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OBb30P CNCTEM HPOI_[E,Z[YPHOfI IF'EHEPAIINUN UTI'P
M.I'. Meotcenun

IIpoyedypran eenepavyusn xowmenma (IIFK) asasemea odnoti u3 nauboaee axmMyasoHulT 3a-
dayw 6 undycmpuu eudeouep. Ilod II'K nonumaom a8mMomMamuueckoe co30aHue Pa3AUMHBIT CO-
CMABAAOWUT wacmel uzp; 0cobvil unmepec NPeICmasaaem nNPobAeMa ABMOMAMUYECK020 0300~
HUA ULPOBHIT NPABUN U UEABT Uep. B cmamve npedcmasaen 0630p uccaedosanuli, nOCEAUEHHLT
0annoll npobaeme; ONUCHIBAIOMCA AAOPUMMDL 2EHEPAUUY  UZDOSHIT NPABUA U ULD DPA3AUNHOIT
2HCAHPOB, 8 MOM YUCAE AAOPUMMDYL NG OCHOBE NAPAJULM IBOMOUUOHHO20 MOJEAUPOBAHUSA U AOU-
YecK020 NPOPAMMUPOSAHUA, G MAKHCE CNOCOO, GBMOMAMUNECKOT OUEHKU 2EHEPUPYEMDBIT U2D.
Kpamxo paccmompervl nepevie cucmemvl, 2eHepayul, uzp, Peaiu3o8aHHble 8 YHUBEPCAAbHLT UZPO-
evir npoepammar. Tarxoice onucanvl pazaudnovie Gopmamo, npedcmasieHUA U CREYUGAUSUPOBGLH-
HBIE A3DIKU OAA ONUCAGHUA ULDOBHIT NPABUA 6 NOOTOOAULEM ONA GAOPUMMUNECKOT 00PaOOMKY GU-
oe.

Kmouesvie ca06a: npouedypras 2eHepayus KoHmenma, ueposoli usatin, YHUBEPCANLHVIE U2~
DPOBBLE NPOPAMMDL, UCKYCCTNEEHHBIT UHMEANEKMN.

BBenenue

IIporenypuast renepaliust KOHTEHTA, ABJISIETCS OTHUM U3 HAMOOJIee aKTyaJbHBIX U AKTUBHO
Pa3BUBAIOIIUXCS HAIPABJIEHUN HUCCAEI0BAaHUI B cdhepe MyJbTUMEINa, B YACTHOCTU B WHILY-
crpun Bugeourp. Iox npoyedypnot eenepavuets xowmenwma (III'K) moHmMaroT aBrOoMaTHIe-
CKOE U TOJIyaBTOMATHUYECKOE CO3JaHUe U JIUHAMWYECKOE W3MEHEHWME PA3JIMIHBIX COCTaBJISIO-
[UX JacTeil Uurp, B TOM YHCJIEe UTPOBBIX OOBEKTOB U yPOBHEH, JTBYMEPHON U TPEXMEPHOI rpa-
dbukn, 3¢dekToB, 3BYKOB, My3bIKH, IepcoHazeii, cioxeroB u jp. [10]. Ucnonszoanne IIT'K
[TO3BOJISIET HE TOJIBKO 3HAYUTEJHHO MOHU3UTH CTOUMOCTH CO3J[aHUS KOHTEHTA, HO W PeIraer
pobJIeMy TEPCOHAJIUBAINH, TPUOOPETAIONLYI0 OOJIBIIYI0 3HAYUMOCTh B CBS3U C YBEJIUUECHUEM
KOJIMYIECTBA TOTEHIUABHBIX UT'POKOB.

B nccinenosanusix anropurmon III'K ocobennblil mHTEpeC mpeacTaBiIgeT MIpodIeMa, IIpore-
JIYPHOI NeHepaIuyu WIPOBBIX IPABUJI, KOTODBIE JIEXKAT B OCHOBE BCEX, B TOM UHCJI€ W HEIJIEK-
TPOHHBIX, Ur'p. Perenune maHHON 3a7a4unm 00JIaIaeT MPAKTUIECKON 3HAYMMOCTBIO, TOCKOIBKY
pOTIeAyPHAsl TeHepalrsi MPAaBUJI MO3BOJUT HE TOJIBKO CYIIECTBEHHO PAa3HOOOPA3UTH BUIEOUT-
PBI 32 CUYeT JMHAMHYECKOIO M3MEHEHUsI [PABUJ B IIPOIECCE WI'PHI (B TOM HUHCIIE, AJ[ATHPY s
UI'POBOIT TIPOIIECC TOJL JKEeJIAHUS UTPOKA), HO M, BO3MOYKHO, CO3/[aTh COBEPIIEHHO HOBBIE UIPO-
Bble MeXaHUKHU 1 kaHpbl [24]. Kpome Toro, cucrembl remepanny UrpOBbIX [IPABIJI MOTYT ObITH
[IOJIE3HBI UCCJIEIOBATEISIM AJITOPUTMOB UCKYCCTBEHHOI'O WHTEJJIEKTA B chepe yHUBEPCaJIbHBIX
UTPOBBIX IIPOIPAMM, a TaKKe UTPOBBIM Jn3aiiHepaM it OBICTPOro CO3/IaHUs U T€CTUPOBAHUS
Pa3IMYHBIX UTPOBBIX HPOTOTHIIOB [15].

IIporenypuast reHepalivsi UIp HEBO3MOXKHA 0€3 sI3bIKA ONUCAHUS UTPOBBIX IPABUJI, TO
€CTh HEKOTOPOI'O0 CTPOTO-OIPEJIEJIEHHOTO (popMaTa UX MPEICTABICHUS B TOIXOISIIEM IS aJl-
TOPUTMHUYIECKO 00paboTku Buje. Pa3zpaboTka Takoro si3blKa ONMUCAHUS 00JIaIaeT TeopeThude-
CKO#l 3HAYMMOCTBIO, MTOCKOJIBKY €€ Pe3yJbTaTOM OyJIeT CTPOrHil HayJIHO-TEPMUHOJIOTUIECKUIA
ammapaT, KOTOPbIH MO3BOIUT (POPMAU30BATh U OMUCATH TPOCTPAHCTBO BO3MOXKHBIX UTPOBBIX

upasu |24, 25].
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[Iporenypuast rerepalinsi UTPOBBIX MIPABUII SBJISETCS JOCTATOYHO HOBOI OOJIACTHIO UCCJIE-
JoBaHuii. B JaHHON cTaThe pacCMOTPEHBI KJOUeBble pabOTBl B 3TOH cdepe, MOCBSAIIECHHBIE
pa3paboTKe CUCTEM MeHEPAIUU UT'D U SI3bIKOB UX OIUCAHUS.

Crarbs opraHm3oBaHa CJIEAyOMUM oOpa3oMm. B mepBoMm pasiiesie pacCMOTPEHBI MCCJIEI0-
BaHUsi B O0JIACTU YHUBEPCAJBHBIX UTPOBBIX IporpaMm. Bo BTOpOM pazjiesie OIMUCAHBI COBPE-
MEHHBIE CUCTEMBI TPOTIEAYPHON TeHepalyu BuIeourp. B TpeTbeM pa3iesie KpaTKO pacCMOTpe-
Hbl Pa3JIMYHbIE T3BIKU OMUCAHUA Urp. B 3aKII0YeHHU CyMMUDPYIOTCH CIeJaHHbIe Ha OCHOBE

JAHHOIO 0030pa BBIBOALI M PACCMATPUBAIOTCS HAIIPABJIEHUS AAJbHEHIINX UCCIETOBAHMIA.

1. YHuUBepcaJibHbIE€ UTPOBbBIE IPOTPAMMBI

B xonme 1980-x 10/10B 0/1HO M3 OCHOBHBIX U HambOJiee aKTyaJbHBIX 3aJad B 0OJIACTH WC-
KYCCTBEHHOT'O MHTEJLJIEKTA, sIBJISJIACH 33/la4a CO3JaHUs KOMITBIOTEPHOI MPOrPaMMBbI JIJIs UTPbI
B maxMarbl. C KaXKJbIM TOJIOM I[IaXMATHBIE IPOTPAMMBI CTAHOBUJINCH BCE yMHEE, U Y2XKe B
1989 romy kommbioreprasi cucrema Deep Thought Beiurpasia B JeMOHCTPAIIMOHHOM MAaTYe Yy
MEXKIyHApOJHOTO MacTepa 1o maxmaram /Issuma Jlesu. Bmecre ¢ Tem, naHHbIEe CHCTEMBI ObI-
JIM HACTOJIbKO CHJIBHO CIEIMAJIM3UPOBAHBI HA UI'PY B IIAXMATHI, YTO, 10 MHEHWIO HEKOTOPBIX
VUEHBIX, JOCTUXKEHUS B JAHHON O0JIACTH YK€ HE MOTJIM WCIOJIb30BAThCS IS perneHns 60jiee
obmux 3a1a4 UCKyccrBeHnoro unreitekra (MI1) [24].

Iist pertienus TaHHOM TTPOOJIEMBI ObLIA MPEJI0XKEeHa, KOHIIEIIUS YHUBEPCAAbHOT U2Po8oT
npoepammu, (YUIIL), 1o ecrb Takoit cucrembr VI, koropast Oblia Obl CIIOCOOHA UTPATH B pas-
JIMIHBIE UTPbI, HE 00/1a/1asi KAKUMU-JINOO0 3HAHUSIMHU O KOHKPETHOU urpe 1o ee Hadaja. OaHoit
U3 IepBbIX pabor B JaHHON obsactu siBisiercss cucreMa METAGAME [17], cocrosiBiias u3
JIByX OCHOBHBIX mojicucteM: Moy UV, crmiocobHOro urparh B pa3jnvHble HACTOJIBHBIE UT'PHI,
U 2eHEPAMOPa uzp, HA3HAYEHUE KOTOPOTO 3aKJ/II0YAJIOCh B TE€HEPAIMA WUTD JJIsi TeCTUPOBAHUS
anropurmor NI.

Takwum obpaszom, METAGAME renepupyer urpbl U3 MHOTOYHUCIECHHOTO, HO KOHEYHOIO
MHOXKECTBA «CAUMMETPUYHBIX IIaXMATO-TIOJ00HBIX WUTDY», YIOBJIETBOPHAIONINX CJIELYIOITUM OC-
HOBHBIM KPHUTEPHUSIM:

— WIPBI ITPOUCXOAAT HA MPAMOYTOJIBHON MOCKE C KBAJIPATHBIMU KJIETKAMMU;

— B WI'DE IPUHUMAET YIaCTUE JBOE UI'POKOB;

— HavaJIbHbIE TO3UIUK (PUTYP U MPABUIA CUMMETPUIHBI JIjIsd 000UX UTPOKOB.

MuoxkectBo Bo3MOKHBIX urp B METAGAME 3amaercsa ¢ moMompio (hopMaJIbLHON u2po-
801 2PaMMAMUKY, KOTOPas OIpeJe/iseT HAYAJIbHOE PaCIoIoXkKeHne (PpUryp, npaBujia ux JIBU-
JKEeHWs U B3ATHsA, ycjoBus 1mobeabl u ap. llpumep onmcanus KOHKPETHOUW UTPhI B popmare
METAGAME npusesen ua puc. 1.

KoukperHubie urpbl reHEpUPYIOTCS C MOMOIIBIO CIYYalHON BBIOOPKHU W3 JAHHONW IpamMMa-
TUKHU, 663 MPOBEPKH HA WX MPOXOJIMMOCTH, MOCKOJIBKY B OOIEM Cydae JaHHAs IPo0JeMa sIB-
ssiercss NP-tostHoit. Jjist oTCcedeHrnst TPUBUAIBHBIX UT'D, ABTOPhI PEAN30BAIN HECKOJIBKO ITPO-
CTBIX ITPOBEPOK, HAIIPUMED, HE OMYCKAIOIIUX UI'PHI, IE€JIb KOTOPBIX 3aKJIOYAETCs B JOCTUKE-
HUM PUTypaMu CBOEil HAYAIbHON MO3UIIUH.

Hexkoropbie u3 mapaMeTrpoB TeHepaTopa TakKe MOTYT 3aJ[aBaThCs MTOJb30BATE/IEM IE€PE]T
3aAIyCKOM CHCTEMBI. B 9acTHOCTH, TAKUMU TAapaMETPAMU SBJISTFOTCS:

— CJIOKHOCTH TPABWI (MaKCHUMaJIbHAs JUIMHA OIMCAHUS IIPABUJI JIBYKEHUS W B3sITHS

JUIST KazK 100 urypsl);
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— CJIOKHOCTH TIPEJIOCTABJISEMOr0 UIPOKY BbIOOpa (HAmpuMmep, NMpu TreHeparmu 0ojiee
[IPOCTOM BEPCHUM IIAaXMaT UI'POKY MOXKET He IPEIOCTABJIATbCH BBIOOD, HA Kakyio u-
I'ypy 3aMEHSIeTCs TEIIKa PU JIOCTUKEHUHN [TOCIeTHENl TOPU30HTAJIN);

— rybuHa noucKa (HAIPUMED, IPU MEHbIIell TJIyOuHe TOMCKA MOTYT PaCCMATPUBATHCS
UTDBI C MEHBIITUM Pa3MEPOM JIOCKH );

— JIOKAJIbHOCTH (MaKCUMATbHOE PACCTOSTHUE, [IPeoIojieBaeMoe (pUrypoii 3a OJIuH 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. Yacruunoe omucanue Urpbl «aMepuKaHcKue Tanmkny Ha szbike METAGAME

Hecmorpst Ha TO, 4TO mpOIEypHAs T€Hepalluss UTPOBBIX MPABUJ He ObLJIa OCHOBHON Iie-
sbio poekta METAGAME, sta pabora okasaja 60JbIIOe BIUSIHAE HA TOCTEIYIONNE UCCITE-
JIOBaHUsI B JaHHOUW obOjactu. MHOrmMe mocienyoline sS3bIKi OIMUCAHUS U CUCTEMbI TeHepalun
UT'P BO MHOI'OM OCHOBBIBAIOTCS MMEHHO Ha pesyJsbrarax METAGAME.

Tax, B upoekre Gala [12] 6b110 mpemoxeno passurue kounemnmmiit METAGAME c 1e-
JIBIO CO3JaHHUS YHUBEPCAJIHHON WMIPOBOM MPOTrpaMMbI JJIsi UTD C HENmoJiHO#M mHbopmarmeii. B
paMKax MpoeKTa ObLI IPEJIOYKEH OIHOUMEHHBIN JIEKJIaPATUBHBIN 3bIK OIUCAHWS UTP HA OC-
HOBe si3bIKa Prolog m ajropuTMbl MOMCKA ONTUMAJIBHBIX CTPATErHWil JJIsi UT'D, ONPEIeIeHHBIX C
IIOMOITIBIO TOTO SI3BIKA.

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

Puc. 2. Onucanue urpbl «cjerble KPeCTUKU-HOJIUKM» Ha sizbike Gala

B ornuune or sizpika METAGAME, ¢ momornipio a3bika Gala MOYKHO OmmMcaTh Ha TOPS-
JIOK OOJIbIlIee MHOXKECTBO WD, & UMEHHO HACTOJIbHBIE WI'PhI HA MPSMOYTOJIBHON JIOCKE C TOJI-
HO# W HENoJIHON mHMOPMAaIueil /Ui OJIHOTO, IBYyX U 60jiee urpokoB. [lo MHEHUIO aBTOPOB, WX

A3BbIK OIIMCaHHA UI'D boJee JIAKOHUYEH U OpoCT AJid IMOHMMAaHHA. Ha puc. 2 IPpUBEACH IIPUMEDP
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ommcanus Ha sa3bike (Gala Wrpbl «CjIemble KPEeCTUKU-HOJUKUY , OTJINYAIOMIEHCS OT OOBITHOM
BEPCUU TEM, 9TO BO BPEMsl CBOETO XOJIa MI'POK COOOINAET JIUIIb KJIETKY, HA KOTOPYIO OH CXO-
JIAJI, HE yKa3blBasl, OCTABUJI JIL OH B HE€ KKPECTUK» MU KHOJIAKY .

Azeik Gala mosBosisieT 3a/1aBaTh HEKOTOPBIE APAMETPBI UI'Phl B BHJIE TEPEMEHHBIX; Ta-
KUMU [apaMeTpaMu MOTYT ObITh B TOM YHCJI€ W IpaBmia jprkenus Guryp. [lockosbky reme-
pals UrPOBBIX MpaBuWi He ObLTa 1eabio mpoekTa Gala, ero aBTOpBI NpeIaraioT IIPOCTOM
nporpaMMHbIil uHTepdeiic, Garogaps KOTOPOMY /IJisi IeHepanuu mpaBui Ha s3bike Gala
MO2KHO ucnoyib3oBarh cucremy METAGAME.

2. IIpouenypHasi reHepalusi Urp

2.1. I'enepaiiuss HaCTOJIBHBIX UTP

UccnenoBanusa B 06J1aCTH YHUBEPCAJBHBIX UTPOBBIX MPOrpaMM OBLITH B MEPBYIO OYepeh
OPUMEHTHUPOBAHBI Ha W3ydyeHue ajaroputMoB U, u reneparus urp B HUX JTMOO HE pacCMaTpH-
BaJIaCh BOBCE, JINOO ObLIa OCHOBAHA HA IIPOCTEHINNX aJrOPUTMax.

B pabore B. Xoma u JI. Mapkca [11| 3amaga aBTOMATHYECKOTO CO3/AHUS UTD BIEPBBIE
ObLIa pacCMOTPEHa KaK OT/ejbHas akTyaJjibHas mpobsiema B obsiactu UU. Tlembio paboTh
OBLIO CO3/IaHUe AJITOPUTMA JJIsi TEHEPAIUU COAAAHCUPOSAHHBLL UTP, TO €CTh UTP, B KOTOPBIX
BCE WIPOKU HAXOIATCS B PABHBIX YCJIOBUIX W UMEIOT OJMHAKOBBIE IMIAHCHI BHIMTpaThb. OTMme-
TUM, YTO CUMMETPUYHOCTH UTPhI HE TAPAHTUPYET ee cOATAHCHPOBAHHOCTH, TIOCKOJBKY JIayKe
MpU UIEHTUYHOCTH TPABUJ JJIsT 0OOMX WTPOKOB WMIPOK, XOMAIIUN TEPBBIM, MOXKET 0b6JiagaTh
IPEUMYIIECTBAMU HAJI BTOPBIM UTPOKOM (M, B PEJIKUX CJIydasix, HaoOOpoT).

ApTopamu paboThl GBI MPEJIOKEH TEPMUH AGMOMAMUYECKUT U2posoti du3atit, IO KO-
TOPBIM TTOHUMAJIACh ABTOMATHYECKAsT KOPPEKTUPOBKA OajiaHCa WIPhl MyTEeM H3MEHEHUS €€
npaBuwi. OTMeTHM, 9TO Ujes TUHAMUYECKOrO M3MEHEHUs UTPOBOIO DaIaHCa pacCMaTpUBaJIaCh
u B Oojlee paHHUX HCCJIEIOBAHUAX, OJIHAKO B HUX KOPPEKTHPOBKA OaJiaHca JOCTUTAJIACh IIy-
TeM ONTHUMU3AIUU 3apaHee OTPEIEeTEHHBIX apaAMETPOB UI'PHI, & HE CAMUX WTPOBBIX MPABUIL.

Pabora Xoma n Mapkca oCHOBBIBaJIaCh Ha KOMMEDPYECKHU YCIEITHON YHUBEPCAJIHLHOU WI-
posoii nporpamme Zillions of Games (Zillions Development Corp., 1998), urpsl st KOTOpOit
OTKCHIBAJIUCH TIOJB30BATEISIMU BPYYHYIO Ha CleNUaJbHOM JeKjaparusHoM sa3bike ZRF. Cu-
crema Zillions of Games npenHasHavajgach Jijisd BU3yaJU3AIMU JIFOOBIX HACTOJIBHBIX UID HA
nocke, onmcanubix Ha a3bike ZRF, ¢ BoamoxkHOCTBIO UTp B Hux ¢ Y UIL

[IpetoXKeHHbIit AJITOPUTM aBTOMATUYECKOIO U3MEHEHWsl HajlaHCa OCHOBAH HA TEeHETHYe-
CKOM aJITOPUTME W 3aKJII0YaeTCs B cjeayiomeM. Ha KaXaoi urepanuy aJirOpuTMa U3 HEKO-
TOporo Habopa Urp IMyTeM W3MEHEHUs W KOMOWHUPOBAHUS WX MPABUJ ME€HEPUPYIOTCS HOBBIE
urpel, B Kaxjayio u3 xKoropbix YUII Zillions of Games urpaer cama c¢ coboit 100 mardeii.
Kazkiast urpa OIEHMBAETCs C IOMOIIbIO (DYHKIMM OIEHKM 10 InKaje Oasanca (6OJIbIIyIO
OIIEHKY TOJIYYAIOT UI'Phl C MUHUMAJILHONW Pa3HUIEH MEXKJIy KOJMIECTBOM TOHE Vv JIBYX UIPO-
KOB) U IIKaje pa3Hoobpasus (OOJBINYIO OIEHKY IOJIY4aioT WI'PbI, HAMMEHEee [OXOXKHe Ha pa-
Hee CreHEPUPOBAHHBIE PE3YJIbTATHI), HOCIEe Yero (hOPMUPYETCsl HOBBIl HAOOp M3 CTAPBIX U HO-
BBIX UT'D C HAMOOJIBINEH OIEHKONW W HAYMHAETCS CJEIYIONAas UTePAIUs.

Ucrosib3oBaHe TMeHETUYECKUX AJTOPUTMOB M OIEHKA PEe3yJIbTATOB HEKOTOPOH CHMYJIs-
U, 8 HE CAMUX 0CODEil, ABJISIIOTCS JIOCTATOYHO PACIPOCTPAHEHHBIMU METOIAMU TIPOIIE LY PHOM
reHepary KOHTEHTa; B JaHHONW paboTe ObLIO MPOJEMOHCTPUPOBAHO, YTO STHU METO/BI MOTYT

OBLITD yCIIenTHO MCIIOJIb30OBaHbI U JIJIA ,HI/IHaMI/I‘IeCKOIL/'I TeHepanmyuu urp.
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B jasbreiiniem jaHHbIe METOJIbI ObLIN pa3BuThl B npoekte Ludi [1], ogHuM 13 TiaaBHBIX
JIOCTH2KEHUIT KOTOPOro sBjisieTcd urpa Yavalath — mepBas B Mupe KOMMepYeCKU W3/IAHHAS
UTrpa, TOJTHOCTHIO CTeHEPUPOBAHHAS ITPOTPAMMON B aBTOMATHUIECKOM PEZKIME.

B pamkax npoekra Ludi 6b11 paspaboran creruajbHbI (DYHKIMOHAJBHBIN SI3bIK 115
OIMCAaHUsI HACTOJIBHBIX UTP Ha jocke, HasBauHbiil Ludi GDL. Ommcanusi Ha JTaHHOM $3bIKE
COCTOAT W3 abCTPaKIWii BBICOKOI'O YPOBHSI, YTO IO3BOJISIET JIETKO U JIAKOHUYHO OIUCHIBATDH
pasmmanbie urpbl. Ludi GDL Takke sBiiseTcs paciuimpsieMbiM, HO JJIs YCIEITHOW pabOThI JIFO-
Oble JOMOJIHUTE/bHBIE a0CTPAKIMU HEOOXO/IMMO Peain30BbiBaTh U HA HU3KOM ypoBHe. [lpu-
Mep ONMCAHUsI UI'PbI KKpecTuKu-Houkm» Ha sizbike 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. Onucanue urpsr «kpecruku-tHosimkuy Ha s3bike Ludi GDL

IIpu omnenuBanuu urp B cucreme Ludi akmeHT nesraercsi Ha MOUCK HaWOOJIEe MHTEPECHBIX
urp. g sToit mean mo KaxKaoil creHeprupoBaHHOM urpe B Ludi mpoBoanTcst HEKOTOpPOe KOJIH-
YeCTBO aBTOMATUYECKUX MATUYEH C JIByMs KOMIIBIOTEDHBIMU UTPOKAMHU, MOCJIE Uero Urpa OIle-
HUBAETCH 10 H7 KPUTEPUIM, Pa3/IeIeHHbIM Ha TPU OCHOBHbBIE T'DYIIIIHI:

— o0bsexmueHble KPUTEPUH JIJIsi OIEHKUA KAYeCTB CAMUX IPABUJI HE3aBUCHUMO OT TECTO-

BbIX MaT4el;

— Kpurepun uzpabeavrocmuy (playability) nyst OeHKN Pe3yIbTATOB TECTOBBIX MaTdeil;

— KauecmeeHHvle KPUTEPUN JJIsd OTIEHKU JTUHAMUKHU TECTOBBIX MATUEH.

ABTopamMu oTMeEYaETCsI, YTO OOBLEKTUBHBIE KpUTEpUH ObLIN HauMeHee 3(PPEKTUBHBI B 1O-
WUCKEe UHTEepecHbIX urp. Kpurepuu urpabesibHOCTH, XapaKTEpU3YIOINe WHTEPECHOCTh U 6a30-
BbI€ CBOWCTBa MIPOBOrO Iporecca, B Ludi moBTOPSIOT onmcaHHBbIE BBIINIE KPUTEPUHU COATAHCH-
POBAHHOCTH UTP C J00ABJIEHUEM KPUTEPHUS CPEIHEH JTUHBI MaTIa.

Oco0blit WHTEpPEC TMPEJCTABJISIIOT KaueCTBEHHbIE KPUTEPHUH, OCHOBAHHBIE HA QHAJIU3E UC-
moputl AUOUPOBAHUA B TECTOBBIX MaTdaxX, TO €CTb JMAHHBIX O CTENEHU JIMJIWUPOBAHUS OJHOTO
WTPOKa HAJI JIPYTUM B KaXKJbIi w3 x0m0B. llpumep wcropum JIMIupOBaHWs NPUBEIEH HA
puc. 4.

414

Orenka aumepCcTBa
o

_1_0 123456 7 8 91011121314151617 18 1920 21 22 23 24 25 26 27
Howmep xona

—o QOuenka mosurun OeJIbIX —e OneHKa TO3UIAH IePHBIX — JlumepcTBO GEIBIX

Pwuc. 4. [Ipumep ncropum JuaupoBaHus
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B manmoMm mpumepe mepen cBoeit 1mobemoit Ha 27-M X0ay OeJiblii NTPOK HAXOIMTCSI B IIPO-
WrPBIIIHON mo3uruu ¢ 18 mo 22 xoxa. I[lo MHEeHMIO aBTOpPOB, €cjIu TP HEKOTOPOM Habope Ipa-
BUJI BO MHOTUX MAaT4aX B IIPOIECCE UTPhI ITPOUCXOIUT CMEHA JUJEPA, JAHHAS UI'DA ABJISAETCSH
boJiee «IIPAMATUYIHONY» U MHTEPECHO.

lenepanus wrp B Ludi peasm3oBana Ha OCHOBE CTAaHIAPTHBIX METOIOB T'€HETUYUECKOTO
nporpaMmmupoBanus. B pamkax TectupoBaHusi cucteMbl ¢ moMorbio Ludi Ob110 crenepupoBa-
HO 1389 urp, u3 KoTophix 19 ObUIM TIPU3HAHBI ABTOPAMHU JIOCTATOYHO UHTEPECHBIMU, & eIlle 2,
naspanabie Yavalath um Pentalath, — xpaiine untepecupivmu. Onucanume urpbr Yavalath wua
a3pike Ludi GDL npuseneno wa puc. 5. IlpaBmia Yavalath cxoxu ¢ «kpectukamu-
HOJIMKAMU» HA TeKCATOHAJIBHOU JIOCKE; TJIABHOE OTJIMYNE — UIPOK IODEXKIAET, TOCTABUB de-

Thipe (PUTYPBI B PsiJl, HO IPOUTPHIBAET, IIOCTABUB B PsiJ TOJIBKO TPU (PUTYPBHL.

(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. Onucanue urper Yavalath uwa a3eike Ludi GDL

JonoTHATETbHOE TTPABUJIO MOXKET IOKA3aThCd U3JIMIITHUM, HO HA CAMOM JIejie OHO J100aB-
JISeT Urpe cTparermdeckyto riayouny. Hampumep, Ha puc. 6 npuBemeHa mo3uius, B KOTOPOit
x01, #1 6eJIoro UrpOKa BBIHYKJAET YEPHOTO0 UTPOKA CJeaThb OJIOKUDPYIONUNA X0 #2, U TeM
CaAMBIM TIPOUTPATh M3-3a HOBOI'O IpaBmja. Takum 00pa3oM, UTPOKU MOTYT B HEKOTOPOil cTe-
[IEHU YIIPABJISATH XOJ[aMU ITPOTUBHUKA C MOMOIIBIO HETPUBUAJIBHBIX MMOCIEI0BATETHHOCTEH XO-
JIOB — TOJIOOHOE TIOSABJIEHUE CJIOYKHBIX CTPATEruil M3 JMOCTATOYHO MPOCTBIX MPABUJI TIOITBED-
2KJIAeT BBICOKOE KAYeCTBO U MHTEPECHOCTh JAHHOW UIDHI.

Puc. 6. Bemrpsiiinas mocieaoBaTeibHOCTh X0I0B Oeibix B Yavalath

Yavalath u Pentalath Obuin BHOCTEICTBHME M3aHBI B KOMMEDPYECKOM BHIE H3IATEJIb-

CTBOM Nestorgames 1 ABJIAIOTCA OJHUMU U3 HaI/I6OJIee YCIIEIITHBIX UTI'D B UX KaTaJiore.
2.2. 'enepanusa apkaaHbIX BUJIECOUTP

B komnre 2000-x ro/ioB HECKOJIBKO MCCJIEIOBATEIEN TapaJIelbHO HAYAIU PAbOTy HAJ, CU-
cTeMaMM MPOIEIYPHON TeHepalmu MpaBml AJisd apKaaubix Bumeourp. Iloym apkamubiMu urpa-
MU MBI 6y/1eM IIOHUMATh JIBYMEPHBbIEC U TPEXMEPHbIE UI'DbI, I/II‘pOBOIL/'I IponuecC KOTOPBIX 3aKJIIO-
JaeTCd B ABU2KCHUU HEKOTOPBIX O6’beKTOB7 UX CTOJIKHOBEHHHU, IIOABJICHUMN WM MCYC3HOBCHHNM, U

TaK JaJiee. ﬂaHHbIIL/'I Ha60p ,HeIL/'ICTBI/Iﬁ XapaKTepu3yeT A0CTAaTOIHO 6a30BbIe IIOHATHLA, U3 KOTO-
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PBIX, OJIHAKO, COCTOMT MHOXKECTBO KJIACCHYeCKMX Urp, Takux kak Pac-Man (Namco, 1980),
Super Mario Bros. (Nintendo, 1985) u Space Invaders (Taito, 1978).

B orstmame or mraxmaTo-mo00HBIX UTP, B APKAHBIX BUICOUTPAX UTPOK OOBIYHO TPUHU-
MaeT POJib HEKOTOPOI'O IMEePCOHAXKA, JBUKEHUSIMU KOTOPOI'O OH yIIPABJISET B PEAJbHOM Bpe-
Menn. Jlpyrumu pacrupoCTpaHEHHBIMU JIEMEHTAMHU JAHHOIO KAHPA, SBJISIOTCS yIIPABJISEMbIE
KOMIIBIOTEPOM MPOTUBHUKH, U3MEHSIONINE XapPaKTEePUCTUKNA UI'POKa OOHYChI, U KApPTa-yPOBEHD
¢ mperpajaMu. OTU U JAPyTUe OTJIUYUs APKAIHBIX BUICOUTP OT HACTOJIBHBIX IPEICTABJISIOT
0CODBIIT UHTEPEC B MCCIEIOBAHUU AJITOPUTMOB UX MPOIEIYPHOI T€HEPAIIUH.

OJMH W3 1EepBBIX ONBITOB B JIAHHOM HampasjieHun ormcal B pabore JTxx. Toremumyca [22],
B KOTOPO# TPEJIOYKEH CIIOCOO TMeHEpAIUU MPOCTHIX JIBYMEPHBIX WIP, MOM00HBIX 3HAMEHUTOM
urpe Pac-Man. Bce urpesr B pazpaboTaHHOil aBTOpaMu CHUCTEME ITPOUCXOIAT HA JUCKPETHOM
noJie pasmMepoM 15X 15 KJIeTOK; IoJjie COCTOUT U3 CBOOOIHOIO MPOCTPAHCTBA M CT€H U HUKOTJIA
He MeHsiercs. Ha urpoBoM 1mojie Tak»Ke PACIOJIOKEH UIPOK U HEKOTOPbIe OO0BEKTHI PA3HBIX
[IBETOB, IOBEJEHUE U XAPAKTEPUCTUKU KOTOPBIX OIPEIE/ISIOTCS [PaBUIAMU, €IUHBIMU IS
Bcex 0OBEKTOB OJHOTO IiBeTa. Mrpa mpoumcxoauT B peayibHOM BPEMEHU, Pa3/IeJIEHHOM Ha OT-
JIeJIbHBIE TPOMEXKYTKU; B KaXKJIbIl JIUCKPETHBI OTPE30K BPEMEHM WUIPOK U OOBEKTHI MOTYT
JIBUTATbCS HA OJIHY KJIETKY B JIFOOOM CBOOOJHOM HalpaBjieHnn. KOHEIl UIpPbl HACTYIAET IO
HUCTEUYEHUN OIPEJIEJIEHHOTO KOJUIECTBA OTPE3KOB BPEMEHU; UT'Pa CIUTAETCsI «BBIUTPAHHONY 110
JIOCTH2KEHUM HEKOTOPOTO YHUCJ/Ia OYKOB.

st KoaupoBaHUS TOMOOHBIX WTP B CHCTEME HUCIOIb3yeTCsi HAOOP TEePEeMEHHBIX U JBe
marpuilbl. [lepementbie 3aa0T 6a30BbIEe MApaMeTPbl UTPBl — JJIMTEJIBHOCTh WUIPBI, MAKCH-
MaJIbHOE KOJIMYECTBO OYKOB W YUCIO OOBEKTOB, a TakKKe MabJIOH UX JBUXKeHus. B meppoii
MaTpuIle 3aJar0Tcst 3DMEKTHI OT CTOJKHOBEHUl (TO €CTh PACIOJIOXKEHUs HA OJIHON KJeTKe)
00'bEKTOB PA3HBIX I[BETOB JIPYT C JAPYroM u UIrpokoM. CHUCOK BO3MOXKHBIX 3(DPEKTOB BKITIO-
qaeT B cebsi: MCUE3HOBEHUE, IepeMelleHre Ha, CIYYailHyl KJIETKY, a TaKKe IycToil 3ddekT.
Hamnpumep, B marpuiie Moxker ObITh YKa3aHO, YTO IPU CTOJKHOBEHUU KPACHOIO U 3€JIEHOTO
00bEeKTa KPACHBI O0BLEKT UCUE3AET, & 3€JIEHBbII 00BHEKT TePEMEIAeTCs Ha CIYUIANHYIO KIETKY .
ITomo6HBIM 00pa3oM BO BTOPOil MATPUIE OMUCHIBAETCS ITOJIOKUTEILHOE WU OTPUIATEIHHOE
U3MEHEHUE OYKOB UTPOKA OT CTOJIKHOBEHUSI 00'bEKTOB U UTPOKA.

Kak u B cimygae onmcanHoii panee cucrtembl Ludi, aBTopbl cTaBmwiu mepej coboil 3a1ady
reHepaluy WHTEPECHBIX UI'P C IMOMOIIBI0 METO0B T'€HETUYECKOro IIporpaMMUpOoBaHus. B cu-
CTEeMe HUCIOJIb30BaJICd JOCTATOYHO TPUBUAJBHBLIN IM'EHETUYCCKUN aJIrOpUTM, Ha KarKJIOU urepa-
I KOTOPOrO KOIMs TEKYIEil UI'PBI II0/IBEPrajach OIEPAIME MyTaluu (TO €CTh CJIydailHOMY
U3MEHEHUIO HEKOTODBIX 3HAYEHWH IEPEMEHHBIX ¥ 3JIEMEHTOB MATPHIL), [OCJe Yero OpPUIH-
HaJIbHAs WIPa 3aMEHsilach Ha KOIIWIO, €C/IM 3HadYeHue (DyHKIMKU OIEHKU HOBOW HUIPhI OBLIO
BBIIIIE.

OcoObrit mHTEpEC B JTaHHON paboTe MpejCcTaB/sgeT peaju3aiys (QYHKIUU oreHku. [lo
MHEHUIO TICUXOJIOIOB U UT'POBBIX JIU3AMHEPOB, OJHONW U3 KJOUYEBBIX COCTABJISIIONIAX JIFOOOM WUI-
pbl SIBJISIETCS W3yY€HWE HUTPOKOM ee TPABUJI; UYeM WHTEPECHee WIPOKY OCBauWBaTh UIPYy WU
VUUTBCS JIydIlle B HEe UrpaTh, TeM WHTepecHee urpa B 1iejioM. OCHOBBIBAsICb Ha, JIAHHOM TEOo-
pun, aBTOPbI pabOTHI MPEJIOKIIH OIEHUBATH UHTEPECHOCTb UTP HA OCHOBE UX U3YUAEMOCTU.
Takum 06pa30M, BBICOKO OIEHUBAIOTCSI UTPHI, KOTOPBIE, ¢ OJTHOW CTOPOHBI, JOCTATOYHO CJIOXK-
HBI JIJIS HOBBIX UI'POKOB, HO, C JPYTOil CTOPOHBI, JOCTATOYHO JIETKU Jijist ocBoeHus. Jljis aBTo-
MaTUIECKON OIEHKU W3yYaeMOCTH HUTD ABTOPbI PEAJU30BAJIM WIPOBOTO AareHTa Ha OCHOBE

HEIPOHHOW ceTH, OOydeHHe KOTOPOTO IPOUCXOJUT C TIOMOIIBIO AJTOPUTMA, IBOJIIOIUOHHOMN
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crparernn. Kaxkiaas HOBash UI'pa HECKOJILKO Pa3 TECTUPYETCS C IIOMOINBLIO ABYX Ar€HTOB CO
CJIy‘IafIHbIMI/I CTapTOBBIMU IIapaMeTpaMH. I/Irpa OLICHUBaETCAd TEM BbLIIIE, YE€M 6OJIbI_He O4YKOB
ObLI0 HAOPaHO areHTaMU; €CJIH JIIOOBIM M3 areHTOB ObLIO HaOPAHO OOJIBIITOE KOJHIECTBO OYKOB

YK€ Ha IIEPBbIX TeCTaX, UI'pa CHYUTACTCA CJIMIIKOM JIETKOU # OLICHUBACTCA OTPULIATEJILHO.

score: 0 had
"-"6 Undo More score Less score
R
Kill red Kill green Kill blue
= oy
%
< & Teleportred | Teleport green | Teleport blue
%
L Reversered | Reverse green| Reverse blue
Split red Split green Split blue
¢
Attract red Attract green Attract blue
%
- Repel red Repel green Repel blue
2

Puc. 7. CKpuHIIOTHI MPOCTHIX apPKAJIHBIX UI'D, CPTEHEPUPOBAHHBIX B PAMKAX SKCIEPUMEHTOB
1x. Toremmyca

JabHelire nccjieloBaHusi aBTOPhI MIPOBOIUIN B 00/IACTH MHTEPAKTUBHON IMOJTyaBTOMa-
THaeckoil renepanun urp [21]. B peanmsoBamHO#l mMm cmcreMe MOJEIUPYETCs HPOCTast JIBY-
MepHas Wrpa, B KOTOPOl WIPDOK B PEAJIbHOM BPEMEHH YIIPaBJISET aBTOMOOUJIEM C MPOCTO
GUBUKOI BUMKEHUST U MOXKET CTAaJKUBATHCS C YIPABIAEMBIMU KOMIIBIOTEPOM MAIIMHAMA
pa3HbIX MBETOB. Ha crapre CUCTEMBbI IIPU CTOJKHOBEHUM UI'DPOKA C JPYTUMU MAITUHAMU HUIE-
o HEe ITPOUCXOIUT; OJHAKO, MOCTE KaXKJIOTO CTOJKHOBEHHS UTPOK MOXKET HayKaTh OJHY W3
KHOTIOK, OTBEYAIONIUX 3a pasHble 3(PeKThl («I00aBUTh OYKIY» , KYHUITOKUTH OOBEKTY , U TAK
nasiee). Ioce HakaTusi KHOIIKM B Wrpe MPOUCXOJUT BbIOpaHHBIA 3ddeKT, a cucrema ¢ Io-
MOIIBIO aJITOPUTMOB MAIIIMHHOTO OOYYEHUS IIBITAETCS OIPEIEJUTh, MOYeMy UTPOK HaxKaj Ha
9Ty KHOIIKY, U CP€HEPUPOBATH COOTBETCTBYIOIIE UIPOBbe paBuiia. CKPUHIIOTHI UTDP, CreHe-
PUPOBAHHBIX B OIMCAHHBIX BBIIIE SKCIEPUMEHTAX, N300parKeHbI Ha PUC. 7.

Bo Bcex onmcanHBIX B JlaHHOI ryiaBe paboTax i TeHEPAIMy UTPOBBIX MPABUI B TON UIn
WHOHM Mepe HUCIOJIb30BAJIMCh MEHETUUYECKUE AJTOPUTMBI U METOIbI IBOJIIOIMOHHOTO IMIPOrPaM-
MmupoBaHusi. HegocrarkoM HaHHOTO MOXO/a SBJISETCS HEOOXOIUMOCTh T€HEPUPOBATH U OIle-
HUBATH OOJIBIIIOE KOJUYECTBO WUIP, U3 KOTOPBIX JIHUIIb EIUHUIBI yI0BJIETBOPSIOT 33/ IaHHBIM
KPHUTEPHUIM Ka4eCTBa.

AspTepHATHBHBIN 110/1X0/1 OBUT LIPEJIOKEH B paMKax mpoekTa Variations Forever [19], B
KOTOPOM OIMCAHNE MHOYKECTBA TE€HEPUPYEMBIX WI'D PEaJM30BaHO HA OCHOBE Mapajurmbl An-
swer Set Programming (ASP, nporpammupoBanue crabuibHbIX Mojesieit). B nanHom momxoe

MHO2KECTBO BCEX BO3MOXKHBIX HUI'D 3aa€TCA C IIOMOIIBIO Ha60pa JIOTUYIECKHUX OFpaHI/I‘IeHI/Iﬁ.

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)) }.

Puc. 8. Habop jroruyeckux orpaHudeHuii 1jig remepanun urp B Variations Forever
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Kaxkprit Takoit HabOp 3a7aeT HEKOTOPOE MHOXKECTBO UI'D, CXOXKHUX M0 HEKOTOPOMY KpU-
tepuro. Ha puc. 8 npuBeen npumep Takoro Habopa, OMHUCHIBAIOIIETO BCE UTPHI, BHIUTPATH B
KOTOPBIX MOYKHO, TOJIKasi OOBEKTHI JAPYr B Jpyra. Takum oOpa3oM, BMECTO mepebopa U MO-
nuukanmu KOHKPETHBIX UT'P, B JAHHOM TI0JIXO/€ U3MEHSETCH MCXOIHBII HADOp OrpaHUYEHUIA.
JobaBjieHne OJHONO OTrPAHUYEHUsI IMMO3BOJISIET WCKJ/IIOYUTH U3 PACCMOTPEHUS HE OT/IE/IbHYIO
Urpy, & MEJblil KJIACC HEMHTEPECHBIX UTP.

Koukperubie urpbl reHepupyorcsd u3 HabOpa OTPAHUYEHUI W IPEJICTABSIOTCA B BUJE
A02UMECKUT MEPMOS8; TEPMAMU SBJISIIOTCS KOHCTAHTBI, IEPEMEHHbBIE U (DYHKTOPBI, apTyMEHTa~
MU KOTOPBIX ABJISIOTCS JIPyrue Jormdeckue TepMmbl. IrpoBoe mpaBmio, TPEICTABIEHHOE B BU-
J€ JIOTUYECKOTO TepMa, MOXKET UMETh CJIETYIONINi BUI;

scripted _event(spawn(boss _creature, temple), 120) (1)

U O3HA4YaThb CO6bITI/Ie «4epe3 aBe MUHYTBHI II0CJI€ Ha4daJla UI'PDbI IIOMECTUTb B XpaM CyHIeCTBO
kJracca boss creature». Ilomobubim obpazom B Variations Forever mpermcrabiensl Bce mapa-
METPBI TeHEPUPYEMbBIX UT'D: XaPAKTEPUCTUKN U MOBE/IEHUE UTPOBBIX OOBEKTOB, UT'POBOE IIOJIE C
OpPenATCTBUAME 1 (P@EKTHl B3aMMOJIEHCTBUA ¢ HUMH urpoka. llpumep mosuaoro ASP-

OITMCaHMA HpOCTOfI WUI'DblI 1 CKPUHIIOT €€ BU3yaJIn3allu IIPpUBEJEHbI 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; whitekill).

goal(kill _all(red)).

Puc. 9. Onucanue u CKpUHIIIOT UT'PbI, CTEHEPUPOBAHHON B cucTeMe Variations Forever

OrMmerum, 9TO Ha JAHHOM 3TAlle B CHCTEME OTCYTCTBYET BO3MOXKHOCTH ABTOMATUIECKOI
OIIEHKH Ka4eCTBa UT'D U KOPPEKTUPOBKHU HAOOPa OTpAHUYEHUI; 00e ITUX 3aJIa9d JIOJI2KHBI pe-
MATHCS BPYYHYIO UTPOBBIM JTU3aHHEPOM.

Hawubosiee ycrnemnbix pe3ysibTaToB B OOJACTH MPOIEIYPHON MeHepaIuu BUIEOUTD JTOOUI-
ca M. Kyk B pamkax npoekta ANGELINA, kaxXaas HOBasg BEPCHs KOTOPOIO PEIIAET HOBYIO
HCCTEI0BATEILCKYIO 3a7a9y. CKPUHIIOTHI UI'P, CPEHEPUPOBAHHBIX Pa3HBIMU BEPCUSMU CHUCTE-
Mbl ANGELINA | npencrasiens! #Ha puc. 10.

[TepBas Bepcus cucrembl ANGELINA renepupoBajia mpocThie IByMEpPHBIE UTPhI C TIOMO-
IIBIO SBOJIIOIMOHHOIO MO/IeJIMpoBaHust [7| 1 BO MHOrOM ObLIa CXOXKa C ONMCAHHON BbIIIE pabo-
toit /. Toremuyca. ['maBHBIM OT/IMYMeM JTAHHONW CHUCTEMBI SBJISETCH IIPEJICTABJIEHUE WUTPO-
BBIX ITPABUJI, PACIIOJIOXKEHUsT OOBEKTOB U KapThl YPOBHS B BHUJE TPEX Pa3ejbHBIX CYIIHOCTEI,
TE€HEPUPYEMBIX C IIOMOIIBIO METOIOB Koonepamusrnoli kossomoyuu. 1loyr KoonepaTuBHO# KO-
SBOJIIONEN B IBOJIONMOHHOM MOJIEJIMPOBAHNN TIOHUMAIOT Pa3/ebHOE 3IBOJIIOIMOHIPOBAHNE
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ocobeil U3 MOIyJIAIMi PA3INIHbIX KJIACCOB, IIPU KOTOPOM, OJIHAKO, OIIEHKA Pe3yJbTATOB IPO-
ncxoauT coBMecTHO. IIpm coBMecTHOI OlleHKe TPUHUMAETCA BO BHUMAaHUE, HACKOJIBKO XOPOIIO
0co0M M3 pa3HBIX MOMYJIANNNA TOaAX0aAT apyT Apyry. Hampumep, B cucteme ANGELINA wo-
2KeT OBbITh CreHEPUPOBAHA WMHTEPECHAs KapTa YPOBHS M OPUTMHAJbHBIE UT'DPOBBIE ITPABUJIA, KO-
TOpbIe OY/IyT OIEHEHBI OTPUIATETHHO BCJIEJCTBUE TOIO, YTO C TAKWMU I[PABUIAMHU yPOBEHD

CTAHOBUTCA HEIIPOXOAMMBIM.

Puc. 10. CKpuHIIIOTHI UT'p, CPEHEPUPOBAHHBLIX pas3HbiMu Bepcusamu cucteMbl ANGELINA

(B XPOHOJIOTHYECKOM HOPSIIIKE)

Bo BTopoit Bepcun cucrembl ANGELINA aBTOpbl cOKyCHpOBaINCh Ha TeHEPAIUU UTP B
Tak HasblBaeMOM kaHpe «Metroidvaniay [4|. JJaHHbIT KaHp UI'D XapaKTEPU3yeTCs CIOXKHOMN
CTPYKTYPOIl yPOBHE!l ¥ HAJMYMEM OCOOBIX «IIPEIMETOB-YCUJIUTEIEH», KOTOPbIE MO3BOJISIOT
HAIIIE/IIIIEMY WX WIPOKY OTKPBIBATH BCe OOJIbINIEE YUCJIO paHee HEJIOCTYITHBIX eMy obJjacTrei
KapThl. llpuMepom ycuauTesiss MOXKET CAyKUTh MPEAMET, YBEJIUIUBAONINNA BBICOTY TPBIKKA
UTCPOKA W TE€M CAMBIM IMO3BOJISIONINI €My JONPBITHYTh 10 paHee HEIOCTYIHBIX YYaCTKOB
ypoBHSA. ABTOPBI H0DABUIN B CUCTEMY KOOIEPATUBHON KOIBOJIIOIUK OTJIEJBHYIO MOMYJISIIIAIO C
XapaKTEPUCTUKAMU yCUJIUTEJIEN, TOJ0KUTETHHO OIEHUBAs TaKue HAOOPhI yCUJIUTENeH, KOTO-
pble TIO3BOJISIIOT TPOXOanTh urpy pasubiMu nytamu. Onenka nrp B ANGELINA mpoBouTcst
aBTOMATUYECKH, IIyTEM MOJIEJTUPOBAHUS JTE€HCTBUIl UTPOKA.

Hamubrii mogxon 6bw1 pa3BuT B cucreme Mechanic Miner, B KOTOPO#l Tpy IeHEpaIun
ycuiinTesieii BO BHUMAaHUE IIPUHUMAJICH MCXOAHbIH Koz urpel [6]. Teneps, npu reneparun ycu-
JINTEJIT M3MEHsieMyIo UM xapakTepuctuky cucrema Mechanic Miner Beibupasia He u3 3apamee
3aJ[@HHOTO CIIUCKA, a8 U3 BCEX MEePEMEHHBIX, HANIEHHBIX C IMOMOIIBI0 pedIeKCUU B UCXOITHOM
KoJle urpbl. Hampumep, B mporiecce reHeparuu ofHO#M u3 urp cucrema Mechanic Miner obua-
pyx)wmia y obbekTa player nepeMeHHyO acceleration, u B KadecTBe 3PPeKTa yCUIUTET WH-
BEpTUPOBAJIA 3HAYEHUE €€ Y-KOMIIOHEHTHI:

player.acceleration.y *= -1 (2)

YTO B TEPMHHAX HUIPhI O3HAYAET, UTO IOCJE HAXOXKJIEHUsl JTAHHOIO YCHJIUTEJIsi UTPOK OyK-
BAJIbHO HAYHET XOIUTH MO MOTOJKY YPOBHS, IIOIPOCTY UTHOPUPYS PaHEe MEIIABIINE eMy Tpe-
ngarcrBug. Haiinennast ¢ momombio Mechanic Miner B aBTOMaTH4ecKOM pexkKuMe, JTaHHAsl Ur-
poBasl MeXaHWKa dBJsSeTCS KpailHe WHTEPECHOM, XOTd U He HOBOM — OHA JIEXKUT B OCHOBE IIO-
nyJsipHOil KoMMepueckoit urpsl VVVVVV (Cavanagh, 2010).

OrMmeruM, 4TO aBTOMATUYIECKOE M3MEHEHME KOJ[a MPOI'PAMMbBI KOHETHO YK€ HEe MOXKET He
IPUBOJINTH K OIuOKaM ucroyiHenus. st perenus: 3Toit mpobJieMbl, B TIPOIECCE OIEHUBAHUS
kaxk 01t urpel Mechanic Miner mepexsaTbiBaeT BCe BO3MOXKHbBIE UCKJIIOUEHUsI U JA€T OTPHUIIA-

TEJIbHYIO OIEHKY TEeM YCUJIUTEJIAM, YTO IPUBEJIU K IIOABJICHUIO omubok. B cjIydae OTCyTCTBUA
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ommbok Mechanic Miner ucmoib3yer KOMILIEKCHYIO (QPYHKIIAIO OIEHKH, ITPHHUMAIOIIYIO B
pacder nose3HoCmb YCUIATENs; YCUIUTEb CINTAETCS TIOJIE3HBIM, €CJIU OH TI03BOJISET UI'POKY
[OJIyYUTh JOCTYI K HOBBIM yYACTKAM KaPThI U ITOMOraeT npoiitu urpy. Tak, yBejmdyeHre BbI-
COTBI TIPBIY)KKA HA OJIMH ITUKCEJIb CKOPEe BCEro HE JIAaCT UTPOKY IPEUMYIIECTB, MTOITOMY TAKOIM
YCUJIUTEIb OyIeT OIeHEH OTPHUIATEIbHO. ¥ JMAHHOIO IMOJX0Ja €CTh HECKOJIbKO HEIOCTATKOB;
BO-TIEPBBIX, OH MAaJIOIPUMEHUM HA yPOBHSX OOJIBIIIOINO pPa3dMepa U3-3a CJO0XKHOCTH pacydera Ji0-
CTYITHOCTY Pa3JUYIHBIX yUIACTKOB KapThl; BO-BTOPBIX, B TEKYIIEHl peaju3alii OTCYTCTBYeT 00-
paboTKa «CJIMIIIKOM TIOJIE3HBIXY» YCUJIUTEJIeH, JTeIAI0NUX NPy HEMHTEPECHONW U TPUBUAIBHOM:
HAIIPUMED, YCWINTEJIb, KOTOPBIE MOMEHTAJbHO MEPEHOCUT UTPOKA K KOHILY YPOBHS, IOJIYyYIUT
BBICOKYIO OIIEHKY HECMOTPsi Ha TO, YTO OH CBOIUT K HYJIIO BCE OCTAJIbHBIE COCTABJISIONINE UT-
pFI.

B mocnenneit Bepcun ANGELINA apTopbl BIiepBbIe peaiM30BAJIM MPOIEIYPHYIO TeHepa-
U0 TpexMepHbix urp [3, 5|. HecMoTpsi Ha cMeHy apXUTEKTypbl CHCTEMbI IPU €€ TIOPTHPOBAa-
Hun Ha wiardopmy Unity, ajropuT™Mbl TeHEPAIIMU UT'P MTPAKTUYECKU HE U3MEHUJIVCH.

OTesbHBIN UHTEpEC MPEJCTABIIIOT paspaboranubie B pamkax mpoekta ANGELINA wme-
TOJIBI TeHepaluy urp Ha 3aganayio temy |[2|. IIpunuvas Ha BXO/e OJHO CJIOBO WIIM IEJIBII
tekcT, ANGELINA Bblnensger KJIO4eBbLIe CI0BA U IIOAOUPAET K HUM PA3JIMYHBLIE ACCOLUALIVN.
Hajee cucrema aHaJU3UPyET CEMAHTUKY IOJIYYEHHBIX CJIOB C MOMOIIBI0 HECKOJIbKUX HMCTOY-
HUKOB M Ha OCHOBE IOJIYYE€HHBIX PE3YJIbTATOB MPOU3BOIUT IMOUCK CBODOIHO PACIIPOCTpPAHSIE-
MBIX rpapraecKnx MaTepuasioB U My3bIKHU, MOIXOLAIINX 10 CMBICY U HACTPOEHUIO K KJIIOUe-
BBIM CJIOBAM U aCCOIMAIUASIM.

Ormerum, uro cucrema ANGELINA He siumera HemocTaTkoB. ABTOpBI YKa3BIBAIOT, 9TO
peajim30BaHHAs UMU aBTOMaTHYeCKas OIEHKa WIP JTaeT HEJIOCTATOYHO KAYECTBEHHBIE PE3YJ/ib-
TaThl, B TO BpEMs KaK >KWUBbIE UT'POKU 3aTPYIHIIOTCS JaBATh CPABHUTEIbHBIE OIEHKU MHOXKE-

CTBY IIOXO2KUX UTID.

3. A3bIKu onmucanusa urp

OaHuM U3 TJIaBHBIX (PAKTOPOB YCIHENTHOCTH CHUCTEMBI TPOIEYPHOM TeHEPAIUH SIBJIAECTCS
BBIOOD cItocoba TpeJcTaB/IeHrsT KOHTEHTA, MOCKOJbKY UMEHHO OT HEr0 BO MHOI'OM 3aBUCUT
pasHoobOpasue rerepupyemoro kourenra [25|. IIpu Bbibope crocoba mpejcraBiieHns KOHTEHTA
HYKHO HAWTU OaJIaHC MEXKJy CJIUIIKOM OOIIMM U CJIUIIKOM Y3KHUM IIPeJICTaB/IeHueM. dem Imu-
pe KJIacC KOHTEHTa, KOTOPhI MOYKHO OIHUCATH C HOMOIIBIO BHIOPAHHOTO CIIOCODa MpeiCcTaBIe-
HH, T€M CJIOXKHEe HANTU Cpeay 3K3EMILISPOB 3TOI0 KJIACCA IOIXOSIINE KadeCTBEHHBIE pe-
[IEHNUsI; B CJIy9Yae BBIOOPA CJIUIITKOM Y3KOHAIIPABJIEHHOIO CIIOCO0a MPEICTABJICHUS, IK3EMILIs-
PBbI TEHEPUPYEMOTO KOHTEHTa, OYIyT OTJINYATHCS JIAIIE JTETAJIIME.

Hamnas mpobjema 0COOEHHO aKTyaJibHA B CJIydae C MPOIEAyPHOI reHepalueil urp, Bellb
MHOTHE UTPHI HE TIOXOXKHU JPYr Ha Jpyra — HaIpuUMep, Imaxmarhl u Mario He MMeroT MexIy
coboit Huyero obmero. Jlocrarouno obmuM CIIocobOM IIPEICTABICHNS, MOIAXOIAIIMM JIJIsi BCEX
Urp, ABJSIETCsI, HAIpUMep, A3bIK mporpammupoBanus C+-+. [leficrBurenbho, J06y0 urpy
MOXKHO IPeJCTaBuTh B BHie mporpaMmbl Ha C+-+. OnHako, JTaHHBIA CIOCOO IIPEICTABJIEHHS
3aJaeT YPEe3BbIYAHO OOIIMPHBIA KJIacC KOHTEHTA: IOMABJIAIONIEE OOJILIIMHCTBO IIPOIPAMM,
KOTOpBbIe MOYKHO HamucaTb Ha s3bike C++, He OyIyT SBJIATbCS Wrpamu; 0OoJiee TOro, JIUIIb
MaJjas 9acThb U3 HUX He OyJeT ABJIATHCA CIYYANHBIM HAOOPOM MHCTPYKITAH.

Hecmorps Ha TO, 9TO BO BCex paboTax, OIMMCAHHBIX BO BTOPOM pa3ieiie JTaHHON CTaTbH,

aBTOPBI CO3/IABAJIA CBOI CITOCOD IIPEJICTABJIEHUsI UTPOBBIX MPABUJI, MHOTHAE yUEHBbIE UCCIELYIOT
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BO3MOYKHOCTb Pa3pabOTKU CIIEIUAIU3UPOBAHHOTO S3bIKA I OIUCAHUsI UTPOBBIX mpaBmi. Co-
37IaHUe TIOJIO0HOIO $3bIKa IMO3BOJIUT HE TOJIBKO OTJEIUTH OIMUCAHWE UTPBI OT KCIOJIb3YEMbIX
CPEJCTB BU3YaJU3AINHU, OIEHKU W T'€HEPAIMM UTD, HO W YIPOCTUT 3aJ1ady pa3paboTKu U B3a-
MMO/ICHCTBUSI YHUBEPCATBHBIX UTPOBBIX IporpaMm [8].

OnauM ¥3 TepBbIX W HambOJIee M3BECTHBIX $3BIKOB onmcaHusi urp spisercas Game De-
scription Language (GDL), paspaboranusiii B cranudopiackoM ynusepcurere [13]. Tanubrii
sA3bIK OBLI pa3paboTan B paMmkKax uccienoBanuii Y VUII u MoxkeT MCIOIb30BATHCS I OIUCA-
HUsl TIIIPOKOTO KJIACCA MOIMIATOBBIX UI'P C MOJHON mHOpMaIumeit; G0JIBITUHCTBO OIUCAHHBIX HA
HEM HUI'P CXOXKM C IaxXMaTaM¥u U JIPYTUMHU HACTOJbHbIMEU urpamu Ha jnocke. GDL ocnoBan Ha
JIOTHKE IIEPBOro MOpdAaKa 1 KpaitHe moapober. Onucanue mgaxke mnpocreiimux urp xHa GDL 3a-
HUMAaEeT HECKOJIbKO CTPAHWUIL; Tak, JJIsi OMUCAHUS MPABUJI «KPECTUKOB-HOJIMKOBY IMOTPEOyeTCs
OKOJIO TPEX CTPAHUIL. IJTO SABJISAETCH OJHON U3 IMPUYUH, 110 KOTOPOH JIAHHBIN S3bIK HE UCIIOJIb-
3yeTcs B CUCTEMAaXx IPOIEIYPHON MeHEpAIH, MOCKOJIbKY aBTOMATHYECKOE I'eHepallusi U OIeH-
Ka MPaBUJI HA CTOJIb CJIOYKHOM sI3bIKE 3aTPyIHUTEIbHbI. CyIIecTBYIOT Pa3jndHble MOIM(DUKA-
I[N JTAHHOTO sI3bIKA, B TOM HHCJIE JJIs MOJJIEPXKKHU UIP C HemoJiHOi nadopmarmeii [20].

OpnHOl M3 MEPBBIX MOMBITOK CO3/AHUS S3bIKA JJIsi ONMUCAHUS BUIEOUTD SIBJISETCS MPOEKT
Extensible Graphical Game Generator [16], B pamMkax KOTOpPOro ObLI peaM30BaH s3bIK JJIs
OTMCaHUsi JBYMEPHBIX rpadudeckux urp. OCHOBHOI IEJIbIO JIAHHOTO ITPOEKTA sIBJISJIACH Pa3-
paboTKa CUCTEMBI, MO3BOJISIONIEH CO3/[aBaTh UIPhI, HE Mpuberas K mporpammvupoBanuio. C
[IOMOIIHIO JTAHHOW CHCTEMBI, T0JIb30BATEIb MOXKET CIreHEPUPOBATH IIOJIHOIEHHYIO WCPY HAa
a3pike Perl, mpocro ommcas ee mpaBwia. OTMerum, 9TO B IaHHON paboTe HE UIET Pedb O MPO-
[EJyPHOM Te€HEepAIMU UTP, MOCKOJIbKY BCE MPaBWIa N€HEPUPYEMON UIPhlI JOJIKHBI OBITH 3apa-
Hee 3aJ[aHbI TOJb30BATEIEM.

Aspik Video Game Description Language siBjisieTcst ONBITKOM peain30BaTh yHUBEPCAb-
HBIIl SI3BIK JIjIsi OIUCAHUS BUJIEOUTD, KOTOPBIA Obl MOI MCIOJIb30BaThCsd Kak B YUII, Tak u B
nporietypHoit reneparun urp [8]. Kak n B paborax, onucaHHbBIX BO BTOPOM pasesie 9TOil cTa-
TbH, Ha JaHHOM 3Tame co3umareaun VGDL menaior akileHT Ha ONUCAHUM IIPOCTBIX aPKaTHBIX
urp. Onucanwue urp va VGDL cocrout u3 nsgru gacreit:

— ONMCaHWs KapThl Ha ocHOBe JByMepHoro Maccusa ASCII-cumBoIIOB;

— cmmcka conocrapiernii ASCII-cumBoJioB ¢ rpadudeckuMu crpaiiTamu;

— Habopa CIpaifiTOB ¢ ONMUCAHUAMUI UX CXEM JIBUKEHUS;

— Habopa MpaBWI B3aUMO/IEHCTBUsI UT'POBBIX OOBEKTOB JIPYT C JPYTOM;

— Habopa yCJIOBUI KOHITA, UI'DhI.

Ha nammbiit MOMEHT BejieTcs akKTUBHas Pa3pabOTKa sS3bIKa, €ro CHenudUuKaIiul u3MeHs-
0TCS U yJydmatorcs. KpoMe Toro, Jijis TeHepali OIMUCAHHBIX Ha JAHHOM si3bIKe UTp ObLia
peanmzoBana cucrema PyVGDL [18|, rerepupyiomiast rOTOBbIE UTDBI 110 UX OIUCAHHUIO.

IIpumepom ©Gojiee y3KOHAIPABJIEHHOIO IIOJXOJIa K IPEJICTABJICHUIO IIPABUJI SIBJISIETCS
a3bIk Strategy Game Description Language [14], npesHassadeHHBIH sl ONUCAHNS CTPATErH-
YECKUX BUICOUTD. ABTOPBI A3BIKA MPEJIAra0OT WCIOJIb30BATE JJId OMUCAHWA PA3TUIHBIX WI-
POBBIX O0BEKTOB M IPABWI IIPEJICTABJIEHNE HA OCHOBE JI€PEBBEB, B KOTOPOM CJIOYKHOCTBH Ipa-
BUJI yBEJUYUBAETCHA C J00ABJIEHUEM HOBBIX BepIMUH. /[aHHBINA S3BIK HAXOJUTCS HA HAYAJBHOM
YPOBHE pa3pabOTKU U B JAHHBII MOMEHT TOJJIEPXKUBAET TOJIBKO OIUCAHUE ITPOCTHIX XapaKTe-
PUCTHUK UI'POBBIX OOBEKTOB.

Jpyrum npumepoM si3bIKa JIjIsl ONUCAHUS OJIHOTO KaHpa urp spisercs s3bik Card Game

Description Language [9], npennasnadeHHbIH /118 OnMCaHUsT KAPTOYHBIX WUID. JIAHHBINA $S3BIK
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OIMCHIBAET TPU OCHOBHBIX XaPAKTEPUCTUKHU KAPTOYHBIX UI'P: CTAJUU UTPBI, KaxKJgasd U3 KOTO-
PBIX XapakTepuU3yeTcsi CBOMM HAOOPOM IPaBWI, PAHXKUPOBAHUE KAaPT U UX KOMOWHAIHU, a
TakkKe yciaoBus mobesbl. Onucanve mpaBujl UI'P OCHOBAHO HA KOHTEKCTHO-CBOOOHOM rpaMma-
THKE; JTOIMyCTUMbIE TIPABUJIA BKJIOYAIOT B Ce0si CKPBITHE W PACKPBITHE KAPT, MMEPEIBUKEHUE
KapT MEXK/y Pa3HbIMU yYaCTKaM{d UTPOBOTO CTOJIA, & TaKKe JIEHCTBUA CO CTaBKaAMU U TaK
nagnee. Aproper CGDL mmanupyoT peajn3oBaTh Ha €r0 OCHOBE CHCTEMY MPOIETyPHON TeHe-

panuny KapTOYHbIX HI'D.

3akJroueHue

JlamHasi crarThsi MOCBMAIIEHA 0030pPy WCCIETOBAHUN B O0JIACTU MPOIEIYPHONU TeHEepaIuu
WI'POBBIX HMPABWI M UI'D Pa3IMYHBIX »KaHPoB. Ha ocHOBe maHHOIO 0030pa MOXKHO CIIEJIaTh BbI-
BOJI, 4TO 3aJa4a HIPOLECAYPHOU I'eHEepalud UrP ABJIACTCH Ha CErOJHANIHUN NEeHb aKTyaJIbHOM.
Cy1mecTByIoIue 3KCIEePUMEHTAJBHBIE PEIeHUsI OPUEHTUPOBAHBI HA T'€HEPAIMIO UTP HECKOJIb-
KUX OTIEJBbHBIX KAHPOB, & CO3LaHHbIC C UX HOMOIIBLIO UIPHLI 3a4acCTyl0 KpaiHe IIPOCThbl U HE
MOI'YyT KOHKYPUPOBaTh C UI'PAMU, CO3LAHHBIMUA YCJIOBEKOM.

Takum 006pa3oM, MEPCHEKTUBHLIM HAITPABJICHUEM [JId JTAJIbHEHAIINX HCCAEIOBAHMIA SIBJIsI-
€TCd yJIy4YllleHre CYLIECTBYIOIIUX U CO3JaHue HOBBLIX aJIlOPUTMOB IeHepaluu C LeJIbI0 IIOBLI-
IIEHUs KAYeCTBa U Pa3HOOOpa3us reHepupyeMbiX urp. B masbHeiliieM HaMu IJIAHUPYETCsT pa-
boTa HaJ CO3/AHUEM CHUCTEMbI ITPOIE/yPHON TeHepaluu UI'p, He OTPAHUYEHHON paMKaMu KOH-

KPETHBIX YKaHPOB.
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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 utilized
in PCG systems to encode game rules are also described.
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