
SOP ± TiaQ\i ZhaQg

- IQGHSHQGHQW aQG E[WHQVLYH RHVHaUFK: I haYe demRQVWUaWed Whe abiliW\ WR LQGHSHQGHQWO\ SURSRVH aQG FRQGXFW
NLP UHVHaUFK. OYeU Whe SaVW fRXU \eaUV, I haYe dedicaWed WR fRXU diYeUVe SURjecWV: eYeQW e[WUacWiRQ (DARPA
BETTER, Weam membeU), eYeQW Vchema iQdXcWiRQ (DARPA KAIROS, leadeU), QaWXUal laQgXage-WR-V\mbRlic
laQgXage WUaQVlaWiRQ (AI2, leadeU aQd membeU), aQd laQgXage mRdel SUeWUaiQiQg ZiWh a UecRQVWUXcWiRQ lRRS
(RQgRiQg, SeUVRQal SURjecW). M\ UHVHaUFK VSaQV a ZLGH UaQJH RI NLP WaVNV, iQclXdiQg QaWXUal laQgXage aQd
V\mbRlic laQgXage XQdeUVWaQdiQg aQd UeaVRQiQg, aV Zell aV laQgXage mRdel SUeWUaiQiQg. TKH YaULHG UROHV haYe
allRZed me WR cRQWUibXWe WR aQd lead WeamV Zhile maQagiQg all aVSecWV Rf m\ SeUVRQal UeVeaUch.

- CUHaWLYLW\: M\ cUeaWiYiW\ VWemV fURm leYeUagiQg m\ Vi[ \eaUV Rf e[SeUWiVe iQ KXPaQ FRJQLWLRQ WR aGYaQFH NLP
UHVHaUFK. IQ m\ ZRUk: 1) I emSlR\ Whe ZRQe Rf PUR[imal DeYelRSmeQW (ZPD) cRgQiWiYe WheRU\ WR SURmSW aQd
eYalXaWe laQgXage mRdelV RQ hXmaQ mRdXlaU VkillV (UefeU WR PURc2PDDL). 2) I cRQceSWXali]e Whe
eQcRdiQg-decRdiQg mechaQiVm iQ hXmaQ leaUQiQg aQd aSSl\ WhiV fUameZRUk WR Whe SUeWUaiQiQg Rf laQgXage mRdelV
aV aQ NL-KG-NL UecRQVWUXcWiRQ lRRS (UefeU WR PUeWUaiQiQg LMV).

- CROOaERUaWLRQ aQG LHaGHUVKLS: I haYe beeQ e[WeQViYel\ FRRSHUaWLQJ ZLWK SURIHVVRUV IURP ZRUOGZLGH, bRWh iQ
Whe UQiWed SWaWeV aQd iQ Whe GeUmaQ\. NRWabl\, Whe\ aUe PURf. LXcie Flek, PURf. ChUiV CalliVRQ-BXUch, PURf. L\le
UQgaU, PURf. MaUWha PalmeU, PURf. LaUa MaUWiQ aQd PURf. Li ZhaQg, all Rf ZhRm haYe highl\ SUaiVed m\ ZRUk.

LHaGLQJ a WHaP Rf 6 membeUV RQ Whe KAIROS SURjecW, Ze VXcceVVfXll\ SXbliVhed aQ ACL demR SaSeU. I fRVWeUed
a cRllabRUaWiYe eQYiURQmeQW ZiWhiQ aQd acURVV Whe gURXSV WhURXgh Zeekl\ meeWiQgV aQd VXiWable WaVk aVVigQmeQWV.
AV a TA fRU Whe DeeS LeaUQiQg cRXUVe, I JXLGHG 13 VWXdeQWV, UeceiYiQg KLJK UaWLQJV (§1VW RXW Rf 15 TAV). I
WhRURXghl\ eQjR\ed VXSSRUWiQg Whem aQd aSSlied cRgQiWiYe WheRUieV WR deVigQ SURgUeVViYe maWeUialV. I eQgaged
VWXdeQWV WhURXgh acWiYe iQWeUacWiRQ aQd RffeUed addiWiRQal RQe-RQ-RQe meeWiQgV WR addUeVV iQdiYidXal QeedV.

- E[SHFWaWLRQ IRU PKD: I caQ VWaUW iQ-SeUVRQ cRllabRUaWiRQ XSRQ UeceiYiQg Whe PhD RffeU. I am YeU\ iQWeUeVWed iQ
e[SlRUiQg hRZ m\ VkillV iQ NLP aQd hXmaQ cRgQiWiRQ, aV Zell aV SURjecW maQagemeQW caQ cRQWUibXWe WR \RXU lab
aQd UeVeaUch. MRUeRYeU, I aVSiUe WR imSURYe m\ UeVeaUch WhURXgh iQWeQViYe VWXd\ aQd e[WeQViYe cRRSeUaWiRQ, iQ Whe
lRQg WeUm, WR cRQWUibXWe WR VRcieW\. PURfeVVRUV ZhR aUe dedicaWed WR cUeaWiQg a beWWeU ZRUld deeSl\ aWWUacWV me.

I am SaVViRQaWe abRXW deYelRSiQg aQWhURSRmRUShic ageQWV WR VXSSRUW XQdeUSUiYileged SRSXlaWiRQV. SSecificall\,
m\ eQdeaYRUV mRdif\ cXUUeQW black-bR[ laQgXage mRdelV (LMV) WR HPXOaWH KXPaQ XQGHUVWaQGLQJ aQG
UHaVRQLQJ SURcedXUe. HXmaQV eYRlYe VRShiVWicaWed iQWelligeQce WhURXgh e[SliciW VWUXcWXUed kQRZledge aQd
V\mbRlic V\VWemV (TXlYiQg, E., 1985).[6,7] IQ cRQWUaVW, a VigQificaQW challeQge ZiWh cXUUeQW LMV, iQclXdiQg Whe
SOTA GPT-4R, iV WheiU iQabiliW\ WR aXWRmaWicall\ cRQVWUXcW VXch VWUXcWXUed aQd V\mbRlic UeSUeVeQWaWiRQV WhaW
hXmaQV Uel\ RQ ZiWhiQ WheiU aUWificial QeXUal QeWZRUkV. ThiV deficieQc\, lackiQg iQWeUmediaWe V\mbRlic
UeSUeVeQWaWiRQV WR bUidge QeXURQV aQd laQgXage RXWSXWV, leadV WR Zidel\ cUiWici]ed XQUeliable UeaVRQiQg iQ LMV.

TR alleYiaWe iW, m\ UeVeaUch GLUHFWV LMV WR FRQVWUXFW aQG UHaVRQ ZLWK VWUXFWXUHG aQG V\PEROLF
UHSUHVHQWaWLRQV. M\ UeVeaUch WUajecWRU\ begiQV ZiWh eYeQW e[WUacWiRQ WhURXgh TXeVWiRQ-aQVZeUiQg aQd V\QWheWic
daWa aXgmeQWaWiRQ WechQiTXeV (PURM.4), fRllRZed b\ cRQVWUXcWiQg eYeQW VchemaV XViQg hXmaQ-cRmSXWeU iQWeUacWiRQ
(PURM.3). TheVe effRUWV aVViVW mRdelV WR iQWeUSUeW VWUXcWXUed kQRZledge gUaShV fURm XQVWUXcWXUed We[W.
SXbVeTXeQWl\, I iQYeVWigaWe Whe WUaQVlaWiRQ Rf QaWXUal laQgXage iQWR ageQW-e[ecXWable V\mbRlic laQgXage XWili]iQg a
hXmaQ cRgQiWiRQ WheRU\ Qamed ZPD (PURM.2). ThiV ZRUk eQhaQceV Whe mRdel¶V Ueliable UeaVRQiQg caSabiliWieV Yia
V\mbRlic UeSUeVeQWaWiRQV. CXUUeQWl\, m\ ZRUk e[SlRUeV SUeWUaiQiQg LMV XViQg a UecRQVWUXcWiRQ lRRS WhaW iQWegUaWeV
bRWh QaWXUal laQgXage aQd kQRZledge gUaShV (PURM.1). ThiV aSSURach embedV eQcRdiQg-decRdiQg Vkill, akiQ WR
hXmaQ leaUQiQg SURceVVeV, iQWR Whe LMV iQ Whe SUeWUaiQiQg ShaVe. CRllecWiYel\, m\ UeVeaUch aimV WR adYaQce
aUWificial ageQWV ZiWh hXmaQ-like WhiQkiQg abiliWieV. BelRZ, I Zill SUeVeQW WheVe effRUWV iQ deWail, alRQg ZiWh
SRWeQWial fXWXUe ZRUk (SHF.5).
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1. PUHWUaLQLQJ LaQJXaJH MRGHOV ZLWK NaWXUaO LaQJXaJH aQG KQRZOHGJH GUaSK RHFRQVWUXFWLRQ LRRS
OUigiQaO We[W: NeZ YRUN iV RQe Rf Whe PRVW cURZded ciWieV iQ APeUica
ĺ KG: (NeZ YRUN, ORcaWed iQ, APeUica), (NeZ YRUN, haV, OaUge SRSXOaWiRQ)
ĺ RecRQVWUXcWed We[W: NeZ YRUN iV aPRQg Whe PRVW deQVeO\ SRSXOaWed ciWieV iQ Whe UQiWed SWaWeV.

- PUREOHP-SROYLQJ: The SUeYaleQW SUeWUaiQiQg WaVk, Qe[W WRkeQ SUedicWiRQ, haV beeQ cUiWici]ed b\ RQl\ caSWXUiQg
VXUface-leYel WRkeQ cRUUelaWiRQV, UaWheU WhaQ Whe lRgical UeaVRQiQg iQVide Whe We[W. Ze SURSRVe a QRYel XQVXSeUYiVed
SUeWUaiQiQg fUameZRUk WhaW faciliWaWeV deeSeU kQRZledge embeddiQgV Rf Whe We[W, iQclXdiQg eQWiWieV aQd
UelaWiRQVhiSV. SSecificall\, iQVSiUed fURm hXmaQ leaUQiQg SURcedXUe: iQfRUmaWiRQ eQcRdiQg aQd decRdiQg, Ze
cRmSRVe aQ NL-KG-NL lRRS aV aQ XQVXSeUYiVed SUeWUaiQiQg WaVk (VimilaU WR back-WUaQVlaWiRQ) (Fig 1).[5] DeeSeU
VemaQWic aQd lRgical kQRZledge fURm Whe We[W iV iQcRUSRUaWed iQWR Whe embeddiQgV ZheQ SUeWUaiQiQg Whe LMV ZiWh
WheVe e[WUacWiRQ aQd liWeUali]aWiRQ VkillV.

- WRUN IPSaFW: WhiV SUeWUaiQiQg fUameZRUk: 1) eQhaQceV UeaVRQiQg SeUfRUmaQce RQ dRZQVWUeam WaVkV, aQd 2)
VeUYeV aV a cRQWiQXed SUeWUaiQiQg WaVk fRU lRZ-UeVRXUce dRmaiQV.

Fig 1. PUeWUaiQiQg LMV ZiWh NL-KG-NL UecRQVWUXcWiRQ lRRS.

2. PURF2PDDL: BXLOGLQJ S\PEROLF WRUOG KQRZOHGJH IURP TH[W IRU RHaVRQLQJ
DRPaiQ acWiRQ iV a gUaQXOaU e[SOaQaWiRQ Rf aQ acWiRQ/eYeQW ZiWh SUe-cRQdiWiRQ aQd effecW.
E.g., AcWiRQ gR: SUe-cRQdiWiRQ (I, aW hRPe); effecW (I, aW a UeVWaXUaQW)

- PUREOHP-SROYLQJ: PUeYiRXV ZRUkV eiWheU XVe QaWXUal laQgXage aV Whe meaQV Rf UeaVRQiQg RU VRlel\ XVe geQeUaWed
cRdeV WR VRlYe UeaVRQiQg SURblemV. HeUe, Ze XWili]e Whe kQRZledge iQcRUSRUaWed iQ Whe QaWXUal laQgXage, VXch aV
ZikiHRZ, aQd WUaQVlaWe iW WR e[ecXWable V\mbRlic laQgXage, like PDDL. TR VRlYe WhiV We[W2cRde WaVk, I YLHZ LW aV
WKUHH FRQVHFXWLYH EaVLF VNLOOV EXLOGLQJ XSRQ RQH aQRWKHU: HQWLW\ LGHQWLILFaWLRQ, UHOaWLRQ LQIHUHQFH aQG
NQRZOHGJH WUaQVOaWLRQ, HOLFLWHG IURP KXPaQ FRJQLWLRQ WKHRU\: ZRQH RI PUR[LPaO DHYHORSPHQW[8] (Fig 2).[3,4] IW
allRZed GPTV WR caSWXUe RfWeQ-igQRUed imSliciW eQWiW\ VWaWeV, e.g., VhaSe chaQged, iQ a Vchema.

- WRUN IPSaFW: Whe e[ecXWable aQd fiQe-gUaiQed V\mbRlic UeSUeVeQWaWiRQ Rf ZRUld kQRZledge eQhaQce LMV'
UeaVRQiQg abiliWieV aQd allRZ URbRWV WR gaiQ RSeQ-dRmaiQ cRmSUeheQViRQ fURm QaWXUal laQgXage We[W.

Fig 2. PURc2PDDL: SeUfRUmiQg We[W2cRde WUaQVlaWiRQ WaVk ZiWh ZPD VcaffRldiQg.
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3. HXPaQ-LQ-WKH-LRRS EYHQW SFKHPa IQGXFWLRQ
EYeQW VchePa iV a gUaShicaO deSicWiRQ Rf eYeQW NQRZOedge, e.g., "I gR WR a UeVWaXUaQW", fROORZed b\ "I eaW fRRd".

- PUREOHP-SROYLQJ: I jRiQed WhiV SURjecW ZheQ RWheU gURXSV had ZRUked RQ iW fRU \eaUV. I TXickl\ caXghW XS RQ Whe
SURgUeVV b\ diVcXVViQg ZiWh SURfeVVRUV aQd UeadiQg Whe SUeYiRXV dRcXmeQWV. TR maQage Whe WaVk effecWiYel\, I
begaQ b\ VXPPaUL]LQJ WKH KXPaQ UHaVRQLQJ SaWWHUQV fURm 11 aQQRWaWed VchemaV (WeacheU), WKHQ SURJUHVVHG
WR aXWR-JHQHUaWLRQ (VWXdeQW). The SURceVV iQYRlYed XViQg GPTV WR iQfeU Whe deWailV aQd meUge Whe gUaShV
iWeUaWiYel\. DeVSiWe WheiU imSUeVViYeQeVV iQ cRmmRQ VeQVe, GPTV VXccXmbed WR iQWUicaWe UelaWiRQV. While hXmaQ
aQQRWaWiRQ iV SUeciVe bXW SURhibiWiYel\ RQeURXV (§ 1 hRXU/Vchema).[11] TR VWUike a balaQce, I led Whe Weam WR deYelRS
aQ iQWeUface VXSSRUWiQg hXmaQ-GPT iQWeUacWiYe Vchema geQeUaWiRQV (§ 15 miQV/Vchema) (Fig 3).[2]

AV a leadeU, I eQVXUed bRWh eYeU\ membeU felW YalXable iQ Whe gURXS aQd efficieQW SURjecW RXWcRmeV aV a VXb-Weam
iQ KAIROS. I QaYigaWed WhURXgh accRmmRdaWiQg GLYHUVH LQWHUHVWV, RSLQLRQV, aQG OHYHOV RI HQJaJHPHQW.

- WRUN IPSaFW: OXU demR ZaV XVed b\ Whe UIUC gURXS WR cRllecW daWa efficieQWl\.

Fig 3. HXmaQ-GPT iQWeUacWiYel\ geQeUaWeV aQ eYeQW Vchema iQ fRXU VWageV fURm VcUaWch.

4. EYHQW E[WUaFWLRQ ZLWK QA DaWa AXJPHQWaWLRQ
EYeQW E[WUacWiRQ deUiYeV VWUXcWXUed WUiSOeV fURP XQVWUXcWXUed We[W,
E.g., "I gR WR a UeVWaXUaQW." eOiciWV a 'TUaYeO' eYeQW: (WUiggeU: gR, SeUVRQ-aUg: I, SOace-aUg: UeVWaXUaQW).

- PUREOHP-SROYLQJ: I aSSlied a WUiggeU-aUgXmeQW
SiSeliQe ZiWh RRBERTa ZheUe WUiggeUV XQdeUZeQW
cRQYeQWiRQal BIO WaggiQg, Zhile aUgXmeQWV
leYeUaged a XQiTXe QXeVWiRQ-AQVZeUiQg (QA)
aSSURach. ThiV VWUaWeg\ SURmRWed iQfRUmaWiRQ
VhaUiQg Rf aUgXmeQWV aQd faciliWaWed WUaQVfeU
leaUQiQg fURm abXQdaQW QA daWaVeWV. HRZeYeU, Whe
lack Rf iQ-dRmaiQ aQQRWaWiRQ daWa hiQdeUV Whe
SeUfRUmaQce. TR UeVRlYe Whe bRWWleQeck, I
LQWURGXFHG V\QWKHWLF QA aXJPHQWaWLRQ[9] WR
UHVWULFWLYH HYHQW FRQWH[WV (Fig 4).[1] I
imSlemeQWed aQ aQVZeU e[WUacWiRQ-TXeVWiRQ geQeUaWiRQ (AE-QG Z/ BeUW-T5) fUameZRUk. NRW RQl\ did iW
ciUcXmYeQW Whe QR-aQVZeU TXeVWiRQV makiQg XS 60% Rf Whe iQTXiUieV, bXW iW alVR SURYed QRWabl\ efficieQW, RXU 8k
V\QWheWic daWa VXUSaVViQg Whe SeUfRUmaQce Rf 80k SQXAD daWa aV WeVWed RQ Whe ACE.

- WRUN IPSaFW: m\ ZRUk ZaV iQcRUSRUaWed iQ Whe BETTER SiSeliQe.
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5. Ga]LQJ AKHaG: A FXWXUH TRZaUG AQWKURSRPRUSKLF IQWHOOLJHQFH (AI)
FRU me, Whe SXUVXiW Rf AQWhURSRmRUShic IQWelligeQce RffeUV QXmeURXV SURmiViQg UeVeaUch RSSRUWXQiWieV:

- FiUVW, cRQWiQXall\ eQhaQce mRdelV' UeaVRQiQg abiliWieV ZiWh ReiQfRUcemeQW LeaUQiQg (RL). CXUUeQW RL meWhRdV,
VXch aV RLHF aQd DPO [17,18], eQable LMV WR UeflecW RQ QaWXUal laQgXage WRkeQV, Zhile RL iQ VimXlaWiRQ
eQYiURQmeQWV SUimaUil\ emSlR\ V\mbRlic UeSUeVeQWaWiRQV, iQclXdiQg VWaWeV aQd acWiRQV. IQ m\ YieZ, LMV cRXld
beQefiW fURm UeiQfRUcemeQW leaUQiQg iQ aQ iQWeUmediaWe fRUmaW²VWUXFWXUHG UHSUHVHQWaWLRQV²VXch aV UHSHaWaEOH
PRGXOHV RI HYHQWV aQG FRQFHSWV. PaUWicXlaUl\, LMV caQ be RUgaQi]ed iQWR WZR hieUaUchical fXQcWiRQV: ,𝐿𝑀

𝑝𝑟𝑜𝑐𝑒𝑑՝𝑟𝑒

Zhich geQeUaWeV Whe gUaSh Rf mRdXleV, aQd , Zhich SURdXceV Whe VSecific kQRZledge iQ Whe mRdXle.𝐿𝑀
𝑠𝑒𝑚𝑎𝑛𝑡𝑖𝑐

ReiQfRUcemeQW VigQalV deUiYed fURm a Siece Rf We[W caQ XSdaWe bRWh Whe gUaSh VWUXcWXUe iQ aQd Whe𝐿𝑀
𝑝𝑟𝑜𝑐𝑒𝑑՝𝑟𝑒

cRQWeQW Rf each mRdXle iQ (Fig 5). FRU iQVWaQce, if a QeZV aUWicle deVcUibeV VeYeUal UelaWed eYeQWV aQd𝐿𝑀
𝑠𝑒𝑚𝑎𝑛𝑡𝑖𝑐

WheiU deWailV, ZRXld XSdaWe Whe ZeighWV Rf Whe elemeQWV iQ Whe gUaSh, Zhile ZRXld acTXiUe𝐿𝑀
𝑝𝑟𝑜𝑐𝑒𝑑՝𝑟𝑒

𝐿𝑀
𝑠𝑒𝑚𝑎𝑛𝑡𝑖𝑐

QeZ kQRZledge abRXW Whe UeSURdXcible eYeQWV. TheVe caWegRUi]ed fXQcWiRQV allRZ laQgXage mRdelV WR SeUfRUm
e[SliciW UeaVRQiQg RQ VWUXcWXUal elemeQWV Zhile maiQWaiQiQg deWailed memRUi]aWiRQ ZiWhiQ each mRdXle.

Fig 5. HieUaUchical LMV ZiWh aQd𝐿𝑀
𝑝𝑟𝑜𝑐𝑒𝑑՝𝑟𝑒

𝐿𝑀
𝑠𝑒𝑚𝑎𝑛𝑡𝑖𝑐

- SecRQd, e[SlRUe mXlWimRdal WUaiQiQg aUchiWecWXUe. SWXdieV iQ QeXURVcieQce VXggeVW WhaW diVWiQcW VeQVeV, e.g., YiViRQ,
laQgXage, eWc., aUe liQked WR ceQWUal cRQceSWV WhURXgh VWaU QeWZRUkV. FRU iQVWaQce, ZheQ Ze Va\ 'biUd', iWV image,
defiQiWiRQ, aQd RWheU VeQVRU\ aVVRciaWiRQV immediaWel\ cRme WR RXU miQd (Fig 6). AccRUdiQgl\, FURVV-OHaUQLQJ
PXOWLPRGaO HPEHGGLQJV WKURXJK JURXQGHG FRQFHSWV iV SURmiViQg. IQ m\ YieZ, mXlWimRdal mRdelV VhRXld
iQclXde dedicaWed chaQQelV RU VXb-mRdelV efficieQW iQ SURceVViQg diVWiQcW VigQalV Zhile allRZiQg fRU iQfRUmaWiRQ
e[chaQge beWZeeQ Whem. FXUWheUmRUe, Whe fiQal embeddiQgV cRXld be SURjecWed iQWR a cRmmRQ VSace, eQabliQg
cRmSaUabiliW\ Rf Whe gURXQded cRQceSW acURVV embeddiQgV. TR m\ kQRZledge, WheUe aUe maQ\ ZRUkV RQ
mXlWimRdaliW\, [14-16] bXW Whe\ fail WR WheRUi]e WheiU aSSURacheV aQd RYeUlRRk Whe eVVeQce Rf gURXQdiQg.

Fig 6. SWaU NeWZRUk Rf EQWiW\ BiUd

EYeU\ challeQge I'Ye faced haV RQl\ deeSeQed m\ lRYe fRU WhiV field, fXeliQg m\ deWeUmiQaWiRQ WR make meaQiQgfXl
UeVeaUch SURgUeVV. I ZRXld be hRQRUed WR jRiQ Whe eVWeemed NLP lab heUe aQd WR make cRQWUibXWiRQV ZiWh m\
SaVViRQ, e[SeUWiVe, aQd YiViRQ.
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