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1. Bcryn

1.1 MeTta Ta 3aaa4a J10CJaOiIKEeHHA

MeTor0 1aHoro A0CHiKeHHs € po3poOka Ta aganTaiis apxirektypu [1I-arenta, 1o
3IaTHUI CaMOCTIHHO BUKOHYBATH MOCIIIIOBHI 3aBJaHHs 0€3 y4yacTl JIIOAUHU, 30KpeMa
3a0e3MeunTy HOro 3aTHICTh TUIAHYBaTH, aHATI3yBaTH 1H(POPMAIIiO Ta BAKOHYBATH il
B CEPEIOBUIII CUMYJIIT. [Ij1st JOCATHEHHS 1€l MeTH OyJIM IMOCTaBJICH] TaKi

3aBOaHHA:

1) BUBYMTH OCHOBHI MpOOJIEMHU CydyacHUX BeIUMKUX MOoBHUX Mmozenen (LLM) ta ix

00OMEKEHHS Ioa0 JOBroCTpOKOBOIO IIJIAHYBAHHSA 1 BUKOHAHHS HOCJ'IiI[OBHI/IX 3aBAaHb,

2) po3pobutu apxitekrypy LlI-arenra, 3maTHOTO MpaIoBaTy 3 MiHIMAJIbLHUM

KOHTEKCTHUM BIKHOM TTIPH 30€peKEHH1 KOTEPEHTHOCTI;

3) BOPOBAAUTH Ta MPOTECTYBATU MOIYIbHY CTPYKTYPY CUCTEMH, IKa BKIIOYATHME

cynepeizop, areatu Ta API;

4) ouiHUTH €(hEKTUBHICTh 3aPOIIOHOBAHOT CUCTEMH IUIAXOM MOPIBHSAHHSA 3

OPHUTIHAJIOM 010 BUKOPUCTAHHS TOKCHIB Ta BapTOCTI.

1.2 AKTyaJIbHICTh TEMH

[TosiBa Benukux MmoBHUX Mozeinel (LLM), 3acHOBaHMX Ha apXITEKTypi
TpaHcpopMepiB, CTaia PEBOTIOLIHHAM KPOKOM Ha HUISAXY PO3BUTKY ILITYYHOTO
THTEJIEKTY. 3 KO)KHUM HOBUM KPOKOM Y 1/ Taily31 MOMJIMBOCT1 MOZIEJIEH HEYXUIBHO
3pOCTalOTh, IO BIJKPUBAE HOBI TOPU30OHTH I iX 3actocyBaHHs. CydacHi LLM
Terep 37aTHI He JIUIIIE CKJIaIaTH BIPIII Ta CKJIAJIaTH YHIBEPCUTETCHKI ICTIUTH Ha

BHCOKI OITIHKH, a ¥ BUPIIITyBaTH 3aBIaHHS PIBHS OJIIMITIQJHUX 3MaraHb 3 MaTeMaTHuKU

[1].

Opnak, He3BaKAOUM Ha BCI 111 Bpakaroui focsirHeHHs1, LLM Bce 11e cTUKaeThes 3

CEpH03HOI0 MPOOIEMOI0: BOHH HE MOXKYTh CAMOCTIMHO BUPIIIYyBaTH 3aBJaHHS, K1



BUMAraroTh BUKOHAHHS BEJIMKO1 KIJIBKOCTI IOCIIIIOBHUX KPOKIB 0€3 BTpyUYaHHs
monuHA. 715t BUPIIICHHS CKJIAIHUX 1 KOMITJIEKCHUX 3aBJaHb BCE 1€ TOTPIOHA Y4acTh
JIIOIMHMU, KA IONIOMaraTuMe Mojiesi 30epirati OoKyc Ha BUPIIIEHH] IPOOJIeMH,
miKa3yBaTy MpaBUIBHUIN HANPSMOK Ta kopurysat ii aii. Lle BigOyBaeTbcs yepes
0OMEKeHE BIKHO YBaru Ta 0COOIMBOCTI CIIPUMHATTS MOTOYHUX apxiTekTyp LLM.
Kounu 11€ BIKHO MOBHICTIO 3aITOBHIOETHCS, TEHEPAIlis TEKCTY MOJEISAMU CTa€ MEHIII
KOTEPEHTHOIO 1 MOYMHAE BIAXUIISTUCS BiJl TOYATKOBOTO 3aBnaHHs. HaBiTh y Mexkax
CBOT'0 KOHTEKCTHOTO BiKHA, MPU HOT0 MOBHOMY BUKOPUCTAHHI, MOJIE€Jl TOYMHAIOTh

BIJIUYBaTH MPOOIEeMH 31 CHPUIHATTAM Nepeaanoi iM iHdopmarii [2].

s mpoGnema npu3BOAUTH A0 HEOOX1AHOCTI MOUTYKY CIIOCOOIB CKOPOUYEHHS
HEOOX1THOTO KOHTEKCTHOTO BiKHA, @ TAKOX CTUCHEHHS 1H(popMaIlii s e(heKTUBHOT

00pOOKH MOBHOKO MOJICILITIO.

1.3 TeopeTr4yHe TAa NPAKTUYHE 3HAYCHHS Pe3yJIbTATIB,

MOKJIMBI raJy3i BAKOPUCTAHHS

Jlns BUpilIeHHS 11i€T 3a/1a41 B paMKax 1€l poOoTH OyJ10 aanTOBaHO apXiTEKTyPy
[I-arenTa [3], 31aTHOTO CaMOCTIMHO BUKOHYBATH MOCIIOBHI 3aBJJaHHA 0€3 y4acTi
monuHA. Takuii areHT MOXKe TUIaHyBaTH Ta aHali3yBaTH 1H(OPMAIIiF0 CAMOCTIHHO.
JleMoHcTpallis kKoHIeii Oysa mpoBeaeHa y GopMi CUMYJISALIT MOBCAKACHHOTO KUTTS
TPBOX areHTIB, SIKI CAMOCTIMHO aHANI3yIOTh OTOYEHHS Ta MO, 10 Bi10YyBarOThCH,

IUIAHYIOTh CBOI1 [I1i, B3aEMOJIIIOTH 3 00'€KTaMU Ta OJIUH 3 OJTHUM.

BaxxnuBuM MOCATHEHHSM I11€1 pOOOTH CTANI0 3HMKEHHST BUTPAT HA CUMYJIAIIIIO,
MOKPAIIEHHS MPOTYKTHBHOCTI CUCTEMH Ta BIPOBAKCHHSI MOAYIBHOI CTPYKTYpH
MIPOrpaMHOTo Komy. Tako BAAIOCS 3HAYHO 3MEHIITUTH BUKOPHUCTAHHS TOKEHIB: B
OpHUTIHAIBHIN CUCTEMI BUKOPUCTOBYBAIOCS ONMM3bKO 1.7 MUIbIIOHA TOKEHIB, TOA1 SIK Y
MpeACcTaBIeHIN y 111 poOoTi cuctemi — npudau3Ho 40 THCSY TOKEHIB, 3a

aHAJIOTTYHUX MapaMeTpiB (HOTUPHU KPOKH CUMYJISLIT Ta TPH areHTH).



2. OCHOBHA YaCcTHHA

2.1 IlocTanoBka 3axaui

VY mporieci po3poOku Ta amanTallii Cyq9aCHIX MOBHUX MOJICJICH ISl BUKOHAHHS
0e3:1141 pI3HOMaHITHUX 3aBJaHb PO3POOHUKH YACTO CTUKAIOTHCS 3 TPOOIEMOIO
YOpaBIIiHAS TUMH MojesiMiu. OCHOBHA CKJIQIHICTh IOJISITA€ B TOMY, 1110 MOBHA
MOJIEJIb, CTBOPIOIOYH TEKCT, MOXKE BTpAaYaTH IOYATKOBUI KOHTEKCT, BIBOIKATUCS Bij
OCHOBHOTO 3aBJIaHHS 1, 3pEIITO0, HAJABaTH PE3YJIBTATH, SIKi HE BiJIIOBIIalOTh

OYIKYBaHHSM.

Jlnst po3B'si3anHHs 1i€i mpoOiaemMu B 11l poOoTi po3poliieHa [7] apXiTeKTypa ITYyYHOTO
areHTa, siKa I03BOJIsIE 0OMEXKYBATH MTPOCTIP JOMYCTUMHUX 3aIUTIB 1 BIATOBLAEH
MOBHOI Mozieni. KpiM 11poro, apxiTekTypa BKIIFOYa€ B c€0e KOMIIOHCHTH, 1110
3a0€e3Meuy0Th CTBOPEHHS 1 MATPUMAHHS MaM'sTi PO MUHYII MOALT, a TAKOX

THYYKHA MEXaH13M aHajli3y 1 00poOKu oTpuMaHoi iHpopMaIrii.

Ku11040Bi CTPYKTYPHI eJieMeHTH IPOrpamMu
1. Cynepsgaiizep (World Engine, WE)

Cymnepgaiizep Mae GyHKIIO yIpaBIiHHA MOBEIIHKOIO areHTiB y cumMyisiii. WE
KOHTPOJIIOE CTBOPEHHSI CUMYJISIIIT Ta HATOBHEHHS 11 areHTaMu, a TaKOX MepeBipsi€ 1
3aCTOCOBY€ BC1 3MIHM, BHECEHI areHTaMu B oroueHHs. Kpim Toro, cynepsaiizep

BIJIMOBIAA€ 3a IHKATCYIAIII0 TOMWIOK, 1110 BUHUKAIOTh Y MPOIECi CUMYJIALIII.
2. OTo4yeHHs

OToueHHS — 11 CepeIOBUIIE, B paMKaX SIKOTO areHTH 3I1MCHIOIOTh CBOIO JiSIbHICTD.
OToueHHs HaJa€ areHTaM MOXKJIMBOCTI JJIsI CHPUMHSATTS Ta B3a€MOJ1l. Y TOTOUHIN
peatizallii OTOYeHHs MPEICTABICHO OJHIEI0 KBAPTUPOIO 1 30BHIMIHIM CBITOM, SIKUN
(haKTUYHO € 111e OJIHIEI0 KIMHATOO, JIe MOYKHA BUKOHYBATH YMOBHI JIi1, HEIOCTYIIHI

JUUIS BUKOHAHHS B KBApPTHUPI.



3. ATeHTH

ATEHTH MPECTABISAIOTh COO0I0 OCHOBHHX JIHOBUX 0CI0 CUMYJIsIIi. ATEHTH MOXYTh
BUKOHYBATH K MOCJI1JIOBHI, TaK 1 KOHKYPEHTHI Jii. Y gaHii peaizanii areHTu
3M1ACHIOIOTH CBOT JIii MOCIIOBHO JIJIsi CIPOIIEHHS TPOrpaMHoOi 0a3u 1 CHHXpOHi3aIlii

M.
4. 3B’s13y10ua janka (API)

3B’s3y10ua JaHKa € MOCTOM MiK MOBHOIO MoAeJUTIO 1 arentamu. API no3Bossie

OTPUMATH BiAMOBIJII Bl MOJIEIi 1 IepeaaBaTH iX areHTam ISl oJaIbIInuX JTii.

IopsiioK BUKOHAHHA CUMYJIALII

Cumynirii BUKOHYIOThCSI TIOKPOKOBO: KOXKEH KPOK JTIOPIBHIOE 12 XBUIMHAM
BIPTYaJIbHOTO Yacy. AreHTaM 3MOjIeJIbOBaHa MOBCSK/ICHHA JISUTbHICTD, 1] Yac KOl
BOHU BUKOHYIOTh PI3HOMaHITHI /i1 3aJI€3KHO BiJl Yacy A00U: BHOY1 BOHU CILUIAT,

BpaHIll CHIJAI0Th, BCHB MPAIIOIOTh, @ BBEUEPI MPOBOJSATH CBIM BUIHHUII Uac.

Ha nanuiit MOMEHT OTOUEHHSI OOMEXEHE OAHIEID KBAPTUPOIO 1 30BHILIHIM CBITOM,
SIKWH, TI0 CYTi, € Ie OJIHIEI0 KIMHATOO, IPU3HAYEHOIO JIJIs1 BUKOHAHHS i,
HEMOKJIMBUX yCEepeIuH1 KBapTUPH. Y L1l KOH(Irypalii CUMYJISLIT areHTH MOXKYTh
MIPAITIOBATH SIK MOCIIOBHO, TaK 1 KOHKYPEHTHO, OJTHAK IMOTOYHA MporpaMHa 6aza

nepeadayae BUKOHAHHS TOCTIAOBHUX 1M JJIS CIIPOIIEHHS.

BaxxnuBo 3a3HaunTH, 110 3aMIPOIIOHOBAHA APXITEKTypa HE 0OMEKYETHCS CUMYJISIIIEO,
CXO’KOI0 Ha TEKCTOBY Bepcito rpu «Cimey [6]. Llg cTpykTypa Hagae MOKIUBICTh
3a/1aBaT areHTam Sk JI0BUIbHY MOBEIHKY, TaK 1 KOHKPETHI 3aBanHs. Hanpukian,
B3a€EMOJIIS 3 IPEeAMETaMH B CUMYIISIIT MOXKe CIIyTyBaTH iHTEpheicoM 10 30BHIIIHIX
API, Takux sSK KOpHopaTHUBHA TOIITA, MTONTYKOBI CUCTEMH, XMapHI PEIaKTOPH
JIOKYMEHTIB 1 TaOnuIh. TakuM YMHOM, areHTH, B3aEMO/I1F0YH 3 00'€KTaMH OTOUYCHHS,
gyepes3 MPOKCI MOXKYTh peai3oByBaTH B3aEMO/IIIO 13 30BHIIIHIM CBITOM 1 BUKOHYBaTH

poOoUi 3aB/IaHHS.



[HIIMM BapiaHTOM BUKOPUCTAHHS LI1€1 apXITEKTYpU MOKE CTaTH CTBOPEHHS HEIPOBHUX
nepcoHaxis (non-player character, NPC) y Bigeoirpax. Bukopucranus Takoi cucteMu
JTI03BOJIUTH CTBOPIOBATH MIEPCOHAXIB, SIK1 HE OyIyTh OOMEXKEH1 3a37a1eT1/1b
BU3HAYEHHUMH J[1aJIOTOBUMHU OMIIISIMU 200 JisSIMHU, 1110, Y CBOIO YEPTy, MOXKE 3HAYHO
T1JIBUIIMTH PiBEHb 3aHYPEHHS B IrPOBUM CBIT 1 B3a€MOJIIFO TPABIIIB 13 BIpTyaIbHUMH

TIepCOHAKAMH.

2.2 KomnmoHeHTn

[lepr Hi>k TIEPEXOUTH IO ACTATHHOTO aHAJI3y KOKHOTO 3 KOMITIOHEHTIB, HEOOX1THO
chopMyBaTH 3arajibHe pO3yMIHHS CTPYKTYPH PO3IIISyBaHOI MporpamMu. Y naHiit
poOOTI OCHOBHMI KOJI CKJIAJIA€ThCA 3 YOTHPHOX OCHOBHHUX 1 OAHOTO JOTIOMI?KHOTO
KOMITOHEHTA, 5Kl BUKOHYIOTb Pi3Hi, ajie BXJIMBI POJIi B 3arajibHil apXiTEKTypi
cucteMH. Ll KOMITOHEHTH BKJIFOUAIOTh: 010J110TEKY JIJIsl BiAnpaBiieHHs 3anuTiB 10 API
OpenAl (momomi>kHUIT KOMITOHEHT), areHT, otodeHHs, WE 1 mpomixkuauii API st

MOBHOI MOJI€EII.
1. Bi0aioreka nus BianpasienHs 3anutis 10 API OpenAl

Lei JOTOMIXXHUN KOMIIOHEHT CIIyTrye 1HTepdercoM s B3aeMOJIi 3 30BHIIIHIM API,
nananuM OpenAl. loro 0CHOBHIM 3aBIaHHAM € CIPOIIEHHS IPOLECiB GOpMyBaHHS
3aIMUTIB, BIAMpPaBIEHHS iX 10 cepBicy OpenAl 1 orpuManHs Bianosiield. Baxxmuso
3a3HAYUTH, IO X04a 1€ KOMIIOHEHT € JOMOMIKHUM, BiH KPUTUYHO BaXKITMBHUH JIsI
3a0e31eueHHsT KOPEKTHOI pOOOTH BCi€T CUCTEMHU, OCKIIBKH B1J] HOTO €(DEKTUBHOCTI

3aJIEKUTh 3arajbHa NPOAYKTUBHICTh 1 HAA1MHICTh B3aemoii 3 APIL.

2. ATeHT

[lepmmii KITFOUOBUN KOMIIOHEHT — II€ areHT. ATEHT sBJIsi€ COO0I0 BUKOHABUY
OJIMHUIIIO, IKa 00po0IIsie OTpUMaHy 1H(OpPMALIiIO 1 BUKOHY€E BU3HAUEHI i 1.
3anexHo BiJ 0e3i14l pi3HUX MapaMeTpiB 1 YMOB, areHT MOXKE IPUIMAaTH PIIICHHS 1

KCPyBaTHu IIOAAJILINUM IIOTOKOM BHUKOHAHHA IIPOIrpaMHU. Horo 3aBJaHHs I10JIsIra€ B



00poOI111 OTpUMaHUX JaHUX 1 BUa4l BIAMOBIIHUX BIJIMOB1ACH ab0 pillieHb Ha OCHOBI

3aKJIaJICHOI JIOTIKH.

3. Orouenus

OTO4YeHHS — IPYTHiA 32 BAXKIUBICTIO KOMIIOHEHT HaIoi cucteMu. OTOYeHHS MOYKHA
PO3MIIAIATH SIK KOHTEKCT, y sIkoMy (DyHKI[IOHye areHT. BoHO BKitouae B cee BCl
30BHIIIHI (DAaKTOPH 1 JIaH1, 3 IKUMHU B3a€MOJIIE areHT y TIPOIIeCi CBO€ET pOOOTH.
OTo4eHHs BU3HAYa€ MPaBUIIa 1 yMOBH, 32 SIKMX areHT 3[1MCHIOE Ty YM 1HIIY Aito. Lle

MOXXYTh OyTH pi3HI 3MiHHI, CEpEIOBHINA JaHUX a00 MOTOYHI CTAHU CUCTEMHU.
4. World Engine

Cymnepsaiizep BUKoHye (YHKIIIIO YIIPABIIHHS MOBEIIHKOIO areHTIB y cUMYJIsiii. Bin
KOHTPOJIIOE CTBOPECHHSI CUMYJISILIIT Ta HAIIOBHEHHS il areHTaMu, a TaKOXK MepeBipsie Ta
3aCTOCOBY€ BCl 3MiHH, BHECEHI areHTaMu B oToueHHs. KpiM Toro, cynepsaiizep
BIJIMOBIAa€ 32 00pOOKY Ta IHKAICYJIAIII0 MTOMUIIOK, III0 BUHUKAIOTH IT1]T Yac

CUMYJISLII.
S. IIpomixumii API

I{eit KOMITOHEHT BiAirpa€e poJib MOCEPEIHUKA MK 010 TIOTEKOIO /71 BiATIPABICHHS
3aIUTIB 1 areHTOM, 3a0€3Meuy0ur CHHXPOHI3allIo0 1 nepeAayy nanux. [IpomixHui
API criporirye B3aeMo1iro Mix pisHUMHU YaCTHHAMH CHCTEMH, BUCTYIIAI0UYH 5K
CTaHJIapTU30BaHUI MexaH13M 00MiHYy 1HpopMallieto. Bin 00pobiise 3anuTw,
BIJIIIPABJISE IX MOBHIM MOJIEJII Ta OBEPTAE PE3YABTATH Ha3a] [l OJAIbIIOTO

BHUKOPHUCTAaHHA.

Takum yuHOM, Y CYKYITHOCTI IIi IT'ATh KOMIIOHEHTIB ()OPMYIOTH CKIAIHY 1
B3a€MOIIOB'SI3aHy CHUCTEMY, KO)KHA YaCTHHA SIKO1 BUKOHY€E CBOIO YHIKaJIbHY POJIb B

3a0e3neueHHl ii eeKTUBHOI pOOOTH.



| swoeen
World Engine Hperviees Agent

L
e

Supervises Uses

¥ ¥

Habitat ILLM_API

Uses

OpenAl Library

Sends requests to

Open Al API

2.2.1 buoaioreka aqs padorsl ¢ API OpenAl

Po3po0Oka BrnacHoi 6i0miorexu amst podotu 3 API OpenAl Gyna 3ymoBieHa
BIJICYTHICTIO OILIMHUX ITHCTPYMEHTIB 11 MOBH nporpamyBanHsa C# [5]. Ha MomeHT
MOYaTKy MpOEKTy He icHyBaso odiuiiHoi 016mioTexu, HagaHoi OpenAl nns
1HTerparii 3 ixuimu ceppicamu Ha Tuiardopmi .NET. Ichytodi pitieHHs, CTBOpeHi
KOpHUCTyBauaMu, OyJii mepeBaHTa)KeH1 (PYHKI[1I0HATIOM, 1110 YCKJIATHIOBAJIO 1X

BHUKOPHUCTAaHHA.

[I{o6 ycyHyTH Ll HEAOTIKHA Ta OTPUMATH IHCTPYMEHT, IO 33/10BOJIbHSIE KOHKPETHI
oTpeOH MpOeKTy, Oysia cTBOpeHa HoBa 0i0mioTeka. BoHa € JIerKuM pillleHHSIM, SKe
BKJIIOYAE JIUIIIE HEOOX1/THE MIIMHOKUHY BC1X MOXIUBUX 3anuTiB 10 API OpenAl,

BUKJTIOYAIOYU HAJUTUINKOBI (DYHKIII1, IO HE MAIOTh BIAHOIICHHS JI0 3a/1a4 MIPOEKTY.

OcHoOBHa (PYHKIIIOHAJIBHICTB I11€1 010TI0TEKH 30CEPEIKYETHCA Ha IBOX KITIOYOBUX

ACIICKTax:



1. CtBopennst embedding-BekTopiB: PoboTa 3 embedding-BexTopamu € HeoOX1AHUM
KPOKOM JUIsl IiITOTOBKHM TEKCTOBUX JaHUX Mepes] iX BUKOpUCTaHHAM y Mozeini. Hosa
010110TEKa 103BOJISIE €(PEKTUBHO HAJICUIIATH 3alUTU Ta OTPUMYBATH
embedding-Bextopu Big APl OpenAl, o 3a0e3nedye 3py4dHICTh Ta MIBUAKICT

00pOOKHU JTaHUX.

2. I'enepartist Texcty: ['eHeparrisi TEKCTIB € OJHIEIO 3 TOTOBHUX MOXJIMBOCTEH API
OpenAl. Po3po6nena 616110Teka CrpoIrye nporec HaJCHIaHHs 3aluTiB Ha
reHeparllito TeKCTIB, OTPUMYIOUYH BIJINOBI1 BiJl MO/IEJ1 Ta 0OPOOIIsIOUH iX BIJMIOBIIHO
10 BUMor cumyisittii. Lle 103Bosise iHTerpyBaTH 1HTENEKTyaIbHI TeHEpaTUBHI
MoxkuBoCTI OpenAl 6e3nocepeHbO B MPOEKT, 3a0€3MEUYI0UN BUCOKY SIKICTh

aBTOMAaTUYHOI TeHepallii KOHTeHTY.

2.2.2 Ilpomi:kunii API

[Tpomixuuii API npencrarisie codoro iHTEpdeiic, sKuii BKIIOYae B cede BCl
HEOOX1/THI METOAM JIJIsI BUKOHAHHS KJIF04OBHX onepatiil. Kiac, mo peanizye nei
1HTEpdEiic, BUKOPUCTOBYE CIeIiaizoBaHy 010110TeKy, IpU3HAUYCHY IS
BIJIMPABJICHHS 3alUTIB O MOBHOT MOJIEJI1, 3 METOI OTPUMAaHHS HEOOXITHUX JaHUX.
Taxuii miaxia 103BoJsi€ 3a0€3MEYUTH MOAYJIBHICTD 1 THYYKICTh CUCTEMU, PO3AUISIOUN
peaizalliio MOBHOT MOJIEIII Ta MOBEIHKY, HEOOX1THY 11 POOOTH KOHKPETHOTO

JoJ1aTKa.

IaTepdeiic BUKOHYE pOJIb KOHTPAKTY, IKOMY Ma€ BIJIIOBIIaTH Oy/b-siKa peasizartis,
BUKOPHCTOBYIOUA YM XMapHY 30BHIIITHIO MOBHY MOJICIb, YU PO3TOPTaHY JIOKAJILHO.
L{e 3a0e3meuye MOXKIUBICTD JICTKOI 3aMIHH OJHIET MOJIEIII Ha 1HITY 0e3 HeoOX1THOCTI
BHECEHHS 3MIH Y OCHOBHUH KO 1o/1aTKy. B pe3ynbrari, sSKilo BUHUKae notpeda y
BUKOPHMCTAaHHI1 1HIIOI 30BHIIIHHOI MOBHOI MOJIEN, YX JIOKAJIBHOTO PO3TOPTAHHS,
MO’KHA ITPOCTO peaidyBaru iHTep¢enc BiIMOBIIHUM YHHOM Ta IHTETPYBaTH

HEOOX1JIHY peaizallito Mpu 3amycKy cumyJsiii B pooodomy cepenosuili (WE).

Kpim Toro, noBepHeni cuctemoro embedding-Bexkropu oOMexeHi 256 3HaYCHHSIMH.

[le oOMekeHHsI BBEIEHO 3 METOI0 €KOHOMII 1amM’ATi. OOMeXEeHHS po3Mipy BEKTOPIB

10



JIOTIOMarae 3MEHIIUTH 00CsT 0OpOOTIOBAaHUX JaHUX, 1110 TPU3BOIUTH 10
MPUCKOPEHHST 00POOKM 3aMuUTIB 1 MiJIBUIIIEHHS 3arajibHOT €(DEKTUBHOCTI pOOOTH

nonarka. Takum unHoMm, npomixkHuM API He Tinbku 3a0e3neuye rHyuKicThb 1

2.2.3 World Engine

World Engine (WE)—i1e nenTpanbHe siapo cucTemH, 1o 3a0e3rneuye OCHOBHE
(yHKIIIOHYBaHHS Ta B3a€EMOJIII0 BCIX KOMIIOHEHTIB cuMysisiiii. [1i yac iHimianizanii B
HOT0 KOHCTPYKTOP mepeaacThes mpomMixuuit AP, sikuif Bigirpae posib MOCTy Mixk
PI3HUMU eJleMeHTaMu cuMyJsInii. Ha it ¢asi Takok reHepyrThCs areHTH Ta
OTOYEHHS, a TAKOXK BKA3y€ThCS IMOYATKOBE PO3TANTYBAHHS areHTIB y KOHKPETHUX

CTapTOBUX JIOKAIIISX.

[Ticnst 3aBepieHHS eTary iHiliani3alii 3amyCcKaeThCsl OCHOBHUMN ITUKJI, KU MpaIoe
MIPOTATOM 3a3/1aJIeTiIb 3aaH01 KUTBKOCT1 KPOKiB. Ha Ko’KHOMY KPOIIi ITUKITY
MOCTIIOBHO BUKJIMKAeThbCs MeToll Invoke koxkHoro 3 areHTiB. Lleit MeTon moBeprae
00'ekT TUIy Action, SIKHIl € CTPYKTYPOIO TaHHX, 1110 OMHKCY€E BCl AeTai

nepeadavyBaHoi Jii areHTa.

CrpykTtypa Action mpoxoauTs nporiec Bepudikaiii. ko nana ais kopektaa (TooTo
areHT HE HaMaraeThCsl BUKOPUCTATH 00'€KT, IKUI B3araji He iCHye, a00 KU
3HAXONUTHCS B 1HIIIH JOKaIlii, a00 HEe HaMaraeThCs MEPEMICTUTHCS B HEICHYIOUY
JIOKAIIIFO TOIIIO), TO BIAMOBIHA il PEECTPYETHCS B OTOUCHHI 1 BAKOHYEThCS. Y
BUIIAJIKY, SIKIIO i repeadavyae nepeMilieHHs, areHT (pi3uYHO MepeMILLy€eThCs B 1HIILY
JIoKaIlito. SIKIIo % CTPYKTypa Jii BUSIBISIETHCSI HEKOPEKTHOIO, PEECTPYETHCS MO,
10 JOKJIaJHO onucye moMuiky. Lls mozist Oyne oOpoOieHa areHToM Ha HACTYITHOMY

KpOIll, Ha/latouu oMy 1H(popmallito, HeoOX1IHY AJI1 BUNPABIECHHS TOMHWIIKH.

KirouoBuM enemMeHTOM Ha 11bOMY piBHI € cTpykTypa Event. Event BinoOpaxae a6o
yCHilIHy, a00 HeYCHIUIHY Aito areHTa. [Ipuknaau nmonai mormu 6 OyTH TaKUMHU:
" 1 " " :

JI>KOH BUKOPHUCTOBYE MIKPOXBHJIBOBKY NpoTaroM 12 xBunun" abo "Emniza

Hamarauacs epeMiCTUTHCS Ha KyXHIO, BAKOPUCTOBYIOUH JIBEpi A0 crajbHl! BoHa
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MOBMHHA 3MIHUTH JI110 400 BUKOPUCTATU NIPpaBWIIbHI ABepi". BakaIuBO 3a3HAYUTH, 110
3 TOYKH 30py areHTIiB yCl MOJii 0JJHAKOBI—HEMA€ PI3HUIN MK IMOII€I0 TTIOMUIIKH 1

moxaicro mii.

Meta Event — 11e nmepenaBaru eBHy TEKCTOBY 1H(OPMAIIIO BCIM areHTaM y JIOKaIlii.
[Tonii MarOTh TPUBAJIICTD, SIKA BU3HAYA€ YACOBUM THTEPBAJ, IPOTATOM SIKOTO BOHH
MOXYTh OyTH cripuiinsTi. Hanpukiaz, sKio moMuiKa Ma€e TpUBAICTh 1, TO BOHA
Oyze CIIpUIHSTa Ha HACTYITHOMY KpOLl. SIKIII0 K MU TOBOPUMO PO OUIBLI TPUBAILY
J10, HAITPUKJIaJ BUKOPUCTAHHSA JIKKa IPOTATOM 8 TOAMH, TO TPUBAIICTb MOJAIT Oyze

nopiBHioBaTy 40 kpokam (60 xBwiuH / 12 xBUnuH * § TOMH).

VYei monii 30epiraroThesi B MEXax JIOKAIlli Ta OHOBIIOIOTHCS HA MOYATKy KOKHOTO
KPOKY CUMYJISIIT. SIKIITO TPUBAIICTh MOJIl CIUIMBIIA, TO BOHA BUAAISETHCSA 3 JIOKAIi,
10 O3HAYa€, HAPHUKIAI, K0 JI)KOH MPUITMHUB BUKOPUCTOBYBATH MiKPOXBHIIBOBKY,

TO HOBOMpHOysa Einiza He 3HAaTHME MPO Te, 1O BiH 1l BUKOPUCTOBYBAB.

Taxum unHOM, World Engine 3a0e3mneuye miTiCHICTh 1 B3aEMOAII0 MIK areHTaMH,

MOJISIMH Ta OTOYCHHSIM, peali3ylouu CKIaaH1 CIieHapii B paMKaxX CUMYJIAIII].

2.3 ApxiTeKTypa areHra

ATEeHT Ma€ IBOKOMIIOHEHTHY CTPYKTYpy Ham'siTi, 110 BKJIFOYA€E MPOCTOPOBUIA Ta
3arajJbHUN KOMIIOHEHTU. B OCHOBI aM'aT1 areHTa JISKUTh Oe3MepepBHUI MOTIK
CHIOTaJIiB, 5IK1 (POPMYIOTHCS 1 BUKOPUCTOBYIOTHCS B Ipolieci cumydsiii. Ha koxuomy
eTani cuMyisnii (timestep) areHTy HeOOX1JHO BUKOHATH YOTUPH KJIFOUOBI 3aBJAAHHS:
CIpHUMaTH MOIii, 10 BiI0YBAOTHCS HABKOJIO, OOpOOISATH OTpUMaHy iH(opmariito,
CKJIQJIaTH SIK JIOBTOCTPOKOBI, TaK 1 KOPOTKOCTPOKOBI IJIaHHM, A TOTIM BUPIIITYBaTH, K1

JI1i BYKUTH Yy BIAMOBIb HA BUSBJIEHI MOII.

Jlnst peanizariii qux 3aBaaHb Oyiau po3poOieHi n'saTh GyHIaMEeHTAIbHUX (DYyHKIIIN:

Perceive, Retrieve, Plan, Reflect 1 Execute.
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1. Perceive

s pyHKLIS BIATOBIAAE 3a COPUMHATTSA MO/1M, 110 B1A0OYBAatOTHCS B O€3M10CEPEAHBOMY
oToueHHI areHTa. Bona 00po0iise Bci BXiJIHI MO/111, OHOBIIIOIOYM MOTOYHUM CTaH

CIIPUMHATTS areHra.

2. Retrieve

Oyuk1is Retrieve 3aiiMaeThCsi BUITYYEHHSIM PEJICBAHTHUX CITOTAJIIB 3 TTaM'sIT1 areHTa.

i cmoragu qonmoMararTh y GopMyBaHHI KOHTEKCTY JIJIS IOTOYHUX JH.

3. Plan

Ha ocHOBI oTpuMaHuX JaHMX 1 BWIyYeHHX crioranis, GyHkiis Plan ckianae crparerii
1 orany. 11 mmanu apoOiasaThest Ha TOBTOCTPOKOBI 111711 1 KOPOTKOCTPOKOBI 3a/1adi,

MPUCTOCOBYIOUUCH 10 3MIHHOT CUTYAIlli.
4. Reflect

Jlana dyHKIi1 BUKOHY€E 00pOoOKy 1 aHaui3 iHdopmallii, y3araasHIO€ OTpUMaHi JIaHi Ta
BHCHOBKH, SIKi ar€HT MOX¢ BUKOPHUCTOBYBAaTH B MalOyTHROMY ISl IIOKPAIIIEHHS CBOiX

piIeHb 1 MTii.
5. Execute

Odynkiisg Execute BiamoBigae 3a 6e3rmocepe/iHe BUKOHAHHS i, SIKi 00paB areHT.

Bona cniye paniiie po3poOieHuM IIaHaM 1 aJIafTye iX 10 MOTOYHUX OOCTAaBHUH.

VYei mi gyHkIii 00'erHaH1 0000HKO0 y BUIIISIAL PyHKIIT Invoke, sika BUKITMKAETHCS
Ha KOXKHOMY KPOIIi CUMYJIAIi. Y 1110 (QyHKITIIO TIepeaaroThes BC1 MOAIT B JTOKarlii, 1e
3HAXOJIUTHCS areHT, 00'eKT crorajiiB (remembrance-object) i€l JoKarlii 1 MOTOYHUN
Kpok cumyJisnii (timestep). Takum urHOM, Invoke ciyrye neHTpaabHUM €1eMEHTOM,
110 3B'S13y€ BC1 MIPOLIECH CIPUNUHATTS, 00pOOKH, TIIaHyBaHHs, pedUIeKcii 1 BUKOHAHHS
T, 110 I03BOJISIE areHTy €()eKTUBHO pearyBaTH Ha 3MiHHI YMOBH 1 JJOCSATaTH

MOCTAaBJICHUX IIJIEH.
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Execute

Uses data

¥

Plan Reflect
lUses data Uses and adds data
y
Retreive ]M ‘
Adds data
Perceive

2.3.1. [Iav’sa1e

[Tam'siTh areHTa B HaIlllll CUCTEMI MOALISETHCS HA JIBA OCHOBHUX TUIIU: IIPOCTOPOBY
naM'aTh 1 3arajibHy, TAKOXX BIIOMY SIK TeHepajibHa naM'athb. [Ipocta nam'ateb
peanizoBaHa 3a qomoMororo 06'ekra HabitatRemembrance (HR), Tomi sk
reHepajbHa aM'aTb KepyeTbes kiiacoM AgentMemory (AM). SIkuio He 3a3Ha4€HO

1HIIe, T TepMiHOM "mam'saTh" Hajam Oyne po3ymitucsa came AM.

OCHOBHMM 3aBJIaHHSM IIaM'sITI areHTa € 30€peKeHHs CIOra/liB 1 HaJaHHs 3py4YHOTO
1HTEp(ENCy sl BUBHAYEHHS TAKUX XapAKTEPUCTHUK, K HEIaBHICTh, BAXKJIUBICTh Ta

PEICBAaHTHICTH CIIOTAIIB.

Kogosa cTpykrypa mam'sri:

. Stack<MemoryObject> _unreflectedMemories;
. uint _unreflectedMemoriesImportance;
. Dictionary<Guid, MemoryObject> _memoryDictionary;

. Queuve<string> _longTermPlanning;

o N NN

. Queuve<string> _shortTermPlanning;
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ITaM'TH areHTa CKJIAAACTHCA 3 KIJIBKOX KJIIOY0BUX KOMIIOHEHTIB:

1. C10BHHUK criorajais

Ile cTpykTypa naHuX, y siKiii 30epiraroTbcs BCl Crioraju areHra. Bona qo3Bossie

HIBUIKO 3HAXOJUTH KOHKPETHHUM CIIOraj 3a MOro yHIKaJIbHUM 11€HTU(IKATOPOM.

2. Yepru njaHyBaHHs

VY nmam'siTi are’Ta iCHYIOTh JIBl U€pTH IS TUIAHYBAaHHS — OJ{HA TIpU3HAYEHA IS
JTOBroTpuBayinxX 1uien (_longTermPlanning), iHia Jjisi KOPOTKOTPUBATHX

(_shortTermPlanning).

3. CTek HeneperisiHYyTHX CIIOraJiB

e xonekirist corafiB, A SKUX areHT 1€ He IPOBIB mpoueaypy pednekcii. Koxxen

HOBHH CIIOTaJ JOJA€THCS B IIEH CTEK.

4. O0’exTH cnorajais

Koxxen croran mpeacraBieHuid 00'ekTom kiaacy Memory0Object, skuii BKoJae B cebe
OMUC CIOTay, 4ac MOoro JoAaBaHHs, 3HaueHHs BaxauBocTi Bij 0 10 10 1

embedding-Bekrop. Llel kiac Mae HACTYIIHI MapaMeTPH:

Guid Id;

string Description;
uint Timestep;

uint Importance;

. float[] Embedding;

o N NN

Icnye Takox moxinuuii kinac EventMemoryQObject, sikuit po3mmuproe MemoryObject,
JIOJJAI0YH BJIACTUBICTH "TPUBAJICTE" 1 3MiHIOIOUM (DYHKIIIFO OOUHCIEHHS HEAABHOCTI

CIIOTa/IIB.

[Ipu nonaBaHHi HOBOTO 00'€KTa B MaM'siTh, HA OCHOB1 OT0 OMKUCY OOYUCITIOIOTHCS
roro BaxxnuBicTh 1 embedding-BexTop. Ilicis boro 00'eKT T10TAE€THCS B CTEK
_unreflectedMemories, a HOro BaKJIUBICTh 30UIBIINY€ 3araJIbHUHN JTIUHIBHUK

Ba)KJIMBOCTI HCTICPCTIIAHYTHUX CHOFaI[iB.
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HenaBHicTh crioramy BiTHOCHO IIOTOYHOTO MOMEHTY YacCy BH3HAYA€EThCS 3a
JIOTIOMOTO10 00€pHEHOT eKCIIOHeHITianbHOT PyHKII1, e (t = currentTimestamp -

Timestamp):

—0.995*¢t
T = ¢

st o6'extiB Tuny EventMemoryObject dyHkiis Bkitoyae B cede gk 4ac
30epeXeHHs CIoraay, TaK 1 TPUBAIICTh MO1i, TOOTO t JopiBHIOE currentTimestamp -

Timestamp + Duration.

PeneBaHTHICTB crioragay OOUHUCIIOETHCS K KOCHHYC MTOAI0HOCTI MIXK
embedding-BexkTopamMu BOX CIIOTa/lIB, PE3YJIBTATOM YOI'O € 3HAUECHHS B J11al1a30H1 Bij

0 mo 1:

n
Y AB,

i=1

" 2 " 2
\/ ZAL-\/ZBL-

i=1 i=1

L{s apxiTekTypa 103B0Isi€ €DEKTUBHO 1 THYYKO KEpyBaTH CIIOrajaMu areHTa, ix

cos(0) =

acoIlialisiIMU Ta BAKJIMBICTIO JIJIS PI3HUX 3aBJaHb B paMKax POOOTH arcHTa.

2.3.2 Perceive

Merton "Perceive" € BaXXIMBUM €JIeMEHTOM (PYHKITIOHAJTBHOCTI CUCTEMHU,
BiJIMTOBITaJIbHUM 32 CIIPUHHSATTS ar€HTOM HaBKOJHUIITHBOTO CEPEOBHINA Ta Pi3HUX
nofii. [e# mporiec BKIIIO9ae OHOBIICGHHS MMPOCTOPOBOI Ta OCHOBHOI MaM'ATi areHTa,
1100 BiH MIT YCHIIITHO aHAIi3yBaTH Ta pearyBaTy Ha 3MiHU B HABKOJHUIITHbOMY

Cepe0BUIIII.

Ha nepmomy erami poOOTH METOAY areHT OTPUMY€E OHOBJIEHI JJaH1 TPO MOTOYHY
JIOKalliIo yepe3 cremiaibHuil 00'ekT "remembrance", sskuii epegaeTbes 3 MO

World Environment (WE) y meton "Invoke", a gami B "Perceive". Lleit 00'ekT MICTUTh
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BC1 HEOOX1/IH1 JieTajl PO MOTOYHUM CTaH OTOUCHHS, BKJIFOUAOun 1H(GOPMAIIIIO PO

MO3uIIiT 00'€KTIB, IXHI BIIACTHBOCTI, a TAKOXX MPO TO1i, 110 BiIOYITHCS.

JlaJjii mpouec OHOBJICHHSI OCHOBHOI IMaM'SITi areHTa BKJIIOYA€ TAKi KPOKH:

1. OuMIneHHs JAaHUX

Macug iBeHTiB, 1110 HaaiimoB 3 Moayist WE, criepiry ouuniyerbcst Bii 1yOiKaTiB Ta
TUX 1BEHTIB, SIK1 BK€ MMPUCYTHI B mam'siTi arenta. L{e 7103Bosisie yHUKHYTH 3aiiBOTO

MOBTOPEHHS 1H(OPMAIIil Ta 3MEHIITUTH HABAaHTAKCHHS Ha MaM'sITh.

2. 30epeskeHHs1 YHIKAJIBHUX MOIiM

[Ticnst ounIIeHHS 3aMUIIAIOTHCS TITFKH YHIKAIBbHI MOI1, SIK1 1Ie He Oyiu 30epexeHi.
L1 momii iHTeTrpyOThCs B Mam'siTh arenra sik o0'ektu tumy "EventMemoryObject".
KoxxnoMy Takomy 00'eKkTy pucBOrO€eThCs 11eHTudikarop (ID), mo 36iraetses 3 1D
iBeHTy. Lle poOuThCs 111 TOTO, MO0 YHUKHYTH TyOnroBaHHS iHPOpMaIlii Ta

MOJICTIIUTH MOAQIBIINI JOCTYII 10 KOHKPETHUX TTOJIIH.

3. O6uuciaenns embedding-BexTopa Ta BaxKJIUBOCTI

Jlst kookHOT HOBOT TofIiT 00urcmoeThesi embedding-BekTop, 10 sABJIsIE€ COO0I0
YUCJIOBY MOJICJIb ONUCY 1BEHTY. Pa3oM 13 UM 0OUHCITIOETHCS BaXXJIMBICTD moii. 111
3HAYEHHS € KJIFOUOBUMH ISl MOAANIBILIOTO aHami3y 1 BUOOpY HaHOUIbII 3HAYYIIIUX

TTO1A.

[Ticnst BUKOHAHHS BCIX UX KPOKIB METOJ] IOBEPTAE MEPEITIK YCIX 30€peKeHUX
00'exTiB mam'siTi. Lleit ciucok 103BoJIsi€ areHTy MaTH MOBHE Ta aKTyaJIbHE YSBICHHS
PO BCl MUHYJII Ta MOTOYHI nofii. Takum unHOM, MeTof "Perceive" Bifirpae
KPUTHYHY POJIb Y MIATPUMAaHHI aKTyaJbHOCTI Ta TOYHOCTI JaHUX PO CEPEIOBHIIIE,
1110, Y CBOIO UEPry, J03BOJISE areHTY NMPUUMAaTH OLIbII OOTPYHTOBAHI Ta €(PEeKTUBHI

pIIIEHHS.
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2.3.3 Retreive

Meton Retrieve siBisie cOO0¥0 iTHCTPYMEHT, 110 BUKOPUCTOBYETHCS JIJIsT BUITyYCHHS
HaWOUIBIIT PEIEBAHTHOTO HA0OPY CMOTaAiB BITHOCHO JI0 SIKOTOCH 33JJAHOTO CIIOTay.
[eit MeTO BiZIIrpae KIOYOBY POJIb Y CUCTEMI ITaM'ATi1, 3a0€3MeUy0YU MOXKIUBICTh
TMIOTITYKY 1 COPTYBAaHHSI CTIOTa[iB HA OCHOBI 1X 3HAYUMOCTI, CBIXKOCTI Ta 1HIIIHAX

METpPHUK.

For each input |,
memory object |

v

Calculate relevance
relative to each object
in memory
., -

v

i "

Take importance and
recency of each object
in memaory

Aggregate relevance,
recency and importance
into 1 value

p ey

v

' ht

Sort all objects by
aggregated value and
take the first 3

v

Mext step of the
cycle

N~ 7

Return Dictionary
(InputCiject,
List<MemoryObject=)

Omnuc podoTu Mmetoxy

Ha BXia nboMy MeTOMY MOAAETHCS CIIUCOK CHOTAIIB, IS AKUX MOTPIOHO OTpUMAaTH
peneBaHTHUM Habip criorafiB. B pe3ynbrari poO0TH METOy CTBOPIOETHCS CIOBHUK,
Jie KIIFOUaMH € CIIOTajIy 3 IMEePeIaHoOro CIUCKY, a 3HAUCHHSIMHU — KOJIEKII1 HalO1IbIIT

PCICBAHTHHUX CHOFaI[iB AJI1 KOKHOI'O KJIIFOYOBOTO CIIOranay.

BusHavyeHHs peJieBAHTHOCTI

PeneBaHTHICTH M1 ABOMA CIIOTaJIaMU PO3PAXOBYETHCS 32 HACTYITHOIO (POPMYIIOHO:
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p=a+ 2b + 3c

Ie:

a — 3HAYUMICTh crioray. L{s meTpuka BpaxoBye BaXKJIMBICTh CIIOTay B KOHTEKCTI
3arajbHOT CUCTEMH Mam'siTi.
b — CBIXKICTB criorafy, sska 0OYMCITIOEThCS 3a (POPMYII0I0, ONTUCAHO0 B po3aim 2.3.1.
CBiXkICTh BKa3y€ Ha BIAHOCHUM Yyac, 1[0 MUHYB 3 MOMEHTY CTBOpPEHHS a00
OHOBJICHHS CITOTAy.

C — KOCHHYCHa BijicTanb Mk embedding-BexTopamu ABox criorajiB. KocunycHa
BiJICTaHb BUMIPIOE iX TIO/IIOHICTh HA OCHOBI BEKTOPIB, SIK1 MPEICTABISAIOTH CIIOTaIH B

0araToBUMIpHOMY IIPOCTOPI.

HOpHIlOK BUKOHaAHHHA

JIst BCixX croraiB, 110 3HaXOASTHCS B IaM'AT1, BUPAXOBY€ETHCS 1X PEJIEBAHTHICTD 3
KOXKHUM 13 TIepeZlaHuX Ha BXiJ criorafiB. [1oTim 111 cioraay cCOpTyrOThCs 3a
CHa/laHHsIM 3Ha4€Hb pesieBaHTHOCTI. [1icis copTyBaHHS 3 ciMCcKy OepyThes TpH

HaNOUIBII PENeBAaHTHUX CIIOTA/IH, K1 BKIOYAIOTHCS B IM1JICYMKOBHI CIIOBHUK.

AJropurm
1. Imimiamaizamisa
CTBOpEHHS MyCTOTO CIIOBHUKA JIJIsl 30€piraHHs pe3yJbTaTiB.

2. O0unc/IeHHS peJIeBAHTHOCTI

JI71s1 KOOKHOTO CIOTajty 31 CIUCKY Ha BXO/1 MPOBOJUTHCS MIIAPaXyHOK PEJIEeBAHTHOCTI

MDK IIMM CIIOTaJI0M 1 BCIMa 1HIIUMH CIIOraJaMy B IIaM'sITi.

3. CopryBanus

OTpumaHni pe3ynbTraTd COPTYIOTHCS 3a CMaJaHHsAM 3HAYEHHS PEJIEBAHTHOCTI.
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4. ®opMyBaHHA MiICYMKOBOI0 Habopy

Bubuparotbcst Tomn-3 HalO1IbII peJieBaHTHI CIIOTaAu JJI KOKHOTO BUX1JTHOTO

croragy 1 3aHOCATHCS B CJIOBHHK.

5. IloBTOpEeHHSs

ITporiec NOBTOPIOETHCS AJIs1 KOXKHOTO 00'€KTa Iam'sIT1 3 IEPEAAHOTO CIHCKY.

Hpuxiaan

[Ipumnyctumo, y arenra € criorayg "A", 1y KOro MOTPiOHO 3HANWTU PEJIEBAHTHI
cnoragu. Meron Retrieve Bi3pMe Liel crioraji 1 mpoaHalizye BCl JOCTYIIHI CIIOTaIu B
naMm'siTi. [1oTiM BiH OOUHCIIMTE pelIeBaHTHICTD KOXKHOTO 3 HUX 70 "A", BIICOPTYE iX 3a
CHaJiaHHsM, 1 BUOepe Tpu HaOUIbII peJIEBAaHTHUX, TOBEPTAIOYH 1X Y BUIVISAIL

KOJIEKI[11, mOB's13aH0i1 3 KiaroueM "A".

Takum unHOM, MeTOJ] Retrieve 3a0e3neuye CTpyKTYypOBaHHM Ta €pEKTUBHUIA
MEXaHi3M JJIs MOMIYKY 1 arperyBaHHs HAaHOUIbII PEJICBAHTHUX CIIOTAIIB, IO CIIPUSE

MOJTIMIIIEHHIO POOOTH CUCTEMU TIaM'sITi.

2.3.4 Reflect

Peduekcis — 11e nporiec renepailii HOBUX 00'€KTIB MMaM'siTl Ha OCHOBI BXX€ 1CHYIOUHX.
3HayHa YaCTUHA [IbOTO MPOLIECY MOJISATAE B aHATI31 MOJIIN, 110 B1AOY/IHCS, Ta TeHepallii
HOBUX JYMOK 1 BUCHOBKIB IIOJI0 HUX. Y MpoIeci pequieKcii areHT CUCTEeMAaTUYHO
nepepoosie iHdopMaIito, M0 J03BOJISIE HOMY OCMUCTIOBATH TO1T HA OLTBII

IJIMOOKOMY PiBHI.

[Ipotec pedrekcii IHIMIIOETHCS TUIIIE Y BUTIAJIKY, SIKIO CyMapHa 3HAYYIIiCTh
CTIOTa/IiB 3 MOMEHTY OCTaHHBOI peJIeKCii IEPEeBHIIy€e MTEBHE TOPOTOBE 3HAYCHHS. L]e
O3HAuae, 110 SKIIO 3HAYCHHSI BCIX CIIOTa/IiB, HAKOMTMYECHUX 3 MOMEHTY OCTaHHBOI

pedrekcii, mepeBUITyOTh IOPOTOBE 3HAYCHHSI, TO/1 3aITyCKAEThCs TIporiec pedekcii.
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True Get unreflected

if threshold value reached memaries

h 4

Generate Focal
Points for them

v

rd Ty

Retreive memaries
relevant to focal
points

N
For each pair (focalPoint, |,
List<relevantMemories)= |

v

Generate insights for
relevantMemaories

False

h 4

Save insights as
memoryObjects

Heturn Mext step of the cycle

RN S

[Tepmmii kpok y mporieci pedrnekcii — renepairis GokaaTbHUX TOUOK TSI BCIX HE
BiipedieKCOBaHUX crioraiiB. JJisg boro HEMpoMepekKi NMepeacThesi CIIUCOK CIIOTaiB
3 METOO BUJILJICHHSI HAUOUIBI 3HAYYIIIUX MUTAaHb. 3alUT JI0 MOBHOI MOJIEi

(GhOPMYITIOETECS TAKUM YHHOM:

Given only the information below, what are 3 most salient high-level questions

we can answer about the subjects in the statements?

BianoBinae, oTprMaHa BiJi MOBHOI MOJIETIi, IEPETBOPIOETHCS HA TPH 00'€KTH TaM'sTi,
K1, OJTHAK, Ha I[bOMY eTari He 30epiratoThcs. L{e BakIMBoO 115 TOTO, 1100 3aIyCTUTH

(GyHKLIIO retrieve, BAKOPUCTOBYIOUH 111 (POKaIbHI TOUKH sIK opieHTHP. CyTh (QyHKIII
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retrieve Mojisirae B ToMy, 1100 BUAUIMTH HAMOLIbII peJIeBaHTHI 3allMCH MaM'sITl Ha

OCHOBI 3a71aHUX (POKAITBHUX TOYOK.

[Ticas ©pOro MM OTPUMYEMO CIOBHHK, Y SIKOMY KJIFOYaMH € TPU HAOUTbII 3HAYY LI
BHUCOKOPIBHEBI MMUTAHHS, MTOB'A3aH1 3 HE BiJIpe(IeKCOBAaHMMU CIIOTaJlaMu, a

3HAYEHHSIMU — CIIMCKHU CTIOTaJ(iB, HAMOUIBII PEJIEBAHTHUX KO)KHOMY 3 MUTAHb.

HacTtynHuii Kpok — 3amuT A0 MOBHO1T MOJIEN1 /Il OTPUMAaHHSI BACOKOPIBHEBHX

1HCAWTIB. 3anUT POPMYIIOETHCA TAKUM YHHOM:

Given the following information, what 3 high-level insights can you infer from

the below statements?

J71s1 KO’)KHOTO 3 (POKAJTBbHUX MUTAHb IEPEAAETHCS BIAMOBITHUN CITIMCOK CIIOTAIIB,
OTPUMAaHMI 3a JOTIOMOTOI0 METOy retrieve. BucokopiBHeBi iHcaiTh, 110

TeHEPYIOThCS Ha OCHOBI ITUX JIAaHUX, 30€pIratoThCs B MaM'Th SIK HOB1 00'€KTH MaM'sTi.

Koau HOBI 00'exTH TaM'T1 J01AI0THCS 10 KOJIEKI[IT, BOHU CTAIOTh YaCTHUHOIO HE
BiapeduekcoBaHux crnoraais. Lle o3Hauae, 10 npu HACTYITHOMY 3aIlyCKy IIPOLIECY
peduexcii 11 00'ekTr mam'sTi Takok OyayTh BpaxoBaHi. [ToniOHuit miaxia 103BOIISIE 3
yacoM BUOY/IOBYBaTH Ta FeHEPYBaTH BCE OUIBII CKIIAHI 1 BUCOKOPIBHEB1 BUCHOBKH 3
MPOCTHUX CIOCTEPEIKEHb, HAJIAI0YH CUCTEMI THYUKICTh 1 AaNTUBHICTh y peaKIlii Ha

3MIHH HaBKOJIUIITHLEOTO CCPpCAOBHIIA Td HAKOIIMICHHA HOBOT'O I[OCBiI[y.

Takum ynHOM, TIporiec pedieKcii € HEBI'€MHOI YaCTHHOKO 1HTENEKTYadIbHUX
cucTeM, 3a0€3IMeUyIOUH iX 3aTHICTh 4O CAMOBJIOCKOHAIICHHS Ta O1IBII TITHOOKOTO

PO3YMIHHSI HAKOITMYEHOTO JTOCBITY.

2.3.5 Plan

[1nanyBaHHS MOYKHA PO3JLJIUTH HA JIBa OCHOBHI BUJIM: IOBTOCTPOKOBE 1
KOpOTKOCTpoKoBe. KoKeH 3 WX BHU/IB IJIAHYBAaHHS CHIJIKY€E 3@ BIACHOK YaCOBOIO
IITKaJIOI0 Ta BUKOHYE CBOIO OKpeMy (DYHKIIIO B Ipolieci CuMyIisilii. JIoBrocTpokoBi

TUTAHU PO3POOIISIFOTHCS 711 OLIBII TPUBAIUX YaCOBUX IHTEPBAJIIB, a cCaMe Ha KOXKHI1
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JB1 rogrHu. KopoTKOCTpOKOBI %, HABIIAKHU, OPIEHTOBAH1 HA MEHIII1 YaCOBI MPOMIXKKHU
— Ha KOXKCH KPOK CUMYIIALI1, kUil ckianae 12 xBuimH. BiamoBiiHO, KOKeH
JIOBIOCTPOKOBHUIA IJIaH BUKOPUCTOBYEThCA JIs TeHepalii 10 KopoTKOCTpOKOBUX
IUTaHIB, IO J03BOJIsIE 3a0e3MeunTH Oe3NepepBHE Ta THYUKE pearyBaHHs Ha 3MIHH

cepeoBHIIIA.

JIoBrocTpoxoBe njiaHyBaHHS

JI1s1 po3poOKH TOBrOCTPOKOBHUX IIaHIB BUKOPHCTOBYIOTHCS KiJIbKA HKEPEIT JaHUX.
I{e BKITIOYAE CIIUCOK MOJIH, SIK1 BIIOYJIMCS IPOTATOM MOMEPEIHBOTO JTHS, OCKITBKHU
JIOBTOCTPOKOBE TIJIaHYBaHHS 3/1HCHIOETHCS OMH pa3 Ha 100y. Ha gqogarok 10 mboro
BUKOPHCTOBYETHCSI 0COOMCTA 1H(HOPMAIIisl areHTa Ta TEKCTOBE MPEJCTaBICHHS HOTo
npocTopoBoi nam'ati. Ha ocHOBI ux 1aHux (OpMyeTHCS 3aMUT O MOBHOI MOJIETII.
Pesynbrar po60TH MOIE IEpEeTBOPIOETHCA HAa HA0IP OKPEMHUX PSIIKIB, 10
MPEACTABISAIOTH o000 TuTaHu. L1 mianu moTiM 306epiratoThCsl B KOJICKIIIIO B IMaM'sITi,
MIPUYOMY BUKOPHUCTOBYETHLCS CTPYKTYpa TaHUX Yepra, oo MepIiui miaH, JoJaHui y

nam'satb, OyB MEPIINM, SKUW BUTATYETHCS 3 HET 3a MOTpeOu.

KoporkocTpokoBe nmjianyBaHHs

KopoTKocTpoKOBi TUTaHM TEHEPYIOTHCS Ha OCHOBI TIOTOYHOTO JOBTOCTPOKOBOTO
miany. [1{o6 chopmyBaTn KOPOTKOCTPOKOBHM IUIaH, 3 TaM'ST1 BUTATYEThCS
HACTYITHUH JTOBTOCTPOKOBHH IJIaH Pa3oM i3 IPOCTOPOBOIO MaM'SITTIO Ta aKTyaJIbHOIO
iH(hOopMaIIiero po arenrta. J{0JaTkoBO BUKOPUCTOBYETHCS PE3yNbTaT (PyHKITIT
Retrieve, sika 06po0isie moli, 10/1aH1 Ha IIbOMY KPOIIl B TIaM'sITh 13 3aITyCKOM (DYHKITIT
Perceive. Lle 103Bosie areHTy BpaxOByBaTH HAMCBIXKINLY Ta peJIEBaHTHY 1H(OPMALIIIO
PO HABKOJIMIIIHI HOTO MO/Iii, 1110 BaXKJIMBO JIJII TOYHOTO Ta CBOEYACHOTO pearyBaHHs
Ha 3MiHU B cepenoBuiili. Otpumani 10 KOPOTKOCTPOKOBUX IIJIaHIB I0AAIOTHCS J10

BIJIMTOBITHOT YEPTH.
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Jlorika renepauii niianisB

3aBaaHHs reHeparlii MiaHiB 31IHCHIOETHCS 32 PO3KIIAIOM:

Generate Long-Term
Plans

if day started

Generate Short-Term

if it's an even hour
Plans

False

h 4

Return short-term
plan

JIOBroCTpOKOBI IJIaHU T€HEPYIOThCS KOXKH1 120 KpOKiB CUMYJIALIT (IO €KBIBAJIEHTHO
24 roprHAM peabHOTO Yacy), a KOPOTKOCTPOKOBi KoxkH1 10 kpokiB (abo koxkH1 120
XBWIMH). TakuM 4rHOM, (PYyHKITisI 3aBXKAH MOBEPTAE KOPOTKOCTPOKOBUM TUTaH, STKUN
BUKOPUCTOBYETHCA JUIS IPUUHATTA MOJANBIINX PIIIEHb Ta BU3HAYSHHSI TIOTOUYHUX 11

arcHra.

2.3.6 Execute

Odynkuis Execute npencrasisie co00r0 00roptky HaBkosno metoay ParsePlan API 1
BIJIIrPa€ BAKIIUBY POJIb y MEPIOAMYHOMY IJIaHYBaHHI Ta KOOPIMHAILII /Il areHTiB.
ParsePlan BUKOpHCTOBY€E KOPOTKOCTPOKOBHM TUIaH HA HACTYMHI 12 XBUIIMH Ta

IPOCTOPOBY MaM'sITh JIJIsl TeHEpallii CTPYKTYypHY JaHUX 3 HACTYITHUMH IapaMeTpaMu:

1. Guid AgentId,
2. string Description,

3. string Area,
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4. string TargetItem,

5. uint Duration

[e# MeTo/ ICTOTHO PO3MIMPIOE MOKIUBOCTI TUTAHYBAaHHS, KOMOTHYIOUH
KOPOTKOCTPOKOBHIA YaCOBUM TOPU30HT 3 TEOMPOCTOPOBOIO MaM'STTIO JJIs CTBOPEHHS

JETAJIbHUX 1 CKOOPJIMHOBAHUX TJIAHIB J1H JIsl areHTIB.

DYHKITiS TOYNHAETHCS 3 OTPUMaHHSI KOPOTKOCTPOKOBOTO TUTAHY, SIKHH JIeTaIi3ye Iii,
3aIlIaHOBaH1 JJIsl CEPETHBOTO Ta KOPOTKOTO MPOMIKKY 4Yacy. BukopucroByroun HagaHi
naHi, Metoa MoBHOT Mozeni reHepye JSON-06’exT. Lleit JSON-00’€KT MiCTUTB BCIO
HE0OX1IHY 1H(opMaliio s CTBOPEHHSI HOBOTO €K3eMILIsApa cTpykTypH Activity. Och

KPOKH, 5IK1 BUKOHY€ (DYHKITIS:
1. Orpumanns JSON-06’exkTa

Merton ParsePlan API renepye JSON-06’ekT 3a qonnomororo LLLM Ha ocHOBI onucy

i1, 00J1acTi BUKOHAHHS, IIJTBOBOTO MPEAMETa 1 TPUBAIOCTI.
2. lecepianizauis JSON-00’exTa

I'enepoBanuii JSON-00’€KT EPETBOPIOETHCS B €K3EMILISP CTPYKTypH Activity 3
BUKOPHUCTaHHSM Tpoliecy aecepiamizaiii. Lel mpouec ananizye JSON-00’exT 1

3BOAUTH HOTO 10 CTpYKTYpH Activity 3 HEOOXITHUMU apamMeTpaMH.

3. Bepudikauisi Ta 3acTOCYBaAHHSA

OTtpumana ctpykrypa Activity noBepraerbcs B poboue cepenonuiie (WE), sxe
BIJIMOBIJIA€ 32 TIEPEBIPKY KOPEKTHOCTI Ta IiicHOCTI nanux. WE Bukonye
Bepu(ikailito JaHUX, IEepPEBIPs€ BIAMOBIIHICT OTPUMAHOI AKTUBHOCT1 BCTAHOBJICHUM

MpaBujIaM 1 BUMOTaM.

4. BUKOHAHHS TA TOBTOPEHHSA

k1o naHi cTpykTypH ycemimHo BepudikoBani, WE 3acTocoBye 3MiHM, BU3HAYEHI
HOBOIO aKTHBHICTIO, JI0 BIIMOBIAHOTO areHTa. [licas ycminrHoro 3acTocyBaHHs 3MiH
MIPOIIEC MTOBTOPIOETHCSA VISl BCIX 1HIIMX areHTIB, 3a0€3MeUy0dr CKOOPAMHOBAHI JIii B

paMKax 3aJaHOro IJIaHyYBaHHS.
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2.4 AP1

API npencrasiisie co0010 BaXXJIMBUI KOMIIOHEHT Y JIAHLIFOXKKY B3a€MOIIT PI3HUX
MIPOrpaMHUX MOJYJIIB, OTHAK HA MEPUTUH OIS HOTO (PYHKITIOHAIbHICTh MOXKE
3naTucs ckpoMHOro. OcHOBHE npu3HadeHHS API mossirae y CTBOpeHHI KOPEKTHUX
3aMuTIB, MEPEBIPIIl BIAMOBIICH B1J] MOBHOI MOJIEJII Ta MOJABIIIN niepeaayl
pe3ynbTariB KIieHTY. [IpoTe, BpaxoByoun cydyacHi peatii, Ko MOBHI MOJIETI,
HE3Ba)KAlOUM Ha iX BUCOKUU PIBEHb PO3BUTKY, 1HOJI MOXKYTh IIOBEPTATH PE3Y/bTATH,
K1 HE BIJMOBIAIOTh OYIKYBaHHAM KOPHUCTYBadiB 3 Pi3HUX NpuurH, B API
nepeadayeHi MeXaHi3MH, 110 CIPUSIFOTH IM1ABUIIICHHIO HAAIMHOCTI BUKOHAHHS

3aITUTIB.

Tax, ko>kHa QyHKIIIs, 32 BUHSITKOM reHepailii embedding-BekTopiB, Mae BOy/10BaHy
CHCTEMY MOBTOPHUX 3aIUTIB, IO AOMOMAarae rapaHTyBaTH OTPUMAHHSA KOPEKTHOI
BIJIMIOBI/I1 BiJl HepoMepexi. Y pa3i HEKOPEKTHOTO pe3ysibTaTy a0o Mpu BUHUKHEHH1
MOMMJIKH Y TIPOLIEC] BIAMOBI1, 3aIIUT IEPEHANPABISETHCSA 3HOBY /10 N pa3iB (y
KOHTEKCTI1 IIbOTO 0OTOBOpPEHHS 3HaYeHHS n opiBHIOE 2). Lle 103Bosse 301TbITUTH
HMOBIPHICTh OTPUMaHHS KOPEKTHOI BIAMOBI1, 3SMEHIITMBIITN MOKJIMBICTh ITIOMUJIOK,
3yMOBJICHUX BUIIaJJKOBUMU (hakTOpamMu ab0 TUMYACOBUMHU 3005IMU B pOOOTI

HeHpoMepexi.

Posrnsinemo cxematuuny cTpykTypy MmetoaiB API:

Create request Send request

if everything okay

it number of retries reached

True

True

Parse and return
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k1o y mpoliieci BUKOHaAHHSI BUHUKA€E MOMUWIIKA, PYHKI[ISl TOBTOPHO BIANPABIISE 3aIIUT
1o Helipomepexi. [Ipu mocarHeHHl MaKCUMabHOT KUJTBKOCT1 TOBTOPHUX cIipo0 (y
HAIIOMY BUIIAJIKY - 1BOX ), QYHKIIisl JIOTY€E MOMUIIKY 1 IOBEPTAE HANEPE BUZHAYCHE
3HaueHHs. Takuil miaxia J03BOJIsE THYYKO KOHTPOJIOBATH MPOIIEC BUKOHAHHS Ta
M1JIBUIIYBAaTH CTaOUIBHICT POOOTH CHCTEMH, HE3BAKAIOUM HA MOXKJIMBI IIPOOIEMHU y

poOOTI Hepomepexi.

2.5 Pesyabsraru

VY mporieci cuMyISIIii areHTy MepeMIIlyBaIiCh 110 OTOYEHHO, B3AEMOIIF0YH SIK OJIUH
3 OIHUM, TaK 1 3 pi3HUMU MIpeaMeTamMu. Mu 3amyckaiu cuMylisiiio Ha 20 KpokiB, aje,
Ha KaJib, Jocsru JiMity B API 1o ii 3aBepuieHHs. TuM He MEHII, MU 3MOIJIU
yCHINIHO MpoBecTH 14 KpokiB 03 KOTHUX MOMUJIOK. Lle moBoauTh, 1110 BCi
KOMITOHEHTH CUCTeMH (PYHKITIOHYBaIH KOPEKTHO. CHCTeMa BKIIIOUYAIa TeHEpaIlito K
KOPOTKOCTPOKOBHX, TaK 1 IOBTOCTPOKOBHX IUIaHiB, Bci pyHKIii API mparroBany, a
PIIKICHI TTOMUJIKH, 1IT0 BUHUKAIH TI1]] 9ac CUMYJIALII, €)eKTUBHO 1 0€3 3aTPUMOK

BUIIPABJIAIINCA arCHTAMU Ha MMOAAJIbIINX KPOKax 3aBIAAKU iHKaHCYJ'ISIHﬁ ITIOMMUIJIOK.

dinanbHa BEpCis HAIIOT CUMYJIIALIIT BUKOPUCTOBYBAIa TpU Mojieni: gpt-3.5,
gpt-4-turbo 1 embedding-small. 3 nux monenei, gpt-3.5 BUKOHYBasa OUIbITY YaCTUHY
3anutiB. [IpoTe, npu BukopuctanHi gpt-3.5 Mu 3ITKHYIHCS 3 TPOOJIEMaMH,
MOB'SI3aHUMU 3 TIPOCTOPOBUM MHCIIEHHSM, 110 MOTPeOyBaIl BUKOPHUCTAHHS
gpt-4-turbo Ha eTamni mapcUHTY TUIaHIB Y json-00'ekTu. [{i mpobiemu mposiBisIACS B
HE3/IaTHOCT1 areHTiB MIPaBUWJIBHO OPIEHTYBATHCS B MPOCTOPAX 1 MEPEXOAUTH 3 OIHIET
jokatii B iHmy. CnpoObu BUKOPUCTOBYBAaTH HOBITHIO MOZIENb gpt-4-omni 3aMICTh
gpt-4-turbo Takox He yBiHYaNKCs ycmixoM. J[aHa Moziens reHepyBaja 3aHaTo
BEJIMKY KUJIbKICTh MJIaHIB Ha JIEHb 200 HEKOPEKTHO CTBOPIOBAJIA JSON-00'€KTH,

NOPYILIYIOYH MPONUCaHI PaBUa.

3a BUHSTKOM 3aBJaHHS MEPETBOPEHHS aKTUBHOCTI (MTAPCUHT IIJIaHIB Y json), 3

pEIITOO 3aBaanb gpt-3.5 cipapisacs BiaMiHHO. e 103BOMMI0 3HAYHO 3HU3UTH
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3arajbHy BapTICTh CUMYJIALIT, OCKUIBKM BUKOPUCTAHHS gpt-3.5 € OLIbII €eKOHOMIYHO

BUT1IHUM.

[TinBenemMo micyMok BUTpar Ha 14 KpOoKiB CUMYJISLIL B JaH1 KOH(Irypauli. 3arajbHi
BuTpatu ckianu npuoanzHo 90 000 TokeniB s gpt-4-turbo 1 6iuzpko 50 000
TokeHiB Juist gpt-3.5. Y cymi 1ie cranoButs 140 000 TokeHiB abo npubauzuo 10 000
TOKEHIB Ha OJIMH KpoK cumyisittii. [{e mpubnusno B 40 pa3iB MeHIIe, HI’)K BUTPATH HA

aHAJIOT1YHY CUMYJISIIIO B OPUTIHAIBHOMY MPOEKTI [4].

TaxuMm 4MHOM MU 3MOTJIM TIOKa3aTH, 110 Halla cucTeMa (GyHKIIOHY€E CTa0lIbHO MpU

€KOHOMI1i BUKOPUCTaHHS TOKEeHIB y 40 pa3iB y MOPIBHSAHHI 3 OPUTTHAJIOM.
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3. BucHoBku

[To-nepiie, 3HaUYIIICTh JAHOTO AOCIIKEHHS! OYEBUIHA B KOHTEKCT1 IIUPOKOTO
CIIEKTPa MOXKJIMBOCTEH, sIKI BIIKPUBAIOTHCS TIEPET 3aCTOCYBAHHSIM BEJIMKMX MOBHHX
Mojenielt y pizaux ranyssx. Cydacni LLM 3naTHi po3B'si3yBaT CKJaH1 3aBIaHHS,
COUMHSITH TEKCTU Ta CTBOPIOBATHU 0araro 1HIIMX KOPUCHUX 3aCTOCYBaHb, OJIHAK, ICHY€E
KITF0YOBa MpobIeMa — MATPUMAHHSI KOTEPEHTHOCTI MPU BUKOHAHH1 JJOBTOCTPOKOBUX
1 TOCTIIOBHUX 3aB/IaHb. Y paMKax Ili€i poOoTu Oylia peaizoBaHa apXiTeKTypa, sKa
BUPIIIYE aHy MPOoOJIeMy, 3HIKYIOUHN 3aJIeKHICTD BiJl JOBKHHH KOHTEKCTHOTO BiKHA
Ta MOKPAIIYIOYH 3[aTHICTh MOJIEJI CIIPABISATUCS 3 0araToOCTyNeHEBUM TIaHYBAHHIM

0€3 y4acTi JTIIOIUHHU.

3HIKEHHSI BUTPAT HA CUMYJISIIIIIO, @ TAKOXK IMIJBUILEHHS IPOYKTUBHOCTI CUCTEMU €
OJTHUMH 3 KJIFOUOBUX JOCSATHEHb J1aHOi poO0oTH. [IopiBHSUILHUN aHalli3 TTOKA3YyeE, 110
OpHUTiHAJbHA CUCTEMA CTIOKUBasIa O1u3bko 1,7 MiIbilOHAa TOKEHIB HA BUKOHAHHS
cumyJssLii [4], ToAl sk peAcTaBlieHa TYT CUCTEMa CIIOKHUBA€E BChOTo Oyin3bKo 40
TUCSY TOKEHIB, 1[0 CTAHOBUTH MPUOIU3HO 4 KPOKH CUMYJISALIT HA TPhOX areHTiB. Lle
MIpeACTaBIIsI€ 3HAUHE MMOKPAIICHHS B 00J1aCTi €(peKTUBHOCTI Ta pOOUTH PO3pOo0ICHY

CUCTEMY 3HAYHO OUIBII €KOHOMIYHOIO 3 TOUKH 30PY BUKOPUCTAHHS PECYPCIB.

Po3pobnena cucrema Bkirodae psiji komnoHeHTiB — cymnepsizop (World Engine, WE),
oTtoueHHs, areHTH 1 APl. BHacniiok BpoBaykeHHSI MOAYJIbHOI CTPYKTYPH KOIY
CTaJI0 MOYKJIUBHM HE TiIBLKH CIPOIISHHS CUMYJIALII, ajie ¥ 11 mojapiia aganTaris Ta
pO3LIMPEHHS MMij pi3H1 3aBAaHHsA. Hanpukinan, B3aemois 13 30BHimHIMU API,
crBopeHHst NPC nepcoHaxiB JiJIs BiI€OITOp Ta 1HII MOXKJIMBI CIIeHapli BUKOPUCTAHHS

JEMOHCTPYIOTh YHIBEPCAJIbHICTh 3aIPOTIOHOBAHOTO PIIIEHHS.

AHaJi3 apxiTEeKTypH areHTa 1okasas, [0 BUKOPUCTAHHS IBOKOMIIOHEHTHO1
CTPYKTYpPH IaM'aT1 JUIsl IPOCTOPOBUX 1 3arajbHUX JAHUX JonoMarae e(peKTUBHO
30epiratu Ta BUTATATH CIIOTaid, ONTUMI3YIOUH MPOLEC TPUUHATTS pilieHb. OyHKIIT
Perceive, Retrieve, Plan, Reflect Ta Execute m103BossitoTh areHTy €(heKTUBHO

cpuiiMary, aHaJIi3yBaTH Ta IJIAHYBaTH CBOI i, 110 POOUTH HOro MOBEAIHKY O1IbIII

29



OCMUCJICHOIO Ta LIJIECTPSIMOBAHO0. AJITOPUTMH OHOBJIEHHS MaM'sIT1 Ta IUIAHYBaHHS
JIO3BOJISIIOTH areHTy aJanTyBaTUCs A0 3MIHHUX YMOB CEpEI0BHUIIIA, L0 3MILHIOE HOTO

3)IaTHiCTB a0 pO3B'$I33,HHSI CKJIaJHUX 6aFaTOpiBH€BI/IX 3aBJaHb.

BaxIMBUM JTOCATHEHHSM TaKOX cTaja CTIHKICTh CUMYIISIT 10 MOMHIIOK. BiamoBiiHi
MTOMUJIKU, SIK1 BUHUKAJIU MT1]1 4aC CUMYJISAIIT, ePEKTUBHO OOPOOIISIUCS CYTIepBI30POM,
a areHTH MIBUKO aJanTyBaJIMCs O HOBUX YMOB, IO MiITBEPIKYE BUCOKY

HAJIIHHICTh 3aIPOMOHOBAHO1 apXITEKTYpH (JIUB. J10aTOK).

3a pesynbTaTaMu CUMYJISIINA BAATOCS TOCATTH 3HAYHOTO CKOPOUCHHSI BUKOPUCTAHHS
TOKEHIB TIPH 30epeKeHH1 KOTEPEHTHOCTI /il areHra. Lle noBoauTsk, 1110
3aMpoOIrOHOBaHA apXITEKTypa Ta METO/IU € JI€EBUM 3aCO00M JIJIs MOKPAIICHHS! PpOOOTH
BEJIMKUX MOBHUX MOJIEJIEH y peajbHUX 3aCTOCYBaHHAX. HaykoBe 3HaueHHs Ta
MPaKTUYHA LIHHICTh TAKUX PO3POOOK BIIKPUBAIOTH HOBI TOPU3OHTH AJIS MOAATBLINX
JOCJTIPKEHB Ta MUPOKOTo BUKOpUCTaHHs LLM y pi3HHX HaBYaJIbHHX Ta

npodeciitiux chepax.

MaiiOyTH1 JOCIIKEHHS MOXKYTh OTJIMOUTH po3poOKy apxitektypu IllI-arenris,
BKJIIOUMBIILIY B HET OB CKJIA/IHI aJITOPUTMHU IJIAaHYBAaHHS Ta B3a€EMO/I1T 13 30BHIIIHIM
OTOYEHHSIM, 1HTerpaii 3 HoBuMu APl Ta MeTogamMu MalMHHOTO HaBYaHHs. Takox
MOYKHA PO3IVISIHYTH MOXJIMBICTh BUKOPUCTAHHS PO3POOIEHUX METO/IB JIsI

pO3B'A3aHHs pealbHUX 3aBAaHb Y O13HEC], MEIMLIMHI, OCBITI TA IHILIUX Tay35X.
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4. ClIMCOK BUKOPUCTAHUX JI7KepeJI

[1] — A Comprehensive Overview of Large Language Models
https://arxiv.org/abs/2307.06435

[2] — Long-context LLMs Struggle with Long In-context Learning
https://arxiv.org/html/2404.02060v 1

[3] — Generative Agents: Interactive Simulacra of Human Behavior

https://arxiv.org/abs/2304.03442

[4] — Price and mitigations

https://github.com/joonspk-research/generative_agents/issues/115

[5] — Available OpenAl libraries
https://platform.openai.com/docs/libraries/python-library

[6] — The Sims game series https://en.wikipedia.org/wiki/The Sims

[7] — Our work: https://github.com/Lesaje/Reflexity
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KoHcosbHUM J10T:

[14
[14
[14
[14
[14
[14
[14
[14
[14

:02:
:02:
:02:
:02:
:02:
:02:
:02:
:02:
:02:

26
26
26
26
38
38
38
49
49

INF]
INF]
INF]
INF]
INF]
INF]
INF]
INF]
INF]

S. JlonaTku

Starting Reflexity

The global logger has been configured

WE was initialized

Agent

Event

Paul Braumer

Paul Braumer

Paul Braumer moved

successfully!

is invoked at time step 0O

is moving to: Kitchen was created in Bedroom

to Kitchen

Agent Laura Braumer is invoked at time step 0O

Something went wrong with activity Laura Braumer at timestep 0

Event Laura Braumer is trying to make following action: Move from

Bedroom to Kitchen with the wrong item! Because the item is already in use he

must either change item to another one, or wait until item will be no longer in

use! The item in question isDoor to Kitchen The item is currently used by: Paul

Braumer and will be in use for another: 1 time steps. was created in Bedroom

[14:02:49 INF] Agent Luisa Braumer is invoked at time step O

[14:03:01 INF] Something went wrong with activity Luisa Braumer at timestep 0

[14:03:01 INF] Event Luisa Braumer is trying to make following action: Move from

Bedroom to Kitchen with the wrong item! Because the item is already in use he

must either change item to another one, or wait until item will be no longer in

use! The item in question isDoor to Kitchen The item is currently used by: Paul

Braumer and will be in use for another: 1 time steps. was created in Bedroom

[14
[14
[14
[14
[14
[14
[14
[14
[14
[14
[14
[14
[14

103
103
103
103
103
103
103
103
103
103
103
103
103

101
103
103
103
107
107
107
109
109
109
113
113
113

INF]
INF]
INF]
INF]
INF]
INF]
INF]
INF]
INF]
INF]
INF]
INF]
INF]

Agent Paul Braumer is invoked at time step 1

Event Paul Braumer is moving to: Bedroom was created in Kitchen

Paul Braumer moved to Bedroom

Agent
Event
Laura
Agent
Event
Luisa
Agent

Event

Laura Braumer
Laura Braumer
Braumer moved
Luisa Braumer
Luisa Braumer

Braumer moved

is
is
to
is
is

to

invoked at time step 1

moving to: Bathroom was created in Bedroom
Bathroom

invoked at time step 1

moving to: Kitchen was created in Bedroom

Kitchen

Paul Braumer is invoked at time step 2

Paul Braumer is moving to: Bathroom was created in Bedroom

Paul Braumer moved to Bathroom

Agent Laura Braumer is invoked at time step 2
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[14:03:15 INF] Event Laura Braumer is

Bathroom

[14:03:15 INF] Laura Braumer moved to

[14:
[14:
and

[14:
[14:
[14:

03:15 INF] Agent Luisa Braumer is

03:17 INF] Event Luisa Braumer is

moving to: Child Room was created in

Child Room
invoked at time step 2

making following action: Clean up dishes

kitchen after breakfast was created in Kitchen
03:17 INF]
03:17 INF]
03:19 INF]

Bathroom
[14:03:19 INF]
[14:03:19 INF]

[14:

Room

[14:
[14
[14
[14
[14
[14

Room

103
103
103
103
103
:03

[14
[14
[14
[14
[14
[14
and
[14
[14
[14

03

03

103
103
103
103
103

:21

:21
121
123
123
123
125

125
125
128
128
128
:30

INF]

INF]
INF]
INF]
INF]
INF]
INF]

INF]
INF]
INF]
INF]
INF]
INF]

Luisa Braumer is using Sink for 1 time steps

Agent Paul Braumer is invoked at time step 3

Event Paul Braumer is moving to: Child Room was created in

Paul Braumer moved to Child Room

Agent

Event

Laura
Agent
Event
Luisa
Agent

Event

Laura Braumer

Laura Braumer

Braumer moved
Luisa Braumer
Luisa Braumer

Braumer moved

is

is

to
is
is

to

invoked at time step 3

moving to: Bathroom was created in Child

Bathroom
invoked at time step 3
moving to: Bedroom was created in Kitchen

Bedroom

Paul Braumer is invoked at time step 4

Paul Braumer is moving to: Bathroom was created in Child

Paul Braumer moved to Bathroom

Agent
Event
Laura
Agent

Event

Laura Braumer
Laura Braumer
Braumer moved
Luisa Braumer

Luisa Braumer

read a book or listen to music

103
:03
103

shower

[14:
[14:
[14:
[14:
[14:

03
03
03
03
03

130
130
132

in

132
132
134
134
134

is
is
to
is

is

invoked at time step 4

moving to: Bedroom was created in Bathroom
Bedroom

invoked at time step 4

making following action: Relax on the bed

was created in Bedroom

INF] Luisa Braumer is using Bed for 1 time steps

INF] Agent Paul Braumer is invoked at time step 5

INF] Event Paul Braumer is making following action: Take a relaxing

the Bathroom was created in Bathroom

INF]
INF]
INF]
INF]
INF]

Paul Braumer is using Shower for 1 time steps

Agent Laura Braumer is

Event Laura Braumer is

Laura Braumer moved to

Agent Luisa Braumer is

invoked at time step 5
moving to: Kitchen was created in Bedroom
Kitchen

invoked at time step 5
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[14:03:36 INF]

Event Luisa Braumer is making following action: Organize wardrobe

and plan outfits was created in Bedroom

[14:03:36 INF]
[14:03:36 INF]
[14:03:39 INF]
[14:03:39 INF]
[14:03:39 INF]
[14:03:40 INF]
[14:03:40 INF]
[14:03:40 INF]
[14:03:42 INF]
[14:03:42 INF]
[14:03:42 INF]
[14:03:45 INF]
[14:03:45 INF]
[14:03:45 INF]
[14:03:47 INF]
[14:03:47 INF]
[14:03:47 INF]
[14:03:49 INF]
shower and get
[14:03:49 INF]
[14:03:49 INF]
[14:03:52 INF]
snack time was
[14:03:52 INF]
[14:03:52 INF]
[14:03:54 INF]
Bathroom

[14:03:54 INF]
[14:03:54 INF]
[14:03:56 INF]
[14:03:56 INF]

Luisa Braumer is using Wardrobe for 1 time steps

Agent Paul Braumer is invoked at time step 6

Event Paul Braumer is moving to: Bedroom was created in Bathroom

Paul Braumer moved to Bedroom

Agent Laura Braumer is invoked at time step 6

Event Laura Braumer is moving to: Bedroom was created in Kitchen

Laura Braumer moved to Bedroom

Agent Luisa Braumer is invoked at time step 6

Event Luisa Braumer is moving to: Bathroom was created in Bedroom

Luisa Braumer moved to Bathroom

Agent Paul Braumer is invoked at time step 7

Event Paul Braumer is moving to: Kitchen was created in Bedroom

Paul Braumer moved to Kitchen

Agent Laura Braumer is invoked at time step 7

Event Laura Braumer is moving to: Bathroom was created in Bedroom

Laura Braumer moved to Bathroom

Agent Luisa Braumer is invoked at time step 7

Event Luisa Braumer is making following action: Take a refreshing

ready for the day was created in Bathroom

Luisa Braumer is using Shower for 1 time steps

Agent Paul Braumer is invoked at time step 8

Event Paul Braumer is making following action: Have a family
created in Kitchen

Paul Braumer is using Coffee Maker for 1 time steps

Agent Laura Braumer is invoked at time step 8

Event Laura Braumer is moving to: Home Office was created in

Laura Braumer moved to Home Office
Agent Luisa Braumer is invoked at time step 8
Something went wrong with activity Luisa Braumer at timestep

Event Luisa Braumer is trying to make following action: Move

Bathroom to Home Office with the wrong item! Because the item is already in

8
from

use

he must either change item to another one, or wait until item will be no longer

in use! The item in question isDoor to Home Office The item is currently used
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by: Laura Braumer and will be in use for another: 1 time steps. was created in

Bathroom

[14:03:56 INF] Agent Paul Braumer is invoked at time step 9

[14:03:58 INF] Event Paul Braumer is making following action: Clean up the

Kitchen was created in Kitchen

[14:03:
[14:03
[14:04:
0ffice

[14:04:
[14:04
[14:04:

58

:58

00

00

100

02

Bathroom

[14:04:
[14:04:
[14:04:
have a
[14:04:
[14:04:
[14:04:

02
02
09

INF]
INF]
INF]

INF]
INF]
INF]

INF]
INF]
INF]

Paul Braumer is using Sink for 1 time steps

Agent

Event

Laura
Agent

Event

Luisa
Agent

Event

Laura Braumer is

Laura Braumer is

Braumer moved to

Luisa Braumer is

Luisa Braumer is

Braumer moved to

invoked at time step 9

moving to: Bathroom was created in Home
Bathroom
invoked at time step 9

moving to: Home Office was created in

Home Office

Paul Braumer is invoked at time step 10

Paul Braumer is making following action: Take a break and

light snack was created in Kitchen

09
09
16

Bathroom

[14:04:
[14:04
[14:04:
0ffice

[14:04:
[14:04
[14:04:

16

116

22

22

122

24

INF]
INF]
INF]

INF]
INF]
INF]

INF]
INF]
INF]

Paul Braumer is using Refrigerator for 1 time steps

Agent

Event

Laura
Agent

Event

Luisa
Agent

Event

kitchen cabinets for

[14:04:
[14:04:
[14:04:
Room

[14:04:
[14:04:
[14:04:

24
24
26

26
26
30

Bathroom

INF]
INF]
INF]

INF]
INF]
INF]

Laura Braumer is

Laura Braumer is

Braumer moved to

Luisa Braumer is

Luisa Braumer is

Braumer moved to

invoked at time step 10

moving to: Child Room was created in
Child Room
invoked at time step 10

moving to: Bathroom was created in Home

Bathroom

Paul Braumer is invoked at time step 11

Paul Braumer is making following action: Arrange the

better organization was created in Kitchen

Paul Braumer is using Cabinet for 1 time steps

Agent

Event

Laura
Agent

Event

Laura Braumer is

Laura Braumer is

Braumer moved to
Luisa Braumer is

Luisa Braumer is

invoked at time step 11

moving to: Bathroom was created in Child

Bathroom
invoked at time step 11

moving to: Home Office was created in
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[14:04:30 INF] Luisa Braumer moved to Home Office

[14:04:30 INF] Agent Paul Braumer is invoked at time step 12

[14:04:32 INF] Event Paul Braumer is making following action: Prepare a healthy

lunch using the stove or another kitchen appliance was created in Kitchen
[14:04:32 INF]
[14:04:32 INF]
[14:04:34 INF]

Bathroom
[14:04:34 INF]
[14:04:34 INF]
[14:04:36 INF]

Paul Braumer is using Stove for 1 time steps

Agent

Event

Laura
Agent

Event

creative project was

[14:04:36 INF]

[14
[14
[14
[14
[14

Room
[14:
[14:
[14:

104
104
104
104
104

04
04
04

0ffice

[14
[14
[14
[14
[14
[14
[14
[14
[14

104
104
104
104
104
104
104
104
104

136
:38
138
:38
141

141
141
143

143
143
145
145
145
147
147
147
148

INF]
INF]
INF]
INF]
INF]

INF]
INF]
INF]

INF]
INF]
INF]
INF]
INF]
INF]
INF]
INF]
ERR]

Luisa
Agent

Event

Laura Braumer is invoked at time step 12

Laura Braumer is moving to: Child Room was created in

Braumer moved to Child Room

Luisa Braumer is invoked at time step 12

Luisa Braumer is making following action: Work on a
created in Home Office

Braumer is using Desk for 1 time steps

Paul Braumer is invoked at time step 13

Paul Braumer is moving to: Bedroom was created in Kitchen

Paul Braumer moved to Bedroom

Agent

Event

Laura
Agent

Event

Luisa
Agent

Event

Laura Braumer is invoked at time step 13

Laura Braumer is moving to: Bathroom was created in Child

Braumer moved to Bathroom
Luisa Braumer is invoked at time step 13

Luisa Braumer is moving to: Bathroom was created in Home

Braumer moved to Bathroom

Paul Braumer is invoked at time step 14

Paul Braumer is moving to: Bathroom was created in Bedroom

Paul Braumer moved to Bathroom

Agent

Laura Braumer is invoked at time step 14

Event Laura Braumer is moving to: Bedroom was created in Bathroom

Laura
Agent

Parse

Braumer moved to Bedroom
Luisa Braumer is invoked at time step 14

Plan failed, with error message:

System.NullReferenceException: Object reference not set to an instance of an

object.
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