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MOJIEJTIOBAHHSA CTPATEIT ATEHTIB B ITPAX 3 JIOKAJIBHOIO B3AEMO/IIEIO

AceeB B.J1., KynakoBcbka LB. MonenoBaHHsI cTpaTeriii areHTiB B irpax 3 JIOKaJbHOKW B3aemojicro. Y naHiii po0oTi
PO3IIISIHYTO aKTyallbHY TEMy ONTHMAIBHUX CTpareriii B irpax 3 JIOKATGHOK B3aEMOJIEI0, PO3MIIIHYTO CTUMYIOIOUE HaABYaHHS
0araToareHTHUX CHCTEM Y irpoBiil MOCTaHOBI. MeTo JaHOi pOOOTH € PO3IIISL METOAY MO0 YIOBA CUCTEMH 3 JIOKATBHOK B3a€MOIIEH0
arcHTIB Ha OCHOBI 3aBJaHHS «CHHXPOHI3alil» 3a OMOMOrOK MAapKOBCBKOI MOJENi CTOXacTHYHOI rpu. MeTox JOCTiKeHHS -
KOMII'FOTepHA ITporpama JJisi MOJICITIOBAHHS 3aBJIaHHSI 3 BAKOPHCTaHHIM Q-METOy HABUAHHS.

Knro4oBi ciioBa: MyinbTHAreHTHA CHCTEMa, CTOXACTHYHA Ipa, aanTUBHUHN irpoBuii MeTon, Q-MeTos.

Acees B. JI., Kynakosckag . B. MoneaupoBaHue cTpaTeruii areHToB B MIPax ¢ JIOKaJbHbIM B3auMojaeiicreueM. B
JITaHHOM CTaTbe paccMaTpUBAETCs aKTyasbHas TeMa ONTUMAIbHBIX CTPATEruil B Urpax ¢ JIOKAIbHBIM B3aUMoOJeiicTBHEM, paccMaTpuBaeTcs
CTHMYJHpYIoliee 00yd4eHne MHOTOAreHTHBIX CHCTeM B pa3paboTke urp. llenblo naHHOH paboOTHI SBISETCS PacCMOTPEHHE MeETona
IIOCTPOCHHSI CUCTEMBI C JIOKAIbHBIM B3aUMOJCHCTBHEM areHTOB HAa OCHOBE 3a/laudl «CUHXPOHHU3ALUM» C UCIOJIb30BAHHMEM MapKOBCKON
MOJIEIN CTOXaCTHYECKOU UTpbl. MeTol HCCIIeoBaHMs - KOMIBIOTEPHAS IIPOrpaMMa JJIsi MOAEIMPOBAHUS 3aJa4y C HCIOb30BaHueM Q-
MeTo/ia 00 y4eHHSI.

KuioueBsble c10Ba: MHOroareHTHasi CHCTEMa, CTOXaCTUUECKasl UTPa, METOJ| aJJallTUBHBIX UTp, Q-MeTox.

Asieiev V.D., Kulakovska 1.VV. Modeling agents strategies in players with local interaction. In this paper, the current topic
of optimal strategies in games with local interaction is considered, the incentive training of multiagent systems in game formulation is
considered. The purpose of this work is to consider the method of constructing a system with local interaction of agents based on the task
of "synchronization" using the Markov model of the stochastic game. The research method is a computer program for modeling a task
using the Q-method of training.

Key words: multiagent system, stochastic game, adaptive gaming method, Q-method.

IToctanoBka HaykoBoi mnpo6sgemu. IlopiBHSIHO 3 OJHOAreHTHHMH CHCTEMaMH CTPYKTypa,
(yHKIIIOHYBaHHS Ta JOCITIPKEHHS METOAIB OararoareHTHOro Q-HaBYaHHS 3HAYHO YCKIIAJHIOIOTHCA. 32 PaxyHOK
KOJIEKTHBHOI B3a€EMOJIii areHTIiB CTaI[iOHApHE CEepeOBHINE NePEBOIUTHC y Kilac HeCTallilOHApHUX . 3MiHA CTaHIiB
CepeoBHIIa Ta 3HAYEHHSI BUTPAIIIB KOJKHOTO areHTa 3ajie)kaTh Bif Jiil IHIINX areHTiB. Y 3araJbHOMY BUIIAJKY Y
MAC areHT HE MOXE JOCATTH MaKCHMaJbHOTO BHTpAIly, SIKHH IOPIBHIOE HOTO BHUTpamly B OJHOAreHTHIH
cucremi. ONTHManbHI BUTPAII areHTIB MOBHMHHI OyTH 30aJaHCOBAaHMMH 1 BIiATIOBIZAaTH KPUTEPisIM BHUTOAMX,
CIPaBEIIIMBOCTI,piBHOBATH. TaK, 3aMiCTh KPUTEPiI0 CKAISIPHOI MAKCHMi3alii BUTPAIIiB OAHOAT€HTHOI CHCTEMH,
BBOITHCS KpuTepii BekTOpHOT MakcuMizatlii Burpamis MAC, Hanpukiaz, piBHOBary 3a HemeMm, ontrManbsHOCTI
3a [lapero abo iH.

3a ymoBH BHKOpHCTaHHA MeToniB Q-HaByanHi MAC BinOyBaeTbcs iTepamiiiHa TOOy0Ba CHCTEMH
xapakrepucTHaHHX Q-QyHKIiH y mpocTopi CTaH-11is, MPUYOMY NPHUPICT eNeMEHTIB X QYHKIIH 3MiHCHIOETHCS y
HaNpPSIMKY JOCSITHEHHSI X KOJIEKTUBHOI piBHOBar#u [1].

His mobymoBu MAC HEOOXiTHO BHKOHATH IIOTIEPENHI JOCTI[UKEHHS HAa OCHOBI aJeKBaTHHX
MareMaTUYHUX MOAENEH, sIKi Jal0Th 3MOTY BUBYHMTH JAMHAMIKY CHCTEMH B YMOBaX HEBH3HAUEHOCTI, MOOYTyBaTH
cTparerii MOBEJIHKY areHTiB, AKi 3a0e3MedyroTh ONTHMaJIbHI TEXHIKO-eKOHOMIUHI mapamerpr (yHKIIOHYBaHHS
cucremi[10]. BpaxoByroun 0COGIMBOCTI TIpeaMerHoi 006iacTi, a came 6araroareHTHICTh, HEBM3HAUYCHICThH
CepEeOBHIIA NPUIHATTS PillleHb, aHTaroOHI3M a0 KOHKYypEHTHICTh IIiied, KOMyHIKaTHBHICTh, KOOpAWHALIS i,
aJlalTUBHICTh CTparerii MOBEAIHKM areHTiB, i moOymoBum mozpenei MAC BHKOpHCTaEMO MaTeMaTHIHHN
amapat Teopil croxacruyHux irop [2,3]. Po3B’s3yBaHHs CTOXaCTHYHOI IPU MOJBITAE Y MOIIYKY TaKUX CTPaTerii
areHTiB, AKi MaKCHMI3yIOTh iX BHTpamli Tak, o0 3a0e3MednTH MEeBHHUH KOJEKTHBHHH OanaHC iHTepeciB ycix
rpaBuiB [9]. Illykatu onTuManbHi CTpaTerii rpaBiiB B yYMOBaX HEBU3HAYEHOCTI OyaeMO 3a METOIOM
320X09yBaJIbHOTO HaBYAHHS.

Meroto poborn € moOymgoBa irpoBoi Moz caMoopraHizamii MyIBTHATeHTHUX CHCTEM JUIS MiATPUMKH
NpUAHATTA pilleHp B yMOBaX HeBH3HaueHOCTi. Llg Mera pocAraeTscs po3B’A3yBaHHSAM TakKWX 3aad:
PO3pOOTIEHHS MaTreMaTHYHOI MOJeNli MYJIBTHAr€éHTHOI CTOXacCTWYHOI TpW; pO3pOOJICHHS CaMOHABYAIHLHOTO
METOJy Ta aJTOPUTMY PO3B’SA3yBaHHS CTOXAaCTHYHOI I'PH; PO3POOJIEHHS MPOIPAaMHHUX 3acO0IB MOAETIOBAHHS
CTOXaCTHYHOI TPH; aHajli3 OTPHMAaHHWX pPeE3yIbTaTiB Ta BHPOOJEHHS PEKOMEHJAIii Uil iX HpakTHYHOTO
3aCTOCYBaHHA. MEeTOIOM JOCIIIKEHHS € KOMIT I0T€pHA ITporpaMa Juisi MOZEITIOBaHHS 3a1adi.
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AHanaiz pocainkens. Oynkuionysanas MAC [4,5], sk mpaBuiio, 3miHCHIOETBCS B yMOBaxX ampiopHOi
HEBU3HAUEHOCTI iH(opMallii mpo cTaHU cepeoBUIa TPUIHATTS pillleHb Ta il iHIINX areHTiB. Y 3B’A3Ky 3 UM
crpareril MOBEAIHKM areHTIB MOBUHHI OyTH aJanTHBHUMH 32 PaXyHOK 3IaTHOCTI areHTIiB 10 caMOHaB4aHHS [6].
Cepen MeroniB HaByaHHS B yMOBaxX HEBH3HAYEHOCTI MPAKTHYHOI MpHUBabIMBOCTI HAOyaM MeETOmH, SKi
TPYHTYIOTBCS Ha 3a0XOueHHSX [7,8], OCKUIbKM BOHM He BMMAraroTh MaTeMaTHYHOI MOJENi CepeloBHINa Ta
3a0e3MeuyioTh MOXJIMBICTH TNPHAMard pilIeHHS Oe3NOoCepenHs0 B Ipolleci HaBYaHHA. B OCHOBY
320X04YyBaJIbHOTO HaBYAHHS MOKJIAJICHO MEXaH3MH pedaekTopHOl MOBEIIHKN KUBHUX OPTaHi3MiB 3 PO3BUHYTOO
HEPBOBOIO CHCTEMOIO. E(eKTHBHAM METOIOM 3a0X0UyBaJBHOTO HABYAHHS € MapkiBchke Q-HaBuamms [1], sxe
3AIACHIOE YUCTIOBY iI€HTH(]IKAIIII0 XapaKTepUCTHIHOI (QYHKIIIT TUHAMIYHOI CHCTEMH y TipocTopi “cran—mis”. Sk
XapaKTepUCTHYHY (DYHKIIiIO TEpEeBAKHO BUKOPUCTOBYIOTH (PYHKIIIF0 CyMapHOI O9iKyBaHOI BUHATOPOIH areHTa.

Bukopucrano inei crari I1.0.Kpasus [9] «IrpoBa momens camoopraHizariii MyJbTHATEHTHHX CHCTEMY,
gKa po3nIangae ocHOBHI BractuBocTi MAC Ta 3B'A30K 3afadi “iMITyBaTH CHHXPOHI3OBaHE PUTMIUHE CBITIHHA
KOJIOHIT KoMax-cBiTiAukiB” 3 MAC. Meroo MOZETIOBaHHSI € BH3HAUYEHHS YMOB Ta MEXaHI3MIB JIOKAJIbHOI
KOOpAHMHAL] areHTiB, ;g camoopraHizamii MAC. Jlns 1poro HeoOXigHO pO3B’SA3aTH Taki 3a1advi: MOOYIyBaTH
MOJIENTb TPH, PO3POOWTH METOJ Ta alTOPUTM Ui PO3B’SI3yBaHHA Ta BHKOHATH IPOrpaMHE KOMII IOTEpHE
MOJICITIOBAHHS JUIsl BUSBJICHHS KOOPIWHAII Ta camoopraHizarii MAC.

Bukiag ocHOBHOro marepiajly i OOIDYHTYBaHHSI OTPHMMAaHHX pe3yJbTATIB AocJigseHHs. [l
BUKOHAHHSA E€KCIEPUMEHTIB BUKOPHCTOBYEMO OOIPYHTOBaHE KOMYHIKalliifHE CepeIOBHIIE, SIKE CKIIaIaeThes 3 N
areHTiB i | cTaHiB, 10 HACENSIOTH TBOBUMIPHUIA CBIT 3 Ge3MepepPBHIM IPOCTOPOM i AUCKPETHUM 4aCOM. ATCHTH
MOXYTh 37iiicHIOBaTH (i3nuHi Aii B cepeqoBHINI Ta KOMyHIKamiifHI Aii, fKi HepenaroThCs IHIINM areHTaM.
BBaxxaemo, 110 areHTH HEe MAIOTh 1IEHTUYHHUH ITPOCTIp I Jiif 1 cocTepekeHb,a 0OMEKeH1, ajle BOHU IIIOTh 3a
OJIHIEIO 1 Ti€r0 X cTpateriero m. Po3risigaemo irp, siki € KoonepaTuBHUMH (BCi areHTH MOBUHHI MaKCHMi3yBaTh
CIUTbHUI pe3y/bTar) i KOHKYPEHTHI (areHTH MaroTh MPOTHIISKHI 1iti). J{esiki cepenoBHIlia BUMAraloTh SBHOTO
3B'I3KYy MK areHTaMu JiJIA JOCATHEHHS HalKpamioi BHHaropoau, TOAL K B IHIIMX CEPETOBHIAX areHTH MOXYTh
BUKOHYBATH TiNbKH ¢izuyHi 1ii. [Hpopmaris npo KokHE cepeoBHIIe TPHUBEIEHa HIDKIE.
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Puc. 1. ImfocTpartii ekciepuMeHTaIbHOTO CEPEIOBHIIA 1 IEsIKi pO3TIIAHYTI 3aBIaHHA, B TOMY YHCIII:
a) KoolepaTUBHA KOMYHIKallisi, 0) XnKak-KepTBa, B) KOOIEpATUBHA HABIirallis, r) GisuaHnii o0OMaH.

s mobymoBu MAC HEOOXiTHO BHKOHATH TIOTEPEIHI MOCHTIPKEHHS Ha OCHOBI aJIEKBaTHUX
MaTEeMaTHYHUX MOJEINeH, sIKi JafoTh 3MOTY BUBUMTH JAUHAMIKY CHCTEMH B YMOBAaX HEBH3HAYE€HOCTI, IOOYIyBaTH
cTparerii IOBEiHKN areHTiB, AKi 3a0e3MeuyloTh ONTHMaNIbHI TEXHIKO-eKOHOMIUHI mapaMeTpu (PyHKIIOHYBaHHS
cucremu. BpaxoByrounm ocoOmuBOCTI mpeaMeTHOl oOmacti, a caMe OaraToarcHTHICTh, HEBU3HAYEHICTH
CepEeOBHIIA NPUITHATTA PillleHb, aHTAaroHi3M a00 KOHKYPEHTHICTh IUTeH, KOMYHIKaTUBHICTh, KOOpAWHALIA i,
QIaNTUBHICTh CTpATerii MOBENIHKKA areHTiB, Il moOynoBm mozeneiik MAC BHKOPHCTAaEMO MaTeMaTWIHHAN
armapar Teopii cTOXacTW4HHX irop. Po3B’s3yBaHHS CTOXAaCTHYHOI I'pHM TONATA€ y MOMIYKY TaKUX CTpaTerii
areHTiB, AKi MaKCHMI3yIOTh iX BHIpamli Tak, o0 3a0e3MednTH MEeBHHH KOJEKTHBHHH OanaHC iHTepeciB ycix
rpaBmiB. Ilykatm onTuMmaneHi cTpaTerii TpaBmiB B yMOBax HEBH3HA-4EHOCTI OyaZeMo 3a METOI0M
320X09yBaJIbHOTO HaBYAHHS.

MaremaTiudHa MOJIeNIb cTOXacTHYHOI rpu. CepeHi Mporpari areHTis

6i({r,ud?)) =Zxr¢l vieD ()
XapaKTepHU3yIOTh SIKiCTh MPOBEICHHS IPH Y MOMEHT dacy N .
MeTor0 KOXKHOTO areHTa € MiHIMi3awis BIacHOi QyHKIIIT cepeHiX mporpamis
lim,, .. 8 — ming,i, Vi € D. )

© Acees B./1., Kynakoscbka [.B.



12 Hayxkoesuii sorcypuan *' Komn tomepro-inmezposani mexnonoeii: ocgima, Hayka, 6upooHuymeo"
Jlyywok, 2019. Bunyck Ne 35

3agavya CTOXaCTHYHOI IpU HOJSITAE B TOMY, IIO0 areHTH Ha OCHOBI CIIOCTEPEKEHHsI TOTOYHUX MPOTPalIiB
[¥1), noBuHHI HaBuMTHCS BUOMpATH 4MCTi crpaterii {uf] Tak, mo6 3 xomom wacy N =1,2,.. 3a6e3ne4nTH
BUKOHAHHSI CHCTEMHU KpuTepiis (2).

Hnsa p03B >si3yBaHHs 3ama4i (2) HEOOXigHO BU3HAYMTH CHOCIO (OPMYBAHHS TOCIITOBHOCTEH UHMCTHX
cTparerii { U, J y 4aci, siKi 3a0e3MeuyoTh BHKOHAHHS yMOBH (4) BHACHIZOK aCHMMITOTHYHOI a/eKBATHOCTI
GbyHKi# cepennix Burparuis (3).

3uauenns QyHKIii §5 cepeaHiX MporpaiiiB rpaBiliB HAOMIKAOTHCSA 10 3HAYECHb (DYHKIN Vv CepemHix
NpOrpailiB BiAMOBIIHOI MATPUYHOT IPH: i

¥i € D lim,,.n® M{[ —Vi@®] } < o0 3)

YMoOBa [OMOBHSIBHOI HEXOPCTKOCTI, 3BaKEHA €MEMEHTaMM BEKTOpIB 3MIMIAHWX CTpaTeriid, OMHCYye

PO3B’S3KH TPH SIK Y 3MIIIaHMX, TaK 1 Y YUCTHX CTPATETIAXK:
diag(py) (V:Vi(p) — €*V;(p)) = 0,¥i €D, )
ne diag(p,) — kBaapartHa giaroHanbHa MaTpHIyt nopsiaky Nj, moOynoBaHa 3 eleMEHTIB BEKTOpa Pi.

IloTouni mporparri areHTiB BU3HAYMMO SK INTpad 3a MOPYIIEHHS MPOCTOPOBOi Ta 4acOBOI KOOpAMHAILI]
CTpaTerii:

|~1'1 ~¢'1|
f?‘z = AESED + (1 ..1}|'1,{ - un 1| + s (5)
ne &LeRY; Ae[0;1] - Baroswmit Koe(bluleHT, Di — MHOXUHA CYCiMHIX areHTiB, IO BiANOBiga€ 300paXCHUM Ha
puc.2 38’s3kaMm; Li=|Di| — KinbKicTh CycCimHix areHTiB; ui— 4mcra crpareris 3 GiHAPHUM 3HAYEHHAM; U} —

iHBEpCHE 3HAYEHHS YKMCTOI cTpaTerii; i, ~Normal(0,d) — 6inuii TaycCiBCBKHIA NIIyM, HOPMAJIBHO PO3TIOIiICHA
BUIAIKOBA BEJIMYMHA 3 HYJIbOBUM MaTEeMAaTHYHUM CIOIiBaHHAM Ta aucnepciero d >0 .

IMepmra ckmamoBa Bupasy (5) Bu3Hauyae mrpad 3a MOPYLICHHS MPOCTOPOBOI (B3a€MHOT) KOOpAMHALI(
CTparerii TpaBLiB y MeXax MAMHOXUHM Dj, apyra cxiamoBa — mrpad 3a mMOpymIeHHs 9acoBOi KOOPIHHALIT Y
JIBa TIOCJTiTOBHI MOMEHTH 4acy, a TPETS CKJIAJ0Ba BU3HAYAE Jif0 BUIMAJAKOBUX 3aBaJl Y BUTILAL OLIOTO IIIyMYy.

BpaxoByroun Benmunny mnepiony v = N; anHamiuHoi camoopranizanii MAC, ¢dopMmyBaHHS 1OCITiTOBHOCTEH
quCTUX cTpareriii {ul,] 3 moTpiGHUMM BIACTUBOCTSAMH BUKOHAEMO HA OCHOBI MAaTpUIlb IMOBIPHOCTEHN MEPEXOJIiB
MDK YHCTHMH CTPATETisIMH areHTiB!

_ pa(l1) - pa(L N
nE = : : ,WiEe D, (6)
pr(Nu1) - pa(INLN)

Psiiku MaTpulli i€ 3MilIAHUME CTPATETISIMU i-TO TPaBls, SKIIO BiH BUOpaB 4ucTy crpareriio ul, € U
Enementn pn(; k) psakiB € yMOBHHMHU IMOBIPHOCTSIMHM BHOOPY YHCTHX CTpATEriil 3ajeXHO BiJl IIOTOYHOTO
BapiaHTa il ui, Ta OTPUMAHOTO HPOTpary £i. BBaxarumemo, 110 BHOpaHi 4mCTi cTpareril BiIIOBiIalOTh
CTaHaM areHTa. Tom pt (6) e MaTpuIiero iMOBipHOCTEH 3MiHM CTaHIB areHTa.

. o ips 1,
I'pa PO3MOYMHACTHCSA 3 HEHABYECHMX 3MilIaHuX crparerid pi(j.k) = b k=1...N; Jna agantuBHOrO
b

(bopMyBaHHS PO3MOIiTY BUIIAIKOBHX CTPATErii, sikuil MiHiMI3ye (yHKIIi cepeanix mporpamris (1) ycix rpasuis,
IMOBIpHICTD BUOOpY CTpaTeriii 3 MEHIINMHY IpOTrpaaMy MOBUHHA 3pocTaTh y 9acin =1,2,... .
BpaxoByrouu (4), oTpMaeMO Takuii peKypeHTHHI METO/ 3MiHH BEKTOPIB 3MIllIAHUX CTPATETiii:

p?i-l-l LN {pn(u } Yn'fn[e{u } Pn(’u }]} Yie D, (7)
ne pj(u,,) — 3mimana crpareris i-ro rpaBus y crani u,, € U%; 7., — OIepaTop HPOEKTYBaHHS HA OJMHUYHHUI &
;.

5
—CHMILIEKC 5 '”‘ [ j""'l' [11], sxmit € iAMHOKHMHOKO OJMHUIHOTO CHUMITIEKCY 57 ;),, = 0 — MOHOTOHHO CITaHa
MOCITIIOBHICTh JTOJIATHUX BEJIMYMH, KA PETYIIOE BEIUYUHY KPOKY Meroay; &,>0 — MOHOTOHHO crajaHa
MOCITiTOBHICTH JTOJIATHUX BEJIMUMH, SIKA PETYJIIOE MBUIKICTH PO3IIUPEHHS € ~-CHMILIEKCY.
Jocnimpkenns 30bxHOCTi MeTony (11) BUKOHaeMo y Kiaci MOHOTOHHUX mociuinoBHocredt {y,} Ta {=,.}
BUILY
=y(n+a) % a>0;g,=c(n+5)7F >0 ),
36ixHicTh MeTony (11) croctepiraerbes:
1) 3 #imosipuicTio 1, sixmio a €(0.5;1] ; >0 ;
2) y cepenHbokBaaparuaaomy, sikio o €(0,1] ; #>0.
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Meroz (7) 3abe3neuye aganTUBHUIA BUOIp areHTaMH YUCTUX CTPATEriil 3aBISIKM TUHAMIYHIN mepeOymoBi
3MIIIAaHUX CTPATETii HAa OCHOBI ONPANIOBAHHS MOTOYHNX MIPOTPAIIIB.

. . . . . o i i ‘o o . .

Ha mizcraBi moTOYHOTO poO3MOJILY iMOBIpHOCTEH Py '[u,!‘) areHT 3/iHCHIOE BHITQJKOBUHM BHOIp YMCTOI
crparerii ¥i € D.

u[':!} . 1 ir- -
n = {T = arg mln!Ek:lp?iz(L k} = IfJJU, I=1 'Ni}}J (9)
ne wel0,1] — BumaaxoBa BenMYMHA 3 PIBHOMIPHUM PO3MIOIIOM.

OTxe, AKIIO B MOMEHT 4Yacy N areHr mepebyBae y crasi in 1iTo Ha OCHOBI 3MiIIAaHOT cTpaTerii P (u_n} BiH
BHOMpAE YUCTY cTpaterito ul3rinuo 3 (3), 3a mo 10 MOMEHTY 4acy N +1 otpumye norouHuit nporpaur &y, sKiii
BUKOPHMCTOBYE JIIsl OOYMCIIEHHS 3MIilIAHOi CTpATerii Py, 44 (14,,) 3riano 3 (7), micis YOro mepexoauTh y HOBHIA

i — B
CTaH U,y q = U,

OuiHoBaHHS €EeKTHBHOCTI irpoBoi camoopraHizanii MAC BUKOHAEMO 32 TAKNMH ITOKa3HUKAMH

1)¢ynkuis cepennix Brpar abo IiHa rpu:

1 ; o .
g, = E I, 8%, nel =| D| - kizbkicTh rpaBuis;

2)koe(ilieHT TPOCTOPOBOT KOOPAMHAILII CTpaTeriii rpaBLiB:
K,= i ?:1Ef:1}t’(2355[|u;— uZ|=0), ne xe{0,1} inanKkaTopHa GyHKILis MOZLIT;
MogemoBanHs mpuKiIany. s mpukiaxy posriITHEMO CTOXAaCTHYHY IrpOBY MOJENh caMoopTraHi3arii
komax-citsukiB (fireflies) i3 pomurn Lampyridae, siki BeayTh HiYHUIA CIOCIO KUTTS Y TPOMIYHHUX PErioHax
ceiry. Cammi 1mmx KoOMax I TIPUBAOMIOBaHHA CaMOK 3allyCKalOTh MEXaHI3M JIFOMIHECIIEHTHOTO
BUIPOMIHIOBaHHSA CBOTro uepeBI. (CaMoopraHizalist TpPOSBISIETBCS Yy BHHWKHEHHI SBHUINA PHTMITHOIO

CHHXPOHI30BaHOTO CBITiHHS yCi€l KOJOHII CaMIIiB.
MopgenroBaHHS TIOBEIHKH CBITJITYKIB BHKOHA€MO 3a JOMOMOTOIO0 CTOXAaCTHYHOI I'PH areHTiB, KOXKEH 3

AKMX MOXKe Tepe0yBaTu B OfHOMY i3 nBox craniB ule{0,1}, ne O mosnauae BincyTHicts, a 1 — HasABHICTH

CBITIHHSL.
Bukonaemo po3B’si3yBaHHS CTOXaCTHYHOI TPU JBOX arcHTIB 3 IBOMA YHCTUMH CTPATETISIMHU Y CEPEOBHIIT

3 IBOMa CTaHaMH. MaTpuli cepeHiX BUTPAIIIiB TaKOi IPH TOAAHO Y TaOIHII.

Tabmurst 1. MaTpurii BUrpamntiB TpaBIliB

CTaHH cTparerii 1 arenr 2 areHr
- T (51,u2[0]) | malspua[1) | ma(s,up[0D) | ma(sy,uplil)
s 701 (51, 14, [0]) 05 02 0.4 0.1
70y (51,114 [1]) 06 0.7 0.1 0.9
- T (5,u2[0]) | malspua[1]) | mo(so,un[0]) | ma(spu,(il)
s, T01(52,12 [0]) 0.9 0.2 0.4 0.6
0y (52,14 [1]) 0.2 0.9 0.6 08

KorxeH areHT MoXe crocTepiraTu CTaHH CYCiIHIX areHTiB Ta 3MIiHIOBATH BJIACHHII CTaH Tak, MO0 y Hisgx
OyTH MakCHMaJIbHO MOIOHNM Ha cBOIX cycifiB. CTpyKTypa 3B’ S3KiB MiXK areHTaMu 300pakeHa Ha puc. 2.
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Puc. 2. Mopnens croxactuanoi rpu “CBiTisakn”

© Acees B./1., Kynakoscbka [.B.



14 Hayxkoesuii orcypnan "' Komn tomeprno-inmezpogani mexnonoeii: ocgima, Hayka, 6upooHuymeo"
Jlyywok, 2019. Bunyck Ne 35

Perymsapha crpykrypa rpu 3a1aeThesl KUTBKICTIO areHTiB L=m*m, m>2, , miqMHO)KHHAMH CYCITHIX arcHTiB
D; ta kinbkicTio uncrtux crpareriii Ni=N=2, i=1..L.

JluHaMika mporecy caMoopraHi3aiii CKamaeTbCs 3 IPOCTOPOBOI Ta HYacOBOi KOOPAHMHALNI cTpaTeriit
arerTiB. [IpocTopoBa KOOpAMHAIS TOJATAE Yy AOTPUMAHHI CIIBBIIHOIIEHHS CTpPATeTiil areHTIB y JIOKAJIHLHO
Br3HaueHnX obmactsax Dj, N; Tak, sk me 300pakeHo Ha puc. 2. YacoBa KOOpAMHALIS BU3HAYAETHCS JOTPUMAHHIM
CITIBBiTHOIIIEHHS CTpATETiif areHTiB Ha MPOMIXKY dacy 7= 2 .

B irpoBiii TepmiHONOTIT POCTOPOBAa KOOPIAWHALIS TOIATaTUME y BHOOpi OZHAKOBHX 3HAYEHb YUHCTHX
crpareriii rpaBuiB y pikcoBaHi MOMEHTH 4Yacy (areHTH HaMararThCs MOBTOPIOBATH /il OJWH OIHOTO), a 4acoBa
KOOpAMHALIS — y 3MiHI OiHapHMX CTparerii Ha MPOTWIEXKHI 3HAUYEHHS y JBa IOCTIJOBHI MOMEHTH dacy.
Pe3ynpraToM caMoopranizamii areHTiB € iHBepCHA 3MiHA MAaTPHIh OIHAPHHUX YHCTHX CTpaTerii
[O)wm-[1]m#m=[O]m*m-[1]m*m - ¥ @aci, 110 MOENTIOE pUTMIYHE CBITIHHS KOJOHIT CBITIAYKIB.

1 .
arcHTIB 3

0

. . T 0
Taka 3miHa 3abe3nedyeTbcsd MaTpPHISIMH HAaBYEHUX 3MIMIAHWX CTpaTeriii pt [u;}= [ 1

OJTHAKOBHMH TI0YaTKOBHMH CTAaHAMH.
AnropuTM po3B’sI3yBaHHA CTOXAaCTUYHOI IPU.
1. 3agaTy MoOYaTKOBI 3HAUEHHS TTapaMeTpiB:
e N =0 - moYaTKOBHIT MOMEHT Yacy;
e L =|D| - kinbKicTh rpaBLiB;
e N — KiJIbKICTh YMCTUX CTpATEriii rpaBLiB;
i i i i
e U=(u[1],u[2],..,u[N]),i=1..L — BekTOpH YHCTHX CTpaTeriii rpaBIiB;
I
* P~ (1/N,...,2/N), i =1..L — mouaTkoBi 3MilTani cTparerii TpaBIliB;

y > 0 — mapameTp KpOKy HaBYaHHS;

a €(0,1] — nops 10K KPOKY HAaBYAHHS;

& — TapaMeTp € -CHMIUIEKCa;

£ > 0 — mopsI0K MIBUAKOCT] PO3IMIMPEHHS € -CHMITIEKCA,
d > 0 — gucnepcist 3aBa;

Max N — MakKCUMalbHa KUIbKICTh KPOKIB METOLY.

I I
2. Bubparu BapianTtu mitt U €U, i =1..L 3rigno 3 (9).
n
3. Orpumaru 3HaYEeHHS MOTOYHKX Tporpaitis &5, i =1..L 3rixuo 3 (5). [ToTouHi 3HAYECHHS rayCcCiBCHKOTO
OLTOTO IIyMy OOYHCIIOIOTE 32 OPMYIIOIO:

ne o €[0,1] — milicHe BUIaKOBE YHCIIO 3 PIBHOMIPHUM 3aKOHOM PO3IIOIiTY.
4. ObuncnuTy 3HAYCHHS APAMETPIB Y , & 3riIHO 3 (8).

i
5. O0uuCIUTH eIEMEHTH BEKTOPIB 3MIIIAHUX CTPATETii P o =1..L 3rigno 3 (7).

6. OGumCIHTH XaPAKTEPUCTHKH AKOCT] IPUAHATTS pillieHs Z_ (10), K (112).

7. 3amaT HACTYITHUI MOMEHT Jacy N:=n +1.
8. Sxuo n<nmax, TO TIEPEHTH Ha KPOK 2, IHAKIIIE — KiHEIlb.

3aBIsIKM JIOKaJbHIA KOOpAWHAamIii cTparerii areHTiB JaHW PO3B 530K 3a0e3medye caMOoOpraHi3amiio
MAC ,,cBiTiskiB”. KokeH rpaBens criocTepirae aii CyciiHIX 1 OTpuUMye€ BIIacHI mporparii 4epe3 He CHiBIaiHHS,
IO 3acTaBiisie HOTO IWHAMIYHO OoOMpaTH cTparerii 3 MeHmKMH mTpadamu. JnHaMidHe OOMpaHHS cTpaTerii
MIEPETBOPIOE JIOKAILHO CKOOPAWHOBAHI Iii TPaBLiB Ha MI00aIbHY KOOPAWHAIIIO TPH, KOJIH KOJEKTHB TPaBIiB
MOBOIATHCA SIK IIUTICHUI OpraHi3M, ZUBHCH PHUC.3.
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Puc. 3. a) B mpotieci HaBYaHHs, 6)caMOOPTraHi30BaHi areHTH

BucnoBku pocaigxxennsi. Pozpo0iiena irposa Moaens 3abe3neuye JUHAMIYHY camoopranizamiro MAC,
sIKa TIPOSIBISIETHCS y PUTMIUHIN 3MiHI YUCTHX CTpAaTETill areHTiB, IO IMITYye CBITIIOBI €PEKTH KOJOHII KOMax-
CBITJITUYKIB. XapaKTECPHOI OCOOJIMBICTIO PO3MISHYTOI IrpoBOI camMoopraHisarii € J0KaJlbHO 00yMOBICHHUM 30ip
iHbopMarii mpo crparerii HOBEAIHKN CYCiIHIX areHTIB, KUK y pe3ylIbTaTi HaBYaHHS MPUBOAUTE 10 TII00aIbHOT
KOOpAMHAIIII CTpATerii yCiX areHTis.

['eHepyBaHHSA TOCHIZOBHOCTEH YHCTHX CTpaTerii 3 MOTPIOHUMH BJIACTHBOCTAMHU 3a0e3MeuyeThes
BHITaJIKOBHM PO3IOJILIIOM, TOOYI0BAHMM Ha JWHAMIYHUX 3MIIIAHUX CTPATETisX rpaBIliB. OOUMCICHHS 3MilIaHUX
CTpaTeriii 3MIMCHIOEThCS 3a aJaNTUBHUM DPEKYPEHTHHM METOJOM, OTPHMAaHUM Ha OCHOBI CTOXaCTHYHOI
anPOKCUMAIIii YMOBHU JOMOBHSUTLHOT HEXKOPCTKOCTI, sIKA OIHCY€E KOJEKTHBHI PO3B’SI3KU TPH, IO 3370BOIBHSIIOTH
YMOBY piBHOBaru 3a Hemem.

EdexruBHicTh irpoBoi camoopranizaiii ctparerii MAC BHBYalM 3a JOMOMOTOI0 (PYHKITIH CepemHix
mporpamiiB, KOS(II[iEHTIB KOOpAWHAIII Ta HOPMH BiIXWJCHHS JIUHAMIYHUX 3MIOIAaHUX CTpPaTeTid Bif
ONTHUMAJILHUX 3HaueHb. CoamaHHs (YHKIII cepeaHiX mporpairiB 1 (yHKIII BIZXWIEHHS 3MIMIAHUX CTPATeriH,
3pocTaHHs KOeQilieHTIB KOOPAMHAIII CBiTYATh PO 30LKHICTH irpoBOro MeTony Ta BxomkeHHS MAC y pexum
camoopranizamii. [IoBTOpeHHsT 3HAYCHb XapPaKTEPUCTHK TPHU Y PI3HUX EKCIEPUMEHTaX 3 VHIKAIEHUME
MOCITIJOBHOCTSIMH BUITQAKOBHX BEJINYMH ITIATBEPKYE TOCTOBIPHICTH OTPIMAHUX PE3yIIbTaTiB.
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