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1.1 Bl

MBELE, ATERERRSE 1956 FXRFFH W EREX NEBMIMRRBEEEHUERNARSZ
B ATESRTE . AX—EXRER T, BHRENMEBETIZG/NAT 1970 FBIT—1R N ")
B RINBARS, ZRFALUME "RAHR "H7R, ARNEERMNEINSEAIRALEN. ZR%H
ME. MIFRMEIRER, EERHXEFRBEFNES—MEBIRAERE, HitEBEFRE—THHAR
o ALBRMEARMET T 7, XEFMRERAXERFINEMATSEEE LZENETEX
R, ESERRICER T A TEEMRNSEET.

EREBIVR, MATEFAUTEESREECAMNNALERESRE, ZiaE, ROEREESR
2 (LLM) FIRESHEE (VLM) AENESERIIETELIEHFTSBAERNFEATERAE,
MEX—HE, AR TRIESED. MEIAF. £ X212, BEREENEN TR —FREE, X
SR T A LLM # VLM STRXMBARGSHNAREN, TRFIEF, HMNEEMEATETIELS
& "RERRE "WARAIKT, BER/IATERAXETAHEKBANERIL "RENTEE"

REETHEESR ARIFUIIZE LLM A1 VLM BYHEL, 4T BAES RIBEMTEVMETUENE . WIE, LLMs
EREETHRIESHIENARES A ERIE T S ANKRZNEESN, HENFES AENTUWHIRHE
TR, BEEBEAENEWIIR (OpenAl, 2023 F) , &L, MAFRARKHA, LLMs AIL BAKMIFEH
B ACEE, ESRHEMENAMIRMEREX FRITERNTHIES XiEA, 2023 F) , LGRS
BE MR, MRBAERHINENIER, UNSTENL, TRRBEFRRETHLESERAFMNER
REERIEEND (WuZEA, 2023 ££; Meta Fundamental Al Research (FAIR) Diplomacy Team Z A, 2022 &) ,

AXENTENNEM L, ATERRELATEAERERENNORR, MBIBATHE. SMHLESH
ATEREEE, TRIEBESHUNERTRHIHREDSNEABIERE, FHERT, AXHARTH
LLMs 1 VLMs BERIEEHNEXE, BAREVHMEGIESED. AIAR. L TFE1Z. BERHEENIEN
BE7. #A LLMs M VLMs (FARIE, [FAIZEIL. NSANETREFNN, FREEANRTHBHA
THERGRM—NTRNOITME TS, EREURENRONATERRENBIESMTU~ETEN
. MRFBERDFA, REBEERAIUEREXARKEHRAHRFIRE, XERXPTHROEEBEEL
BAMRESTREUMHESZFNSHEREE, ENHINTEES 11 TRERNAE, XMETRHS5Z7H
HERFELBERRLAE—R, FRERALEN, EEEEAEN. RITERNRTREA LS EXEFF
BHESED, HEE | RiRAElZENEERKR.

BTH, HTEMARXARIEN, UFREATERNMS. BeERMAAEI,.
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ABIERER: LLMs F VLMs —BEEHhBAZEENERMN AR (Bubeck E A, 2023 £F; Mirchandani % A
, 2023 ) . RATNRERARXAEREHTIISGE, EESHMNREMRRENHABRTHRENE
S, MEUEHEIE (Imanietal, 2023; Weietal., 2022; Zhuetal., 2022) B|EZFEZWEEEBR (
Blair-Stanek et al., 20233 Choietal., 2023; Nay, 2022) , LLMs #ERRERRUBTIAN R B AL ERHIF
R E AT BESTRIMNERMES . RIERMRRAE, ATLUERA LLM AN AR A TE LR E AT
%I (Liang F A, 2022; Wang F A, 2023a,b; Yao ZF A, 2023a; Huang FA, 2023a) , X2 LLM {ENE
AEEREN—EERREM,
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BARXAIERE: — £ R FIA LLMs RPITESMK (Huang F A, 2022a; Wang ZF A, 2023b; Yao
A, 2023a; LiHEA, 2023a) , $§302 LLMs B WWW AR SUS LRI SRR N RRITE
ZHESHRIFNHIE, REMVIESAFRBFIE LLMs RHBITESME (Ahn ZH A, 2022a; Huang FA,
2022b; Liang E A, 2022) , FERBBERESESOMBA—RINTFES (BARESH A Python X15)
, REEARBIERZRATXEFES, i, MITEESHFIERBRRIRSESMHEE (Huang EA,
2022b) . (Liang & A, 2022) . (Wang & A, 2023a) # (Ikeuchi FA, 2023) o

¥ AREXFEIMEITHNATESEAERBNBFEIRANAFAREEESNANEITIRE. &
¥, AIBRERESE—MARIUESE HESZIIEG, XMUBEOESHERNEE, BFEUATRENT
HATHAEE. U0, HAESESGITHALSEREAREXAEEREEE _ L#HITIIG. S RERNESE
B, ERagiEiEaEMESEREFIEE, XEI)IFEREE LA TEEIRFIE. METUN, HiRE
NEEIRERMY, ATERREEIUMSERAFHNERESHRFES, XMEHFIELSHAR: ) ETF
RIGHFS: AIEEREAFNEZERITAZRERE (LiFA, 2023b; YuFEA, 2023a; Parakh FA,
2023; Zha HE A, 2023; Wake FA, 2023a,b,c) o 0, NRAFPUYET ATEENRE, ATERERD
DFIBAX—E BB RRNRE (Zha EA, 2023 F; LiuFA, 2023a) o 2) MBFES: ATHEWRA
FRER, H#TRMFES, 6, NMRAFZEREXMHNRBZLUSTENSRSATERER, ATERE
ARERERERBCHER, UEFHERXERN. ERAFATSEAEBEERMMEARES. SRLE.
RREBENIIEBIRHERALXAFRNER, MERENKERE, BEESHWAFP ARG, ATEERENY
RE—RRaTimES. X—IEEEHARBERRARAGHITEE, BRAISEREIEY, Fa=LER
EWHEIZE,

1.3 A

ZIREAEAIER (MAA) RETHSESRERANER, EAERRTPERERITHN—RIIRS
o FEEABLESER (LLMs) MMIIBZHEE (VLMs) HEI, MEMMARIINZAMEERRETIFS
MAA #5, BAXEMRILBEISZMANEAZAR (NARDFBEENATESSMN) BEEMAR
TE, BE(lEHiERSE. 2ENRNCEARFHERERFINE, AT, HFERKE MAA
N—LERRMARIE, BISES. B (VRARMR) | NBAMETRE, HEEMXEMNITICHHT
BEXEREHEEENAIR. B, BIFEAKEBFIE MAA HELMIIR, HREH—PHEDARNE
AW BFFIMREE

« MAA R RARNRITEHEREEMESKKAPNER, iItHHRAR2EEEEEEUMAE,
o FEIL: BEE. VISSAREARMETFRETUIRIRGIAT, FAEF)EEE LLM 1 VLM 0{Eig
58 MAA,

- SROTHE: ERAXBIEENTEESRANEETIHEER, ERXEEERENEEM,
7
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« CIEEE. [TIEHEATERERENESEMAESEINE, BIAMSENF ALK,

 FTHEEEMARANTE WRMBNSRMARHTOR, HINeRRNERS M.

FRENZS

ETHENNTHNERRE (GA) WFZESEHEER. ERILERARENEARAEEENE, €Mt
FEEDS BAM S BEMIMRMRIHITRENZW. KINEGREFR— I RHENIMRESESE, HER
BATERHXFRIHABERNIARRM B E. MAA BRI ZRATFEMBERNER, SERBAEXN

Bl No Therefore, we believe this Agent Al area can engage a diverse range of researchers, fostering a dynamic

Agent Al community and
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HEBF. EREFARNITUANZZILTRIFAT, RMNFERLFEER—REHNNFENGAE, H
PEFEAEES. ZFMR. ESSNAMERITIE, BRAFRBMARARRHESENSIANKRNZE S KL,

AX ERRMHAXREALERMEIFARN—RAM2EAIR Altt, ZAXXETRONBLZHNT. %F2
TER T ATERRINAMSHERIIHEAR (CHEARREMRE) WBESHRRE, B3 TMAET RN
Agent ALRHBVFEINMELS. 5 4 TR T ZATIIGALIERNGZE. F 5 TSI AEET
DEMNIL, B 6 THABATREBALERTIN. MSEANETREIUINNA, %7 R THRAFRAFAF
RZBAEATERE (Agent AI) FREVEE7], XFMATERREBNA TR, HIRGERMSIE
ZEINERE, %8 THETREALERNES, ERMMURH TG FEMERRE, Fidd SR
AANEMAEIMEETE. BINNBTHNANEGSESATIER (Agent AI) MIRITHIFEIES
o B 11 LT ATERAENCIEEZE, BREURAIXHNEESRMERRIET,

2 REAIZEESRR

MEMRRAREMNET LLMs 1 VLMs WEMERTERES AT RMURNRMEB RN 4R, FIISTE
fR. £, FENERDFESIIEDREAE (Huang EA, 2023a; Zeng EA, 2023) o Eitt, XEFH
BHSSBAISEREFE R ML, SaiREBEAPONALEEEES EZMEFAIEZISRBEE X
BAFRREIE (RSN XAFFHERT) , BEEAMAIRTINGHZ NS TURHIFRTXH
RIUKIUNENFERTohE (Xi 3, 2023; Wang 3, 2023c; Gong F, 2023a; WusF, 2023) o £ (
Huang %, 2023a) —XH, EIEEAEEMIRE, AR THIRSISTHIMENXRESSERES, &

RIPETFHIRN LLM R LURE AN =47 R BMB. ERMAEUREMANKZENMRE (Huang
» 2023a) o BEBEMRIBATSMEIESR, AREMEREBERNMIBERAFRBAN, NMERERNEE
MAMRZEZRZSR, LLM H VLM B NTEERRNA TS . AN ATERE. SEBEFIFIRILR
« REMEER. XABMBEHEE. HREAEEAESF 2DAED BN ANKR EF L EAEE THRER
o RIEBATEE IOEEMERFEIEHNHE, hABRRIENERSEIEME T BEERNELF, KB
TR AEMTIESRENERNERS (NEFFMRHRAL. REBRANEFES]) FEE T AV
o RIBATEEE (Agent Al) BITFH (metaverse) HIFE—F MK, tHE AGI FWRHARZS,

2.1 FTRAIE&NE

ATEREAEGRNIREREIIGMMANBIERTRRE. UMM, BAXLENRIHEN, HIERMH
, BEEENZRZINRIENNBREURENFISGRHEMEBIENR N, ATERAERFE—REEUTEE
7301 FUNEE: AT LUREN SE SR A TN AT ERVE REGE W T —F k. Fl, el
UM ARNEE. BENER. NSANT—PI0RIRNBRE R, 2) RE: FRENAS, AT
B CIERT LURYE B CRUMEBTIIIRSR, —RR, ATERAESRETAREURERINTE BinkiH

R, EREFERFFATEREAF, ATEAETLURIEN AR MFRHRET, REBEPL™RIRNE
9
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o 3) RIEEMRMIE . ATERERIEEE T LIRIE L T XIS LR FTRERVARRE, MM RRZM A A4
No AZ, ENBENZENIGEHIENEETCERRE,
4) Fgett: BRA-EATERREFRIMNFHRENRERES, ERZABESRETIIGEHTS
REERHEMIRERRNBRIE. SINEmEEXET ERIIGERTINA BHE.

FRENZS

FAEE 2 PFRATHEBERERAARE, ATZESNBIUENES, ARE-MMHING. ATEER
BEFENSUIHEISIEERENINGEIE, ST HFSMWARRATEREDDBHIRERATE, EHXHARH,
BNFR T —HERRE, ERNUFIMUTRERFRHICIZER
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| Multi-model Agent & Cross-Reality Agent for 2D/3D Embodied Generation and Editing Interaction |
Physical-World Interaction Multi-Modality Agent Virtual-Reality Agent || Simulator/Mixed-Reality/Metaverse/Product
@M Knowledge Agent QA ‘ l ChatGPT ‘ ‘ Game Engine ‘ GPT-X Interaction Mesh-Teams & Microsoft Gaming
Q is use e = -

Human
Instruction
Sc h
confe & room

cor

—
VirtualHome
__Simulation

~ ™ .; o k] 00, L
Knowledge = - L ST 3 M-W-.? I with GPTa

Multi-modality

= - — - ~
. S—
DallE-2 K Agent QA
—

Human
Instruction

<Ll Microsoft Flight Simulator

MIlllidl video game series 3D Gaming Scenario

Q: What's color of this bus?

Abus is going

down the street LIS GPT-X

and it has an New Text: A blue bus is
advelh:gmenl going down the street
on the side of it and ithas an

| § || advertisement on the
- side of it.

Cross-Reality

2: BTN 203D AFEMMRIEXENSERAEATERE.

R—RREMIRE (40 GPT-X. DALL-E) MATHNIUANZR, UEEYIEREMNE R PHITIHRIER.
FE MR E N,

XMTRIEREN B AR AR — R RoboGen (Wang A, 2023d) . EXWHARA, (FERET
—MNEE, FIUEEETESSE. FMEERMIAEF SIHEF. RoboGen BATRHARIKEAR RZEE IR
BB IS ARARR,

22 ARAREMERNREATIERE

RIENARRE, ARBMRUEERMESEAXEEEXEERNFER, XEMEFAERERMR
BIRG THERBITINEE, fId, BEMRBEATFINHEARMN (Black FA, 2023 F; KoFA, 2023
F) MSAT (Shah FA, 2023a; Zhou FA, 2023a) o HFIKHL, Black FARBEGHREREFNSHR
Mxe, ERKRFRFETER, MMESEEER (Black FA, 2023 F) . ENBASHMAE, ShahF
ARET =154, FALLM MXAFRIRFIMAR, FIA VLM EXEMTSORMNEXE, BdE8RAES
EERSMMAES] (Shah FA, 2023a) o

MIRIEBESIFERZERE RGBSR T, — A TEERAERIRERIBIESE
HIESIETEMMENTTE (Kim A, 2023 &; Zhang FA, 2022 & Tevet FA, 2022 F) , FHiER

B 3D 7R (Wang FA, 2022a) o XEMFRIA T ERRETRSALERABEERNEZR THEM S
11
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FMRZRE 75 T B =R AYEE 7o
221 4%

ERXFNRIEBBERZ LN, BMEMNXEFREZEHAETFRENRRE (Raunak FA, 2021
F; Maynez FA, 2020 F) o LIRADNAZNMIERE UiFAN, 2023 F) . RERLIRZESUTA
BRFERLIH

12
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MAMELIRNZIEERNX AR E T IRME PRI ERIEIME o

BB ERPRNLOREN LT EBEERRRIERER (LewisFA, 20205; ShusterF A, 2021
F) FHEMEIIMNIAIRE RN BEAES WHRHEMGZE (DziiF A, 20214F; PengF A, 2023F)
o —RRRW, XEFRBEBINRFIMNURMERENFIRCEERN RN SFEMEZENFE, MKMmE
SRIE S ko

ESESRERER, VIMs BRFELIR (Zhou FA, 2023b) » BEFMARBESERTELDREN—1E
RERAZREEXRBNFSEPIENMRITLZROEI (Rohrbach FA, 2018 F) o FTRMKHIYIZ LLM
8 VLM HERARFEFRMIANATEAELESSEAOR, AAeiHRMTIIFRE RS
IREERERNEIE, FIRETC A/ERRIRARFTA tH FRAVENTS.

222 RAS5EEH

EF LLM 5 LMM (KB SESERE) WATERAE, AaFERITHIGIEPEEN/ I INEREMEFE
RE. EIRITXEATEEAEN, RINBIUEIREENE, THRMERZAPAIMZBEXENER. MA
THEEREMNS, ZFHsNERXAIERMNERL, UHERAENNMESNREREERNT KA
FEREAMN. EEMMEERME. FMNETXHIHTRERRMEFENEESTE,.

- grERiE: BEMEREEIMEEN LWENKEXAHIE (BEBE. XE. MIEMEMXAEHE
R) HITUER . XEHIEBERRT ARASPEENRL, BESELTEPFEIHEHXLER
o XEUESMIE. M5, Rk, RENEMIABERXNZREDR. BRMFERHMR. FilE
, BENEBRNEHE (BEREEXNE) Wik, REIBEBRAMZFEIAS. RIHE. T
t. EMMEE (WEIRD) #EBIXUHSE (Henrich et al AT, FATHIAIRE, AKRIEMEIE
EXTgETERERL, BNENEERRT MmN R4 /SR SRR AR R 1%

[e]

- PEMXERER: A\TEEREZEREFEAANTHARBIEE E#TIIEN. FHit, JI&%ER
BEERBTRAXUNHEEXERER. [, REAEEMNIIGHIETREERREELS
XUHE. SEMRANEILREIERMEES, XAURSSBREELIHNIZIRENR, NELET
LY TEMAHE.

SEIRMRE: ES A A RE LURAEAERRXES FRARER, KR, BERSLIES
XA FHELEER THIRENERENRN. Itih, AXABIET A ENTSHME,
BEFBAN A S NER SRR A S HIRRR T

- iE

o

5
a

- HEMIES A ATERAERETRNERANESHHHET, UHRATENESE. fim,
EEMEGE, BMNERAYRTSIFUARR, BRSHIE. E5IME AR EEXEZIRED
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- BEZK: XERREFRBINGEIERPORRERR N, XTESSESERE, BIRE~E
B9 2 Rz B 3 SELLBHAAR A I L S FHH B2 2 B9 R1Ro

- FHRNIENENR WATSRASHTRHEBENER, URREAMEINEANE SRR,
EX—EEF, APNRIFNATSRCESENREMRRIEEEXEENER,
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« FRVWK/BEK: BFIGHERERSESKETAXNIBFENAE, EEMAIERERR
TEMR, MMEAEREEIRF D REHFRI R,

- EEMEREMtR EIRtATERIAN, VRETSEENETRFEAROERED, XEEFEX
HES. RHASHEEUNBRATLERTILELSE ENLRENR,

- BP{EE: TESAPNALEHEFENEENSTRASATERER, XOEBERIEHATESH
BRIEAESHLETER, LI, IEFETRMREMNAR ERRFEIBEEYR,

RERIMT XL, ATRERENRTHER, B, ATSEAZRETENERRE—SROK
ERT, HBATSENBRANESHNATE, AORANSES:
- SHUHOFHNTINIE: SHERISETANENSHENETNRE.
- MERMAAE: EE#TORANET RN ERRAT RS,
HEEVANE: ROEXDE@ENABENAR, SEALRIFRREENDBNED,

- BSRUAR: BRATSEAEESRNASHRENEINEBRRALNZIMER. XK. Mk
. X—REBERENINENWEFHRPILAER.

« BMRE: MRSAHDATEEMEFHNRL. XEESHE. 5. Fie. K. HRENE
N AFEEXNRL. BfRRREAT. TEHNOEE, EFRIERISRRIFBELES,

o SCIUERRRE: ATERERIRITRAXER, FAHEEXUIE. IBMNNERNSHEE, X
CUERIRRRANE S N X AL SR AR ES

- AIipiRE . HBRTEEANAR (BEREAR) MR ATERNE XAETREMN—LE
Thae, iLEMSE. RH. SEEIARERHNAER ZHITR B,

- BEFESHNERY: RENSMESNASH, WRELMKAFRENER, HiE=RE0A
WEFNMERRFEZE (Liv FA, 2023b)

- EBEMEENER:. EREFIRITP, Agnt SUEBRNEENAXSHERFER, BRI ATAE
WARNEL. BEHAFEENEIN,

- BRRIGIAE: S5AFRE, TR ATERAENERENERE. XEEMERFFES
» @B T BRANRS TARBAF B,

- BFEFHEN: ETATERAESF N ENFRE, XEAENMITESEE BT E .
BERRESENAHEE,

REMETXESEH, EEENEERIRZIEEFARFENRL, HRltAEREREEC(]l. ATSH
R AN B EL BRI ETERHA O XERL. ATERAEESENSABERZ —BEE—E

EFfERANARE, TEEERIS MWW, EBEIUER,
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BN Z &S X Ea =

2.2.3 FEEEFAFNMEER

ATBRAEN— M XBEEZEARZ IR TEXLERFMAMIE, FEMTEORAAEE. REE
TOVEEEAE:
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FRENZ
BN Z &S X Ea =

RS, EAMBN. TEAAFARIERSREMER, REFALZARTHEALERAEEEIE
FERPXERRENKE. BERGEATRABIAR K XRRSEHBRLIERREES B CHBUE
o TERATERAEEXEXREIERNRETMELIEFEEE. XAREEXXLFHAN. ARERRI.
PARY, BNEEEEHRERNIAGE. BPEN T BNAEAMRERIERIRHRIE. 0RETEH
FBE, AITEREETEMENASRBFENERES, BA—EXM, AFPNZE—MHIHIREBLE
o RMEWENEEMERAMNBANRRER, RRNOMAPRIENERLRREESHEAPRE. M
IR RFE L. WTFARKARFKR, BREBFAEATREAFPRAENEN WRZBEKRNEH) =2
REEZER,

FEMRE, ARARNTRARREHRIENFMEUE, URRET WL 2 2R LERERNAT8]
MR, XEEME. ReRFSBNLERPDN. BERSSEZAHEAEREURZAFFATH
ERBHERNER. XVZZ2EAN, BEFTERFRR.

SIEMFRIERE, AFEENE, BARETHRAFPBESREHESA, UKBFOAERBGREE. 7%
PHRRIPZER T A A WESHNRF, XEREMITRTUERBERE CHEE. A TS AEXIUETHE
fRIF7E, WNRREARY GDPR SUANMNBY CCPA, XEESERME 7 HIEAMIBMOE A A M H AN ALIERINF],

SIERTBAEIEMESTAR . thoh, FRARBAHREATERRIERNRIABEE, ERHEAFBFNEL
BIMHE. HPNIFMRBREIENRE. £R. FEMAPNF. FRARMBERERESIE (LER
HRER) HESAFPRE. APEEFLUERRHSREIMIRHOEE ARERZERK, BFAE
EENERUAERB I EMRSRHEBIRIURH—DEERIZ,

ER. XTRTE ZOMIALERIGHNEE, RIFHTEIULE, URIPFMARD. FRAR
DT RITINA TS e N EBNAER EIRTRRENERA R R EHE, XA TRMMELTIRS
MRz AR R o

B2, BYBATERAENKIERNL, a7 RN, £/, FHENERIPFBFAYYE, ARERAR
THECHEE. EEMBEREIESERE. ARMATSERAENSELENGERIAR, X F2E TR
SRR EXRER,

2.2.4 FIEREEEIREAEYE

BI5FS — BB, EEEARKFS RL) FRHEFES (L) PRESRRIFLRRIIGAE, MEENSE
LRIRBE TR, 7R, XM AERREFMERREAIGREIRBE "HHTHE ", RIS REH LD
REAERTBEREERNABERGERME. FHit, BFHRRALELERET IL JILHNELRIZIZAE, €
A LM ERYIBFF IR, NENARNFRTESHHEMISERRRNFAAE, W0E 3 k. BdER
FHERBRIEE PR RMA AR R EE, ATEEAENUERNEREEPZEIBERMFSEINR
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2o

ZEN IL BRI AEBRGERTEENITARFEIRE. A, BERFITREBRAFTERRESZ, BN
RIEBARTEZRFMBEERDINE R ATHERAXTRE, HNNBNFI—MHELTXIRTHEER
PHRREREOACIR, ZRER A LUBIRE RITANXESE, MNE 3 Fim. XMALRISIZAEBRRME T HITES
HUMIRtH RITHEE, XEHRERMERETHFERN, XEPTRIRNENEGZEI R, MFEEARE
MERIGE, UNESERXESPAEENNEIR. RBATSESENXBIESHMOER: 1) TRA
2, WEYPEHREFREHRS-ATER; 2) EINFE, RAAERERS. RAEREBEEFREBETRITHN
1750, MAERNETRD L RITEISPIFRIEERBTTHZEERNBRELR, FIMREEITEEISREEIR
5o
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g - ztt. RBFREHTREESHRMRE, MEMERTERES, TRTERET —RIRET
EESHEERS- 1T, AR, AEEIRAHETROITHRE KSR ZIITENRE, RHFEIH
B ARG "ENERFISRESREESHRRBOBAR, NMEBREBRTEARESTEA, ML
FERRARISETSHRMELR, BIEE, RETUNERNTERES, HFS—MEEENEMER
BUERER, ARRBEIRBFIMNFRE, EX—IER, A NTHFIFNRBIAFTRIRENHIAMAEE
R EMN, BEFIFSRERMREEDNBARE, REAUANBE-—TESFREHOMIR, TH
X ESFERAL B, ATFREFERBMTRENRBEL, ESRILENRREAHIFRNENL, MEF
HITRENFIG. XEFFIZFMRBEEMRRE, HAIEREWREFER, XEFRE "#5 "2iEEF
SERPRRMES D FIRMREANFE S RMRER,

Unseen i

32 1‘B = %ﬁ E ?i' ,‘J o 52 1‘{{; ( Generaliza—tion ) ﬁg *% Image Interactive Agent Environment ,‘,;ggfj;m,

TOEMREROAGRANT LIRS oy G wena G5 oo g

Knowledge- Info.
—_—

77, HXBETHELMARTHONERER § o 00 L or v
AN, MEMEETRERE R, R, B 2 .

T 22 415 22 (9401 B 5.4 AR U SR A0 AT AR EL 4R A E PT“l l
o REARD ZENEERESBERT SPTHOALEZ  physical World Virtua Reaity
HEOMT, TXLEE 5T R T B SRR 3#: N
BAMARMES KN, ERREREE LHE - P

& Game Engine

HAILLLRSF I ERTXEERMEEN—MR

FEN, MMFEmBEYE. X, RAMBEEN
HBISR, MNEG SN TS TR & 3. FERREMEEADINA S BEGERXE XA H

Cross-reality Agent

L SN, EEHRES 2K T s S R T HEHEIRE. XTUES P RERRBEMNENZIES
IR M — N TR TS B B — 4, XA B F R AT EEARENASENAIRR EFARE S MRt

GHESTHOTF B SRIB RIS ST R I, FHIER.

2.2.5 EIBIEEE

AT ERREMNHEEDE T HERBIIGHN WA SIEE TR, TUNMMNREN. RAXERNDERH
B9, AEAECGE, EEENEEINREENNRREURENFIZGER BRI M. 532 EAR
BERER, SHENEREFMIZHNEIENZRIINEARFEEL. #TUMMERNED. ATE
RERIEFRVHEIRIZ R ZIEF AEIMI TR, RATMIERIG B A TERNEAEERS, MMRSHEERE.
ERENLAY. XEEFNRARGIVLEAHIZTWHATHLAER, BITEETXPIEHHEEE
SRMEERR:
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FEHE. ANTON BERINBR) BIERURHESHN ETIXHER, TUBHATEEREHE
FRERHERT, LEREHIIGEBIERI ARG, M, ATEEAEDUMNER AR ETXXH
EETE . ENEAMEENER, AFAXEEEREFRAEUNTEMMBXAT . XERIEER
ABIEPHER. ENIRAXMED, RETIGPZIMNERNES. BRITAREMEXIR#1TH
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BRI, SOAATERNRERE, UHHEIFt. XAadREMELHNNNSBEFIRE, BS
TREBEMATEE (W0 NLP SEGIRBES) , AEMBEAUEFHLESRES, BESEEHEE
WRIBBMEMALES, XEELEANE?, ES. SENFRIESEMRMD 2.

ATEERE (HITL) » EATEENBEIRED, AXNSESEINEXEENIER, HINTEEEE. ¢
EMESTHERHARNTRP. AXATLURHIES. 4AEFEIRSRMHEA TERETIEIR TR LR,

KRIFES. FARERAHIFRIEN RGERIERERENES —MERESIZETRRSMENATAS
Eo BlaN, ATEREAIBESREAFNENRNIMDSREPAHETUNFERBEEZN. &, MRA
BEEIAR P REBVTENER 7 REMN, AIshAStmCERR (R 5, #SBIHAEHIR.

EAAIRFES, A — N UBRIR SRR RO S — UL, WFAE— MR ERASES T
13188, fig, MESEFFRNRARTNATRBER, HMEFIZETRIRGE NIRRT LR
T MELELR

AFERAES. NEENARTILESERATEEEEEN, SEETIWEBIEE LIIGATE NN
HERE, UEPENFERS, ARSI, EFPHRERIN. BF— M ERNEEESEE
BErRRSHMTUENESEMEARE, RIMRESETANEE N AT EEHITHIETERE =M.

CRMRERAAENEE. BIAHREBIBFIISINFNRLIER R, XFZFAE RTINUERR
REGTE RIS R RAN AT EMERENR N, HTHIEN, LERTLEREEN, ATERNERN
HERERERAR, XBEBEREENZIRENDR. EERLMBERAF.

HOE IS, THEFNREATSENDE, B LRNLR. TS LSBT ENTH AR
BRER,

B2, NIERAENERILRaEEIIIMNUE. HEE. ATRAMEMEAERE B AHIEEH
k. RIEAENERER, XMEEREENLESRESHHERATISRABREERNEREEXEE

o

2.2.6 %l

&L, REATERIETKENHD, FEEMZIBRARNRSRT, NEIESIRHEE. &5 ANK
A SREHITREFE TR, ATMRABALSEFLNHE, BEEMNIE, &R
HALXF—RATERAEREEE, FA—MANMERS, L ALV BEBEHTEREXHNZANE
&fo ZARGAILFA LLM 5 VLM BIXHERE DM ARRIITEIR S AKIMRMIE, HiRBIAELRNER. AF
, ERRIEERBITELRIRME, BBALRK.
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ATEREAE
MRS ERAI =
FEANMERSGHFER LLM/VLM B, BIUFREIENZ2EANRRETH, sEERaNEE, X
AT MTIREETN B AFNEGETAIREREXRER., NWX—HENG EZR B R TIZi TR R
%l LLM/VLM NE R, BIg0, \iRE, ERBIESHITVRAESKIE, FRTPRUIMRES R
KRN ABEFE FRRERNRE (Gramopadhye #1 Szafir, 2022 &) o X
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FRENZS
‘E\b;rl\l] 9‘ ;l&.\ﬁcﬁg‘j A=
" . i Q
= . Online robot teaching interface
Initial environmental A sequence of Prepared manually &
representation instructions =
Realtime camera view
< - ¥
(" Y °
Task planning (the scope of this paper) H -
[ 3
1. User creates an action sequence up to a desired —
operational step using the proposed task planner @ i
L2. User confirms the resulting action sequence ) v
Robot idie]: Hello. What can | do for you today? &
A
User: Start teachi
( Demonstration k -

Robot [Idie]. It seems that your intention is: StartTeaching. Is that correct?
1. User gives visual demonstration for each task

2. Vision systems gather parameters for robot task
\_ execution J

: =

Robot [StartTeaching]. What should | do?

Usar: Move the eup to the botiom of the shelf

Robot [StartTeaching] Your command (s * ‘move a cup to the bottem of the shalf’_ |
understand that the action is broken down as follows. 1: move the hand near the cup. 2:
grasp the cup. 3. pick up the cup. 4 take the cup from the top shsn 5: move the cup
dowrmw: move the cup into the bottom shelf. 7. place the cup on the bottom shelf.
8: releasa the cup. Is that correct?

r'Robm execution

;

1. User checks the robot operation in simulation
2. User checks robot operation in a real setup (with
\ emergency stop button) y

User. Yes

Robot [StartTeaching]. Please do step-by-stepmove the hand near fhe cup. Recording
started

(@ Providing language feedback for the correction of task planning
(2) Redoing the visual demonstration :]

(3) Redoing the task plan when robot execution fails, or starting the next
task plan when robot execution succeeds

Bl 4: (Wake FEA, 2023c) ARHNNBABRFERSR. () RATERE. ZREBEE=ZANFE: Task

planning, where ChatGPT plans robotic tasks from instructions and environmental information; Demonstration,

where the user visually demonstrates the action sequence. A PRI 3P EZ BHITHE, MREAPBELWZH L

WEkE, AIRIESEEFKREZAINTE, (Right) A web application that enables uploading of demonstration
data and the interaction between the user and ChatGPT.

REFETRRMBEATSEESREL (Minsky, 1975) BIZ#F, IAA LLM/VLM FRERANRB= 62 HA
ERRTFAEXH. B—MAERIRITRTR, # LLM/VLM SiE@BEMXF, itBFERIER X IR
AR, Lo, EARMEST, EE—I LU TRITRIRIENENERRR, TURHEXMIES
TENRZNIET (B4) »

23 ERFMHEDHREATLERE

REXEXAREBAISERAZNNARZE 2, BAZEENNAETRIIMESZZHIZHIERES BT
ElaPkhk. HAINEEIRERARA RN M URESAELIES, WEMREHITRIRANS, A,
ROEEHN, X—IEAEER, BEERTRETR. ATHRAZNMEE, HIBZILTRERARIE, FREE
FREMZEE (ChatGPT. Dall-E. GPT-4 %) WHIIRIEIZ, AFHMANTR, HIRERALSREZEDN
WETIE, HIRIT —MFES-FHITEEGRB N "BRENLESMIREEE M - EEMFES XML
HRIFER S ARXIDERRREBEMNES, HERFERIIFELUEN EIAIME, EX—FIH, KER
3 i) BIERSHHMRE : KEMRNERFMFUNGRE R Pk, A8IMRERES (WMERERI
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BNZESTERRIR
HR) WEBEXBMERIR; i) WELEXRNEMRTA: HEESNSESTRNRTELENRN, HIRE
AERE. BSEBNEE. REGUSEM LLM FiMEEE SH AR MIERMERE. RNEE5EHM
OpenAl 8, FARTHIRES THREWRMENIMERRERNES, HERRTXENERSWNAEAHE—
Flet AR ERIMR TR LU T USRI AR R
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BNZESXENRIR
Task-Planning and Skill Observation
> .
~ Learning
- A . -—
Environment > Perception /’A er:'t' —y (Pretraining, Zero-shot, few-shot
Yy + 4 g < from LLM and VLM, etc. )
Controller I Interactive
Cognition I Closed-loop ¢ ==1
Retion <€ (Thinking, Consciousness, [ - — Memory é 1
= = =) Sensing, Empathy, and € (Knowledge, Logic, Reasoning, and Inference) 3 :
. overall Cognitive System) g
=

B 5: FMAZEXNEARBREMNFRIBER. WMEFR, £68 5 NEEER: 1) INENRA, 8FEFS
MYNFFZRENMER; 2) RIEES); 3)1212; 4) KIEB1TED; 5) IAH.

BINFR, EEAHRS TEXANBEN AT ERAFINZURE. SIRTETHRL.

3 REAIZEEEEH
FEATHR, BARPANSIGAREATSRIFEAESR. FMREERSESRIL B!
- FABIA TSR RAITN)IZRERES, AR5 SHNNAEERIERERME, NCAHMARE
HiNo
« XFRDHKAESRALIEEST.
« MAN—MCIZHESR, EFEIRVRIRA URBHEUEIEER,
- ATRIBFRREREMHIIGAE, FEZSXEPLETH. RITEE S AR T —18E

REGHAIEE, BT XMARFHEEFIER,

31 LLM# VLM

WE 5 PR, BATAILER LLM 3 VLM BEIRS|F Agent WEMAM. H, LLM EESMKAERR
HeE (Gong A, 20232) , BEEBMHFAIN (YuEA, 2023b) , HETRHS AMSKFZINIZEHIE
BES] (Creswell A, 2022) o LEIh, CLIP (Radford FA, 2021 ) & VLM RIRE T ES HFTHERM
WmiDeE, MURTBHEAMOEIRANEES . FIM, RAHENFRSESER, WM LLaVA (Liu FA, 2023c)
InstructBLIP (Dai A, 2023) , &K T HRLERY CLIP iREEAM BT IRID2S.

32 REBETERENX

S5{ERELEN LLMs #1 VLMs A TEEe(CIEAELL, TR UERAZEATF Gato (Reed FA, 2022 F) HE
RIBFZGBIER, BMESEMESSEEREN. BTMRES, BIEEMTE=MERARNLE

» HNRZ R AESH, MEZ B, RERCA T AREBITATERE BN H =B E F=E,
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BN Z RS ERRIR
X F A ARG, XAIRT AT SREAAITESZE. EIIFNEERIFETR (WNEGERSE
BRIEERY) SEHMNBREFZOERN, WAILUERRERS. WME 7R, HMATUREARERESHT
RAMCHIESIFMEAEER, EN—TATIIGSEAREATLERNAE—FE. SERAEZTE LLM {F
AL, ERNERRSEE/LNMIE. 8%, ZREFAURAZMIREIFE RENREESHITES
, MXEESAERELABERESRT (MNTHISRMANNEMEEIRE) o Eit, REFJUMFERZREN
FEJEKIERFS, MMESEE. HX, BdRIAERCHRER, JUERZERIEE R fIREX
HAREBIFENTH. H=, AIMMIMEREMGE TUSEHIERFS), Mies1t6E.
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NS EARENEE HELR
LLM/LVM Agent
Output tokens
1
LLM/ LVM Transformer
I 1
Visual tokens Language tokens

Eo6: BRMNBTRTHAARSESATIERREIES, ERARESTRE (LLM) SAEMHEER (
LVM) Z&&FE—#, —fkii, XERERAMTFIESHN, HERTLINGIRENAREFIESHEE
» FIEENTESRESNBNFRE, XA ENF)FEHE Flamingo (Alayrac F A, 2022 &) | BLIP-2 (Li
E A, 2023 Fc) | InstructBLIP (Dai A, 2023 &) # LLaVA (Liu FEA, 2023 Fc) o

Next Token Prediction |:| |:| |:| |:|

Agent Multi-modal Transformer

I

Input Vectors Agent tokens Visual tokens Language tokens

B 7. F—HRESERSERE, HRE T MR8, mERNAERFINEER, MARERK
LR FIRRIERNAENEMEREAMEERIR, 0B 6 Fir, FHAMLAER LLM # LVM X FIERHETT
Meafe, EHAIEARESHE, MATIIGHREERETE (WMHNBAT) RITRETHNTESHE. B
AELHENESZFE, BEAE 32T,

Ry, METRENZER, WERERLETRINER. &5, EAXNB)OREERSETEILRANE

Le
BESHEEFERERSZ.

33 BLETERH

N EE 5 PR, EOTATLUEFAIEEHS LLM M VLM 5I1SMRIBEESER, WA UF AAZERER
EREIERIGRBRRBRE, UEIRTHERR. EX—IEHR, REBEREBINGREIHTS
EESMMREER, BIXME, ERILUFAEENEMER N SENIR, TEIENED RT3
X—IEHITE R
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BNZESTERRIR
REMERNBM. N TIIGAERRSE, FEEREXAEES MEEMERNERMNITHZE. X8
EREREFERITHERKES R, AN MESTUREDEH—RINRERIC, I, EAITATFIR
AES BB RN EY B BN SAZ P ERRER A B E AT B TSR EEE. SN, FHREEMIREEM
ATHREREE
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BN Z RS ERRIR
LONERIEERL, TS BIEIEH AT A RIBRIIEREHITITE 2 /G, SR LAFHIRR 4Rt fId 2 7
g, HERNRENMEENMBERGELEX—IRENEES R, WA ARSI HITH DB

BEHEH. BREEFCIERRILITEEBNERBEXRER, XMFENNGFRIEBHITFARE, EH

CEREERETFERE, HELENNREETHI, LURMMERRE, —BEREKESABEN
PERE, FAILUSHERBRFIERNNAF. FHEElNFRERREAZIFTHALENMHITOEREEXER, §
KRX—I312. NFRBERFEURRBALERIFEFIRXATHNESZIFE, HSHE 8 T,

4 RKEBAIEREFES
4.1 HEBEFOANEH

FRMEHNRZERNATE SR BT HRAREMREMEN, BE—MIGERNREIHRERFR
R TR ERMERMIR, WEEREEHHITRE, B, LLM/VLM RERFEEBRILE, FITTLE
SENKEARBREEFN ETXRTRIESH LR 5—FH, 2B MBE=ERANAGHITA
IRARIE/ BN EhER-HEP — N RAM SR T HPHAITHIRER, EZPNREMEXAERHITE
M, RE—TRGETBCFIHIHNRBEZIHITHN. EEFEHBEREEIIGFITILE.

4.1.1 SR{FES RL)

FAEKES RL) FIGRAHEERTHINREXARIBEEFENHL. BUFS RL) 2—MiRIET
HERRSHRE (FET) REIRSSToIZRREXRRNSGE. RLE—MEESEAT RIEVESR
, BERNATEENSATEANASZIE, EE@FEIRE L%, M LLM/VLM BERHEERNT
ARE P — LR E

o EENZI RIEFE SN MEERAKIZE LBURFRERREENIZIT, KITRMEBEFANEEZRERLE
ERENR, FEERNTHRESHMR, BItFFEEREZTRILEBOIEITERE. —LEHRIRE
TER LLM/VLM i&iHZEREr (YuZEA, 2023a; Katara A, 2023; MaZEA, 2023) .

o BIBWERMME £ETHRRY, ET RLUBEREIFEAELHIE (Padalkar FA, 2023 F) o H
BRI REEKFYIREESERToE, MREHBNFERLABE. XREAAXLEGSERME
[z ERPHMEERARANMBORENFES, ERENHARS, AT MREE LK SRR
BES (Kumar A, 2023 &F; DuFEA, 2023 F) . LI, H—LEHRHP, XERVEWESE

EITHEER, UBUHEERSFS]) (Sontakke HEA, 2023 ) . SXEABRH TN — I HRARAEF
B VLMs (Tang EA, 2023 &F; LiZEA, 2023 Fd) fLLMs (ShiZFEA, 2023 F) LMFES)IRE
RS ENE,
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BNZESTERRIR
- KMESE XTFHERZRAZ, BETHFIIKENEN, RLEFEARSMN. X2HTFIT50M

LRz BNXZETE EMERSIERE) , UNFERRAVRESHEEM, MMHEEKER
EFEHE. WTERKMERNES, —MARNGEARRESIBA—RIFER, HNAMAIIL
FRIRBERABRE N FER (140, (Takamatsu FA, 2022 F) ) o X—BEBTFESHEH
X (TAMP) HEZREVERE (Garrett FA, 2021 ) o TAMP AR NEEE A : ESMX, B
HESRESFFIFEHRL.
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1750, RGBSR, &SR IR LM, TREIENNT, URIMESITHINET.

LLM JFEIEE TAMP, RENHTBEERA—M75E, BER LLM RITERESAKI, FBI6EA
EF RL BIREARRMERITHIRM (XuFA, 2023 F; Sun FA, 2023a; Li FA, 2023b; Parakh
EA, 2023 ) o LLM WEREEEHEBERHBHMRIESHBAF B (Wake FA, 2023c
), BEIFIEENBRARGIESIERMREE S,

412 EHES IL)

REFS RL) EFINGFETRETANER, HEISHENRELIEIRERAK, MEHAFS (IL)
NEFEMAERBBRIRAEREENREBRERNITE. M, EVHRATE, EFRAEFEIN—NEE
ERZITHRE (BC) . THRER—MBIEREFERNVITHRIGNBAEBERITANG E. &
XA ER, ERENITHEESHINMESWIER TR, RAEINIGENBAELRUER TEFXLENE, &
IENETF BC NAEBESRLES LLM/VLM B9 AR, MR ELHAHEmEE, FI90, Brohan F AR
H7T RT-1 (Brohan & A, 2022 &) FIRT-2 (Brohan F A, 2023 ) , XB—MEFTES[NIER, BLL
—RIEGMESERRN, REREMFESNERT, BiRE, XERVEXSINFHENIIETER
HIRERZ L ERE,

413 &4 RGB

ZER, AREGMAFZIZEREBTA—EEZXE (MnihFEA, 2015%F) . /A RGB MANEEHL
EEIRR. NERX—NE, HRRARBEAGHESEIE (JangFA, 2022 F; HaFA, 2023 F) ,
BAEREIGITPSINARRE, MUIRERENE., HIE, FEE=HEMMNRRZEN, DUHITIRIE
(Zeng ZF A, 2021 ££; Shridhar E A, 2023 ; Goyal H A, 2023 ££; James #l Davison, 2022 %) o, 7
MEBASHMAE, fEE (Chaplot FA, 2020a,b) FIFAMEEART. HERLLBEIHEME LR ZHME
B9 RGB HINRES], Al LUBIHERITIAF=HERFHERFS (Rosinol FA, 2022 F) ,

ATREELSHIE, ARAREREREDREREE (MuEA, 20215; GongF A, 20234%Fb) , FHid
B /IMEIMSEL Z BIERE (TobinF A, 20175F; SadeghifllLevine, 20165F; PengF A, 2018%F) » &
i, —EEERRAIRHRIRIDBENANESIERIRN TEE LA (Padalkar F A, 2023 5F; Brohan A
» 2023 ) o B—AME, ATIREHFEARSERY, BIET IERABBIITIZHR (Zeng FA, 2021 F;
Rao F A, 2020 £F; Haarnoja A, 2023 £&F; Lifshitz FEA, 2023 F) .

414 BIRF¥I

BaE GPT-3 FABIBESRENEM, ETFXFEIRIEBARRAR NLP ESHERGE (Brown FA, 2020

F; MinFA, 2022 F) o @I LLM R E TFXRRHEESTA, DERTHIANZE NLP EFE

SHMRBEEEHT ETXUNERG F. LI XCETRHHNTRASHEENRIIREFRETESRSRKRE
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BN ES R EREI=
RERE (AnFEA, 2023 FF; Dong FA, 2022 F) , ELSESEMIREESE, Flamingo 1 BLIP-2 &
BB (Alayrac FA, 2022 F; LiFA, 2023 Fc) BRIEAREERTERESMHMKIBRES, BRiiEERIE
HAOERG, BIERNFETHRNANFEIFER R, AIUH—PBOHIRERIRIEES) (Gong FA,
2023a) o
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415 RERGPIRE

RERFENNEAI D AZEILUMEESL. TEREEENZRBNAEMETARARITES. XEE
M AZBINME, ZRDEMRSZEEF.

RNTERRUREBAIERRS, BHREAEREHTITHNES, UAINITETEEFEFERAAINE
5RES] (Shacklett A, 2023 F) ., BHF
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EREESYT, SAEENNERATSH, BRBUFIEILAEFEES N EESREEY, AT,
XA SHAREIFEMRSS, REEERENFIE, MAESALRBHEMIRIRE—RLZIE, BRE(
STFENBHFINFTER. ATBRAXNEE, HNTULKM—RIIFFELE (Cui FA, 2023 F;
Sarkar FA, 2023 ) , FHIGH—TMERIRBIZHAENRIE, BREE I #H PS5 AL Hits
IRITRIBRITLIE, MMSRILSFACIERIIRF .

S—F@E, WHERENEFRIBNFETE—ERNERRITES. XEEESAE. HFMpTEgyER. 5,
RN B AFERNNTMER MM WELES BRI —NMIF (Zhou FA, 2023c) . AESRAERE,
LLM-DP (Dagan Z A, 2023 ) F ReAct (Yao FEA, 2023 Fa) FHEEHIREL, BEIRERMWNIFIER
R E KR REBES K R,

42 H[IZRS (FERNLEEN)

4.2.1 {RERIEIR

HNHRIFCHANRREEALRBEALER "ER", BTER LLM 5 VIM IRER SRV, i)
A "RIEBRR "ETRISNEBRTFES, ARBTELKRT, UWBTREERZAMMENED.
MERRT BETRTHGICIZEA, LUEHEFHAL, HAZTRARRRITHEEREEE. 20
Fii, FATRY "MindAgent "BREISHEEE 5 NEBIER: 1) ESAMIIFRRA; 2) REBFES); 3)1212; 4
—RRAIEITEITUN; 5) IR, 0B 5 Fhimo

422 KIBEGHISHE

E&RA ARMIWSE, ETRENATERRE—TNREAERELRIVEHE, AREMERETLZAKE
BTREATSRAZRMERE. AT, IZSREMEEFMFNIFEHREAR, SHEMFTEHREE, X
PRI T BRI, MR, B ERSHEN. SHEUERIERMEANNRGE, BIISHENAER
MZRAN ZRANEDRBR~ET EATE, BEERRTEHENRERANLE, ATERAETERE
ERREFEREH N SESEERTENESNE, RENL, ATERAEREERNAR—TERNTIE
, BESMRENGS. ABEERNA TS RER SNSRI RAKRFEBNENNEFRENE S
piAsAIBYE], XELERTARIFE, ERTMERNIRIAREIFE, Ei1EaRNthEL s
RETEENERERK. BRSESRERNBNANRERATEZETANN. ENHIEEEMNMAZ/
BATANERTH, AE—EERELRENENIR, M, XEEHFERIRAFLRAENRE, TE
SIMAFFENGET N, ILsh, BRfEEARRANT ERF T ATAFEESHER THEBALLIBR
migites. FHit, FE—TMREATSRASEMIZERITALITN, AERENREHESIRT.

43 RIEBMIRE (FUEIIFFHRELR)

ERAMIIGHNEMBRNAFREENSE, AN ZNATEMARNEARES. BIBAXERE, AJLUNE
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SEMMEHN—NEESIFZE LM-Nav &4 (Shah F A, 2023a) , ©¥ GPT-3 Fl CLIP AN T —FET 5%,
ZASEYMA A TIESEREE RN AR, FEEBEEVSARRNEGPRITEM. XMFEE
T XABIEMM SR TERM S, KKIEETHVISSASMBEES, RNERE T ZER %,

ENBARASE, B/LIMAZINERIARN LLM (41 ChatGPT) , EBERFABIAICRT RGNS,
¥ LLM 58&X%RGNEE (90 Detic (Zhou FA, 2022 F) ) 4G, EMTERALIES, RANEXE
ERRUEIRESNEME (Parakh
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FN, 2023 5F) o 4, BRIERERTTHIALHENSIENRE (W GPT-4V(ision)) #HITIRmIIZRE
71 (Wake A, 2023b) o RIEAANSESESLIFEETER, 2T IFREEZHERTHS
TheeMAIER 4o

5 REAIZESE

5.1 BRI

ETHENOTHINEARE (GA) EFSESTEHRER. AREMRBNRZE A TE BT &
BERAEAAERRME T HIEE. A, EEEANENAFRELESNE, EMGAEBEAMSARE
o, HEEZUWEZMBERMRELR, HES 6 THNEXAERMA TSN EIEENHIT T SHREN
R, B3R ESXEFHEAEXATUER:

ZIESRIEATELE MMA) B— M EIRETHISIRSIRSREALER (MMA) 2— 1 BEIEEITHICE
>, WHMENBARAMITUAFREER R, HS5HREATERMUSAE 2R AR i, ABUEIEE
MREXATERTENEMHBABARIE (GA) RETHNINE, HINEZRIFERTUNAFTAM
ESME (W0 MindAgent (Gong et aly 2023a) « HRNIEZIRSISIEME (Luo FA, 2022) . #l28A (Ahn
ZF A, 2022b; Brohan A, 2023) ) , ANAFREEEMIRRENIIXREE NETHRERFZNNILE
F%#FF (Peng A, 2023) ) o BXARERMNEMARIERNELFBERN T, BIFEITICEIITE
R MAA MBS, HEMFRNARAREX—MHEFRIE. AXHMENMCIZRZUATEZINE, BH
FRRFILL:

- FEFREH: SRSREATSE. BRAREATSRE

o ZHREF: MARNAER 1T7EME. BEFESHAE MRS ESAE MIRSHEAE, A
B, NEA BT RES.

- FRERE: WS, SR, BA. AEEMEE. VRARMR, BRAXMKESIES.

ETER, HFAFTIHAEFARENARERSINT:
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BN EYBEEFEREF, MENOREERHEUNHRPEE), BHATERNEREC)EN S
AFRE, LENZREEMHRRATESIMTERRPMEEES. BAXE—TEXBIE, BREFS
MEEHRE UG ImageNet XIFHIABBUBSEMNBmE N, EFUARINEUTERBEMMATEEES
HERFBEANKRI, TESMFNEGDXSFEDBNBHESFE, HENAR. ESFRFMNBAE
SAELHTEEMNES, MEMPKEREAESHHE, BUFIEFIET HARHRIR. XEHDRK
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5.2.1 {75hitIR

ToRIBEENEEEARIMYIEME R AL R P HRITYIRIToINMAIE, 1532, ElFERMS5IF
1BED, BAMRIBITHRIEMN BT EAR D AR XA TE e A

ERRATIEES, RIEBESEIMENEMRISSAER, EXMBERT, BREBSATUFEREBESAEZ

BTSRRI ARRE, ATRSERENESTETN, MAMEHEENERMES. W, £
REHZUBINTERF,

24H URL: https://multimodalagentai.github.io/
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—MEAAXRNEHIRRES HEE M —1EE RL BYITEEREE A LSS ALK TR, (Meta Fundamental
Al Research (FAIR) Diplomacy Team et al.)

EE—MERZ, BRINNAEMRGREFNEEER—F (Park FA, 20232) , HFRBERUEMTER
1R EMEREAXEINEHIEEER, BN LEBIREARITARENER, NMEFEMEA.
SERINERICIZ#HITIEREY, ENEFELAGRNNRE, ALSTHE. fIEAERRER. BiIXAEHA
REENEE,

522 HEHKIR

REAREZEEBSHEREMNAIE, RLToREE ZHRELXR, ENINEDERAT—EREY
EhE, (BRIgES RAAPERESHNTIFE, fitl, AGXRERAREAILUBIHERERFXTENE
BHEE, SEBAFBAIMAER, XUTFIXRNEA. BIBRENENHT RISEEEHE, REA
TEENZOSTNEETUBERMERT—RYINA, MIZHARE (Lee FA, 2023 F) MEALRETRAIE
(Peng FA, 2023 F) ,

53 IRIMFIIFRAIE

ATERREFINEAEFRRTHNER A Z2BISHENRERRFAELL. BEARENSGE
ERL, ERBAENRMEHLRIIGRE. BAMEEAMIERENTE (Kalashnikov FA, 2018 F)
, EfERYEAERERNNXER. LI, EYMERERHTIIGEEZAIT, MELFRFERREREN
ARERAER (WNBEhE. KTERW) . Bit, ERAKRPMISEFIREEE—E LN,

MHERETEZENTEE, BFHRARXAISENHAR, BEMSM (TsoiFA, 20224; DeitkeF A,
20204F; Kolve A, 20174) EIMEIRIE (WangZ A, 2023%Fd; MeesF A, 2022%F; YangH A, 20234
a; EhsaniFE A, 2021%F) o HF—FIFZ Habitat (Savva FA, 2019 FF; Szot FA, 2021 F) , Bie#
T—IME=HERFR, ARNNBARETUEEPHRITEMMES, NS, BEESHNEZF DR 53—
BEERRMEMNEPT AL VirtualHome (Puig FA, 2018 ) , EXFARMBEZHZTAFBEPIREDE
o TEREXRAH, Carroll EAHELET "Overcooked-Al", XR—PTEEMRALSATISEZEEEESHE
HEIRIR (Carroll A, 2019 F) o SEM, B/IHAREEEEEIMALTFIMNANRIESIMEENNE
Bz (PuigZE A, 2023; Li %A, 2021a; Srivastava A, 2022) o XEEiEINSRGEYT1ES R AAIBFH
BARBENEFRIFREHRF SRR, URFIAALRTEIEHITET IL BUREEF S,

ARLEBERT, FIRBNIRTEFEETEMNBPERTININEE, Fi, EFIETFEGRIZERE,

BEEEBAENERAREHNELIFBEN Y (Mittal ZA, 2023 F; Zhong FA, 2023 F) ., FIAE

BERERSI B AERERRMEMEZYS (NERBIFR) NEKR, Wi, RINSBEFTERAYIES|IZERIEIM

MEZENYERE (Liv f Negrut, 2021 ) . HXRIEER, EERPERYIES I EEMTFREEATE
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AEEMRNA TSR RN R HRE A REAAERENAR N TREFFEINEFZENE SN
FESE), FigsR/ BRI TIRENRED, HHEBLIEHBHINARNINSRRALE, I, EHRIFR
FERARBEATERREZEILAFEISE AR, UERTEERNSNFEECHENES.

ZAENBERTUXENDRANRZER 3D RS, T8E
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« ARRANERTAMZERN, iLAFRRIFRDHRTEELE B CRIEMEISSAN,
- B EASES GPT4-v BB LS R A TS RN HMRRE, MEEMNEELERED
FEYJLEIERS
- MR BIREERTRPHRAE
- B EENAFRTZBENEBSEMAREEN
AN —NEENARETEMRERAEE— I RERERETR, RFREMAFSIBE—MEAR s
iR (BLA) EE, HRELLERIETHNER—MHRER, XHEFHNRELER LM AXLETR#1TY B

=
E%O

5.4.1 AR/VR/Mixed-Rality {$I255

A, ARVRIEGHE (7 XR) REFEAENZARNEMREIERE. NENYE, UATE
RPN EEE, XE—THASREE, SRESEAR. 42K, LB, FEME, XR AE
ALLEd el BE SWETRZ BN EMRNBTAX—I1E, MMEERELNEMNIFER,

FNNFHIK LI, GPT REFILITE Unity 5|2 (EFEMFIMINIE) RBTLLNEIFER, LE
RSIESERNTE, /A APLIERMEERM T3 3D REAREKRERH =R, HAAESETANEER
&S (Huang FA, 2023a) o XFTHEIHIVRATEERRERNTERR Unity BIFFIRIFEL E R FIELMBI RS
o Eitt, GPT EEEBBIHENAARTETFSHEMAEIZRD, NTHEFENRTZDR.
XEAENENZRL—NMFEN—EIR, AAREATEEER (8 GPT RYIEENT MEGRE)
S5ERSIEZRERE—ERED. Fit, RITRRERFEIEERR:

« FABMRE SRR N EEEMIEM RIS MEET RS, MMAKRMIRFLZEE,
- TRAFPAEPERERSIE, REAFPESEMNN, ARTESTHEITHRIE, NTATFRAFUE
BEARN, EE®I5INFBRIENGIREIE I EE# TR E N EIAIIS/ AR

SINEET XRIRENATEREHBBER G XR SIFEIFEER, i UERMHEI SR R EBE
5, WHRMESINEFHRS AIEER, MMELIEE BT ETMIINIERRHREERE X,

Furthermore, agents can help users interactively modify the environment by adding new assets, changing the
dynamics of the environment, or building new settings.This form of dynamic generation during runtime can also be
specified by a creator, enabling the user’s experience to feel fresh and continue evolving over time.

55 HBR5ZIEHIIEAE

The capacity to infer and apply knowledge is a defining feature of human cognition, particularly evident in complex
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TR AEMELRMEEREN, XM—HERAIBERSGFRHFEIMNAIRENEENS, LEREET
PHEGERDMEXRRNVAT. EXE, HENME-LEESTHIRSHEZ EHEEFRNARE, UERE
RESHEIER A IRRIE,

FRENZS

https://plato.stanford.edu/entries/cognitive-science
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55.1 AR

FHRAIEMEN A A ERENRIRASHITHIE: REMEN, REMRBERRK GPT &Y (Brown F
A5 2020 55 OpenAl, 2023 ) XEFHAMRESRETEI RENAEIERINGREPIEFRAAIR, XL
REFILEMS ANERINRBRN, HAETFATRIIGIEPRSFINEINES. Bk, EMEA
IMBEMEN, FJUERENR, MARESHEETNESR, S5 LLRTEI5BRIKRIEASMNEERRIE
SR A T RERVIEIZAE Do

REEBESRENKTHYL, BE(INRAMIREHSH, BEHRANEEMI (Lewis FA, 2020 F;
Peng EA, 2023 F) ., XMBFREBRESRMEHMHEEIIRNE, UHRA TS ERAEBIRERN
RHIREL, PRMAIRFEMAINNRSEATSEAEASE T BARNNNIEMREES, URIRIELE TN
RFIRBIEEST, EMFALEERE (Gao FA, 2022 F) , XHHMERFITEURIRAFOHNATEREREE
XEE, B FMEZRER, FEIER. MBNZAGE, N4/ 2% IS5 HEIRZENEE (
Marcus #l Davis, 2019 %F; Gao F A, 2020 F) . XLEMAEMNIZITENEFABEXERNRIEEMDEE
B TR, MMgsaER@MMEnM (Marcus, 2020) o

55.2 ZiEAIE

—feRin, BEAERRAKN— AN, SENAZEHRIEROIENIES B REEHIENZERIENIEDT
%o 1f GPT4 SABEMRE S, PEAEBZEZIATLAESERBEEISHNENNAGHFIER, XLFE
SBE S RIBHRIIEMKRES. MAERIRPESHEL, IRARTELENNEEFHENR, KX
Fi#, & GPT-4 XEMNEMELZEAENAIENBRIEFRINILL RN, HESWITEMES, SIER
LEEEEMEANSEHRIENTES. FHit, EMNRNSEHRERENHESE TRERED, —RFAAEEMT
B9 BN, B GPT-4 MAMRE A LIRITH RIBENES, BENNIEARS AXRERBER
SZHITEARBERRXG. EMNHFEBEXMNZBEMN, LARIEEFHBNIER, Bk, SIRE
MINFHBEPZENERXER R, FHit, EMNEEEESHHNRIATESANRRZ], EBHATEEHTFII
SR RANREIGITNE B RREM A —HHZERH. EREPIRNRILEZE FEREN—M T2
(Wang A, 2023¢) , BERT LLM EFIEHERNARCEIRNIEIE, BXEBETRBERE, HER
IBER N R BAFRIRINIZ R R R

553 (EEGHIPAIER

EFZARER, BRIEHNEROZRENEERRE. 0K, IZERSINHMEREN—EE
Bt RIEETERENBERAMRIED, RRERDSHSTEMES ARBE L, AT HETER
EaxX—Bina#, Hi1&xHT7THEEGHBITIE (NICE) BUESE (Chen FA, 2021 F) , ZHEEES
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BIEFHE A KEGFENMNARERIITIC AR —AALBTRER. RIDERME T — DRI 4R
BB EREIR (MAGIC) (Chen FA, 2021 &) -iZRE EERIBHIENEMBERNES RIINES
SRS, HEBEREEHIE, BHRME. S5MNTSEEENITIL. FIMKIRRA, XMEEER
FNEHEGRAL, BERSIANEGITIERE, AABERNAEEEHAEN—MRERNAR, &
ENREAR ZHBEENARTIRATERIEMENIRIE, FIRE RIS E SR EIERIER
MBBWIBEEHABERMEMBE (Mao FA, 2022; Wake FA, 2023d)
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554 REFSHIF

BEFSREBERETNATSIREESRALEIT (dAvila Garcez Fl Lamb, 2020 F) , fRAABREZTERR
AR —IAERSEMNES, AAXFEAEHBIERATRSNBERTSEMER. M, KZHER
HEFTIRBFH TR XMENEE, MMRE T EfEXEESFHRI. TP-N2FRRIEIER A
TPR "48%E "KmIIMETBIFHBAES T SEN, AEDENRATPR " "REMRFTSERIFHXRT
HARTHNIRFEZR, BPXETHABR—NXR (FRF) NETSHRAM.

GPT-4 FMHIES (VL) RERIESRMHT —PRENRE, BUTEINAXAFGEMNSRESMES, A
M, EREEGLETHREHREERLAR 5m "MinREGRPNEEX S, XHIhRERN N R E
FSEN VL EEFRER, MANFEFHEGNEENEMNABIFEEERE. £ (Pak FA, 2023b)
B, BTRILTAMEATEIRER, AFAFEE (1) KEFNEN. RITBEIMARESRE (
LLM) FRREAMCEIRFIRFINGIANORE . BRI, BA1EE LLM Ism—48 VL R B RER
HERFEEGRANAMF E KIS RN EIRFIR. BT AFENTFTRARESHEGRN AR, FHitiz
EEREAY REMN2BHME. BT —MRRIIGHRITERERERSRENTE, HIVLMENHERK
TFRIAMAEIRERE L#TIIZ, LRI HIIER VL8R, L2 SERRA "RE. £
WERMBRKE THALIMERA, SEEERNSERANNELMALL, HAIRET AETEER
ARy VL RIS,

5.6 EERMIMBEELSFINEA

—LERFRF A LLMs (ERRIEERPATES MK (Huang FA, 2022a; Wang FA, 2023b; Yao FA, 2023a
; LI, 2023a) , HFIA LLMs AR B BXAETUSAIRAE S MK sE DR PITRIRMESS, XA
IR, ANV ARRBFIA LLMs RBUITESIK] (Ahn ZFA, 2022a; Huang F A, 2022b; Liang %
A 2022) , FEARKBERESHESHBA—RIIFES (BRIBSH A Python 1X53) , AEERAKE
EHI BRI ITXEEFES, b4, (Huang HA, 2022b) « (Liang Z A, 2022) # (Wang ZH A, 2023a
) BESTIFRRBERIESES MM, EE—LHRRA, TANMEX D, EGRMAMEBIEERM _EiIZKEY
BAMEMNTFTAREES R LUEACIESESAIENER, XEREUESHIFEPRITE (Baker EA
» 2022; Driess & A, 2023; Brohan FA, 2023) ,

6 REAIZENAES

6.1 EgCIE

XA LLM A1 VLM BIREBITARME T — MRSV E, HoEMENRRENINER. RIMF5HE
RT =10, ENRETRES AXGRMEMKIEENNEES, UWRERERRENE B XITHEEN.
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6.1.1 NPC {75

ERRBELRGT, FmRAE (NPC) BFITAEEHRFRA SR OIRITRITE M ARE, XL EIE
BT R PR ML IR IT AN —RIIRNAER), AT, XMEAERFFEZSE NPCITAN
AFUUMSESY, TERERROITHSFERNSIMEME K. XMLREIES T R ECSFIF R
PIRFHIRHEIRHEE. Eib, AIXFA LLM KiESR NPC TANBEEMMENE, MMERXEEMNSA
BNHAMSIANBRHBRIRE, ATEEREIE NPC BJUIFESImKIITH, ENAERIRES, HiZfH
BRI ADL,
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E 8: @i GPT-4V {RIUFNE AL Minecraft I FILEXERM, BFAPRXEXEREEFUNNRZ B RER
L EHAE,

FEETNR AR, AEIESHEE (LLM) BTLU9EEEH NPC ITHREZHH BRI, BIAIEX
BXAE, RENESREALUFIRN, AERESH. ERANRE. AJLUFA LLM SIZEISIHERS,
5 NPC WEMEBRS|F, FUUMEMR. Ltbsh, LLM a]URBHRRM R IGHUE P aVEIRHITIIE, R
BToE NPC B91TH, EHEMNS SRV EMERRIENES.

6.1.2 AWXEH

AR5 NPC 2B BB E RN — N EESE. FANXERAETER 4R, NPC LFRHAS
AWMRBBANRE RN, XMEREERTEGN. EFENEDES, XUTFEMNTPHASAE
&flo LLM # VLM AN HIAEREXMRN . B RAXLERAR, FBRRARAIUSHMEIALTA
» MMEHERALRBER), XAMNEERTHENNEREENSS5E, EAEREEERIVMERREME
BANESRMET -1 F 8.

6.1.3 EFRIERH S

R BAEERA AR —ER, EfhiT, R EE-FHAOSSHABS, HEs R R
ERRFM.......... S, SRNERRARES AXMRNEMNSEFERE, BAENNTAEEZHE
BHARARFIHIEN, XEFERENTHNEETEZENRIFER, FHit, HFRPEEZMHATERER
FERDTMRWITH, HELENREEENE. SEXERFAEARYRSEERRSHFRRANRXET
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o NPC SR B ABRRF A LEIRITHFNE, SNERETEEN FRIREE, REHA

B, FEHER, #AANEERMDERN,

“https://www.dfcint.com/global-video-game-audience-reaches-3-7-billion/
Shttps:/news.microsoft.com/source/features/work-life/mind-games-how-gaming-can-play-a-positive-role-in-mental-health/
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GPT-4-Vision

RGRT: WIETEDT minecraft, IHERRFIRIE,

BPRER: SpRfERAEAEHAHE. BfrEhE—
TILZ 8. BFHARRKRIITED

VL TEETDAN

A :

BRALBLRWET AN, BETREARSHELZaNSIROT:

Y

TR (BRI E §) , BEHERE,.

2. O RBRERINEAR BN ITZEHR, BENZMAR. SREATLUSIE 4
RAMR.

3. RFERIERIAR - - HENERIEFH.

4. BAIRIER 2x2 HERNE (AIEEFERETEER) DHIFE I HIFE -«
, MEIE— RS,

5. BIZa~HNESE, AEREIZax+

6. KHER, ERZEERHEG >
7. AREREME, RESFIIES.

FIFEMERE, TMAIUSERR), £A 3x3 SENRHIESMHEERNYR. XME
EERSEETHIERIFENERTRE, WE, ErIUFRFIFESLANYSTITIAT.

9: YIRRHPAE "TRIHE "M KB "B, GPT-4V I UBRINER RN T—F 1750, Lo,
GPT-4V REEEWMIRA IR FREEAL, HEFX—BAEEANRKITHEIHRF. 2R GPT-4V
FREBTUN—EARLLENE (W3R 'E "BITHER) , EREENREERAG EAHTESRBRIRKEIER
W (BfERAAEE)) , EILrTREFEATERIHITEREEEEH.
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LLM R BMEADITERAXASE (FEIXIER. BIRREMRNAAS) HBATR, e TrTUENIR
AIMRBTH. WEFMEERI, XX EZASBHEERAEMNERNTEEENE LI, VIME
BEBAT X RIERNAREBEGMAMEKEE, BED AR ERNHRPOTEMIT N, I, LLMs
VLMs Refe st P E Re UMV A%, XEAREEUERMEMALNS XN SMRMEMAEREITON,
MMRA BRI, FRT LLMs # VLMs 25, BRRAKELAIZIBERERH T —RAKBEAN
HIRR, BERHALSREINRA. R RIER, BIEETIREMARE. GERAUKRBEAR
SRR, RERRE USRS, HEFIFRREMURR AR O F R R,

614 BHIFES Unseen Video Prediction Results

HRERGE I BIE RV IR E R A
. EEBENTEHFENER=44 (3D) 7
RMFIR, X—IRREFERMAE. HEWE. 8
BEENRE, ANEEEENSKSASR.

AR BT AT R RIFE. Fahgit
X RN AR ABREAMAR. SR
ERBEFIARENA TEERDRA, EUR
DAL TEREREZR. BENMK, SR
A B S0t 48 5 BT LR P LR B0 R B R 2 A
. RIHH BA RS RS D RIIRES B S E S 1
BN, LLM F VLM 5] B FHIRE AR HIE X o
—HIEMAI R, LUBR. RUANLAEIRTH | 10: 345k MLH Minccraft MSTH1T R RASAIA

EERY. ERMEMTESYE, NTEENR | \EaSfry: Eiat. Rk, SNk
REXEE, THEEM,

VLM # LLM BIR$EFE X B F S BRI A M AN 8 5

SURDBIIAIERL, HLk

MREFRIZITIEFE, VLM M LLM ] UEZ#H—S 8, UTRITMEZRE, EBhEFERAR
o MEATRTAEBNBIE M NSIER, ILRFEAFTEBEXLEMNFIEEREBRT RN R, XEXNRMG
SREEURRSA, XEBES ETXHEER,

BEMCBRMAIMREEERERLTE. SIANBNENIFRIRM, FTHpEER IR B A CHF AN
HSKRAIMR, ERISVWELBNRE. LLM A UFEBA L RS, USMEIHS LN EE AR R
AR, VLM AILSHRE RS AARMARIRANAERES, BEPALEEENTZE, EHNTF
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RINXERR, B THEEALRMXINWERMERE, XERBTUAEMARERENLHNE X,
LLM #l VLM ZE A B F AL RBEIRIEE. BORS IR RN SE AR A [SMRN RS, ef1d
DAMBIER & M BPATE S 5 K ECUINIF R, MMRMHER BN S InHIRAAL,

6.1.5 IEISFNLE
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{88 LLM 5 LVM #{738Rk//D$EkES), NE 8 ME 9 Firs, FN1EA GPT-4V #HITE R R oh{E
M, B 8 BT fEAR GPT-4V £ MRESN RN —LEEMRE, RIBIERXANE RS A FEXNEE
S 3D HRRET —FE AL, EMTIREENEAE, Alt, GPT-4V BEERIE S HFEXXASMBIMEX
I%Jé&mLo

INRIBFUNISIER, AT RBRBEITHNAEMRES R .
Action Original Masked Reconstructed
1, FIVELEIXS Minecraft #IBFHITINIILR, Bfi5T  Predictions Image  Image(input) Image (output)

RERRAIBE AN, MA TR, g . H
BE—MRINRHEIR, XRMIITAER A, L Aot ' .
{65 P ML AR 23 ARED SR8 L IR O RD VE R R B4

VEXCAHAREHE G THRE, ABERREBMNIESH R “ H “
B ERR AN T, BARITINE 7 T,

FHATA LA Minecraft ;B R K ITGHEENN A *.

Minecraft FATEIRED 5 HHIS AR, BiTETN “ H -
SR BT 78K M, HES—RTISHERET

SK AN (G FIGREIBE 6%) o FRAE 16 DR Fiwrvnaprd
1K v100 GPU £ — 2.5 (SRR R#HTT T HA—
KGR, HAEE 10 FE 11 PSR R#IT T AN
KRR, B 10 2R, HEMENENNAIEZERER] A3
WIZRRRIBIR LAY Minecraft R4 SENKILH. B 11
ERTEIENTNERSEARELMALGTRITRABIN

kb, REAT BERRE/RIERRRES.

AEANT NI

11: A"..... "FUIMER T —H 175

XX Minecraft 373 PR/ MUIBTRIIZRIEEL,
ZHRIEEGIgH, WRE
WE 5 FR, HITA—NER EBHR" (Gong FA, 2023a) HFUHNIARIGITT — AV ERL L,
B 12 AN AT BNNAE. FKITWEMZEMFIE GPT-4 (EAhRMKIZS, LMT ZRENE, HAIES
ML HIETT. BRITAR T RANSRIEMRIEES, HEEMBEMIERELH RS, UB
THEZREMAL ATSEMENERM. tih, BITENBT "Cuisineworld", XE—MEFNAHHZH
BIMEEDE, TRHET —MNEHESEMED SR (CoS) REMMEME,
BXHERER. SRIEFUNA GPT-4V IRRHWESREGIFAT, BSAMR. HIEE 32 MR B,
33 FMEIR C. B 34 MR D. B 35 MR E LURE 36 MR F ARFIERT (Bleeding Edge) «
Microsoft Flight Simulator) . {ASSASSIN's CREED ODYSSEY) . {GEARS of WAR 4) # {Starfield) 9
il FITEIEMR A RAYE 31 PRE T AFLERK Minecraft RGIH GPT4V NI EHYIFAEE.
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62 #HEBA

MBARRBERRMENAE, UMSENBHITENER. EETH, HMBENBSRNENRERXE
BER, DFNARH LLM/VLM KANARIRE, HRERN&REVAFRMAR.

MBLBEEhIEH. MUBHITEIENZE MR RN HNEER ST, UWEENSRARFZPERNIT
5. XMESIEEEE, FRATCEKIIVSBABTIRERNNREEIE, FENAERIEhEIME, NE
Mt SR ER, B0, EREcLLE, EEUEBIIZERISEA R RN EMEN AW, FERTNE
EHNMFSXENEHITRE, ZMENHTHENSARENEHENERMEXEE, HVATH
[z, NI BEEEIMBEAMBERS, F—ME. i, MEEHIEFIEEBI TSR ANENSIFER

o
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Planning Skills & Tool Use LLM
s o State Extraction Dispatcher
CuisineWorld agent location s DASEG)
e ,. T NGame Text Current State Update .
Agent state carelny
Info. Tool state Info. 8 State History
Agent holdings Environment
state Environment
2 Pending dishes 27T Environment state history
4%, G
- A
Gaming Environment Timer iMindAgent) feedback
. Interaction/
ae” GPT-4 . Agent state
~ [Trajector histor
Action > Y
Human Actions . 1| ©~&™@3V ______|l_____ N
Controller @Actlon Extraction r Update Actions
Multi - Agents Action List of action types Prompt Action history
Validation -
. ? Recipes
V8 2 Pattern for the
> i Instructions
< Q ' < Domain o] Feedback
s i specific Extraction full I(I:;i;rer:icee history
NPC Human language action names from €
Collaborators  Player R — One-shot
tuples demo

B 12: BIRF AL MindAgent. MM TAMER: HUHFRFTESHIYEENTARE
BRFTMAES. CSERBEXIGHENES, FRFERERIERIA LLM /I LMERNZEM X AR LLM: &
MNEMIENEET RN, EARMERER, NMRAISRERFHEAER. BIZHE: AXEENE
fET R, {TEMRRMXAERANPRIEE, BERRAETRIES, HRIEDSL, FEERITIEZRF

=,

EXMERT, FMERSARRSREEN, FERENRRIGRILIFZERN .

s, FREBRENERT, AREENTFRNRITHERMNBIAS MBASDENIEFHEXESE, &
ARIEFFIFRS, WMRNNRERE, MSABEAREREZREN. LT UAEESFSAINEE
MEIEEBFENER, EXEFER, RUFIHRS AT IR TS HRERNL, Fit
, MBMRERIERFEIES NP RNGR, SREVSARSREDRETHXE.

BEFHRE, EERMTRERENSARSREESHESHENRITESHNEN. XN TFEIREW. A
FPEREFNANZXERALHER, BFBEAESES, APAUMUEMTFASAZRNARRISEAEE
BARAIESS, MMFEEIRENB ARSI L. B30, ELMFIRF, BRAIUETRSVSEA HREKF
ERTER", NBARSBRITZ—5L, RAFBRRHRITIOEES (Wake FA, 2023c) o OB
ETFARBANBAES MIENIEREL, B ERREIMNEESCIEMRIESHNEIMIES, HIENS
ABEBB XA LR UNTHITAIES, i, MERVBARBERRNESMIFETERAXERES, ¥T
RENSAERMNATRERAEMNIAEEXRER, ERESRAKESNBANESANEE 1S
7 ESHIEEIAE BN ANESRPREIXRE (Garrett FA, 2021 F) o

FigEfitt. REMMARRIAT LLM ENBAES P E M. However the optimal execution of tasks,
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especially those involving physical interactions like grasping, requires a deeper understanding of the environment that
goes beyond simply interpreting human instructions. {7130, A 2§AMENEEFEHAVIEM S (Wake E A, 2023¢)

MFEEZEHE (Sasabuchi ZEA, 2021) , LUESMRAITHELEEE,

FRENZS
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While these elements—precise contact points and arm posture—are intuitive for humans, articulating them through
language is challenging. RE B EXMMIER VLM BF 7 #HE, EMNZEPHEIEXLEAHMNEEERHIEES
RtiL L AN AR DR —IE A, Ak, HBBAFRBKEITREEREGIEE (B9, Wang F
A, 2023d; Padalkar FA, 2023) , HARMAETRFERRIRENTZE (Wake FA, 2021a) o

Frameworks including Learning-from-Demonstration and Imitation Learning are leading these developments,
playing a crucial role in the optimization of physical skills.

6.2.1 BAFNMBABARE LLM/VLM I,

REMARERE, LLM/VLM EEEREHRS ARE VS ARIENE D, SEFMASH LLM/VLM AR
MR IREEIE

ZIREERY: CHNRAR—EERRALRGIHRRS, XERAXRAT &N LLM # VLM EAREARIA
S EHRIDER. 1HAIE, BIXLEEMBERE LN ESIRSEREMAARBFE. (Jiang FA, 2022; Brohan
EA, 2023, 2022; LiFE A, 2023d; Ahn %A, 2022b; Shah FE A, 2023b; Li FEA, 2023¢) o XMERN
M EERIBESIESMME LR ISVBEAITE, MMEMERAIEIL,

ESHRIMELRENLE: SHFRRARR, BEFESMEEIL (TAMP) WRKEHLITESRESITR,
AEEd RS AES (BIkEE) KSEWo

LLMs MERIES A IBRENBIFHEARENBRIESHEE SR AVBANITHES R, MMtk Atz 7 E
EZHMIFEARBER (NiEA, 2023 F; LiFEA, 2023 Fb; Parakh FA, 2023 F; Wake FA, 2023 Fc)
o TERREEZINAE, B/LIMZFEIT T#EA LLMs/VLMs &1 I8 (Yu F A, 2023a; Katara FA,
2023; MaZFEA, 2023) , EREBIELEHBEFES (Kumar EA, 2023; DuFEA, 2023) , IEHER
INEEMY—ER5> (Sontakke FA, 2023) . XLETES RL M IL FIIFIER I, BEMTHELSHRINEE
PN

MFRE: BFRIFATNAIRERG, ENBARARPRITRENES S RIFER®E. Fit, 28
ABRARMEE IR — N EAER BT BES IS ENIFRHIERE S, hSABMTEVEARKEE.
Blgn,  (Ahn A, 2022b) RET—FBIMHEERITETEHRIITHE (BIAZRESN) HSIHRIESHTH
R E. Mo, BE—LEHEMETFIL LM AEESTENAERGNEERG (NMXRIVRESREME
BEXR) , MEHESTERHRIT ZhouFA, 2023c) , HRNFERHEHIR, UWEMESHIIHTHE
BIEER (Raman A, 2023) , XERBEMBEIESHEEE, EESITHISEHRE@AZENSZAN
1750, MTSEIRLURIR AERLRINIZE AT,

FHEMRIE: FRIERIENBANTER, LLM AIUFEBINBEAS AL#ITEAN. W ETXHBHER (
Ye E A, 2023a; Wake EA, 2023f) o XEBRBMBEHEREHALNENRE, EVBAEBES5E6R
XBFHE, o, LLM EEIHEAMEESEMY (Hensel Z A, 2023 £F; Teshima HA, 2022 &) FMIERE
M (Zhao HE A, 2023 F; Yang HE A, 2023b F; Wake FA, 2023d F) FEBAETEEER, XEE
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HEBTFIEEAXNERHERBEXHNFE, NMREANR RN BEAEMBE,

FRENZS

SRIE: VBASTNARBRERA, TEEREETHENRFNLAEATRIEFEMEMNES 4L
54 E (SLAM) FiZOAH. XEINEEER AN ARIERS (ROS) FZERARINZARIEHIIRE
IhEE (Guimardes EF A, 2016 F) o

BREFANSIEAREFZVBARAPRNARSE, BE(TEEKBTHRSHMECENME, &I, A
M FERARBERRE, XERAF AITENARHERES RIEBESTANRE, FHBRARBES
Bk pIRER SN, HP—HASRARUENISEMAESM (Chaplot FA, 2020a; Batra EA, 2020
; Gervet Z A, 2023; Ramakrishnan Z A, 2022; Zhang H A, 2021) , M AERYEZFRMASHE L
WREHITEM, XMEREFBERRYEZMAGMN. LI, READEXF
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ChatGPT-empowered task planning Skill parameterization from demonstration

Instruction: Visual demonstration
“Put the juice on top of the shelf.”

Environmental description:

{
“<spam>": “on_something(<table>)",
“<juice>": on_something(<shelf_bottom>)"

}

I f i
Vision analyzer
Pre-defined .
ChatGPT prompt Paramete_nzed ‘ta_nsks:
“grasp_object(<juice>)":
< {

3D position of the object: [x, vy, 2]

Handless of the manipulation: “right”

Task sequence with explanations: Approach direction to the object: [x, y, Z]
{ Grasp type: “power”, ...

“move_hand()", # move the hand near the juice, }

“grasp_object()", # grasp the juice

“move_object(<juice>)", # take the juice from the bottom shelf

“move_object(<juice>)", # move the juice upward

“put_down_object(<juice>)", # place the juice on the shelf

“release_object(<juice>)" # release the juice

-

131 &£MT ChatGPT RS HRIBHNBABZRGH K. BIIREBERITRE: E5AN, BB

RESANRLIREERY, HELBESRIARER; &R, BAFREWERSERT, LURHA
BANREFIRENER. ARRFWERTIRARITHRE S,

EEMREMNEN E, INBAEZEEENTIMRPHITSERSMNEAR, MENSEEYMESM

(GadreF A, 2023%; Dorbala¥ A, 20238 ; CaiB A, 2023%) . Ih4h, MBRBSEM (VLN) (
Anderson F A, 2018a) HR—MAENRMNGES, HESHREFLIARNINELERIFFHELER
BSESEM—MLIE (Shah FA, 2023a; Zhou F A, 2023a; Dorbala F A, 2022; Liang F A, 2023;
Huang A, 2023b) o VLN fEREMRAFMIEMREF, Fll "ELOMNIEE", FtEEEEMNIEES
RIS A (Wang EA, 2019) o

EREA R B I@EI MN5aX A KB SETRIRRMN MR E BMREARIR, (B 7 XM EENENE SRR
NER. 622 HEBRRMHN VLN HRHATT T BIFHAIEERE,

6.2.2 LEMER,

An accumulating body of evidence suggests that recent VLMs and LLMs have promising capabilities for symbolic
task planning (e.g., what-to-do).7AMM, BMESHREREBRAVITHIHRRE (W EAM") AEXMSIFRENIAK
B, BIABRKFIMEGFIZUSERDAAFIREN B M 5%, E5—ERENEEZET
M ETEEMA LB RIRENRE, XM AWM "MEBFS]" (Learning-from-Observation)  (Wake & A
» 2021a; Ikeuchi FA, 0) o FEATH, HITENAB—ER ChatGPT #ITESHMIIMMAR, HEBEIRKH
HRENEESHKEEML, MMfeHBERMmERRT (B 13) -
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EEHRMIIRAR: ESMUMSEL,. TESANF, RASWEIESHESNITIEFIRER, These
instructions, along with a predefined set of robot actions and output specifications, are compiled into a
comprehensive prompt provided to ChatGPT, which then generates a sequence of decomposed tasks with their
textual descriptions (Fig. 13; left pane).Notably, we employ a few-shot approach, meaning ChatGPT is not trained on
this task, offering an advantage in applicability as it eliminates the need for hardware-dependent data collection and

model training. tb5h, it ARRISA TR

FRENZS
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"take the pie on the table and warm it using the stove"

"Walktowards(<kitchentable_231>)",
"Grab(<pie_320>)",
"Walktowards(<stove_312>)",
"Open(<stove_312>)",
"Putin(<pie_320>, <stove_312>)",
"Close(<stove_312>)"
"SwitchOn(<stove_312>)"

"Walktowards(<kitchentable_231>)",
"Grab(<pie_320>)",
"Walktowards(<stove_312>)",
"Open(<stove_312>)",
"Putin(<pie_320>, <stove_312>)",
"Close(<stove_312>)"

"Walktowards(<kitchentable_231>)",
"Grab(<pie_320>)",
"Walktowards(<stove_312>)",

"Put (<pie_320>, <stove_312>)",
"Close(<stove_312>)"

DR wN =
OO0, g5, 131, R0) =

[ s

1st feedback 2d feedback

"You are wrong! Modify your "You are wrong! Modify your
answer. You need to open and answer. Do not forget to turn on the
close an openable object when you switch in the end.”

'putin' something into it."

|| Ay ¥ » o B
d -8 El B f G 5

14: BIEERNRIFEZEEFTIBRE. HAERFRIENES ViralHome #1785, E4ATE "
R ERK, BIPFINR BELRE, ESMIIBZZME VirtualHome FEZHEI—RFITHEE. SNRCMEIH
TP HIER, ESANERERESDERNERESEERRL,

BRPAURBEEREMEZEER, XMNFREBEMIETEXREE, B 14 ERTE VirtualHome (Puig
EAN, 2018 F) Ebh EHITHAERIMNEMER, ERRETESIHTNNSEYREARRBHHNREN
, RN EZRB ZHEAM,

BRESMKIBERIEESFIZEN—3%, BRIFNRINFEFTEZIHFMANSE. a0, MEER
FRZALB|HBENEEIRTNYRALEXEE, BEKMSET, XENSHEIERZE (WE 14
EUABIRIENIE) o Ett, ERIMMNNBARSTR, BRREEVMMETRS E (B 13; GENK) o i
SRR NSRRI TES FTRITIE X S8 (Wake FA, 2021b) . ERFEBNE, HNHIN
BARKHAZANT T2 EBALDE (BIZREME) MG, MEATNNELHRPHNEZMHEGT
&, GIMIMAEGMENTL. Eit, MAXERHPIRINSHHIEBHNEHRE, MBREBXFIREE
WESZAEE (B, BRMENMS (Wake A, 2023a) « MUERE (Wake FA, 2023¢) MERZE
% (Sasabuchi F A, 2021; Wake FA, 2021a) ) » EEMNEBWNTFRAESEHENNBAEZEXEE, H
BitENEZNSRIENBARGZNALRHITTNNES, BERZEINESFIIREL BT RLT
SIREHENBARITHRIES EANNEARKEERFS (Takamatsu FA, 2022 F) ,

B LLM 5 VIM AB&E, A% LLM BaiESMLIT BATREELENNSBARS. X8, RIIBTRT

—MF, ESESHAERT, BIER GPT-4V(ision) K B ERESMKIZE (B 15) , ALRITHEN
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EEBNBAEN. EXNERTHORT. BNIRABITE microsoft.github.io/GPT4Vision-Robot-
Manipulation-Prompts 3%,

FRENZS

HEBRBURTSAN XA, ARRENSBASIERFT. MREDREE T REMSP ASEPRIEBIEIE. 3K
1R GPT-4v FEMERR, UHEANRZRALRNEMXSIEL-
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Edit

textual
instruction

@ GPT-4v
Video

\ analyzer
Video demonstration
/ ' Task Symbolic
= l planner task plan
cene Environmental
analyzer description @ GPT-4
@ GPT-4v

15: FIA GPT-4V # GPT-4 MIZRAES TR R, ZRFVEBEITRTNNAIES, ERHNBEAR
TBYES R,

GPT-4V

Reach for the can on the table, grab it, and then place it on the tray nearby.

B s D e sl

GPT-4V
Please move your hand to the fridge handle, grab it, and open the fridge door.

l16: A aE G LEERE ) ERREEMEGRHMAN GPT-4Ve HITRES 6.2.2 THEE

ANIZsF0
| /)ItleEo

BARLUESENINEER GPT-4V BUIRBIERHAITRIG, UEHITEIE. X—IEESERSIRFIERNE
Mk, FRthERIFEMRE,

ETR, RONBRFELSHE-DIRMNLE GEIFEER) BT LEFRERERXEER. XEF

BEE8HE GPT-4V FNRFIKNMAER TR, MENATHEEEURYEZBNTEXR, BAXETE

IIZ7E GPT-4V FE— 1M REF, BXEFEERRE GPT-4v MNANRMBANNE G/ XX mHN. B 17 5

RO MEREERE. WEFR, GPT-4V BIBER T SIRERXHNR. Fli0, SAXERF LS

hiuik A28, MHPSEE—KRF, MEHTAKENESHURERTRF, XLELERRA, HROH
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BRFBALNVRER D RESHITT RIS, KRR GPT-4V BENREFIBNERUNRXEEEEF
HNRE. ERES, HMNEKAXIMGE=ETRENBHER. &E, REAENXFHRANKFIRER,
ESMEIBIHE—RINES (Wake FA, 2023¢) o

FRENZS
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Instruction: “Reach for the can
on the table, grab it, and then
place it on the tray nearby.”

=on

_\
©

GPT-4V

"objects™: ["<can>", "<table>", "<tray>"],
"object_properties™ {

"<can>": ["GRABBABLE"],

"<table>": [],

"<tray>":[]

"spatial_relations": {
"<can>": ["on(<table>)"],
"<table>" [],

"<tray>": ['on(<table>)"]

h

"your_explanation": "The human is expected to

grab the can that is on the table and place it on

the tray. The table and the tray are included as
they are the surfaces involved in this action.

The can is marked as GRABBABLE because it

is the item being manipulated. Other objects

and details in the environment not related to the
action, such as the human, the background
elements, and the clothing, are omitted because
they do not influence the task of moving the can
from table to tray."

Instruction: “Please move your
hand to the fridge handle, grab it,
and open the fridge door.”

GPT-4V

"objects": ["<fridge>", "<fridge_handle>"],
"object_properties": {
"<fridge>": [,
"<fridge_handle>": ["GRABBABLE"]
h
"spatial_relations": {
"<fridge_handle>": ["on(<fridge>)"],
"<fridge>": []
h
"your_explanation": "Human is moving
their hand to the fridge handle, grabbing
it, and opening the fridge door. Objects
included are the fridge and fridge handle,
as they are directly involved in the action.
| omitted the computer monitor and other
unmanipulated abjects in the setting
because they are not being interacted
with for this task."

17: #|FB GPT-4V R thERAt R Gl. FATHES 0.2.2 THRAERNNENRIZ

MBASMYLERIE, MHIESSM (VLN) BETEIN=HIFER, SMESKREBERITEAIESHE
SHES, BEZHFBRSM (Zhu F A, 2017a; Mirowski ZF A, 2016; Mousavian Z A, 2018;
Hemachandra A, 2015) BEYEHFPLIZEANBIIERAZN—ERE, EFENLEFER, A
I1TRE T AENESIEGDIN (Savwa FEA, 2017; Kolve ZA, 2017; Song FA, 2017; XiaHEA,
2018; Anderson E A, 20182) , BLEWT (Anderson FA, 2018b) o VLN (Anderson EA, 2018a) MIE
FEL=HIFFHPRESSM. NTHRVINMES, (Anderson FA, 20182) BT —MEFIENINF
PRFHIREER, A (Wang FA, 2018) SINT—MRERZE, &8 7 TEEMETEEERKES)
(RL) , LUIRBREIZHEEN . &E, (Fried EA, 2018) RHT —FhiHESRMEERD, ZIRERA
THURILR, £RMETEIFE I VLN BEIEKRIEER, 7E Room-to-Room ¥HEEE LHAIL T HFimsT#mIY
BE, TEZERITERIER L, FIVE (Wang FA, 2019 ) FIRETHIM VLN FRUCERSLTE (RCM)
o RCM BEEE (Fried A, 2018 &) HWEM L, BESFZEEFEEMARR: (1) RCM E#HmH
LI H RL 5 VLN WIEFEIMELES, T Speaker-Follower #28! (Fried A, 2018 &) {VMERUEZXS],
90 (Anderson A, 2018a) o (2) RCM HIZSABFHITEESEN, MAZRESWANNEIEENH,
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(3) RCM [LEZHLAIZZTEZRMDIK 1T £ S Speaker 2, BETE AT/ RL M SIL JIZIR BB EMATELRED,
mEENATFILRIEEFIMINEEE. T (WangFEA, 2019) —XH, BITHR T HAEBRIZESHN=
PMRBASRAR: BRESEM, FERIGMNZERIE, NE 18 Fim, FRITEE T —FEsa sl
LA (Reinforced Cross-Modal Matching) F57%, %74 sa L ESIRASILED,

FRENZS
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¥

B, BEEEE
o RAEEY%, &3
—KRF, BNE
B BEERE,

BNEWXE/TH
ALs T MAEIZ
T

B AT
EREy LBk

AMAGIE B
RS

T ETRHEADHTBE
BEMAMREC

18: VLN ESMBARAIBET (Wang ZA, 2019 %) . ERERT AL FMERRES. A0
RHRNLBNL. RELES NG LM TIE B2 A SUESSHETRE. B2 B C 2RERT
e N

W FES (RL) RMBEMLEREN. 512, KIVEATRIITERBNERR, USHESHN
Tz ENERLE, HERBIESMBERMMITRPRITERSE . 7 VLN 2ERUEE L#HTHIT
&2RBA, FATHY RCM EETE SPL EEEAIIIAES Y 10%, KB THH—RKE. ATRESMEREN
WBAM, RITE—FSIANTEREBRMGES (SIL) A%, BEEHEETENRIPRAERFRRAIFE
o FAERR, SIL AILUBIAESF. ERMMER, MmkAMAENERIFES RIIFE Z BINRINEEE (
M 30.7% BEE 11.7%) o ko, T (Wang EA, 2019) —XH, HEIIGINT —MAFRENELERHF
317, LABRMRRZERIE, MX—RAEZAN T ERHEERIREFNMR. SXMTIERN#T
B9iEAE (Thomason Z A, 2018; Ke F A, 2019; Ma F A, 2019ab) MZBAHEMFRT VLN E5, (
Nguyen A, 2018) 5INT VLN ESHERK, BIERERNBETERESMBRIVTR. FEIENE
, BIRE—NMRER VLN ESHEERMFEN Ao

63 EjriRE

EETRESMN, LLM M VLM A URSZEHAE. BRAPESF, EERBTHBIA, Beflt&iE
BHBENEE. ATERAEBEENEZEIFENRRESLTEENERX, ERFERHNZ, ENNRAN
CRBEFARIEREXMT EARBBELANES. HITRITICATERAEEE RETR—LER
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RIEANARERLZ, ENEIIIE—EEIGEREZDEE.

FRENZS

PHRE, BTNEFERNSF KUK LLMs BB RHIZERANE D, & LLMs fEAETEIR 23
ABFRACEHRIAS IR TIRARE (Lee FA, 2023 F) o IHERIE, LHERLRBMRERERER
ARE AN B BRERERETERNMENE, BrREARE LNSEREILSUBFREATHNE
FTIRSS. Ibsh, HAZMNEENETRAAZHIEIE, BFEFRE, SHEXBIZATEZRERBNEST
ARss (T DAEALMMEFRRIT, 2015 F) o BHRIFIAREREL ANETRERET —MFNEFB
B, ENENRIUKEIEREEEFESMRBIEES.
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BE. XKHARERKE. YPERKRHA, BIFMBAMENMELHE, TLOIGHAEFETRERIRN LMM
(LiFA, 2023) o REXZ—MSAMENGR, ESHAENISHIFERBNI. HIPEETXHE
WEFIMERRITENEG, URBENRRER.

MMERNER, FETIE, BREONLHGK, EERRSETENRAGERRT, XEURTFHEHIRH™
BiEE. fi0, MRRAERMER T —IUSM, MSERRAMIIHLELGEENER, X8RS
BOGEMERNER, XEEERBTIATAY, EREF A TREeRZVENET T, RIZETHIRIZSH
BOTEESSHETERRAEM, EATE, SRHE—THEERNE, ERREL TEER™EHE
BERT, Alt, SEBAHAREETREMIOERAIR (Peng FA, 2023 F) HLUMCRANEMNSGNERXE
(GuuFA, 2020 F) WFZEBARBAANGR. Fi2hAESEFNIRNRNERY, A0gEFHD
158, FEESIZEMEENRN REM AR,

iIERREFMTELEE, ETAENATERECEETHNTRERENSEEEERNEN, EUNEET
BRI, REETRSREEESEEZRNDR, REMEHRREBMEEDHIMAE (Amjad F
N> 2023 5F) o HIRRBIRREEEERENERESEEE. REMEFEMG, MXEEE. REME
FHHEFESMNERIKBELEEE, IRHREEDIRREEE. BENHMBETRSREMENER
, HAERHEFNEERER, BRAEANN, BIULAEBEAIERAASEE. hREEMEMATLE
RERIEHITINE, ZRETRENBFETRETIAZUR—ZEANTE,

6.3.1 HENETREE

EfGER. E 19 BR7T GPT4V FMASESAEEETREIENNEERDANBRE. HNTUED,
B GPT-4V WERIFEFMIRNIRENEFREFEENAEMIR, BEEHTEZEMAFRENERR
BAMEIZ BT 1% R IBIRI i H (B R

MERIERR. HOMBENAEMRRT VLM RIEBEET SRR S ERIEEE. B, HIART VLM R
lBPR== B IRBIERR AFIEERIRAE Do HOR, BAIHRITT VLM EBAE R FR AN RRBIMSTHRIN A
o BRI, 7EE 20 R, HITETRT GPT-4v BeIfEEIFEMET IR A ER—LIhEEM BRI,

6.4 SIRE

BEMTMESERNTHALAEXANSESATIERAEEXEE., XBEERGFRE. UREREBE. 50
BSERMISHERETS. RINNEMRRNARXENTIESHES, RRENEALERAESENT
S A&,

6.4.1 BESIESIEMSER
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AIZReHE
MRS ERAI =
BGESERE DI RAESRBEATRGINARATHEMEXESERNES. XMESHTFHL
BUBGALXNAFRASHAEMNATIERRREZEXEE, HPSRRTHNESEERGRE (LnFA,
2014 £F; Sharma F A, 2018 &; Young F A, 2014 &F; Krishna FA, 2016 F) . FERARE (YuFA,
2016 FF; Karpathy A, 2014 ) FMMKERBAESE (Antol FEA, 2015 F; Ren FA, 2015 4F; Singh F
A, 2019 ) o

FIENZS

B2, MHRETHIRRER MG DFEBEES, W OKVQA (Marino ZFA, 2019 &) . KB- VQA (Wang
EA, 20155) . FVQA (Wang %A, 2017 %) F1 WebQA (Chang F A, 2021 ) ., ZES
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What do you see in the following
image?

=

What is happening in this image? S 7 15 SR G

The image appears to be a
close-up of human skin shewing a

I

In the image, there are two I This is an image of an } |_"nole il il L Wi Iesiop =
heulthcaregp;ofessionals ina | elecrrocordinggmm (ECG or EKG) | |rreg_u|ar in shape and color, with

clinical setting, standing next to a ‘ printout. ! cielypline efite i1 7 Lo sl el el el

dical i i M | | and it seems to be surrounded by
mslos Do Bl Lo ‘ ! a network of small blood vessels

appears to be a CT (Computed
Tomography) scanner. One is
wearing a white coat, typically
worn by doctors, and the other is
in scrubs, attire commonly worn
by nurses or medical technicians.

They seem to be preparing or
assisting a patient who is lying on appear to be irregular. The normal

|
|
|
|
|
|
|
} The wave patterns in the ECG
|
the scanning bed of the CT } pattern of a heartbeat on an ECG
|
|
|
|
|
|
|
|

! or capillaries..
Do the wave patterns appear & .
regular or irregular? f !
I
H Would you classify the skin @
| lesion as malignant or benign? A+
s
i

I'm unable to provide medical
diagnoses. Assessing whether a
skin lesion is malignant or benign

|

I

I

|

machine, possibly getting ready shows a P wave, a QRS complex, }
for a scan. The environment looks and a T wave. However, in this |
|

I

|

|

|

|

clean and professional, typical of ECG, there are additional spikes . " I
medical facilities. requires professional medical

and variability in the height of the luati
y— waves.. evaluation..

B 19: EETEGERIUHRER GPT-4V NHRTMEIZ ™G, MEER: (1) PIHEESRTT CT 3E
NEL;, Q) FRUWOBEFENSRERS; ((3) KB ISIC (Codella A, 2018 F) REKREHIEEN
B, HITIUEER, GPT-4VABEEEMEFMIR, EBENEFEGHITHIE, AWM, BFL2IIGNER
A, EXENELEFEGMEIZE,

RENZEEBIRFIEGPEIE, BRENZBENZEXER, EXTOREERBREEF, HABEE
REERIENIREERAI SR, XNNFEYRIRGEES, EFENZREXRR. WRIENERZINER,
FHEERX LT RN ENES ST, SHAIRREA—E.

642 IAINESIEMSYER

SNBSS M. WMFREANREZ AR ER —RIERDFHES. ZEMAESES P
ERBAREAMKRENER, REBRERRENTEEIIIES ERESTERHRIFNMR, &
RAEREET, HERIDSE-FDBRBAGRAEREH Rt BIMBERERIEFR, HAXTES
FERDEFSEEGHNABTURTEAMZBINX R, LR —TEEETELIE— T RERMIXE
BRIRE, ZAREAI LBt F 7 E T4, FHEMEIN EERNSEFRE.

RSTRERAR, JSTIRARS ERIEMRATEEY REIESUREAT. XiPREIX AP BIMFT HITARREMERE,
BELBLESHHEHEMEAXKER. REBENESHE. XAMBMFEIMERARITRE, URREXNM
SINBHSRIEMREEN . ZMENESEEIRFR. AR ERENEIRAF. IEMES EaITRs
BRZHEN. ENSEMARNIESAENHEXNTT. KiiFE7IRIE LR FEE R E#ES MR E 2
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ECRVEER, AEMaE, REJUAEOE. SREE. SRMEZER, NMERAMRBIELE.
BRIz,
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Ef]ﬂﬂ']gjg;ufﬁﬁﬁﬂ‘jﬁu,a

‘ TR & T A2

AT o L LB SR RIS PR B3 AR HH E B SR RIS PR PR 3E
sEE? SEN?

15 S MR T B R

SRR MROTGR, SR T
Sy = E T R — SRR X—RIEGRMTEE ST —RE . Mll;zﬂm “;%QM
WEE, SRR T HALE 1A R ELE DI — 25 AMERR L e A =

. o ’ T R, R AGRES
RIS ATIR, AAERNTH BRI RS B F RIS b -
° R AESET TR, AT

LRI LA RIS, XE KR E A th 8 T O = o
ERRIF B R R —Fh i AR, , TEXFMERT, 1TEh BRI o
0575 A A RE B )55 AR 5hak ABEE A BB DR TS
BN, ST 203 4 E B g§§ BT L. IR, T AT
ASHT, LURISS AR ——
SR IRIEIR. TEIEE
FAM—UIBEIS—0, HiRsE

TEAANTERE, BIQBEHEBIR
T EFER..

B 20: EETREBISTIZRITUAER GPT-4V BRI AMMMEIRG. FTA 2x2 MREIRZ N BT
, FHEMTREAMIRRFRIX AN, AR NREIR, FAHRT GPT-4v EMSAFEIM, LUSNERERARN
lRPRREEED. ERE— RO, HNZRETR GPT-4V i E—KREBA OEIEMR, EHETF GPT-4V #%
TR2iF, FESEREFANRE. AT EWER, HITFEMEENNXFINE, HESAVEN
RELE, ATRIPDARRL, BN ABLREKE,

Customized Pre-trained Agent

r A —
29PN i = )
\X/ III lll ym \ —
J ! \, S
y = L * 4 » =
Interaction Audio Vision Language
Interactive Action Integrate audio Identify and analyze via Structured/
/Knowledge/Cognition processing images, videos unstructured text

LLM/VLM Agent

B2l REXASRSAESENAXE: RE. EE. AENES. WEZSRAERTENRSHM. 1)
RERSEHTFHEDRE. IAARFITE-—MRE—NTFE, 2) SHRSESMNESLEERSEINA
BEFMERSF. 3) MERSFAHRAIMDTER,. MWAMKFRKPHAR. 4) BSIRSMEWLMIFLED
XA RERENE Mo
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AN TEEXERF AIMANMINIE T ISR MERER (Li F A, 2020 &, 2021b; FuFEA,
2022 £E; Bain EA, 2021 £; Zellers A, 2021 &, 2022 F; FuFA, 2023 &) , A, BTXELHE
ENERENR—E, ZFKNEEBENINE+ S ER, TEMERTIRITERA T BRI
XL BR, ZEBIRESENESHTAR, REXEERESESEENRAREGE T REIKE,
BEAMMES IR FABETER, BAEIRBT GRS NERPEINGRWIIX
IR, XMBRMEESHARIESRIRZ — KA SN B EAREHRIERET,

Hth A Z5BGESERPERNAERM, BEAARESERRRAEIERE DT IZHIRRB0H T
SRR ARE A E. ChatGPT fl GPT4 FAIESRA T GPT4-V FRGIBSRE G T ISIERES, €N
BEM. AMMESHEAMA LM AT RRRMASIBLE, #FEREBEEMNBANTRER, flwm, (
Huang Z A, 2023c; LiFA, 2023g) BIFERAFRME DL/ FREEERBIIARNBI XA, FO5ME
REFEANBARESAHE (NLP) MRRMRERAR, (LinF A, 2023) BGPT4-VEMBL. SNBSS EM
EUTARESHE KL, WMEHERMNMMIRRES, WEKIRPES AYIEhERTTRMZ,

HITHRIREMR MR R E R LU BIEURS, AREEMNIBIE LN AMIESAE XNEA, 2023¢c; F
FAN, 2023c; RFA, 2023) o BlE, RESHM. BSMARERBRMEEEATOXMM. ESHE
EBRINTAER, MIMERMEXHIBEESMITE. BMAFRERER (LiFA, 2023g; Maaz FA
» 2023; Chen F|A, 2023; Wang A, 2023f) . XERART T EERNEES L MSESREHT
&SRR IR S SR AREE /T,

6.43 RIETNLER

- FHATERUREY: 40 INK (Park FA, 2022 F) FKAT (Gui FA, 2022 Fa) RATBHAEE,
ZFINBEAESEEALIERNAENIR, UZFMIRBERIMORES.

- ZEBNRE: AMIWHEER (Chameleon) (LuFA, 2023 F) F MM-React (Yang FA, 2023
Fo) FLRBESHEENNES A,

- MHEFESIAEE: VCL (Gui FA, 2022b) . Mini-GPT4 (Zhu ZF A, 2023) . MPLUG-OWL (Ye %
A, 2023b) . LSKD (Park A, 2023¢) £MEIGELISSARIIES.

MPIRBERNIE, WE 22 E 23 FiR, EFHIRHARERABEBENMRESORES S LIESIERES
PAEBEMNES, FEERGRBEZMIEMAIR, RIEXTFANEERBNAREEEPERAREM
RERMESHEREENNE, AARARRENES— I HH: SRSTHRBESTARIEPERZ]

HiR. BETF MBS A ZEBESRAZIMRARIES TG T EENMII. A, F5R5E (FE
BRIREERE) MHIRRERNBENERZRNHT TR, RETEXRRIIRNREMEX M URERRN
FRASM ERIRBEHIEI MR, H7RAXLR -, FEMS5IANTHIREREIRE (KAT) , Z5FiRsE
£ 2022 £ OK-VQA AR ZIERESPRIRMEL HEMIERESH 6%. KAT RARIDR-EIDILEH, 1§
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*B GPT3 HWRRIAIRSREMENEXIIMES S, HAWEENERE R ERRMAIREEHITHE
o S, FEEEMMIRERERBEEMVNTIERLE. RBANFINERETE

https://github.com/guilk/KAT EIREX,

MEBSHMBNIE, BHTR, RMBNB "MNFRIIGAESHEIRE" (VLC) BE (Gui FA, 2022b
), ZR—ReEREGFENEITIIIGNERE. RE VLC RERT —MEENAMREEHITE
BRERN, BSEMEHXNRICNVRHELEE CNN/VIT WER G EEL, VLC EEMMREIESESHEEIG
TRERFHHER,
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Visual Knowledge:
=  Wiki: Rash Guard is stretch
garment for protection from
abrasion, UV and stings.
= ConceptNet: Surfer is...
capable of riding the waves.

Positive Text:
The man usually takes all
safety precautions when f"'

Text Knowledge:

surfing. = Wiki: Safety is state of being
Negative Text 1. secure from harm, injury,
‘ danger or risk.

He fell during surfing.

= Wiki: Surfing is sport that
‘ consists of riding waves.

Negative Text 2:
This man is going to use
the wind to ride the waves.

: Human Annotation Knowledge:

. = Surf String prevents surfboard from being swept away by
waves and stops runaway surfboards from hitting others.

= Gear is capable of keeping you safe.

B 22: BMEMEAR (INK)  (Park FA, 2022 F) ESRA, ZESFARIRM—AEREXAFRIRZH
S5EGHEXNIXAE, FITBES S KA AMRNER AL ERAIRPRREIB TN AHIR,

:
g
5— ..o
= E Image oS
S £— Object KT
5 s Tag g
£ z g+
3 o — < g+ Encoder
g ]
o = c S 8| |Transformer
& 2 5% 1
= +
o 3 ESR m
[ (9]
& . N
[}
E
— Reasoning Decoder A
" Hama =
Q: What monument : Module ~ |[Transformer|~ Washington
is that? [I—
Wikidata p . :
ontrastive
T = Explicit H
-,{"7@‘\55 Learning 7 ‘l) L Encoder T
& 0 Si8 Based I 53 T £ |
sk " Entities + Des. ranstormer
N Module 1

B 23: KATHEE (Gui FA, 2022a) FAEFHEFEINRRMAEEINREFCREFIREZE, HEH
GPT-3 EREBIZFHEN MR, FIRMNESHMBENINREIEEIRENIE, HBTiRERIIGSHEIER
RANARIDERBIHEE R E R
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ATER B o=

[MASK] &5k l AT AIE RN
fcs] Moo | B =emseo
— "« (W0 |
HEEiEr — —
INSIETER #  —  iEEER —
8 1 IT™ 3 }_ BETE
BE £ (=3 s
[%] g
—> BREE  — aig g sEH
E ma | | ® w
AL 551 (3 _
EAE o —{wmsz
i1
L ~—
EIR / (=
I |
BEERey SiEEH BEESH
328 328

B 24: VLC RENEMAELEN (Gui FA, 2022b) o HIORER=MERARK: (1) FERSKR. &l
ERABENAIEREZERNDTER, HERRARANERBRATSUXE; (2) ZIEEHRmDE. HIER
M MAE (He A, 2022 ) #I8AHKE 12 B VIiT (Dosovitskiy FA, 2021 ££)  (ImageNet-1K, TARE)
ERET,; Q) RHELSMIDR, KITBIRIBEGESERMEGR- NALERE I SIESRIE, XNEM
WERHPER, HIVEANE MLP X THESHNSRSRGEH1THIE. BEENE, RITANEREGRE
BN E ZMETIGPHREE, MAUENREIREZNTEL.

WBETZHNA, BAHRERT VLC EAMGIES RS IENE . B, FATAI VLC BB RIEX
ImageNet-1K 73 RIFE BN, MERNBAIMALERIES, VLC AJLUERMITEIGRA T SHENAIXAIRIE
MRILE, FEEIIGEBIERIIEM, VLC itREERERS, XOETHARME. HBHRE. FRIUINRE
ESEENEXET.

6.5 PBHESLLE

AT TR NEG-LLMs B AT SRR A, BB TFISAFER nstructBLIP (Dai
FEA, 2023 ) #TTHET BNEE. BERE, FINERS "BHEKRLE" (Frozen in Time)  (Bain FA
, 2021 ) BRSBTS EESRY E InstructBLIP BB 4RIZ28 (EVA-CLIP-G (Sun FEA, 2023 £ b)
) 5 HTEIIZRERIENRSE Q FZR28A0 LLM (Flan-T5-XL (Chung A, 2022 %) ) o FATEEM5E4mDEEH
FrEZEIR, RNEFRIIGHRERFNEERRE, X, RITERRDTLUEEGRIMERRN (5
InstructBLIP FIEIG R IEREMRITED) o FA7E WebVidlOM (Bain EA, 2021 &) 8 500 A MUAFEBFE
E#TIIGR. FAER 25 PRIRT R MEETE. A, IENREBELATSERMMAETIER. B4
MBI, MIIES PR EZLERMUNBIRGE, EMTRZ—RE. ASKFHRIEES, MXLREHT
BRIZIESERMAERRER,

Z31E AR R ARSI Y B R EhERIRBIZHIE (SNE 25 FREY "BEKE LA HERR
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e, B2, ENERIFMERNAT, 0 "AMERXHEK", XEE T EBIeNHEEANARESH
NAE, MEXETENTFALMRERRZEMZ RN T—FELETH—TXBHEMRLE: BBRTE
SIAMEEIR, MXERAATUFEMIVEREER, GETEERNARHBLEIEEERERR, BREGX
—£iE, MEENUERAHATLERS, EZRANENIEFEEIEES ALBARIEKE, HHEE
Ut e SRR A RHTISRARIR,

FRENZS
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AT ILMRIEELF, RN A?

EIEERIHR
EEH, —NAMARLEAENKE L. thEFE—
HEENEN—REeF(FE. tt—F=5 K,

- EHBF LTINS |
—FEE A, It A ERES,
e, RS, MPTAEAAM TR0 TFrhit sk _
s HOA—2) Lo TETREARRRERSS . SRS, DROFES ) J&\U7/ |

SREFTNE, LB SR, BEAERERESE
ERRAERRAMIF, DZEEIHNEZ, HAMmINHR
SRR 55

B 25: &R InstructBLIP fSRIHIAZ AR BRRMEERAE (F57EWEE 6.5 1) o FNIBIRBLGEBS A MR
HENKEXFOE, HeEOZESRPEAREIERXaR,

VideoChat Summary

Video Frames The video shows a man wearing a blue shirt who is
holding a yellow pole and demonstrating how to
use it. He is seen holding the pole and talking to
the camera while explaining the process. The man
is wearing a blue shirt and is holding a yellow pole.
He is seen holding the pole and talking to the
camera while explaining the process.

GPT-4V Summary with Frame Captions
GPT4-V Frame captions In the video, a man appears in a series of sequences where he interacts

i . . e with a large measuring stick in a parking lot. Initially, he stands with the
A man with a serious Aman in a "New York City" t- A man is humorously biting a large stick at his side, presenting it like a novelty item. As the video progresses,
expression stands holding a shirt holds a tall, yellow yellow measuring stick while extending he engages more actively with the stick, extending it outward as i sizing
yellow measuring stick in a N e e ) it with his left arm in a parking lot with up some unseen object or distance. In a playful twist, he bites down on it
p g : s ;
arking lot, with a car and measuring stick uprlght ina while holding it horizontally, showcasing a humorous approach to what
:’ _g i g o p sunny parking lot setting. a backdrop of ETEI’IEI’V and a car. might be a mundane task. Throughout the video, the man's demeanor
rees in the background.

suggests he's involved in a light-hearted activity, possibly a humorous
take on measurement and scale in an everyday suburban setting. The
background with cars, greenery, and signage for a dental clinic remains

Audio consistent, anchoring the sequence of events in a single location and
providing a casual, almost candid atmosphere to the activities unfolding.
ASR Transcriptions GPT-4V Video Summary with Frame Captions + Audio

The video is a tutorial on how to measure the height of a tree using a
simple method with a broomstick. The instructor demonstrates how to

you rotate the hold the broomstick perpendicular to the body and rotate it down so that

This is your tree height i . broomstick down like this and you when it's parallel to the eye, the length of the broomstick is adjusted
o you hold your hand out like this adjust the Iength of the accordingly. The stick is then flipped back up and held perpendicular again.
measuring lesson so | perpendicular to your body and J ) The distance from the hand to the eye is said to be equal to the distance
have an urdmary holdi ol ick like th broomstick such that the top of from the hand to the end of the stick. The instructor then explains how to
broomstick here. goinEtieconsticike that the broomstick this point right use this measurement to create an isosceles triangle when sighting the
here is parallel with your eye bottom of the tree with one eye and aligning the top of the tree with the

top of the stick. This alignment allows the measurer to determine that they
are exactly as far from the tree as the tree is tall. Finally, the instructor
advises to measure the distance from the point on the ground to the base
of the tree with a tape measure to find the height of the tree, completing
the measurement process.

B 26: % 6.5 THBERNEMSIRENIE, DRABTULERE. FINER GPT-4V £5 1) HHE S
PSR RIEE ; 2) HRMARENISEE; 3) HH RSN F5E S HHEE.
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Original Text: | Stackoverflow Q: “How to measure the height of the tree?” |

| BingSearch

-
Video:

Frame 1
/Image -
ASR This is your tree height You hold your hand out fike this e L e
N C o e e this and you adjust the length of the
Transcrlptlon' & perpendicular to your body and b K such that th of th
* ordinary broomstick here. holding the broomstick like that. splprreomllon iyl ki
broomstick this point right here is . . -
parallel with your eye. @ GPT-4V Hallucinations:
A man with a serious A man ina "New York City" t- A man is humorously biting a Negative Queries
expression stands holding shirt holds a tall, yellow large yellow measuring stick GPT-4y: | | Messure width oftree
L Frame a yellow measuring stick measuring stick upright in a while extending it with his left 2 enes b i eS| =
Captioning: | ina parking lot, with a car sunny parking ot setting arm in a parking lot with a a V\easure\er;mc« stick”
and trees in the backdrop of greenery and a
background. car.
Low-Level:
Video-Segment Level MC J
@ cprav

(Q' Human Interaction Q: g Knowledge/Inference/ GPT-4V Video Summary with Frame Captions + Audio

- g M A t The video is a tutorial on how to measure the height of a tree using a
How to use the tool? emory Agen simple method with 3 broomstick. The instructor demonstrates how to

hold the broomstick perpendicular to the body and rotate it down so that

when it's parallel to the eye, the length of the broomstick is adjusted
Interaction Agent: accordingly. The stick is then flipped back up and held perpendicular
Given any frame and audio again. The distance from the hand to the eye is said to be equal ta the

distance from the hand to the end of the stick. The instructor then
Transcriptions from the video, answer the explains how to use this measurement to create an isosceles triangle
question in 4-way multiple choice setting when sighting the bottom of the tree with one eye and aligning the top of
the tree with the top of the stick. This alignment allows the measurer to
determine that they are exactly as far from the tree as the tree s tall.
Finally, the instructor advises to measure the distance from the point on
the ground to the base of the tree with a tape measure to find the height
of the tree, completing the measurement process.

B 27 REXRZESKRBLES TR, SIMMXAELRIBEMNMN, HWEETUESRHEABELINR,
M VideoAnalytica B IR SHETH, XTFREXFINESREBIUEEMNEZHEXAT, BFER
%92 %,

£ GPT4V MEMSHES RE, AF, BINRE LinFEA, 2023 F) HERNAE, iHET GPT-4V
FRSIESRIENES, ZREBFIE. BMMEEREHE R, EBABRNGUEHIERIN. & 26 Ff
TSRV T SRR ISHEEES PRI, TSETIARKRE (LiSA, 2023g) BMHTEH
WAR, EELEEMNATAEERRRER, ROBENME, HIIERFAEHERFIENENNSE,

AT IREWTHERBERYE, ROVER GPT-4V AWURMFR, MEMRELRUEE OpenAl Whisper 12
B, kR, BAHER GPT-4V (NERMATR L ZMIRE, SR ERMAREMN S5 REVZNHE
o A, HIMEE, (NERAMITEAIRZSEIZEEN, INE=ZRFEARET —REF. EI5HE
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A, SRMNEARRESMERE, CRERERRNS, EEmRIFAYIEmDE, N EEFS5S
FEENFBHRA TN XHEENATEEEREEAR, EILLMAREFRZM TSR RN XEA
To XEXMOLETESEM. MWAMESREUFAASRESESRENEES, GPT-4V HLIXME
HISESIERMN R EEE 7 RIFBIER,

£/ GPT-4V BN ZEERIE, WNE 27 iR, FHINEZEMEMA StackOverflow SREXFNIARIRE, AEER "
WARIEFR "API SREXS R FAE X R FOAE X ASAR B 4. TR, BATEEFER GPT-4V REMEX X A(E B
ERISTER. B—FHE, HITED ASR FXBMEMEE X BMARES R, RE, KI1ER GPT-
4V £ AERE "%, EAMMREESHBEEES I, RITSZIHFMMSaimP B @R,
WU NEASRISTERN B4, EHIEBILREF, RITTETMEERESIMNIMIREERIRESRIEE.

GPT-4V IEBRRERNT. NEMEL, BMERERUEHARETR, KE—%,

GPT-4V B—REB TR, rIARERAREENMEATRMER Y, EEMNLEmIRnA
To GPT4V NESEEIAMATERNIRRKEESHRE. SBENIER, HRERFH
79 JSON & BARM, GPT-4V RRBRATERMWANFRRZEE. MInA, @R, J
e R AR AR E BT B A B IERER . F—RNARE R B ER A [AEF A - BY
ELER (F) 1'Xa&", FIERERNFERANERRMEIENSA A 8e R £ RVFR AT MR 5ER
o GPT-4V BiRIEZESHIHBIBTEE, LURMHREMNIINSEIME,

3f GPT-4V HitH AYHAZE

1. LEfERSRIER: MAZEEMPERNSIEE. HEMREETR, @IS0
RARFENENS.

2. TRISIES: REES. —BEMBRAE, BEMNE—RZ, BIREEE
RIRBREIER,

3. BUERE: AERRE. WEBETHRE (B1MRE 1249) #THER, BREEEREEN
WEIE, XA2I T4,

4. BIREAAER: ROESMABSHBMETELTERS, KARREBERSEED

SRpAE

5. MRNEE. MEMAATHEN: TRARPIMANEESEAEARAT, SE5EMTN
, RN RAVIERR,

6. {EMRRVETEIRDISRZ : KR F R SR AYB ISR T, HRIENIRIIISEAT 5 S50
RAYES B ([E D

7. BERRRA R ERRNEGRE, MEFHENNARESRETRE—, HBIFRU
(VS

8. BRASRIENAT: HFAFTSFRENMRIAESAZIINE ROVERE IR
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RAHEIRA ISON R XMEN, HPEE— 1 FHRIIR, S FRIFAICR—ENM.
RAHHERA ISON RN, HPREE— 1 FHRIIKR, S1MFRIFAICR—ENM.

[ 'start': <start-time-in-seconds>, 'end': <end-time-in-seconds>, 'text': "<IttAb A EIF

RV R DAL HER>"]

MC gl HEINESENMBINFCRES RS IR, B EEIREN IR SN
BRI EMBRXLERT, Alt, RITBLERIBETE, DURBRIM. #R. SMER
LA AR AE RE B (8 B P BE TR TE BB 4R
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o EFERISIL: -[FE-LZFRATE (7)) ] "HER

« BREWBER. - [£96] (7)) ] "D
BA1RIE GPT-4V £ T, HPEEFHSMIANE—N, HU=1EEZA5H]
NEEZHERREN, TEFTEEE, FRESMIFESMER, 60, RIEEEXE
BEEEMERP. KRENSMASETEX, BEXARE2—H, FEXREERN
B S. B0, UARMNARERIEX, FAMIEERRATHNREERNERM
MULRURIF, AEIMTEMNBORZNIENR, F— P BEMRRNRIEES,
BE RBENEHBRMPNERRESELKRR, HIERAERTHEFERDN, BIHAR
SINEERER, FEMAEABRNANNER. URALNARREIMERTEMR
EREEM,
&a, HIUATERMN 4 MEEIREIABIE. TRERNAFIERIIEE A,

o FUROHT XXX

- T (FA L ETB2. T3 EiF4]

« A xxx

6.6 NLP{{IE
6.6.1 EFIWTIR

NER, RANESESHRBITH—EEXERNA TS EMBAES VBTN ESRE. BEEER
REFINERRE, MINEKEMAXLEITEUALEANBERES BEE, BFREMIN, HMNBET =T
BixpmE, UBHERETESHNE!

- TRACEAMAIREER, X—AR5RIETIEIIMNEINE. MEERFEMERATARSIIATER
REBEEBIEPNEEYE, BIAASMHRBNEMUMIEEHLEIE, ATERAETLILEE
IBfREES), FRMEER. BERM L TXMML, i, EXERSATEEREEENPEEDT
AT EHINEEMNEESN, BRMEELE. EREMNEIR, X5 EAIFFEE Toolformer
(Schick A, 2023 %) #0 Retrieve What You Need (Wang Z A, 2023 £g)

- BUHIRBIEMME, 1B AEAEENMYENT FERNANMEEREE, XMEBEFKREE
BIBFE RIS, AP EEMTUIBERRERNER, BHEIX—8, AILUE ReAct (k%
N> 20232) BBEFERARERBIENTHNERY, SEFRENBREIREMUI—MHERER
(BEFA, 2023b) o BEENRRNERFITEZHTEIRM, KIEAT LU ERENEIRR
FIREE,

- BERAMAERG. \ITSEAEBEEEERMEIEMEPRIIE: —MERHBHITHHRESH
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R (RARD) , B—HESALSENIFER, AETLURHOKLMIT (AERBKE) - X—FHRA
SRIF T WEENFEINHNFR, ZGRFAERHERBEHUEREIR, HIG0TE AutoGen H - (
WuFA, 2023 F) o MABRRIBERFEFEFIMENNEES, JHERABLEEANAREREE
BH S5 Z R

FRENZS

6.6.2 E@EERMTIE

NER, RAINERRBERABTNBEAES " EERXEXAALERMBAES L EMEN —TE A .
MEREFSIRARNREED , AfMREXE
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FIeEI S AESR
TR R

LLM
HERANEERK
HHER LLM [
5L EEEH
ERENERIESE
FRes
BERESMHTESTA: ERES TG
155 LB, DM BISER S WRAESHERENS .
Bt e,
i
B RITEI LTS 6. BiEiR. #T
EEiz= Ao
EERE
EER

B 28: ATFIIL Alpaca HEBIINZREC S (Taori FA, 2023 F) . EEEXRL, WE LLM ARMIE
I TFESEEPERAENIELRBETRG. ARG, £RNIESRIERIEEATHEMENETR

B LLM #1TIE<SRE,

ATARNT BREMINFA LR FIREEN BAESERNRE, BIEERSHRXBNME, XLER
WZANREREBERXBARES, W "Btk (WuFEA, 2023 F) F "CRFFAFEN" (Wang FEA
, 2023 Fg) o

6.6.3 EBfEESH LLM {IEA

tesh, BIEFIEZINEUBEBEMAERIESH LLM REERA— N EENMTMIR. RVFERERAL
RIBRINGRIBRIEEY, DUEIMA LR, X—IEWIFA "AXRIFREKFS" (RLHF) (RXAZEA
, 2022 ) o X—IIFEFFET InstructGPT #1 ChatGPT FiEE!, J7T BANMIIZEREIELH LLM REMmA
FEALERE, ARARFELAT —MEEBUNIESARAE, BERRERES/MEMIZL LLM KB, 5%
Alpaca % LLM (Taori et al.) FKAI7EE 28 RER 7 B Alpaca JIZHKk L.

6.6.4 SCISTNLER

REFEFRAFMNBERRBRAZNRARERES, EXEEANATERERESSNRENIRERTS
EXMEBENSENARIARE, AREHENTEFEERNERRMNAIRQRNFIFING TARE
SREMON, BAX—REEETEFSULEENATNAFEERARSIANGE, EHREE (W
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Instagram ] Facebook FH IR AT & EMIRIE) HAZEMEL (40 Ask 5 Quora) 1, Afl@EEIT—ZRT]
e R SITICHAXMESMAIRRSMA R, Alt, EXMER FERITEERNES T EE R
F SR NLP RENES, MEFARIEEE RRFIRIERMRENERRITARERNIE (Peng FA
» 2023 ) o Xt¥, BRefUE

SZF 2.0) 1B HEER
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BNZESXENRIR
logic logic
keyword keyword
conjunction logic component conjunction logic component
logic-generic part ; 1 ‘ 92

Input: i[l ](Iike ] [to ][eat ]i[both ]E(pork ] [dumplings ]i[and ]E[beef ] [noodles ];

Higher-Order Logi

Elmgbstzdirr\gir oglc |HSoc73 | IHSoc}» | |HSocJ | HSocj | |HSoc_3 | |H80073 | |HSoc73 | |HSuc_3 | |HSoc73 | IHSocj |
+ + + + + o+ + + + +

First-Order Logi

Elnr"lsbedrdiflgsoglc Lgenericl ILgenericl Lgenericl Lgenericl |Lconj_key |L00nij | |L00nj,1 | ILCOnLkevl ILconJ_Q | ||_conj_2 |
+ + + + + o+ + + o+ +

Word

Embeddings |EI | |Elike |E10 | |Eeat | |Eboth | Epork | |Edumplings | |Eand | |Ebeef |Enood|es |
+ + + + + o+ + + + +

Position

Embeddings |P1 | |P2 | |F’3 | |P4 | |P5 | |P6 | |P7 | |Ps | |P9 | |F’10 |

These logic embeddings vectors are fully parameterized and are fully trainable during the fine-tuning training process on
dialogue summarization datasets. The only restrictions that we put on their values are:

® |ogic embeddings with same color (i.e. same logic role and type) must have the same vector values;

® Logic embeddings with different colors (i.e. different logic roles and types) can have different vector values.

Bl 29: ZIEARBAIERRE (Wang FA, 2023¢) o HNEERTHRRSBIHMRIBERI LR T ZIEHE
RIR, DURFEEAENAMMNEZEHATHIENES], NTEREBERESRENHRBEH R
FRMHEIR,

NLP S BE N EI R RMABNIIRERNERS B, ¥ RT ESHERAHES T MM #ERFT,

RBXEMBLRMORAIEFEANERENR G, FEMTH-DMRALSNEZENHEER) (Wang
FA, 2023¢) o WIE 29 FiiR, FMARMEBESRESINT —MBVEETEN, BIMBANXERIENAIE
BERMZEEMNER, ARBIHORITNZESREEREZBEBSIMNRAT, NMEZIEEHH
ENTUNGRNESEE, (FRA—F NLP A, (WangF A, 2023¢) RHT—ME75%, @ETBERN, 2
BB BREEREABLESHAN, NEIRESREWNE ZEBHN G, AR AL —ENAYHE
REN, AIRFBNARIESREA RN EEFZH, NFTEIRAEME. BEERNMEREX AR
BB, FristiVZIERRSNET AN THEERRSRENME, NTAXAPXR, B
ETAEMNMNENEBRRZEINMNE, RHEEREXMNEBIMNE, XEATEFEFENER, FTIR/FR
AR BAESAE, 187 LLM EARERE. EEE&MLIES AR ONES A ESHHEMM
FhEo

FRUgiREEE (QA) REBERRA "M 4J1E" (retrieve-then-read) &I, BMERCETR FMKBIERE
PRRBXREESE, AEHAEFARBELRIINEENRBREERESR, £ (Wang FA, 2023g) —XH
» BIRE T — M ERMFANEEFIER, BI—MRNAIEEFIEN P EIER IR S "#25 575E
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"TOHERIEYIERE, MREAGAAFELSRANT "R 45 SeX, HEFERNE— S RERFEXESR
BFE. IE 30 Fin, FMIRERSREZENRNFANEEF SIERN— MM D #HTIIERR, ZIE
SRWABREFERM RS HITERIGR. FNRABT —MEREMMAMTSE, BFBRBEBHERMALRIRAE
FERAE, MARENRERIIGEEE—NNERNRIRFE,
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. Environment
. ) [iij\xﬂ = 0 N Action(q, p;)
R | £3 . i  q | emmmp
LSire samplin
R —
WIKIPEDIA ] . Reward r Reader Model
— The Free Encyclopedia le
[d, Td, [ Td, Agent (Frozen)
[a — Cq | p,
=
vV AT ' | T83 L
g e »:) —> (SD § % Aa.p), Reader Model
~ Xagal® =
(7] WIKIPEDIA = u‘g a’l .7
® B — » Loss(a, @)
N 6, 14,1 Td,— srewors o502,

B 30: —PMNIYEY NLP IR (Wang FA, 2023g) HEFIERNEHE, EEINLTH, F1MEME2
MEEREMIT. EHE | ME, FIRSRENSHRERE, REMMINEESINE, Bk, E5 2 ME
>, FIERSREMSHOHITIAE, MANRERBHINERTAE,

SRFEMESERE, XA EERTHERFTIALRITNBARSE, MAFFEEAAIRNEIR-X
EXERSE. HMNNVARRERA, WHRSBMADERSFREHTERNILE, ATUE—EAQFRHBIEER
RERENLPRSEFHITUNERE,

7 BEARIN. UHMIRAIEATEEE

7.1 (RHEIRSIERNAE

HTFRZGE8WNE. EENRBITANAMERIES, SESEREEZBAAIEEREN—AB .
Bz, ATERAENIIGEEERINERIN. XEBASHMALRESRAERFETES
HEE, —LEELZHFIFE Flamingo (Alayrac FA, 2022 &) . BLIP-2 (Li FA, 2023 F ¢) # LLaVA
(LiuFEA, 2023 Fc) , EIIMERT AL LLM AUREN N RELSS, XEFRRDJIEFRRNEIEE L
BT, RBIEENE, BUREREREBE LLM SRATEF, AT #E—FREATIEERENER
SIBMRRES), RrIReFENEFERAGFRLE LLM ML RIDEIHERE, FL L, RT-2 BREHHA—FIL
SEE, TREBENSSATUSNREITE, HeitMVSAMMEESESKEAEM IR LLM BY
, HMEEERITEERS (Brohan FA, 2023 ) o

7.2 EIRIRARICIE

SIEERAREFEIGE— N XBREZ, FRETBATINLMITEZEEZAEE. AX—BRETIE
R TERURNBANETREEZ W EHNEAAT, 5ERDIERRBXEMRVE SR
62



ATERERE
BNZESTERRIR
o FAM, WEK LLM M VLM RllFHRIENNANARTEZ BFEFEEEER, BFIENE, S
EF R —MEe AR FIBTAS MEGRRAN R —REE, JIGRRERRTVEEITohE— MEE KB
o —RRKN, ERETEHANBRGZN, KASHMAERFIRANGZRMITINGHNERRET G, ARG
HMEMIE TR RRIREEITHIE. XM AT AMR RS MRz ERHNE, SEATIIZLEIERE
BERL, MEERDH A MREIEIE.
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7.3 EEEMENZHZERNIE

FREEBIEARIMSEMZRRINIEREMNHITESHALEEAER—TUHFENkE, ROETEEGNTR
FRAEEE T —EI) (Huang FA, 2023a) o 308, BFMAR LNERMIRIIAIMZYIERSE, AT
BN RER M IERI S RN EMMKIFRAE RN, EERENERT, HEARMIIZAIRERL
Bt RpiEr, RINFIMKLAERE— M ERRE, FIRBE T —THeX e,

74 EIAEIESSAVE

EERIMIFR R IRRIR R B A I L R P EZRR AR, RANARIE, THEET RL RBHIARE, &%
RAERISMERIIZRH R, XERMIMEH T ETEERIRETHRMNRHE T, S, ENMEMY
B o ATRINSIEZEEEIMER, ERMIFRERYIZERORBEN AT IS R EEYE
LUERIS RIFRURIR . X MRS "IRPAZIBASE "mldl, BRRRXNAIE, BJLARERLARLM0A!

o SMHBEMIL: TUHFEA KR —FEEIRIE RN T S (IESML. ZREBIEAEMICFFE
) RINGERPEAR, UFMNESSERANRREEMZNL (Tobin FA, 2017 F) o Fl0, FilLk
EF RL BMENELRERY, 7EWMATZ R SINFENIE A S —FHEERSE R AR RYMARIEREE (Saito
EA, 2022 F) ,

o SMIER . BN FMAEBE A, EBEIERAASEMEGNBR/NWELEREGRER
YIZRER, MRS EB S AT RUHZBNERE, ELMIFER, BTFHELUESERN
FExtE %, FEURATXENEGIEGNEIRSE, W Cy-cleGAN (Zhu A, 2017b) . EF
— LRSI IRAR A, BFE RL-CycleGAN (Rao A, 2020 ) , UNBAFERHEZEIN
RetinaGAN  (Ho F A, 2021 ) »

. BUHER: BEMNENSEDI M LR X R, XMTEN—B22BIRFIRIRALZIN (
ZhuZFE N, 2017¢c; Allevato A, 2020) , ZERASEIRFIEINSE, LURHESSHFRER, It
4b, EREBEMNRNSBNETEGIEBUFEIBERN (Martinez-Gonzalez F A, 2020; Miiller %
A, 2018; Shah F A, 2018; Sasabuchi FA, 2023) o

MESMAENTIAR, RNIRENHRNAR "LERE HRZOIE. BERMERTSFit
— SR LR AN RBEXEE,
8 AIZRNENHENMERTE

8ai, ETEMEENATEERAEGRIMNS I FRNEBIERHETES, XEFIIGBIENRIFEEMR
iHo XM NEBRERZ: () APNETAXNRERETRTE—ITEMEATEEAE;
NAENEMERENKRE THARTERINGSRE. HMNBETENETPFMNE AR, BR1ERE
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HHE, ATENAIESEAREERAERE LSNEHNMIIGEMREEAHNE, FEE(BELENS
RS RERF S, HMPAARZR— NS AXENRRESE, Bousmalis FAB T HARRKEE, AT
BARHNERHEREAEEBELERENER TEI R E R R F SIFMeL# (Bousmalis FA, 2023
F) o

FRENZS

8.1 AMZEHIE

ERAAMZESRENZOESEF BAENRIES AN EHIERIIGM L RBRIARFER. BILFERE
AATMAANREFHHAE,

- ESMYINEREGE hiT ASRERERERSNAZEMERRERFIESEARRABEARBIIGETE

o XBEFETLIE
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BRI RIERA SRR ERAIR S FFRNER, HETUERTANG (HI0, K85
THMBLERE) . ETEEN (BN, WRHSFRINZEHTHE) , BEEERR
BB TR SRS TR,

- NERIFES ESEAT IR, RERGE AR R UM RENSRGLES, HAvm
PSR RAEREAR, ChaGPT Fl GPT-4 % LLM EERAIXMA %, B AU LAhiE by
— BT AERTHE T

. RSB (M) EATBEAENERT, IMNNEE— 5 INHFEN (AXRHEH)
, REFBANREA TEERERATNE SRR, BAREHANR, B I BERmE
TRRIEIEGE A TR RSB RD B TR —FFR, EROENELIASFEENRE
BB — B %, LUETERRA T A B SR RS ALHT

8.2 ERER A pRIEE

REEF AR FEERIINE R AN ERREERIEI, ATFRT&EMAGE, AR TRMKIER
AR MK LR AP IR EXA 4 Al A B RT3 4R

« LLM $6<8& M LLM £ R3ES RIS EIRN S %, AIMAEARREEE LLM MHaOE Exd/ 8
FHRERLHITHOE (Wang F A, 2022b) o ffl90, Alpaca (Taori E A, 2023 &) # Vicuna (Zheng
EN, 2023 F) BETFHRE LLaMA R5 (Touvron F A, 2023 ) B LLM, BiR#E ChatGPT F
AXSE5ENEMRELH#ITT IR, XMHBF AR ETHRAAI—MHEAIREEER, EPRRAHN
LLM FIfERBUNZEEBENHITRE, EEMNE, RE LLM NEF AR ERIIBHEEHIMRE
NS ERMEF— L5 BERE N RBIFEEE L, BRIMERMFEERNELTENEEDZEMN
FEEKREE (Gudibande ctal.)

- ABRESH BOFITFSMRHEBEI ANRAS BehERAREMEM A, RIENMATEIESEE A
BTG EERN SR, B30, LLaVA (Liu A, 2023c) AT 150,000 MEEH LLM £KH
XAMMITMNRIETIRMET AR, HMARRKREA, £ VLM AEGENITIFRALUIRRE S
ERERRNIGEHIBNESRE (Segalis A, 2023 F) . EISUEMIE, A VLMs # LLMs
ST EFEIR EHRIEARTIR ST BRI L UISRAE 4R VLMs BYMERERIIE (Wang A,
2023f; Zhao F A, 2022) o

9 RIBHUESEMHANTSE

ATIMRX—TIHAR, FEM2FHESREBERAREBEIRESESRE TR MNEE, BITELXHH
DNHTEHEEE--"CuisineWorld "#] "VideoAnalytica"-- LA —4AEERE, S 5EBRETMRE. HRR, H
FEREMNOHA TN E HRRRMITNER,
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9.1 BTFSHRIBHILEY "CuisineWorld "$IRBEE

CuisineWorld B—fET XA, LLAREE (Overcooked) ! EAATERERIMAERIEM T — 1M E1E
MPEFREIFE, ZHEERNRSAERAENDERE, RANT#E LLM MEMRAEDSH RPN
ERESI. RAlE, RBIEERERXTNIEN BATAIERIZEE, URREZRNMIEE. NEEESRE
AR EREEEDAM IR, 25&FFLUER—MENRT, HRIIIBHHTER R Fam.
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9.1.1 H¥

HERNMNVZEFED, HIELHE—EE, B CuisineWorld B, HPBIE—NEEFT BESENXXHH
XA&FRE, UNk—TATFZREXEMANZENRH. NN ETHEEREES, HERREREXN.
BEYE. EERAMRERSMERERNSAENEREE. RINBRLANTNIEITRITFEIERE CoS.

CuisineWorld "$UBSE BRI, MMARFBEINORMEBB/BAZRSE. RENENZRETRN. AR
FFFAVEDD LLM MR ERATEX—EAERRI, H S AN EMIS S IR ARNEE,

CuisineWorld FIEUEEE G135

- R E X BN SR EES.
- eI E SR N AR O R 58
- BEIHE RS

(FHBIEENERRIRME AT, XWRBELER) .

9.1.2 {£3

o BABRMET — 1R Microsoft MindAgent BY¥IBEFMMEXEE, HERMWBEHARRELHE T —1RH
"CuisineWorld "EVEIEEE.

« FPFRMENE, WRIRHY "MindAgent "EASHITIHMEMAIRF. FANERFRHERRITEMIRME
PRI EELE R,

9.1.3 EEMRENITES

ZHRIEMEERNRE R "cos "BEIEE (RE MindAgent (Gong FA, 2023a) ) RE. ZIEIFHIR
LI RRESNERAREREESPHNERRETNTHETBERSHN. AXTEERFERNED
MERETTIG, FWNARSHRERNS5E. [ EMBAREHITENHET,

9.1.4 iFf{L
- BEhFE, BAIDTRIAG—DHTIE, MAREEE (BE) FHE, IMs5EBHEXRRERSEHIE
£ "CuisineWorld" (FENTAFREHHHMTIESIESE) HXNESLER, £RIBXETERAE (&
E) Hlt. S EIPAERIIRZMATIENIRE FERMER, LUEXT "cos 1547317 B EhiT(dL,
« EENOHHMTIE L# T ARG, HTES 58 TEIRMMAARMITEMAE R X, Bi1E
M eval Al RARTREXYE, FEFREMERETINERRENRB, Eit, SERAERIZN
BHENENITIRRZE— B R, REINEETERB. ATIF&EHRALEARIT,
« FREANT, RITBEAHRRERRE, HEHTE LGSR ERNRLZTESD,
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9.2 BHMIHESTEIISIEE,

AT 4B VideoAnalytica: D HTMEMSTERIEENFMEHE, VideoAnalytica B3 FFI B MIUERE GBI T
B, BEiFtiERKRHFMAPEREaNESR. SREE, HENSIHMEIIME SEERIAREIERES, EH
BHPARIRAIESMERIER, #MNMMAITES S, BARIER. REERRE, VideoAnalytica 5%
EEMIRANES, I
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VideoAnalytica B EH. MHIES, UMEENBRIESUREIRNEES, UEXRSAHEINESFT
ETSCRBEFNfRRR, BRRiH, VideoAnalytica BIIEFRINFEE(ESS:

1. fSACAIEER: XIS S MMBEF T EMICTEXXE, EESETORAXSEXERNT
XER, BLFERNEBINE, FXETRETON, MERHIERNER. AT H—TEMN
XEFESHNERYE, RITEBIEEFSINTHEARESREERNBEEER. I EMNEEIT
BITATEIE, HBBREESTRMARFHES (FIINMEERER) .

2. PRSARHBNS SRR E . XUUES ERERRIEMISAPRINESOERE,. ERERTEDHE
ENemEAIITE TS 2P

AT IRER T ORISR S IASTES RIENF R, FIIM VideoAnalytica FSINT R MESHIEEH

715,

- HITES5EFERTIMIAERRS ZUEITE, IMEEETFREERIESFHRN, EREE
TERHTE L. SREFTRIEAE, HIFMRBAETENFER,

- RIEEE HITENETERNBARIINES, XEREKATRENIEMEIERLNNAE, Fit
, BERRANEREZMABTEAEXEE. HNBZMERETRIFRIEEXLESE, HiEH
AT ERERTETEN A,

10 B[ 2R M=

EIXMABXRICIE "EEMNEIFRAFREVEWST, (RHEEGE, BB T —RATERNANLZR, BEXEZE
SR, HIREATASATEREEDD. HHTEMBRARORRSG R, HANFANE T RINE 2R
KL ERTTERBI =750

B, BRIFERNACIREIL AT AR AR HlEE A Efr RENKMSTIERES TR KR
Bt %, FREFERSGER. BERE, ERETUsA A S RSAIER LIS RENS IR EIRM - MEWHE
SfEL, MmeRZERE . ENBATR, BHENEARGEFRAIYRREMGE L BRI EED
7k, MIMAFIRERRRFGEIIERIAIFEH RBUR. EETRETUE, €A LLM M VLM fERi2ERIER
WAPIEBF, BJLURSIHRERYE, ERAFIE, BMETRSHTRYE, [HEERS TN
Xo Itoh, XEARBERRITINVEN TS ERTNA, MRELAF IEINERAZF RS 22
» T NIRRT MG 2R ETRWMAE = EERE TR,

HR, BNEBEERNENCIRERANATEEMVARNARAGHNERER, RA—MREMRNERE

BEMIFBMER FREA TS EAREPMERNSHEMERNHHTIENT S, fl, XMHRREETRENE

TS T LR FA A AT EARERAR S ZBXNEKRFIFBERR,. EX—ME, ATEgTAF

RO EFRAEZHREANIE, XMOAE THOITHNANERS, M, T EAEEITL
70



ATERERE
BNZESTERRIR
BOIITHIATERERIEN, XEASERNHITEIRATRFEXNEIANER. FIERRRTN, FEAR
ARERMAEZEBERATRNER, fIMNMATEERFEHITEARNERHARILELNES, BHEENFAIMR
ME I RMIMRED). BEEMILn, SREFRNTEXERFFRINMREALEEFANE
RMFER, URINARFES A TS EAERGRUREXERBNTERH ZRBXAHTE,

Thttps://multimodalagentai.github.io
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Bz, RVEDNETTER, BETIEHR. ABFENER, FIZHRNBEMHTENRRE, HFX
ZESREBMENRHNEELRE. ARARMCIFHEIIRE— D LREMXEENER, XLEEHEE
BEEZNMARRNELENS, BRSESAEATERIENIAS. MIESHNHRAR, XLEFIRFR
BRFRIMEENESSEMRN X —URRNIERNEZ WAIR, MEBR— 1 7EED. RBRFENFFE.
IR EIEMISH AR AR BXEEBE, AT BRI ASESREA LSRRV ERNEIE
o BHMNBNFHETBOHFMEFRE—TERANMIRE BIMARXERR, RNFESIENTL
IR EERRERERY TR IEE IS AHBEHN S RSN EA T ERESUNEENHT %o

11 REBFENEE

ZIRSREALERZABETZNA, BRXEXALEM®EN, EMZSRSEETEHTHINB[BANAL
BRAENATER, AMBEFNNAE, BEENRBR. HAR, THMNNEGR=4H_%EHR. AT
BRAENRAEHD BB TRAXEB, MNAERMIKSSESSER PRI ASMSERENE
ARNT R ET S AR, AU, XENAPEITFSEHETH R,

0
=

ok,
Be
ab
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AT ERECIRM
£

A GPT4V KIBIRTIFHAGEE

BRIESFRHEA, BNENER GPT-4V WBIARSKIR T HAVEE 31 RiFMER TR GPT-4V £
Minecraft B9IFE, DUARUNEIERL GPT-4V BYIELYZ,

B AFHMmMiBSE GPT-4V

HMAs%) B—E= ATREIPAESHE, KIAEFHNEFRRS LB AEAEZNRR, E 32 BT
T GPT-4V TE3R XL "Bleeding Edge "BYHYRI AT R Ho 5 Minecraft #8EE, 1L GPT-4V XA DL
AB BRI EIER A5, XATgEBT: (1) GPT-4V BNIFEIEHRFTEARE Minecraft #HE;, (
2) 5 Minecraft #8tt, Bleeding Edge BIfIBEE Z¢ 1%,

C RTFRHEEHERRE GPT-4V

WNE 33 Fii, BF GPT-4V BIRIERI LA Microsoft ¥{TIEIKSR P ITHIBRHSAMERR. EHERT T
KINMMEI ERAMAAN I ABR KA, SEEZMH TIERFNEE, URSEENTENSE,
BB 7E EE IR I AP AT To

D RIFEFRERE) B GPT-4V

YNE 34 Fim, GPT-4v RIBRRM T BAohEER, BEGTPNABREREAKFTSESREHS), EEKF
HABKHED (0248 SSMMTBFRIETRNBAEY, FANEE=ZAMEREHEIRE
PERHERMEENNR. GPT-4V TR, MKEEHITHAMELL, EH—RERLEIER
ZAE, HIRERS LAVETRTMER "Bull Rush 887", FMRRRBBMINAN, RAXZ—NMET, It
KNABEAIKRES A, KN EEEFRERENEES, ZERBIETHIFTIN—HD, ITIRTE
HAPZEIHHRITAEEN.

E BT (5% 4) B9 GPT4V

SNE 35 FiiR, ARABFAHRMAERY 10 MIANSAES, GPT-4V HRIBA] LA ETRIEMIMIFIL PRI T AT ABUER :

"MRARERIE—RABETWIMEREFT, ERFETEESIMEREHTHEERR. ARETHR
288, SMARERRLE. RERCH, AR E, KBRS PEFRER, tiINFsE

EECHNBANERRL, XAULEIRESE LARNIBETITSENERTRETR, d8ERITEERT
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, RRAGSPEERREENTR, MRNEERRERBARDER TEHA.

RNABZSHEREGE, BAENEZEZIEMAGSS5RMNEHTEH, KIEPEE—EEHTER,
SOBIFRR, TRAILFAXETRAER SN,

77



ATERERE
FRENZS

ﬁf]ﬂﬂ'] 57‘ E?JS&EE@ B

In [134]: M n=2.0
fps = 20
start_frame = int(950)
end_frame =int( 950 + fps * n)
start = int(start_frame/fps.0)
end = int(end_frame/14].0)
frames=base64Frames[start_frame:end_frame]

In [135]: M display_handle = display(None, display_id=True)
for img in frames:
display_handle.update(Image(data=base64.b64decode(img.encode("utf-8"))))
time.sleep(0.025)

In [106]: M with open("C:\\Users\\' _ _  \\Downloads\\Video\\Video\\ACO\\tutorial level ACO1_inputs.json") as f:
actions = json.load(f)
# print(actions[100:102])
min_ticks = start
max_ticks = end
action_frames = [d for d in actions if min_ticks <= d['ticks'] <= max_ticks]

for dictionary in action_frames:
if key_to_delete in dictionary:
del dictionary[key_to_delete]
# print(action_frames)

In [141]: M

ewButtons”:[]}, "keyboard”:{"keys": [ "key.keyboard.d", "key.keyboard.w"], "newKeys":[],"chars":""},"isGuiOpen": false, "isGuiInventc

< >
In [146]: M IESSAGES = [
“role": "system”,

“content": [
"You are playing minecraft, please generate future actions.”

1

“role": "user",
“content": [
f" The current action is moving to the right, and mvoing forward. The goal is to craft a crafting table. Please describe the future actions”,
*map(lambda x: {"image": x, “resize”: 768}, frames[0:2]),

1,

H{

lel": "gpt-4-vision-preview”,
sages”: PROMPT_MESSAGES,

:_tokens": 2000,

PROMPT_MESSAGES)
4 »

In [147]: M result = client.chat.completions.create(**params)
print(result.choices[0].message.content)

Since you've collected wood, the next steps to craft a crafting table in Minecraft are as follows:
1. **Open your inventory** ('E key by default) to bring up the crafting screen.

2. **Place the wood logs** you've collected into one of the crafting slots to turn them into wooden planks. Each log will cr
eate 4 wooden planks.

3. **Collect the wooden planks** that you've created by dragging them into your inventory.

4. **Fill all four crafting slots** in the 2x2 crafting grid (available in your inventory screen) with wooden planks to crea
te one crafting table.

5. **Collect the crafting table** by dragging it into your inventory.
6. Close your inventory and **select the crafting table** in your hotbar.

7. **Right-click on the ground** to place the crafting table.

Once the crafting table is placed, you can interact with it to use the 3x3 crafting grid for creating a wide array of more c

omplex items. That's the basic process for crafting a crafting table in Minecraft. Now you're ready to begin crafting more a
dvanced items and tools.

310 HMRMABE R ESRBTRER GPT-4V #E1 Minecraft AN FTEERTERE, B, BATIMIAMIH

1T4RS, ARIEA GPT-4V iR, BRENMNERERRS N
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GPT-4-Vision

R

XL "HimiAas "BkEpysnm, MERIG. M EEITH—
M. A—aigEEmERtERTREMRT 4. BEFE
REEMNIE. SSEMIE, ERAPAEIRREARmEE
Pis3s ==Y S

i

GIReABEEHME EER, S3RENKES, H5/1
NF=ES), ARSHEARYS, REERS—D
AR LERIENFE— B 1%,

Bl 32: GPT-4V BEfEA (Bleeding Edge) FREBB=ZAMAAMNARERDROBRERBRXHIAT. H
T A GPT-4V BNKEM (48 t) , FHAVAMBARIGAM, HES—M EEMNS WEEFRT) -
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GPT-4-Vision

These are frames of a video of a Flight Simulator gaming player
ordered from left to right and top to bottom. Give a simple, but
precise description of what the player is doing in 1 sentence. Be
specific about important items, entities, and actions. In your
description do not mention specific frame numbers or the name of
the game.

Prompt:

Video input:

In the images from the flight simulator
game, the player is piloting an aircraft,
taking off from an airstrip over water,
adjusting the cockpit controls, and
navigating through the game’s interface
to manage the flight, while dealing with
an alert about low airspeed and the need
to increase it to avoid a stall.

80
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GPT-4-Vision
Prompt:

These are frames of a video of an ASSASSIN’s CREED ODYSSEY
gaming player ordered from left to right and top to bottom. Give a
simple, but precise description of what the player is doing. Be
specific about important items, entities, and actions. In your
description do not mention specific frame numbers or the name of
the game.

FIENZS

Video input:

Output:

The player is engaged in a large-scale
melee combat scenario, controlling a
character with red accents on their
armor, and 1s prompted to use a "Bull
Rush Ability" as indicated by the on-
screen instructions. The environment is
dark and fiery, suggesting a battlefield,
and the player's character is facing
multiple enemies marked with level
indicators and health bars overhead. The
action 1s part of a tutorial or combat
sequence where the player learns and
executes combat abilities.

Bl 34: GPT-4V BEBENIEXY (RIFEFRER) ENEEXHATHER, ETF GPT-4v TR HEER
e, Bl "E—AEakH, BEFNAGEE#HITRELGS}, TR ANBIERRINREIRET,
EERFHIBREHKESD WQFHR) S MIEFRETENHRALS, FNEEMIIMNREENLE
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HE". RTRAREMMN, BRITERT —EHEBHOOXEM (8 1) KEEF GPT-4V, HiTBEMIMAENXE
i, MAGERAME (W0 EEFR) .
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GPT-4-Vision
Prompt:

These are frames of a video of the GEARS of WAR 4 gaming player ordered from left to right and top to bottom.
Give a simple, but precise description of what the player is doing. Be specific about important items, entities, and
actions. In vour description do not mention specific frame numbers or the name of the game.

FIENZS

Video input:

Output:

Based on the sequence of images provided, here is a general
description of the player's actions in a video game:

The player is navigating a character through an industrial environment
at night, taking strategic cover behind various objects like crates
and walls. The character is armed and engages in combat with enemy
entities. The player uses firearms and possibly melee attacks, as
indicated by close-quarters combat. They appear to manage their
ammunition and health, indicated by visual cues such as a flashing red
indicator on the screen, which often signifies damage to the
character.

Additionally, the player seems to be moving tactically, shifting
between different cover positions to advance or defend against the
enemy. There is evidence of a protective shield being activated at
some point, which suggests the player is responding to incoming fire
by using defensive abilities. The character also seems to be reloading
their weapon, suggesting an element of resource management during
combat. Blocod and impact effects indicate successful hits on the
enemies.

The player's character collaborates with allies, as other characters
are seen in the vicinity, engaging in similar combat actions. The
environment has interactive elements, such as exploding barrels, which
the player might use to their advantage.

The scenes depict fast-paced action with a focus on strategic
movement, shooting, and situational awareness to overcome adversaries
and possibly achieve a specific objective within the game.

35: GPT-4V BEfIE R (HiF#128 4) (GEARS of WAR 4) FSRAEMBRXMRRER, GPT-4v KIEIR
HNBRNEERRE, IRE—TMMREENRREXIMEHESH}, LABBITUHESEESH.
AEEEER, BEeX, EXTXERNFR, FABENEERASEHARS. BIRINMEERERR
AENBREEE. MBMAFA. REFS ENARERTZIGE UR#ITIHERENE}, IR LKRIEREA
ARE, ATHBEREERBHBHXEHToIXE. B, IRNABILUEANKELI, XAJEER
T—MFEREENIGRETRE, LIRS, A TRAREENMM, RITEFRT —LXEM (10 1) RIXEF
GPT-4V, FEMRIMMAESDXEM, MAEANE (W LEFTR) -
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XEGREE T RTRNE, EXBHEEE. SHMSHRA, AR FH AT RESSIF RS E R

'

F 88 GPT-4V

Y0 36 Fiws, RIEN (EFRFH) =BHBY 10 MASAFY, GPT-4v RERMH THREMITENHITEIH—
RRfER, GPT-4V &R~ "XREEGWRT (EFFG7) FEFH—RIIEHN, BRTIRERY FEHNE
&l LUTFRIZFFIBVHER

D) MEUEE—MCEEE. HAAMIBBETRENT, BRI FERXMATEENAE., t]mx
E-IPREETRIMR, EMRET—TERHEHBIMR,

2) MRFI—PTURER, AJRER— DRI I, BES— 1A%, HUD (FHRERSE) EXT "MEE "M
&, XRAGRS NPC (FFRAR) #1777 R, BrIERESERIER.

3) MRINFIEIREE NPC "MEE "ERNPEHFT, XETRE NPC FH AR EM RS EES

o

4 MEERMERT T —NRERBVESEH, AEIFMKRSIB—N5FR "AF R "BXBHET.
5 MREBFRBIMEE, MWSHRHEXERT BNESHER, XERERY ESIHXERRNFE.

6) EXMEAEF, IRUFEMR—ENRHS5ZEH, MB—TMABFIINRNIETESIEEREHR
AR XIS I iE,

7) MERMALEIRESHRZ, EEBERNCHME, FTRERREWRENHER, BARARESHER.
8) MRENE—MIFERZIR, HUD FRIEH KU K", REAIKIEEHITHRRREIRY &5,

9) MRIEANFEFT, AJRRIRESHR, BAIRRRENLSFI—TEIFATEENACHETR, Bt
=k

10) RFELEBERNF—TRENKE, MPERCERE —FRERNFEZENE TR,

AXEEGR, IRMUFEERIT-IES, BEFERR. 5 NPC BB, WERRUKLATREERE HIEHE
Rt HUD 7T, iR, MIEXAMESEN, AmRBIToHAELEMERTERERS .
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Prompt:

These are frames of a video of the Starfield Console game player ordered from left to right and top to bottom. Give a simple, but
precise description of what the player is doing. Be specific about important items, entities, and actions. In your description do not
mention specific frame numbers or the name of the game.

Video input:

Output:

The images depict a series of events within the game Starfield, showcasing the
player's interactions within a mining environment. Here's a description of the
sequence:

1.The player stands in a dimly lit underground cavern with stalactites, accompanied
by another character in similar space gear. They face a highlighted waypoint,
indicating an objective or location of interest.

2.Moving through an industrial interior, likely a mining station, the player
approaches another character. The HUD (Heads-Up Display) shows a dialogue line from
"Supervisor Lin," which suggests NBC (non-player character) interaction and possibly
a mission briefing or update.

3.The player seems to be following the NPC, Supervisor Lin, through the cavern,
hinting at a guided segment of gameplay where the NPC leads the player to a specific
location or task.

4.A dialogue from Supervisor Lin suggests a decision point or mission update,
possibly directing the player to a new objective related to a "big vein" of
resources.

5.The player encounters Supervisor Lin again, who provides instruction or
information about metal deposits, implying the start of a mining task or exploration
of a new area.

6.In this frame, the player appears to be observing or interacting with a piece of
machinery, with another character, Isabelle, indicating an action or dialogue
related to equipment operation or technical work.

7.The player looks down at a rough terrain with two glowing objects, which could
represent resources to be collected or points of interest for the mission.

8.The player examines a specific resource, indicated by a HUD marker as "Beryllium
Deposit," suggesting a resource gathering or mining activity.

9.The player traverses through the caverns, potentially searching for additional
resources or navigating to the next objective, as indicated by another character in
space gear ahead.

10.The player is positioned in a darker area of the cavern, with two glowing markers
indicating a path or objective points to be reached.

Throughout these images, the player seems to be engaged in a mission involving
exploration, NPC interaction, resource ccllection, and possibly machinery operation
within a mining environment. The HUD elements like waypoints, dialogue text, and
mission updates provide context to the player's actions and the game's objectives.

36: GPT-4V BEWE79 X-Box XAl "2 "eMtBE R XNABTHR, GPT-4v RIEAXRAT R
RIPRME T BEMIERER. ATRARBIIN, BAhERT —LXEm (10 M) &KiXLs GPT-4V, Ff]1H
RS XM, FMERMNE (WLEEFRFR) .
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Zane Durante STBEKF BRI FE 4 BFHF:

durante@stanford.edu
PiE: https://zanedurante.github.io/

Zane Durante EHTBEMATSENENELE, BF Y ELIES. MHATMBEERIEE. BN
58AESERURATESREERPFEFNNA, METASIMEEEFRAMINEEIEREEZE
W&, AR T ERDRMEIEBAES MANHES. MNELIMRIERETEREARFEEESH
RERRLFEHZHF.

Qiuyuan Huang EE RN ERERENWAARITEFBAR D BFHRH:
gihua@microsoft.com
MIdt: https://www.microsoft.com/en-us/research/people/gihua/

BMEREERTNEEREBHIARER (MSR) REFSIINANBREMRR. MEMNHARMEEESEH
TEREFS). ZRSMBEAESRETE, [FrIRATEY. SANETRENREAISRE, BT
ERXATEENAIRMIESERE, BTHENHENFSITE,; URAT NLP IS RSHABREMIEE,

Naoki Wake EEERIMNFERERRARM TR BF
BRf¥: naoki.wake@microsoft.com

WIdE: https://www.microsoft.com/en-us/research/people/nawake/
Naoki Wake ARSI AHE ATV MAMEIS R, 1B SIS RHEA S BEBERARDEE

BEFERGNAL. tIEN ARSRIFTEHENTE. HEREMEZTAE, Naoki F 2014 FRERRK
FIRFZELIZEM, HTF 2019 FREEERESEAE LML

Ran Gong MNAZEEINARITENBFIELE, BFHH: nikepupu@ucla.edu

PIft: https://nikepupu.github.io

Ran Gong BN AZERIZANDR VCLA KREME T L, MR RTTRNBAF. HEVAE. i+8
NMBERZMTRFES, MARESRESIRINNRE, BREeISRERRIMERBRTREESIE
TR, UkE5 ANEMENEES. MEMMNAFEERZINIRRETENBHFES TREFTFM,

Jae Sung Park ERWIAFIE L4 BFHIFE:

jspark96@cs.washington.edu
PRiL: https://homes.cs.washington.edu/~jspark96/

Jac Sung @—RELE, ST Yejin Choi Ml Ali Farhadic IR E R R AEBESIESEINHIZEEHN
B, MRMBHNENREEERFEEHMSSURERNEESHNEM, HiHRRDUAXLIBEMNGEESNS
NIEEZIEAAR, Jae Sung EMMAFEARF O RIAGIHENRFEFE T H L,

Bidipta Sarkar TIB@KFEARRILE BFHFE:

bidiptas@stanford.edu
PIRE: https://bsarkar32l.github.io/
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AT EreE
BN Z RS BRI =
bbiBE - =R/ (Bidipta Sarkar) EBEMEEAFN—RZAKOAAHRLE, HWEHIELE ILIAD TREMKR. 1!
WHARERECIBESIFREIHEER M S AXMEMBE FTRE—E TN A TE AR,

FRENZS

Rohan Taori HTIEEARFE BB FIELE BFHRFE:
rtaori@cs.stanford.edu

Ptk https://www.rohantaori.com/
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Rohan Taori ZHTERALEREEREN—RELE, MNAREREARIALERRLEPRINEF S EHM
o BRI, Rohan RN T FHRABIESHRENLRE, MHH#THIE, EERANERIERTF. I, FX
EIIERIES EENSIRSEAIFERNE, EHEBNEGMAIAHITHE, Rohan FEAIMAFHZF]
DERRFH BN ZEFE L FL

Yusuke Noda EERHTIEIN, ERTMNEERBHNFNAT] . BFHMH:
yusuke.noda@microsoft.com
PIYE: https://www.linkedin.com/in/yusuke-noda-908797/

FHIEN BRI TFENBaRERGIREM, ST Xbox One Fl Xbox Cloud Gaming ;i Xk EAHZRIIHIFF
%, HEBTE 16 ENEIH BRI ARSRNEMEE T ALK,

Demetri Terzopoulos I AF B D RAFIEHIR. REFFRXHBNBERM IR, BFERHF:

dt@cs.ucla.edu
M. https://web.cs.ucla.edu/~dt/

Demetri Terzopoulos 1§ MM AZEZH DRI ENAIZ AV EBUSTIRKEIR, HBEMMNAKFEZ
ARITENERSMEEREE R, MEEBEEET ATIEIELQF VoxelCloud, Inc. EX& 1A AR E ER
FR, WHNEXGESLHIREBEHRR. CHERFESR (FRS) MMEAERFSR (FRSC) HARR. EE
IHENNE (ACM) ARG, BSMBFIREINFES (IEEE) XHARE. TAATIEENS (AAIA)
RR. BRIBEAFS (ETD AEHARE. RUNEFERE (EAS) MALNRFER (NYAS) Bit, UK

Sigma Xi #E =R,

Yejin Choi fEESUI A% Wisnner-Slivaka HEEZIE 3 Brett Helsel H#%. X AL EEM RIS AMRSIENE
RRAZEMRR,.

FFHBH:  yejin@cs.washington.edu
PHiL: https://homes.cs.washington.edu/~yejin/

I8 B L RRIIA F LB BRI BB B REREEE, UNRICATLEEMAERAARE
B, thETF 2018 FRIGREHE-EREMIRWE, tET 2020 FREZRMZEEIRFE, MBRT
AAAI 2020, Neurips 2021, ICML 2022 #1 ACL 2023 BIfLFHEILEE, LUK NAACL 2022 #l ACL 2023 B&fE
I, HhE COLM 2024 FIFEELHLAEZ —, COLM 2024 B— N EFTFIESEEMRNFERTF, MY
FERRAKBEEAESRIE. NBFIMATERIANEIREE, HFWHENAREMRFAXEE
2 B934,

FX € BRAF I BN R HIT BT ap:
feifeili@stanford.edu
PIiE: https://profiles.stanford.edu/fei-fei-11i/

FERHERAFHBENRZRG RO IR, URIMERUANFOHATE ARG EE. 2013
FE 2018 F, WEEMBEAFATERLEEETE, ME2017F18 F2018FI8 METBERARFAREAIE

, FERTEESHREISE, HEASRTAMLERERZER. ItE, #ESREHTRUELTEETEEEM
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SREIR)

Katsushi Ikeuchi A AT SR EERFTELIE, IEEE X5t AR, ERTNEESE, IEEERS
&+
= o

BBFHB:  katsuike@microsoft.com
PRYE: nhttps://www.microsoft.com/en-us/research/people/katsuike/
Katsushi Ikeuchi {1 1973 FREBRAEAFZNHIEF TF M, 1978 FREBARAFEEIEFLF(L

EMEERTFRATERIVETF=F, FEFBMERTLEBIREETHELF, ERABEERT
M AR I+,
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EEFRAZTURIZMERFRIE 19 FEG, thTF 2015 FMABEIEEEREHRR. 7 CMU AR AZEEER
HRiE], MBS T 50 ZRE L,

thAIER ST BRI BN, B ANMITENGIE, EXLEHRRME, tESART[RELEXE, BF
ITEMBETHRELE-T/RE (David Marr Prize) MIEBSFBFIRMNENBEAS BV FRHNEERRLD
BREXFIEXE,

R RRSEIE: IROSIS. ITSC9. IVOl. ICCVOS. ACCVO07. ICCV17 BIEERE; CVPRI6. ICCV03
« ICRA09. ICPRI2, ICCVI15WIMBEE; JCV B EIC (2000-2017) , IWITS BY EIC (2012-2014) , &IE
&

IEEE Trans.RA. IEEE Trans.PAMI #5%5; 2000-2002 £ 4E IEEE 5 S EE AWM, 2004-2006 F1E
IEEE Ml23 A5 Bt FSAHHIT, 2008-2010 F£4F IEEE B FSAH I,

B XA R =ARS, 4 IEEE. IEICE. IPS] #1 RS IRFEBMMRR, ifIRISE T IEEE-PAMI &
MABARRR., BAXREMENEEFTENE. NNV EAMARK)NRZUKRBERE W ihE g N % I

Hoi Vo AR R RERFEA X-Box FiSE A, ERWMMEBERE, BFH04:
hoiv@microsoft.com
PRYE: nhttps://www.linkedin.com/in/hoi-vo-193420/

Hoi Vo BRI IR ATAR R, TETERE AGI SR IP. 7EEI Xbox ARG HERIZET
KRR, AOSTHERSEMRNEMIERIIE, BIERHMEREY Windows Azure &, RN TEERZML
ATERRY, EEELSGERET, ARANBERARNBUBHERNINNATS, SEMFRE, &
HEBENEEMIERER,

=8l HRARAERFR. B2, [EEE 2R, MHRHARR, ERMMEERE, IEEE Fellow,
EBFERE:  jfgao@microsoft.com

MIk:  https://www.microsoft.com/en-us/research/people/jfgao/
SOBET2MAMRRABRIEERK. BIBRK, IEEE Fellow, ACMARHER, MERGHARREESIA
HEK. 2014FE20175F, MENRATEEMARMNEERERRARFTREZ IRAFRL (DLTC) BE
AL A TEREEFUFRREE, ASHRL TN HEENEHNATISERRASE. WERNFXA
FEGRAIBRRESFS (W ACL/SIGIR 2018 Tutorial. Deep Learning 2017 Tutorial #1 IJCAI 2016 Tutorial 5%
MS RERMLE) , HASHFLEIE. VISFRIRER (MRC) MBERE (QA) MATIERRS. M 2022 F
Frig, MASERTEATISENMR, HP LLM (F190 ChatGPT/GPT4) #IZRMIFRAFHLE LA
TERARSR.
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FN 14551251 Peter Lee. Doug Burger. Desney Tan. Johannes Gehrke. Ryan White. Ece Kamar. Subhojit Som
# Kareem Choudhry Y. KN ZFFMEEM. FATXEIK SR, Spencer Perreault. Dave Bignell. Katja
Hofmann. Sam Devlin. Shanzheng Tan. Raluca Georgescu. Bill Dolan. Nebojsa Jojic. Sudha Rao. Adrian
Brown. Andrzej Banburski-Fahey. #ZFHE ARHRIRANITICMEBD, FHATZX# Kiran Muthabatulla
Antonio Criminisi. Tom Cashman. Nguyen Bach. Jennifer Marsman. Mesh FIFABY Jaron Lanier. HEXEY
OCTO FRER office FIPARE SIS T1F. #EE TR 1% 24101 B AU BRI A BA R [ IR FRA 455 71 /R 359
Paul Bennett. Corby Rosset. Michel Galley. EM. EEM. PRIE. Silviu Cucerzan. Ahmed Awadallah F
Saleema Amershi ¥ NLP Z83He HEVRINAI R . EE ROV Paul Smolensky. Yonatan Bisk. FRAJE. E
BE. ERE. . HE. SR/, BFH. KILZE. Dragomir R. Radev. Daniel McDuff. Harry Shum Xf
AXBIERBIALIE. WiE. B FREMBZREF USRI EER. &E, KR OREHHR
HolulensZBA. #ERX-boxFIBAFIMeta QuestFIFAIEBIIRHi%%; MSRAFRTIE (CE) HIFA. FER343HBAIR
HEIBERENEE; HMRAOAIFIGCREIBAIR Azure-OpenAIR IR o

EMNEBRGHNIEREAE "ATEHEHBIET K XAR" (Partnership in Al-assisted Care) BIREIZE(], ffilrz
ARPIRITHETT N BiRE T 88, FHNIILHEE RIS Ehsan Adeli. Paul Tang. Amit Kaushal. Roger Bohn.
Kevin Schulman 1 Arnold Milstein BYIGERZ I ZNIRFIIE S,

KIAREE T AR Fair 2023 f3%% HackBox 2023 #1 OCTO HARABISZ 1,
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