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3anponoHnoBaHo irpoBuii Meton GopMyBaHHS KOAJIIWiA y MyJbTHATEHTHUX CHCTEMAaX.
Po3po0sieHo amanTHUBHMH aJdropuTM AJsi PoO3B SI3yBaHHS CTOXACTHU4YHOI rpu. Bukonano
KOMII' 0TepHE MOAEJTIOBAHHSI CTOXACTHYHOI rpu. BuBYeHO BIVIMB mapaMeTpiB Ha 30bKHiCTHL
irpoBoro meroay gpopmyBanns koaniuiii. [IpoananizoBano orpumani pesyabrarTi.

KuarouoBi cioBa: mMyJdbTHAareHTHa cucreMa, ¢opMyBaHHs KoaJilii, croxacTMyHa rpa,
ajanTUBHUIA irpoBuUii MeTo.

The stochastic game method of coalitions formation in multiagent systems is offered.
Adaptive algorithm for stochastic game solving are developed. Computer modelling of
stochastic game is executed. The parameter influences on convergence of stochastic game
method for coalitions formation are studied. The analysis of received resultsisrealized.

Key words: multiagent system; coalitions formation; stochastic game; adaptive game
method.

Beryn

VY 3agauax eleKTPOHHOI KOMEpIlii, opraHizamii BipTyaJIbHUX CIIJIBHOT, PO3MOALICHUX OOYHCIICHB,
CEHCOPHHX MEpEX aKTyaJbHE IUHAMIYHE YTBOPEHHS MYJIbTHATEHTHHX CHCTEM Ha OCHOBI MeEXaHI3MiB
camooprasizailii, ska € pe3ybTaToOM KOAJII[IIHOT B3aEMOJIT areHTIB Ta 3aCTOCYBAaHHS aJallTUBHUX MPaBUI
NPUAHATTSA PillleHb, U BUPOOJICHHSI IKUX areHTH BUKOPUCTOBYIOTh TUIBKH JIOKaJIbHY iH(pOpMaiito [1, 2].

Posnoxinene po3p’si3yBaHHS 3a/a4 y MYJIBTHAreHTHHX CHCTEMaxX OCHOBAHO Ha CKOOPIHMHOBaHii
poboTi koamiliii arenTiB. KoopanHalis rpyHTyeThCsS Ha CITIBIIPAIli Ta B3a€EMOJIIT areHTIB. Y MexXax Koalilii
CIPOIIYETHCS OpraHizallisi Ta KOOPJMHAIIS il areHTIB, 3MEHIIYEThCS CKIIAIHICTh MPOILECY KOMYHIKAIIIi,
CKOPOYYETHCS Yac Peakilii Ha 3MiHH 30BHIIIHBOTO CBITY.

[Tix koauiniero po3yMitOTh CIUTBHOTY areHTiB, sIKi Ha MIJCTaBi MPOTOKOJIIB MEPEroBOpiB BUPIIIYIOTh
CIIIBIIPAIOBATH, 0O PO3B’S3aTH MOCTABIICHY 3a/1a4y a00 TOCATTH TIEBHOT METH.

[Ipobnema dopmyBaHHs Koamilili iHTEHCHBHO JOCTIKYEThCS Y CydacHill HayKOBiH JiTepaTypi i3
3aCTOCYBAHHSI MYJIBTHATGHTHHX CHUCTEM, HANpHKIAa, Ui aBTOMATHYHOTO OINpPAaIllOBAHHS OHTOJOTIH,
nouyky iHdopmarii B KOMIT FOTEpHIN Mepexi, AUCTaHI[IHHOTO HABYAHHS, KEPYBaHHS OpraHi3al[iiHUMH
cucTeMaMH, TMOOY/ZOBH pI3HOMAaHITHHX BIPTYaJIbHHX OpraHizaliii Ta choutbHOT, Kiacudikamii Ta
KJIacTepH3allil JaHWX, KEPyBaHHS pPO3MOIUICHUMH OOYHMCICHHSIMH, CICKTPOHHOI KOMEpIIii, opraHizarii
AyKIIOHIB, KEpYBaHHS PHHKOM IIHHUX IArepiB Ta iHBECTHIIiH, MOOYMIOBH CTPATETIYHUX KOMIT FOTEPHUX
irop, IMiTamiiHOrO MOEIIOBAHHS PO3MOAUICHUX CHUCTEM, KEpyBaHHS CYCHUIBHUMH I1HCTUTYTaMH Ta
CYCHUIbHO-GKOHOMIYHUMH TPOIECAMH, MOJCIIOBAHHS JHWHAMIKH COILIaIbHMX MPOIECIB, KEpyBaHHS
CcolliaIbHUMH IHTEPHET-cepBicamMH, iHpOpMaIiHHOT O€3MeKH y Mepexi iIHTepHET Ta iHImmX [2-5].

ATeHTH, SIKi PO3B’S3YIOTh CHUIbHY 3a/Ja4y, TMOBHHHI BMITH BHSBISITH OJMH OJHOTO y MEPEXi.
LlentpanizoBane po3B’sA3yBaHHS IIi€i 3agaui OOMEXKYyE aBTOHOMIIO arcHTIB 1 MpoOJeMaTH4HE IS
POBIOJINIEHHX JKepen aHuX. [neansHo, m00 areHTH Oyiu 37aTHI TPYMyBaTHCS CaMOCTIHHO, (OpMyBaTH
KOaUTiIlii, IKi MaroTh MOIOHI I[iJTi Ta aTpUOYTH.

3amavya GopMyBaHHs KoaJilil areHTIB moaiOHa 10 3aaaui KiacTepu3alii JaHux. B 00o0x 3agaudax
HEOOXIJTHO CTBOPUTH Tpyly 00 €KTIB Tak, 1100 00 €KTH OaHIi€l rpynu Oy MOAIOHUMH MK 0000, a
00’ €KTH Pi3HUX TPYH ICTOTHO BiJpi3HSUTMCS. 3a/iady MONIYKY B MEPEXi CXOKHUX areHTiB MOXKHa PO3TIISIATH
K 3aJa4y 00’ €IHAHHS areHTIiB y Kiactepu [6].

69



dopmyBaHHSI KoOalillii y MYyJIbTHATEHTHHX CHUCTeMaxX (OPMYIIOEThCS SK KOHKypeHTHa abo
KOOIlepaTHBHA 3ajada 3apaxyBaHHs 00’ €KTa 0 OJHOro i3 KiacrepiB. Po3B’s3yBaHHS MOMIOHMX 3a1a4
BHBYAE TEOPisl irop, a B yMOBaX HEBU3HAUYCHOCTI — TEOPis CTOXACTHYHHX irop [7]. Y 3B’s3Ky 3 UM 3
HAYKOBOI Ta MPAKTUYHOI MO3UII aKTyaJlbHE 3aCTOCYBAHHS METOJIB CTOXaCTHYHUX irop Juist (pOPMYBaHHS
KOAJTIIii B yMOBax HEMOBHOTH iH(OpMaITii.

Meroro 1i€ei poOoTH € po3pobieHHs irpoBoro cmocody QopMyBaHHS Koamimid y Mexax
MYJIbTHAr€HTHOI CUCTEMH B yMOBaxX HEBHM3HAuUEHOCTI. IS MOCATHEHHs Ii€] METH HEOOXiTHO BHKOHATH
Taki 3aBAaHHs. cHOPMYIIOBATH 3a/ady irpoBoro GopMyBaHHS KOailii, pO3pOOUTH aJanTHBHHUNA IrpOBUil
METOJI Ta JITOPUTM JJIsi PO3B’I3yBaHHS 3a/1a4i, PO3POOHTH KOMIT IOTEPHY MPOrpaMHy MOJIENb irpoBOT0O
(dhopMyBaHHS KOAIIIii, TpoaHATI3yBaTH OTPUMAaHI Pe3yIbTaTH.

IlocTanoBka irposoi 3anaui ¢popmyBaHHs KoaTinii

Hexait 3anana muokuna 3agad T ={T,,T,,...,T_} i muoxuna arentis A={A,A,,...,T }, npusua-
4eHMX I8 iX po3B’sA3yBaHHA. KOKHa  3aJaYa  BM3HAYAETHCS ~ MHOXKHHOK  KOMIIETEHIIH

Q(T) ={QF,Q,....Q"} (k=1.m), Heobximxux ams ii PO3B’sByBaHHA. AHAJOTIYHO, KOXKEH arcHT

Bu3HauaeThes MuOkmHOW 3mionocreit C(A) ={C;,C,,..,Cl} (i =1.n), sapasxu sxum BiH MOKe

po3B’sizyBati chopMynboBaHi 3amadi. 3arajgoM KUIBKICTh 3IIOHOCTEH areHTa MOXKe IepEeBUIIYBATH
KUTBKICTh KOMIICTCHIIH, HEOOXiMHUX UIsi po3B’si3yBaHHs 3amaui: S3 I . Lle o3Hayatume, 110 areHT Mae
3MIOHOCTI IS pO3B’ sI3yBaHHS IEKLIBKOX 3a7ad.

{06 3anaua T, Mmorma Gyru po3s’si3ana, HeoOXxigHo crBoputH rpymy arentie G(T,), 06’ exuani

3/1i0HOCTI SIKMX MOKpHBaoTh MHOXKHHY Komrerenuin Q(T, ) :

E_C(A)EQ(T). @

AT G(Ty)
Taky rpymy arentis G(T,), 06’ eqHanux uist po3s’ i3yBaHHs 3aj1a4i 1, , Ha3BeMO Koasiliero. Makcu-
MaJlbHa KUTbKICTh MOXKIMBHMX KOAQMTIIIH JAOPIBHIOE KUTBKOCTI PO3B’ SI3yBaHMX 3aaad. SIK MPaBUiIO, BBOAUTHCS

OOMEKEHH, 10 OJIMH areHT He MoXe BxomutH y aexinbka koaniuii: G(T,) C G(T,) =4 (k?* j).

IMokputtst (1) MOBUHHO OyTH BHKOHAHO JCIKHUM ONTHMAaJIbHUM a00 pallioHAIbHUM CIIOCOOOM Tak,
00 3a0e3MeYUTH MOXKIIMBICTH OJIHOYACHOTO PO3B’ I3yBaHHs OUIBIIOCTI 3a1ad.

k - . kKT .
Ipumycrumo, mo kommerennii Q (] =1..r) ouineno umcnopumu napamerpamu  X; | R, saxi
HaOyBalOTh 3HAYEHHS HA OCI MIMCHHMX YUCEN R'. Moni6Ho 10 1BOro, 3AIGHOCTI areHTiB C (=19

OI[IHEHO YMCIIOBUMHU MapaMeTpamu y,iT R.

dopMyBaHHS KOATillii BHKOHAEMO METOAOM CTOXACTUYHOI TI'pH, SKa 3aJa€ThCS KOPTEIKEM
(AU X'|"AT A), ne A — muoxuna arentis a6o rpasuis; U' ={u;,U;,...,U' } — MHOKHHA qmCTHX
cTpaTeriii | -ro rpasus, sKa BH3HAa4Ya€ HOro HAJIEKHICTH 10 OQHIET 3 Koamdilii; M — KiJbKICTh cTpaTerii
| -ro rpasug; X':U®R - ¢yukuis Brpar i-ro rpasus; U :A,T AUi — MHOXXMHa KOMOIHOBaHUX
cTparteriid, OTpUMaHMX CIUTBHUM BUOOPOM YCiX T'paBIliB.

CyTh TpH NOJISTAE y BUIAJAKOBOMY IIEpEMIlllEHH] TpaBIliB i3 omHiel Koauilii B iHmy. st mporo y
auckperHi MoMenTH yacy t =1, 2,... KoxkeH rpaBelb 31iCHIOE BUIIAIKOBUIA 1 He3aIeKHUI BUOIp cTpaTerii
u'l Ui, sKa BH3HAYA€ HOro HAJEKHICTH M0 BiamoBimmol koamimii. 3rimmo 3 (1), micms peamizamii
komGinoanoi crparerii Ul U rpasui 3asHaiors BunagkoBux Brpar X (U) 3 ampiopi HeBizomMmmu

CTOXaCTUYHHUMHU XaPAKTCPUCTUKAMHU.

X (W)= —=— & g (u* =)

1 i\? « — )9
|GUMMA 4.8 (4-v) e(r=c)z. @

1 1=1 [}

" Qdo-
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ne |G,(T,) |5 é C (Utk =y, ) — MOTOYHA KiIBKICTh €IEMEHTIB KOAIILii, y IKy BXOMHUTE | -i TpaBelp; X;( -
Al A
YKCIIOBA OIHKA | -i KOMIIETEHILii, HeOOXiMHOI 11 po3B’ s3yBanus K -i 3amaui; yli — yucioBa omiHka | -
spi6rocTi | -ro arenta; C(*)1 {0, — inmmkarop moii.
EdexTnuBHICTS X0y TpH OIIHIOETHCST (DYHKIISIMH CEPEIHIX BTPAT:

14 R
X ==&x "ATA ©)
tea
Mera rpu nosnsirae y MiHiMizailii cuctremu QyHkiiit cepennix Brpar (3) y yaci:
I(i?rgXi@ min " AT A. ()
t

OTKe, CIIOCTEPITalOYM MOTOYHI BTPATH {Xt'} , koxkeH rpasetib A | A moBuHeH HaBUMTHCS BUOHpPATH
aucerti crparerii {U,} Tak, mo6 3 6irom yacy t =1 2,... 3a6e3neunTH BUKOHAHHSA CHCTEMH KPUTEPIaIbHIX
Gbyuxkiiit (4).

Po3B’s13ku irpoBOI 3a/1a4i OBUHHI 33I0BOJIBHATH OJHY 3 YMOB KOJIEKTHBHOI PIBHOBArd, HAITPHKIIA],

Herrra a60 [apero, 3aexHo Bist MeToy (hopMyBaHs mociiosrocTeit crpareriit {U}" AT A.

Mertoa po3B’a3yBaHHs irpoBoi 3agayi

Po3B’s3yBaTMEMO irpoBY 3allady 3a JIOMOMOTOI0 aJallTHBHOTO PEKYPEHTHOTO IepeTBOPEHHS

: : X i — j i i n T i . . . .
BeKkTOpiB 3Mimamnx crpateriii P ={ P, Py,..., Pt " Al A, me p; — imosipHicTs BXOMKEHHS |-TO
areHTa B | -Ty KOAJILiIO.

[ToOynoBy M™eromy po3B’si3yBaHHS CTOXacCTHYHOI TI'pH BHUKOHAEMO HA OCHOBI CTOXaCTHYHOL
alpOKCUMAIIlii YMOBHU JIOMOBHSIBHOI HEKOPCTKOCTI TSl JSTEPMIHOBAHOI I'PH, CIIPABEUIMBOI IS 3MIIIAHUX
cTpareriii y Toukax piBHoBaru 3a Hemem [8].

JA71st bOTo BU3HAYMMO NONUTIHIHHY (QYHKIIIIO cepeHiX BTpaT JJisl ISTepMIHOBAHOI IPH:

Vi =avu O pu’),

ul U AT AulTu
e V(U) = M{x; (u)}
Toni ymMOBa JOMOBHSUTBHOT HEKOPCTKOCTI 33/1a€ThCS Y BEKTOPHIN (hopMi:
N V'(p)- €V'(p)=0"AT A,
ne Nini(p) — rpamienT momimiHiitoi ¢ymkuii cepexmix Brpar; € =(1;|j=1..M) — Bexrop, BCi
CNIEMEHTH SIKOTO JIOpPIBHIOIOTH 1, pT S" — komGiHoBaHa 3MimaHa CTpaTeris TpaBIiB, 3ajaHA Ha

. QM -
onuauyHOoMy cummiekci S (M =m").

{06 BpaxyBaTH poO3B’SI3KM Y BEPIIMHAX OJUHUYHOTO CHMILIEKCY, BHKOHAEMO 3B)KYBaHHS BEKTOPA
JIOTIOBHSUTLHOT HEXKOPCTKOCTI eJIeMEHTaMU BEKTOpa 3MIIIAHUX CTPATErii:

diag(p') (N V' (p)- €V'(p)) =0, (5)
e diag(pi) — KBaJpaTHa JiaroHajbHa MaTpPHUA MOPAAKY IM, CKIageHa 3 €IEMEHTIB BEKTOpa pi
"AT A,
BpaxoBytouu, 110
diag(p)[N V' - eV']=E{x;[e(y)- p]Ip =P},
Ha OCHOBI METOJIy CTOXaCTHUYHOI anpokcumaliii [9] orpumMaemMo Takuii peKypeHTHHU I BUpas:

pti+1 :p:ﬂ{ ptI - gtxti (e(utl)' ptl)} ) AT A, (6)
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ne E — cumBon maremarwuHOrO CriomiBaHHS, per? | — TIPOEKTOp Ha M -BUMIpHHUiT ONMHUYHUH CHMILIEKC
S™[8]; g >0 ta € >0 — MOHOTOHHO CIaJHi MOCIiTOBHOCTI noaatHuX BenmunH, €U ') — oqMHUYHUIA
t t t

BEKTOP, KW BKa3ye Ha BUOIp areHTOM YUCTOI CTparerii uti =u'TU'".

30DbKHICTh 3Mimanux crpaterid (6) mo onTUManbHUX 3Ha4YeHb 3 IMOBipHiCTIO 1 Ta B
CepeNHbOKBAIPATHYHOMY BM3HAYA€ThCSA CHIBBIIHOIIEHHAMU mapamerpiB ¢, Ta €,, fKi IIOBHHHI
3aJI0BOJIBHATH (PyHIaMEHTaJIbHI YMOBH CTOXaCTUYHOI anpokcuMartii [9].

[Tapamerpu g, Ta €, MOKHA OOYMCIIUTH TaK:
g =gt", e =et”’, )
neg>0;a>0;e>0; b>0.
[IpoeKTyBaHHS Ha pO3LIMPIOBAHUH €, -CHMILIEKC Ser: . | S™ 3aGesnedye BHKOHAHHS yMOBH
P[j]13 €, j =1.M, HeoOximHoi st IOBHOTH CTAaTHCTHYHOT iH(OPMALLT 111010 BUOGOPY YMCTHX CTpaTerii,
a mapametp €, ® O e 1ogaTKOBHM €TEMEHTOM KepyBaHHS 30DKHICTIO PEKYPEHTHOTO METOLY.
Bubip unctux crpareriit uti " AT A rpaBili BAKOHYIOTb 32 BHIIAKOBUMH po3roaiaamu (6):

& . & . 0.
k=argemind pl(u () >w =1 {L.}, ®)
k=1..m
e j=1 %]
ne Wl [0, 1] — xilicne BumaakoBe 9nciio 3 piBHOMIPHEM PO3MOILTIOM.
CroxacTHyHa TIpa PO3MOYHMHAETHCS 13 HEHABUCHMX 3MIIIAHMX CTPATErii 31 3HAYCHHSMH €ICMEHTIB
Po(J)=1/m, ze j =1..M. Yupoaosx HACTYIHUX MOMEHTIB 4acy AMHAMIKa BEKTODIB 3MILIAHUX CTpATeriii
BU3HAYAETHCS 32 MAPKOBCHKHM peKypeHTHUM MeTozioM (6) — (8).
Omke, B MOMEHTH 4acy ! KOXEH rpaBellb Ha OCHOBI 3MilIaHOi crparerii [, BHOHMpae 4uCTy

crparerito U i 1o MomeHty 4acy t+1 oTpuMye MOTOYHI BTpaTu X, , MIiCIS 4Oro OOUMCIIIOE 3MillIaH
t t y

CTpaTeriro ptiJr1 3rigHo 3 (6).

3aBAsKy JAUHAMIYHIN peopraHizallii 3MillIaHUX CTPATErii Ha OCHOBI ONpAIfOBAHHS ITOTOYHUX BTpPAT
merof (6) — (8) 3abe3neuye aganTUBHUI BUOIp YMCTUX CTpATEriil y Yaci.

SxicTh irpoBoro opMyBaHHS KOAJIIiH OI[IHIOIOTh TAKUMH XapaKTEPUCTUKAMH

1) byHKIIi€O CepeHiX BTPAT MyJIbTHATCHTHOI CUCTEMHU:

18
Xt =—a Xt : )
Niz
2) cepenHBOI0 HOPMOIO 3MIIIAHUX CTPATETii IPaBIIiB;
13 8.
D==aa/|n| (10)
Nt =iz

ne ||*|| | R' — eBKtinoBa HOpMa BekTOpA.

AJ'IFOpI/[TM p03B’H3yBaHHH CTOXACTHYHOI rpu

1. 3ayjaTv MOYATKOBI 3HAUCHHSI TAPAMETPIB CTOXaCTHYHOI TPH:
t =0 — noyaTKOBHMII MOMEHT Yacy;
M — KiIbKICTh 337124 200 KUTBKICTh YUCTUX CTPATETiH I'PaBIliB;

X ={X,X,,..., X} — 4HCIOBI OLIHKK KOMIIETEHILi}, HEOOXIXHMX JUIs PO3B’ I3yBaHHSI 3a/1a4;
N — KiIBKICTH I'PaBIIiB;
Y ={V,,Y,,--Y,} — 4YHCIOBI OWIHKM 3HiOHOCTEHi areHTiB, IHAKIIE — MHOXHHA OO EKTIB,

MPU3HAYCHHX JIJIS KJIACTepPH3aLlii;
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I' — KiIbKIiCTh XapakTepucTHuHiX dakropis (kommerenwii) X1 R’ samau;

S — KUIBKICTh XapaKTepUCTHIHHX (akTopiB (31i0HOCTEIH) yT R® arenris;

E, =(¢[1,¢[2],..., §[S]) —maremaruune cnioniBanns mapamerpis 06’ exta ylY:

D, =(d,[4,d,[2],....d,[S]) —mucnepcis mapamerpis 06’ exra ylY:
U'={u'@,u'(2),...,u' (M}, u'(j)=j,i=1.n, j =1.M —BeKTOpH YUCTHX CTpaTEriii PaBLB;
p, =(1/m,...,1/m), i =1..N —noYaTKOBI 3HAYECHHS 3MIMIAHUX CTpATETiil TPaBILiB;

g >0 —napaMerp KpOKY HaBYaHHS;

al (0,1 —nopsiok KpoKy HaBYAHHS;

€ —mapaMeTp € -CUMILIEKCY,
b >0 — mopsinok MBUAKOCTI PO3IMIMPEHHS € -CHMILICKCY;

{ o —MaKCHMaJbHa KiIbKICTh KPOKIB METOZY.

2. Bubpatu BapianTH fiii (HOMepH KoaJriiiii) uti T U' rpasuie i =1..n 3rixxo 3 (8).

3. OrpuMaTH TMOTOYHI 3HAYCHHS BJIACTMBOCTEH 00 €KTa SIK BUIAJKOBI BEIMYMHU 13 3aKOHOM
posnoxiny Y, =Z(m,,d,).

4. TligpaxyBaTi OTOYHI BTPATH I'PaBIIiB Xti , 1 =1..n 3rigno 3 (2).

5. O6umcMTH 3HaYEHHS MapaMeTpis g, Ta €, 3rinHo 3 (7).

6. OOYKCITUTH €IEMEHTH BEKTOPIB 3MIllIAHUX CTPATETii pti , I =1..n3riguo 3 (6).

7. O6uncnutu xapaxkrepuctuuni gyukuii X, (9) ta D, (10) sixocti hopMyBaHHS KoaiLLiii.

8. Bamatu HacTynHuit MoMeHT Yacy t:=t1+1.

9. Skmo BukoHyeThest ymopa t <t TO MEPEUTH HA KPOK 2, iHAKIIIE — KiHEellb I'PH.

max !

Pe3ynbTaT KOMII' IOTEPHOTO MOIETHOBAHHSA

Po3B’s3yBanHs 3amavi GopMyBaHHS KOAJINid BHKOHAEMO 3a JOMOMOTOI0 PEKYPEHTHOTO METOIy
(6)«(8) s Takux 3HaueHb mapameTpiB croxacTmdHoi rpu: M=2, n=5, r=2, s=2, U' ={1,2},
g=1,e=0.999/N,a=03,b=2,t_ =10

Hexail koMnereHuii Q(Tk), Kk =1..m, HeoOXigHi aus po3s’ A3yBaHHA 3a1adi, OLIIHEHO YMCIOBUMU
BenmMuMHAME. X ={Xl1 =6, X; =14}, NG ={X12 =12, X§ =8}, T06TO KOMIIETEHIIii 3a1aH0 KOOpAMHATAMH
TOYOK Ha IIJIOIIUHI.

3mi6uocti arentie C(A), i=1.n ouineno Takumu 3Hauemmamu: Y ={y; =4,y; =15,
y' ={y =10y, =6}, Y’ ={y; =5y, =12 .y ={y; =14y, =%}, y’ ={y; =7.y; =16} .

BumnankoBi BiIXwieHHs 3Mi0HOCTEH arceHTIB BHU3HAYAIOTHCS HOPMAJIbHMM  PO3IOMALIOM 3
napamerpamu: €, =0, d, =1.

BignoBigHicTh 3M10HOCTEH areHTIB MOTPIOHMM KOMIICTEHIIISIM BH3HAYA€THCS CBKIIJIOBOI0 HOPMOO
PI3HUII BEKTOPIB YMCIOBUX OI[IHOK 3MI0OHOCTEH 1 KOMIICTEHITIH.

Ha pucyHky B sorapudmiuHoMy MacmTabi 300paskeHo rpadiku GyHKIIN cepeHix BTpar rpaBuis X,
Ta cepeHbOl HOpMHM 3MimaHux crparterii D,, ski xapakrepusyroTb 30DKHICTB CTOXaCTHYHOI TI'pH
(hopMyBaHHSI KOAIIIIH.

Irposuii Meron (6)—(8) 3abesmeuye Mminimizamito GyHkuii X, cepemnix BrpaT y yaci. @ynkuia D,

CepenHbOi HOPMH 3MIMIAHUX CTpATerid Jocsirae JOrapu@MidYHOrO HyJs, [0 UIIOCTPYE OTPHUMAHHS
PO3B’ SI3KIB IPU Y YUCTHX CTPATETIsIX.
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Po3é’ azyeanns cmoxacmuunoi epu 'y uucmux cmpamezisx

PesynpraToM po3B's3yBaHHS CTOXacTHYHOI Tpu € (opMyBaHHS JBOX KOANILiA areHTIB.
Jlns po3B’si3yBaHHS TepInoi 3amadi chopmoBano koamimito arentiB {1, 3, 5}, a mmt mpyroi 3amaui —
Koaiiito { 2, 4}. SIk BUIHO 3 0ZIepKAHUX Pe3yIbTaTiB, cHOPMOBaAHI KOAMIIT HE TIEPETUHAOTHCS.

SIkio 3Ai0HOCTI areHTiB JaroTh iM 3MOT'Y po3B’si3yBaTH Ounblle Bix onHiei 3a1ay4i, To meron (6)—(8)
3a0e3meyuye po3B’A3yBaHHS I'PU Yy 3MIIIAHMX CTpaTerifax. Y I[bOMY pa3i AesKi 3 arcHTIB HaJICKATHUMYTh

obom koaninisM i pynkuis D, He nocsratume norapudmivHOro HyJs.

BucHoeku

VY wmiit poboTi 3anpOITOHOBaHO HOBHI CaMOHAaBYaJIbHUI MeTo]] (hopMyBaHHS Koailiii, moOymoBaHuUit
Ha OCHOBI pE3yNIbTAaTiB Teopil CTOXaCTHYHUX irop. 30DKHICTHP METOAY 3aJeKHTh Bill PO3MIPHOCTI Ta
CIIIBBITHOIICHHSI TapaMeTpiB CTOXACTUYHOI TPH, sIKi IMOBMHHI BIANMOBINATH (QyHIAMEHTAILHUM yMOBaM
CTOXaCTUYHOT alpOKCUMAIIi.

3anpornoHOBaHUH METOJ HANGKHUTh J0 KJIacy pEaKTHBHUX METOJIB, 5Ki TPYHTYIOThCS Ha
OITpaIlfOBaHHI TOTOYHMX peakiliii cepemnonuia. ToMy B IIbOr0 METOIY MOPIBHIHO HEBHCOKHIA, CTCIICHEBUM
MOPSIIOK MIBHJIKOCTI 301KHOCTI. 3pOCTaHHS MBHUIKOCTI 301)KHOCTI MOJKHA OUiKyBaTH y pa3i 3allydeHHs y Ipy
IHTEJIEKTyaIbHUX arcHTIB.

Po3BuTOK irpoBoro merony GopMyBaHHS KOATIIIH MOXKIMBHHA y HANPSMKY 3aCTOCYBaHHS HEUITKOT
JIOTIKHY ISl OTIPAIFOBaHHS KOMIIETEHIIIN 1 3I0HOCTEH areHTIB, 3aJJaHiX Y BUIJIS/Il HEUITKMX MHOMKHH.
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