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B uccnenoBaHnu paccMOTPEHB! BOIPOCH! aBTOMATHU3ALHK MPOSKTHPOBAHUS U Pealn3ali KOMIOHCHTOB CHU-
CTeM MOJIEIMPOBAHUs], OCHOBAHHBIX Ha MYJIBTHAreHTHOI apxuTekType. Llenbio nccne1oBanus sBiseTcs pa3paboTka
HMHCTPYMEHTAJBHBIX CPEICTB IOANEPKKN pa3pabOTKH TaKMX CHCTEM. B xozme mccienoBaHMs ObUIM CO3IAaHBI HH-
CTPYMEHTBI, KOTOPBIE YIPOLIAIOT MPOLECC CO3AaHMs areHToB as miardopmel Java Agent DEvelopment Frame-
work™. OcoGeHHOCTBIO ITHX MHCTPYMEHTOB SIBJISCTCSI HCIOIb30BAHUE CXEM MEPAPXUYCCKUX MAILIWH COCTOSHHI
JULsL (POPMUPOBAHHS KapKaca areHra ¢ MOMYJIMU-IIA0IOHAMH, YTO 3HAUUTEIEHO O0JIerdyaeT JaJbHEHIIyI0 pealti-
3auio QyHKIHoHaNbHOCTU. Takoil moaxoxn mo3BomseT d(G(PEeKTUBHO U HAASKHO IIIAHUPOBATh apXUTEKTYPy areHTa,
YUHTBIBasi IOCTABIEHHbIC 3a/1a4u. B cTaThe npesicTaBaeHb! KII0UeBble KOMIOHEHThI KOMILIEKCA MHCTPYMEHTAIbHBIX
cpenctB. [T1aBHBIN KOMIIOHEHT — FeHepaTop KapKaca areHra, paboTaroIuii B 1Byx pexkumax. [lepBrlif moxpaszymena-
€T MCIOJIb30BAHUE CIICIMANBHO Pa3padOTaHHbIX MomyIeit uis miardopmsel Java Agent DEvelopment Framework™,
peanu3youX OBECHHE areHTa B JOTMKE HEPAPXUUECKUX MAIIHH COCTOAHMI M HACTPaHBAEMbIX B 3aBHCHMOCTU
OT cxeMbl. Bropoii pexxum GpopMupyeT caMo0CTaTOUHbBIH MOYIIb Kilacca B ITapaJurMe PacliupeHHBIX HepapXude-
CKHX MAIINH COCTOSIHHI C BO3MOXKHOCTBIO BBINONHEHHS KO IIPY BO3HUKHOBEHUH coObITHil. [Ipennaraercs Busy-
aNbHBIN peakTop ¢ HHTepdecoM Ul IPOSKTHPOBAHMS CXEM U HANOIHEHHS UX KOZOM. Pe3ynbrarhl uccieaoBa-
HYsI OBUIN IIPHMEHEHBI TIPU CO3aHNH MYJIETHATCHTHOU CpeJibl JUIsl MOJEIMPOBAHNS B3aUMOACIHCTBISI MHKpOCETEl.
dparmMeHTH! pe3ynbTaToB PabOTHI KOMILIEKCa ISl OHOTO U3 areHTOB CPEAbI IPUBEACHEI B Ka9eCTBE IPHMEpa.
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The study examines the issues of design automation and implementation of components for modeling systems
based on a multi-agent architecture. The purpose of the study is to develop tools to support the development of such
systems. During research, tools were developed that simplify the creation of agents for the Java Agent DEvelopment
Framework™ platform. These tools use hierarchical state machine diagrams to form a framework with template
modules that greatly facilitates implementation of functionality. This approach allows for efficient and reliable
planning of agent architectures, taking into consideration the tasks assigned. The article presents key components
of the toolset. The main component is an agent frame generator that operates in two modes: the first involves using
specially designed modules for Java Agent DEvelopment Framework™ that implement agent behavior according
to hierarchical state machines, and are configurable based on the schema. The second mode forms a self-sufficient
class module within the paradigm of extended hierarchical state machines, with the ability to execute code on
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BBenenue

KomrmiptoTepHOE MOIENUpPOBaHUE HUTPAET
OJIHY U3 BOXHEUIIMX poJield B MCCIEIOBAaHUU
U TPOCKTUPOBAHUU CJIOKHBIX TCXHOJIOTHYC-
CKHX, COIUAJIbHBIX W 3KOHOMHUYCCKUX IIpO-
LIECCOB, U C POCTOM MacmTaba M CIIOXKHO-
CTH COBPEMEHHBIX CHCTEM MOJCIMPOBAaHHUE

W HCHOJb30BaHNE NUQPPOBBIX JBOHHUKOB BCE
Yare CTaHOBATCS 0a30BBIMH MHCTPYMEHTAMHU
JUTSE KOHTPOJIMPYEMOTO HCCIICIOBAHHS U TIPO-
BEJICHUS SKCIIEPUMEHTOB JIJIsl OIICHKH TIOCIIE/I-
CTBUH pa3nuuHbix ciieHapueB [1]. OcoOeHHO
BBICOKasi IIEHHOCTb TAaKOTO TMOIXOJa JICHKUT
B KPUTHYECKUX HHPPACTPYKTYPHBIX 00IACTSIX,
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HanpuMep B KOCMHUYECKOW OTPACId, SHEPreTH-
Ke, TPaHCIIOPTE U T.1I.

B wacTHOCTH, MyIIbTHAareHTHAs TTapajurma
MOJISIIUPOBAaHUSI TPHOOpETaeT BCEe OOJBIIYIO
aKTyaJIbHOCTh OJlaromapsi CBOCH CIIOCOOHOCTH
YUUTBIBATh HWHIAWBUAYAJIBHBIC XapaKTCPUCTU-
KM U B3aUMOJICWICTBUE MHOXXECTBA ABTOHOM-
HBIX areHroB [2]. B omnuume oT TpaauiuoH-
HBIX TIOJIXOJIOB, KOTOpBIE YacTO paccMaTpH-
BalOT CHCTEMbI KaK €IWHOE IeJ0e, areHTHOe
MoJlenupoBanre (QOKyCHpyeTcs Ha MHUKPO-
YPOBHE, YTO MIO3BOJISICT OOJIEe TOUHO OTPaXKATh
peasibHble MPOLECCHl. JTO O0COOEHHO BaXKHO
B TaKUX OOJACTSX, KaK COIUAIBbHBIC HayKH
(MozmenMpoBaHKUE TOBENEHUS TPYIII), SKOHO-
MHKa (pBIHOYHAS TUHAMUKA), SKOJIOTHSA (B3au-
MOJICHCTBHE BHJIOB), TPAHCIIOPTHBIE CHUCTEMBI
(TOTOKM ABMKEHUS) M MHTEPHET Belien (Koop-
nuHanus ycrpoicT) [3]. B nocnennee Bpemst
pacTeT MOIyIsIpHOCTh KHOep(PU3UUECKUX CH-
CTeM, TPEICTABISIFOIINX COO0H COBOKYITHOCTb
WHTETPUPOBAHHBIX BBIUNCIUTENBHBIX, KOMMY-
HUKAIMOHHBIX M (PU3MUECKHX KOMIIOHEHTOB,
KOTOPBIE B3aUMOJICHCTBYIOT IS YIIPABICHUS
CJIOJKHBIMU MPOLIECCaMU B p€aJIbHOM BPEMCHHU.
s kubepu3nuuecKnx CUCTEM XapaKTEPHBI
camMoopraHu3alys ¥ CrlocoOHOCTh K ajarTa-
LMW TIOJ] U3MEHSIONINECS yCIOBHS OKpPYKako-
me cpenpl. OTH XapaKTEPUCTUKU SBISIOTCS
HEOOXOJMMBIMU JIJIsl CHCTEM HH(PACTPYKTYp-
HBIX OTpacileld, CTPOSILIUXCS Ha B3aUMOJECH-
CTBUM YYaCTHHUKOB JIJIsl OpraHU3aIMH KU3HCH-
HO HEOOXOIMMBIX IporeccoB [4]. DTo nemaer
kuOepdu3nueckyo mapagurMy ¥ areHTHBII
MTOJTX0]] aKTyaJbHBIMU B PEIICHUH COBPEMEH-
HBIX 3aJ1a4 MOJICIIUPOBAHMUSA.

C poctoM MaciTaba ¥ CIOKHOCTH MOJIE-
JUPYEMBIX CHUCTEM TPAJMIIMOHHBIC TOIXOJbI
K pa3paboTKe MOJeNell CTaHOBSTCSI BCE MEHee
3 (PEeKTUBHBIMH, YTO CO3MACT IOTPEOHOCTH
B HOBBIX HHCTPyMEHTaX u MeTofoiorusax. Co-
BPEMCHHBIC CHUCTEMBI, TaKME€ KaK YMHBIC TO-
pona, TIOOaNbHBIE 3KOHOMHUYECKHE MOJICIIN
WJIM 9KOCUCTEMBI, BKITFOYAFOT THICSUH WU JIaKe
MUJUTMOHBI B3aUMOJCHCTBYIONIUX AIIEMEHTOB,
KKIBIM M3 KOTOPHIX OOJIamaeT coOCTBEHHOMH
JOTUKOW moBejneHus. Jig yrpaBieHusl Takou
CIIO)KHOCTBIO  HEOOXOJMMBI ~ MHCTPYMEHTHI,
KOTOpPBIC TIIO3BOJIAIOT TMPCIMETHLBIM CIICHU-
anucraM (HampuMep, SKOHOMHUCTaM, SKOJIOoraM
WJIM COITMOJIOTaM) COCPEIOTOUNTRCS Ha COIEp-
JKaTeJIhbHOW YacTH MOJEIH, MUHUMHU3UPYS 3a-
TpaThl Ha IPOTPAMMHPOBAHNE U TEXHHUYECKYIO
peanmuzanuio [5]. DTO mocTUTaeTCs 3a CHUET
WCTIOJIb30BAHUS BU3YAIBHBIX Cpell pa3pabot-
KH, 11a0JIOHOB TMPOCKTHUPOBAHUS U aBTOMATH-
3WPOBAHHBIX CPEICTB KOJOTCHEpaIh. JTO
oOycaBIuBaeT NeJdb HCCJIeJ0BAHUS — pas-
paboOTKy HWHCTPYMEHTAJBHBIX CPEICTB TOJ-
JEPKKHA pa3pabOTKU MYJIBTUAr€HTHBIX CpPe
MOJICIIMPOBAHHUSI.

MaTepuaﬂu U METOAbI UCCJICAOBAHUA

MynbTHareHTHBIE Cpebl OOBIYHO peau-
3YIOTCS HA CIIETIMATU3NPOBAHHBIX TUTATPOpPMax
u ¢peitmBopkax, Takux kak NetLogo, Repast,
AnyLogic® wm MATLAB® Simulink®
[6], a Takke ¢ HMCHOIB30BaHUEM OMOIMOTEK
JUTSL YHUBEPCAJIBHBIX SI3BIKOB IPOTrPaMMHPO-
BaHUs, Takux Kak Python (manpumep, Mesa
wi PyDy), Java unu C++. Beibop mardop-
MBI W (perMBOpKa TSI pa3padOTKH MYITb-
THAreHTHOW CpPeJIbl 3aBUCUT OT Habopa (akTo-
POB, OIpEACISIEMbIX 3a/1aueii MOEITUPOBAHUSL:
MOJICP)KUBAEMbIC  ONIEPAIIMOHHBIC CUCTEMBI,
SI3BIK OTMICAHUS areHTOB, THOKOCTH TEPEKOH-
¢urypanuu, Halu4yue MOAyJaed s oOMeHa
COOOIIEHUSIMH 1 BU3YaIH3aIMH, COOTBETCTBUE
CTaHJapTaM, MOJJICP)KKa MapajlielIbHbIX BbI-
YUCJIEHUWA U T.J. B yacTHOCTH, mapajiennu3M
SIBIISICTCS. BAXKHBIM aCIIEKTOM JUISI CHCTEM
¢ OOJIBIINM KOJTUYEeCTBOM areHTos [7, §].

Pe3y.]'l]>TaTbI HCCJIeA0BAaHUSA
H UX 00Cy:KIeHne

B cratbe paccmarpuBaercsi IuaTdop-
ma Java Agent DEvelopment Framework
(JADE™) [9]. Ona mnpenocTaBIisieT TOTOBYIO
UHPPACTPYKTYPY VIS CO3/IaHUs, YIPaBICHUS
Y B3aMMOJICHICTBHUS areHTOB, YTO 3HAYNTEIIHHO
YCKOpSIET Tpoliecc pa3padOTKH U TECTHpPOBa-
Hust mozeneit. [lnaropma JADE™ peanusyer
crangaptel Foundation for Intelligent Physical
Agents (FIPA), dro obecrieunBaeT COBMECTH-
MOCTh C JPYTUMHU areHTHBIMH IIaT(opMamMu
M TIOJIZICPKUBAET TaKHe KITFOUeBbIe (PYHKIINH,
KaKk OOMEH COOOIICHHUSIMH, YIIPABICHUE KU3-
HEHHBIM LIUKJIOM areHTOB U paclpelielieHHbIC
Beluncienus. JADE™ mnanucana Ha Java,
4yro o0ecneynBaeT KpOCCIUIaTPOPMEHHOCTD
Y JIETKOCTh MHTETPAIlUU C IPyTUMHU OHOIMoTe-
KaM{ ¥ HHCTPYMEHTAMHU.

Arentr B muarpopme JADE™ peanu3y-
eTcsi Kak OOBEKT Kiacca, YHaclelOBaHHOTO
or 0azoBoro kiacca jade.core.Agent (na-
Jee — Kiacc-areHT). ba3oBblii Kiacc mpeno-
CTaBIJIIET OCHOBHBIE METOBI JIJISl YIIPABICHUS
KU3HEHHBIM IIMKJIOM areHTa, KOMMYHUKAIlUU
C IPYTHMH areHTaMu U J00aBICHUS MOIeeH
noBeicHUsI — OOBEKTOB KJIACCOB, yHAacie0-
BaHHbIX 0T jade.core.behaviours.Behaviour
(manee — kmacc-nosezaeHue). Monenu mnosene-
HUSl (POPMHUPYIOT TMOJE3HYI0 HArpPYy3Ky areHTa
M OIpPEIENIoT JIOTUKY €ro paloThI, BKIIIO-
yasi MUKINYEeCKHe, OIHOPa30BbIe MU CIOXK-
HBbIE COCTaBHBIC TOBeieHMs. [laHHbIe MoaenH
YK€ BKJIIOYEHBI B CTaHIAPTHYIO OMOIHOTEKY
(dpeiiMBOpKa M TMO3BOJISIIOT Ha CBOEH OCHOBE
co3/1aBaTh HEOOXOAMMBIE MOJICITH ar€HTOB.

OnHOI U3 TaKUX MOAETIEH SABISETCS Malllu-
Ha coctostaui (MC). DTO MareMaTH4ecKas Mo-
JIeJTb, UCTIONb3yeMast JIIsl ONTUCAHUS TTOBEACHUS
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CUCTEMBI, KOTOPasi MOXKET HAXOIUTHCS B OJTHOM
13 KOHEYHOT'O YHCJa COCTOSHUM U MTEPEXOIUTh
MeX/Ty HIMH B OTBET Ha coObIThs. Kaxxmoe co-
CTOSTHHE OIPEeJeIsaeT, KaKk CUCTeMa pearupyer
Ha BXOJHBIEC JTAHHBIE, a TIEPEXOBI MEXKIY CO-
CTOSTHUSIMM  33JIaI0TCSI TIPaBUJIAMH, KOTOPBIC
MOTYT 3aBHCETh OT YCJIOBUW WIIM TPUTTEPOB.
MarmuHbl COCTOSHMI HIMPOKO IPUMEHSIOT-
csi B pa3paboTKe MporpaMMHOTO olecriede-
HUS, pPOOOTOTEXHHWKE, WIPOBBIX JBHKKAX,
a TaKKe B MYJBTHAreHTHBIX CHCTEMaxX, TaK
KaK OHH IO3BOJISIOT YETKO CTPYKTYPHUPOBATh
MOBEJICHUE W YNPOIIAIOT YNpaBICHUE CIIOXK-
HBIMH TTPOIECCaMHU.

JADE™ npepnocrasnsger kinacc FSMBe-
haviour, peanu3ytommii coCTaBHOE ITOBEICHNE
Ha OCHOBE KOHEYHOTO aBTOMaTa, TAE Ka)aoe
COCTOSTHHE TPEJCTaBISIETCS] 00OBEKTOM Kitac-
Ca-TOBEJICHUS, 8 TIEPEXO/IbI MEKAY COCTOSIHHU-
SIMH OTIPENICIISIFOTCSI PE3YJIBTATOM 3aBEPIICHUS
moBeneHusi. Cxema aBTOMara (OPMHPYETCS
BO BpEMs HCIOJHEHHS C TIOMOIIBI0 METOIOB
registerState() u registerTransition(), moGas-
JSIFOIIIUX COOTBETCTBEHHO COCTOSHUSI M Iepe-
xonsl. FSMBehaviour aBromaTnyecku ynpas-
JSET BBINOJHEHUEM TEKYIIETO COCTOSHHS
U TIEPEXOIOM K CIIECAYIOUIEMY, YTO YIPOINAET
pa3paboTKy CIOXKHBIX CIIEHAPUEB TTOBEICHUS
arenra [10].

Hepapxuyeckue  MalldHbl  COCTOSHUM
(UMC, Hierarchical State Machines, HSM)
paCHIUPSIIOT KOHIEHIIMID OOBIYHBIX MAIIWH
COCTOSIHHH, JT0OaBJsAsi BOBMOXKHOCTH BJIOXKEH-
Hoctu [11]. B UMC cocrosiHust MOTYT coaep-
JKaTh BHYTPH CeOs MTOICOCTOSHUS, 00pa3ys ne-
papxuro. ITo TO3BOJISIET MOACIUPOBATh OoJiee
CIIOKHOE TIOBeJIeHHe, pa30rBasi ero Ha YpOBHH
abcrpakiuu. Hampumep, cocrosinue «Paboray

Huey, «O0paboTKay U «3aBepIICHUEY, KaXKI0e
13 KOTOPBIX UMEET CBOM COOCTBEHHBIC MTEPEXO0-
JTBI ¥ JIOTHKY, HO TIPY STOM TI€PEXOJIBI U3 COCTO-
sausg «Padora» SIBIMIOTCA OOIMMMH JUIS BCEX
nojacoctosuuil. Mepapxuueckde  MalllvHbI
COCTOSIHMI OCOOEHHO TOJIe3HBl B MYyJIbTHA-
TeHTHBIX CUCTEMaXx, IJIe areHThl MOTYT UMETh
CJIOKHOE MOBECHHUE, TpeOyloliee AeKOMII03HU-
MU Ha OoJiee MPOCThIe KOMITOHEHTHI. Takoit
MOJIXOJ] YITydIIaeT YUTaeMOCTh, TIOIePKHBa-
E€MOCTh U MacITabupyeMocTs Mozenei [12].

IIpenyiaraemeplii POrpaMMHBIN KOMILIEKC
BBITIOJTHSIET 3a/]a4y TeHepaluy nradioHa Kiac-
ca-areHTa, CTpyKTypa u 0a30oBasl JIOTHMKa KOTO-
pOTO ompeeNseTcsl HepapXuIecKo MalTHHON
cocTtosiHuid. B pamkax HaJICTpoWKHM mpeisia-
raercs aBa noaxoxaa. IlepBbiii — MOAYJIBHBIM,
OH TIpeAroJyiaraeT reHepaluio kapkaca u3 Ie-
PEKIIFOUAIOIIUXCSI COCTOSIHUM-TIOBEAEHUN, TIIE
JIOTUKY TIOCIIEIHUX pa3pabOTUMK Jajiee pea-
JU3yeT CaMOCTOSITENILHO C TOMOIIBIO JIPYTHUX
MPOTPaMMHBIX CpesicTB. BTopoii moaxon — pac-
IIUPEHHBIH, TAE TeHEepaIus CaMOI0CTaTOYHOTO
KJIacCa-areHTa Ha OCHOBE PACIIMPEHHBIX He-
papX1UeCKUX MAIIMH COCTOSHUMH, TJie JIOTHKA
BBITIOJIHGHUSI TIPUBOAMTCS HEMOCPEICTBEHHO
B CXeM€ B BHJIE KOJIa, HCITOIb3yeMOTO TIpH Te-
Hepanuu Kiacca.

IIpexxae Bcero, KOMITIEKC BKIIIOUAeT B
cebs1 Habop OMONHMOTEK-MOMmyJIel JUIs TUIar-
¢opmbl JADE™, HanmcaHHBIX Ha s3bIKe Java
1 00CCICUMBAIOIINX PEATH3AIHI0 MOIYIbHO-
ro moaxoxa. Moayns HSMBehaviour — 3T0
KJIACC-TIOBE/IEHUE, pean3yIoNuil Huepapxu-
YECKyI0 MAIllMHy COCTOSHUH, Tl KaXaI0e CO-
CTOSIHHE SIBJSICTCSI OOBEKTOM KJlacca-TIoBele-
HUS, U TICPEKIIFOUCHUE MEXJy COCTOSHUSMHU
OCYIIECTBIISIETCS. HA OCHOBE KOJIa 3aBEPILICHUS

MOXET BKJIOUYaThb MOOACOCTOSHHSA «O)KI/I,Z[a— O4CepCaAHOro COCTOAHUA.
MukpoceTtb )
BbinonHeHo 3anpocHaTopru
? OxxupaHue Toprun
V3HaTb NPOrHo3 HyenAykumoH | » 3anyck Topros
MonyuexlporHos +
3anpocHaTopru
| Awanus nporuosa | > BbluMCneHUe CTaBKM
“pOBEAEHHe Topru3akpbiTbl ! CraskaBbluucneHa
TPaH3aKuuu
P = OTnpasBKa CTaBKu

Puc. 1. Hepapxuueckas mawuna cocmosHuil 83aumooeticmayiowet MUKpocemu
Hcmounux: cocmasneno asmopom
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HSMBehaviour hsm =

InitTrade (),

(

(

hsm.registerState (new

hsm.registerState (new
(

hsm.registerState (new CalculateBid(),
“SendBid”,

hsm.registerState (new SendBid(),

hsm.registerDefaultTransition (“Waiting”,
hsm.registerDefaultTransition (“Trading”,
hsm.registerTransition (“AskWeather”,
“AskWeather”,
“InitTrade”,
“CalculateBid”,
“CalculateBid”,

hsm.registerTransition (“Waiting”,
hsm.registerTransition (“Waiting”,
hsm.registerTransition (“Waiting”,
hsm.registerTransition (“Trading”,
(
(

hsm.registerTransition(“CalculateBid”,
“ApplyTrade”,

hsm.registerTransition (“Trading”,

“AskWeather”,

“ApplyTrade”,

new HSMBehaviour (this);
hsm.registerFirstState (new FallthroughBehaviour (),
hsm.registerState (new AskWeather (),
hsm.registerState (new CheckWeather (),
hsm.registerState (new ApplyTrade(),
FallthroughBehaviour (),
“InitTrade”,

“Waiting”);
“Waiting”) ;
“CheckWeather”, “Waiting”);
“Waiting”);
“Trading”) ;
“Trading”) ;
“CalculateBid”, “Trading”);
“Trading”) ;
“AskWeather”) ;
“InitTrade”) ;
“CheckWeather”, S.GOT WEATHER) ;

S.DONE) ;

S. NEED_TRADE) ;

S. TRADE_REQUEST) ;
S. TRADE_REQUEST) ;
“SendBid”, S. BID_CALCULATED) ;
S. TRADE_FINISHED) ;

Jlucmune 1. Coz0anue mawunvl cocmosnuil Ha ocnoee HSMBehaviour

Takum oOpaszom, Jormka W HHTEpdelic
KJIacCa MaKCHMAJIbHO TMPUOIMKEHBI K BCTPO-
eHHomy B rutatgopmy FSMBehaviour, uto mo-
3BOJIACT MPUMCHATL MOYJIb B CHCHApPUAX OO~
HOYPOBHEBBIX MAIIMH COCTOSIHWUH, MPH 3TOM
“Mesl BO3MOXKHOCTh OTMCHIBATh HAICOCTOSHUS
u obmue mepexompl. Tako MOaxXod CHIKAeT
IIOPOT OCBOCHHS MOJYJIS, a TaKKe MO3BOJISET
OBICTPO aJanTUPOBATh CYLICCTBYIOIINE Hapa-
0otku B Buzie 00bruHbIX MC. C apyro# cTopo-
HBI, TAKOH MOJXO0Jl MEHEee THUOOK, B TOM YHCIIe
MpernoaraeT HWCIOJIb30BAHUE H30JIHPOBAH-
HBIX COCTOSIHUM.

B kagectBe mpmmepa Oputa paccMoTpeHa
HMepapxuyeckas MallhiHa COCTOSIHUM, OIMCHI-
Baroasi pyHKIMOHUPOBaHWE MUKPOCETH, B3a-
UMOJICHCTBYIOIIEH C JPYTMMU MHKPOCETIMHU
Uit 0OMEeHa PHepropecypcamu B paMKax ayk-
unona. Cxema UMC nipuBenena Ha puc. 1. Kog,
hopmupyrormmii 31y UMC ¢ momorsro 6nomm-
oreku HSMBehaviour, npuBesicH B THCTUHTE
1. B ommmume or FSMBehaviour, ¢yHkius
registerState UMECT BapHaHT, MO3BOJISIOIIUN
yKa3aTh HAJCOCTOSIHUE. 3/1eCh HUCIOIB3YEeTCs
BcrioMorarenbHbI Moaynb FallthroughBehav-
iour, KOTOPBIH TIPENCTaBIsAECT COO0H MTHOBEH-
HO 3aBEpIIAIONIeecs MOBEJCHUE U TEM CaMbIM
peanu3yeT Tmepexoi B HAyaJIbHOE COCTOSHHE
COCTaBHOTO COCTOSIHUSI C TIOMOILBIO MEepexoa
1o yMmonm4anuto. CTOUT OTMETUTh, YTO MOJAYIb
peanmu3oBaH C HYNS, TaK KaK CYIIECTBYIOIIAS
peanu3anus dToi GyHKIMmoHAIBHOCTH [13] 0T-
CyTCTBOBaJIa B OTKPBITOM AOCTYIIC HA MOMCHT
HarmucaHus CTaTrbu.

Hnst 6onee 3(h(EeKTUBHOTO M JTOCTYIHOTO
cocTaBiieHUs Tpada COCTOSHUM TpesiaraeTcs
WCTIONB30BaTh BU3YAIBHYIO Cpeay pa3padot-
ku Lapki IDE [14]. DTOT makeT mpuKiIamgHBIX
nporpaMm C OTKPBITBIM HCXOAHBIM KOAOM
npenoctasisieT penakrop UMC ¢ Bu3yaibHBIM

MHTEP(ENCcOM U BO3MOKHOCTHIO OTICAHUS TIO-
BEJICHUS TEXHUUYECKOW CHCTEMBbI B TEKCTOBOM
WM THKTOrpauueckoM Buje (B 3aBUCUMOCTH
OT HaJIM4¥st oIepkkH riaropmel). [is xpa-
Henus cxeM Lapki IDE ucnonesyer cneunanbHo
paszpaboranHblil popmar ¢aiina CyberiadaML.
B ero ocHoBe sexHT SI3BIK OmuUcaHus rpados
GraphML, pacmmpeHHBIH UIsI OMHCAHUS TI0-
BE/ICHUS 11€JI€BOM CHCTEMBI C MTOMOIIBIO CTaH-
JIapTU30BaHHOW CHUCTEMBbl TEroB. B pamkax
nporpamMmHoro komruiekca Lapki IDE ucnons-
3yeTCsl B IOJHOTEKCTOBOM DEXKUME, MPEIo-
CTaBJISIONIEM BO3MOYKHOCTH paboTHI ¢ Trpadom
COCTOSIHWMA W yKa3aHUS COOBITHI M JEHCTBHUI
B BUJIE HETIOCPE/ICTBEHHOTO TEKCTA.

Jl1s1 TONHOLIEHHOM peanu3auuu MOJYJb-
HOTO TIO/IX0J1a UCIoNb3yeTcss moayiab Cyberia-
daHSMBehaviour. 910 Ki1acc-mmoBeaeHme, Ha-
cnenyromuit HSMBehaviour u pacmmpsironuii
ero ¢ynkiueit 3arpy3ku CyberiadaML-daiina,
Ha OCHOBE KOTOPOTO co3jaeTcs rpad cocros-
HUil arenra. HazBaHue cocTosiHUs onpenenser
KJIACC-TIOBEJICHUE, 00BEKT KOTOPOTO HCIIOJIHSI-
€TCs B JAHHOM COCTOSIHUH, MPUYEM OZHOMY
HA3BaHWIO B HECKOJBKUX COCTOSIHHAX OymyT
COOTBETCTBOBATh PA3HBIEC IK3EMIUISIPHI KJ1acca.
ConepxrMoe nepexo/ia onpeaessieT Ha3BaHue
CUrHasa, mpeoOpasyroleecs B LEIOYHCICH-
HYI0 KOHCTAHTY TUINA-TIEPEUUCICHUS IS KO-
JIOB 3aBepineHus nopeneHuit. O0a BeIIenepe-
YUCIIEHHBIX (haKTOpa MPEAIoNaraloT HaJIHIue
(YHKITUH, CBSI3BIBAIONINX TEKCTOBOE 000-
3Ha4YeHHE C (PaKTUUCCKUM 3HAYCHHEM B KOJIE,
JUISL 4ero MPEeAyCMOTPEHBI JIBE COOTBETCTBY-
fomme ¢yHkouu — createState n identifySig-
nal. [Ipumep koma OOBS3KH BBIICONTUCAHHOMN
MalIuHbl COCTOSIHUA NpuBeneH B Jluctunre 2.
B naHHOM peXHMe HE YUUTBIBAKOTCS YCIOBHS
U JICUCTBUS TIpU Mepexojax U COOBITUSIX BHY-
TPHU COCTOSTHUSL.
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Puc. 2. Peoakxmop Lapki IDE u ¢ppaemenm ouazpammol coCmosinutl
Hcmounux: cocmasneno asmopom

CyberiadaMLBehaviour behaviour = new CyberiadaMLBehaviour (this) {
private Behaviour createState(String name) {

-> return new AskWeather():;

-> return new CheckWeather();
“ApplyTrade” -> return new ApplyTrade();

-> return new InitTrade();

-> return new CalculateBid();
-> return new SendBid(); } }

“BID CALCULATED” -> return S.BID CALCULATED;
“TRADE REQUEST” -> return S.TRADE REQUEST;
“TRADE FINISHED” -> return S.TRADE FINISHED;

switch (name) {
case “Waiting” -> return new Waiting();
case “Trading” -> return new Trading();
case “AskWeather”
case “CheckWeather”
case
case “InitTrade”
case “CalculateBid”
case “SendBid”

private int identifySignal (String name) {

switch (name) {
case “GOT_WEATHER" -> return S.GOT WEATHER;
case “NEED_TRADE" -> return S.NEED TRADE;
case
case
case
case “DONE”

-> return S.DONE; } } }

behaviour.loadFile (“microgrid.graphml”) ;

Jlucmune 2. Unuyuanuzayus mawiunsl cocmosnuu 6 CyberiadaMLBehaviour

I'eneparop kapkaca arenta CMLAgent-
Gen — mpuKIIagHAs porpamMma, padoTaroImast
B KOMaHJTHOHM CTPOKE ¥ Ha OCHOBE IepeIaHHoO-
ro CyberiadaML-¢aiina popmupyet Java-koj
arenrta. [Ipm MoaynpHOM Moaxoxe Kox odopa-
yusaeT CyberiadaHSMBehaviour, kak ykaza-
HO B JINCTUHTE 2, ¥ TOATOTABINBACT I1a0IOHbI
KJIACCOB-TIOBEACHHUHN JUTA Ka’KI0TO COCTOSHHS,
TEM CaMbIM CO3/1aBasi TTaKeT MOJyJel, Ha oc-
HOBE KOTOPOTO CIIEIHUAIMCT Aaiee PopMUpyeT
(YHKIMOHAIBHOCTD arcHTa.

Ilpu pacmmpeHHOM MOAXOAE TI€HEpaTop
CO37a€T CaMOJOCTAaTOYHBIA KJIAacC C CHCTE-
MO CHUTHAJIOB M (PYHKIIMH-COCTOSIHHUHN corvac-
HO ONMCAHHOM CTPYKType M HUX Mepexojam.
OH Takxke co3naeT QYyHKUMU-TYCHKN C ydacT-
KaMH KOJla, YKa3aHHOTO B JICCTBUAX COOBITHI
u nepexonoB. IIpu 3ToM Koo MOXET paszMe-
maThCsl KaKk KOMMEHTapUi (11 mambHEeHIei
JIOPaOOTKHU CHENHATNCTOM) HITH KaK eCTh, IO~
3BOJISISL OMTMCHIBATh (DYHKIIMOHAILHOCTD areHTa
HEIOCPE/ICTBEHHO B CXEME.
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QState G AskWeather (QEVL e)

{ /* obpaboTka curHajyia B cocTogHur AskWeather */

QState status = null;
switch (e.sig) {
case Q ENTRY SIG /* BXOom B cocTosHmMe */
stateChanged = false;
inVertex = false;
status_ = g handled();
on AskWeather Entry(); /* Be30B OyHKUMM-SUelKuM */
break;
case Q EXIT SIG: /* BhXOH M3 CcOCTOAHMA */
status_ = g handled();
on_ AskWeather Exit();
break;
case GOT WEATHER SIG:
if (true) {

on AskWeather GOT WEATHER() ;

stateChanged = true;

status = g tran(G CheckWeather);
} else { status_ = g unhandled(); }
break;
default: /* mepemaua curHajla B HaICOCTOSHME */
status = g super (G Waiting);
break; 1}

return status ; }

void oniAskWeathef;Entry() { /* dyHkumMAa-guerka, BHHeCeHa Ojad ymobcTsa */

App.run (“WeatherForecast”,
void on AskWeather Exit () {
App.cancel (“WeatherForecast”) ;

GOT WEATHER); }

Jlucmune 3. @pazmenm Kooa Kiacca-azeHma 6 pacuupeniom pexicume

dparMeHT QYHKIHIA Kiacca JUIst COCTOSHUSI
«Y3HaTh POTHO3» MPUBEAEH B JIMCTUHTE 3.

Pa3paboranHblli KOMIUIEKC 3aJeHCTBOBaH
B ITAKETE MPUKIIATHBIX TIPOTPAMM JJIsI MOZEIIH-
pPOBaHUSI MHUKPOCETEH, B3aUMOJEHCTBYIOIINX
C MpUMEHEHNEM YKOHOMHYECKOTO MEXaHu3Ma
perynupoBaHus cIipoca U MpenoxkeHuit [35,
15]. IlpumeHeHne KOMILJIEKCa B COYETaHUH
C BU3YJIBHBIM PEAAKTOPOM IO3BOJIUIIO CHU-
3UTh TPYM03aTpaThl MPH OINWUCAHUU JIOTUKH
areHra. Mcronp30BaHne BU3yaIbHBIX CPE/ICTB
MIPOEKTUPOBAHUSA M KOJOTEHEpAIl B pa3pa-
0OTKEe areHTHBIX CHCTEM 3HAYUTENLHO YIpPO-
LIaeT U YCKOPSIET MpOoLEecC CO3JaHusl, TeCTU-
poBaHHs W MoAM(HUKAIMKU areHToB. CXeMbl
HUMC mno3BongoT pa3paboTunkaM HaTJSITHO
MIPOEKTUPOBATH MTOBEICHUE areHTOB, HE YIITy-
OMsACh B HU3KOYPOBHEBBIN KOJI, a TAKXKe CIIy-
’)KaT HaIIAIHOM JOKyMEHTalMed, MOHSTHOU
BCEM Y4YaCTHUKAM pa3padOTKU. DTO 0COOCHHO
MIOJIE3HO ISl UCCIIeI0BaTeNell U MHKEHEPOB,
KOTOpBIE MOTYT He 00JaaaTh IIyOOKHMHU Ha-
BBIKAMH TIPOTPAMMHUPOBAHUSA, HO TIPH DTOM
HY)KJIal0TCS B CO3/aHMH CIIOXKHBIX MOJEIEH.
Cpena Lapki IDE mnpemocraBisier WHTyH-
TUBHO TOHATHBIM WHTEpQeiic g BU3yalb-
HOTO IMPOEKTHPOBAHUSA, YTO CHHMIKAET MOPOT
BXOJZla M yCKopsieT pa3paborky. Komorenepa-
1Ys, B CBOIO OYepe/b, aBTOMATH3UPYET MPO-

1ecc mpeoOpa3oBaHus BU3YaTbHBIX MOJEICH
B MPOTPAMMHBIH KOJI, YTO MUHUMU3HPYET Be-
POSITHOCTH OIIMOOK M SKOHOMHUT BpeMs. DTO
O0COOCHHO Ba)KHO TPH MEPENPOCKTUPOBAHUH
areHTOB, KOT/Ia HEOOXOANMO OBICTPO amamnTh-
pOBaTB MOACIb K U3MCHAKOUINUMCS Tpe60Ba-
HHUSM UJIIN HOBBIM JaHHBIM. B COBOKYHHOCTI/I
3TU TMOAXOABl TMOBBIIAIT 3()HEKTUBHOCTH
pa3pabOTKH, CHUKAIOT 3aTpaThl Ha MOJIEPIK-
Ky U JICNAl0T areHTHOE MOJICIIMPOBaHue Oosee
JMOCTYITHBIM JIJISl IIIUPOKOTO Kpyra CreIrain-
cTtoB. B nanpHeiimeM npesmnosaraeTcs pac-
HIUPEHUE CPEJCTB CO3laHus Oonee (yHKIHU-
oHanbHO HachkimeHHbIXx MC. [lnanupyercs
peanu3anus MexaHW3Ma YCIOBUH U TICEBIO-
COCTOSIHHI BBIOOpA.

3akjoueHue

B pamkax wuccienoBaHus pa3padOTaHbI
HOBBIE HHCTPYMEHTAJIbHBIE CPEICTBA AaBTO-
MaTH3aluyd pa3pabOTKH areHTOB MJIsl ILIar-
¢dopmbl JADE™ Ha ocHOBE MepapXU4YecKuX
MallliH COCTOSIHWH, BKJIIOYAIOIIME B ceO0s
BU3yallbHYIO cpeay pas3paborku. Pesynbra-
ThI HCCJIEJJOBAaHUSI 00ECIEYMBAIOT CHU)KEHUE
CIOXKHOCTH M BpeMs3aTpaT Ha pealn3aluio
areHTa, a TaKXe IO3BOJAIOT JIErde Mepenpo-
€KTUPOBATH €ro JIOTUKY B 3aBUCUMOCTH OT 3a-
Jlad MOJEIUPOBAHUS.
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