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BUPTYAJIbHAS JIABOPATOPUSA OBYYEHUA METOJAM
NCKYCCTBEHHOI'O MHTEJVIEKTA JJISA TEHEPAIIN

YIHPABJISIIOIHINX KOHEUYHBIX ABTOMATOB
A.C. TaxTn

OmnuceIBaeTcsl CTPYKTYpa M BO3MOXKHOCTH BHPTYJIBHOH JIaOOPAaTOpUH AJIsi 00y4eHHs] TeHETHYIECKOMY U aBTOMAaTHOMY IpO-
rpaMMHPOBAHUIO, Pea30BaHHOM Ha s3bike C#. OINMUCHIBAIOTCS OCHOBHBIE ATAlbl CO3JAHUS COOCTBEHHBIX IOIKITIOYaeMBIX
Mozyneit 1abopaTopuu.

KiioueBble cj10Ba: aBTOMaTHOE IPOrPaMMHUPOBAHKE, BUPTYalbHas JJa00PATOPHSI.

BBenenue

[Tapanurma aBromarHoro nporpaMmupoBanus [ 1, 2] 6buta npemioxkena B 1991 rony B Poccun. B pamkax
JTAHHOHM KOHIICTII[MK TPOrpaMMa PacCMATPUBACTCS KaKk HAOOp KOHEYHBIX aBTOMATOB, OOBEKTOB YIPABICHHUS U
MOCTABIIMKOB COOBITHH.

3a4acTylo OCTPOCHNE KOHEYHBIX aBTOMATOB HBPUCTUYECKHMMH METOJAMH SIBIISICTCS 3aTPYIHUTEIBHBIM.
B cBsi3u ¢ 3TUM 17151 MX TEHEPAM MO>KHO HCIIOJIb30BATh ABTOMATH3MPOBAHHBIE METO/bI, B TOM YHCIIE T€HETH-
YecKre aJTOPUTMBI K TeHETHUECKOe ITporpaMMupoBanue [3].

[t 00y4ueHns TeHeTHYeCKOMY TTPOrpaMMHUPOBAHHIO paHee Obla Co3/laHa BUPTyalbHAs JIabopaTopust 171
s3bIKa porpammupoBanus Java [4]. OqHako B yKa3aHHON BHPTYAIBHOM JIAOOPaTOPUH OTCYTCTBOBAJa BO3MOXK-
HOCTh NPHUMEHEHUs JPYTHX METOJIOB MCKYCCTBEHHOT'O MHTEIUICKTA, TAKUX, KaK, HANpPHMEp, METOA MMHUTALUH
omxkura [5-9]. Dta TeXHWKa ONTHMHU3ALNU HCIONB3YyeT CIyYaiHBIN MOWCK Ha OCHOBE aHAJIOTHH C IPOLECCOM
00pa3oBaHusl B BEUIECTBE KPUCTAJUIMUECKOM CTPYKTYPhl C MUHMMAIILHOM 3HEPrueH, MPOUCXOIAIIEM IIPH OXJIa-
JKJIEHUHU 3TOTO BEIIECTBA.

Ha ocHOBaHMHM M3JI0)KEHHOTO MOXKHO CJIeNIaTh BBIBOZ O TOM, YTO aKTYaJIbHOH SIBJISETCS pa3padoTKa BUPTY-
anpHOM J1aboparopuu st 00y4YEeHUs] METO/IaM MCKYCCTBEHHOTO MHTeJUIeKTa. [Ipu 3TOM BakHBIM TpeOoBaHHEM
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JUTA TaKOW BHPTYAIBbHOM JTa00paTOpUH ABJSETCS BO3MOKHOCTD HE TOJIBKO CAMOCTOSITETIHFHO pa3padaThIBaTh Me-
TOJIBI M CO3/1aBaTh HOBEIE 33/1a4M JUIA WX TECTHPOBAHUS, HO U CPAaBHUBATH Pa3IMYHBIC AITOPUTMBI MEXIy cOOO0M
MIPUMEHHUTEIFHO K KOHKPETHBIM 3a/1ayaM, a TaKKe HATJISIIHO BU3YaIM3UPOBATh MOIYUYSHHBIE PEIICHHMSI.

OcCHOBHBIE MOJIOKEHHA

Bupryanbsnas naboparopust GlOpt (cokpamenune ot Global Optimization) peanu3oBaHa Ha SI3bIKE IMPO-
rpammupoBanust C# Ha ruiatdopme Microsoft. NET. Ona cocTouT U3 sipa u MOJKIIOYaeMbIX MOAYJIeH (Tuiaru-
HOB), KOTOpBIE PEAIN3yIOT KOHKPETHBIE 331241 M METOJIbI MX PEIICHUS.

SAnpo npencrasieHo KiraccoM Brain, KOTOpBIH OTBEYAET 3a 3arpy3Ky OCHOBHBIX CYIIIHOCTEH MPOrpaMMHO-
ro KOMIUIEKCa — 3a/1a4, METOZ0B MCKyCCTBEHHOTO MHTEIUIEKTa U BU3YaJIN3aTOPOB, & TAKXKE BHITOIHACT (PyHKINU
pacmpesneneHus pecypcoB MEKay pabOTarOUIMMHU alTOPUTMAMH.

Jlist oncaHMs 3a/1a4 UCTIONB3YIOTCs aOcTpakTHbIe Kiacchl Problem u Individual, ot koTopsix Hacneny-
FOTCSI KJIACCHI, ONMCHIBAIOIINE KOHKPETHBIC 3aJ[auH, HAIIpUMep, 3a1auy 00 «YMHOM MypaBbe» [10].

Kiacc Problem conepxxut meton OptimizationDirection, Bo3Bpararonuii HHGOPMALUIO O HAPABICHHUSIX
ontumusarmu (min, max) u metox EvaluateIndividual, cmyxaruit 1yist BBIYMCICHUS QYHKIIUH MPUCIIOCOOIICH-
HOCTH y KOHKpeTHOH ocoOu. HacineqHukn 3TOro Kiacca JOKHBI pEaM30BbIBATh 3TH METOJIBI, @ TAK)KE METOIB,
obecrieunBarone AOCTyNl K 0a30BoW MH(popManmu o 3ajaye — Ha3BaHWHU, €€ KpaTkoM omucaHuu. Kiacc
Individual peanmsyer mnpencraBiieHHE WHAWBUIYaIbHOW JUIS KaKAOM 3aJaud OLCHOYHOM XapaKTepHCTHKH
Fitness, onmiceiBaeT METOI CpaBHEHHS MHAUBHUIOB MEX.y COOOM.

AJTopuTMBI pereHns onuckiBatoTes kimaccamu Algorithm u SearchOperator, oT KOTOPBIX, B CBOXO OUepeb,
HACJIeIyI0TCsl KIIACChI, pealIn3yIOIIie KOHKPETHBIE METOIbI CKYCCTBEHHOTO MHTEIIIEKTa, HAIlPUMEp, METOJ NMH-
tauuu omkura. Kiace SearchOperator HeoOXoauM Jisi opraHu3anuy TpedyeMbIX B 33j1aue orepalnii HaJl 00beKTa-
mu knacca Individual. On obecrnieunBaeT yHUBEpCAILHOCTh B IPUMEHEHUH METOJIOB PEIICHHUS K Pa3JIMYHbIM 33/1a-
yam. Tak, HanpuMep, IUIsl IPUMEHEHHS y’KE PEaI30BaHHOTO AJITOPUTMA K 3aja4de 00 «YMHOM MypaBbe» TpeOyeT-
Cs ONpE€ACIUTD METOJbI MyTallMW U CKPCIIUBaHUA UHAUBUIOB, 4 1JId METOAd UMUTAILIUU OTKHUI'da — UBMCHCHUC YIKE
HaﬁﬂeHHOFO PCUICHU B COOTBETCTBHUU C B])l6paHHI)IM BECPOATHOCTHBIM paCHpPEACIICHUCM.

OO11ast CTpyKTypa BUPTyallbHOM JIAOOpAaTOPUH MTPUBECHA Ha pHC. 1.

BRAIN

Plugin
+Description
FHTML description

A“;’;

Algorithm Search Operator Problem
+Best Individual Optimization Direction
rCument Individuals | EFraatan Evaluate Individual])
initialize|)
HMext ltermtion() 1 1
H#Terminated()
1
Individual Individual Viewer
-Fitness
-Sign FView Individualf)
+CompareTal)
+Calculate Fitness()

Puc. 1. CTpykTypa BupTyansHon nabopaTtopun

Takxum 00pa3oM, B BUPTYAIbHOM Ta00PaTOPUH CYIIECTBYET IIATh TUIIOB TUIATHHOB:
paccMaTtpuBaeMble 3a/1a4u (HaciaeayeTcs OT abCTpakTHOTO kiacca Problem);
ANTOPUTMBI U METO/IbI HICKYCCTBEHHOTO UHTEIUIEKTa (Hacieayercst oT abcTpakTHoro kinacca Algorithm);
3. MeTO[Bl, afaNTHPYIOLINE ANTOPUTMBI K KOHKPETHBIM 33a/1adaM (HacieIyeTcsl OT aOCTPakTHOTO Kiiacca Sear-
chOperator);
4. BU3yanu3aTOPHI I 33124 (MIPUMEpP BHEIIHErO BHIa BU3yaan3aTopa IPUBEICH Ha puc. 2);
5. TEeKCTOBbIE ONMCaHMS 33/1a4 U aJITOPUTMOB.
Kaxnprit mmarun npencrasisier codoit dll-6ubmmorexy. Ocob0 oT™METHM, YTO BUPTYyasbHas JlabopaTopus
CIPOEKTHPOBAHA TAKUM 00pa3oM, 4TO JIIO0YIO 3a/lady MOXHO PEellaTh, UCTIONb3Ysl KaXKAbIH U3 peaIr30BaHHBIX
METOJI0B UCKYCCTBEHHOT'O MHTEIUICKTA.

N —
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B Hacrosiiiee BpeMsi MpOrpaMMHBIA KOMIUIEKC BUPTYAIBHOM JIa0OpaTOpUK BKJIIOYAET B CEOs ClielyIomye

IIJIaruHbI:
— 3aJavyu:

£ cpeaa Giopt

LIRS
@aiin  Mowouss li‘
Cosenenve wercace | Cosenerve nyas v |
3aaue [3anaus b wwont pasee o] | Firess
Knerouwsei (A 79,005 n 000138 | [
Meran Orira 57,4551 000140
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[ie7200
| osics eder
fi77es
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] 7308
1 7308
50 706 wilf
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52 e I I U AR
5 L . e S
54 7908
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5 7306
5 716
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59 716 =
&0 80015
6 80045
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6 80055
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{ >
148
Select Close
A B
‘ g
i Nagsa Cron T R T T Totheend

Puc. 2. Busyanusartop anst 3agaqm o6 «YMHOM MypaBbe»

e 00 «YMHOM MypaBbe»;
e 00 «YMHOM MypaBbe-3»;
e 0 poOoTe, OTHOAOIIEM TIPETIATCTBHS,
e 0 paccraHoBke N (ep3eii Ha maxMaTHO# mocke (puc. 3);
— METOABI HCKYCCTBEHHOTO MHTEIJUIEKTA:
® TEHETUYECKHUE ANTOPUTMbI — KIITACCUUECKUM, KJIETOYHBIH, OCTPOBHOM;
® METOJbI IMUTALUH OTXKUTa — 00IbIIMAHOBCKMH, Kommu, Tymenus;
® DBOMIOLIOHHBIE CTPATETUH;
® METOJl ONTUMH3ALNH POEM YaCTHII;
®  [UEJIMHBIA AITOPUTM;
— BH3YaJIM3aTOPHI [UIs YKa3aHHBIX 33]ay;

— I‘pa(l)I/IKI/I, IIO3BOJIAOIINEC OLICHUBATH 3(1)(1)GKTI/IBHOCTB METOAO0B MPUMCHUTECIIbHO K KOHKPCTHBIM 3a/ladaM;
— HOKyMCHTalus, B TOM YUCJIIC html-onucanus peuracMbIX 3a4a4 U UCIIOJb3YyEMbIX JJId UX PCHICHUSA METOHAOB.

IIpoexTupoBanue MOAyJel MpeanonsaraeT U3yuyeHUue CTPYKTYpPhl YK€ pealn30BaHHbIX METOA0B ONTHUMU-
3alHN U TIOCTPOCHHE Ha MX OCHOBE COOCTBEHHBIX. Hinke mpuBeneHb! 0a30BbIe pEKOMEHAANH, KOTOPBIM HEOO-
XOJMMO CIIEZOBATh IIPH pa3paboTKe COOCTBEHHBIX MOIYJIEH, OPEACISIOMNX anropuTM pemenns. [Iporecc cos-

Osin Moo,

C——— [ ———

Fitness

3aava [Fagaa o paccrancee bepse =

KaerouroiTA

6in00:0008
18,

Mpooros T4 &in00:0007

Meron orxira 0in 000007
NEEEE Mpuocrarasnero.
[Teryuyve navoras: | S

] Finess

10

12

Crepr Maysa Cron 000000 00000063

0000127

00000130

00000254

0000,

)

Puc. 3. 3agava o pacctaHoBke N dpep3eit Ha LaxmaTHON gocke

Co3nanue JaruiHoB

JaHWs TUTarnHOB OIMUCBIBACTCA Ha IPUMEPE CO3AaHUs IJIarnHa-3ala4v U aJIrOpruT™Ma pEeIICHU.
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Coznanue njaruna-3aaaum. [IpuBeneM OCHOBHBIE 3Talbl IPHU PeAIM3alMU HOBOH 3aJaull B BUPTYallb-

Holi 1aboparopuun GlOpt.

— Peanmzanus knacca-HacieaHuKa oT adctpakTHoro kiacca Individual, onpezaessironiero 00beKT K KOTOPOMY B
JIANTbHEHILIEM MTPUMEHSIETCSl aJITOPUTM onTuMu3auuu. Tak, HanpuMmep, B 33/1a4e O paccTaHOBKe (ep3el Takum
00BEKTOM BBICTYIAET IIaXMaTHas JOCKa C pacCTaBJICHHBIMH Ha Hell (ep3sMHu.

— Peanmu3arus kitacca-HaclleIHUKA OT aOCTPaKTHOTO Kiacca Problem. B manHOM Kitacce momkeH OBITH orpenie-
nen werox OptimizationDirection. Taxke HeoOxogmmo onpenenuts Mmeron Evaluatelndividual,
BO3BpalIaromuil 3HaueHne Tumna double — 3HaYeHNE TIeNeBON (PYHKINH TSI JAHHOTO WHAWBUIA.

— Jlns peanu3anvi KOMIIOHEHTHI BHU3yalHM3al[MM TEKYIIErO0 PELICHUs] TpeOyeTcsi OnpeleNnuTh Kiacc Viewer,
Hacnexayemblil oT kiacca IndividualViewer, u, B wactHOCTH, onpenenuTs MeTo Viewlndividual, Be3pIBato-
o rpaduyeckyo ¢opmy, THO0 MPEACTABISAIOMINN JaHHBIE O PEMICHWH B JIIOOOM IpyroM ymoOHOM s
MOJIb30BATEINS BHIIE.

— bubsimotexa (dll-¢aiin) OTKOMIUIMPOBAHHOTO MOAYJIS IOJDKHA HAXOMUTHCS B marike plugins nabopaTopui.

Co3nanue miarnHa-ajaropurma. [IpuBeseM OCHOBHBIE 3Tarnbl pa3padOTKH COOCTBEHHOI'O MOAKIIIOYAe-

MOT'O MOJTYJIsl, ONPEAEISIOIEr0 aIrOPUTM.

— Peanm3zanus anropuTMa rnovcka ONTHUMaJIBHOTO PELISHHUS — Kilacca, HAacJIeI0BaHHOTO OT a0CTPaKTHOIO Kiac-
ca Algorithm. /TaHHBIIA KIacc HOJDKSH OMPEACISTh CICAYIONIHE METO/BL:

e OptimizationDirection — Bo3Bpamaer OAHYy M3 JBYX WMEHOBaHHbIX KoHcTaHT: Optimiza-
tionDirection.Minimize mmu OptimizationDirection.Maximize;

o Initialize — onmmcBIBaeT HaYaIHHOE COCTOSHHE B AJITOPUTME MTOUCKA PELICHNUS;

e Nextlteration — ommceIBaeT NEHCTBHSA, TPOUCKOASIIIE HA OUEPEIHON UTEPALINH allTOPUTMA;

e B nepemennoit BestIndividual tumna Individual mommkHa comepxarbest aktyanbHast uHbOpMaus 00
obbekre tuna Individual ¢ nydiie Ha JaHHOM UTEpalK ATOPUTMA LIeJIeBON (PyHKIINEH.

— Peammzamus unTepdeiica SearchOperator, HacnenoBanHoro oT uHTEpdeiica ICreateOperator. B manHOM
uHTepdeiice nomkeH ObITh onpenerneH Meron Create, Bo3Bpamaromuii 00bekT Tuna Individual (abctpakt-
HBIN KJIACC, /T KaXIOW 3a7auydl UCIOJb3yeTcsl cBos peanusaiius). Takxke B SearchOperator peanusyroTcs
BCE HEOOXOAUMBIC METOJIBI ISt PabOThI ¢ 00bekTamu Individual — Hanpumep, omepanuu MyTaIlKl U CKpe-
[{MBAHUS.

— bubmmoreku *.dll oTKOMIHIMPOBAHHOTO MOIYJISI JOJDKHBI HAXOUTHCS B Marnke plugins maboparopuu.

CpaBHeHHe BUPTYaJbHBIX JIabopaTopuii

B tabiuiie npuBeeHbl OCHOBHBIE CPaBHUTENILHBIE XapAKTEPUCTHKH HACTOSIIEH BUPTYalbHOU J1abopaTo-
puu C paHee co3naHHOU TabopaTopurelt Ha s3bike Java [4].

Kpurepwmii cpaBHeHHs Jlaboparopust GIOpt JlaGoparopus Ha Java
S3pix  mporpammupo- | C# Java

BaHUs

[Monnepikka 3anayu 3agaun 06 «YMHOM MypaBbe», 0 pac- | ToJbko 3amaua 06 «Y MHOM MypaBbe»

CTaHOBKE (hep3eit
TMoaepxka 106aBIEHNS HOBBIX 3a/1a4
B KA4eCTBE IJIATHHOB

BosmoxuocTh  ozHO- | [TognmepxwuBaercs He nonnepxuBaercs
BpEMEHHOr0 3amycka | Pedynprar paboTel oToOpakaercss B

AJITOPHTMOB BHUJIC CBOAHOTO rpaduka

Berpoennas Ioky- | B ¢popmare html OTtcyTCcTBYeT
MEHTALHs

Ta6nuua. CpaBHUTENbHbIE XapaKTepUCTUKX nabopaTopuii
3akjouenue

BakHoli ocobeHHOCTBIO BUpTyanbHOU Jaboparopun GlOpt siBisieTcsi BO3MOXKHOCTD IIPUMEHEHUS! peau-
3yeMbIX aJlTOPUTMOB M METOZOB JUIS JII00OH M3 paccMaTpHBaeMbIX 3ajad. HarmsiiHoe cpaBHEHHE pe3ysIbTaToB
paboThI aNTrOPUTMOB, YA0OCTBO aHaIM3a UX 3((GEKTUBHOCTH NPH BIMSAHUM TEX WIK HHBIX (paKTOPOB HACTPOWKH
obecrieuynBaeTCs HAIMYHEM CBOJTHBIX TpaUKOB pabOTHI METOMOB, CPEACTB BHU3yalM3alllH, AOCTyHa K 0a30BOH
uH(popManuy 0 3aa4ax U aNropuTMax HEMOCPEICTBEHHO U3 CaMOW BUPTYaIbHOM 1abopaTopui.

I'mbkas cucrema IIarnHOB, MO3BOJISIONIAs PEaTN30BBIBATh BECH KOMIUIEKC HEOOXOIMMOM (pyHKINOHAIB-
HOCTH — OT HOBBIX 33/1a4 JI0 BU3YaJIM3aTOPOB K HUM, IIPU3BaHA MaKCHMaJIbHO YHNPOCTHTh PEAIU3alNI0 HOBBIX
MoOZynel, 4To o0nerdaer MOHMMaHHE OCHOB METOJOB HCKYCCTBEHHOTO MHTEIUIEKTAa M, B YACTHOCTH, METOJOB
MMHTALNHU OTXKHUTa, TEHETHUECKUX alNTOPUTMOB.
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[MapastebHO ¢ BBIMOJHEHHEM Hacrtosieil padorsl A. L[serkoBbiM [11] Bersack pabora MO CO3MaHHIO
BUPTYaJbHOI web-1abopaTopyH, ¢ HOMOIIBIO KOTOPOH CTano BO3MOXXHBIM IPOBOAUTE HCCIEAOBAHHE PEaU30-
BaHHBIX METOJIOB M 3ajJjau Ha yJaJeHHOM CepBepe, BHE 3aBUCHUMOCTH OT HAJIMYMSA HAa KOHKPETHOM JIOKaJIbHOU
MaIllHE TOTO WK WHOTO ITPOrpaMMHOT0 00ecreyeHusl.

Hccenenosanue BeINoaHeHO 110 PenepalibHON LeneBoi nporpaMMe «HayuHble 1 Hay4HO-IIEAaroru4eckue
KaJapbl MHHOBanuoOHHOW Poccum na 2009-2013 rogs» B paMkax TOCyAapCTBEHHOro KoHTpakTa [12236 ot
11 HOs16pst 2009 rona.
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