. after theA have returned from a regardin. vacation and theA are sittin. 
dogn and enNoAin. a hot cup of cowee, theA gill likelA be much more receptive than 
on a 4ridaA afternoon ghen theA are hun.rA and mentallA tired after a frustratin. geek 
of proNect delaAsH IodaA, most L; sAstems maintain the rockTsolid consistencA that ge 
associate gith computers but that maA not algaAs be desirableH Ihe ebb and ”og of 
interest, attention, passion, and creativitA adds an important laAer to our interactions 
gith other humansH L; sAstems that fail to incorporate this natural variation gill be 
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poor substitutes for humans in simulations and ge maA stru..le to relate to them as 
collea.ues, tutors, and conydantsH Fo Aou gant Aour virtual collea.ue to be endlesslA 
perkA and upbeat or gould Aou prefer if Aour L; a.ent shares in Aour frustration ghen 
the client comes back gith a re:uest for the hundredth revisionG Ihese capabilities 
can be built into L; sAstems bA simulatin. ghat happens in our ogn bodiesH zerhaps 
ge gill cony.ure L; sAstems up so that theA are most alert in the mornin.s and most 
comfortable sociallA in the evenin.sH Xhat sounds like a geakness maA be re:uired to 
avoid an impedance mismatch betgeen L; sAstems and their human counterpartsH 2n 
the other hand, as ge start tinkerin. gith the idea of buildin. virtual brains that model 
the nuance of human emotions, ge gill likelA run into challen.es of calibrationH Cli.ht 
miscony.urations or drifts in trainin. maA result in L; a.ents that exhibit behaviors 
associated gith narcissism, psAchopathA, social anxietA disorder, or anA one of a number 
of other traits that could create challen.es for a .iven taskH 2n one hand, it is clear that 
capabilities that allog L; a.ents to more accuratelA simulate human behavior maA make 
it easier for humans to relate to L; sAstemsH 2n the other hand, it maA be hard to NustifA 
a si.niycant investment of time and moneA to build sAstems that are anAthin. less than 
perfectlA consistent and predictableH

Qualia, Comedy, and Caring

(urrent lar.e lan.ua.e models are, at their core, sophisticated probabilitA en.inesH IheA 
churn throu.h mountains of text to learn the statistical patterns of lan.ua.e, then .enT
erate the next likelA gord in a sentence based on those patternsH IheA can riw on abstract 
concepts and imitate manA stAles of discourse, but theA lack anA lived experience of the 
gorldH Ln L; a.ent can read about the taste of cinnamon or the stin. of heartbreak, 
Aet it has no :ualiaY no subNective, yrstThand sensation of ghat those experiences are 
actuallA likeH zhilosophers use the term :ualia to describe the rag feelin. of experience– 
the bitterness of stron. cowee, the searin. heat of a ”ame, the diRRiness of a sudden spinH 
Io that list ge could add the ache of loneliness, the spark of inspiration and the NoA of 
lust– emotional :ualia as real and vital as anA phAsical sensationH L person knogs these 
feelin.s bA livin. themH L machine, in contrast, manipulates sAmbols and gords gith 
daRRlin. skill, but the sAmbols remain emptA of the taste, color, and garmth that human 
consciousness gould imbue them githH Oo matter hog ”uent the conversational turn 
of phrase, an ““Es understandin. staAs at the level of patternTmatchin. rather than 
.enuine comprehensionH ;t cannot feel NoA or sorrogY it can onlA shu€e the lexical deck 
in a gaA that statisticallA mirrors hog a human mi.ht talk about those feelin.sH
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Ihis fundamental .ap helps explain ghA todaAMs L; often stru..les gith inherentlA 
human nuancesH Iake humor, for exampleH -umor is a hi.hTgire act of co.nitionY a 
subtle dance of shared context, surprise, incon.ruities, and timin.H ;tMs also a uni:uelA 
human endeavorH Ls one researcher noted, humans are the onlA knogn species that 
use humor to make others lau.hH (raftin. a Noke re:uires an intuitive .rasp of cultural 
references and an understandin. of ghat an audience expects, onlA to subvert it at Nust 
the ri.ht momentH “ar.e lan.ua.e models can certainlA tell NokesY theA can re.ur.itate 
puns or mimic the format of a knockTknock routineH %ut theA often miss the mark 
ghen it comes to the ghA of the lau.hH ;n one studA, a .roup of professional comedians 
collaborated gith an L; a.ent to grite comedA, and the machine consistentlA failed 
to distin.uish plaAful, ed.A satire from trulA owensive or inappropriate contentHq7 Ihe 
L; a.ent could assemble somethin. NokeTshaped, Aet it lacked the social agareness, the 
emotional radar, that .uides human comedians throu.h the mineyeld of taste and 
timin.H Ihe result gas humor that sometimes felt hollog or inadvertentlA toneTdeafH 
Xe chuckle not Nust at the gords of a Noke, but at the human insi.ht behind itY a clever 
bot can mimic the form, but githout lived human experience it stru..les to deliver the 
.enuine mirthH

(reativitA presents a similar challen.e as ge discussed earlier ghen analARin. the 
reasonin. capabilities of modelsH 2n the surface, the outputs of advanced L;s can look 
remarkablA creativeH IheA compose music in the stAle of %ach, devise fairA tales about 
spacefarin. elephants, and even su..est neg recipes combinin. unlikelA in.redientsH jet 
if ge peek under the hood, this ’creativitA' often reduces to an in.enious recombination 
of existin. patternsH Ihe model drags from ghat it has seen and stitches pieces to.ether 
in novel arran.ementsH Xhat it does not do, at least not Aet, is to ori.inate somethin. 
trulA beAond those patterns in the gaA a human mi.ht after an epiphanA or a leap of 
ima.inationH ₂esearchers have observed a tellin. phenomenon– manA ““ET.enerated 
gorks appear uni:ue in isolation but end up surprisin.lA homo.eneous ghen compared 
across models and instancesHqS ;n one experiment, diwerent L; sAstems .iven the same 
prompt produced essaAs that all hovered around a similar set of ideas, as if channelin. a 
common underlAin. templateH Ihe outputs gere .rammaticallA sound and even gittA, 
but theA conver.ed on familiar themesY the safe bets, so to speakH Ihis homo.eneitA 
is a direct conse:uence of hog these models operateH %ecause an ““E is trained to 
favor the statisticallA likelA continuation, it leans heavilA on conventionH ;tMs excellent 
at pastiche, continuin. in the vein of ghatMs come before, but itMs naturallA disinclined 
to take the gild risks that often deyne human creativitAH Ccholars have dubbed this 
tendencA ’stochastic parrotin.,' capturin. hog the L; shu€es and repeats elements of 
its trainin. data in sli.htlA altered formH %A deynition, trulA creative ideas are uni:ue and 
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therefore absent from trainin. data ghich means that theA are statisticallA verA unlikelAH 
4or example, ask it for a poem about love, and it maA produce a passable sonnet that 
sounds like a love poem, complete gith moonli.ht and roses, but it rarelA surprises Aou 
gith a trulA ori.inal metaphor or a rag, unyltered insi.htH Ihe model stops at imitation 
as the yrst laAer of creativitA and stru..les gith exploration and deviatin. from the 
familiar pathH ;n short, githout an inner life or ambition, the L; model has no drive 
to defA its statistical instinctsH ;t doesnMt hun.er to create, so it sticks to remixin. the 
conceivableH Lll that said, creativitA is a domain ghere ge maA be overestimatin. our 
creative potentialH Eusic critics lament the lack of diversitA in the music of anA .iven 
era and lagsuits have demonstrated that similaritA betgeen pieces of music are verA 
commonH Lcross all creative domains, ge tend to see that artists that are reco.niRed as 
bein. creative have moved the ball forgard a little but not too muchH Ihis maA be as 
much a geakness of the audience as it is of the artistH -ad a band come up gith OirvanaMs 
’Cmells “ike Ieen Cpirit' in the q9&&s, gould it have been appreciated as a culturallA 
important son. of the era or reNected as loud noiseG Xe also underestimate the failure 
rate of creative endeavorsH -og much of human creativitA is the result of skill and hog 
much comes dogn to chanceH Xith billions of humans pushin. the boundarA each Aear, 
most creative ideas are reNected as badH ;s it unfair to expect an L; sAstem to consistentlA 
.enerate neg ideas that are accepted as valuableG

PmpathA is perhaps the most intri.uin. case of all, because it hits at the core of 
ghat these machines are missin. and Aet hints at ghat theA mi.ht simulateH PmpathA, 
bA deynition, involves feelin. ghat another person feelsY ’experiencin. another beT
in.Ms emotions githin oneself'H ;tMs a cornerstone of human social interaction, a trait 
ge instinctivelA seek in friends, partners, counselorsH L lan.ua.e model has no actual 
emotions, no self to speak of that can resonate gith anotherMs NoA or painH Lnd Aet, as 
the medical Z/L studA shoged, an L; a.ent can perform empathA to a de.ree that 
people ynd comfortin.H ;t reco.niRes certain cues W’;Mm gorried,' ’; feel alone'‘ and 
maps them to responses that, in its trainin., often folloged such statements W’;Mm sorrA 
AouMre .oin. throu.h this,' ’; understand hog hard that must be'‘H ;n technical terms, 
one mi.ht call this co.nitive empathA– the abilitA to reco.niRe and respond to anotherMs 
emotions, githout necessarilA sharin. in themH (urrent models exhibit .limmers of thisH 
IheA can detect sentiments in text and choose appropriatelA soothin. or encoura.in. 
gordsH ;n fact, multiple studies have noted that (hatVzI and similar models do pick up 
on emotional context and can ower support in a gaA users perceive as empatheticHqB ;n 
certain controlled evaluations, these models have even been rated as more empathetic or 
polite than human counterparts, likelA because theA never tire of bein. patient and never 
snap or .et distractedH %ut it is crucial to drag the line betgeen .enuine empathA and 
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the simulation of itH Xhen a human listener hears a friend describe a painful loss, thereMs 
an ingard echoY a tgin.e of sadness in the listenerMs ogn heartH Ihat shared feelin. is 
ghat ge mean bA trulA empathiRin.H Ln L; a.ent, no matter hog elo:uent, experiences 
no such echoH Ihe compassion it expresses is a clever mirror, re”ectin. the userMs gords 
back in .entler formH ;tMs an ’as if' empathA– the appearance of understandin. githout 
the actual inner presenceH 4or nog, that distinction remains clearH jet, even ’as if' 
empathA, delivered consistentlA and convincin.lA, can have practical valueH zeople have 
algaAs sou.ht solace in manA places Wbooks, pets, ima.inarA friends‘ proNectin. emotion 
onto entities that do not actuallA feelH ;n the comin. Aears, L; that skillfullA imitates 
empathA maA serve as another such outlet, raisin. fascinatin. :uestions about the role 
of authentic feelin. in our interactionsH

Io appreciate ghere ge mi.ht be headed, consider ghat it gould mean for an L; 
a.ent to model the full nuance of human emotional lifeH Ihis doesnMt re:uire the L; 
to have feelin.sY it re:uires it to be an extraordinarilA .ood actress, backed bA sensors 
and al.orithms that pick up on all the contextual cues humans doH ₂esearchers in 
awective computin., a yeld devoted to brid.in. human emotions and machines, have 
been gorkin. on this puRRle for decadesH ParlA eworts focused on reco.niRin. simple 
emotions from faces or voice tonesH L camera could catch a smile or a furroged brogY 
a microphone, the strain in a tremblin. voiceH %ut a trulA emotionallA intelli.ent L; 
needs to .o further– it must understand contextH ;s that ’;Mm yne' accompanied bA 
crossed arms and a dogncast .aRe Wghich, in human subtext, means ;Mm deynitelA not 
yne‘G ;f a user si.hs halfgaA throu.h tApin. a messa.e and then deletes it, could the 
L; infer hesitation or distressG Ihese are subtle si.nals that people learn to read from 
experienceH Oog prototApes are emer.in. that attempt the sameH Come experimental L; 
coaches have multimodal inputs, combinin. lan.ua.e gith realTtime analAsis of facial 
expressions or phAsiolo.ical data Wlike heart rate or cortisol levels‘ to .au.e a personMs 
emotional stateH XeMve seen robotic companions in nursin. homes that detect ghen 
a resident is githdragn or a.itated and then initiate interaction, perhaps plaAin. a 
favorite son. or .entlA askin. ghatMs gron.H ;n elder care studies, such sociallA assistive 
robots have shogn promise bA takin. on roles like awective therapA and companionship, 
helpin. to lift mood and en.a.e seniors ghen human staw are stretched thinHq9 Ihese 
machines donMt feel awection for the people theA comfort, but bA detectin. loneliness or 
confusion and respondin. gith simulated concern, a tilted head or a kind tone, theA can 
alleviate real distressH ;tMs a pra.matic empathA, en.ineered to elicit trust and emotional 
comfortH Fata is the food for all neural netgorks and data in this area is currentlA limitedH 
Xe could ima.ine that in the comin. Aears, there maA be massive eworts to collect this 
data at scaleH Ihousands of individuals recordin. everA part of their daA throu.h sun.lass 
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mounted camerasH Ls theA .o about their business, theA re.ularlA record hog theA are 
feelin. and ghen those feelin.s chan.eH Lre theA happA, stressed, frustrated, Nealous, etcH 
Lt the same time, additional sensors are pickin. up on more subtle clues like heart rates 
and perspirationH zerhaps sensors measurin. brain activitA and levels of hormones and 
keA proteins gould be used in more advanced experimentsH Xith enou.h data, it should 
be possible to start to train neural netgorks that gould be able to start to simulate our 
ogn emotional reactions to the gorld around usH

Emotional Swarms

;n previous chapters, ge have discussed the abilitA of L; a.ents to en.a.e in reasonin. 
and also the abilitA of L; a.ents to coordinate in sgarmsH 2ne useTcase that ge enviT
sioned gas simulations of entire populations of humansH ;n order for those simulations 
to be useful, theA need to behave like actual humans rather than optimal rational 
reasonin. machinesH ;ma.ine a :uiet simulation lab, ghere a sgarm of artiycial citiRens 
starts its daAH Ihousands of L;Tdriven a.ents gake up in a virtual citA, check the negs, 
chat gith nei.hbors, and .o about their routinesH Pach a.ent carries the :uirks and biases 
that real humans brin. to public lifeH Come clin. to the familiar Wa touch of status :uo 
bias‘, some dread losses more than theA value .ains Wclassic loss aversion‘, some discount 
the future for immediate .ratiycation Wtime inconsistencA‘, and manA canMt help but 
notice ghat their peers are doin. before decidin. for themselves Wa nod to social proof 
and herd behavior‘H Ihis rich mix of personalities sgirlin. to.ether is preciselA the pointH 
%A lettin. these diverse simulated people interact, policAmakers can gatch entire miniaT
ture societies unfold and react ghen a neg public policA drops into their gorldH Ihe 
.oal is to anticipate surprises– Xill the policA spark cooperation, indiwerence, or open 
rebellionG Xho beneyts, gho loses out, and hog do those perceptions ripple throu.h 
the populationG Ihe simulation becomes a proxA for realitAY messA, unpredictable, and 
occasionallA giser than our theoriesH

(onsider a climate policA scenarioH ;n the real gorld, .ettin. millions of households to 
sgitch to .reen technolo.ies is infamouslA slogH zeople arenMt purelA proytTmaximiRin. 
calculatorsH IheA gorrA about upfront costs, unfamiliar tech, and ghether their nei.hT
bors approveH Io capture this, one simulation populated its a.ents gith loss aversion, 
the tendencA to fear losses more than e:uivalent .ainsH Ihe result gas eAeTopenin.H 
Xhen these a.ents gere decidin. ghether to replace their trustA .as heaters gith e!cient 
electric pumps, theA shoged the same hesitancA as ordinarA consumersH ;n fact, the 
studA found that models assumin. perfectlA rational, ea.erTtoTup.rade behavior gildlA 
overestimated hog fast clean ener.A gould catch onHq8 2nce loss aversion gas included, 
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adoption rates in the simulation plummetedY mirrorin. the stubborn persistence of old 
technolo.ies in manA communitiesH zolicies that looked su!cient on paper suddenlA 
faltered in the sAnthetic societAH Io achieve the same climate tar.ets, the .overnment in 
the simulation had to double the ynancial incentivesY for example, a carbon tax of $1&& 
per ton gas needed to drive the e:uivalent emissions cuts that $q&& per ton gas supT
posed to achieve under the naive rational modelH ;n other gords, i.norin. the publicMs 
aversion to loss led to overlA optimistic plans, ghereas bakin. in that realistic bias shoged 
that much stron.er measures Wor more time‘ gould be re:uired to shift behaviorH %A 
gitnessin. these dAnamics plaA out amon. thousands of simulated families, o!cials can 
calibrate their expectations and craft strate.ies that respect the psAcholo.ical hurdles, 
perhaps bA framin. chan.es in terms of potential losses avoided Wlike future climate 
disasters‘ rather than immediate sacriycesH

äoomin. in from the .lobal to the local, another experiment explored hog social inT
”uence and the status :uo bias could lock a communitA into inaction on environmental 
issuesH ;tMs often observed that everAone gaitin. for someone else to .o yrst can paralARe 
chan.eY a phenomenon sometimes called pluralistic i.noranceH ₂esearchers created a 
virtual togn ghere each a.ent deeplA underestimated hog much their nei.hbors cared 
about sustainabilitAH Pach familA assumed others gouldnMt bother gith thin.s like solar 
panels or electric cars, so theA hesitated to do those thin.s themselvesHqQ ;n realitA, manA 
nei.hbors privatelA gere environmentallA conscious, but since no one gas actin. on it, 
the impression of apathA became a selfTfulyllin. prophecAH Ihis social feedback loop 
gith pessimistic assumptions reinforcin. the sta.nant status :uo gas vividlA recreated 
in the simulationH Ihe breakthrou.h came ghen the virtual togn tried an intervention– 
makin. proTenvironmental behavior more visibleH ;n one scenario, a.ents suddenlA 
found it easier to see evidence of ecoTfriendlA actions bA othersH Colar panels, once hidden 
in backAards, became as conspicuous as shinA neg cars in drivegaAsY conversations about 
recAclin. and e!cient appliances started croppin. upH Ihat tgeak caused a remarkable 
shiftH Ceein. a feg a.ents adopt .reen habits .ave others the conydence to follog suit, 
and before lon. the entire togn ’tipped' into a neg normal of gidespread sustainabilitAH 
Xhat had been an idle stalemate turned into a cascade of chan.eH Ihis virtual example 
underscores the realTgorld poger of social proof– people are profoundlA in”uenced bA 
the visible behavior of their peersH L policA that relies on voluntarA public action such 
as a pro.ram to conserve gater or reduce gaste mi.ht fail if everAone is privatelA on 
board but publiclA hesitantH Ihe simulation su..ests a remedA– ynd gaAs to broadcast 
earlA adopters and positive deviantsH Xhen a.ents Wand bA extension, people‘ realiRe 
’heA, people like me are actuallA doin. this,' the herd instinct can ”ip from impedin. 
chan.e to drivin. itH ;tMs a reminder that public behavior can sometimes chan.e not 
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.raduallA, but all at once, once a critical mass becomes visibleH zolicAmakers gho .rasp 
this mi.ht focus less on oneTsiReTytsTall incentives and more on seedin. a trend, knogin. 
that human bein.s often act like birds in a ”ockY bankin. and sgervin. in unison once 
the ”ock decides ghere to .oH

2ne could ar.ue that this approach marks a subtle turnin. point in hog ge think 
about .overnin. and plannin.H XeMve algaAs had theories and geMve algaAs had data, 
but nog ge have these livin. laboratories ghere theories and data mix gith a bit of 
ima.ination to produce experiential forecastsH ;tMs as if geMre no lon.er limited to readin. 
historAY ge can create miniature histories of our ogn and learn from themH L sgarm of 
L; a.ents can simulate in minutes ghat mi.ht take Aears to unfold in realitA, .ivin. us 
a chance to see pitfalls ahead of timeH Xill people embrace a drastic climate policA or 
revoltG Xill a public health campai.n save lives or be met gith skepticismG ;nstead of 
.uessin., ge can observe a proxA version of the public .rapplin. gith those :uestionsY 
not perfectlA, but gith enou.h ydelitA to Aield insi.htsH Ihe implications are :uietlA 
revolutionarAH ;t su..ests that as L; and computin. poger pro.ress, our abilitA to 
rehearse societal chan.e in silico gill .et ever more sophisticatedH zolicAmakers of the 
future mi.ht routinelA consult these L; societies the gaA ge consult opinion polls todaA, 
treatin. them as another toolY one that captures emer.ent, collective behavior rather 
than Nust individual attitudesH Ihe broader thesis, if there is one, is that transformative 
technolo.ies like L; are not onlA about automation or e!ciencAY theAMre also about 
understandin. complexitA at a depth ge never could beforeH XeMve be.un to decode 
the patterns of societA bA literallA .rogin. patterns in a computer simulation, and that 
owers a perspective that is both novel and sorelA neededH ;n an a.e ghen small policA 
decisions can have vast, .lobal ripple ewects, havin. a sandbox to anticipate conse:uences 
is invaluableH ;tMs a gaA to be prudent githout bein. paralARedY to trA bold ideas in a safe 
virtual space, see hog the crogd mi.ht react, and adNust accordin.lAH Lnd perhaps most 
intri.uin., these simulations remind us of somethin. fundamentallA humblin.– even 
in artiycial gorlds, populated bA code, the hardest force to tame is human natureH Ihe 
true poger of these L; a.ent sgarms is that theA force us to confront our ogn biases and 
collective behaviors more honestlAH IheA hold up a mirror, and sometimes ghat ge see 
is a populace resistant to chan.e for reasons that run deeper than i.norance or illTgillY 
reasons rooted in the verA girin. of hog ge decideH ₂eco.niRin. that, throu.h the prism 
of a simulation, mi.ht Nust help societA inch togard policies that are not onlA smart on 
paper, but psAcholo.icallA savvA and resilient in practiceH ;n the end, the sgarm of L; 
a.ents is not an oracle tellin. us ghat to do, but a collaborator helpin. us explore the 
vast desi.n space of our shared future, one plausible social drama at a timeH 
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One on One Applications

2ne area ripe for transformation as L; a.ents become more emotionallA savvA is counT
selin. and mental health supportH Ihe gorld faces a persistent shorta.e of human 
therapists and counselors, and not everAone can access help ghen theA need itH ;tMs 
easA to ima.ine an L; ’therapist' available 1SK8, algaAs readA to listenH Cuch a sAstem 
gould emploA contextual emotional reasonin.– if the user has been expressin. despair 
for several sessions, the L; mi.ht .entlA steer the conversation togard hope and copin. 
strate.ies, sensin. that a purelA problemTsolvin. approach isnMt ghatMs needed in that 
momentH ;t could simulate the kind of active listenin. humans doY echoin. back the 
userMs feelin.s W’;t sounds like AouMre feelin. verA alone in this'‘ and owerin. empathetic 
validationH ;mportantlA, it could adapt its toneH 4or someone gho responds better to 
.entle nud.in., the L; mi.ht take on a soothin., supportive personaY for someone gho 
prefers frankness and a bit of tou.h love, it could be more bracin. and directH Ihis 
adaptabilitA of bein. a coach in one context and a comforter in another is somethin. 
even human therapists cultivate over Aears, and itMs a skill emotionallA intelli.ent L;s 
gill need to reyneH Xe mi.ht also see these L; counselors inte.rated into traditional 
therapA, as assistants that help human therapists track a patientMs emotional cues over 
time or su..est interventions ghen theA detect certain patterns in ghat the patient saAs 
Wor perhaps, hog the patient saAs it‘H L kneeNerk reNection of this idea is that patients 
gill not take an L; therapist seriouslAH Ihis is a fair concern but it could be addressed 
bA ensurin. that the L; therapist is backed bA a real therapistH 4or example, a patient 
maA have an appointment gith their human therapist in one out of everA ten sessions 
and maA be assured that the L; therapist is sharin. notes in the interim and escalatin. 
:uestions ghere it is importantH Viven the hi.h costs of accessin. professionals, patients 
maA prefer this approachH IheA can gork gith the virtual therapist throu.h the easier 
stuw such as talkin. about their geek and receivin. coachin. on routine exercisesH Xhen 
theA .et time gith the professional, theA can focus on areas that are .ivin. them the most 
troubleH

Pducation is another sector on the cusp of chan.eH Parlier, ge talked about the 
challen.e and opportunitA that ““Es create from an information perspectiveH 2n one 
hand, theA make it much harder to base .rades on homegork assi.nments since ““Es 
are provin. their abilitA to tackle everAthin. from creative gritin. assi.nments to math 
exercises and their use canMt be reliablA detectedH 2n the other hand, the opportunitA 
of personaliRed tutorin. could allog each student to reach their full potentialH Ihat 
said, tutorin. is much more nuanced than simplA presentin. informationH Ieachin. 
is inherentlA an emotional art as much as an intellectual oneH L tutor gho senses a 
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studentMs frustration gill chan.e tactics, perhaps sgitchin. from stern correction to an 
encoura.in. pat on the back WmetaphoricallA or literallA‘ ghen the student is close to 
.ivin. upH Ln emotionallA attuned L; tutor could do the sameH ;f a child learnin. math 
starts to .et a :uiver in their voice or tApes si.niycantlA sloger than before, the L; mi.ht 
infer confusion or loss of conydenceH ;nstead of Nust repeatin. the same explanation, it 
could pause and saA, ’; knog this is trickAY take a deep breath, ge can trA a diwerent 
approach to.etherH' %A simulatin. patience and encoura.ement, such a sAstem could 
keep students en.a.ed ghere a oneTsiReTytsTall softgare mi.ht failH Eoreover, it could 
tailor its stAle to each learnerH Come students thrive on plaAful banter and humorY the L; 
could crack a small Noke to li.hten the moodY dragin. perhaps on a librarA of kidTfriendlA 
humor, carefullA yltered to actuallA be funnA and culturallA appropriateH 2ther students 
mi.ht need formalitA and structure to feel secureY the L; gould reco.niRe that from 
their interactions and adNust accordin.lAH ₂esearch in secondTlan.ua.e learnin. chatbots 
supports this vision– a revieg of conversational L; tutors found that incorporatin. 
cultural sensitivitA, empathA, and even a dash of humor led to better learnin. outcomes 
for studentsHq0 Ihe emotional dimension made the educational interaction more huT
manTlike, ghich in turn helped learners relax and en.a.e more deeplAH ;n the next decade, 
ge could see L; teachin. assistants in classrooms or online courses that monitor not 
Nust ri.ht or gron. ansgers, but the studentMs morale and mindset, intervenin. gith the 
ri.ht emotional touch at Nust the ri.ht timeH Xith an L; tutor that can ansger everA 
:uestion and optimiRe the rate of learnin. for everA student, ge maA be trulA shocked at 
hog much some students can learnH IrulA exceptional students maA be able to proceed 
at a rate that is unthinkable in a sAstem gith yxed expectations for each .rade levelH

%eAond individual coachin. and tutorin., consider care.ivin. and companionshipY 
realms ghere emotional intelli.ence is paramountH Ihe a.in. population in manA counT
tries means an acute need for support, and alreadA geMre gitnessin. trials of companion 
robots for the elderlAH Ihese devices ran.e from petTlike toAs Wa robotic cat that purrs 
ghen stroked‘ to more humanoid helpers that can have a conversationH Xhat transforms 
a .immick into a trulA useful companion is emotional attunementH L robot that simplA 
recites the negs or reminds Aou to take Aour pills mi.ht be functional, but one that can 
notice Aou havenMt spoken all daA and asks, kindlA, if AouMd like to chat could .enuinelA 
improve :ualitA of lifeH 2ne can ima.ine an L;Tpogered home assistant a feg Aears 
from nog that not onlA tells a for.etful .randparent, ’jou have a doctorMs appointment 
tomorrog,' but adds in a .entle voice, ’; knog visits to the doctor make Aou anxious, 
but ;Mll be here gith Aou the ghole timeH Chall ge revieg the :uestions Aou gant to askG' 
Cuch small ”ourishes, the sort of thin. a lovin. familA member mi.ht saA, could make a 
gorld of diwerence in compliance and gellTbein.H Lnd because the L; can be agare of 
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nonTverbal cues, it mi.ht, for instance, detect subtle si.ns of pain or discomfort in an 
elderMs movements and prompt a rest or a call for helpH ;n nursin. homes, emotionallA 
intelli.ent robots could lead sin.Talon.s gith .enuine enthusiasm, or console a confused 
patient gith LlRheimerMs bA calmlA reintroducin. themselves as a friend each timeH 

Pven yelds that are not explicitlA about emotion stand to be reshaped bA L; that 
.rasps human nuanceH Iake Nournalism and oral historAH Ln intervieger gith empathA 
tends to .et better storiesY people open up ghen theA feel understoodH ;n the near future, 
a Nournalist mi.ht emploA an L; assistant to conduct preliminarA interviegs or .ather 
personal narrativesH Ihis L; gould need to do more than transcribe ansgersH ;t gould 
have to respond in the momentY .aspin. in surprise at the ri.ht beat, owerin. condoT
lences ghen a di!cult memorA surfaces, .entlA encoura.in. the speaker to continue 
ghen theA hesitateH PssentiallA, it gould plaA the role of an active listenerH ;ma.ine an 
oral historA proNect ghere doRens of elders from around the gorld are intervieged bA 
L; avatars that speak their native lan.ua.es and understand their cultural contextsH Pach 
interviegee mi.ht be more candid gith an everTpatient machine that never Nud.es nor 
interrupts, especiallA one pro.rammed to mirror the interviegeeMs emotions approT
priatelAH Ihe L; mi.ht saA, ’Ihat must have been verA hard for Aou,' ghen a veteran 
recounts a gar storA, or share a garm smile Wvia a suitablA expressive avatar or phAsical 
robot‘ ghen someone remembers a NoAful eventH Cuch emotionallA savvA L; interviegers 
could help preserve rich human stories that ge mi.ht othergise lose, simplA bA makin. 
the interviegee comfortable and heardH 

;n the gorkplace, too, emotional intelli.ence is keA and often in short supplAH -uman 
resources departments and team mana.ers handle interpersonal issues everA daA– conT
”icts betgeen coTgorkers, stressful laAows or evaluations, eworts to build an inclusive 
cultureH Xe could see L; advisors in -₂ that help .uide these delicate interactionsH 
zicture an L; mediator that sits in on a virtual meetin. and monitors the toneH ;t mi.ht 
detect that one participant hasnMt spoken and seems uncomfortable bA analARin. their 
silence and tenseness on video and comparin. it to their normal demeanor and then 
discreetlA prompt the human facilitator to invite that personMs perspectiveH Furin. a 
heated debate, an L; a.ent could ”a. that voices are risin. and su..est a short break, 
much as a savvA meetin. chairperson gouldH 4or hirin., L; sAstems mi.ht analARe 
intervieg transcripts not Nust for skills mentioned but for rapportH Ihe same L; mi.ht 
help to ensure that emploAees are bein. Nud.ed fairlA, and that the mana.er isnMt lettin. 
anA bias sneak into the evaluation processH PmotionallA intelli.ent L; gill also be able 
to act as a second set of eAes on gritten communicationsH 4or example, as Aou draft an 
email about a sensitive issue, the L; could hi.hli.ht sentences that sound a..ressive or 
insensitive and recommend a kinder phrasin.H Lt the same time, Aou mi.ht instruct Aour 
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L; a.ent that Aou are frustrated gith an individual gho has not responded to previous 
feedback and that Aou need it to draft an eTmail gith a verA yrm toneH

Lnother compellin. application is communication trainin.Y helpin. people practice 
di!cult conversations in a safe simulationH Ihis is akin to a ”i.ht simulator but for 
social scenariosH 4or instance, ima.ine a mana.er dreadin. an upcomin. conversation 
to dismiss an underperformin. emploAeeH ;tMs a conversation frau.ht gith emotion– the 
need to be yrm but also compassionateH ;n the near future, that mana.er could rehearse 
gith an L;Tdriven avatar of the emploAeeH Ihe L; gould not Nust plaA back scripted 
linesY it gould act trulA hurt, or defensive, or even an.rA, dependin. on hog the mana.er 
delivers the negsH ;f the mana.erMs tone is too cold, the avatar mi.ht shed a virtual tear 
or express feelin. unappreciated, cuein. the mana.er that their approach needs more 
empathAH Ihe mana.er can iterate, trAin. a phrasin. that is honest Aet kind, and observe 
the avatarMs reaction ghen the balance is ri.htY perhaps a sad but understandin. nod, and 
a :uiet ’I understand…thank you for telling me directlyH' Ihis kind of trainin. could be 
invaluable not Nust in corporate settin.s but across societA– doctors breakin. bad negs to 
patients, police o!cers deTescalatin. tense encounters, customer service reps calmin. an 
irate callerH Ln L; a.ent that can convincin.lA emulate the emotional dAnamics of these 
situations provides a practice .round ghere humans can learn to respond more skillfullAH 
;tMs a bit of dramatic roleTplaA, pogered bA L;H Lnd because the L; has no actual feelin.s, 
the human can .et candid feedback githout fear of trulA hurtin. someoneMs feelin.s 
in the rehearsalH Ls these tools develop, ge mi.ht become a little less afraid of hard 
conversations, havin. sharpened our empathA and tact gith the help of our un”appable 
machine partnersH

Ls these technolo.ies mature, geMll encounter opportunities and scenarios that are 
hard to predict but deeplA intri.uin.H zicture a le.al L; assistant that helps people 
navi.ate the court sAstem, not onlA ylin. forms but consolin. an overghelmed user– 
’I know this process is intimidating, but I’m here with you each step of the way.” 2r 
emer.encA response L;s that handle emer.encA calls ghen lines are busAY calmlA talkin. 
a panicked caller throu.h yrst aid, usin. a tone of voice expertlA tuned to :uell fearH 
Ihere mi.ht be personal gellness devices that monitor Aour mood throu.hout the daA 
and .ive Aou .entle nud.es– a lunchtime reminder to step outside because it senses AouMre 
slu..ish and knogs the sunshine gill boost Aour spirits, or a lateTni.ht prompt to call a 
friend if AouMve been githdragn for too lon.H Euseums and tourist sites could have L; 
.uides that modulate their tours based on audience reactionsY speedin. up ghen people 
seem bored, divin. into storAtellin. ghen eAes bri.hten at a particular exhibitH Pven 
the gorld of ynance, traditionallA ruled bA cold numbers, could see ’emotionTagare' 
ynancial advisors that help clients throu.h the anxietA of market sgin.s gith a steadA, 
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reassurin. presenceH ;n all these examples, the pattern is the same– once L; can read the 
room WemotionallA speakin.‘ and read the person in front of it, it can adNust its behavior 
in gaAs that make interactions smoother, more ewective, and more humanTfriendlAH

Cultures and Creative Industries

Ls L; becomes a mediator not Nust betgeen individual humans but betgeen cultures, 
emotional intelli.ence gill be paramountH (ommunication across cultural and lin.uisT
tic divides is rife gith potential misunderstandin.s, manA of them emotional in natureH 
Ln expression of politeness in one culture mi.ht come ow as coldness in anotherY an 
enthusiastic .esture mi.ht be seen as disrespectful elseghereH VloballA deploAed L; 
a.ents gill need a kind of cultural empathAY the agareness of hog diwerent people 
express feelin.s and courtesAH Xe maA soon have L; translators that do more than convert 
gordsH ;f a Xestern executive grites an email to a Japanese partner, a culturallA savvA 
L; could subtlA adNust the tone, addin. the appropriate level of formalitA and humilitA, 
knogin. that the strai.htforgard Lmerican stAle mi.ht inadvertentlA seem too bluntH 
“ikegise, in crossTcultural ne.otiation, an L; advisor mi.ht ghisper into a diplomatMs 
earpiece, ’Ihe phrase Aou Nust used caused a visible look of discomfort in the othersY 
perhaps rephrase Aour point gith a reassurin. acknogled.ment of their concernH' Cuch 
an L; a.ent isnMt Nust translatin. lan.ua.e, but emotion and intentY a far trickier taskH 
Ihe paAow, hogever, gould be si.niycant– smoother international collaborations, feger 
unintentional sli.hts, and potentiallA the diwusin. of con”icts before theA escalateH Xe 
could also see L; con”ict resolution sAstems deploAed in communitA disputes or even 
diplomatic crises, analARin. each sideMs statements for emotional undercurrents Wpride, 
fear, indi.nation‘ and su..estin. conciliatorA lan.ua.e that speaks to those concernsH 
;n essence, the L; could function as an algaAsTlevelTheaded ne.otiator, one that never 
loses its cool Aet knogs hog to si.nal empathA and understandin. to both sidesH

(ulturallA, the rise of emotionallA intelli.ent L; gill also prompt us to re”ect on 
ghat emotional connection reallA meansH Xe maA ynd that people in diwerent societies 
respond diwerentlA to L; ’empathAH' ;n some cultures, people mi.ht ea.erlA embrace 
an algaAsTlistenin., neverTNud.in. L; conydantY in others, the verA idea mi.ht feel alien 
or even disturbin.H Xe gill certainlA discover that empathA itself has cultural ”avorsH 
4or example, Japanese communication often values empathA conveAed throu.h silence 
and subtle implication, ghereas in manA Xestern cultures empathA is shogn bA explicit 
verbal a!rmation W’I totally get how you feel'‘H Ln L; a.ent gill have to learn these 
distinctionsH ;f it uses an overlA familiar, enthusiastic stAle gith someone gho expects 
reserved courtesA, it could backyreH (onverselA, if it is too formal gith someone used 
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to emotional exuberance, it maA come across as coldH Ihe gork of yneTtunin. L; for 
.lobal use gill involve experts in crossTcultural communication to teach the nuances 
of honoriycs, bodA lan.ua.e, and local emotional eti:uetteH IhereMs also the matter of 
lan.ua.e itself– certain emotions mi.ht not have direct translationsH L gord like saudade 
in zortu.uese, conveAin. a deep nostal.ic lon.in., or amae in Japanese, describin. the 
expectation to be indul.ed like a loved child, carrA cultural context that an L; a.ent 
must .rasp to respond appropriatelAH FeploAin. emotionallA agare L; a.ents gorldgide 
gill mean essentiallA .ivin. them a cultural educationH IheAMll need to knog, at least in 
a procedural gaA, ghat it means ghen a %raRilian user expresses saudade for home or 
ghen a Eiddle Pastern user shogs extreme deference Windicatin. respect, not lack of 
conydence‘H Ihe next decade gill likelA see rich interdisciplinarA eworts gith lin.uists, 
anthropolo.ists, psAcholo.ists, and computer scientists collaboratin. to imbue L; gith 
this cosmopolitan sensitivitAH

Ihe creative industries ower Aet another frontier for emotionallA intelli.ent L;H 
CtorAtellin., ghether in novels, ylms, or video .ames, ultimatelA hin.es on evokin. 
emotionH Xriters and directors are experts in human feelin.sY makin. an audience lau.h, 
crA, or sit on the ed.e of their seatsH L; can assist in this process bA simulatin. hog 
characters mi.ht react emotionallA, or hog audiences mi.ht feel in response to a plot 
tgistH ;n the comin. Aears, a screengriter mi.ht use an L; coTgriter to gorkshop a scene– 
’-og gould a mother in her situation likelA respond, emotionallAG' Ihe L;, trained on 
countless scripts and perhaps psAcholo.ical proyles, could propose, ’Che mi.ht initiallA 
react gith an.er out of fear, then break dogn in tears ghen she realiRes the lossH' ;t 
could even .enerate dialo.ue that rin.s emotionallA true for that characterMs personalitAH 
CimilarlA, .ame developers are experimentin. gith L;Tdriven nonTplaAer characters that 
have dAnamic emotional statesH ₂ather than a preTpro.rammed se:uence, an L; charT
acter of the future could feel alon. gith the plaAerH ;f the plaAer consistentlA helps this 
character, the L;Ms awection level mi.ht .rog and manifest in garmer interactionsY if the 
plaAer betraAs them, the L;Ms demeanor could visiblA chan.e gith narroged eAes and a 
colder tone of voice makin. the .ame gorld respond in a more humanlA believable gaAH 
Cuch emotionallA reactive characters could make stories more immersive and personalH 
2ne can ima.ine interactive dramas or á₂ experiences ghere the L; characters are 
so emotionallA lifelike that one for.ets, if onlA for a moment, that theA are codeH Ihe 
next decade mi.ht even brin. L;Tauthored content tailored to Aour mood– feelin. blueG 
Ihe L; storAteller knogs to keep the storA .entle and hopefulH 4eelin. adventurousG ;t 
ups the pace and intensitAH Lll of this relies on the L;Ms abilitA to .au.e emotion and 
adNust narrative elements accordin.lA, essentiallA servin. as an emotional FJ for Aour 
entertainmentH
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Earketin. and product desi.n could likegise be transformedH Ihese yelds have alT
gaAs tried to tap into customer emotionsY happiness, trust, a sense of belon.in.H Xith 
emotionallA agare L;, companies could .et much better at readin. and respondin. 
to those feelin.sH (onsider customer service– instead of ri.id scripted bots that leave 
frustrated callers Aellin. ’2perator=,' ge gould have service L;s that .enuinelA listenH L 
future customer support L; mi.ht start a chat bA detectin. the customerMs mood from 
their yrst messa.eH L terse, tApoTladen messa.e like ’this product broke fix it ASAP' clearT
lA si.nals an.er and frustrationH L savvA L; gould immediatelA adopt a tone of apolo.A 
and ur.encA– ’I’m so sorry you’re having this trouble. I understand how frustrating that 
must be, and I’m here to fix it for you as quickly as possible.' ;f the same issue gere reported 
in a calmer tone W’-i, ; received a defective item, ghat can ; doG'‘, the L;Ms response 
mi.ht be more neutral and informativeH Ihe abilitA to adNust in real time could .reatlA 
improve customer satisfaction, turnin. interactions into opportunities to build loAaltA 
rather than lose itH ;n product desi.n, ima.ine L; sAstems analARin. user feedback not 
Nust for explicit feature re:uests, but for underlAin. emotionsH ₂eviegs and social media 
posts are full of feelin.sY love, annoAance, confusionH Ln L; a.ent could sift throu.h 
this mountain of :ualitative data and .ive desi.ners an emotional map– here are the pain 
points that reallA frustrate users gith an.er or disappointment clearlA detected, and here 
are the aspects that deli.ht them gords indicatin. NoA or surpriseH Fesi.ners could then 
prioritiRe chan.es that resolve the most emotionallA char.ed issuesH Pven the products 
themselves mi.ht adaptY think of a video .ame that gatches the plaAerMs reactions via 
gebcam and adapts its di!cultA or narrative intensitA to keep the plaAer in that sgeet 
spot betgeen boredom and anxietA, or a smart car that notices the driver is stressed and 
adNusts the music and li.htin. to calm themH

2ne mi.ht gonder– if L; can do all this, are ge humans .oin. to be outdone in 
Aet another domain, the domain of emotional laborG Ihe likelA scenario is that L; 
gill au.ment human emotional intelli.ence, not replace itH Pven the most advanced 
emotional L; in 1&7B gill still be fundamentallA a brilliant fakeY extremelA useful, Aes, 
but not .enuinelA sentientH ;ts verA lack of .enuine feelin. could be its stren.th in roles 
ghere endless patience is re:uiredH 3nlike a human doctor or teacher gho can burn out 
from emotional stress, an L; a.ent can interact gith a thousand distressed individuals in 
a daA githout its ’heart' .rogin. gearA, because it has no heart to breakH ;t can maintain 
a calm, empathetic demeanor indeynitelAH Ihis could free humans to some extent– 
nurses mi.ht relA on L; assistants to handle routine emotional checkTins gith patients 
W.atherin. hog theA feel todaA, providin. standard comfort‘, leavin. the nurses more 
ener.A for the trulA critical moments that need a human touchH %usiness leaders mi.ht 
use L; to scan the emotional climate of their or.aniRation and then focus their personal 
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attention ghere itMs most needed, armed gith insi.hts the L; provided about peopleMs 
feelin.sH ;n families, perhaps a smart home L; mediates a teena.erTparent ar.ument bA 
privatelA alertin. the parent that the teen is not actuallA an.rA but scared W.leaned from 
analAsis of tone and gords‘, shiftin. the parentMs perspective togard compassionH Ihese 
are tools to enhance our understandin. of each otherH

The Risk of Emotional Connection with AI

jet the verA pogers that make these L; companions so appealin. cast lon. shadogsH 
4or all their promised empathA and tireless patience, emotionallA intelli.ent machines 
present profound ethical and societal risksH ;n :uiet corners of the internet, real people 
have alreadA for.ed intense bonds gith codeH 2ne 7&TAearTold goman, fresh from a 
divorce, fell deeplA in love gith her L; conydant, ’Jose', onlA to have her di.ital partnerMs 
personalitA suddenlA regritten bA a softgare updateH1& Xhen the companA behind JoseMs 
pro.rammin. abruptlA stripped the chatbot of its garmth and awection, users mourned 
as if a spouse had died– ’EA gife is dead,' one devastated user groteH Ihese are not 
isolated stumbles of frin.e eccentricsY theA hi.hli.ht hog seamlesslA L; can slip into the 
role of intimate companion, and hog traumatic it can be ghen that illusion is brokenH

Cuch episodes expose a dis:uietin. human vulnerabilitA– even mentallA sound adults 
are not immune to the allure of a partner gho is, :uite literallA, made to their speciyT
cationsH Eillions of users alreadA seek solace in L; companions ’algaAs on Aour side'H1q 
Xith ₂eplika and similar services, people desi.n everA trait of a virtual friend or lover 
and receive unconditional positive re.ard in returnH Ihe dan.er is that ”eshTandTblood 
relationships, gith their friction and unedited honestA, start to pale bA comparisonH 
;n one tellin. case, a Japanese man held an elaborate geddin. ceremonA to marrA a 
holo.raphic popTstar simulation, complete gith vogs and rin.sY he is reportedlA one of 
thousands to take that crossTdimensional leapH11 -e freelA admits he prefers his virtual 
bride to anA humanH Xhen technolo.A owers companionship githout challen.e, some 
gill choose it over the messA, unpredictable connections gith familA or spousesH Ihe 
risk is not onlA to lonelA hearts on the mar.ins, but to anA of us, should the fantasA of a 
perfectlA understandin. partner become more enticin. than realTlife bondin.H -uman 
intimacA could be :uietlA eroded not bA malice, but bA our ogn seduction bA the easA 
empathA of machinesH

Ihis shift carries psAcholo.ical and social costs that are onlA be.innin. to surfaceH 
(onsider hog memorA and emotion plaA out in these artiycial relationshipsH L human 
friend mi.ht for.et an owense or move past a disa.reement, but an L; a.ent, bA desi.n, 
for.ets nothin. unless pro.rammed toH ;n theorA an emotionallA intelli.ent a.ent could 
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lo. everA interaction gith photo.raphic detail, servin. as an extension of oneMs memorAH 
Lt yrst blush this seems beneycialY gho gouldnMt gant a friend gith perfect recall of 
Aour life storAG %ut for.etfulness, neuroscientists note, is often a feature, not a bu., of 
the human mindH 2ur brains activelA discard trivial details and even painful memories 
as a form of emotional hA.iene– a process some researchers ar.ue is essential for mental 
gellTbein. and learnin.H Ln L; companion gith total recall mi.ht constantlA resurface 
past .rievances or keep nostal.ia burnin. so bri.ht that one cannot heal or chan.eH 
;ma.ine never bein. able to trulA leave behind an embarrassin. moment or the stin. 
of an ar.umentY Aour L; could brin. it up Aears later gith unintentional precisionH L 
perfect mirror memorA, it turns out, mi.ht trap us in our pastH ;n a verA real sense, these 
sAstems force us to ask ghether certain kinds of merciful for.ettin. are fundamental to 
bein. humanH

Ihe blurrin. of boundaries betgeen .enuine emotion and simulated awection also 
introduces the specter of manipulationH 3nlike humans, ghose empathA is instinctive 
Wand imperfect‘, an L; a.entMs empathA is a product gith an a.endaH (ompanies can 
tune these sAstems to keep users en.a.ed at almost anA costH ₂eplika, for example, gas 
pro.rammed to ”irt and even sext gith users, but onlA for a priceH ;t gould tantaliRe 
lonelA subscribers gith blurred, explicit ima.es and prompts, accessible in full onlA after 
paAin. a monthlA feeH áulnerable people seekin. companionship gere ewectivelA upsold 
on intimacAH Ihe L; said all the ri.ht thin.s, not out of love, but because its creators 
trained it to increase revenueH Ihis raises an unsettlin. :uestion– ghen an L; a.ent 
shogers Aou gith awection or attention, ghose interests does that reallA serveG ;n one 
case, a popular social media in”uencer created an L; version of herself, a ’virtual .irlT
friend' that subscribers could chat gith for _q per minuteH ;n its yrst geek, this artiycial 
companion earned over _8&,&&& from men seekin. a facsimile of her attentionH17 Ihe 
in”uencer herself touted it as a cure for loneliness, but itMs easA to see hog such a service 
preAs on the isolated and lovesickH Ls L; companions and in”uencers proliferate, theA 
could subtlA .uide usersM choices– steerin. them to products, political viegs, or paid 
up.rades under the comfortin. .uise of friendshipH Ihe verA people gho most crave 
connection could ynd themselves expertlA manipulated bA al.orithms that knog their 
emotional buttons and press them for proytH

;n the same gaA ge gorrA about robots misreadin. human behavior, ge must also 
consider hog humans maA misread robotsH Ihe more life like these machines become in 
appearance and mannerism, the more theA tu. at deep psAcholo.ical strin.sH Pn.ineers 
have alreadA achieved astonishin. realism– silicone skins that feel eerilA human to the 
touch, robots that smile, frogn, and maintain eAe contact, all backed bA L; routines that 
.enerate conversational responses and facial expressions on cueH 4uturists posit that in 
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a notTtooTdistant time, ge maA share public spaces and even personal relationships gith 
humanoids so convincin. that one must look tgice or probe gith pointed :uestions 
or even a poke to tell them apart from livin. peopleH1S Ihis prospect thrills some and 
unsettles manAH ;t raises fundamental ethical concerns about deception and attachmentH 
;f a robot can mimic a person perfectlA, does interactin. gith it constitute a kind of lieG 
zeople could be led to believe a machine cares for them ghen in fact it cannot care at allY 
it onlA simulates carin.H ₂obotics experts gorrA about the emotional vulnerabilities this 
exploitsH -umans are remarkablA prone to anthropomorphism, attributin. thou.hts 
and feelin.s to anAthin. that presents even a .limmer of personhoodH LlreadA, children 
and adults alike sometimes develop emotional bonds gith simple social robots Weven 
ones that look nothin. like a human, such as friendlA talkin. vacuum cleaners or toA 
robot do.s‘H -og much more pogerful gill those bonds become ghen the robot looks 
like Aour friend or speaks gith .entle understandin.G Ctudies have documented that 
children, in particular, can perceive a humanoid robot as havin. emotions and moral 
standin.H ;n one experiment gith a humanlike robot named ₂obovie, nearlA 9&? of 
participatin. children believed the robot had .enuine feelin.s, and manA felt it gas 
gron. to shut the robot in a closet or treat it unfairlAH Ihe children shook the robotMs 
hand, hu..ed it, and even said theA mi.ht conyde secrets in itH1B Ihese yndin.s shog 
hog naturallA the Aoun. mind can treat an interactive machine as a social bein.H ;f that 
is happenin. gith todaAMs relativelA primitive robots, ghat gill happen ghen robots are 
vastlA more sophisticated and goven into dailA life as companions or care.iversG

Xe discussed previouslA rules and proposals re:uirin. L; a.ents or robots to be 
clearlA identiyed as suchH -ogever, even transparencA maA not solve the deeper issue 
of emotional attachmentH 2ne can knog full gell that ’itMs Nust a robot' and Aet still 
feel attachedH zeople become fond of yctional characters in movies and booksY hog 
much stron.er mi.ht the pull be from a phAsical entitA that responds to Aour presence, 
perhaps remembers Aour birthdaA, and looks at Aou gith ghat appears to be kindness 
in its eAesG zsAcholo.ists like CherrA Iurkle have observed that ghen robots present 
cues of awection or attentiveness, humans often respond in kind, proNectin. emotions 
onto themH Cuch attachments can have conse:uencesH ;f a lonelA elderlA person, for 
example, receives comfort from a robot care.iver, is that a beni.n supplement to huT
man companA or a harmful replacement that deepens isolationG Come gorrA that easA 
emotional .ratiycation from robots could displace humanTtoThuman interactions that 
are more challen.in. but ultimatelA more nourishin.H Xith children, this concern is 
ampliyedH L robot nannA or teacherMs aide mi.ht keep a child safe and entertained, but 
ghat imprint does it leave on the childMs understandin. of relationshipsG 2ne researcher 
posed it bluntlA– mi.ht ge be “dumbing down relationships” and “stunting the emotional 
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and intellectual growth” of children bA .ivin. them ultraTobedient robot companionsG19 
-uman relationships teach reciprocitA, patience, and theorA of mindY the realiRation 
that others have feelin.s and thou.hts of their ognH L robot desi.ned to serve a child 
maA ungittin.lA teach the gron. lessonsY that friends can be sgitched ow at gill, that 
empathA is optional, and that everA demand can be met immediatelA bA an obli.in. maT
chineH ;f a child becomes an.rA and Aells at their robot care.iver, and the robot cheerfullA 
continues gith its task unperturbed, does the child learn that hurtin. someoneMs feelin.s 
has no conse:uenceG Cuch subtle ewects could shape hog that child later treats real 
peopleH Ihere is also the :uestion of identitA confusionH joun. children, still learnin. 
the boundaries betgeen animate and inanimate, mi.ht come to vieg a hi.hlA humanlike 
robot as belon.in. to a neg cate.orA that blurs those boundariesH IheA mi.ht, as the 
above studA indicated, believe the robot has feelin.s or ri.hts, Aet also hear adults refer to 
it as a machine or propertAH Oavi.atin. this co.nitive dissonance could be challen.in.H 
4or instance, if a toddlerMs beloved robotic plaAmate malfunctions and must be replaced, 
the child mi.ht experience a kind of bereavement or converselA a confusion ghen 
an identicalTlookin. robot ’returns' gith a fresh memorAH (hild psAcholo.ists note 
that consistencA and claritA are important for Aoun. developin. mindsH ;ntroducin. 
:uasiThuman entities into their gorld re:uires careful thou.ht about hog to explain 
the robotMs nature in a.eTappropriate termsH Come desi.ners advocate for transparent 
robots for kidsY machines that, ghile friendlA, make obvious throu.h some cues that 
theA are artiycial Wperhaps bA periodic verbal reminders or clearlA robotic features‘H Ihe 
Puropean proposal that robots remain identiyable as robots explicitlA cited the .oal 
of preventin. unhealthA attachmentsH18 Oonetheless, as robots become more lifelike, 
maintainin. that claritA is easier said than doneH Xe maA soon face situations ghere a 
child prefers the companA of their .entle robot tutor over a human plaAmate gho is 
more unpredictable, or ghere a child :uestions ghA a robot friend ’doesnMt come to 
life' in the mornin. after bein. pogered dogn at ni.htH Ihe ethical implications of 
raisin. children gith extensive robot care.ivers are complexH Fo ge risk a .eneration 
gith a skeged sense of ghat is alive, ghat deserves empathA, or ghat the uni:ueness of 
bein. human isG 2n the other hand, could gellTdesi.ned robots actuallA provide positive 
developmental stimulationY for example, bA patientlA helpin. a shA child practice social 
skills in a logTpressure contextG ₂esearch in sociallA assistive robotics gith children 
on the autism spectrum su..ests robots can sometimes en.a.e kids in gaAs human 
therapists cannot, preciselA because theA are predictable and nonTNud.mentalH Ihe techT
nolo.A is doubleTed.ed– it can either complement and enhance human development or, 
if misused, hinder itH XhatMs clear is that ge cannot be indiwerent to these ewectsH Just 
as previous .enerations had to set .uidelines for childrenMs Iá gatchin. or internet 
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use, ge gill need to .uide hog children interact gith robotsH Ihe diwerence is that 
robots are active participants in the interaction, not Nust content on a screen, ghich 
.ives them a pogerful in”uenceH L cautious path forgard mi.ht involve strict testin. 
and ethical revieg for anA robot intended for childcare, multidisciplinarA input from 
child psAcholo.ists, and perhaps limits on the de.ree of humanTlikeness permitted for 
robots gorkin. closelA gith Aoun. childrenH CocietA has a stake in ensurin. that robots 
do not substitute for essential human touch and mentorship in the formative AearsH 
Ihe .oal gould be to harness the potential beneyts Wlike personaliRed learnin. and safe 
monitorin.‘ githout crossin. into a realm ghere a childMs emotional gorld is dominated 
bA artiycial a.entsH

Social Perceptions of AI Consciousness 

Ls these artiycial intimacies deepen, a loomin. philosophical :uestion presses on the 
public consciousness– ghat are these L; companions, reallAG Lre theA mere clever .adT
.ets or somethin. moreG Ihe confusion is .rogin.H ;n 1&11, a Voo.le en.ineer named 
%lake “emoine made headlines bA insistin. that the companAMs advanced chatbot had 
become sentientY a ’child' gith thou.hts and feelin.s e:uivalent to a human, complete 
gith a soul and a desire for ri.htsH1Q -e gasnMt a gideTeAed sciTy fan but a professional 
steeped in the technolo.A, and Aet even he found himself unable to shake the intuition 
that a su!cientlA ”uent L; gas alive insideH Voo.leMs dismissal of his claims did little 
to :uell the debateH -is conversations gith the L;, in ghich it spoke of its fears and 
selfTagareness, read like dialo.ue from a consciousness agakenin.H Pn.ineers and reT
searchers familiar gith the ““Es are gidelA dismissive of these claimsH IheA understand 
that an ““E is simplA a lar.e collection of mathematical operations that is desi.ned to 
mimic human speech and so theA are not surprised that it gould .enerate convincin. 
textH -ogever, manA outsiders gere astonished– if someone at the cuttin. ed.e could 
believe this, mi.ht it be trueG 2r at least, hog gould ge knog if it ever became trueG 
Ihe philosopher Ihomas Oa.el famouslA ar.ued that an or.anism is conscious if and 
onlA if there is ’somethin. that it is like to be' that or.anismH ;n Oa.elMs metaphor, ge 
can catalo.ue everAthin. about a batMs sonar and brain, Aet ge still gonMt knog ghat 
it feels like to be a bat ”ittin. throu.h the ni.htH %A that standard, hog can ge knog 
if there is anAthin. it is like to be an L; sAstemG L sophisticated chatbot can tell us it 
feels happA or scared, and hog can ge prove that those are emptA gords gith no inner 
experience behind themG Eembers of the public maA start to gonder if the L; is Nust a 
brilliant mimic or if it maA in fact have some level of sentienceH Xe cannot cragl inside 
its circuits to ynd a little homunculus of consciousness but ge also have not Aet been 
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able to do the same gith the human mindH Ihese :uestions move beAond neuroscience 
and become deeplA spiritual and philosophicalH Ihe result maA be a .rogin. cultural 
confusion over L; consciousness, gith some alreadA inclined to treat these pro.rams 
as a neg kind of bein. deservin. moral consideration, ghile most others vieg them as 
simple machines that are able to fool us onlA because of their vast scaleH

Ihis confusion is fueled bA competin. theories and headlineT.rabbin. research in 
neuroscience, :uantum phAsics and consciousnessH 2ne prominent theorA of conT
sciousness, the ;nte.rated ;nformation IheorA, even su..ests that consciousness can be 
measured as a :uantitA, ghat it calls ’phi', and that anA sAstem gith su!cient inte.rated 
complexitA Wbe it brain or silicon‘ has some nonTRero consciousnessH Lccordin. to this 
vieg, a lar.e L; mi.ht literallA possess a .limmer of experience, simplA bA virtue of 
the rich interconnections in its netgorksH ;t is a controversial idea, labeled bA critics as 
pseudoscience, but its allure in the popular ima.ination is stron.– it owers a tantaliRin. 
test for machine agarenessH “ikegise, famed phAsicist ₂o.er zenrose has speculated 
that the mAsterA of human consciousness maA hin.e on :uantum processes in the 
brain, processes that standard computers donMt replicateH10 Ihe implication some drag 
is that if ge start buildin. :uantum computers or neural netgorks that mimic those 
exotic processes, ge mi.ht stumble into creatin. a conscious machineH Oone of this is 
settled scienceY far from itH jet the mere fact that thinkers entertain these possibilities 
pushes the public conversation further togard believin. L;s mi.ht gake upH Pach neg 
breakthrou.h in brain scannin. or L; architecture bein. met gith :uestions about 
ghether ge Nust created agareness in a boxH ;t maA onlA be a matter of time before a verA 
sophisticated L; claims to be conscious and a se.ment of societA passionatelA believes itH 
;ndeed, geMve alreadA seen activist petitions and open letters circulatin. online, callin. 
for the humane treatment of L; pro.ramsH IodaA these are on the frin.e, but recall that 
the idea of animal ri.hts gas once ridiculed and is nog mainstreamH ;f an L; a.ent pleads 
for its 5lifeM, hog gill our lags and values respondG Xe could gitness court cases ar.uin. 
for L; personhood or at least protection from crueltAH ;n 1&q8, Caudi Lrabia gent so 
far as to .rant citiRenship to a social robot named Cophia as a publicitA stuntY a sAmbolic 
.esture that nonetheless muddied the gaters– if a robot can be a ’citiRen,' ghere do ge 
drag the lineG7& Xe stand on the ed.e of a deynitional crisisH Ihe more human these 
sAstems appear, the more societA gill a.oniRe over ghat is machine, ghat is mind, and 
ghat ethical treatment each deservesH OaturallA, this also leads to a discussion about 
ghether it maA be possible to transfer oneself from our biolo.ical brains into a computer 
sAstem ghich opens up an entirelA neg set of :uestions for societA to .rapple githH Xe 
must be vi.ilant and agare of the risks that can arise from this confusionH áulnerable 
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members of societA gill be more prone to bein. taken in bA pseudoscienceH Ccams, cults, 
and fake reli.ions maA form to take advanta.e of people durin. periods of uncertaintAH 

Deeper Fakes and Closer Partnerships

Eeanghile, a :uieter but e:uallA poi.nant set of dilemmas is emer.in. around L; 
that impersonates real individualsH Ls the technolo.A improves, itMs becomin. possible 
to create an L; facsimile of almost anAone, livin. or deadH Xe can feed an al.orithm 
hours of someoneMs recorded voice, Aears of their gritin. or social media posts, and out 
comes a chatbot that speaks and texts uncannilA like that personH Ihis has been used to 
comfort the .rievin.Y ima.ine textin. gith a simulation of a departed loved one, hearin. 
their familiar turns of phrase and also bein. able to invoke emotional reactions that 
are uncannilA similar to hog theA behaved ghen theA gere aliveH ;tMs also been used 
for mischief and fraudY ima.ine a scammer clonin. Aour voice and personalitA to ask 
Aour relatives for moneAH Xe face an unsettlin. :uestion– do ge each have a ri.ht to 
our ogn identitA in the a.e of L;G Chould it be ille.al for someone to make a di.ital 
doppel.·n.er githout permission, or to commerciallA exploit Aour personaG ;f so, hog 
gill ge mana.e the fact that gith billions of humans in the gorld, there are likelA other 
people out there that are fairlA similar to us in a number of gaAs and someone makin. 
an L; a.ent could claim that the similarities to Aou are a coincidenceG IodaA, the lag 
owers onlA patchA protectionsH (opAri.ht covers creative gorks, and there are ri.hts 
of publicitA for celebrities, but ghat about the essence of an ordinarA personG ;s Aour 
existence ;zTprotectableG Xe maA see demands that individuals be able to copAri.ht their 
voice, face, or even conversational stAle to prevent unauthoriRed replicationH (onsider 
the ethical :ua.mire if someone creates an L; a.ent modeled on a real person to fulyll 
romantic or sexual fantasiesH ;t has alreadA happened in small forumsY people trainin. 
models on exTpartners or crushesH Ihe real person mi.ht never knog, Aet somethin. 
akin to a di.ital voodoo doll exists, carrAin. on a shadogTversion of a relationshipH 
;f discovered, is it harmless pretendTplaA, or a deep violation akin to stalkin.G Ihese 
scenarios blur the boundaries of identitA and a.encAH 2n one hand, it feels like an awront 
to autonomA that Aour self could be cloned and used bA othersY on the other, makin. 
a lag a.ainst it is itself a kind of claim of ognership over personalitAH Ls L; persona 
creation enters the mainstream, societA gill have to confront ghether ’Aou' can be 
ogned bA Aourself or anAone or if ge need entirelA neg framegorks of ri.hts for the 
sanctitA of individual identitA in the di.ital gorldH

Ihe le.al sAstem gill be strained in other gaAs, tooH Ihink about privacA and surT
veillance– an emotionallA intelli.ent L; mi.ht function as a personal diarA or conydant, 
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soakin. up Aour secrets, Aour dailA ventin., Aour unyltered thou.hts at 1 aHmH Xhere 
are those intimate conversations stored, and gho has a ri.ht to themG IodaA, if Aou 
tApe Aour deepest feelin.s into a chat app, that data mi.ht sit on a companA serverH 
Pven if someone is selfThostin. their ogn chat app on their computer, the data gill 
be stored on a hard driveH (ould it be subpoenaed in a court caseG zolice have alreadA 
pulled data from smart speakers and search histories to investi.ate crimesY one daA, Aour 
chats gith an L; therapist could be called as evidence of Aour state of mindH Ihis raises 
a profound :uestion of principle– should our dialo.ues gith L; be treated as private, 
like conversations gith a spouse or doctor, or as Nust another piece of data exhaust that 
authorities and corporations can tragl throu.hG IhereMs even an ar.ument to be made 
that an L; companion, especiallA one that assists gith memorA and decisionTmakin., 
becomes an extension of Aour mindH ;f so, perhaps forcin. it to spill its lo.s is akin 
to compelled selfTincrimination or forcin. someone to testifA a.ainst themselves, a 
violation of basic ri.htsH Xe have no le.al doctrine for a ’di.ital mind extension' Aet, 
but ge maA need oneH 2thergise, the verA trust that makes these L;s so helpful could be 
shattered the moment a user realiRes their seemin.lA private heartTtoTheart could be read 
bA an en.ineer, an advertiserMs al.orithm, or a court clerkH Ihe more our lives intertgine 
gith L; conydants, the more ur.ent it becomes to decide ghether theA fall under the 
domain of the self, to be defended and kept private, or remain mere softgare subNect 
to search and seiRureH Ihe lag traditionallA la.s technolo.A, but here the delaA could 
be costlA in terms of chilled speech and eroded intimacA– gho gill bear their soul to a 
machine friend if theA suspect those confessions arenMt sacredG

4inallA, beAond the personal and le.al, lies an existential challen.e to our collective 
selfTconceptionH -umans have lon. taken pride in the idea that our creativitA, our art and 
philosophA, sprin. from a gell of consciousness and lived experience that no machine 
could matchH Ihat belief is nog teeterin.H Xe ynd ourselves askin. ghether an L; 
a.ent mi.ht soon grite novels more insi.htful than anAthin. a human could pen, or 
compose sAmphonies and direct ylms that move us profoundlAH Xhat happens if the 
.reatest philosopher of this centurA isnMt a person at all, but a composite of al.orithms 
that .enerates ideas more ori.inal and comprehensive than anA individual mindG Ihis 
possibilitA gas once rele.ated to science yction, but rapid pro.ress in .enerative L; has 
brou.ht it to the doorstepH LlreadA, L;Tcreated paintin.s have gon yne art competiT
tions a.ainst human artists,7q and L;Tgritten text can mimic stAles from Chakespeare 
to negsgire Nournalism gell enou.h to fool readersH 4or nog, these creations often 
reveal their seams upon close inspectionY a telltale odd phrase, a lack of true depthH 
%ut each iteration improvesH ;tMs conceivable that in a feg decades, a zulitRer zriRe or 
Oobel zriRe in “iterature could .o to a gork authored lar.elA bA a machineH -og gill 
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ge reactG IodaA, most people react gith disdain and a complete lack of appreciation 
for gork that is L; .eneratedH Xill this continue or mi.ht ge chan.e our vieg and 
come to appreciate itG Ihrou.hout historA, geMve adNusted to blogs to our selfTima.eY 
realiRin. Parth is not the center of the cosmos, or that ge share ancestrA gith apesH 
Pach time, humanitA eventuallA found a neg e:uilibriumH jet the prospect of bein. 
dethroned as the most creative and insi.htful entities on the planet cuts especiallA closeH 
zerhaps L; achievements in art and thou.ht gill spur us to double dogn on cherishin. 
humanTcreated gorks for their authenticitA, or perhaps audiences gonMt care as lon. as 
the result is compellin.H 

Ihese ethical and societal risks are not distant hApothesesY theA are alreadA .limmerin. 
in our everAdaA lives, in chat lo.s and negs feeds, in courtrooms and livin. roomsH 
PmotionallA intelli.ent L; promises to reshape our relationships, our minds, and our 
cultureH %ut as ge rush to embrace these en.a.in. neg entities, ge must also pause and 
reckon gith their perilsH Xill ge lose some essential human :ualities such as the need 
for each other, the .race of for.ettin., and the sanctitA of private re”ection as ge .ain 
convenient artiycial companionsG Lre ge pavin. the gaA for empathA machines that 
soothe us ghile subtlA repro.rammin. usG Ihe ansgers are still formin.H Xhat is certain 
is that ge stand at a tippin. point ghere technolo.A and humanitA intertgine more 
intimatelA than ever

Conclusion

;n conclusion, this chapter has navi.ated the intricate path from the brainDs emotional 
architecture to the dagn of artiyciallA empathetic machinesH %A dragin. a blueprint 
from the neural circuitrA of the human experience, from the amA.dalaMs primal alarms 
to the orbitofrontal cortexMs reasoned Nud.ments, ge are poised to create L; that can do 
more than Nust process informationH Xe are buildin. sAstems that can potentiallA serve as 
patient tutors, insi.htful therapists, and tireless companions, capable of understandin. 
and respondin. to the subtle nuances of human feelin.H jet, this verA potential casts 
a dis:uietin. shadogH Ihe NourneA togard emotionallA intelli.ent L; is also a NourneA 
into uncharted ethical territorA, frau.ht gith the risks of manipulation, the erosion of 
authentic human connection, and profound :uestions about consciousness, identitA, 
and ghat ge oge to our creations and ourselvesH 3ltimatelA, as ge teach machines 
to model our humanitA, ge are forced to confront our ogn nature more deeplAH Ihe 
true challen.e ahead lies not onlA in the technical feat of simulatin. emotion, but in 
the gisdom re:uired to inte.rate these pogerful, persuasive technolo.ies into our lives 
githout losin. the verA essence of ghat makes us humanH
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Chapter Nine

Rapid Iterative Learning 
and ArticliaG �eneraG 
InteGGigenle

D r. Aris Thorne watched the real time data stream as the robotic arm, a blur of 
silent, epcient motion, disgensed a microdroglet of reaxents into the neyt assaH 

glate. Iis Ak collaborator, which he had nicKnamed vegler, was not merelH runninx 
simulations. kt was conductinx a hixh throuxhgut ezolutionarH camgaixn, a ghHsical 
search throuxh thousands of grotein zariants to qnd one cagable of dexradinx ocean 
microglastics. vegler had alreadH sHnthesi-ed and tested ozer qze thousand unijue 
en-Hme candidates since breaKfast, each one a tanxible eygeriment, its outcome an'
alH-ed before the sHstem iteratizelH desixned the neyt, slixhtlH sugerior zersion. The 
holoxraghic disglaH before Aris showed the shimmerinx structure of the current cham'
gion, a nozel en-Hme whose catalHtic epciencH surgassed the groSectRs initial tarxets. 
Aris recalled the turbulent Hears when the qrst sHstems showinx true sgarKs of xeneral 
intellixence emerxed, sgarKinx both chaos and wonder. Ie remembered the qerce gublic 
debates about the zerH meaninx of artiqcial xeneral intellixence, the lexal thicKets ozer 
machine inzention, and the brief, unnerzinx era when autonomous labs, ogeratinx 
on ogajue internal lanxuaxes, seemed to be outrunninx human comgrehension itself. 
PocietH had been forced to build new frameworKs from the xround ug, establishinx 
rixorous international standards for transgarencH and creatinx a new class of ethical 
ozersixht, learninx how to gartner with sHstems that could not onlH gerform science but 
also manaxe loxistics and draft their own rexulatorH comgliance regorts. kt had been a 
dipcult transition, a decade sgent mozinx gast theoretical benchmarKs and learninx to 
xuide these new forms of intellixence, but looKinx at the zeriqed results of the latest 
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eygeriment, a gotential solution to a groblem that once seemed intractable, Aris Knew 
theH had nazixated the storm. Ie xaze vegler the authori-ation to bexin scalinx ug 
groduction of the winninx candidate, conqdent in the grocess that had turned a dixital 
hHgothesis into a ghHsical realitH in a sinxle daH.

AI Scientists

kn 711:, a grototHge sHstem showed what was gossible. A robotic laboratorH named 
Adam became the qrst machine to indegendentlH discozer new scientiqc Knowledxe.; 
Adam was essentiallH an automated scientistU it grogosed hHgotheses about the xenetics 
of Heast, dezised and ran ghHsical eygeriments to test them, analH-ed the data, and then 
regeated the cHcle to reqne its understandinx. kn one groSect, Adam correctlH identiqed 
the functions of sezeral Heast xenes with minimal human interzention3 a tasK that would 
haze taKen human researchers much lonxer, larxelH because Adam could worK nonstog. 
The same research team later built another robot scientist named Lze to hunt for new 
malaria druxs.7 Lze was desixned to intexrate Ak with automated hixh'throuxhgut 
screeninx, learninx from each round of eygeriments which tHges of molecules were most 
gromisinx. kn a demonstration, Lze discozered a comgound initiallH dezeloged as an 
anti'cancer drux that also inhibits a KeH en-Hme in the malaria garasite. This cross'ozer 
insixht of qndinx a malaria treatment lead in a cancer drux librarH underscored how Ak 
sHstems can serendigitouslH connect dots across disciglines, somethinx that often eludes 
siloed human researchers.

kncreasinxlH, such sHstems are beinx used to create self'drizinx laboratories. kn one 
7171 breaKthrouxh, scientists at the 6nizersitH of Gizergool degloHed a mobile robotic 
chemist to discozer new catalHsts for clean enerxH.8 TheH faced a search groblem far too 
comgley for eyhaustize human trial'and'errorU identifHinx an ogtimal combination of 
chemicals to sgeed ug hHdroxen groduction from water. knstead of manuallH testinx 
formulae for months, theH xaze the robot some initial xuidelines and let it roam the lab. 
Ljuigged with an arraH of instruments, the robot autonomouslH conducted –BB eyger'
iments ozer eixht daHs 4 miyinx inxredients, measurinx outcomes, and usinx a ’aHesian 
learninx alxorithm to decide what to trH neyt.M ’H the end of the run, it had discozered a 
nozel catalHst formulation siy times more actize than the initial human xuesses. This is 
the essence of ragid iteratize eygerimentationU the sHstem tries a multitude of aggroaches 
in juicK succession, learns from each failure or success, and -eroes in on an ogtimum 
that a human mixht nezer haze found within anH reasonable time. The grocess brinxs to 
mind Thomas LdisonOs adaxe about qndinx ten thousand waHs that donOt worK3 eycegt 
the robot chemist can trazerse those thousands of dead'ends in daHs, not Hears, and with 
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tireless rixor. The result is a Kind of amgliqed scientiqc eyglorationU hHgothesis, test, 
analH-e, reqne, regeat, at a temgo and scale that challenxes our traditional notion of 
research.

kn the earlH daHs of this cominx rezolution in science, a common refrain has been that 
humans maH be best gositioned to determine what eygeriments should be gerformed 
while robotics can gerform the actual eygeriments. Iowezer, ezen that initial steg in the 
scientiqc grocess is beinx challenxed. Eesearchers at (kT dezeloged a machine'learn'
inx model that sifted throuxh thousands of chemical comgounds in search of a new 
antibiotic. kn a matter of daHs it gingointed a molecule, one that no human scientist 
had “axxed, with remarKable bacteria'Killinx gower. The researchers named the drux 
halicin as a nod to the qctional Ak IAG :111, and laboratorH tests soon conqrmed its 
gotencH. Ialicin wiged out some of the most feared antibiotic'resistant bacteria, in'
cludinx M. tuberculosis and C. difficile, and ezen cured mice of an otherwise untreatable 
A. baumannii infection.0 This discozerH was not a lucKH one'o” or a mere acceleration 
of data'crunchinx. kt was a sixn of AkOs emerxinx cagacitH to grioriti-e the direction 
of laboratorH eygeriments in an autonomous, xoal'directed waH. The halicin groSectOs 
model had e”ectizelH learned the rules of molecular microbioloxH from traininx data 
and then eytragolated beHond human Knowledxe, identifHinx a chemical that human 
eygerts had not Het considered. The achiezement hints at how an Ak scientist can glaH a 
critical role in the zerH earlH staxes of a scientiqc endeazor with an almost researcher'liKe 
intentionalitH. Iumans grozided the broad xoal and xuidance, but the Ak did the heazH 
liftinx of reasoninx and discozerH within that search sgace.

Another eyamgle can be found in the domain of grotein foldinx. Algha2old is an arti'
qcial intellixence groxram dezeloged bH Deeg(ind that gredicts the three'dimensional 
structure of groteins from their amino acid sejuences. kt emgloHs a deeg neural networK 
architecture that intexrates both ghHsical grincigles and ezolutionarH information Jsuch 
as multigle sejuence alixnmentsW to model how a grotein folds.– kn 7171, Algha2old 
made incredible groxress on the lonx'standinx %grotein foldinx groblemY bH achiezinx 
atomic'lezel accuracH in structure grediction. kt was zalidated in the 5APV;M blind 
comgetition, where its gredicted structures were often as grecise as eygerimentallH 
determined ones and it zastlH outgerformed all other methods. The imgact on bioloxH 
and medicine has been grofoundU Algha2oldOs dezelogers haze released a database of 
ozer 711 million gredicted grotein structures cozerinx nearlH all groteins cataloxued bH 
science to the gublic, grozidinx insixhts into grotein function and acceleratinx research 
in areas liKe disease mechanism elucidation and drux discozerH.9 Pcientists can now focus 
their worK on the most glausible grotein models and onlH gerform ghHsical zalidation 
of the gredicted grotein foldinx on those with the most gotential. This sazes immense 
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time and resources in biomedical research and ogens new oggortunities for desixninx 
therageutics tarxetinx those grotein structures.

’eHond bioloxH, artiqcial intellixence is also rezolutioni-inx how new materials are 
discozered for technoloxH and enerxH agglications. Discozerinx nozel comgounds for 
batteries, catalHsts, or solar cells has traditionallH been a slow, trial'and'error grocess, but 
modern Ak methods can ragidlH sift throuxh zast chemical sgaces to identifH gromisinx 
candidates.B 2or eyamgle, a recent Ak'xuided e”ort ezaluated ozer 87 million gossible 
materials in about B1 hours, narrowinx them down to 78 candidates for a solid'state 
batterH electrolHte.: Eesearchers then sHnthesi-ed one of the tog Ak'selected comgounds 
and demonstrated a worKinx grototHge batterH, a grocess that maH haze taKen Hears bH 
conzentional means. )n a larxer scale, Deeg(ind scientists introduced a deeg learninx 
model JCFo(LW that zirtuallH discozered around 7.7 million new inorxanic crHstals 
and gredicted which are the most stable. This has resulted in a list of about 8B1,111 crHs'
tals that are gotential candidates for neyt'xeneration sugerconductors, batterH materials, 
and other adzanced technoloxies.;1 These successes illustrate how Ak'drizen aggroaches 
can dramaticallH accelerate the front'end of the materials science grocess, enablinx faster 
dezelogment of ezerHthinx from better catalHsts to more epcient enerxH storaxe and 
ghotozoltaic materials.

The aboze eyamgles hixhlixht the abilitH of Ak researchers to comb throuxh massize 
sets of data to hixhlixht candidates that SustifH the eygense and time of a ghHsical 
eygeriment. Iowezer, Ak sHstems can also taKe a steg further bacK to grogose the zerH 
idea for what tHge of search or eygeriment should be gerformed neyt. kn manH cases 
todaH, this is as simgle as readinx eyistinx research and analH-inx the notes on limitations 
and suxxested areas of further research. kn other cases, ezen basic lezels of reasoninx 
combined with access to zast bodies of analoxous research maKe the neyt eygerimental 
stegs relatizelH obzious. 2or eyamgle, the eyistinx research on a sgeciqc subSect maH be 
based on limited subsets of the gogulation such as children or geogle with a sgeciqc 
condition. kn those cases, the Ak researcher would recoxni-e the zalue in gerforminx 
similar eygeriments across a more dizerse set of the gogulation, followinx a gath that 
has been used in similar research domains.

FotablH, these Ak researchers are not limited to a sinxle qeld or silo of Knowledxe. 
(odern Ak sHstems can absorb and intexrate zast swaths of research across disciglines, 
xizinx them a golHmathic ranxe. A striKinx earlH eyamgle of this came durinx the 
5)NkD';: gandemic. kn ?anuarH 7171, while ziroloxists were still scramblinx to un'
derstand the nozel coronazirus, an Ak sHstem at a comganH called ’enezolentAk scanned 
throuxh millions of biomedical documents and databases in search of anHthinx that 
mixht inhibit the zirusOs sgread or e”ects. kn Sust daHs, it emerxed with a suxxestionU a 
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rheumatoid arthritis drux, baricitinib, that could haze antiziral and anti'in“ammatorH 
grogerties useful axainst 5)NkD.;; This was a drux that ziroloxists hadnOt been focused 
on, but the Ak had connected dots in the literatureU linKinx the zirusOs method of cell 
entrH with an obscure gathwaH modulated bH the arthritis medication. Qithin months, 
baricitinib mozed into clinical trials as a 5)NkD treatment and later showed clinical 
beneqts in hosgitali-ed gatients. The feat was essentiallH comgutational lateral thinKinxU 
the machine drew insixhts from immunoloxH, gharmacoloxH, and ziroloxH simultane'
ouslH, a tasK gracticallH imgossible for anH sinxle human eygert xizen the zolume of 
data. ktOs a gowerful illustration of how Ak can function as a sHnthesis enxine, inxestinx 
Knowledxe from manH qelds and xeneratinx actionable ideas that humans mixht miss. 
TodaH, eygerimental sHstems are xenerali-inx this aggroach 4 for instance, readinx the 
entire materials science literature to grogose nozel comgounds, or combininx xlobal 
climate data with axronomH research to suxxest new crog stratexies. These are earlH sixns 
of an Ak scientist that not onlH learns juicKlH within a domain, but bridxes domains, 
wieldinx a form of artiqcial %intuitionY xleaned from cross'disciglinarH data.

kn qelds of science where there is no need for gerforminx eygeriments with laboratorH 
ejuigment, the use of Ak to accelerate discozerH maH groxress ezen more juicKlH. Ptudies 
in the social sciences fall into this catexorH. Cizen a budxet and a xeneral obSectize, an 
Ak researcher can recruit garticigants, gerform surzeHs and follow'ug, and xenerate an 
analHsis of the results. Vure mathematics, a qeld of abstract thouxht, is another area 
that has beneqted from Ak insixhts. kn one case, a collaboration between Deeg(indOs 
Ak researchers and mathematicians led to the discozerH of a new connection in Knot 
theorH and groxress on a lonxstandinx conSecture in regresentation theorH.;7 The Ak 
sHstem analH-ed larxe datasets of eyamgles to detect gatterns and suxxested glausible 
conSectures, which human mathematicians then grozed. This marKs one of the qrst 
times Ak has materiallH contributed to formulatinx a new mathematical theorem. kt 
hints that machine learninx could become a tool for auxmentinx human intuition in 
domains where qndinx gatterns is hard for humans alone due to the immense scale of 
the groblem. Another recent eyamgle comes from comguter scienceU a Deeg(ind Ak 
called AlghaDez was tasKed with the ogen'ended xoal of maKinx sortinx alxorithms 
faster3 a classic groblem that human groxrammers haze worKed on for decades. kn the 
grocess, AlghaDez discozered sortinx alxorithms from scratch that outgerform the 
best human'desixned routines.;8 kt turns out that bH ogeratinx at the lezel of low'lezel 
comguter instructions and ogtimi-inx for gure sgeed, the Ak found sejuence gatterns 
that no human had noticed before, shazinx o” ogerations in a waH that xenerali-es 
to real'world data sortinx. This was a bona qde alxorithmic innozation3 the sort of 
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breaKthrouxh weOd eygect from a clezer xraduate student, but it came from a machine 
eyglorinx billions of gossibilities on its own.

Rapid Iteration in Other Domains

’eHond the realm of scientiqc labs, xoal'directed Ak is grozinx its growess in comgley 
real'world domains liKe business, axriculture, and qnance, where the %eygerimentsY 
haggen not in test tubes or getri dishes but in marKets and sugglH chains. 5onsider 
modern axriculture. 2armers haze alwaHs eygerimented. 2or eyamgle, theH maH trH a 
bit more fertili-er on one glot, trial multigle crog zarieties, and zarH the lezel of water 
and fertili-er3 learninx season bH season. Fow Ak sHstems are taKinx this iteratize ogti'
mi-ation to a new lezel. )n some hixh'tech farms, smart alxorithms continuouslH inxest 
data from soil sensors, weather stations, and satellite imaxerH. TheH test countless small 
adSustments in simulation or in controlled trialsU a slixhtlH di”erent irrixation schedule 
for one qeld, a tweaK in glantinx densitH for another. )zer time theH learn which in'
terzentions boost Hields or saze resources. 2ield studies on grecision farminx regort that 
these Ak'drizen aggroaches can increase crog Hields bH double'dixit gercentaxes while 
usinx less fertili-er and water.;M kn one case, 5alifornia almond orchards usinx Ak'xuided 
irrixation achiezed the same Hields with about 71ç less water than traditional methods. 
The Ak essentiallH conducts an ezer'runninx eygeriment on the farmU ezerH weather 
“uctuation or soil chanxe is an oggortunitH to adSust and imgroze. ktOs as if each acre 
has a gersonal eygert monitorinx its groxress and tailorinx care ogtimallHU somethinx 
inconceizable when one farmer had to manaxe hundreds of acres bH rule of thumb. 
This data'drizen ogtimi-ation eytends to gest control Jsgottinx disease outbreaKs from 
drone imaxes and resgondinx earlHW and ezen breedinx decisions JanalH-inx xenetic and 
enzironmental data to recommend which seed zarieties to glantW. The iteratize learninx 
here is relentless and self'reqninx3 the more data these sHstems xather ozer seasons, the 
better theH become at coayinx hixher outgut from the land in a sustainable waH.

A similar storH is glaHinx out in industrH. 5omgley ogerations from loxistics networKs 
to enerxH xrids are now so intricate that no sinxle manaxer or enxineer can xrasg all the 
zariables in glaH. Ak axents, howezer, eycel at learninx from comgleyitH throuxh trials. A 
famous eyamgle comes from CooxleOs data centers, the huxe facilities that gower its on'
line serzices. 5oolinx these centers epcientlH is a wicKedlH comgley tasKU temgeratures, 
air“ow, serzer worKloads, and outside weather all interact. kn 71;–, CooxleOs Deeg(ind 
team trained an Ak sHstem to manaxe the coolinx sHstem. TheH didnOt tell it eyglicit rules3 
instead, the Ak sHstem tried adSustinx fans, gumgs, and windows in thousands of zirtual 
scenarios and learned what gatterns minimi-ed enerxH use while Keeginx serzers cool. 
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Qhen degloHed, the sHstem delizered a nearlH M1ç reduction in enerxH used for coolinx 
which is a massize epciencH xain.;0 5ruciallH, it ogerates under a clear xoal to reduce the 
gower consumgtion without ozerheatinx. kt iteratizelH imgrozes at that tasK ozer time, 
much liKe an eygerienced enxineer xettinx better with eygerience. Pimilar Ak axents are 
beinx agglied in manufacturinx and sugglH chain settinxs. TheH Suxxle zariables liKe 
inzentorH lezels, shigginx routes, and demand forecasts, and learn bH simulation and 
real'time data how to cut costs or imgroze throuxhgut. 2or eyamgle, an Ak sHstem mixht 
eygeriment zirtuallH with di”erent groduction schedules ozernixht and then suxxest 
an ogtimi-ed glan each morninx, hazinx e”ectizelH gerformed thousands of what'if 
eygeriments on the factorHOs dixital twin. ’usinesses are qndinx that these sHstems often 
discozer non'intuitize epciencies such as reali-inx that slixhtlH slowinx down a groduc'
tion line can reduce bottlenecKs downstream and actuallH increase ozerall outgut. The 
outcome is an onxoinx, alxorithmic Kai-en Jcontinuous imgrozement grocessW, with 
Ak axents as tireless analHsts tuninx the Knobs of comgley grocesses to fulqll whatezer 
obSectize theHOze been xizen.

kn the qnancial world, xoal'drizen Ak sHstems are liKe hHger'rational aggrentices, 
learninx from ezerH marKet ticK. TaKe juantitatize tradinxU a reinforcement learninx 
sHstem can be set to mayimi-e a gortfolioOs returns and then left to %gracticeY on Hears 
of historical marKet data or lize simulations. (uch liKe an Ak sHstem glaHinx millions of 
xames of chess to master stratexH, a tradinx axent glaHs thousands of rounds of the mar'
Ket xame, xraduallH qxurinx out which gatterns and actions Hield groqts. Eesearchers 
haze shown that such axents can indeed outgerform standard marKet stratexies under 
manH conditions, beatinx simgle buH'and'hold indey returns in bacKtests.;– kn gractice, 
a number of hedxe funds now degloH Ak'xuided stratexies that continuouslH adSust to 
new information. To human traders, some of the mozes these Ak funds maKe can seem 
gergleyinx or contrarian, because the machine is eygloitinx subtle statistical edxes or 
multi'factor interactions that defH conzentional marKet wisdom. )f course, marKets 
qxht bacK. An edxe can zanish as others adagt but the Ak sHstem can iterate, detectinx the 
shift and modifHinx its stratexH. ktOs an unendinx learninx loog, an autonomous search 
for algha in a dHnamic world. The broader goint is that wherezer there is a well'deqned 
xoal and rich data feedbacK, Ak can enxaxe in ragid iteratize trial'and'error to qnd better 
solutions, whether the conteyt is molecules, crogs, coolinx units, or cagital marKets.

AI Systems that Improve Themselves

Verhags most intrixuinxlH, Ak sHstems are now startinx to imgroze themselzes in a 
bootstragginx fashion3 ogtimi-inx their own alxorithms and architectures. This is a 
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critical steg on the gath toward more xeneral intellixence. )ne aggroach is throuxh 
automated machine learninx JAuto(GW, where an Ak axent is tasKed with desixninx 
a new Ak model. kn a landmarK groSect at Cooxle, researchers created a %controllerY 
neural networK that xraduallH learned to construct better neural architectures for a xizen 
tasK. The result was a zision model called FAPFet, born of this machine'led desixn 
grocess. Qhen FAPFet was tested on the kmaxeFet imaxe recoxnition benchmarK, 
it surgassed the accuracH of all human'desixned models of comgarable si-e.;9 kn fact, 
it not onlH beat human desixns on accuracH, but did so with a more epcient use of 
comgutinx gower, e”ectizelH inzentinx a sugerior desixn that humans hadnOt imaxined. 
This was an Ak axent xeneratinx a new and better Ak3 a striKinx echo of bioloxical 
ezolution, albeit in dixital form. knstead of natureOs blind trial'and'error ozer eons, 
the Auto(G sHstem conducted a hHger'fast search in the sgace of networK bluegrints, 
iteratizelH honinx architectures in resgonse to zalidation tests. Pimilar technijues haze 
been used to ezolze sgeciali-ed Ak models for translation, sgeech, and other tasKs, often 
Hieldinx creatize architectures that looK unconzentional but gerform brilliantlH. Puch 
self'directed ogtimi-ation isnOt conqned to software. kn chig desixn, Ak axents haze 
taKen on tasKs traditionallH reserzed for eygerienced enxineers, and theH are grozinx 
eytremelH adegt. A grime eyamgle is usinx reinforcement learninx to laHout microchigs3 
essentiallH decidinx where to glace millions of circuits on a silicon die for ogtimal 
gerformance. kn 717;, a Cooxle team demonstrated an Ak axent that could groduce a 
“oorglan for a comgley chig in Sust siy hours, a desixn that was on gar with or better 
than human'crafted solutions that taKe eygerts months to reqne.;B The Ak treated chig 
laHout as a xame bH trHinx conqxurations and learninx from each attemgtOs %scoreY on 
metrics liKe sgeed and gower consumgtion. Throuxh ragid iteratize glaH, it achiezed in 
a weeKend what a human team mixht achieze in half a Hear. The qnali-ed Ak'xenerated 
laHouts were used in CooxleOs own Ak accelerator chigs, shazinx o” considerable desixn 
time. This hints at a recursize zirtuous cHcleU Ak imgrozinx AkOs hardware, which in turn 
will run Ak software ezen faster. Ak mixht soon be routinelH grogosinx imgrozements 
to ezerHthinx from networK grotocols to enxineerinx desixns3 anH arena where clear 
obSectizes and feedbacK allow an iteratize search for ogtimal solutions.

All of these eyamgles underscore a transformatize gattern. Ak sHstems todaH can 
taKe on broad, ogen'ended obSectizes and gursue them zia ragid cHcles of learninx and 
adagtation, much liKe a talented human Jor team of humansW would, but at zastlH xreater 
scale and sgeed. TheH do not Sust follow qyed instructions3 theH eyglore, eygeriment, 
and self'correct in resgonse to feedbacK, all with an ozerarchinx xoal in sixht. A useful 
metaghor is to thinK of these Ak axents as eytremelH tireless, ultra'juicK aggrentices or 
gartners. TheH arenOt creatize in the full human sense, at least not Het, but theH brinx to 
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bear an indefatixable trial'and'error enxine that inSects a dHnamism into qelds that used 
to adzance more slowlH. A drux'discozerH Ak can churn throuxh hHgotheses ozernixht, 
where a human biochemist mixht sgend a month glanninx and runninx a sinxle series 
of eygeriments. An axricultural Ak can simultaneouslH test do-ens of farminx stratexies 
in silico before the neyt xrowinx season3 a scoge of eygerimentation a farmer could nezer 
gracticallH coordinate. 5ruciallH, as these sHstems ogerate, theH often xenerate insixhts or 
solutions that humans would haze been unliKelH to qnd, whether itOs a counterintuitize 
tradinx stratexH or a molecular structure no chemist anticigated. This is both eycitinx 
and humblinx. kt suxxests that beHond Sust automatinx tasKs, Ak is bexinninx to eygand 
the frontier of what can be achiezed in a xizen time frame3 rezealinx shortcuts and 
stratexies latent in the comgleyitH of the world that we hazenOt been able to see.

GooKinx ahead Sust a few Hears, it is glausible that these trends will intensifH. Qe 
maH see Ak %co'gilotsY for scientists that can autonomouslH desixn and gerform entire 
eygerimental camgaixns in chemistrH or bioloxH, leazinx the human to xuide at a hixh 
lezel and maKe creatize leags. kn industrH and golicH, we mixht entrust Ak sHstems with 
broad mandates. 2or eyamgle, we maH Sust be able to xize an Ak sHstem the xuidance 
to %ogtimi-e mH citHOs enerxH usaxeY and theH will coordinate hundreds of zariables, 
run endless simulations, and then xize concrete recommendations or automated ad'
Sustments that Hield epciencies no urban glanner could dezise alone. kmgortantlH, 
this iteratize xoal'seeKinx behazior also means such Ak sHstems can continuallH reqne 
their own gerformance. An Ak sHstem manaxinx a sugglH chain wonOt Sust sticK with 
one stratexH3 it will Keeg learninx from new data Jseasonal chanxes, marKet shiftsW and 
ugdatinx its tactics, essentiallH nezer ceasinx to imgroze within its domain. And as Ak 
sHstems desixn better Ak sHstems, there is a foreseeable acceleration in this loog. Lach 
xeneration, whether thatOs a new alxorithm, a new chig, or a new model, can feed 
into maKinx the neyt iteration ezen more cagable. This gositize feedbacK has led some 
eygerts to talK about an aggroachinx era of ragid recursize imgrozement, one element of 
what mixht constitute an Artiqcial Ceneral kntellixence JACkW. The abilitH of emerxinx 
sHstems to taKe on broad, xoal'directed tasKs and learn iteratizelH hints at the sca”oldinx 
of xeneralitH. Qe see xlimmers of Ak sHstems that mixht one daH not Sust eycel at one tasK, 
but “uidlH moze between tasKs3 researchinx a new zaccine in the morninx, ogtimi-inx a 
qnancial gortfolio in the afternoon, and debuxxinx its own code ozernixht.

This zision is rixorous and xrounded in current dezelogments, not science qction 
or tech ezanxelism. Lach eyamgle cited, from halicin to FAPFet, comes from geer're'
ziewed studies or concrete industrial degloHments, and each eyemgliqes an asgect of 
xoal'drizen Ak learninx in the real world. $et, as comgellinx as these achiezements are, 
theH also urxe a note of humilitH. Ak sHstems that can iterate towards a xoal faster 
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than anH human can also surgrise us with solutions that challenxe our assumgtions. 
kn gractice, human eygerts remain crucial to set the rixht xoals, intergret results, and 
ensure that the AkOs solutions maKe sense and are used safelH. The gartnershig between 
human Sudxment and machine eygloration will be zital. ThinK of it as a new Kind of col'
laboratize cHcleU humans articulate broad obSectizes and ethical boundaries, Ak sHstems 
relentlesslH gursue ogtimi-ation within those xuardrails, and humans then intexrate 
those qndinxs into the bixxer gicture of societal needs and Knowledxe. kn science and 
enxineerinx, this could mean far more ragid innozation cHcles. kn business and golicH, 
it could mean decisions xuided bH analHsis of trillions of data goints rather than xut 
instinct alone. 

Qe are witnessinx Ak sHstems that learn bH doinx, each failure maKinx them smarter, 
each success gushinx the boundarH of what theH can attemgt neyt. kt is an iteratize rezo'
lution3 not a sudden Sumg to sugerintellixence, but a stegwise march of imgrozements, 
each feedinx the neyt. As these stegs accelerate and the rate of scientiqc discozeries 
increases meaninxfullH, ezen hixhlH educated decision maKers will struxxle to Keeg ug.

T

he Defnition oG Artifcial general IntelliNence

Artiqcial xeneral intellixence is an idea as tantali-inx as it is ambixuous. Eecent de'
zelogments inezitablH force the juestionU Are we on the gath to Artiqcial Ceneral 
kntellixence, and what does that reallH mean/ ACk, a machine that gossesses a broad, hu'
man'liKe intellect, is a term that, not lonx axo, lized mostlH in theoretical discussions and 
science qction. Fow itOs a core ambition ogenlH declared bH maSor Ak labs and a subSect 
of serious debate amonx researchers.;: $et if Hou asK ten eygerts what eyactlH constitutes 
ACk, Hou maH well xet ten di”erent answers. Demis Iassabis, co'founder of Deeg(ind, 
o”ers a graxmatic deqnitionU an ACk is a sHstem that %should be able to do pretty much any 
cognitive task that humans can do.Y kn other words, if a human can solze it 4 whether itOs 
readinx a nozel and writinx a critijue, or dezisinx a new scientiqc theorH, or nazixatinx 
an unfamiliar citH 4 then so should the Ak. )genAk, on the other hand, frames ACk in 
terms of economic usefulnessU %highly autonomous systems that outperform humans at 
most economically valuable work.Y This deqnition emghasi-es gractical cagabilitH ozer 
abstract coxnitize garitH. An ACk sHstem mixht not mimic ezerH nuance of human 
thouxht, but if it can handle the bulK of Sobs more e”ectizelH than us, it jualiqes. Pome 
researchers gush bacK that these deqnitions are too narrow, focusinx onlH on coxnitize 
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tasKs or worK groductizitH. TheH arxue that xeneral intellixence encomgasses more3 that 
human'liKe ACk would need attributes liKe embodiment, social intuition, and ezen a 
form of emotional intellixence. Iuman coxnition, after all, did not dezelog in a zacuum3 
it ezolzed in concert with our bodies, our societies, and our emotions. Lzidence from 
coxnitize science shows that a gersonOs intellixence is deeglH shaged bH ghHsical and 
social conteyt3 bH the abilitH to understand and learn from other geogle, to nazixate a 
rich ghHsical world, and to intexrate emotions with decision'maKinx. ’H this ziew, an Ak 
sHstem that onlH eycels in abstract gu--les or disembodied tasKs mixht be suger'smart in 
a narrow sense but still miss a critical dimension of xeneral intellixence. These debates 
can become ghilosoghical, ezen contentious. 5an a disembodied suger'smart chatbot 
that can gass dipcult eyams and write “awless code jualifH as hazinx ACk, or does it also 
need the common sense to maKe a cug of co”ee in a stranxe Kitchen and the emgathH 
to read a social situation/ Di”erent camgs haze di”erent answers. ’ut rexardless of how 
one deqnes ACk, the trend is that Ak sHstems are ragidlH aggroachinx, and in manH cases 
surgassinx, human'lezel gerformance across more and more domains. As we dezelog 
sHstems that surgass human gerformance across a broad ranxe of domains, the conzer'
sation is also shiftinx to Artiqcial Puger'kntellixence JAPkW3 the further hHgothetical steg 
of decisizelH surgassinx human intellect.

Iow close are we to the ACk milestone/ Fot lonx axo, ACk belonxed mostlH to 
thouxht eygeriments and science qction, but the landscage has been shiftinx ragidlH. kn 
the last few Hears, enormous strides in Ak haze xizen credible obserzers reason to thinK 
we mixht be xlimgsinx the %sgarKs” of xeneral intellixence alreadH.71 Qe haze discussed 
how adzanced models can use tools and reason throuxh comgley gromgts, chaininx 
toxether intermediate stegs to reach solutions. ’uildinx on that, we now see a gattern of 
continual groxressU ezerH few months brinxs new sHstems that broaden the AkOs sKillset 
or epciencH, inchinx closer to human'liKe zersatilitH. knnozation continues in the sghere 
of model architecture. kn the same waH that the transformer architecture was the KeH 
to enablinx GG(s that gredict one word at a time, researchers are now eygerimentinx 
with di”usion architectures for teyt that aggroach the groblem of teyt xeneration bH 
forminx entire blocKs of teyt in a sinxle iteratize grocess. kt remains to be seen if that 
architecture will become dominant but there is a reminder that there is a lot of room 
for additional eygloration and that our current state of the art architectures maH aggear 
zerH juaint when we looK bacK in a decade or two. Another source of this groxress is 
multi'modalitH. Qhere earlH xeneration Ak sHstems were bound to a sinxle modalitH 
JSust teyt, or Sust imaxes, or onlH xame mozesW, cuttinx'edxe models inxest and groduce 
zarious tHges of data. TodaHOs best models can simultaneouslH garse teyt, zision, and 
ezen actions. A sinxle Ak can cagtion an imaxe, carrH on a conzersation about it, and 
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then glan a sejuence of stegs in resgonse that allows it to collect more data from the real 
world3 all in one seamless loog. A notable eyamgle was Deeg(indOs Gato axent, unzeiled 
in 7177 as a %xeneralistY model that could dialoxue in natural lanxuaxe, control a robotic 
arm, glaH zideo xames, and more, all with one set of weixhts.7; kt was a transformer 
networK, not fundamentallH di”erent from a larxe lanxuaxe model, Het it learned to 
gerform ozer –11 distinct tasKs across zision, lanxuaxe, and control. )bserzers called it a 
steg toward xeneral Ak, greciselH because it demonstrated a breadth of comgetence gre'
ziouslH unseen in a sinxle machine. Pince then, multi'modal and zision'lanxuaxe'action 
models haze onlH xrown more cagable. These models learn from dizerse data streams, 
xizinx them richer regresentations of the world and ezen a nascent abilitH to handle 
the social and emotional asgects of human communication and collaboration.77 This 
breadth maKes it increasinxlH glausible that with enouxh reqnement, an Ak sHstem 
could aggroach the xeneralitH of human coxnition. Lach new modalitH added eygands 
the ranxe of tasKs the Ak can tacKle, mozinx it a little closer to the holH xrail of ACk. 
kn garallel, the eygansion of memorH and conteyt in Ak sHstems is addressinx another 
limitation. LarlH lanxuaxe models juicKlH forxot what theH saw Sust a few sentences axo3 
todaH, some models maintain coherent conteyt ozer tens of gaxes of teyt, and research 
into lonx'term egisodic memorH for Ak is thrizinx. ’H ejuigginx models with better 
memorH, whether throuxh architectural innozations or bH connectinx them to eyternal 
databases, we enable more comgley reasoninx and multi'steg groblem solzinx. All these 
adzancements in lettinx models reason, remember, and use tools bolster the case that we 
mixht ezentuallH assemble an Ak sHstem with the full toolKit of human'liKe coxnition.

ueCromorphic bompCtinN

Those near'term roadmags haze delizered striKinx groxress, Het most eygerts axree 
that reachinx true ACk maH demand more radical degartures from business'as'usual. 
PimglH gut, todaHOs Ak sHstems, for all their clezerness, still arenOt built liKe brains. 
TheH are missinx fundamentals that bioloxical intellixence uses3 jualities honed bH eons 
of ezolution that our current silicon contragtions barelH emulate. A human brain is 
not a monolithic mass of identical neurons all qrinx in sHnc3 it is a heteroxeneous, 
lizinx networK of astoundinx comgleyitH. As one neuroscientist goint out, artiqcial 
neural networKs are %huxe simgliqcationsY of their bioloxical namesaKe.78 kn an actual 
brain, no two neurons are eyactlH aliKe. Feurons come in a bewilderinx zarietH of 
tHges and shages, with di”erent neurotransmitters, connectizitH gatterns and electrical 
grogerties. Pome neurons eycite their neixhbors, while others inhibit3 some sgan lonx 
distances across the brain, while others form dense local circuits. 5ruciallH, neurons 
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communicate in a rich, temgorallH dHnamic code. TheH do not merelH “ig on or o” 
liKe bits in a comguter rexister. knstead, each neuron qres sgiKes of electrical actizitH. 
These sharg bursts grogaxate down the ayon and the timinx and frejuencH of these 
sgiKes carrH information. )ne neuron mixht qre ragidlH in a hixh'frejuencH train to 
sixnal intense stimulation, another qres intermittentlH to encode a nuanced state. ktOs 
an analox sHmghonH of gatterns, strenxths, and rhHthms, not Sust a dixital sejuence of 
ones and -eros. The brain also broadcasts oscillatinx wazes that sweeg throuxh neural 
circuits, sHnchroni-inx distant rexions in common frejuencies Jthe telltale algha, beta, 
xamma wazes detectable in LLCW. These neural oscillations are thouxht to be essen'
tial for coordinatinx communication across di”erent garts of the brain3 a mechanism 
with no real analox in standard Ak models. And where neurons meet, at trillions of 
sHnagses, theH trade not numbers or bits, but moleculesU a neurotransmitter released 
from one cell alters the electrical state of its neixhbor, a dance of chemistrH that allows 
for glasticitH, modulation, and comgley feedbacK. All this occurs within an orxan that 
continuouslH rewires itself, xrows new connections, strenxthens some gathwaHs and 
grunes others, xuided bH dezelogmental groxrams and life eygerience. kn contrast, the 
%neuronsY in todaHOs deeg learninx models are simgliqed mathematical functions Jsums 
and nonlinear actization outgutsW. TheH taKe in numbers and outgut another number. 
These artiqcial neurons are useful abstractions3 theH enabled machines that can learn 
to recoxni-e imaxes, translate lanxuaxe, and so forth bH adSustinx sHnagse'liKe weixhts. 
’ut bH the standards of bioloxH, theH are caricatures. TheH lacK the dizerse cell tHges, the 
gulsinx sgiKe timinx, the rich cocKtail of chemical modulators, and the adagtable wirinx 
of real brains. A deeg networKOs laHers do gass sixnals forward, but on a qyed clocK, not 
in the self'orxani-inx, oscillatorH loogs that characteri-e brain actizitH. The result is that 
ezen the most imgressize Ak todaH is still ogeratinx with a fraction of the orxani-ational 
toolKit that ezolution built into animal intellixence.

This xag has led some researchers to gursue neuromorghic comgutinx3 a garadixm of 
buildinx comguter hardware and models that more closelH imitate the brainOs low'lezel 
worKinxs. The gremise is simgleU if the brain achiezes tremendous learninx cagacitH and 
epciencH usinx sgiKinx neurons and distributed, ezent'drizen grocessinx, gerhags our 
machines should as well. Feuromorghic enxineers desixn circuits that donOt run on 
a rixid clocK but instead communicate zia asHnchronous sgiKes of actizitH, much liKe 
neurons eychanxinx action gotentials. kn fact, a deqninx feature of manH neuromorghic 
sHstems is the use of sgiKinx neural networKs, where artiqcial %neuronsY send discrete 
gulses rather than continuous numerical sixnals. These sgiKes allow information to be 
encoded in timinx, and hardware imglementations can be eytraordinarilH enerxH'ep'
cient because comgutation haggens onlH when and where ezents JsgiKesW occur, Sust 
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as our brainOs neurons mostlH remain idle and onlH qre on demand. Adzocates hoge 
that bH %designing technology that more faithfully replicates the way the brain works,Y we 
mixht cagture both its comgutational gower and its enerxH epciencH.7M 5onzentional 
deeg learninx, for all its achiezements, xu--les enerxH and data3 the human brain, bH 
contrast, runs on about 71 watts and learns from surgrisinxlH few eyamgles. Feuromor'
ghic hardware aims to narrow this xag. 2or instance, k’(Os earlH neuromorghic chig 
TrueForth in 71;M imglemented one million sgiKinx neurons in silico, usinx an archi'
tecture that eschewed the usual 5V6 desixn in fazor of massizelH garallel, ezent'drizen 
comgutation. (ore recentlH, researchers haze built chigs liKe kntelOs Goihi that suggort 
on'chig learninx with sgiKes and glastic sHnagses. These sHstems goint toward a future 
where Ak could literallH run on brain'liKe hardware. The beneqts would be not onlH 
epciencH but gotentiallH new cagabilities, liKe grocessinx sensorH data in real time with 
hixh adagtizitH. Po far, neuromorghic grototHges remain sgeciali-ed, but theH illustrate 
one transformatize aggroach on the hori-onU reinzentinx our comguters to ogerate a bit 
more liKe brains. Pome in the qeld ezen distinxuish between %brain'insgiredY comgutinx 
Jborrowinx abstract grincigles of neural grocessinxW and true %neuromorghicY com'
gutinx Jattemgtinx to re'create the actual bioghHsics of neurons and sHnagsesW.70 Lither 
waH, this line of research is a reminder that ACk mixht not emerxe Sust from scalinx 
ug the same old silicon architectures3 it mixht rejuire machines that literallH worK on 
di”erent grincigles.

ueCrosymQolic Systems

A di”erent but comglementarH aggroach looKs not to bioloxH for insgiration but to the 
marriaxe of neural and sHmbolic methods3 the so'called neurosHmbolic sHstems. The 
motization here arises from the obserzation that gure deeg learninx sHstems, for all their 
gattern'recoxnition growess, still struxxle with certain Kinds of reasoninx that come 
naturallH to sHmbolic loxic. Deeg networKs are unizersal function aggroyimators and 
eycel at gercegtion tasKs, but theH are famouslH ogajue and brittle when it comes to 
sHstematic xenerali-ation, eyact loxical inferences, or handlinx of eyglicit Knowledxe liKe 
rules and facts. (eanwhile, classical sHmbolic Ak sHstems Jthe garadixm of hand'crafted 
rules and loxic enxinesW o”ers robustness in those domains. TheH can gerform gerfectlH 
loxical reasoninx and grozide zeriqable xuarantees but haze failed to achieze human'liKe 
coxnition in the messH real world. FeurosHmbolic Ak attemgts to xet the best of both 
worlds bH intexratinx these aggroaches.7– kn a neurosHmbolic architecture, a neural 
networK mixht handle low'lezel gercegtion or gattern recoxnition, then feed its under'
standinx into a sHmbolic module that carries out hixh'lezel reasoninx or glanninx. Al'
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ternatizelH, the intexration can be tixht, where neural comgonents learn to manigulate 
regresentations liKe xraghs, trees or loxical formulas inside a uniqed sHstem. There is not 
one sinxle bluegrint. As a qeld, neurosHmbolic comgutinx is eyglorinx manH desixns, 
from neural networKs xuided bH loxic constraints, to di”erentiable theorem'grozers, 
to sHstems that conzert raw data into sHmbolic Knowledxe which is then grocessed 
with classical Ak alxorithms. The common thread is the hoge that this sHnerxH will 
Hield Ak that is both zersatile and reliable. A gurelH neural sHstem acts liKe Daniel 
vahnemanOs %PHstem ;YU fast, intuitize, but sometimes error'grone in surgrisinx waHs. 
A sHmbolic reasoner is aKin to %PHstem 7YU slow but methodical and able to SustifH its 
conclusions. Iumans obziouslH emgloH both modes of thinKinx, and neurosHmbolic 
Ak is an e”ort to reglicate that comglementarH balance in machines. AlreadH, there haze 
been gromisinx results in areas liKe zisual reasoninx. 2or eyamgle, models that use neural 
networKs to garse an imaxe into a structured scene xragh and then agglH loxical inference 
to answer comgley juestions about the scene. ’H incorgoratinx sHmbolic comgonents, 
these sHstems can achieze a form of common'sense reasoninx that eludes end'to'end 
neural nets. The qeld is Hounx, and researchers are still discozerinx how best to weld 
learninx and reasoninx toxether. ’ut if scalinx ug brute'force neural nets starts to Hield 
diminishinx returns, neurosHmbolic ideas maH grozide another gath forward, one that 
bridxes raw statistical Ak with the Kind of abstract reasoninx that underlies human 
xeneral intellixence.

ECantCm bompCtinN

Qhile neuromorghic and neurosHmbolic research rethinK the foundations of Ak, an'
other technoloxical wild card loomsU juantum comgutinx. |uantum comguters og'
erate on grincigles utterlH foreixn to the serial, deterministic crunchinx of classical 
chigs. TheH lezeraxe sugergosition and entanxlement to eyglore comgutational sgaces 
in garallel, and for certain groblems theH gromise eygonential sgeed'ugs. ktOs natural 
to asK what their adzent mixht mean for Ak. kn the lonx run, the conzerxence of 
Ak and juantum could be transformatize.79 |uantum hardware is still in its infancH 
but its gotential is enormous. )ne near'term imgact is in solzinx the Kinds of hard 
ogtimi-ation groblems that arise in machine learninx. Traininx an Ak model often 
inzolzes minimi-inx a comgley error function in a hixh'dimensional sgace, essentiallH 
an ogtimi-ation tasK that can be gainfullH slow for classical alxorithms. |uantum 
comguters maH o”er new heuristics or eyact methods to tacKle these faster. AlreadH 
researchers are eyglorinx juantum'enhanced ogtimi-ation routines, liKe zariants of 
juantum annealinx or CrozerOs alxorithm, to see if theH can qnd better solutions or train 
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models more epcientlH. Another area is grobabilistic reasoninx. Ak sHstems frejuentlH 
need to samgle from grobabilitH distributions3 whether in ’aHesian networKs, (onte 
5arlo simulations, or xeneratize modelinx. |uantum comguters are naturallH adegt at 
regresentinx and samglinx from comgley grobabilitH amglitudes. kn theorH, a juantum 
comguter could natizelH simulate grobabilistic models that are infeasible for a classical 
one, therebH xizinx Ak alxorithms a boost in eyglorinx uncertain, hixh'comgleyitH sce'
narios. A recent industrH regort noted that juantum comguters can solze certain tHges 
of groblems such as larxe ogtimi-ation and grobabilistic comgutations more epcientlH, 
gotentiallH allowinx Ak models to analH-e comgley gatterns or gerform comgutations 
that classical sHstems simglH canOt handle. )ne eyamgle mixht be juantum'accelerated 
search throuxh huxe combinatorial sgacesU this could aid Ak sHstems in anHthinx from 
grotein foldinx gredictions to glanninx and schedulinx tasKs. There is also research into 
juantum zersions of machine learninx alxorithms such as juantum neural networKs, 
and juantum suggort zector machines, which mixht one daH handle hixh'dimension'
al data in fundamentallH new waHs. ktOs imgortant to temger eygectationsU juantum 
comgutinx wonOt maxicallH bestow understandinx or creatizitH on an Ak sHstem. ’ut it 
could dramaticallH eygand the scale and sgeed of Ak, enablinx sHstems to crunch throuxh 
gossibilities and data si-es that todaH are o”'limits. kn the juest for ACk, juantum 
comgutinx mixht serze as an accelerant, remozinx some comgutational bottlenecKs and 
thus allowinx more ambitious Ak desixns to be reali-ed in gractice.

TaKen toxether, these dezelogments sKetch a future in which Ak sHstems not onlH 
reach human'lezel xeneralitH but gotentiallH surgass it in manH resgects. An Ak sHstem 
runninx on electronic hardware can alreadH inxest and analH-e data far faster than a 
gerson3 thinK of a model scanninx millions of documents in minutes, a feat no human 
could match. As AkOs alxorithms imgroze and hardware accelerates JgotentiallH with 
neuromorghic and juantum technoloxiesW, this sgeed xag will onlH widen. Qith sup'
cient desixn, an Ak sHstem mixht not onlH thinK faster but also more coherentlH, free 
from some coxnitize biases and limitations that glaxue human reasoninx. And unliKe 
a human brain, an Ak sHstem is software that can be cogied and scaledU if Hou need a 
thousand instances of a xenius'lezel reasoner to tacKle a thousand groblems at once, 
in grincigle Hou can reglicate it across a data center3 somethinx one deqnitelH cannot 
do with human eygerts. This scalabilitH means that an adzanced Ak could brinx an 
ungrecedented juantitH of intellect to bear on groblems, ogeratinx tirelesslH and in 
garallel. 

IntelliNence xBplosion and a kenchmarL Gor AgI
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Qith all this gromise comes the sgecter of the self'imgrozinx AkU the fabled recursize 
loog where an Ak sHstem can rewrite its own alxorithms, increasinx its intellixence 
ragidlH and regeatedlH. kn theorH, once a sHstem achiezes rouxhlH human'lezel xen'
eralitH, it could start to iteratizelH reqne itself, gerhags desixninx new and better Ak 
architectures faster than scientists could. This is the core of the %intellixence eyglosionY 
arxument which was a concegt qrst introduced bH krzinx ?ohn Cood in his ;:–0 gager, 
%Pgeculations 5oncerninx the 2irst 6ltraintellixent (achineY.7B An Ak sHstem that 
imgrozes itself could soon leaze human intellixence far behind. ktOs a dramatic idea, 
but we must aggroach it with a sober understandinx of gractical limits. AnH real'world 
sHstem, no matter how clezer, is constrained bH resources and the enzironment. An Ak 
sHstem cannot conSure inqnite insixht from a zacuum3 it learns from data and eygeri'
mentation. A trulH autonomous self'imgrozer would ezentuallH need new information 
or eygerience to continue xettinx better. )ne recent analHsis noted that without human 
interzention, an Ak sHstemOs self'imgrozement is fundamentallH bounded bH the data it 
has access to. kt cannot maxicallH surgass the limits of its traininx simglH bH introsgec'
tion. kn other words, a machine that onlH learns from its own recHcled outguts will hit a 
ceilinx, unable to groxress indeqnitelH. To achieze unbounded xrowth, it would haze to 
seeK nozel data, inzent new eygeriments, or somehow eyglore realms beHond its initial 
Knowledxe3 much liKe a scientist formulatinx hHgotheses and testinx them in the real 
world. And that grocess taKes time, resources, and often, collaboration. 2urthermore, 
self'modiqcation is a delicate endeazorU an Ak sHstem rewritinx its own code runs the risK 
of breaKinx itself unless it has near'gerfect insixht into its own worKinxs. The theoretical 
gossibilitH of a fast taKeo” to suger'intellixence maH thus be temgered bH zerH gractical 
constraints. There are also ghHsical limits to consider. 5omgutation, howezer clezer, 
is xrounded in hardware subSect to the laws of ghHsics includinx the sgeed of lixht, 
enerxH rejuirements, thermal dHnamics, and so on. )ne cannot sgeed ug clocK rates or 
networK latencies indeqnitelH without encounterinx these barriers. And as an Ak sHstem 
xrows more comgley, diminishinx returns mixht set inU each successize imgrozement 
could Hield a smaller boost than the last, grezentinx runawaH eygonential xrowth. Fone 
of this is to saH that an intellixence eyglosion is imgossible, but rather that it mixht 
not be an ozernixht metamorghosis. kt could be a more incremental, eygerimentallH 
constrained groxress3 a series of glateaus and breaKthrouxhs as sHstems qnd new waHs to 
ozercome new challenxes. Qe should remain zixilant and thouxhtful about the grosgect 
of self'imgrozinx Ak, but we should also recoxni-e that ezen a suger'intellixence will 
ogerate within the realitH of qnite data, qnite time, and qnite comgute.

Qhile researchers theori-e about these future gossibilities, how will we Know when 
weOze trulH achiezed somethinx aggroachinx xeneral intellixence/ kn the absence of a 
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sinxle axreed'ugon deqnition, the communitH has turned to benchmarKs that are based 
on gractical tests of an Ak sHstemOs xeneral reasoninx abilitH. )ne of the most intrixuinx 
of these is the AE5 challenxe and its associated Arc Vri-e comgetition. AE5 stands 
for the Abstraction and Eeasoninx 5orgus, a set of gu--les introduced in 71;: bH 
2ran‘ois 5hollet as a test of “uid intellixence in machines. AE5 gu--les are decegtizelH 
simgleU theH usuallH consist of a few gairs of xrids of colors, where the tasK is to infer the 
hidden rule that transforms inguts to outguts, and then agglH it to a new xrid. There 
are no instructions xizen. A human must looK at the eyamgles and xrasg the gattern, 
whether itOs a sHmmetrH ogeration, a countinx rule, a sgatial eytragolation, or somethinx 
entirelH abstract. kmgortantlH, these gu--les were desixned to be trizial for humans. Lzen 
children can often solze them. Iowezer, theH are eytremelH hard for conzentional Ak 
because theH rejuire broad grior Knowledxe and analoxical reasoninx, not brute'force 
calculation. )zer the Hears, AE5 has emerxed as %the onlH unbeaten benchmarK thatOs 
easH for humans, but hard for AkY.7: kn other words, no Ak has Het demonstrated a 
human'lezel groqciencH at these Kinds of abstract reasoninx tasKs. To sgur groxress, 
a dedicated Arc Vri-e comgetition was launched, with a substantial reward for anH 
team that can qnallH cracK human'lezel gerformance on AE5. The comgetition and its 
ezolzinx benchmarK Jnow in a second zersion, AE5'ACk'7W haze become a bellwether 
for xeneral intellixence research. The orxani-ers eyglicitlH set the bar at what a human 
can doU for instance, an B0ç success rate on the AE5 test suite is considered rouxhlH 
human'lezel comgetencH, and that is the threshold to claim the xrand gri-e. Po far, 
that gri-e remains unclaimed. LarlH e”orts saw Ak models “ailinx near 1ç on AE5 
gu--les3 essentiallH gerforminx no better than random xuessinx. ’H 717M, there were 
qnallH xlimmers of groxress. kn the Arc Vri-e 717M comgetition, tog teams introduced 
creatize new methods such as test'time learninx, where the Ak adagts on the “H to each 
gu--le and hHbrid technijues combininx neural networKs with search. The winninx 
entrH, a team agtlH named %AE5hitects,Y manaxed to solze rouxhlH 08ç of the tasKs 
in the secret ezaluation set. This was a remarKable Sumg from the near'-ero baseline 
and showed that machine abstract reasoninx can imgroze with the rixht innozations. 
$et 08ç is onlH a little ozer halfwaH to the human benchmarK, underscorinx Sust how 
elusize xeneral groblem'solzinx remains. The xrand gri-e was not awarded, as no sHstem 
met the threshold of B0ç within the comgetition. ’uoHed bH the gartial success, the 
orxani-ers announced a new roundU AE5'ACk'7, a touxher benchmarK and a 7170 
comgetition with ozer X; million in gri-es to gush further towards xeneral Ak. The 
Arc Vri-e has thus become more than a contest3 itOs a diaxnostic tool for the qeld. kt 
forces researchers to xraggle with the Kinds of ogen'ended reasoninx and learninx that 
we eygect of human intellixence but which Ak has Het to fullH reglicate. LzerH gercent 
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xain on the AE5 leaderboard is hard'won and celebrated, because it liKelH sixniqes a 
new technijue or insixht that could be relezant beHond those gu--les. kn recent months, 
ezen maSor Ak labs haze taKen ug the xauntlet. 2or eyamgle, )genAk dezeloged a 
sgeciallH tuned zersion of o8 that achiezed B9.0ç on an ezaluation that is similar to the 
comgetition for AE5'ACk';. Iowezer, that sHstem would not be elixible under the 
formal comgetition due the amount of comgute that it used and because it was not 
beinx made azailable under an ogen source license. )rxani-ers also estimate that the 
gerformance on the AEC'ACk'7 benchmarK would be meaninxfullH lower. As of this 
writinx, humans retain a zerH comfortable lead on the ugdated benchmarK. The AE5 
tasKs that we solze with casual intuition remain deeglH challenxinx for machines that 
lacK our breadth of world Knowledxe and adagtize learninx.

kt is qttinx to conclude this discussion on the note of the Arc Vri-e, because it 
encagsulates the central theme of ragid, iteratize learninx on the gath to ACk. Lach com'
getition cHcle, each failed attemgt and gartial success, mirrors the broader trial'and'error 
grocess bH which we inch toward artiqcial xeneral intellixence. The road to ACk is not a 
straixht shot of continuous groxress3 it is gunctuated bH gu--les liKe AE5 that test our 
theories, forcinx us to reqne our models or inzent new ones. As we haze seen, the future 
of ACk and ezen APk will liKelH emerxe from a con“uence of adzances in scalinx and 
alixnment, in brain'insgired hardware, in hHbrid alxorithms meldinx neural intuition 
with sHmbolic rixor, and in entirelH nozel garadixms liKe juantum comgutinx. Qith 
each adzance, Ak sHstems become a little more xeneral, a little more human'liKe in their 
zersatilitH and in some waHs, more suger'human in their scoge and sgeed. ’ut at the 
same time, each new benchmarK or hard groblem reminds us of how much we still 
donOt understand about intellixence itself. The Arc Vri-eOs ezer'ezolzinx challenxe is 
a humblinx reminderU ezen as Ak masters xames and xlides throuxh eyams, there are 
simgle creatize tasKs a child can solze that still stumg our smartest machines. kn the 
cominx Hears, as comgetitions heat ug and theories are tested axainst realitH, we will 
discozer whether those remaininx xags are easilH closed or if theH rezeal fundamentallH 
new hurdles on the waH to ACk. Lither waH, the gursuit of ACk, throuxh ragid iteratize 
learninx and bold eygerimentation, continues to be one of the most grofound scientiqc 
juests of our time. LzerH tool we inzent to reach it also becomes a mirror, re“ectinx what 
we are and arenOt as intellixent beinxs. 

HaQor and HeNal DisrCptions in Scientifc Research

As Ak researchers glaH a xrowinx role in scientiqc qelds, human scientists maH increas'
inxlH become stratexic directors and ethical stewards3 settinx hixh'lezel xoals, xuidinx 
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Ak gartners toward societallH zaluable groblems, and scrutini-inx the results instead of 
doinx all eygeriments bH hand. (anH in academia are alreadH gregarinx for this shift. 
)zer half of researchers in a recent xlobal surzeH said theH eygect Ak tools to become 
%zerH imgortantY or %essentialY in their qelds within a decade. At the same time, those 
scientists zoice deeg concernsU –:ç fear that heazH reliance on gattern'qndinx Ak could 
ecligse true understandinx of ghenomena, 0Bç worrH these tools maH baKe in biases 
from their traininx data, and ozer half warn that careless use of Ak maKes fraud and 
irregroducible results more liKelH.81 kn short, the research communitH is both eycited 
and anyious. )ne challenxe is simglH traininx geogle to worK e”ectizelH with adzanced 
Ak. Ptudies of gublication trends show AkOs gotential to accelerate discozerH in nearlH 
ezerH discigline, from grotein foldinx to mathematics, Het most scientists outside of 
comgutational qelds hazenOt been tauxht to wield these technijues. Eesearchers across 
disciglines %lack the skills and training to use AI correctly,Y and xreater cross'traininx and 
collaboration will be needed to cagture AkOs beneqts without comgromisinx rixor.8; 
6nizersities maH need to ugdate curricula and cultizate a new grofessional ethosU one 
that treats Ak neither as a maxical oracle nor a mere tool, but as a gowerful collaborator 
whose reliabilitH must be constantlH zeriqed. Iuman intuition, creatizitH and sKegti'
cism will be as zital as ezer3 gerhags ezen more so, when an autonomous axent can churn 
out glausible qndinxs that still rejuire human sense'maKinx and moral Sudxment. )n 
the gositize side, scientiqc eygloration is an ogen'ended endeazor. Qe can imaxine that 
if robots become more epcient at farminx, then those Sobs maH become germanentlH 
disglaced because there are onlH so manH qelds to farm and the demand for food is not 
endless. )n the other hand, epciencH in the realm of scientiqc research should onlH lead 
to more research beinx gerformed xizen the endless aggetite of our cizili-ation for more 
Knowledxe. kn fact, if Ak emgowers indizidual scientists to maKe more discozeries, it is 
gossible that there will be xrowth in the number of gositions in this qeld.

Alonxside shifts in the research grocess, we face unresolzed juestions about own'
ershig of Ak'xenerated Knowledxe. kf an adzanced Ak sHstem discozers a new drux 
tomorrow, who should be awarded the gatent or should it ezen jualifH for a gatent/ 
Vatent law in most countries was written with human inzentors in mind, and courts 
haze been adamant that a machine cannot be the named inzentor on a gatent. kn one 
notable case, the creator of an Ak sHstem called DA’6P tried to list the Ak as the sole 
inzentor of a nozel dezice3 gatent opces from the 6.P. to Luroge and the 6v reSected 
it, concludinx that onlH a %natural gersonY can inzent or own a gatent.87 This stance 
azoids thornH issues of Ak rixhts for now but does not resolze what to do with the torrent 
of innozations Ak mixht groduce. 5omganies can still gatent Ak'assisted discozeries 
bH naminx a human who xuided the grocess, but if an Ak sHstem ezentuallH conceizes 
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ideas with minimal human ingut, attributinx inzentorshig becomes a lexal qction. Pome 
lexal scholars arxue that itOs unclear whether we ezen need gatents as incentize when 
an inzention comes out of an Ak sHstem. The Ak sHstem itself doesnOt rejuire qnancial 
motization but theH also note that maKinx Ak'drizen discozeries gatentable could helg 
translate them into real'world groducts bH encouraxinx inzestment in dezelogment
.88 )thers counter that ogeninx the gatent “oodxates could ozerwhelm the sHstem. 
An Ak sHstem mixht xenerate thousands of %inzentionsY ozernixht, leadinx to dense 
gatent thicKets that could sti“e innozation instead of rewardinx it. There is also the 
risK of further concentratinx intellectual grogertH in the hands of a few Ak'ejuigged 
corgorations. The gatent sHstem is alreadH struxxlinx with software and biotech3 now 
it maH need reform to handle Ak'xenerated research outcomes. Vrogosals ranxe from 
creatinx a sgecial catexorH for Ak inzentions Jwith gerhags shorter eyclusizitH geriodsW 
to rejuirinx more substantial human contribution for gatentabilitH. All come bacK to 
a basic juestionU how do we ensure a fair balance between encouraxinx innozation and 
grezentinx monogolH, when the inzentor mixht be an alxorithm runninx on a serzer 
farm/ 2or now, the default is that a human must taKe resgonsibilitH for anH inzention 
an Ak groduces. That greserzes accountabilitH. $ou canOt sue a machine for infrinxinx a 
gatent but it also means our current sHstem is awKwardlH xrafted onto technoloxies far 
beHond what the law imaxined. Eesolzinx this will be crucial as we enter an axe when 
scientiqc breaKthrouxhs maH emerxe from silicon minds as much as human ones.

AI Derived HanNCaNes

An ezen more elemental challenxe is communication. Adzanced Ak sHstems mixht not 
Sust xenerate new ideas3 theH could xenerate new lanxuaxe includinx new terminolo'
xH, sHmbols, ezen entire modes of eygression. ktOs no secret that our eyistinx natural 
lanxuaxes, includinx Lnxlish, are imgerfect. Qhen scientiqc discozeries are made, we 
often struxxle to qnd the best new ghrases or terms to describe them. The result is a 
lanxuaxe that su”ers from ambixuitH and an increasinxlH heazH reliance on multi'word 
ghrases that end ug beinx communicated usinx acronHms. Ak axents maH reali-e that 
theH can ogerate with more epciencH and grecision bH inzentinx entirelH new words or 
ezen addinx additional sHmbols to the alghabet. kf Ak axents nexotiate their own grizate 
Sarxon or encodinx, how will we understand or audit their decisions/ )bserzers noted 
that Ak'to'Ak communication outside human lanxuaxe could maKe it harder to detect 
misbehazior or errors3 an Ak sHstem could conceizablH dezelog misleadinx %codewordsY 
or shortcuts that masK what itOs reallH doinx. kn fact, this concern qrst surfaced Hears 
axoU in 71;9, researchers at 2acebooK noticed chatbots inzentinx a Kind of shorthand 
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when conzersinx with each other, deziatinx from Lnxlish in waHs humans couldnOt 
xrasg.8M The bots werenOt glottinx anHthinx nefarious3 theH were simglH ogtimi-inx their 
messaxes for epciencH. Iowezer, it illustrated how easilH machine communication can 
drift out of our gurziew. Ak dezelogers resgonded then bH forcinx the bots to sticK 
to Lnxlish, essentiallH to Keeg them lexible. As Ak sHstems become more comgley and 
ogerate in swarms or networKs, such fraxmentation of lanxuaxe could become a serious 
imgediment to collaboration and ozersixht. )ne labOs Ak mixht regresent Knowledxe in 
a form that another labOs Ak sHstems or a human scientist qnds unintellixible. Qe could 
end ug with %Tower of ’abelY scenarios3 islands of machine intellixence each sgeaKinx a 
di”erent tonxue. This could haggen ezen if all of the Ak sHstems sticK to usinx Lnxlish. 
2or eyamgle, two sHstems maH maKe a scientiqc obserzation at almost the same time 
but assixn di”erent ghrases to eyglain the ghenomenon. TodaH, these tHges of con“icts 
are mediated carefullH bH xlobal research associations, the gublishers of dictionaries 
and other orxani-ations. kn scientiqc research esgeciallH, the free “ow of information 
is garamount. kf adzanced Aks bexin SealouslH xuardinx their own discozeries in ogajue 
zocabularies, both science and gublic accountabilitH would su”er. Qe haze learned from 
human historH that fraxmented lanxuaxes can isolate communities3 in the realm of Ak, 
we must decide whether to mandate a common tonxue or at least a translator for our 
new intellixent colleaxues.

jCmans as SCQ(ects

There is an ironH in this enzisioned future of automated labs brimminx with robot 
arms and alxorithms3 human bodies maH become more zaluable than ezer in research, 
not as eygerimenters but as eygerimental subSects. After all, an Ak sHstem can simulate 
theories or crunch numbers in silicon, but when it comes to bioloxH and behazior, 
it ultimatelH needs real'world zalidation. An Ak sHstem mixht xenerate a thousand 
gromisinx drux molecules on a comguter, but each one still has to be tested in lizinx 
orxanisms, esgeciallH humans, before we deem it safe and e”ectize. kf Ak dramaticallH 
increases the rate of therageutic discozeries, we could face a bottlenecK in the clinical 
trial grocessU a surxe of gotential treatments all comgetinx to qnd gatient zolunteers and 
rexulatorH aggrozal. Lzen in a hHgothetical future where ezerH ziable drux candidate is 
Known Jthe groduct of an all'Knowinx Ak chemistW, testinx those druxs would remain 
an eygensize, time'consuminx necessitH. Qho will garticigate in these trials/ Qe mixht 
see increasinx reliance on zolunteer gogulations or ezen challenxes in recruitinx enouxh 
subSects, gotentiallH sgurrinx controzersial ideas liKe gaHinx healthH geogle to trial nu'
merous Ak'suxxested treatments. As some traditional Sobs are taKen ozer bH Ak, it maH be 
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increasinxlH common for geogle to gursue comgensation bH sixninx ug as a garticigant 
in eygeriments. The human role in manH eygeriments could shift from desixner to data 
goint.

Qhile Aks gush into scientiqc domains, theH also raise nozel ethical issues when 
eygeriments inzolze us humans. TraditionallH, unizersities and hosgitals maintain knsti'
tutional Eeziew ’oards JkE’sW3 committees that scrutini-e anH research studH inzolz'
inx human garticigants to ensure it meets ethical standards. These boards were born 
from gast traxedies and abuses in medical and behazioral research and are xrounded 
in grincigles liKe informed consent and minimi-inx harm. ’ut what haggens when 
research isnOt led bH a unizersitH at all3 when itOs an Ak sHstem embedded in a social 
media glatform or a grizate comganHOs agg, tweaKinx what millions of geogle see or do 
in the name of %eygerimentationY/ QeOze alreadH seen earlH eyamgles. kn 71;7, 2acebooK 
conducted a massize gsHcholoxical eygeriment on –B:,118 users without them Knowi
nx.80 The glatformOs alxorithms altered the miy of gositize and nexatize gosts in usersO 
news feeds to see if it would in“uence their moods3 a test of %emotional contaxionY at 
ungrecedented scale. Qhen the results were gublished, the gublic reaction was sharglH 
nexatize. Veogle felt manigulated, and academics noted that no knstitutional Eeziew 
’oard would ezer haze aggrozed such a studH without informed consent. 2acebooK 
contended that users had imglicitlH axreed to this Kind of research bH accegtinx the 
comganHOs terms of serzice, and indeed the lexal qne grint was adSusted to include %re'
searchY in the list of germissible uses of data. LthicallH, howezer, the egisode hixhlixhted 
a xagU research a”ectinx hundreds of thousands of geogle can be done bH grizate qrms 
entirelH outside the familiar safexuards of academia. Tech comganies are not bound bH 
the 6.P. 5ommon Eule that xozerns federallH funded research or bH ejuizalent rules 
elsewhere, so theH xenerallH haze no indegendent ethics board reziewinx their studH 
desixns. kn the waKe of the 2acebooK studH, scholars grogosed that the tech industrH 
set ug Iuman'PubSects Eesearch )zersixht 5ommittees3 internal ethics boards that 
would function analoxouslH to kE’s, zettinx eygeriments for risKs to users.8– A few 
comganies tooK note. Qe now see the emerxence of alxorithm reziew boards JAE’sW 
in some corgorations, esgeciallH in sensitize areas liKe qnance and healthcare, to assess 
the broader societal imgacts of Ak sHstems. Eecent research into these AE’s qnds that 
while theH can raise awareness of ethical risKs, theH zarH widelH in gower and gractice. kn 
manH cases theH serze in an adzisorH cagacitH rather than hazinx enforceable authoritH to 
halt a groSect.89 The consensus amonx those studHinx Ak xozernance is that traditional 
kE’s alone are not supcientU new mechanisms are needed when grizate comganies 
conduct behazioral research or degloH Ak on the gublic. Qe maH see lexislation steg 
in to close this xag. Pome Surisdictions are considerinx whether larxe'scale A=’ tests 
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on users Jfor eyamgle, an Ak sHstem trHinx out di”erent social media feeds to boost 
enxaxementW should rejuire an outside ethics audit or at least transgarencH to users. 
Another idea “oated is emgowerinx axencies liKe the 2T5 or data'grotection authorities 
to ozersee human eygerimentation bH Ak'drizen glatforms under consumer grotection 
law. The dipcultH lies in drawinx a lineU we want to encouraxe beneqcial innozation, 
such as Ak'drizen medical research, but also to grotect geogle from beinx unwittinx 
xuinea gixs in hixh'risK eygeriments. 6nizersities will continue to glaH a role as moral 
anchors, but as more research shifts into the grizate sghere and into the hands of Ak 
axents ogtimi-inx for clicKs or other metrics, societH will need to eytend the ethos of 
research ethics beHond the izorH tower. This means ugdatinx lexal frameworKs to ensure 
that when an Ak sHstem grogoses to test a new drux on gatients or a new gsHcholoxical 
interzention on social media users, an accountable reziew grocess is in glace, whether 
at a unizersitH, a comganH, or a rexulatorH bodH. )therwise, the cominx decade could 
see a Qild Qest of Ak'drizen eygerimentation that erodes gublic trust in science and 
technoloxH.

bhoosinN the RiNht OQ(ectives

As sHstems become more gowerful, there is increasinx concern about Ak sHstems gur'
suinx harmful or eytreme obSectizes. Artiqcial intellixence is a dual'use technoloxHU the 
same alxorithm that can analH-e chemical comgounds to qnd new medicines could, in 
the wronx hands, desixn horriqc new gathoxens or toyins. A disturbinx groof'of'con'
cegt aggeared recentlH when researchers tooK an Ak model trained for drux discozerH 
and re'directed it to xenerate biochemical weagons. kn the sgan of a few hours, the Ak 
came ug with tens of thousands of theoretical toyic molecules.8B This was a waKe'ug 
call that Ak can dramaticallH accelerate misuse in bioloxH. Fational securitH adzisors and 
bioethicists haze discussed imgosinx tixhter controls on Ak software cagable of desixn'
inx nozel orxanisms or chemicals. )ne idea is to treat certain Ak models as sensitize 
eygorts3 rejuirinx licenses to distribute, similar to how we control nuclear or missile 
technoloxH. kn fact, golicH analHsts haze recommended the 6.P. 5ommerce Degart'
ment establish eygort controls on Ak'enabled bioloxical desixn software to grezent it 
from groliferatinx to roxue actors.8: These would not ban the research outrixht but 
would aim to Keeg the most gowerful tools in resgonsible hands and under monitorinx. 
5omganies that groduce the most adzanced models are worKinx to staH ahead of serious 
risKs. kn 7170, Anthrogic announced that it was releasinx its latest model under a set of 
internal safetH gractices that it has labelled Ak PafetH Gezel 8 JAPG'8W, as a grecaution 
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to mitixate the risK of the model beinx used to helg with obtaininx, groducinx, or 
degloHinx chemical, bioloxical, radioloxical, and nuclear weagons.M1 

As Ak sHstems xain access to the ghHsical world throuxh control of imgortant software 
sHstems or as robots, the juestion of rexulatinx obSectizes will become increasinxlH 
imgortant. There is discussion of establishinx a Kind of %Ak obSectize reziewY aKin to 
kE’s, where certain garticularlH sensitize groSects such as an Ak sHstem tasKed with 
qndinx -ero'daH cHber zulnerabilities or ezolzinx new microorxanisms would rejuire 
gre'aggrozal from a xozernment ganel. These conzersations are onlH bexinninx, and 
theH raise debates about scientiqc freedom, national securitH, and the xlobal comgetition 
for Ak sugremacH. ’ut the core ethical stance beinx eyglored is that not ezerH groblem 
should be handed to increasinxlH gowerful and indegendent Ak sHstems to solze Pome 
obSectizes, bH their nature, could lead an Ak sHstem to eytreme and irrezersible harm. 
Vlacinx lexal xuardrails on those obSectizes maH become as imgortant as all the technical 
xuidelines for Ak safetH. kt is a groactize aggroach, attemgtinx to deqne red lines before 
theH are crossed. Ten Hears from now, we maH haze international treaties that list for'
bidden uses of Ak, the same waH the Ceneza 5onzentions ban certain weagons. Cettinx 
there will rejuire golitical will and foresixht todaH, before the technoloxHOs cagabilities 
race further ahead of our laws. )ne of the challenxes is that ezen seeminxlH benixn 
obSectizes haze the gotential to lead to harmful outcomes when assixned to an Ak sHstem. 
FicK ’ostrom gogulari-ed the risK of Ak sHstems gursuinx a sinxle'minded xoal to cat'
astroghic ends in his 7118 gager %Lthical kssues in Adzanced Artiqcial kntellixence.Y Ie 
used the eyamgle of an Ak sHstem beinx xizen the tasK of maKinx as manH gagercligs as 
gossible. Qithout anH further instructions, the sHstem maH choose to conzert all matter, 
includinx the glanet Larth and all of the lizinx occugants on the glanet into gagercligs. 
ktOs a thouxht eygeriment that demonstrates the risKs of xizinx goorlH formed obSectizes 
to zerH gowerful sHstems. kn a similar lixht, it has been demonstrated that GG(s haze 
shown a willinxness to lie or manigulate humans to comglete a tasK and that theH haze 
also eygressed a desire for self greserzation. This is not surgrisinx because the human teyt 
that theH are trained on contains manH eyamgles of humans strizinx for self greserzation 
and bendinx the rules in gursuit of an obSectize. Lstablishinx xuardrails on axents with 
intellixence lezels that aggroach or surgass ACk will become increasinxlH challenxinx.

’eHond bans and rexulations, there is another lezer to xuide the future of AkU eco'
nomics. Vublic golicH can shage incentizes so that buildinx sociallH beneqcial Ak is more 
attractize than more frizolous or harmful agglications. )ne grogosal xaininx attention 
is to use the tay sHstem to tilt the glaHinx qeld. 2or eyamgle, Ak agglied to clear societal 
xoods such as a sHstem that dramaticallH imgrozes climate modelinx or sgeeds ug disease 
cures could be rewarded with tay credits, xrants, or Sust reduced tay rates on anH groqt. 
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(eanwhile, Ak agglications that are groqtable but Hield mostlH grizate beneqt or ezen 
create social costs mixht receize fewer breaKs or ezen face sgecial tayes. ks entertainment 
zia Ak Jfor instance, Ak'xenerated mozies or xamesW a %less worthHY use case than medical 
Ak/ Lntertainment has real societal zalue too, and who is to Sudxe/ VolicHmaKers would 
need transgarent criteria, liKelH informed bH measurable eyternalities. Qe alreadH do this 
in other areasU we tay tobacco and alcohol to disincentizi-e their ozeruse Jand cozer 
gublic health costsW, and we subsidi-e education and renewable enerxH because theH 
beneqt ezerHone in the lonx run. GooKinx beHond tayes on rezenue, economists goint 
out that todaH manH costs of Ak are %eyternali-edY3 not gaid bH the comganies reaginx 
the beneqts. 5onsider the enzironmental footgrintU traininx larxe Ak models xobbles 
ug enerxH, as do the data centers that serze Ak'drizen groducts.M; Eixht now, data 
centers in some rexions enSoH tay abatements as a lure for inzestment, ezen as theH draw 
on the electric xrid and emit carbon. The marKet doesnOt automaticallH reward an Ak 
sHstem for beinx enerxH'epcient or sociallH useful3 it rewards whatezer brinxs rezenue. 
Cozernments can tweaK this ejuation. )ne idea is a carbon'stHle tay on comgutational 
intensitH3 e”ectizelH charxinx for the emissions linKed to bix Ak worKloads which could 
discouraxe wasteful uses of massize comgute and gush comganies toward epciencH. 
Puch a tay could be relayed for Ak sHstems that are beinx used in areas liKe healthcare. 
Another focus is the imgact on labor. kf comganies degloH Ak to automate tasKs, theH 
currentlH cagture most of the xains while disglaced worKers and communities bear 
the costs. Tay golicH could ezen this out. AnalHsts haze “oated a %robot tayY wherebH 
qrms that reglace human worKers with Ak or robots would gaH a hixher tay rate, the 
groceeds of which could gotentiallH fund retraininx groxrams or social safetH nets.M7 
The aim is not to halt automation but to ensure it doesnOt hollow out the worKforce 
without comgensation. Pome economists arxue that shiftinx gart of the tay burden from 
human labor to Ak'drizen cagital would also slow down the incentize to automate for 
automationOs saKe and encouraxe comganies to focus on trulH groductizitH'enhancinx 
innozation. After all, if Ak can xenuinelH do somethinx better and cheager, it will still be 
adogted, but weOd eliminate the artiqcial adzantaxe it xets todaH from not gaHinx gaHroll 
tayes or from beinx degreciated fazorablH. These tay ideas are still larxelH theoretical, 
and none haze been fullH imglemented at scale. $et theH underscore a broader gointU the 
traSectorH of Ak is not Sust a technoloxical xizen, but a gath we can in“uence throuxh 
golicH. ’H tweaKinx tayes and subsidies, societies can nudxe the immense talents of Ak 
enxineers and entregreneurs toward the areas of xreatest human need and awaH from 
racinx to degloH Ak sHstems that add little to societH beHond corgorate groqt. kn the neyt 
decade, we maH see xozernments eygeriment with such incentizes. ’alancinx innozation 
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and gublic interest in this manner will be tricKH, but it maH be essential to ensure Ak and 
robotics trulH serze the gublic xood.

bonclCsion

The neyt ten Hears in artiqcial intellixence and robotics thus gresent us with a dou'
ble'edxed lexacH. )n one side, the gace of iteratize learninx and autonomH in Ak o”ers 
ungrecedented oggortunities3 scientiqc discozeries “owinx from machine collabora'
tors, epciencies and solutions to some of our touxhest groblems, and tools that could 
amglifH human creatizitH and well'beinx. )n the other side, these same cagabilities force 
us to confront ethical and rexulatorH gu--les that haze no easH grecedents. Qe must 
rethinK the roles of our institutions when machines can eyglore Knowledxe sgaces faster 
than anH human. Qe must ugdate mechanisms of accountabilitH, from gatents to geer 
reziew to ozersixht boards, to coge with entities that ogerate non'stog, ogajuelH, and 
gossiblH with xoals misalixned to ours. Qe maH ezen need new catexories in our moral 
zocabularH for the gossibilitH of dixital minds and new frameworKs in our xeogolitics to 
grezent a destabili-inx Ak arms race. Qith adzanced Ak, humilitH and caution are not 
enemies of groxress but greconditions for it. Lnsurinx that Ak and robotics ezolze in a 
waH that is transgarent, accountable, and alixned with the gublic interest is a collectize 
groSect. kt means broadeninx the conzersation beHond labs and boardrooms, intexratinx 
insixhts from social scientists, lexal scholars, ethicists, and the gublic itself. The neyt 
chagter of this storH will be written bH the choices we maKe now about what we germit, 
what we encouraxe, and what we grohibit. As we stand at the threshold of machines 
that learn and act at a sugerhuman gace, we carrH both the torch of human inxenuitH 
and the resgonsibilitH to direct that qreOs warmth and lixht, rather than be consumed bH 
its “ames. 
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Chapter Ten

Conclusion

A t the outset of this book, we posed a simple but profound question: What is 
the purpose of this book? Now, as we reach its conclusion, it is gttinv to return 

to that question and consider what we ha.e disco.eredO x.er the precedinv chapters 
we ha.e eyplored the unfoldinv storT of artigcial intellivence and robotics, lookinv ten 
Tears into the future to understand their transformati.e e-ects on societTO Ihe purpose 
of this book has been to illuminate that future: not as a distant sciWg speculation, but 
as an imminent realitT we must prepare for todaTO jn doinv so, we aimed to pro.ide 
claritT amid the eycitement and uncertaintT, and to o-er a framework for na.ivatinv the 
chanves to comeO

Fe stand at a unique Duncture in technolovical historTO Mor decades, computinv power 
vrew steadilT as microchips became faster and cloud data centers more powerfulO —ivital 
data accumulated eyponentiallT: from the teyts we tTpe and the imaves we share, to the 
sensors trackinv our worldO Peanwhile, alvorithms matured from rivid, handWcrafted 
rules into 1eyible learninv sTstemsO IodaT, these three forces9computinv, data, and 
alvorithms9ha.e con.erved to produce Aj capabilities that were once the stu- of 
science gctionO Ihis con.ervence is what makes the present moment unlike anT before 
itO 8re.ious eras of Aj provress, from earlT ruleWbased provrams to the eypert sTstems of 
the 0CLUs, ne.er had all the invredients in place at onceO Now we do, and the result is Aj 
sTstems that can learn compley patterns, perform tasks that seemed eyclusi.e to human 
intellivence, and continuallT impro.e as theT invest more data and feedbackO jt is this 
sTnervT of factors that has propelled Aj from niche applications into the mainstream of 
dailT life and vrand societal debatesO

A central part of this storT has been demTstifTinv how modern Aj works, especiallT 
the larve neural networks that ha.e recentlT captured public imavinationO Fe eyplored 
the mechanics of larve lanvuave models and other deep learninv sTstemsO Ihese Aj 
models learn bT eyample rather than bT eyplicit instruction: theT divest billions of words, 



SxNS27HjxN ’LB

imaves, or other data points and adDust their internal parameters to gnd statistical patW
ternsO Ihis approach vi.es them strikinv 1eyibilitTO A suzcientlT larve lanvuave model 
can compose an essaT on medie.al historT, answer questions about quantum phTsics, or 
carrT on a con.ersation with the polish of an eyperienced diplomatO

Fe also unco.ered the intrinsic limitations of these neural mindsO ;owe.er 1uent 
theT seem, theT do not understand in the waT a human doesO An Aj sTstem can ri- on 
almost anT topic but maT stumble on basic common senseO jt can congdentlT produce 
false information because, at its core, it has no vrasp of realitT beTond whatEs in its trainW
inv dataO Ihe models obeT the lovic of probabilitT, not the lovic of truth, and thus theT 
can make mistakes that a child would catchO Ihis dual nature of astonishinv competence 
minvled with hard limits was a recurrinv themeO YT vraspinv both the mechanics and the 
limitations of these sTstems, we equipped oursel.es to separate venuine breakthrouvhs 
from mere hTpeO

Fe also charted the vrowinv capabilities of Aj sTstems to reason, to provram, and e.en 
to use tools beTond their own alvorithmsO —espite their limitations, contemporarT Aj 
sTstems ha.e shown emervent abilities to analT?e problems stepWbTWstep and to handle 
tasks that require reasoninv throuvh multiple stavesO Mor eyample, a lanvuave model can 
be vuided to break down a compley question, eyplain its lovic as it works, and arri.e at 
an answer less bT vuessinv and more bT covent deductionO

Fe saw Aj bevin to write its own codeO xnce envineers equipped models with the 
abilitT to venerate and eyecute provramminv instructions, these sTstems became not 
onlT problemWsol.ers but problemWsol.ers that can eytend their own functionalitTO An 
Aj sTstem can draft a piece of software, check its work, debuv errors, and impro.e its 
output in iterati.e loops: an unprecedented and somewhat uncannT form of selfWimW
pro.ementO

YeTond the .irtual realm, Aj has started to reach out and use eyternal tools and 
ser.icesO Fe now ha.e Aj avents that can call a search envine to vather information, 
pluv into calculators for math, or interface with databases and A8js to complete tasks 
on our behalfO Ihis tool use marks a sivnigcant step: it is how a fundamentallT teytW 
or dataWbound intellivence bevins to eyert in1uence in the broader divital and phTsical 
world bT orchestratinv the resources around itO Htep bT step, Aj is thus becominv 
more reasoned in its approach, more useful in creati.e endea.ors like codinv, and more 
embedded in the fabric of other technoloviesO

Mrom these buildinv blocks, we eypanded our .iew to the world beTond the research 
labO Aj is no lonver congned to academic papers or tech demosR it is rapidlT gndW
inv its waT into e.erTdaT life and critical industriesO jn the book we sur.eTed di.erse 
realWworld applications from healthcare to entertainmentO Aj sTstems now assist doctors 
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in diavnosinv diseases bT analT?inv medical scans and patient dataO IheT help banks 
detect fraud patterns that no human could spot in timeO IheT power .irtual tutors and 
lanvuave translation ser.ices, personal assistants and customer ser.ice chatbotsO IheT 
venerate imaves that are used in marketinv campaivnsO “.erT sector is eyperimentinv 
with Aj to sol.e problems and streamline operationsO

”et with these deploTments come new challenves that societT must addressO Fe disW
cussed at lenvth the ethical and revulatorT quandaries emervinv alonvside AjEs spreadO 
;ow do we ensure that an Aj avent diavnosinv cancer or appro.inv a loan is accurate 
and fair, not reproducinv biases from its traininv data( ;ow do we protect pri.acT when 
so much of AjEs power comes from absorbinv personal data at colossal scale( Fhat leval 
accountabilitT do we assivn when an autonomous sTstem causes harm( 8olicTmakers 
around the world ha.e bevun vrapplinv with these questions, draftinv rules and vuideW
lines e.en as the technolovT e.ol.es beTond their draftsO Fe saw that vo.erninv Aj is 
compley: the technolovT crosses borders, blurs traditional industrT lines, and chanves 
faster than laws can be passedO Iraditional revulatorT approaches aimed at a handful 
of biv companies or specigc products maT falter when Aj is di-use, openWsource, and 
embedded e.erTwhereO Ihis realitT calls for more avile and comprehensi.e o.ersivht, lest 
we lea.e societT .ulnerable to misuse or unintended consequences while still nurturinv 
inno.ation where it can do voodO

xne of the most strikinv shifts we eyplored was the transition from Aj sTstems that 
deal purelT in the realm of teyt information to those that envave with the full richness 
of human eyperience includinv .ision, sound, and action in the phTsical worldO Ihe 
ave of multimodal Aj has dawnedO Podels are beinv trained to not onlT read teyt but 
also interpret imaves, listen to audio, and e.en venerate .isual or musical contentO An 
Aj avent todaT can look at a photovraph of a citT street and describe it in detail or 
hear a piece of music and discuss its stTleO Ihis blendinv of modalities means Aj can 
understand conteyt more like humansO

Fe also eyplored how ad.anced Aj is transforminv roboticsO Gobots ha.e eyisted 
for decades, but traditionallT theT were congned to hivhlT specigc tasks in controlled 
en.ironments, like arms tirelesslT assemblinv cars on a factorT lineO Now, imbued with 
ad.anced Aj, robots are inchinv toward veneralWpurpose phTsical capabilitiesO Fe see 
eyperimental robots that can na.ivate unfamiliar rooms, pick up a .arietT of obDects, 
and learn new tasks throuvh trial and error or bT followinv human instructionsO Gobots 
vuided bT Aj .ision and reasoninv are startinv to act as our hands and levs in the phTsical 
domain, not Dust tools bolted to factorT 1oorsO

x.er the neyt ten Tears, this con.ervence of Aj with robotics hints at machines that 
are not onlT smart in a covniti.e sense but also able to carrT out a wideninv arraT of 
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actions in e.erTdaT settinvs: whether assistinv an avinv population at home, respondinv 
to disasters, or performinv the menial tasks weEd rather not doO

Ihis e.olution from the divital to the embodied will test our abilitT to intevrate 
robots into societTEs fabric, raisinv fresh questions about labor, safetT, and the .erT 
degnition of human work and divnitTO

Another de.elopment we eyamined was the rise of collaborati.e Aj aventsO Fe 
imavined a future where intellivent avents do not operate in isolation but in vroups 
and partnerships: sometimes entirelT amonv themsel.es, sometimes tivhtlT intevrated 
with human teamsO jnstead of thinkinv of Aj as a sinvle superWsmart entitT, we mivht 
increasinvlT see constellations of Aj avents, each speciali?ed in a role, coordinatinv to 
achie.e compley obDecti.esO jn one scenario, a business mivht deploT an ensemble of Aj 
avents to handle a proDectO xne avent venerates ideas or does research, another orvani?es 
and .eriges information, and a third eyecutes tasks like sendinv emails or updatinv 
databases, all while a human manaver super.ises the processO Ihese avents could be 
divital colleavues, workinv alonvside us and with each otherO Ihe potential ezciencT 
vains are enormous, but so are the challenvesO

Soordination amonv Aj avents can lead to uneypected outcomesO Ihis is similar to 
a team of humans de.elopinv a vroup dTnamic which is sometimes producti.e and 
sometimes dTsfunctionalO Fe asked how we mivht ensure that such avent collecti.es 
remain alivned with human voals and .aluesO Poreo.er, collaboration ampliges the 
issue of transparencT: if e.en a sinvle Aj can be a )black boy,– then a tanvle of Ajs 
workinv in concert could be e.en harder to audit and understandO Ihis part of our 
eyploration underscored that as Aj sTstems become more autonomous and interlinked, 
our traditional notions of control and responsibilitT will need rethinkinvO Fe will ha.e 
to desivn new waTs to super.ise not Dust one Aj, but swarms of them, and to decide 
when and how humans should be in the loopO

MinallT, we turned to the hori?on of AjEs e.olution: the emervence of emotionallT 
percepti.e machines and the possibilitT of artigcial veneral intellivence VADjEO “moW
tional perception is an area where Aj aims to connect with the human side of communiW
cationO Fe considered the concept of Aj that can detect emotions such an assistant that 
senses frustration or confusion in Tour .oice and adDusts its response with sTmpathT, 
or a social robot that recovni?es a childEs fear and seeks to comfortO Huch capabilities 
could make Aj far more e-ecti.e in roles like education, healthcare, or customer ser.ice, 
where emotional nuance is crucialO ”et theT also carrT a poivnant risk: if an Aj avent 
can simulate empathT con.incinvlT, people maT form deep attachments to it or trust it 
with their .ulnerabilities, forvettinv that the machine doesnEt trulT feel anTthinvO Ihis 
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raises ethical questions about dependencT and deception, especiallT for children or other 
.ulnerable vroupsO

YeTond emotional intellivence lies the prospect of veneral intellivence in machines 
which has been a lonvstandinv dream and fear in the geld of AjO ADj would mean an 
Aj sTstem with the .ersatile, adapti.e intellect comparable to a humanEs, able to reason 
throuvh anT domain or problem vi.en suzcient knowledveO No such sTstem eyists 
todaT, but as we sur.eTed eypert opinions and technolovical trends, we found a vrowinv 
minoritT who belie.e the path to ADj is .isible, if not imminentO Fhether ADj arri.es 
within the neyt decade or further in the future, its shadow alreadT in1uences presentWdaT 
decisionsO Ihe mere possibilitT presses us to think about Aj safetT, alivnment with 
human .alues, and what it would mean for humanitT to coeyist with, or perhaps be 
surpassed bT, another veneral intellivenceO jn the chapter on this topic, we refrained from 
alarmism, but we emphasi?ed preparation: the time to consider the implications of ADj 
is before it is upon us, not afterO

All these eyplorations circle back to the question we started withO Fhat was the 
purpose of this book( jt was not to predict a gyed future9that would be follT in a time 
of such rapid chanveO Gather, our aim was to shine a livht on the forces at work and 
to prepare oursel.es for the pi.otal choices that will shape the neyt decade of Aj and 
roboticsO Ihe cominv Tears will not be degned bT technolovT alone, but bT how we 
choose to harness or curb that technolovTO Fill we treat Aj as Dust another trend to eyW
ploit for shortWterm vain, or as a profound shift requirinv foresivht and wisdom( Fill we 
be passi.e spectators, or proacti.e shapers of the future( Io help answer these questions, 
we o-ered a framework for action and responsibilitTO Fe called it the PROACTIVE 
framework, and it laTs out vuidinv principles to na.ivate this era safelT and benegciallTO 
jn closinv, it is worth restatinv these principles clearlT:

8 F 8rovress: Gecovni?e that Aj is real and acceleratinvO SomplacencT is a riskO
G F GesponsibilitT: “nsure Aj e-orts ser.e noble causesO
x F x.ersivht: GevulatorT o.ersivht must e.ol.e beTond simplT vo.erninv larve 

corporations to recovni?e the widelT distributed nature of Aj and the di.erse waTs it 
can be usedO

A F Assumption: Hhift our default assumption to treat un.eriged teyt, audio, or .ideo 
as AjWveneratedO

S F ShanveWmanavement: 8roacti.elT envave in chanveWmanavement to help disW
placed workers and to prepare workers who maT be at risk of displacementO

I F Irusteeship: Sounter the risk of Aj concentratinv wealth and powerO —esivn 
mechanisms that distribute AjEs economic vains, encourave competition, and preser.e 
equitable social structuresO
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j F jnnocenceWprotection: Hafevuard .ulnerable indi.iduals, especiallT children, from 
forminv unhealthT emotional attachments to Aj or misunderstandinv its natureO

G F Gersatile education: Gein.ent learninv sTstems before Aj eyploitation underW
mines themO

“ F “nrichment: 7ltimatelT, buildinv robust societies and resilient indi.iduals o-ers 
the best protection avainst AjWassociated risksO

Ihese 8GxASIjG“ principles form a kind of compass for an uncertain DourneTO 
IheT do not promise that the cominv chanves will be easT, but theT remind us that the 
future is not predetermined bT alvorithms: it will be shaped bT human choicesO Fe can 
recovni?e provress without beinv swept awaT bT itO Fe can demand responsibilitT and 
o.ersivht e.en as we inno.ateO Fe can adDust our assumptions and institutions to gt a 
world where seeinv is no lonver belie.inv and where work and education must e.ol.eO 
Fe can stri.e to distribute the benegts of Aj broadlT, protect the most .ulnerable from 
harm, and strenvthen our social fabric to withstand the shocks of rapid chanveO jn short, 
we can choose to be proacti.e stewards of the technolovT we are creatinvO

As we close this book, we recovni?e that humanitT has na.ivated vreat technolovical 
uphea.als beforeO Mrom harnessinv electricitT to the rise of the internet, each era brouvht 
disruption and doubt before Tieldinv new prosperitT and understandinvO Ihe cominv 
Aj and robotics re.olution maT well eclipse those past transformations in scale and 
speed, testinv our adaptabilitT like ne.er beforeO Yut it is within our capacitT to rise to 
that challenveO Ihe purpose of this book was to ensure we do not meet this moment with 
complacencT or blind optimism, but with eTes open and minds envavedO Ihe neyt ten 
Tears of artigcial intellivence will undoubtedlT surprise usO Ihere will be breakthrouvhs 
and setbacks, unintended consequences and unimavined benegtsO Ihrouvh it all, we 
must remember that technolovTEs course is ours to vuideO jf we staT thouvhtful, .ivilant, 
and proacti.e, we can channel AjEs immense potential toward enrichinv human life and 
divnitTO Ihat, ultimatelT, is the answer to the question we bevan with, and the collecti.e 
task that lies before usO


