VK 004.94

OB30P CNCTEM HPOHE,Z[VPHOﬂ IFrEHEPAIINU UI'P
M.TI'. Meotcenun

IIpoyedypnas eenepayus konwmenma (IIT'K) sasasemes odnoli us naubosee aKMyYyasvoHbT 3G~
day 6 undycmpuu eudeouep. Ilod 'K nonumarom asmomamuueckoe co30aHUE PAAUNHBIT CO-
cmasasowux wacmel uzp; 0cobuili unmepec nNPedcmasasem nNpPobAEeMa GETMOMAMUYECK020 €030~
HUA ULPOBHIT NPABUA U UeAbT uep. B cmamve npedcmasaer 0630p uccaedo8anull, NOCEAULEHHBIT
danHot Mpobaeme; ONUCHIBAIOMCA AAZOPUMMbL 2EHEPAUUL UZPOGHIT NPABUA U U2D DPABAUYHBIT
2HCAMPOB, 8 MOM YUCAE AN20DUMMbL MG OCHOBE NAPAJUZM IB0MOUUOHH020 MOOJCAUPOBAHUA U NO2U-
YecKk020 NPOPAMMUPOBANUA, G MAKINHCE CNOCOOBL ABMOMAMUYECKOT OUEHKU 2EHEPUPYEMBIT U2D.
Kpamxko paccmompenvt nepevie cucmemvt 2eHEPAUUL U2D, PEAAUOBAHHBIE 8 YHUBEPCAALHUT UZPO-
evx npoezpammax. Taxoce onucanve pazausmnsie Gopmamo, NPeICMABACHUS U CNEYUAAUSUPOBAH-
Hble A3LIKU OAA ONUCAHUA UZDOBHIT NPABUAL 8 MOOTOOAULEM OAA GA20PUMMUYBECKOT 00pabOMKYU 6U-
de.

Kmouesvie caosa: npouedypras senepayus kowmenwma, u2posots dusatlii, YHUBEDCANDHBIC U2~
POBVLE MPOPAMMDL, UCKYCCMBEHHBILT UHIMEANEKMN.

BBeneunmne

[Iponieiypras renepaiiusi KOHTEHTA SABJISETCSH OJHUM U3 HaMOOJIee AKTYAJbHBIX U AKTHUBHO
Pa3BUBAIOIINXCsT HAIIPABJIEHUI WCC/IeI0BAaHUN B cdepe MyabTUMeIna, B YACTHOCTH B WHIY-
crpun Bugeourp. Ilom npouedyproti zenepayuetc xonmewma (III'K) nonumaror aBTrOMaTHYE-
CKOE MW TOJIyaBTOMATHUYIECKOE CO3JaHUe W JIMHAMUYIECKOE M3MEHEHHe PA3JIMIHBIX COCTABJISIO-
X YacTefl Urp, B TOM YHUCJIE UT'POBBIX OOBEKTOB U yPOBHEM, JIBYMEPHON U TPEXMEPHON I'pa-
dburn, 3dbdekToB, 3BYKOB, My3bIKH, IepcoHaXKeil, cioxeros, u ap. [10] Ucnomaszoanne TIT'K
[TO3BOJISIET HE TOJBKO 3HAYUTEJIHHO MOHU3UTH CTOMMOCTb CO3JaHWS KOHTEHTA, HO U PEIIaeT
pobJieMy MEPCOHAU3AINN, TPUOOPETAIOITYI0 OOJIBIINYI0 3HAUUMOCTh B CBSI3W C YBEJIUIEHUEM
KOJIMYIECTBA MTOTEHIINAIbHBIX UTPOKOB.

B nccnenosanusix anropurMoB III'K ocobeHHbll MHTEpEC IIpeCcTaBIgeT IpobieMa Ipolie-
JIyPHOI TeHepaluyd UI'POBBIX HMPABUJI, KOTOPbIE JIE)KAT B OCHOBE BCEX, B TOM YHCJIE U HEIJIEK-
TPOHHBIX, UT'pP. PelleHne JaHHOU 3a7a49n 00JIalaeT MPaKTHIECKOH 3HAYUMOCTBIO, MTOCKOJIBKY
[POIEyPHAST TeHEePAIlUs TPABUJI TIO3BOJIUT HE TOJIBKO CYIIECTBEHHO PAa3HOOOPA3UTH BUJICOUT-
PBl 32 CYeT JMHAMUYECKOIO U3MEHEHMsI [IPABHJI B IPOIECCe UIPhl (B TOM YUCIE, AJANTHPYS
UTPOBOIi TIPOIECC O] XKEeJIAHUS UTPOKA), HO U, BOZMOYKHO, CO3/IATh COBEPIIEHHO HOBBIE MI'PO-
Bble MeXaHUKU U KaHpbl [24]. Kpome Toro, cucrembl remepanuu UrpoBbIX MPaBUJI MOTYT ObITh
[TOJIC3HBI UCCJIEOBATEISAM aJTOPUTMOB UCKYCCTBEHHOI'O MHTEJUIEKTA B chepe yHUBEPCAIbHBIX
WUTPOBBIX IIPOrPAMM, & TAKXKE UTPOBBIM JIu3aiiHepaM Jjisi OBICTPOrO CO3IAHNS U TECTUPOBAHUS
Pa3JIMYHBIX UTPOBBIX MPOTOTHUIIOB |15].

[Tponieiypras reHepaiyss WP HEBO3MOXKHA 0€3 sI3bIKA OINUCAHUS WUIPOBBIX MPABUJI, TO
€CTh HEKOTOPOI'O CTPOrO-OIpeIeIeHHOr0o (pbopMaTa UX IPEJICTABIEHUs B MOIXOISIINEM I aJl-
FOPUTMHUYECKON 0OpaboTku Buje. Pa3zpaboTka Takoro s3blKa ONUCAHUs 00JIAJIaeT TeopeTHUde-
CKO¥ 3HAYMMOCTBIO, ITOCKOJIBKY €€ pe3yJbTaTOM OyJeT CTPOruii HayJIHO-TEPMUHOJIOTHIECKHIA
armnapar, KOTOPbIi MO3BOJIUT (POPMAIN30BATh U OMUCATH TPOCTPAHCTBO BO3ZMOXKHBIX UI'DOBBIX
npasu 24, 25|.



[Tponeypras rerepalinss UTPOBBIX MIPABU SABJISIETCS TOCTATOYHO HOBOU 0OJIACTHIO UCCJTIE-
nopanuit. B maHHOIl cTaThbe pacCMOTPEHBI KJIIOYEBbIE PAOOTHI B 3TO cdepe, MOCBAIIEHHDBIE
pa3paboTKe CHCTEM T€HEepalluy UTP U SI3bIKOB UX OIMUCAHUS.

CraTbs opraHm3oBaHa CAEIyIOMUM 00pa3oM. B mepBoM paziesie pACCMOTPEHBI WCCTIeI0-
BaHUsI B OOJIACTU YHUBEPCAJbHBIX WTPOBBIX HporpaMm. Bo BTOpOM pasiesie OMUCAHBI COBpE-
MEHHBIE CHCTEMbI TTPOTIEyPHOM reHepannu Buaeourp. B Tperhem pasmesie KpaTko paccMoTpe-
HBl PA3/INYHbIe sI3bIKU ONUCAHUs WIP. B 3aK/II0YeHUN CYMMUPYIOTCH CJEeJaHHbIe Ha OCHOBE

JIAHHOT'O 0030pa BBIBObI ¥ PACCMATPUBAIOTCS HAINPABJIEHUA JAJbHERINX UCCIIETOBAHUIM.

1. YHUBepcaJibHbIE UT'POBBbIE ITPOTPAMMbBI

B konre 1980-x romoB oHO# U3 OCHOBHBIX U HamboOJiee aKTyaJbHBIX 33J1a4 B 00JIACTH HUC-
KyCCTBEHHOTO MHTEJIJIEKTA, SIBJISIACh 33Jla4a CO3JaHUsS KOMIIBIOTEPHOM MPOTPAMMBI JIJIs UTPBI
B maxmarbl. C KaXXJbIM TOJOM IMaXMaTHbIE MPOrPaMMbl CTAHOBUJINCH BCE yMHEE, U yKe B
1989 rony xommbiorepHas cucrema Deep Thought Bbiurpasa B memMoHCTpanuoHHOM MaTde y
MEeXKTyHApOIHOTO MacTepa 1o maxmaram /I»suma Jlesu. Bmecre ¢ Tem, maHHBIE CUCTEMBI ObI-
JI HACTOJIbKO CHJIBHO CIEIUAJIU3UPOBAHBI HA UTPY B MIAXMATHI, 9TO, [0 MHEHUIO HEKOTOPBLIX
VUEHBIX, JIOCTHXKEHHUs B JAHHOU O0JIACTH y»Ke He MOTJIM WCIOJIb30BaThCs JJId PerieHus 0oJiee
obmux 33724 uckyccreennoro unresiekra (MI1) [24].

s pertenust TAHHON TTPOOJIEMBI ObLIA TIPEJJIOKEHA KOHIIEIIIN YHUBEPCAAOHOT UPOBOT
npoepammu, (YUII), To ecrb Takoii cucrembr MV, koTopast Gbuta Obl CriocobHA UIPATh B Pas3-
JIMIHBIE UT'PBI, He 00jIa/1as KAaKUMHU-JIU00 3HAHUAMHU O KOHKDPETHOM urpe 1o ee Hadasa. OmHOl
U3 1epBbIX pabor B maHHON obsmactu sBiasercd cucrema METAGAME [17], cocrosiBriast u3
JIByX OCHOBHBIX TozicucTeM: MOyt VUM, ciocoOHOro urparh B pa3juvHbIE HACTOJIbHBIE UTPHI,
U 2eHepamopa uep, HaA3HAYEHUE KOTOPOI'O 3aKJIOYAJOCh B TE€HEPAIMHU UTD JJIsi TECTUPOBAHUS
anroputmos NI

Takum obpasom, METAGAME renepupyer urpbl U3 MHOIOYHMCJIEHHOI'O, HO KOHEYHOTO
MHOKECTBA «CUMMETPUYHBIX IIAXMATO-TIOIO0OHBIX UTDPY», yIAOBJIETBOPSIONIUX CJIEYIONUM OC-
HOBHBIM KPUTEPUSIM:

— WI'PBI IPOUCXOJIAT HA TPSAMOYTOJIbHON JOCKE C KBAIPATHBIMU KJIETKAMU;

— B WI'Pe NPUHUMAET yJIacTHUe JIBOE UTI'POKOB;

— HadvaJjbHbIe TO3UNUK (DUTYD U MMPABUIA CUMMETPUYHBI JJIsi 000UX UTPOKOB.

MuozkectBo BosMoxKHLIX urp B METAGAME 3anaerca ¢ moMompio GopMaIbLHON u2po-
80U 2PAMMAMUKY, KOTOPas OIpPeJessdeT HAYAJIbHOE PACIOJIOKeHue (PUryp, MpaBuia Ux JIBU-
JKEHUsI W B3ATHs, YCA0Bud 1mobenbl u ap. IIpumep ommcanmst KOHKPETHON UIPhI B popmaTe
METAGAME mpusesen ua puc. 1.

Konkperuble urpbl reHEpUPYyIOTCs € TOMOIIBIO CJIYIAMHON BBLIOOPKHU U3 JAHHON TrpamMma-
TUKHU, 0€3 MPOBEPKU HA MX ITPOXOUMOCTD, TTOCKOJIbKY B OOIINEM CJydae JIaHHAs MPodJeMa sB-
nsgerca NP-nostaoit. Iy orcedenns TpUBUAIbHBIX UTD, aBTOPHI PEAJIM30BAJIN HECKOJIBKO ITPO-
CTBIX ITPOBEPOK, HAIPUMEP, HE JOIYCKAIOIIUX UTPHI, 11e€JIb KOTOPHIX 3aKJII0YACTCH B JOCTUIKE-
HuHn purypamMu cBoeit HaYaAJIbHON IMO3UIIHH.

Hekoropbrie n3 mapameTpoB reHeparopa TaKXKe MOTYT 3aaBATbCH MOJb30BATEIEM EPE/T
3aIlyCKOM CHUCTEMbl. B 4acTHOCTH, TAKUMU MapaMETPAMU SIBJISIOTCS:

— CJIOKHOCTH TPAaBUJI (MAKCUMAJIbHAS JIJIAHA ONMCAHUSI NPABUJI JIBUXKEHUS W B3sITHUS

JUTsl KazK 101 (burypoi);



— CJIOKHOCTb TIPEJOCTABJISEMOr0 WUIPOKY BbIGOpa (HAIpuMep, TpU TreHeparuu 0ojiee
[IPOCTOI BEPCHUU IIAXMAT UTPOKY MOXKET HE IIPEJIOCTABJIATHCA BbIOOD, HA KaKyio du-
Iypy 3aMeHsIeTCsl MelKa IPK JOCTHYKEHUU [TOCTIe/IHell TOPU30HTAJIHN );

— r1uybuHa ToMcKa (HAIpUMeEp, IPU MeHbIlel ryryOrHe MOUCKa MOIYT PacCMaTPUBATHCS
UTDBI C MEHBIINM PAa3MEePOM JIOCKH );

— JIOK&JIbHOCTh (MaKCHUMaJIbHOE PACCTOsSIHUE, MpeoioieBaeMoe (DUrypoil 3a OJUH XOJ).

MOVEMENT
DEFINE man HOP BEFORE [X = 0]
MOVING OVER [X = 1]
MOVEMENT AFTER [X = 0]
LEAP HOP OVER [{opponent} any_piece]
<1,1> SYMMETRY {side} <1,1> SYMMETRY {side}
END MOVEMENT END MOVEMENT
END MOVING END CAPTURE
CAPTURING END CAPTURING
CAPTURE PROMOTING
BY {hop} PROMOTE TO king
TYPE [{opponent} any piece] END PROMOTING
EFFECT remove CONSTRAINTS continue captures
END DEFINE -

Puc. 1. Yacruuroe onucanue Urpbl «aMepukaHnckue mamkuny Ha a3bike METAGAME

Hecmotpst Ha TO, 9TO TpoleaypHAasi TeHepallns UTPOBBIX IPaBUJI He ObLTa OCHOBHOM Iie-
spio mpoekta METAGAME, sra pabora okazaja OGOJBITOE BIUSHUE HA MTOCJIEIYIOININE WCCTIe-
JIOBaHWS B JaHHON obsactu. MHOrHMe ToCeayonme S3b6IKU OMUCAHUS W CUCTEMbI T€HEPAITHN
UI'P BO MHOTOM OCHOBBIBAIOTCS UMEHHO Ha pe3yiabrarax METAGAME.

Tak, B upoekre Gala 12| 610 npennoxeno passurue Kouuenmuii METAGAME ¢ ne-
JIBIO CO3JaHUS YHUBEPCAJIBHON WUIPOBOI MPOTrpaMMbl JJIsi UTP C HENmoJiHOUW wHpopMarmeii. B
paMKax TPOEKTa OBLIT MPEJIOKEH OTHOMMEHHBIH JTeKITAPATUBHBIN S3bIK OMUCAHUS UTP HA OC-
HOBe si3bIKa Prolog m ajropuTMbl IOMCKa ONTUMAJIBHBIX CTPATErUil JJIsT UTD, OIPEeIeJeHHBIX C

IIOMOIIIBIO 9TOI'O A3BbIKa.

game (blind tic tac toe,
[players : [a, b],
objects : [grid board : array(’$size’, ’'S$size’)],
params : [size],
flow : (take turns(mark,unless(full),until(win))),
mark : (choose(’$player’, (X, Y, Mark),
(empty (X, Y), member (Mark, [x, 0o]))),
reveal (' Sopponent’, (X, Y)),
place( (X, Y), Mark)),
full : (\+(empty( , )) ->
outcome (draw) ),
win : (straight line( , , length = 3, contains (Mark)) ->
outcome (wins (' $player’))) 1) .

Puc. 2. Onucanne urpbl «cjenble KpeCTUKA-HOMUKAY Ha si3bike Gala

B ornmuuue or aswika METAGAME, ¢ nomormpio a3bika Gala MoxKHO onmcaTh Ha HOPs-
JIOK 0O0JIbIlIeE MHOXKECTBO UTD, & UMEHHO HACTOJbHBIE UIPhI HA MPAMOYTOJBHOMN JIOCKE C IOJI-
HOIl W HEIOJIHOW mH(OpMAInel Ijis OHOr0, IBYyX U Oojee urpokos. [lo MHEHHUIO aBTOPOB, UX

A3BIK OIHMCAHUs UI'P OoJiee JAKOHWYEH M IPOCT JJisi moHuManug. Ha puc. 2 npuBelieH mpumep



omucanusa Ha si3bike (Gala WIpbI «cjenble KPEeCTUKU-HOJUKUY , OTJIHIAIONEHCT OT OOBIYHOM
BEPCHM TEM, YTO BO BPEMsi CBOEIO XOJia UTPOK COODIIAET JIUIIh KJIETKY, Ha KOTOPYIO OH CXO-
JIAJT, HE YKa3bIBas, MOCTABUJI JIU OH B HEEe KKPECTUKY» WU KHOJIUK .

Aszpik Gala mo3BosgeT 3a7aBATh HEKOTOPBIE MApPaAMETPHI UT'PHI B BHUIE MEPEMEHHBIX; Ta-
KUMHU TIapaMEeTPAMU MOTYT ObITH B TOM YHCJIE W MpaBuUiia JBMKeHusa Gpuryp. [TockoabKy rexe-
pamus WTPOBBIX TPaBWJI He Oblia Imeabio mpoekTa (Gala, ero aBTOpBI mpemaraioT MTPOCTOMN
MporpaMMHBIN  wHTepdeiic, baarogaps KOTOPOMY JJIsl TeHepaluyu TpaBuyil Ha a3bike Gala
MOYKHO UCTOIb30BaTh cucteMy METAGAME.

2. IIponieaypHasi reHepalusa Urp

2.1. I'enepaiiuss HaCTOJIBHBIX UTP

UccmenoBanust B 06/1aCTH YHUBEPCAJIBHBIX WTPOBBIX MPOTPAMM OBLIM B MTEPBYIO OYEpEh
OPUEHTHPOBAHBI Ha ulydeHue ajgroputmoB NV, u reneparus urp B HUX JUOO HE PaCCMATPU-
BaJIaCch BOBCE, JIOO OblLIa OCHOBAHA Ha MPOCTEUINNX aJTOPUTMax.

B pa6ore B. Xoma u /I. Mapkca [11] 3amaga aBTOMATHYECKOrO CO3/AHUSI UI'D BIEDPBbIE
ObLTa paccMOTpeHa KaK OTJejbHAasl akTyaJibHad mpobsema B obsactu MU. Ilenbio paboTh
OBLTO CO3MAHME AJTOPUTMA JJIsT TEHEPAINN COAAGHCUPOBAHHDIT UTP, TO €CTh UTP, B KOTOPBIX
BCE UTPOKU HAXOJSTCH B PABHBIX yCJIOBUSIX W UMEIOT OJMHAKOBBIE ITAHCHI BHIUTpaTh. OTMme-
TUM, 9TO CUMMETPUYHOCTH UTPBHI HE TAPAHTUPYET ee COATaHCUPOBAHHOCTD, TTOCKOJBKY TAXKe
IpYU WJIEHTUIHOCTH TPABUJ IJisi 00OUX UTPOKOB UTPOK, XOISIUN MEPBBIM, MOYXKET 00JIaIaTh
PEUMYIIECTBAMU HaJl BTOPHIM UTPOKOM (U, B PEJIKUX CIydasx, Hao0opoT).

ABTopamu paboThbl GBI MPEIJIOKEH TEPMUH GGMOMAMUYECKUL U2Po6oTi dusalit, IO, KO-
TOPBIM TTOHMUMAJIACH ABTOMATHYECKAST KOPPEKTHPOBKA OAJIAHCA WIPHI MyTEM W3MEHEHUs €€
npaBmwi. OTMeTHM, UTO UIes JUHAMUIECKOTO U3MEHEHUsI UTPOBOTO DajlaHCca pacCMaTpPUBAJIACDh
n B 6ojiee paHHUX WCCIEIOBAHUAX, OJJHAKO B HUX KOPPEKTHPOBKA OAJAHCA JTOCTUTAACD IIy-
TeM ONTHUMU3AIUMN 3apaHee OIpeeeHHbIX TapaMeTPOB UTPhI, a8 HE CAMUX UI'POBBIX ITPABUIIL.

Pabora Xoma m Mapkca oCHOBBbIBAJACh HA KOMMEDYECKU YCIIEITHON YHUBEPCAJHHON WI-
posoit nporpamme Zillions of Games (Zillions Development Corp., 1998), urpst st KoTopoit
OTIMCHIBAJIUCH TIOJIH30BATEISIMI BPYYHYIO Ha CHENUAIbLHOM JekiaapatuBHoM s3bike ZRF. Cu-
crema Zillions of Games npennazHadagachk [jis BU3YaAJU3AIMN JIFOOBIX HACTOJIBHBIX WUTD HA
Jocke, onucaHubix Ha s3bike ZRF, ¢ BoamoxkuocThio urp B Hux ¢ YUIL

IIpenmoxKeHHBI aJrOPUTM aBTOMATHIECKOTO M3MEHEHUsI OajlaHCa OCHOBAH HA T'e€HETHIe-
CKOM aJITOPUTME W 3aKII0YaeTCs B ciaeayomneM. Ha KaxXgoit mrepanum aJropuTMa U3 HEKO-
TOpOro HabOpa WUrp IIyTeM KU3MEHEHUd W KOMOMHUPOBAHUA WX IMPABUJI M€HEPUPYIOTCS HOBBLIE
urpel, B Kaxayoo u3 kortopeix YUIIL Zillions of Games wurpaer cama ¢ coboit 100 matueit.
Kaxast urpa oreHuBaercss ¢ HOMONIbI0 (DYHKIMKM OIEHKH 110 IiKaJje Oasanca (60JbImyio
OTIEHKY TOJIYYAIOT UTPhI ¢ MUHUMAJBHON PA3HUIIEH MEXKIy KOJUIECTBOM TTOGE] Y JABYX UTPO-
KOB) ¥ IIIKaJjle pa3HooOpasusi (6OJIbIIYIO0 OLEHKY IMOJIyYalOT UIPbI, HAUMEHee IOXOXKHUe Ha pa-
Hee CreHEPUPOBAHHbIE PE3YJIbTATHI), MOCJe Yero (DOPMUPYETCsi HOBBI HAOOP U3 CTAPBIX W HO-
BBIX WT'P C HAMOOJIBITIEH OIEHKOW W HAYNHAETCS CJIEIYIONIAsT WTEPAITHs.

I/ICHO.H]:;3OBaHI/Ie TEHETUYIECCKUX aJI'OPUTMOB M OIl€EHKa PE3yJ/JIbTaTOB HeKOTOpOI';I CUMY JId-
AU, & He CAMUX OCODE, SIBJISIIOTCST JOCTATOYHO PACITPOCTPAHEHHBIMI METOAMHU TTPOTIETY PHOM
reHepaImm KOHTEHTAa; B JAHHOW paboTe OBLIO MPOJEMOHCTPUPOBAHO, UTO STU METOILI MOTYT

OBLITD YCIIEIIIHO MCIIOJIb30OBaHbI U JJIA ,ZLHHELMH‘IGCKOﬁ TreHepanuu urp.



B nmaspHeitimem manHble MeTOnbI ObLIN Pa3BUTHI B npoekTe Ludi [1|, omHuM #3 ryraBHBIX
JOCTUKEHUT KOTOPOro sBjsercd urpa Yavalath — mepBas B Mupe KOMMeEpYECKH W3IaHHA
UT'pa, TOJIHOCTHIO CTEeHEPUPOBAHHAS IIPOIPAMMOIl B aBTOMATHYECKOM DPEXKUME.

B pamkax mpoekrta Ludi 6bL1 paspaboran creruaabHbI (DYyHKITUOHAJIBHBIN SI3BIK 17151
OIMCAaHUs HACTOJbHBIX WI'D Ha mockKe, HasBaHHBLI Ludi GDL. Omucanms Ha JaHHOM SA3BIKE
cocTOAT M3 abCTPaKIMii BHICOKOTO YPOBHS, YTO IIO3BOJISET JIEFTKO W JIAKOHUYHO OIUCHIBATD
pazmmunbie urpbl. Ludi GDL Takke sBisieTcs paciiupsieMbiM, HO It YCIIEITHOW PabOThI JIFO-
Oble JIOMOJIHUTE/IbHBIE aOCTPAKIUA HEeOOXOINMO PeaJM30BLIBATL W HA HU3KOM yposHe. [lpwu-
Mep OIHUCAHUS UTPBI KKpecTuKu-Hojimkny Ha s3bike Ludi GDL npusenen ua puc. 3.

(game Tic-Tac-Toe
(players White Black)
(board (tiling square i-nbors) (shape square) (size 3 3))
(end (Allwin (in-a-row 3)))

Puc. 3. Onucanune urpbl «KpecTuku-Houkny Ha s3bike Ludi GDL

ITpu onenuBanuu urp B cucreme Ludi akieHT jesraercss Ha MOUCK HanbOJiee MHTEPECHBIX
urp. s 9Toit menm mo Kaxkmaoi cremepupoBaHHOoil urpe B Ludi mpoBoguTcsa HEKOTOpPOE KOJIN-
YeCTBO aBTOMATUYECKUX MATUYel C JIBYMsI KOMITBIOTEPHBIMU MTPOKAMU, TIOCJE Yero Urpa orle-
HUBAETCS 10 57 KPUTEPUIM, Pa3/ieIleHHbIM Ha TPU OCHOBHBIE T'DYIIIIHIL:

— obsexmueHtble KPUTEPUHU I OIEHKN KAadecTB CAMHUX IPABUJI HE3ABUCHUMO OT TECTO-

BbIX MaT4el;

— KPUTEPUU U2PaOEAbHOCNU JJIsd ONEHKN PE3YJ/IbTATOB TECTOBBIX MATYEH;

—  KauecmeenHbie KPUTEPUH JIJIs OTEHKU JUHAMUKN TECTOBBIX MATYEH.

ABTOpamMu oTMEYIAETCsI, ITO OOBEKTUBHBIE KPUTEPUH ObLIN HanMenee 3(hhEKTUBHBI B MMO-
MCKe mHTepecHbIXx urp. Kpurepun urpabenbroctr B Ludi MOBTOPSIIOT OMUCAHHBIE BBINIE KPU-
Tepuu cOAJAHCUPOBAHHOCTH UI'D, C J00ABJIEHUEM KPUTEPUs CPEITHEN JIJTMHBI MATYA.

Ocobblit mHTEpPEC MPEICTABJISIOT KAYeCTBEHHbIE KPUTEPUU, OCHOBAHHBIE HA AHAJIU3E UC-
mopull AUOUPOBAHUSA B TECTOBBIX MaTYaX, TO €CTb JAHHBIX O CTEIEHW JIMJIUPOBAHUS OJHOTO
UTPOKaA HAJ JPYTUM B KaXKIblii w3 XO070B. llpumep wumcTopuu JuIupOBaHUs IIPUBEJIEH Ha
puc. 4.

414
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Puc. 4. Ilpumep ucropuu JuaupOBaAHII



B mamnoM mpumepe mepejr cBoeit mobesoit Ha 27-M X0y OeJiblii UTPOK HAXOIUTCS B IIPO-
urpblinHoil mos3unuu ¢ 18 mo 22 xox. Ilo MHeHMIO aBTOPOB, €CjIU NIpU HEKOTOPOM HabOpe Ipa-
BUJI BO MHOTMX MaT4aX B IIPOIECCE WIPhI IMIPOUCXOAUT CMEHA JIUJIEPA, JTAHHAS UTPA SBJIAETCS
boJiee «IpaMaTUIHON» U MHTEPECHOI.

leneparusa urp B Ludi peanuzoBana Ha OCHOBE CTAHIAPTHBIX METOIOB T'€HETUYECKOTO
IporpaMMUpPOBaHus. B pamMkax TecTupoBaHUsi CHCTEMBI ¢ momomibio Ludi 66110 cremepupoBa-
HO 1389 urp, u3z koTophix 19 ObUIM TIPU3HAHBI ABTOPAMU JOCTATOYHO WHTEPECHBIMU, a eIne 2,
masBannble Yavalath m Pentalath, — xpaiime nnrepecubiMu. Ommcanme wurpor Yavalath ma
a3pike Ludi GDL npusemeno na pwuc. 5. IlpaBmma Yavalath cxoxum ¢ «kpecTukamu-
HOJIUKAMU» Ha TeKCArOHAJbHOU JOCKe; TJIABHOE OTJINYNE — UTPOK IMTODEXKIAeT, MOCTABUB Ue-

ThIpe (DUTYPHI B Psill, HO IIPOUTPHIBAET, IIOCTABUB B PAJ, TOJIBKO TPU (PUTYPBHI.

(game Yavalath
(players White Black)
(board (tiling hex) (shape hex) (size 5))
(end (Allwin (in-a-row 4)) (Alllose (in-a-row 3)))

Puc. 5. Onucanune urper Yavalath aa s3eike Ludi GDL

JlomomHuTEIbHOE TTPABMJIO MOXKET TTOKA3aThCS U3JIUIIHUM, HO HA CAMOM Jiejie OHO J00aB-
JIIET Urpe cTparernveckyio riaybuny. Hampumep, Ha puc. 6 nmpuBejeHa MO3UIMs, B KOTOPOit
X011 #1 6eJIor0 UrpoOKa BBIHYKIAET UePHOTO WTPOKA CAEIATh OJOKUPYIOMIUN XOI #2, U TeM
caMbIM TPOUTPATH W3-32 HOBOT'O MpaBmiia. TakuMm 0Opa30M, UTPOKU MOTYT B HEKOTOPOH cTe-
[IEHU YIPABJIATH XOJaMU ITPOTUBHUKA C TOMOIIBIO HETPUBUAJBHBIX IOCIEI0BATEILHOCTENH XO-
JIOB — TOJI00HOE TIOSIBJIEHUE CJIOXKHBIX CTPATErdil M3 JIOCTATOYHO MPOCTBIX IMPABUJI IOITBED-

2KIa€T BBICOKOE Ka9€CTBO M MHTEPECHOCTDH rZL&HHOI./JI UT'PBI.

Puc. 6. Bomurpeoliiaas mocsenoBaTeIbHOCTD XOI0B Oesbix B Y avalath

Yavalath u Pentalath Opuim BHOCTEICTBME M3MaHBI B KOMMEPYECKOM BHIE U3IATEJIb-

CTBOM Nestorgames 1 ABJIAIOTCA OJHUMU U3 HauboIEe YCIENTHbIX UI'D B UX KaTaJlore.

2.2. I'enepanusg apKaaHbIX BUAEOUTD

B xonme 2000-x rogoB HECKOJIBKO HCCAEI0BATEIEH MapaIebHO HAYAJIM paboTy Hall CHU-
cTeMaMy MPOTEIYyPHON TeHepalruu TpaBuI g apKagaabix Bumeourp. Ilom apkamnbiMu urpa-
MU MbI OyZIeM ITOHUMATh ABYMEPHBIE M TPEXMEPHbIE UI'PbI, HI'POBOil IIPOIECC KOTOPHIX 3aKJII0-
qaeTcsd B JBUKEHUM HEKOTOPBIX OOBEKTOB, MX CTOJKHOBEHUW, MOSBJICHUU U HCUC3HOBEHWU, U

Tak najee. JlaHHblii HAOOD JEMCTBUII XapaKTepU3yeT IOCTATOYHO 0A30BbIe TOHATHUS, U3 KOTO-



PBIX, OJIHAKO, COCTOUT MHOYKECTBO KJIACCMYECKMX UTD, Takux Kak Pac-Man, Pong, Super Mar-
io Bros. u Space Invaders.

B orimume or maxmaro-mofobHBIX UTP, B apKaJHBIX BUIEOUTPAX WIPOK OOBITHO TIPUHU-
MaeT POJib HEKOTOPOTO IEPCOHAXKA, JIBUKEHUAMH KOTOPOT'O OH YIPAaBJIseT B PeaJbHOM Bpe-
Menu. [pyruMu pacrnpoCTpaHEHHBIMU 3JIEMEHTAMHU JAHHOTO YKAHPA SBJISIOTCS YIIPaBJIsgeMble
KOMIIbIOTEPOM TMPOTUBHUKH, U3MEHSIONINE XapPAKTEPUCTUKNA UT'POKa OOHYChI, M KapTa-yPOBEHD
¢ TperpajamMu. DTH U JIPyrue OTJUUUS apKAIHBIX BUJIEOUTDP OT HACTOJBHBIX IPEICTABJISIOT
0COOBIIT UHTEPEC B MCCJIEJIOBAHUN AJITOPUTMOB UX MPOIEYyPHOM MeHEPAIUH.

OxuH U3 mepBBIX OIBITOB B JAHHOM HampasijeHuu omucan B padore /Ixx. Toremmyca [22],
B KOTODOH MPEJIOXKEH CIIOCOD TMeHepaIuu MPOCTHIX JIBYMEPHBIX UI'P, MOMOOHBIX 3HAMEHUTOM
urpe Pac-Man. Bce urper B pa3paboTanHO aBTOpaAMH CHCTEME ITPOUCXOIAT Ha JIUCKPETHOM
rojre pasMepom 15X 15 KJIeTOK; I0JIe COCTOUT U3 CBOOOIHOI'O IMPOCTPAHCTBA U CTEH M HUKOLIA,
He MeHsercs. Ha urpoBoM Iojie TakXKe PACIIOJIO2KEH UTPOK UM HEKOTOPbIe OOBEKTHI PA3HBIX
[IBETOB, IMOBEJIEHNE U XAPAKTEPUCTUKH KOTOPBIX OMPEIESISIIOTCS TPABUJIAMU, €IUHBIMU IS
Bcex OOBEKTOB OJHOTO IBeTa. Mrpa mpomcxonuT B peajbHOM BPEMEHU, PA3J/IEeIEeHHOM Ha OT-
JIeJIbHBIE TTPOMEXKYTKHU; B KaKJIblii JUCKPETHBIN OTPE30K BPEMEHU WIPOK U OOBEKTHI MOTYT
JIBUTATbCA HA OJIHY KJIETKY B JII0OOOM €BOOOJHOM HalpaBiienuu. KowHer urpbl HACTyHaeT Mo
MCTEYeHUN OIPEJIEJIEHHOTO KOJUIECTBA OTPE3KOB BPEMEHU; UI'PA CUNTAETCHA «BBIUT'PAHHONY 110
JIOCTU2KEHUU HEKOTOPOT'O YUCJIA OYKOB.

s KoaupoBaHUs TOMOOHBIX WTD B CHUCTEME HCIOJb3yeTCsi HabOp TMEepeMEeHHBIX U JBe
marpuilpl. [lepementbie 3a/1a10T 6a30BbIE TAPAMETPHI UI'PHI — JJINTEIHBHOCTD UI'PBI, MAaKCHU-
MaJIbHOE KOJIMYEeCTBO OYKOB W UMCJIO OOBEKTOB, a TaKxKe IMabJIOH WX JBWKeHus. B meppoii
MaTpuile 3a7a0Tcs PQEKThl 0T CTOJKHOBEHUH (TO €CTh PACHOJIOXKEHUs HA OJHOW KJIETKE)
00BEKTOB Pa3HBIX I[BETOB JIPYT € JAPYTOM U UI'POKOM. CIHCOK BO3MOYKHBIX 3(D(PEKTOB BKJIIO-
qaeT B cebsd: MCUE3HOBEHUE, IEPEMEIEHIEe Ha CJAYYalHYI0 KJIETKY, a TaKKe MmycToir adpdekT.
Hanpumep, B maTpuile MoxkeT ObITh yKa3aHO, UTO IPU CTOJKHOBEHHU KPACHOTO W 3€JIEHOTO
00beKTa KPACHDBI O0BbEKT UCUE3AET, a 3€JIEHbI O0bEKT MEPEMEIACTCH HA CIYYANHYIO KIIETKY.
ITomobuBIM 00pa30oM BO BTOPOil MATPHUIE OIMUCHLIBAETCsI MOJIOYKUTEJBHOE WU OTPUIATETHHOE
M3MEHEHUE OYKOB UI'POKA OT CTOJIKHOBEHUS OOBLEKTOB U UI'POKA.

Kak u B ciayuae ommcanuoi#t panee cucrembl Ludi, aBTopsl craBuu mepes coboil 3agady
reHEPAIMU WHTEPECHBIX UTP C IOMOIIHIO METOJ0B I'€HETUYECKOro IIporpaMMupoBanusd. B cu-
CcTeMe UCIOJIb30BAJICs JIOCTATOYHO TPUBUAJIBHBINA T€HETUIECKUA aJITOPUTM, Ha KaKJI0N urepa-
[ KOTOPOTO KOIHUsI TEKYIIEl UIPhI MOBEPrajach OMEPAIUU MyTalnuu (TO €CTh CJIydaiiHOMY
M3MEHEHUIO HEKOTODBIX 3HAYEHWIl MEPEMEHHBIX W JIEMEHTOB MATPWIL), MOCJIE Yero OpPUTH-
HaJIbHAsl UI'Pa 3aMEHsJIach Ha KOIHUIO, €CJIU 3HadeHue (DYHKIIMKA OIEHKU HOBOH HUI'PBHI OBLIO
BBIIIIE.

Ocobblit MHTEpPEC B JIaHHOW paboTe IpelCTaBjseT peajmsarus (QyHKIUM OneHku. Ilo
MHEHUIO TICUXO0JIOTOB U UTPOBBIX JIN3AMHEPOB, OJTHONW M3 KJIIOYEBBIX COCTABJISIONINX JIFOOOH UT-
pPbl ABJIFETCA N3y4YeHHE HI'POKOM €€ IIPaBWJI; YeM WHTepecHee HUIPOKY OCBauBaTb HWUIDPY U
VUUTBCA JIydIlle B HEE UTPATh, TEM WHTepecHee urpa B 1eoM. OCHOBBIBAsCH Ha JAHHON Teo-
pun, aBTOPBI pabOTHI MIPEJJIOKUINA OIEHUBATH HHTEPECHOCTh UI'D HA OCHOBE UX U3YUAEMOCTIU.
Takum 06pa30M, BBICOKO OIEHUBAIOTCH UI'PhI, KOTOPbBIE, C OJHOU CTOPOHBI, JTOCTATOYHO CJIOXK-
HBI JJIsi HOBBIX UTPOKOB, HO, C JIDYTOif CTOPOHBI, JIOCTATOYHO JIETKHU JjIsi OcBoeHud. [Ijaga aBTo-
MaTWIECKON OIEHKU HU3YyYaeMOCTH WID aBTOPhI PEaju30Ba/ii WIPOBOIO areHTa Ha OCHOBE

HEMPOHHOHN ceTn, OOydeHHE KOTOPOTO IIPOUCXOJIUT C IIOMOIIBIO AJCOPUTMa SBOJIIOIUOHHOMN



crparerun. KaXmasi HOBasi UIPa HECKOJIBKO pa3 TEeCTUPYETCs € MOMOINBIO JIBYX AreHTOB CO
CJIyYafHBIMI CTapPTOBBIMEU IapameTpamu. Vrpa OIeHUBaeTCsl TeM BbIIIe, YeM OOJIbIIE OYKOB
ObLI0O HAOPAHO areHTaMU; e€CJIM JIOOBIM U3 areHTOB ObLIO HAOpaHO OOJIBIIOE KOJIUIECTBO OYKOB
y2Ke Ha MEPBBIX TeCTaX, UI'Pa CINTAETCS CJUIIKOM JIETKOH U OIEHUBAETCS OTPUIIATEHHO.
JlanbHelnme nccaea0BaHus aBTOPhI TIPOBOIUIN B 0DJIACTH MHTEPAKTUBHON MOJIyaBTOMA-
Tudeckoil rerepanuu urp [21]. B peasmsoBaHHOIl uMu cucTeMe MOJEJUPYETCs [IPOCTasi JIBY-
MepHas Urpa, B KOTOPOW UTPOK B PeajJbHOM BPEMEHH YIIPABJISET aBTOMOOUJIEM C TPOCTOM
(PU3MKOI JBUKEHUST U MOXKET CTaJKHBATHCS C YIIPABISIEMBIMH KOMIIBIOTEPOM MAIIMHAMHE
pasHbIX 1BeTOB. Ha cTapTe crCcTeMbl TP CTOJKHOBEHUM WTPOKA C APYTUMU MAaIlTHHAMU HUYE-
ro He TMPOUCXOJUT; OJHAKO, TOCTE KarKIOr0 CTOJKHOBEHUsI MTPOK MOYKET HaXKaTh OJHY U3
KHOIIOK, OTBEYAOIINX 3a pasHble d3(deKTol («100aBUTh OYKUY , KYHUUTOXKUTH OOBEKTY, U Tak
nanee). ITocie HaxkaThs KHOIKM B WI'DE IIPOUCXOAUT BBIOpaHHBIH 3ddeKT, a cucreMa ¢ Mo-
MOIIBIO AJITOPUTMOB MAIIMHHOIO OOyYEHHUs IBITAETCS OIPENe/INTh, IOUYeMy HMIPOK HazKajl Ha
9Ty KHOIIKY, M CI€HEPUPOBATH COOTBETCTBYIOIIUE UTPOBbIe NMpaBuia. CKPUHIIOTHI UT'D, CrEHe-

PUPOBAHHBIX B OIMMCAHHBIX BBIIIE IKCIIEPUMEHTAX, N300parKeHbl HA PUC. 1.

5z
'& Undo More score Less score
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Kill red Kill green Kill blue
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L b I 4 Teleportred  Teleport green  Teleport blue
“
@ Reversered Reverse green Reverse blue
Split red Split green Split blue
¢
Aftract red Attract green Attract blue
A Y
Repel red Repel green Repel blue
y-d

Puc. 7. CKpUHIITOTHI POCTHIX apKaHBIX UTP, CTEHEPUPOBAHHBIX B PAMKAX IKCIIEPUMEHTOB

Jx. Torenuyca

Bo Bcex ommMcaHHBIX B JAHHOM TyIaBe paboTax I TeHEPAIUU UTPOBBIX MPABUJI B TONW WJIH
HHOIM Mepe HCIOJIb30BAJNCh I'eHETHYECKUEe AJIPOPUTMbBI U METOJIbl BOJIIOIUOHHOIO IIPOrPaM-
MupoBaHud. HegocTaTkoM JaHHOTO MOIXOJa ABIACTCA HEOOXOAMMOCTh T€HEPHPOBATDL U OIe-
HUBATL OGOJILIIOE KOJIMYECTBO UIP, M3 KOTOPBIX JIMIIL CIUHMILI YIOBJIECTBOPAIOT 3aaHHBIM
KPUTEPHAM KadeCTBA.

AsbrepHaTUBHBIN 110/1X0/1 GBI TIPEJIOKEH B paMKax npoekta Variations Forever [19], B
KOTOPOM OIIMCAHUE MHOXKECTBA I€HEPUPYEMBIX UID PEAJU30BAHO HA OCHOBE IapajgurMbl An-
swer Set Programming (ASP, nporpammupoBanue crabuibHbIX Mojeseil). B qannoMm momxome
MHOKECTBO BCEX BO3MOKHBIX WD 3aJa€TCS C MOMOIIBI0 HAOOPa JIOTMYECKUX OTPAHMYCHMIA.
Kaxxnprit Takoit Habop 3aJaeT HEKOTOPOE MHOXKECTBO HUTP, CXOXKHUX II0 HEKOTOPOMY KpUTe-
puto. Ha puc. 7 nmpusesen npumep TaKoro Habopa, OMUCHLIBAIONIETO BCE UIPHI, BLIUTPATL B KO-

TOPBIX MOKHO, TOJIKas OOBEKTHI JAPYT B JpyTa.



pushes (A,B) :- on collide(A,B,bounce) , on collide (B, A,bounce).

kills (A, B) :- on_collide(A,B,kill).
indirectly pushes(A,B) :- pushes(A,B).
indirectly pushes(A,C) :- pushes(A,B) , indirectly pushes(B,C).

winnable via(indirect push kill(A,C)) :-
indirectly pushes(A,B),kills(B,C).
compute {
player agent (A) , goal(kill all(B)),
winnable via(indirect push kill(A,B)) }.

Takum o6pasom, BMecTo iepebopa u Mo AnUKAIMN KOHKPETHBIX UTD, B JJAHHOM IOIXO0IE
U3MEHSETCST MCXOMHBIN Habop orpanmvenuit. JlobaBienne OMHOTO OTpAHWYEHUST TTO3BOJISIET WC-
KJIFOUUTh W3 PACCMOTPEHUsI HE OTJEBHYIO UI'PY, a IeJIbIil KJIacC HEeMHTEPECHBIX UTP.

KonkperHble Urpsl renepupyiorcss u3 HabOpa OIpaHUYEHUN W MPEICTABILIOTCS B BUJE
A02UMECKUT MEPMOS; TEPMAMU HABJISIOTCA KOHCTAHTBI, TEPEMEHHBIE U (DYHKTOPBI, apTyMeHTa~
MM KOTOPBIX SABJSLIOTCH JApyTHe Jorundeckue TepMbl. IrpoBoe mpaBuso, mpejacTaBieHHOE B BU-

JIe JIOTHYECKOTO TepMa, MOYKET MMEeTb CJIeLYIONIUil BUJL;
scripted _event(spawn(boss__creature, temple), 120) (1)

¥ O3HAYATH COOBITHE «U€pe3 JBeé MUHYTHI ITOCJIe Hadaja WIPbl MIOMECTHTH B XPaM CYIIECTBO
kJiacca boss creature». Ilomobubim obpazom B Variations Forever mpejcrasiiensl Bce mapa-
MEeTpPBI TeHEPUPYEMbIX UI'D: XaPAKTEPUCTUKK U TIOBE/IEHNE UTPOBBIX OOBEKTOB, UTPOBOE IIOJIE C
MpPenaTCTBUAMU W 3(P@EKTH B3amMOeiicTBuss ¢ HuMEU urpoka. llpmmep mosmoro ASP-

OITMCaHUuAd HpOCTOfI UTPBI 1 CKPUHIIOT €€ BU3YyaJIU3allu IIPUBEIACHDbI Ha PUC. 9.

space _resolution(32,24).

space__topology (spherical).

background (grids; stars).

active agent(red; yellow; white; cyan).

agent movement(red,asteroids; white,asteroids;
yellow,roguelike; cyan,pacman).

agent population(red,many; white,singleton;
yellow singleton; cyan,many).

agent collide _effect(red,white,kill;
cyan,yellow kill).

player agent(white).

obstacle _distribution(enclosure; random _ walls;
random_ blocks).

obstacle collide _effect(red kill; white kill).

goal(kill _all(red)).

Puc. 9. Onucanve  CKpUHITIOT UTPBI, CTEHEPUPOBAHHON B cucTeMe Variations Forever

OTMmeTnM, 9TO Ha JAHHOM TAlle B CHCTEME OTCYTCTBYET BO3MOYKHOCTH ABTOMATHIECKOMN
OIIEHKU Ka4eCTBa WI'P U KOPPEKTUPOBKU HAOOpa OrpaHUYEHUIl; 00e 9TUX 3aJa49M JOJIKHBI pe-
MATHCSI BPYYHYIO UTPOBBIM TH3afTHEPOM.

Hawubosee ycnermubix pe3yabTaToB B 00JACTU MPOIEIYPHON TeHepaluu BUICOUTDP JTO0MII-
ca M. Kyk B pamkax npoekta ANGELINA, xaxas HOBasi BEPCUsI KOTOPOTO PEIIaeT HOBYIO
HCCTIeIOBATETBCKYTO 3ama9y. CKPUHINOTH! UTP, CTEHEPUPOBAHHBIX PA3HBIMU BEPCUSIMU CHCTE-
Mbl ANGELINA, npeacrasnenst Ha puc. 10.



ITeprast Bepcust cucrembl ANGELINA renepupoBaJjia mpocTbie JIBYMEPHBIE UTPBI C TTOMO-
IIbIO SBOJIIOIMOHHOTO MOJIEJIMPOBaHusl 7] 1 BO MHOrOM ObLjIa CXOXKa € ONUCAHHO! Bbillle Pabo-
toit /Ixx. Toremmyca. ['maBHBIM OT/IMYMEM MAHHOW CHUCTEMBI ABISETCH TPEJICTABICHUE HUIPO-
BBIX MIPABUJI, PACIOJIOKEHUA OOBEKTOB U KAPTHI YPOBHS B BHUJE TPEX PA3JEJbHBIX CYIHOCTE,
TeHEPUPYEMBIX C ITOMOIIBIO METOJIOB K0oonepamusHoti xossosouuu. 1lon koomepaTuBHON KO-
SBOJIIOIMEH B BOJIOIMOHHOM MOJIEJIMPOBAHUN TMOHUMAIOT PA3/IEJbHOE IBOIOINOHUPOBAHNE
0co0eil n3 TOMYJIAIUN Pa3JIMIHbIX KJIACCOB, IIPU KOTOPOM, OJIHAKO, OIEHKA Pe3yJIbTATOB IMPO-
ncxoauT coBMecTHO. [Ipu coBMecTHO# OlleHKe MPUHUMAETCS BO BHUMAaHUE, HACKOJBKO XOPOIIIO
0coOM M3 pas3HBIX MOMYJIANMA ToaxomaT apyr apyry. Hampumep, B cucreme ANGELINA wmo-
2KeT ObIThb CreHEPpUPOBaHA MHTEPECHAs KapTa YPOBHS M OPUTMHAJIbHBIE UT'POBBIE MPABUJIA, KO-
TOpble OyJIyT OIlEHEHbI OTPUIATEIHLHO BCJEICTBHE TOrO, YTO C TAKMMU ITPABUJIAMHU yPOBEHD

CTaHOBUTCs HEIITPOXOAUMbIM.

Puc. 10. CkpuHITIOTHI UTp, CTeHEPUPOBAHHBIX pasHbiMu Bepcusmu cucteMbl ANGELINA

(B XPOHOJIOTHYECKOM TIOPSIJIKE )

Bo Bropoit Bepcun cucrembr ANGELINA aBropbl choKycnpoBauch Ha TeHEPAIlii UTD B
Tak HasbiBaeMoM kaHpe «Metroidvaniay [4]. Jauublil KaHp UTp XapakTepu3yercs CJIOKHOM
CTPYKTYpPO#l yPOBHEHl W HAJUIHEM OCOOBIX «IIPEIMETOB-YCHJIMTEE», KOTOPBIE ITO3BOJISIIOT
HAITIE/IIIIEMY WX WUTPOKY OTKPBIBATH BCe OOJIbIIIEE YHMCJIO paHee HEJOCTYIHBIX eMy obsacteit
KapThl. [IpuMepoM ycuauTes st MOXKET CJIYKUTh IPEIMEeT, YBeJUINBAIONINIA BBICOTY PBIKKA
UTPOKa W TEM CAMBIM TIO3BOJIAIONINN €My JOTPBITHYTH JI0 paHee HEJOCTYIHBIX YIaCTKOB
ypOBHsI. ABTOPBI JI06ABUIN B CUCTEMY KOOIIEPATUBHON KOIBOJIIOIUKI OTIEJbHYIO MOMIYJIAINAIO C
XapaKTEPUCTUKAMU yCUJIUTe e, TIOI0OKUTEJIFHO OIeHUBasT TakKue HabOPBI yCHJIATE e, KOTO-
pble TO3BOJISIOT TMPOXOanTh urpy pasubiMu myTamu. Otenka urp B ANGELINA mpoBoguTcest
aBTOMAaTUYeCKHU, IIyTeM MOJeJIUPOBaHUs JIeMCTBUN UTPOKA.

Hanubiit mogxoy 661 paszsur B cucreMe Mechanic Miner, B KOTOpPO# TpPU TE€HEPAIMH
ycusmTesieil BO BHUMAaHUe IPUHUMAJICS UCXO/IHbIH Ko urpsl [6]. Temnepb, npu renepanuu ycu-
JIUTEJIsi U3MEHSeMYI0 UM XapakTepuctuky cucrema Mechanic Miner BeiOupasa He u3 3apanee
3aJaHHOTO CIIMCKa, a U3 BCEX IMEPEMEHHBIX, HANJIEHHBLIX C IIOMOIIBIO PE(JIEKCUU B MCXOIHOM
Kojze urpel. Hampumep, B mporecce renepanmu ool m3 urp cucrema Mechanic Miner obma-
pyxmia y obbekTa player nmepeMeHHyIo acceleration, u B KadecTBe 3(peKTa yCuImTe st uH-

BEPTUPOBAJIA 3HAYCHHUE €€ Y-KOMIIOHEHTHI:
player.acceleration.y *= -1 (2)

9TO B TE€PMHUHAX WUIPHI O3HAYAET, YTO TOCJE HAXOXKIEHUs JAHHOTO YCHJIUTEJIsi UTPOK OyK-
BaJIbHO HA4YHET XOJUTb II0 IIOTOJIKY YPOBHS, IIOIIPOCTY UI'HOPUPYS paHee MeIlaBIIue eMy lpe-

narcreud. Haiimennas ¢ momombio Mechanic Miner B aBroMaTudecKoM pexKuMe, JTaHHAA WI-



poBast MEXAHWKA sIBJISETCsI KpailHe MHTEPECHON, XOTsl U He HOBON — OHA JIEYKUT B OCHOBE IIO-
nyJsipHOit KoMMepueckoit urpsl VVVVVV (Cavanagh, 2010).

OTMmeruM, 9TO aBTOMATHYECKOE M3MEHEHWE KOJa MPOrPaMMbl KOHETHO K€ HE MOXKET He
NIPUBOJIUTH K OIMMOKaM uctojHeHud. Jljis perenusi 3Toi#t nmpobJieMbl, B MPOIECCE OIEHUBAHUS
kax0#t urpbl Mechanic Miner mepexBaTbiBaeT Bce BO3MOXKHBIE MCKJIIOUEHUST U JIA€T OTPUILA-
TEJIbHYIO OIEHKY TEM yCUJIUTEJISIM, YTO IPUBEJIA K MOABJIEHUIO OIubok. B ciydae orcyrcTBus
omubok Mechanic Miner ucmonb3yer KOMIIEKCHYIO (DPYHKIIAIO OIEHKH, TPUHUMAIONIYIO B
pacyeT MoAe3HOCMb YCUJIUTENS; YCUIUTEb CUUTAETCS MOJIE3HBIM, €CJIU OH TI03BOJISIET UT'DOKY
MOJIyYUTh JOCTYH K HOBBIM yYaCTKAM KAPThl U ITOMOTAeT MPOUTHU Urpy. Tak, yBendeHue Bbl-
COTBI TIPbIXKKA Ha, OUH TUKCEJIb CKOPee BCero He JACT UTPOKY HTPEUMYIIECTB, MTO3TOMY TaKO
ycuyuTe b OyJeT OIEHEH OTPUIATENHHO. Y JAHHOTO II0JIX0/A €CTh HECKOJIBKO HEeI0CTATKOB;
BO-TIEPBBIX, OH MaJIOIIPUMEHUM Ha YPOBHAX OOJIBIIIONO pasMepa M3-3a CJIOKHOCTU pacdeTa Jo-
CTYITHOCTH PA3JIMYHBIX YYACTKOB KaPThI; BO-BTOPBIX, B TEKYIIEH Pean3ali OTCYyTCTBYEeT 00-
pabOTKa «CJIMIIKOM TIOJIE3HBIXY YCUJIUTEJIEH, eJIaloNuX TPy HEMHTEPECHOW U TPUBUAJILHONM:
— HAIIPUMED, yCUJIUTEJb, KOTOPbIII MOMEHTAJIbHO MEPEHOCUT UTPOKA K KOHILy YPOBHS, IOJIy-
YUT BBICOKYIO OIEHKY HECMOTPS Ha TO, YTO OH CBOJUT K HYJIIO BCE OCTAJIbHBIE COCTABJIAIOIINE
UTPHI.

B nocnenneit Bepcun ANGELINA aBTOpbI BIepBble peaM30BaJId MPOIEIyPHYIO MeHepa-
o TpexMepHbIx urp [3, 5]. HecMmorpst Ha cMeHy apXuTeKTypbl CUCTEMBI IIPU €€ OPTUPOBa-
Hum Ha miatdopmy Unity, ajropuTMbl TeHepaIiul Urp MTPAKTUIECKN HE W3MEHUIUC.

OT1enpHBIM MHTEpEC TPEICTABIIIOT pa3paboranubie B paMKax mpoekta ANGELINA wme-
TOJIBI TeHepaly Urp Ha 3aJaHHyio TeMy |2|. [Ipurnmasi Ha BXOje OJIHO CJIOBO WJIM IEJIBIi
texkct, ANGELINA BbLIe/sier KiIlOUeBble CJI0Ba W IMOAOUPAET K HUM PA3JIAIHBIE aCCOLUAIIMM.
Hanee cucrema aHAIU3UPYET CEMAHTHUKY IOJIYYEHHBIX CJIOB C IOMOIIBIO HECKOJBKUX HCTOU-
HUKOB M HA OCHOBE IOJIYYEHHBIX DPE3yJIbTATOB MPOU3BOIUT IOUCK CBODOJHO PACIPOCTPAaHsIE-
MBIX IpadpUIeCKruX MATEPUAJOB M MYy3bIKH, MTOIXO/IAINIAX 110 CMBICJY U HACTPOEHUIO K KJIIOUe-
BBIM CJIOBAM U ACCOIHAIIASAM.

OrmernM, uro cucrema ANGELINA we simmena HemocTaTKOB. ABTOPBI yKa3bIBAIOT, 4TO
peajim3oBaHHas UMM aBTOMAaTHYECKas OIEHKA UIDP JIAeT HEJOCTATOYHO KAYECTBEHHBIE DPE3YJib-
TaThl, B TO BPEMS KaK >KUBbIe UTPOKU 3aTPYIHSAIOTCS JaBAaTh CPABHUTEJIbHBIE OIEHKU MHOYKE-

CTBY IIOXOXKUX UI'D.

3. A3pIKu onmcaHudg UTP

OHuM U3 rIaBHBIX (DAKTOPOB YCIIEITHOCTH CHCTEMBI ITPOIIE/YPHOI T€HepaIluu SIBJISIeTCS
BBIOOD aJIEKBATHOIO CIIOCO0A TIPEJICTABICHUS KOHTEHTA, MOCKOJbKY MMEHHO OT HEro BO MHO-
rOM 3aBUCUT pa3HOOOpasue rerepupyemoro kourtenrta [25|. IIpu Bbibope criocoba mpejcrasiie-
HUAS KOHTEHTA HYXKHO HAWTH OaJIaHC MEXKIy CJIUIITKOM ODIIMM ¥ CJIMIIIKOM Y3KUM IIPEICTAB-
jeaneM. UeM mmpe KjIacC KOHTEHTA, KOTOPbIM MOXKHO OIMCATH C ITOMOIIBIO BHIOPAHHOI'O CIIO-
coba TpesCTaBICHNS, TEM CJIOXKHEEe HAUTHU CPEIU IK3IEMILISPOB ITOr0 KJIACCA TOJIXOJISAININE Ka-
YeCTBEHHBIE PEIeHNs]; B CJIydae BbIOOPa CJIUIIKOM Y3KOHAIIPABIEHHOTO CIOC0o0a IIpejCcTaBIe-
HU$, SK3EMILISIPbl TEHEPUPYEMOT'O0 KOHTEHTA Oy IyT OTJINIAThCS JIUIIh JETAJISTMU.

Hamuas mpobsiema ocoOEHHO aKTyaJjbHA B CAydae C IIPOIEIYyPHOI reHepaimeii urp, Beib
MHOTHE UTPBLI HE TIOXOXKH JPYT Ha Jpyra — HAIpuMep, Imaxmarhl u Mario He mMeT MexKTy
coboit Huwero obirero. Jloctarouno obmuM CrIocOOOM IPEICTABICHUS, TOIXOIAIINM JII BCEX

UTD, SBJSIETCS, HAIPUMED, #A3bIK mporpammvupoBanus C-++. [leiictBurenbHo, 00y UTIPY



MOXKHO IPEICTaBUTL B Buae nporpaMmbl Ha C+-+. OmHako, JaHHBIA CIOCOO IIPEICTABICHMS
38/1a€T YIPE3BBIYANHO ODIMUPHBIA KJIACC KOHTEHTA: TMOJABJIAIONEE OOBITUHCTBO TPOTPAMM,
KOTOpbIE MOXKHO HammcaThb Ha sg3bike C++, He OyAyT SABIATHCSA UTPAMU; OOJiee TOTO, JIUIIh
MaJas 9acTb U3 HUX He OYIeT SIBAATHCA CIyIaiffHbiM HAOOPOM MHCTPYKITHI.

Hecmotpss Ha TO, 9TO BO BCex paboTax, OIMMCAHHBIX BO BTOPOM pa3jieie JaHHOUW CTaThH,
aBTOPBI CO3/TABAJIA CBOH CIIOCOD TTPEICTABICHUS UTPOBBIX MPABUI, MHOTHE YI€HBbIE NCCIEIYIOT
BO3MOYKHOCTb Pa3pabOTKU CIENUaIU3UPOBAHHOTO S3bIKa, JJIs OonucaHus UrpoBbix mnpasumii. Co-
3HaHne MOMOOHOTO $S3bIKA TO3BOJIUT HE TOJIHKO OTEIUTH OMUCAHWE UTPBHI OT HMCIOIH3YEMBIX
CPEJICTB BU3YyaJU3aIMHU, OIEHKA W TeHEPAIUU UT'D, HO U YIPOCTUT 337a4dy pa3pabOTKu W B3a-
MMOJIECTBHUST YHIUBEPCAIBHBIX UI'POBBIX IIpOrpaMum |8].

OpavM U3 TepBBIX M HAMOOJEEe M3BECTHBIX A3BIKOB ommcanns urp apiagerca Game De-
scription Language (GDL), paspaborannsiii B cranadopackom yausepcutere [13]. launbii
A3bIK ObLI pa3paboran B pamkax ucciaenoBanuit YUII u MoxkeT MCIIOIb30BATHCS JJIS OIUCA-
HUS IMTAPOKOTO KJIACCA TOIIATOBBIX UTP ¢ MOJHON MH(pOpPMAaIineil; OOJIBIITUHCTBO OITUCAHHBIX HA
HEM WTD CXOXKW C MIaXMATAMHU W JPYTUMHU HACTOJbHBIMEA mrpamu Ha gocke. GDL ocmoBan ma
JIOTUKE TEPBOrO TOpsiaKa u Kpaiine moapoben. Onucanue maxke mpocreitiux urp Ha GDL 3a-
HUMaeT HEeCKOJIbKO CTPAHUIl; TAK, JJI OMUCAHUS MPABUI «KPECTHKOB-HOJUKOBY MTOTPEOYETC s
OKOJIO TPEX CTPAHUIl. IDTO ABJISETCsI OJHON W3 MPUYUH, 10 KOTOPOI JAHHBIN SI3bIK HE MCIIOJIb-
3yeTcsd B CHCTEMaX TPOIEIYPHON TeHepalu, MOCKOJIbKY ABTOMATHYECKOE TEHEPAIIUsT W OIEH-
Ka TPaBUJI Ha CTOJIb CJIOYXKHOM SI3bIKe 3aTPyIHUTEbHbI. CyIIecTBYIOT pasjimdHblie MOTUupUKa-
MU JIAHHOTO #A3bIKA, B TOM YHCJIE JJIsl MIOJIEPXKKKA UI'P ¢ HenoJHoi urdopmarmeit [20].

OHOM M3 TEPBBIX MOMBITOK CO3JIAHUS SI3bIKA JJIsi OMUCAHUSI BUICOUTD SIBJISIETCST TTPOEKT
Ezxtensible Graphical Game Generator [16], B pamkax KOTOpOro OblL peajn30BaH A3bIK s
OIUCAHNA JIByMePHBbIX rpadudeckux urp. OCHOBHOI IEJIBbIO JIAHHOTO IPOEKTA SIBJISIACH pa3-
paboTKa CHCTEMBI, TO3BOJISIONEH CO3/TaBaTh WUIPHI, HE Tpuberas K mporpammupoBanuio. C
[TOMOIIBIO JIAHHOM CHCTEMbI, IT0JIb30BaTe b MOXKET CreHEPUPOBATh IOJHOIEHHYIO WUIDPY Ha
a3eike Perl, mpocto ommcas ee mpasuiaa. OTMeTHM, 9TO B JaHHON paboTe HE UIET Pedb O MPOo-
[IE/IyPHOI IeHEpAIlMU W'D, TTOCKOJBKY BCE MPaBUJIa NE€HEPUPYEMON MTPhI TOJIXKHBI OBITH 3apa-
Hee 33JIaHBI TOTH30BATEJIEM.

Azpixk Video Game Description Language siBjisieTcst IOTIBITKON peain30BaTh yHUBEPCAJIb-
HBII A3BIK JIJI OIMCAHUS BUJIEOUTD, KOTOPBIA ObI MOT ucrojb30oBaTbca kak B YUIL, Ttak u B
nporeyproit rerepanuu urp [8]. Kak u B paborax, onucanHbIX BO BTOPOM pasjieJie ITOi cra-
ThHU, Ha JJaHHOM 3Tame cozmaresn VGDL menmator akieHT Ha OMUCAHWM MPOCTHIX APKATHBIX
urp. Omucanne nrp Ha VGDL cocrouT u3 nisgti gacTei:

— onmcaHusa KapThl Ha 0CHOBe jByMepHOro maccusa ASCII-cuMBoIIOB;

— cmucka conoctaaeruit ASCII-cumBosios ¢ rpadudeckumMu cpaiiTamu;

— Habopa CIpayiTOB C ONMUCAHUAMU UX CXEeM JIBUKEHMUSI;

— Habopa MpaBUJI B3AaUMOJIEHCTBUSI UTPOBLIX OOBEKTOB JPYT C JAPYTOM;

— muabopa yCJIOBUil KOHIA UT'PHI.

Ha mamubIif MOMEHT BeEeTCsI aKTHBHAsI pa3paboOTKa si3bIKa, €ro CHIeNU(pUKAINA U3MEHSI-
I0TCAd 1 yJIydlIarOTCHA. KpOMe TOT'O, JJId TeHepallul OIIMCaHHBIX Ha JaHHOM A3bIKE HUI'D 6bIJ'[a.
peasmzoBana cucrema PyVGDL [18], rermepupyiomiast rOTOBbIE UTPBI 110 UX OIUCAHUIO.

IIpumepom 6ojiee y3KOHAIPABJIEHHOIO IOJXO0/a K IPEJICTABIEHUIO IPABUJI  SIBJISIETCSI
s3blk Strategy Game Description Language [14], npejnasHaueHHBIH jj1sl ONUCAHUS CTPATErH-

YECKUX BUIECOUTD. ABTOpr A3bIKa MpeJjiaraloT UCIIOJb30BaTh IJid OIIMCaHUA PA3JIMIHBIX WI-



POBBIX OOBEKTOB M IPAaBUJI MPEICTABJIEHNE HA OCHOBE JE€PEBBEB, B KOTOPOM CJIOYKHOCTDH IIpa-
BWJI YBEJIMIUBAECTCS C JO0OABIEHNEM HOBBIX BepInuH. /[AHHBIN S3bIK HAXOMUTCS HA HATATIHHOM
YPOBHE pa3pabOTKu U B JAHHBIA MOMEHT TOJJIEPKUBAET TOJHKO OMUCAHUE ITPOCTBIX XapaKTe-
PUCTHUK UTPOBBIX OOBEKTOB.

HpyruMm mpuMepoM si3bIKa it ONMUCAHUS OJHOTO *KaHpa urp seisercsd 36k Card Game
Description Language (9], npeaHasHadeHHBIN [JIs ONMCAHUsT KAPTOYHbIX UrD. JIaHHBIA 3BIK
OTUCBHIBAET TPU OCHOBHBIX XAPAKTEPUCTUKNA KAPTOYHBIX UTP: CTAWHU UTPHI, KaxKJas U3 KOTO-
PBIX XapaKTepu3yeTcss CBOMM HAOOPOM TPAaBUJI, PAHXKUPOBAHWE KAPT W WX KOMOWHAIHH, a
Takxke ycjoBust mobesibl. Onucanue mpaBuj UI'P OCHOBAHO Ha KOHTEKCTHO-CBOOOIHONM rpaMma-
THUKE; JOIyCTUMBIE MPABUJIA BK/IIOYAIOT B Ce0si CKPBITHE W PACKPBITHE KapT, HMEPEeIBUXKEHUE
KaApT MKy PA3HBLIMU yIACTKAMH WTPOBOTO CTOJA, & TAKYXKE JEHCTBUSA CO CTABKAMH W TaK
nasee. Apropel CGDL mranupyior peasm3oBaTh Ha €ro OCHOBE CHCTEMY IPOIEYyPHOI TeHe-

paluy KapTO4HBbIX UI'D.

3aKJII04YeHUue

Jlannast cTaTbs IOCBAINEHa O030PY HWCCJIENOBAHUI B 00JIACTU IIPOIEIYyPHON TeHepaluu
WUTPOBBIX MPABUWJI U UT'P PA3JIMIHBIX KAHPOB. Ha 0CHOBe JaHHOTO 00630pa MOXKHO CIEJIATh BbI-
BOJI, 9TO 3a/a4a TPOIEIYyPHON TeHEPAINNA UT'D SBJSETCS HA CETOMHANTHUN TEeHDb AKTYaJbHOM.
CytecTBytole SKCIEPUMEHTAJBHBIE PEIeHns OPUEHTUPOBAHBI HA TEHEPAIWIO UI'D HECKOJIb-
KX OTJETbHBIX XKAHPOB, & CO3TAHHBIE C MX MOMOIILIO UTPHI 3a9aCTYIO KpaiHe TPOCTHI W HE
MOT'YT KOHKYPHUPOBATH C UTPAMHU, CO3aHHBIMUA U€/IOBEKOM.

Takum 06pa3oM, MEPCHEKTUBHBIM HAIIPABJICHUEM IS JTAJHHEAIIINX MCCJIEIOBAHUN sIBJIs-
eTcs, C OJIHOI CTOPOHBI, Pa3pabOTKa CUCTEMBI MPOIELyPHON MeHepaIlu UTp Pa3IUIHBIX KaH-
pPOB, HE OrPAHUYEHHOW PAMKaMMU KOHKDPETHBIX YKAHPOB, & C JPYIOil CTOPOHBI — YJIyYIlIEHUE
CYIIECTBYIOINX U CO3/IAHUE HOBBIX AJTOPUTMOB TE€HEPAIWMHU C IEJIbI0 TOBBIIMIEHUS KaveCTBa

PeHEPUPYEMBIX UTP.
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SURVEY ON PROCEDURAL GAME GENERATION

M.G. Mezhenin, South Ural State University (Chelyabinsk, Russian Federation)

Procedural content generation (PCG) is one of the most important fields of research in vid-
eogame industry. PCG allows creating different parts of games automatically; an interesting task
of PCG is generating game rules and even whole games. In this paper, we present an overview of
research in this field; algorithms from evolutionary computation and logic programming fields that
can be used to generate game rules and games in different genres are described, as well as meth-
ods of evaluating the resulting games. We briefly describe general game-playing programs and the
PCG systems that were used in them. Several representations and description languages wutilized
in PCG systems to encode game rules are also described.

Keywords: procedural content generation, game design, general game playing, artificial in-

telligence.
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