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METO]I MOJAEJMPOBAHWS PEKOHO®UTYPUPYEMBIX CETEM HA KPUCTAJLIE

[IpoBemeHO OIISIA ICHYIOUMX IMAXOAIB 10 MOJEIIOBAHHS MEPEK Ha KpHCTami. 3almpOoIIOHOBAHO METOJ
areHTHOTO MOJICITIOBaHHSI PEKOHQITYPYyEMUX MEPEK Ha KPHCTAIIl IPH OYIb-IKOMY piBHiI aOCTpaKiii.

A review of existing approaches to modeling networks on chip is presented. The method for
agent based modeling of reconfigurable networks on chip at any level of abstraction is proposed.

BBepeHue

B cBf3M ¢ MHTEHCHUBHBIM Pa3BUTHEM TEXHO-
JIOTUH MPOU3BOJICTBA UHTETPAIbHBIX MUKPOCXEM
(UMC) octpo BcTaer BOHpoc OOBEIHMHEHHS
KOMIIOHEHTOB B OOJIBIINX CHCTEMaX Ha KpUCTaJ-
ne. Hambonee pacripocTpaHeHHBIN IMOAXOJ, HC-
MOJIB3YIOIMINK MPUHIMIT OOIIeH IIWHBI, TOKAa3bl-
BaeT OTCYTCTBUE MAaCIITAOMPYyEMOCTH U YMEHb-
HIEHUE MPOIYCKHOW CIOCOOHOCTH C yBEINYEHU-
€M 4Hca COEAMHSIEMBbIX 3JeMEeHTOB. OIHUM W3
METOJIOB YCTpaHEHHsI TOAOOHBIX HEJOCTATKOB
MOJKET CTaTh HCIIOJIb30BAaHUE CETEBBIX TEXHOJIO-
Ui U1si OOMEeHa JaHHBIMH MEXIY IMOJICUCTeMa-
mu VMIMC. BnepBble KOHLENIUS CETU Ha KpHUC-
tae (CtaK) cpopmymuposana B [1]. Takoit
noaxoJ k opranu3anuu cBszu B UMC obnamgaet
MpeuMyIIecTBaMH MacIITabupyemMocTu (C yBe-
JUYEHUEM pa3Mepa CETU PACTET €€ IPOITyCKHast
CIOCOOHOCTB) W TMapayienu3Ma (JaHHbIe B pas-
HBIX CETMEHTaX CETHU MEepPelaroTCsi OJHOBPEMEH-
HO). OcHOBHBIE TeHAeHLuH pa3BuTua CTHK oTto-
Opaxensl B [2,3]. [loxxoasl kK peanu3amuu cere-
BOTO B3aMMOJEMCTBHSI BHYTPH MHKPOCXEM C pe-
KOoH(UrypupoBaHHoii apxurekrypoir (FPGA)
OmHCaHkI B [4,5].

Hcnonp3oBaHne yHUBEPCAIBHON CTATUYECKOU
APXUTEKTYPbl MOJACUCTEMBI CBS3M ISl PELICHUS
BCET0 CIIEKTPAa BO3MOXKHBIX 3a7au MPUBOIUT K
U30BITOYHOCTH U, KaK CJIEJCTBHE, K YBEIUYCHUIO
SHEPronoTpelieHuss U HEOOXOMUMBIX Ui pea-
JAU3allMy anmnaparypHeIX pecypcos. s paspe-
HICHUsT TIPOOJIEMBI U30BITOYHOCTH B [6] mpemio-
KEHa CeTh C PEKOH(MUTYPHUPYEMOM apXUTEKTY-
poiil. Takol IOAXO0 MO3BOJISAET B PEAIIBHOM Bpe-
MEHH aJaNTUPOBaTh CTPYKTYPY CETHU K TpeboBa-
HUSIM TIPOIYCKHOW CTIOCOOHOCTH W TOTpeOIsie-
MOU MOIITHOCTH.

BaxxHy0 poJjb B polecce NpoeKTUPOBAHUS U
Bepudpukanmmu CTHK wurpaer monpenupoBaHue.
OcHOBHBIE pe3yJibTAThl HCCIEIOBaHUM, Npea-
MPUHSTHIX B 3TOM HalpaBlI€HUH, OTPAKEHBI B [7-
13]. B [8] yTBepkmaercsi, 4TO HAa MOMEHT IyO-

JUKaIKA paboThl HE CYIIECTBOBAJIO CPEJICTB, MO-
3BOJISIFOIIMX ~ MOJETHPOBATh  PEKOHPUTYPHPY-
emble CtHK mpu m0o00M ypoBHE aOCTpaKIWH.
AHanmm3 Oojee Mmo3mIHUX HCTOYHUKOB [10] monr-
BEPIHJI 3TY MH(OPMALIHUIO.

Brie n3noskeHHoe MpeaonpeessieT akTya-
JBHOCTh JaHHOW paOOThI U TUKTYET HEOOXOIU-
MOCTh pa3pabOTKU METO/a MOJCIUPOBAHUS pe-
koHpurypupyembix CTHK Ha pa3HBIX YPOBHSX
aOCTpaKIuy, YTO W SBJISCTCS IEIBI0 Tpeiara-
€MOM CTaThU.

O6wme ceeaeHns o CtHK

O06o6mennas crpykrypa CtHK mokazana Ha
puc.l. Jlns o6o3znauenus: noacuctem MMC wuc-
nosib3oBaH TepMuH ['BM, uro pacmmdpoBb-
BaeTcs Kak ['oToBbi BeruncnurensHelii Momysb.
Henocpencrsenno CtHK cocrout U3 mapmpytu-
3aTOpOB M, COETMHEHHBIX COIJIACHO OINpEAEIICH-
HOM TOMNOJIOTHH. bioku M ynpaBisifoT ITOTOKOM
[IAKETOB JIaHHBIX, IMPOXOJAIIUM 4Yepe3 IOPTHI
BBOJIa/BBIBOJIA M, OCYIIECTBIISISI MapIIpyTH3a-
LIMI0O Ha OCHOBAaHMHU aJpeca HAa3HAYCHUs yKa3aH-
HOrO B 3arojioBke makera. CereBoil mHTepdeiic
CH npeobpasyroeT ganHbie U3 (popmara repena-
yu XapaktepHoro st ' BM B NOTOK TUCKPETHBIX
MaKeTOB U HAa00OPOT.

Hcnons3oBaHreM ONMCAaHHOM  CTPYKTYpBI
MOJICUCTEMBI CBSI3M JOCTUTAIOTCS CJENYIOIINE
MIPEUMYIIECTBA:
® MacmTabUPyeMOCTb — JUIsl YBEJIWYCHHUS TPO-

MIyCKHOW CITOCOOHOCTU CETH JOCTATOYHO JI0-

0aBUTH HOBbIE MapIIPYTH3aTOPbI U MOJIKIIO-

YUTHh K HUM HeoOxoaumele I BM;

e [apajuieNu3M — JaHHbIE B Pa3HbIX CErMEHTaxX
CETH INEPEAAOTCS] OJHOBPEMEHHO, YTO IpHU-
BOJMUT K YBEJIMYEHHUIO MPOIMYCKHON CIOCo0-
HOCTH IOJICUCTEMBI CBA3H.
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Puc. 1. Cmpykmypa cemu na Kpucmainie

Crpyktypa CTHK ¢ pekoHchurypupyemon

apXUTEKTypomn

Kpome HOCTOMHCTB, ONMCAaHHBIX B IPEIbI-
nymem paszzaene, CtHK mpucymm crenyroume
HemocTatku [1,2]:
® CIOXXHOCTb pa3paboTKy;

e QOJbIIOE KOJMYECTBO amMNapaTypHBIX pecyp-

COB HEOOXOAUMBIX ISl peaiu3alliy;

e QosbImas motpedsieMast MOIIHOCTb.

[TepBblif U3 HETOCTATKOB SIBISETCS OOLIUM
CBOWCTBOM CHCTEM, MpeIHa3HAuYEHHBIX I (-
(EeKTHUBHOIO pelIeHus CIOXHBIX 3afad. [lytem
perieHus npooaeMBbl SBISETCS CO3/1aHNE CIIELU-
anuszupoBaHHbIXx CAIIP, obneryaromux paboty
UH)KEHEepa.

Bropo#i u TpeTtuii HeAOCTaTKU IPOUCTEKAIOT
u3 cratuaHocTH apxurektypsl CTHK. B [6] mo-
Ka3aHO, YTO HCIOJIb30BAaHUE YHHUBEPCAIBHOU
CTaTMUYECKON apXUTEKTYpbl MOJCUCTEMBI CBS3H
JUIsL PELLIEHUS] BCETO CIIEKTpa BO3MOXKHBIX 3a]a4
IPUBOJUT K U30BITOUHOCTH U, KaK CIIECTBUE, K
YBEJIMYEHUIO SHEPronoTpedieHuss 1 HeoOXoau-

MBIX JIJISl pealIU3aliy anmapaTypHBIX PECYPCOB.
Jns pemenuss mpoOyiemsl B [6] mpenaraetcs
UCIIOJIb30BaTh JUHAMHUYECKU PEKOHPUTYpU-pye-
Myto apxutektypy CtHK, KoTOpas mo3BOJsS€T B
peaIbHOM BPEMEHHU aJalTUPOBATh €€ CTPYKTYpPY
K TpeOOBaHUSM TPOIYCKHOW CIOCOOHOCTH |
noTpedIIIeMOoil MOIITHOCTH (pHC. 2).

Kak BumnOo u3 puc.2, pekoHpurypupyemas
apxutektypa CtHK cocrout u3 camoii ceru, no-
JICUCTEMbl MOHUTOPUHTA KOHTPOJIHMPYEMbIX Ma-
pameTpoB U OJ0Ka MOAM(UKALUU CTPYKTYPHI.
Ha ocHoBanum ommOKu ympaBiieHUsl €, Xapak-
TEpU3YIOIIEeH OTKIOHEHHE TpeOyeMbIX IMapame-
TPOB CETH OT TEKYyIIHMX, OJIOK MoAu(HUKAIIN
OCYILIECTBIIIET MUHUMHU3AIHUIO € IIyTeM HU3MEHe-
Hus cTpyktypel CTHK. B kauecTtBe KOHTpOJU-
PYEMBIX MapaMeTPOB MOTYT BBICTYIATh MPOITY-
CKHasi CIIOCOOHOCTh, HEOOXOIUMBIE IJISl peaju-
3anuu pecypcsl UMC u motpebnsiemast MoIL-
HOCTb.

+ : : e
—
TpeboBanus k

napameTpamM CeTH

IToacucrema MogudbuKaI
CTPYKTYPBI CETH

Cetp Ha KpUCTAILIE

Iloacucrema MOHHUTOPHUHTA

napamMeTpoB CCTU

N

Puc. 2. Oboowmennan cmpykmypa CmuK c pexongpuzypupyemoii apxumexkmypoii
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JeiictBus 610oka MOAM(UKALMU 3aBUCIT OT
BbIOOpa MapaMeTpoB, MOJIeKAIIUX ONTHMM3a-
uu. Hampumep, 1S yripaBieHHs] SHEPTONOTpe-
OJICHHEM W HEOOXOAMUMBIMH IS peau3ariu
pecypcaMu MOXKHO TUHAMUYECKH H3MEHSTH pa-
3Mep ouepesieil MOPTOB BBOAA-BBIBO/Ia MapuUIpy-
TH3aTopoB [14]. YnpapneHue npomyckHOM cro-
COOHOCTBIO OCYIIECTBIISIETCS TIyTeM MOIU(UKa-
IIUU TOTOJIOTUU CETH ¥ TaOJHIl MapIIPy TH3AIHH

6mokoB M [6].

O6ocHoBaHMe BbiGOpa meToaa
MoaenupoBaHua pekoHdpurypupyemon CTHK

B konrexcte monemupoBanusi CtHK Oynem
pasIuyaTh ClemyIonre ypoBHU abcTpakiuu [7]:
® CHCTeMHBIH (BBICOKHI) — MOJEIMPOBAHUE

JUHAMAYECKOTO M3MEHEHHsS CTPYKTYPBI CETH

—Mou(pUKalKsg KOJIUYECTBA MapIIpyTHU3aTo-

POB U TOMOJIOTHH;
® TIOBEJIECHYECKUH (CpeAaHMil) — MOJEINpOoBa-

Hue OOMEHa JTaHHBIMHU Ha MAaKETHOM YPOBHE

—MPOIYCKHON CHOCOOHOCTH, 3a/IepKeK, al-

TOPUTMOB MapIlIpyTHU3aLUU, IOTEPH MAKETOB;
e (¢usnueckuil (HU3KHUI) — MOAETUPOBAHUE Ha

PETUCTPOBOM/TPAH3UCTOPHOM YPOBHSX — HC-

clieloBaHUE TMOTPeOIIeMON MOIIHOCTH U

TpeOyeMbIX Uil  pealn3allid  pPecypcoB

NMC.

B [7-9] npennaratoTcsi cpeacTtBa MOAEIUPO-
Banus CtHK nume Ha moBeneH4YeckoM (cpen-
HeM) ypoBHe abctpakuuu. VMcnons3zyemsbiii me-
TOJI — IUCKPETHO-COObITHIHAA UMUTAIus. J[is
UCCIICIOBAaHUS OCOOEHHOCTEW paboThl CeTH Ha
¢dusmueckom ypoae B [10-13] paspaborans
tounble RTL (Register Transfer Level) monenn
C HCTOJb30BAaHUEM SI3BIKOB OMUCAHUS IHPPO-
BeIX cxeM — Verilog u VHDL. Bonbummm Heno-
CTaTKOM TaKOTO IMOJX0Ja SIBISIETCS 3HAUUTEIb-
HbIC BPEMEHHBIEC 3aTpaThl MPH MOJEIUPOBAHUH
Ha KOMIIbIOTEepe JMOO0 HEOOXOIMMOCTh B HAJU-
YHH JOPOTOCTOSIIMX YCTPOMCTB Ui ammapary-
pHO# mMmuTaruu. Takum oOpa3oM, HU OIUH W3
NPEeUIOKEHHBIX METOJIOB HE MO3BOJISIET MPOBO-
nuth MoaenupoBanue CTHK mpu 1ir060M ypoBHE
abcTpakiuuu, a mpeodpa3oBaHUE MOJEIU OT OJI-
HOT'O YPOBHS K Ipyromy TpeOyeT 3HauUTEeNbHbBIX
BpPEMEHHBIX 3aTpar.

[IpoBeneHHbI 0030p JUTEpaTyphl TOKa3al,
YTO Ha CETOJHSIIIHUI JEHb OTCYTCTBYIOT CPENICT-
Ba Ui MOJEIUPOBAHUS PEKOHPUTYPHPYEMBIX
CtaK. Takast curyamus oOycClOBIE€HAa TE€M, YTO
CYUIECTBYIOLIME TMOAXOAbl K IOBEACHUYECKOMY

MoaenupoBanuto CTHK HMCnonb3yroT AMCKPETHO-
COOBITUHHYIO UMUTAIMIO (CPEIHHUIA YPOBEHb abc-
TPaKIMHU), B TO BpeMsl Kak peKoH(pUrypupyemas
apXUTEKTypa TpeOyeT MPUHATHS pelIeHUH O MOo-
TU(HUKALIUN TIOJICHCTEM M CBS3eH MEXITy HHUMH
(cucTeMHBIN YPOBEHB), UTO 3aTPYAHUTEILHO TPH
UCTIOJIb30BAHUU  TUCKPETHO-COOBITUHHOTO IO
X07a.

B [15] BbllonHEH CpaBHUTENbHBIA aHAIU3
METOJIOB, IPUMEHSIEMbIX B UMHUTALIMOHHOM MO-
nenupoBaHuu. Pe3ynbTaThl MPHUBEACHBI Ha
puc.3.

W3 puc.3 BuaHO, 4T0 Haubosiee yHUBEpCallb-
HBIM SIBJISIETCSI areHTHBIN MOAXO0J K HWMHUTAIU-
OHHOMY MojenupoBaHuto. CyTb €ro COCTOUT B
TOM, YTO MpeIMETHAasi 00JacTh MpeICTaBIsSETCs
B BUJIE MHOXKECTBA areHTOB, B3aMMOJICUCTBYIO-
mux Mexay coOoit. Paspaborumkom momenu
ONUCHIBAIOTCS TpaBUJa CO3JAHUs, YHUYTOXKE-
HUS U u3MeHeHus areHTos. [Ipu atom mop tep-
MUHOM “‘areHT”’ MOHMUMAETCSI HEKOTOPBI 00BEKT
(8 Tepmunax OOII), obmanamuii MaMsIThIO U
CIIOCOOHOCTBIO MPUHUMATh PEIICHUS, a 3HAYUT
U COOCTBEHHBIM TMOBEJECHHUEM PA3HOTO YPOBHSA
CJIOKHOCTU. BHYTpeHHsisi CTpyKTypa areHra
MOXET OBITh ONHCAaHAa Pa3HBIMU CHIOCOOaAMU —
0T (OpManIbHOM JIOTMKH A0 HEHPOHHBIX CETeil.
B MomeHT 3amycka mpoliecca MOJIEIHPOBaHMUS,
KKIBIA areHT HaYWHAET PYHKIIMOHUPOBATH CO-
IJIACHO MHAMBHIyaJIbHOMY aJITOPUTMY PabOThI,
U T100aJIbHOE MOBEACHHE CUCTEMBbl BO3SHHKAET,
KaK pe3yJbTaT B3aUMOJEHUCTBUS BCETO MHOKEC-
TBa areHtoB. [lo3TOMy areHTHOe MOJENIUpOBa-
Hue (AM) Ha3bIBaIOT e€mIie MOJCITUPOBAHHEM
cHu3y BBepX. OueBuaHO, uTo AM CyIIeCTBEHHO
JeLEHTpaIu3upoBaHHO. B oTinuue ot cucrem-
HOW JMHAMHKU WU JUCKPETHO-COOBITHITHBIX
Mojieniel, 3/1ech HeT TaKOro MecTa, Tl IieHTpa-
JIM30BAHHO OIPENENAIOCh OBl MoBeaeHue (au-
HaMHUKa) CUCTeMbI B LiejaoM. W3 atoro cienyrot
JIBA BAXKHBIX CIIEJCTBUSA: BO-TIEPBBIX, OTCYTCT-
BH€ KOOPJMHALMOHHOIO LIEHTpa CO3JaeT Mpe.-
IIOCBUIKU ISl pacnapajuieinBaHus (YCKOPEHHs)
npoliecca MOJEIUPOBAHUS, BO-BTOPBIX, MOSBIIsE-
TCSI BO3MOXKHOCTb TIOCTEIIEHHO BHOCUTH KOPpPEK-
TUBBl B QJITOPUTM PabOTHI areHTa, TEM CaMbIM,
JIETaTU3Upysi
Mozenb. TakuM 00pa3oM, HadUYUe HECKOJIbKHX
crieHapreB (DyHKIIMOHMPOBAHUSI areHTa Pa3HOTO
YPOBHSI CJIOXHOCTH JAa€T BO3MOXXHOCTh MO/e-
JTUPOBATh pabOTy CHUCTEMBI Ha PA3NUYHBIX ypO-
BHSIX a0CTpaKIUU.
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A ArperaTbl, T100aIbHbIC TPUYNHHBIC 3aBUCUMOCTH, IMHAMHUKA OOPATHBIX CBA3CIL..
Bbicokuii ypoBeHb |
adcTpakum a )
[MCHLIHI; erancit: ArenTHO® | CucreMHasi THHAMHKA
. moxeanpoBanue | | (CH)
Makpo ypOBCHB, (AM) | Haxommrenu (arperats)
CTpaTernueCcKuil
P yPOBCHD] e AKTHUBHBIC | Toroxu
s ITpaBuiia (oOpaTHbIe
e UHauBuayaib- I CBA3H).
Cpennuii ypoBeHb JucKpeTHo- HBIC HIpaBHJIA |
abcTpakuuu coObITHITHOE IOBENICHU |
[cpennsis moxeaupoBanme | | IIpamoen |
J€TalIbHOCTD; 01(0)} HempsMoe |
M€30-YPOBEHb; e 3asBKU LA BN (G
TaKTUYECKUI (maccuBHBIE o [lunamuka |
YPOBEHB] 00BEKTHI) Cpenbl |
e TlorokoBbie
| | Junammueckue cucTeMpl
JIMarpaMMBl
. | | IlepemenHbie cocTOSHMS
Hu3skwuii ypoBeHb u/vnu cetu
o brok-cxemsr, anredpo-
adcTpakuuu e Pecypcer |
.. nuddepeHIaTbHbIC
[Gonbire meTaneit; |
. \_ / ypaBHEHHS
MHKPO YPOBEHb; |
CTpaTernYeCKHii
YPOBEHB] B ocHOBHOM, TMCKPETHBIE ~<4— | —» B 0CHOBHOM, HEIPEPHIBHbBIC
V|  OtnenbHble 00BEKTHI, TOUHBIE PA3MEPDI, PACCTOSAHHUS, CKOPOCTH, BDEMEHA. ..

Puc. 3. I100x00b1 6 uMUMAUUOHHOM MOOEIUPOBAHUN HA WIKATIE YPOBHA ADCMPAKUUU

K HemocTtaTkaM BBIYHCIUTEIBHBIX CHUCTEM C
areHTaM# CIJIeyeT OTHECTH 3HAYMTENIBHO 00-
JBIIYI0 OMACHOCTh B3aWMOOJOKHPOBOK, Y€M B
JIPYTHX CUCTEMax MOZEIHpOoBaHHA. PermeHnem
npoOJIeMbl MOXET CTaTh HCIOJIB30BAHUE TOTO-
Boix CAIIP AM (mampumep, AnyLogic) [15], B
KOTOPBIX MpoOJieMa B3aMMOJCHCTBHSI arcHTOB
penieHa pa3paboTYHKaMu.

[To MHeHUIO aBTOPOB pabOTHI, UCIIOIH30BA-
HHE areHTHOrO TOAXOAa IJISi MMHUTAIMOHHOTO
monenupoBanusi CTHK MO3BONUT TOCTUYB Clie-
JYIOMINAX MPEUMYIIECTB:

e wmozenupoBanue pabotrel CTHK Ha moOom
ypOBHE a0CTpakmuu, coryiacHo [15] Hu cuc-
TEeMHasi JUHAMHKA, HU JHCKPETHO-COOBITHII-
HBIH MTOJXO0J] HE MPEJOCTABIISIOT TaKOH BO3-
MOXHOCTH;

pEILIEHNII Ha CUCTEMHOM YPOBHE, & CHUCTEM-
Has JMHAMUKAa He TMO3BOJSET 3((EeKTHBHO
MOJICIMPOBATH HH(POPMAIIMOHHBIE CHCTEMBI C
MaKeTHOW Tmepemadell maHHbIX [15]; Takum
o0Opa3om, UIsi MOJICIUPOBAHUS aTalTHBHON
CTpyKTypbl  pexoHdurypupyemoit  CtHK
€IMHCTBEHHBIM MPUEMIIEMBIM PEIICHUEM SIB-
JIIETCS MCITOJIb30BaHKE areHTHOTO IOX0/1a;

® OJIHOBPEMEHHOE (HYHKIIMOHHPOBAHHE BCEX
areHTOB B MYJIbTUAr€HTHOW CUCTEME MPHUBO-
JUT K YMEHBIICHHIO BPEMEHH MOJIEJIUPOBa-
HUS TI0O CPaBHEHUIO C JUCKPETHO-COOBITHIA-
HBIM MOJXO0JI0OM, B KOTOPOM aJITOPUTM HUMH-
TallUU pPEAIU3YETCsl, KaK MpPaBWIO, B BHJE
MOCNeI0BaTEeIbHONW MpOrpaMMbl, 00pabdaThi-
BaIOIIICH 3aBKH.

® MOJCIUPOBAHHUE PEKOH(DUTYPUPYEMBIX MeTon MoAeNnpoBaHus
CruK. PekoHpurypupyemas apXUTeKTypa pekoHcpurypupyemon CTHK npu nro6om
IpeAIoNaraeT  MOHHTOPUHT — T1apaMeTpOB YpOBHe abcTpakumm

CtuK u npunsTe pemenuit 0 MogupuKanuu
ee MOJICUCTEM B COOTBETCTBUHU C TPeOOBaHU-
MU, TPEIbSIBISEMBIMU K KauecTBY 00CIy-
KUBaHUA B CETH; JAUCKPETHO-COOBITUHHBIN
MOJXO0J HE JaeT BO3MOXKHOCTU HPUHSATHUSA

Jns peanuzalyy MPEACTaBIEHHOIO B IIpe-
JBIIYLIEM pa3ziene MeToJa MOJEIMPOBaHUS pe-
koHpurypupyemsix CtHK aBropamu mnpeso-
KEH TOAXO0J, COAEpKaLIUN CcIexyrolue Mojio-
JKEHUS:
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e Bce pecypcbl pexoHpurypupyemoit CtHK
(I'BM, ceteBble uHTEphENCchl, MapuipyTu3a-
TOPBI, OJCUCTEMbl MOHUTOPUHTA U ONTUMHU-
3allMi) NPEACTaBISIOTCS B BHUJAE AareHTOB,
(GYHKIMOHUPYIOIIKX OJHOBPEMEHHO;

® VHIUBUAYaJIbHBIH aIrOpUTM pPAOOTHl Kax-
JIOTO areHTa ONMCBIBAETCS NPHU MTOMOLIU KO-
HEYHOI'0 aBTOMATa;

® B Ka4eCTBE €AMHOIO SI3bIKA ONUCAHMS CTPYK-
TYpbl U CBSI3€H MEXIy areHTaMH HCIOJIb3Y-
1o1cst UML-nnarpammel K1accos;
PaccMOoTpuM  NpeAsIOKEHHYH0 KOHLEHIHUIO

Oonee moapoOHO.

B 3aBucuMocTH OT ypoBHsS aOCTpakIMU MO-
JIeIM KOJIMYECTBO MCIIOJIb3YEMbIX THUIIOB areH-
TOB MOJET MeHATbcA. Hampumep, areHtHoe
IPEJICTAaBICHUE NAKETOB SBIIAETCA IpUEMJIe-
MBIM TIPU MOZEJINPOBAHUU INPOIYCKHOH CIOCO-
6noctu u 3aaepxek B CtHK, korna mccnenona-
TEJsI UHTEPECYET MOBEJEHUE OTAEIBHO B3SITBIX
IIAKETOB U WX rpynn. Takoi Moaxos MO3BOJISIET
NpUJaTh MaKeTaM WHAMBHIyaJIbHBIE CBOMICTBA,
HanpuMep BO3MOXKHOCTb CIIy4alHOrO H3MeEHe-
HUS COJEP)KHMOIO, 4YTO BEChbMa IIOJIE3HO IIPH
MOJIETUPOBAaHUHU TOMEX Ha JUHUAX CBsA3u. C
JIpyroi CTOPOHBI, IPU HU3KOYPOBHEBOM MMHUTa-
UM HEOOXOIUMOCTh B ar€HTHOM IIpejcTaBlie-
HUY [IAKETOB MCYE3aET, OCKOJIbKY IPU JTaHHOU
CTENEeHH aOCTpakLUUU Ba)KHbI JPyTrHe XapakTe-
PUCTUKU CHCTEMBI, Takue Kak HoTpebiisemas
MOILHOCTh U B3aMMHOE PaCIOJIOKEHUE KOMIIO-
HeHTOB CTHK Ha kpucramie.

NuauBuayanbHbINA alroput™M paboThl Kax10-
IO areHra MpeylaracTcs 3a1aBaTh B BUAEC KOHeE-
YHOr0 aBTOMarta. BeICOkHil ypoBeHb (hopmalu-
3allMUd TEOPUM KOHEUHBIX aBTOMAaTOB OOyclaB-
JIMBAET €€ MPUMEHEHUE JIJISl OIMCAHUS TUCKPET-
HBIX IUGPOBBIX CHCTEM U 00OJerdaer BepuQu-
Kaluioo co3naHHo mozenu. C MOHMKEHHEM
YPOBHsI a0CTpaKLUHU K aJIrOpUTMY pabOThI areH-
Ta NO00ABISIFOTCS BCE HOBBIE JETalH, TOYHOCTD
MOJIETIM YBEINYHMBACTCA, & CIOXKHOCTb COOTBET-
CTBYIOIIIETO KOHEYHOI'0 aBTOMAaTa BO3pPacTaeT.

IIpennaraeMelii METOA HE OTPaHUYMBAECT IIO-
JXObl K ONUCaHUIO (YHKIIMOHUPOBAHMSI areHTa
OJIHO JMIIb TEOpHUEH KOHEYHBIX aBTOMATOB.
[TockonbKy KOHLENIUSI areHTa MpeAarnoiaraet
MHKAIICYJIILIUI0 €r0 BHYTPEHHEH CTPYKTYpHI,
aIrOpUTM pabOTHI OTIEIBHO B3SITOTO KOMIIOHE-
Hta CtHK MOXeT ObITh omucaH oObIM yI00-
HBIM JIJIs1 pa3paboTtunka obpasom. [lpu ycnopun
co0ITI0/IeHHsI HEM3MEHHOCTH MHTepdeiica, Takas
3aME€Ha BHYTPEHHETO COJEPKUMOr0 areHra He

MOBJIMAET Ha KOPPEKTHOCTH (DYHKIHOHHPOBA-
HUA ocTanbHbIX oacuctem CTHK.

OnHuM U3 KadecTB, 00YyCIaBIUBAOMINX d(-
(EeKTUBHOE MOJEITHPOBAHUS CIOXKHBIX CHUCTEM,
ABIIIETCS HWCIIOJIb30BaHUE YHUPUIIUPOBAHHOTO
s3bIKa TPEACTaBICHUS MOJAenu. B mpemnarae-
MOM METOJI€ B KQUeCTBE TaKOTO SI3bIKa UCIOJIb-
syercs UML 2.0. CaenaHHbIi BBIOOp 00YCIIOB-
neH teM, uto UML sBisieTcs Hanbosee pacmpo-
CTPaHEHHOW W yJOOHOW HOTAIMeW sl omuca-
HUSl CTaTHUECKUX W JUHAMHYECKHX OOBEKTHO-
OpUEHTUPOBAHHBIX CHCTEM, K KOTOPBIM, Oe3yc-
JIOBHO, MOXHO OTHECTH U MYJIbTH-aI€HTHBIE
Mozenu [15]. [lns mpeacraBieHus CTPyKTYpBI
CraK B mpeajiokeHHOM METOJI€ MCIOJIb3YETCs
UML-nnarpamma knacco. Ha puc. 4 nokazana
CtHK Ha cucteMHOM ypOBHE aOCTpakIlUd B Te-
pmuHax UML.

OtHouleHUsT MeXay OOBEKTaMHU 3aJal0TCs
IpU TOMOIIY TEXHOJIOTUN arperupoBaHUsl H
OCBEZIOMJIEHHOCTH. ATpETUpOBaHUE MOJpazyMe-
BAET, YTO OJIMH OOBEKT (areHT) BIAJACET IPYTHUM H
HECEeT 3a HEero OTBETCTBEHHOCTh (B TEpMHUHAX
CO3JaHMsl, yAalNeHus 1 u3MeHenwus ). Hanpumep,
u3 puc. 4 BuaHo, 4to 00BeKT CTHK comepkut
00BEKTHI MapIUIPyTU3aTOPOB, CETEBBIX HHTEP-
¢eticoB, ' BM, moacucTteM MOHUTOPUHTA M MO-
TUUKAIMKA CTPYKTYphl ceTu. Takum ke oOpa-
30M MOKHO OIHUCHIBaTh Oydephbl BBOJA-BBIBOIA
KaK COCTaBHYIO YacCTh, HAIIPUMEp, MapIIpyTH3a-
TOpa Ha 00Jiee HU3KOM YPOBHE a0CTPAKITUH.

Paznuumne Mexmay areHToM U OOBEKTOM MpH
TaKOM IMOJXO/E€ COCTOUT B TOM, UTO areHT UMe-
eT 6oJiee CII0KHOE WHANBUAYATHHOE TOBEACHHE
U CMIOCOOEH MPUHUMATD PELICHUSI.

I'oBopst ke 00 OCBETOMIICHHOCTH, UMEETCS B
BH]Ty, YTO OOBEKTY (areHTy) U3BECTHO O JPYTOM
o0bekTe (arente). OCBEeIOMIICHHBIC ar€HThI MO-
TyT 3alpanuBaTh APYr y Apyra onepauuu (Je-
Jeranus), HO OHM HE HECyT HUKaKOH OTBETCT-
BEHHOCTH JIpYT 3a Apyra (co3faHue, yAalleHue,
mMoudukanys). OCBeZOMIEHHOCTh — 3TO 0OoJjiee
cinaboe OTHOILIEHHUE MO CPABHEHHIO C arperupo-
BaHHEM, ITOCKOJIBKY OHO MPEATOaraeT ropaso
MEHEE TECHYIO CBSI3b MEXIy OObEKTaMHu (arcH-
tamu). B mpeanaraemMoM MeTo/i€ OCBEIOMIICH-
HOCTb pealin3yeTcsi B BUJE CCHUIKM Ha OOBEKT
(areHT) W UCMONB3yeTCs IS 3aJlaHus U JUHA-
Muueckor wmomudukammuu Tomojorun CtHK.
Kaxxaplii mMapipyTu3zaTop OCBEIOMIICH O Jpy-
X MapIIpyTHU3aToOpax M CETEeBBIX HHTEpQE-
cax, MOJICOEIMHEHHBIX K HeMmy. Takoil moaxon
MO3BOJISIET JIETKO MOJICIHPOBATh PEKOH(UTYpH-
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Puc. 4. Onucanue cmpykmypor CmuK npu nomowyu UML-0uazpammet Knaccos

BbiBoAabl
[To pesynpTaTaM MNPOBENEHHBIX HCCIENO-

BaHUM MOXKHO C(HOPMYIHPOBATH CIEIYIOLIHNE

BBIBO/IbI:

e 000CHOBAaHO NMPUMEHEHHE MYJIbTH-ar€HTHOTO
nonxona k monenupoanuio CTHK. Takoe
pelleHre TO03BOJIIET HMMHUTHPOBATh paldoTy
CtuK ¢ pekoHpuryprupyeMoil apxuteKkrypoi
3a CYeT BO3MOXKHOCTU BHECCHMsI M3MEHEHUI
Ha JIOOOM ypOBHE aOCTpakKIu OT mpeodpa-
30BaHMs TOIOJOTMM CETH Ha CHUCTEMHOM
YpOBHE 110 MOAM(DUKAIUKN TaOIUI] MapIIpy-
TU3alMK (CpPEJHUN YpOBEHb) M pa3MepoB
ouepesiell NOPTOB BBOJIA-BhIBOJA MapUIPyTH-
3aTOpPOB HAa HU3KOM YPOBHE;

® [pEAJIOKEH METOA MYJbTH-ar€HTHON MMHUTa-
uu pekoHpurypupyemsix CtHK, uto co3na-
eT NPEeANOCBUIKH AJISi COKPALICHUs BPEMEHU
MOJIETTUPOBAaHUS 32 CYET OJAHOBPEMEHHOIO
(YHKIIMOHMPOBAaHUS BCEX areHTOB B CHCTe-
Me;

ncnonb3zoBanue s3pika UML 2.0 gig omnumca-
HUS CTPYKTYpbl MOJEIH M CBA3EH MEXIY
areHTaMH YIPOIIAeT OCBOCHHE pa3padoTyu-
KaMU IPEUIOKEHHOTO METOJA, MOCKOIBKY
UML sBasgeTcsi IIUPOKO pacnpOCTpaHEHHBIM
YHU(PUITMPOBAHHBIM SI3BIKOM OIMUCAHUS CTa-
TUYECKUX M JUHAMHUYECKUX OOBEKTHO-OPH-
SHTHPOBAHHBIX CHUCTEM, K KOTOpPBIM, Oe3yc-
JIOBHO, MOKHO OTHECTH M MYJIbTU-ar€HTHbIC
MOJEIH,

MOJYYEHHBIE PE3YJIbTAThl SBIISIIOTCS THUIOTE-
301, TOATOMY CJIECIYIOIIMM IIaroM HCCIEI0-
BaHW B IaHHOM HaIlpaBJICHUU OyJeT co3fa-
HHE paboYero MakeTa CUCTEMBI U TOJyYCHHE
KOJIMYECTBEHHBIX CPABHUTEIIbHBIX XapaKTe-
PUCTHK OTHOCHUTEIBHO JPYTHX CPEACTB MO-
nenupoBanust CTHK.
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