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ArEHTHO-OPUEHTUPOBAHHAA CPEOA MOAEJNTIUPOBAHUA
CETEBbIX CUCTEM AGNES

O.W. MogkopbiToB

PaccmaTtpuBaeTcsa cpega ummutaumnoHHoro mogenuposaHms AGNES cosfgaHHas ¢ npuMeHeHnem
areHTHO-OpMeHTNpoBaHHOro noaxoga. OnMchbIBalOTCA MexaHu3Mbl 0bGecrneyeHusi BbICOKOW CTeneHu
0TKa30yCTONYMBOCTUN TaKoOW cucTemMsbl. [puBOANTCA NpUMEP MOAENUPOBaAHUSA CEHCOPHON CEeTU

KnioueBble cnosa: MHTenneKkrtyarnbHble areHTbl, areHTHO-OpueHTpoBaHHOE MOoOennpoBaHKe,

CeHCOopbl

BBeneHue

MapannensHoe WCNOMHEHNEe WMUTaLMOH-
HbIX Mogenen sBnseTcs NpuaHaHHbIM CNOCco6oM
yckopeHust akcnepumenToB [1-3]. Heobxogu-
MOCTb pacnapannenusaHus obycnasnmsaeTcs
noTpebHOCTAMU MNOCTPOEHUss OeTanu3npoBaH-
HbIX Moaenen, obnagarLnx BbICOKON CTEMNEHbIo
ageksaTtHocTM. OOHUM M3 COBPEMEHHbIX NOOXO-
OOB K OpraHusaumv napannenbHbiXx Mogenewn
SABMAETCA NPUMEHEHNE MYINbTUAreHTHbIX CUCTEM
(MAC). lNMprMeHeHne nporpaMmMHbIX areHToB Ans
npeacTaBneHnss KOMMNOHEHTOB Moaenu obnapa-
eT psagoM NpenmyLlecTs, Hambonee cyLlecTBeH-
HbIMW 13 KOTOPbIX ABMAIOTCA:

lMpepocTaBneHne ecTeCTBEHHbIX BO3MOX-
HOCTEN WHTennekTyanusauum npouecca Moae-
NMpoBaHusA (MporpamMHble areHTbl U3HaYarbHO
NosSIBUNMCb AN pelleHns 3agad NnocTpoeHust
CUCTEM UCKYCCTBEHHOrO MHTennekTa [4]).

CyllecTBoBaHWe CTaHAapToB B3aumogewn-
CTBUS MpPOrpamMMHbIX areHTOB, KOTOpble MO3BO-
nsAT 6e3 CyLecTBEHHbIX 3aTpaT MHTErpMpoBaTh
HOBble MOAENU C yxe CyLLEeCTBYIOLWNMA, paspa-
©OTaHHbIMW TPETBUMU NTULLAMN.
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CywecTBoBaHMe OTKPbITbIX Nnatgopm pas-
pabotkn MAC.

OagHOM M3  LUMPOKO  pacnpoCTpaHEHHbIX
nnatcpopm paspabotkn MAC sasnaetca JADE
[7], npepocTaBnsiowas cpeacrea  co3gaHus
MAC Ha Java. B cBoto ouepefb, UCNONb3oBaHNE
Java Kak OCHOBHOrO si3blka CHMMaeT MHOro BO-
npocoB Mo 06ecrnevyeHnio NepeHoCUMOCT MO-
Jernen n camon CUCTEMbI MOAENUPOBAHUS.

PacnpegenéHHblil  xapaktep WCMOSTHEHWs
MOZenu CTaBuT nepen NPOEKTUPOBLLMKOM CUC-
TeMbl MoAenupoBaHua psag npobnem. OcHoB-
HbIMW U3 HWX, ABMSIOTCS:

CuHXpOHM3aumst CcoObITU B  OTAENbHbIX
nogMoaensx, UCNofHAEMbIX Ha pasHbIX BblYMC-
nuTensx.

ObecneveHne oOTKaToOB MpU  KOHNUKTaX
BPEMEHN 1 BO3MOXHbIX COOSIX B 000OpYAOBaHNM.

Kak npaBuno, oTkatbl obycnaenusarTcs
pasHbIMX MpUYMHaAMKU U TPeOYT pasnUyHON
nHdopmaumm anga nx obecneyeHusi, Ho GonbLuas
YacTb 3ToN MHopMaLMK ABNSIETCS ObLLEN.

B crtatbe paccmatpusaetcs MAC mopenu-
posaHuss AGNES (AGent NEtwork Simulator),
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HanpaeBneHHas Ha MoAenVMpoBaHWE KOMMJIEKC-
HbIX HEOOHOPOAHbIX CUCTEM C AUCKPETHbIMU
coObITUAMKN, B YaCTHOCTW, BbIYUCIIUTENbHbIX
cuctem nobon cnoxHoctu (Hanpumep: nokarnb-
HO BbIYUCNUTENbHBIE CETU, CEHCOPHbIE CETH,
CynepKoMnbloOTEPHblE LeHTpbl 1 T.4.). OnuckiBa-
eTcsl €€ apxXMTeKkTypa, OCHOBHble DyHKUMM W
npuBoaATca npuMep moaenvpoBaHusi. Moapob-
HO OMMCLIBAIOTCA CpPeacTBa obecneveHuss oTka-
30yCTONYMBOCTW MOLENNPOBAHMS.

MporpaMmHbIe areHTbl

He cyuwectByeT eguHOro ob6LLENPUHATOrO
MOHATUS MPOrPaMMHO-UHTENNEKTYanbHOro areH-
Ta (panee, ons KpaTKOCTW, NPocTo areHT). Cne-
LUuanucTbl pasnuyHbix obnacten no-cBoemy or-
peaensitoT NOHATUE areHTa, C y4eToMm crneumdu-
kn cBoen pabotbl. Ho ectb HambBonee obLiee
onpegeneHne areHta. AreHT — 3TO CYLUHOCTb,
XuByLlasi B cpege obutanus, obnagatowasa ceH-
copamu Onsi BOCMPUATUS cpedbl M WUCMOSHKU-
TenbHbIMWU MeXaHu3Mamu Ons BO3geNcTBus Ha
cpegy obutaHusa (pUcCyHok 1).
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PucyHok 1. UHmennekmyarnbHbIlG azeHm

MynbTnareHtHasa cuctema (MAC) - aTo cuc-
Tema, 0bpas3oBaHHass HECKONMbLKUMU B3auMOAEN-
CTBYHOLMMU WHTENNEKTYanbHbIMW areHTammn B
enuHon cpepe[1]. MynbTareHTHble CUCTEMBbI Xa-
paKkTepU3yTCa PSAOM CBOWCTB: aBTOHOMHOCTb,
OrPaHUYEHHOCTb MpeacTaBneHus, AeleHTpanu-
3aums, camoopraHvsauns, UHTenneKkTyanbLHOCTb
nosefeHus.

bnarogapa aTuM CBOWCTBaM areHTbl uae-
arnbHO NoaxoAdsaT ANs MOAENMPOBaHUS CITOXHbIX
HEeOOHOPOAHbBIX CUCTEM, KOTOpble MOryT ObiTb
AEeKOMMNOo3MpoBaHbl Ha NPOCTble COCTaBnsAwLWwme
3NeMeHTbI, B3aMMogencTByowune Apyr ¢ Apy-
rom. B HacTosllee BpeMsi areHTHbI noaxon
OYeHb MOnyndpeH U LUMPOKO MNPUMEHSIETCS B
pa3nuyHbIX obnacTsax, B TOM YMcre U B MOAenNu-
poBaHuu[2, 3]. CyLiecTByeT MHOXECTBO NakeToB
MOZEenNMpOoBaHUs ANs pasnuyHbix obnacren: Mo-
aenvpoBaHue xu3Hn - Framsticks, mogenupo-
BaHMe coumanbHbIX npoueccos - Brahms, moge-
nuposaHue akonorun - Echo n gp. Ectb 1 yHu-
BepcanbHble cuctembl. Cpegu Hux, becnnar-
Hble: Repast, Swarm, Mason. U kommepueckue:

O.1. NOAKOPLITOB

AnyLogic. Bce oHn oyeHb MolwHble ABM (Agent-
based modeling) u ABS (agent-based
simulation) cuctembl, HO HM OA4HA U3 HUX He
obecneymBaeT BbICOKYIO CTeneHb OTKa30yCTOW-
YMBOCTWU, N HE MMEeEeT HarnpasrieHHOCTM Ha MO-
AenuposaHue 6onblUMX ceTerl C foKanbHbIM
yrnpaBsneHmem. 3TMMU SONOMHUTENbHBLIMW CBOW-
ctBamm obnapgaet ABS system AGNES.

MakeT mogenupoBaHus AGNES

AGNES - ato cpega MMMUTaLMOHHOTO MO-
AenupoBaHus paspaboTaHHasi B nabopartopuu
MOLENUPOBaHNSA AUHAMUYECKMX MPOLLECCOB B
WH(POPMALIMOHHBIX CETAX MHCTUTYTa BbIYUCIIU-
TENbHON MaTeMaTuMKM U MaTteMaTudecKom reo-
dumsunkm Cubupckoro otaeneHna PAH (pucyHok
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PucyHok 2. lNnamgpopma AGNES

Maket AGNES 6Gasupyetca Ha Java Agent
Development Framework (JADE)[4]. JADE - ato
MOLUHbIA MHCTPYMEHT ANs co3faHue MynbTua-
FEHTHbIX CUCTEM, U OH COCTOUT U3 3-X 4yacTen:
cpega MCMonHeHust areHToB; GubnunoTteka 6aso-
BbIX KNaccoB, HeobxoAuMbIX Ans pa3paboTku
areHTHOM cucTembl; Habop yTUAUT, MO3BOMAI0-
LWnx Habnogatb n agMmuHncTpmposate MAC.

JADE npunoxeHue obnagaet psagoM Bax-
HbIX CBOWCTB 414 areHTHbIX CUCTEM:

e PacnpeaeneHHOCTb, jade no3sonsaeT co3ga-
BaTb NPUNOXEHWs!, 3anyckaemble Ha no-
KanbHON ceTu.

e YHuBepcanbHOCTb, NoAaepKKka cTaHgapTa
FIPA obecneuynBaeT nerkoctb B3aumoaen-
cteua areHtos JADE ¢ gpyrumun nporpamm-
HbIMM, annapaTHbLIMU U KOMMEKCHBIMM
areHTamu, NogaepXXmMBaroLLMMn 3TOT CTaH-
aapr.

OcHoBHblE MpenMMyLLEeCTBa, UCNONb30BaHNSA
nnatcopmbl JADE:

e 0Oto0 FIPA-coBmMecTumMas areHTHas nnar-
dopma, KoTopasi OCHOBaHa Ha pekomeHaa-
unsix FIPA v BkntoyaeT B cebs Tpu 0bs3a-
TenbHbIX TUMA CUCTEMHbIX areHTOB: CEpPBUC
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ynpaenenusa areHtamu (AMS), kaHan cBsa3u
areHToB (ACC) n «>XKenTble cTpaHULbI»
(DF);

e JTO pacnpegeneHHas areHTHasa nnatdop-
Ma, KOTopasi MOXeT MCMNofb30BaTbh OAUH UNK
HECKONbKO KOMMbIOTEPOB (Y3r0B CeTH), Ha
Ka>K4OM M3 KOTOpbIX JOSMKHa paboTaTb
TONbLKO ofdHa BuUpTyansHas JAVA maluHa;

Hannune MHoOronoTou4HoW cpeabl UcnosHe-

HWS C ABYXYPOBHEBbLIM pacrnpenerneHnem;

Hanuune 6ubnuotekn co crtaHgapTHLIMK

npoTokonamu B3aumopgencTteus fipa-request u

fipa-contract-net;

Hanuune rpadudeckux ytunut gns agMu-

HUCTPUPOBAHWSI.

AGNES wncnonb3syeTt Bce 3TN BO3MOXHOCTH,

a Takke paclmpsieT MyrnbTUareHTHYH cuctemy

00 cUcTeMbl MOOENNUPOBAHUS.

Cpena mopgenupoBaHua AGNES coctout

13 ABYX TWUMOB areHTOB:

e Ynpasnstouwme areHTbl (YA), KOTOpble CO3-
AaloT cpegy MogenupoBaHus;

o  ®yHKUMOHanbHbIe areHTbl (PA), KoTopble
obpasyoT Mofernb, paboTatoLyto B cpefe
MOOEenMpoBaHus.

Mpunoxernne AGNES — aTo pacnpenenén-

Haa MAC, HasbiBaemas nnatdopmon. [nat-

dopma AGNES cocTouT 13 CUCTEMbI KOHTENHE-

poB, pacnpeaerneHHbix B ceTn. OBbIYHO Ha Kax-

OOM XOCTe€ HaxoAauTcs Mo OAHOMY KOHTEMHepy

(HO Npu HeoGXxoaAMMOCTU UX MOXET ObiTb He-

CKOMNbKO). AreHTbl CyLeCTBYIOT BHYTPU KOHTER-

HepoB. B cucteme moxeT ObiTb TOMbKO OAMWH

rMaBHbI KOHTEMHEpP, KOTOpbIN MNpeAcTaBnsaeT

CcOBOM TOYKY HauvarnbHOW 3arpy3ku nnaTopmsbl.

MaBHbIA KOHTEVHep cos3gaeTca nepsBbliM, Bce

CO30aHHble MO3KEe KOHTeWHepbl AOMKHbI OblTb

3aperucTpmpoBaHbl B rMaBHOM KOHTeMHepe. Ha

rMaBHOM KOHTelHepe obsizaTenbHO paboTatoT
ynpasnsioLine areHTbl AMS (Agent

Management System) wn DF (Directory

Facilitator) [7].

Ynpasnswuwme areHTbl (YA) AGNES
OcHoBHble 3agaun YA:

e NHuumanusauma v 3anyck Mogenu;

o C6op un xpaHeHne HopMaLmmn o Xxoge Mo-
AenvMpoBaHus;

e CUHXPOHM3aLMSA MOAENBHOTO BPEMEHM;

e [lepepacnpeneneHue Harpy3ku mexay Bbl-
YnCcNUTENSIMU, Y4acTBYOLLUMN B MOLENNPO-
BaHWUW;

e BsaumogencTaue ¢ nonb3oBaTtenem (BblBog
OTYETOB M BO3MOXHOCTb BIIUSIHUSA Ha X0z
MoOenupoBaHus);

o (Ob6ecneyeHne 0TKa3o0yCTOMYNBOCTH, BOC-
CTaHOBIEHME MOAENM.
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o [lpu 3anycke mogenu, sce ®A pasgensatoTcs
Ha BUpTYyarbHble KnacTepbl, U Hag, KaXabim
Taknum KnacTepom HasHa4yaeTcsl KOHTPOonu-
pytowmii areHT (KA), KoTopbI sBnseTcs
pasHOBUOHOCTbIO YA.

e OcHoBHble dyHKumKM KA:

e WpeHTudukaumsa oTkasa areHToB B cpeae
MOAENUPOBAHUS;

o [lepecbinka Bcex ynpaenstoLmnxX KOMaHg
PYHKUMOHArbHbIM areHTam;

o XpaHeHue nHdopmaumm ang BoCCTaHoBMe-
HWUSI areHToB;

e BoccTaHoBneHne mogenu npu cboe.

UHuumanusauua mopenu

Bo Bpemsa 3anycka AGNES, nepsoi ctap-
TyeT nnatdopma JADE. 3aTtem 3anyckaetcs
areHT AMI (Agnes Model Initializer) — areHrT,
WHULManNn3npyowmnin cpegy MOLENMPOBaHUS ©
3anyckarlowuin B 3TOW cpefe MoLroTOBMEHHYHO
mogene. AMI gencTByeT no crnegyowemy anro-
pUTMY:

1) NHnumnanusaums AGNES, sanyck Heob-
xogumbix YA:

ARM (Agnes resource manager) — areHr,
Habnogawwmn 3a CcOoCTostHMEM nnaTtdopMbl
(oTKNOYEHMEM, MOAKTHYEHNEM KOHTEWHEPOB).
Mpn n3amMeHeHMn cocTosiHMa OH onosewiaeT 06
3TOM GanaHCMpPOBLLMKOB Harpysku.

ALB (Agnes load balancer) — areHT, Ha-
onogaroLwmin 3a COCTOSTHUEM Tpynnbl KOHTENHEe-
poB, XapakTepusylLuMmncsa konudectsom DA
KaXkgoro Tuna, MHTEHCUBHOCTbIO OOMeHa coo06-
LLEeHNsIMWN, CpefHen CKOPOCTbH JOCTaBKM CO06-
WweHus. B maclwTtabHbIx Mogensix, 3anyLeHHbIX
Ha GonbLUMX KONMUYEeCTBaX BblYUCIIUTENEN (KOH-
TelHepax), ogHOBPEMeHHO paboTalT HecKorb-
ko ALB areHTOB, OTBevalOLMX 3a pa3Hble KOH-
TenHepbl. ObMmeHuBascb WHopmaumen o co-
CTOSIHUSAX BCEX KOHTEeHepoB B nnatgopme,
areHTbl UHULMUPYIOT npouecchbl murpauum OA
MeXay KOHTeMHepamu, Ans BblpaBHUBAHWUS Xa-
pPaKTEPUCTUK 3arpy>KEHHOCTU KOHTENHEPOB.

ADS (Agnes data storage) — areHThl, co-
OuvpatoLimne BCHO MHAOPMALMIO O XapaKTepucTu-
Kax Mogenu — mogernbHbIx napametpax PA. Ka-
xabii ®A areHT yepes cepsuc JADE DF Haxo-
ant ADS areHTOB 1 B TeueHue BCEro BpeEMEHU
paboTbl onoBeLlaeT UX O CBOEM MOAENbHOM
COCTOSIHMM.

2) UHnuymanusauma mogenun. AMI nonyyaet
KOH(UrypaumnoHHbli bann mogenu, ¢ onucaHu-
€M TWUMOB, KONMMYECTBOM W napameTpamu OA,
HeobxoamMbIX Ana mogenuposanus. lNMpu 3anyc-
ke, ®A pas3bmBaloTCa Ha «KnacTepbl» U co3fa-
etca YA — ACA (Agnes controlling agent), oT-
BeyawLwmnn 3a atoT «knactep ®Ax». [Ana ymeHb-
WweHMa Tpaduka ynpaBnsAlLWMX KOMaHa, BcCe

[MOJ1I3YHOBCKWM BECTHUK Ne 2/1, 2012
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komaHabl A nonyyaet Tonbko oT cBoero ACA.

A ynpasnswowune areHTbl 06MeHnBalTCs Ccoob-

LeHnAMn Mexay cobon Hanpsmyto. Nocne uHu-

unanusauun, ®A, obbeanHeHHblE B KnacTepbl,

«pacnonsarTcsa» No AOCTYNHbIM KOHTENHEPaM U

HauynHaeTca MoaenvpoBaHue, No KomaHae oT

AMI.

3) lNpu HeobxoguMMOCTU, AONOMHUTENBHO
MOryT ObITb 3anyLleHbl areHTbl-yTUNUTbl C rpa-
hunyecknm nHTepdericom, Ans B3anmMoaencTeuns
AGNES c nonb3oaTtenem. B HacToswwee Bpems
nonb3oBaTernb MOXET:

e KoHTponupoBaTb cocTosiHMe nnaTopMbl:
BMAETb KONNYECTBO KOHTENHEPOB, CMUCOK
areHToB Ha KaKOoOM U3 KOHTENHepoB, CO3-
AaBaTb UNW yoandaTb areHToB, nogknoyaTb
WNK OTKNoYaTb KOHTENHEPHI.

e OOMeHMBaTbLCS COODLLIEHUSIMU C areHTamu.
Monb3oBaTternb MOXeT OTNpaBnATL NtobbIe
coobueHusa ntobomy areHTy, 3Hada ero AlD.
A TaK e OH MOXeT norny4aTb OTBETHbIE CO-
0o6LLeHWs OT areHTa, Kak peakuuio Ha CBOW
3anpoc.

e HabnogaTb CTPYKTYpY ceTu, ecnu mogenbs
MOXHO npeacTaBuTb B BuAe rpada, ysnamm
KOTOpOro SIBNSAIOTCA areHThbl, a pebpamu uH-
hopMaLMOHHbIE CBA3WN MEXOY HUM.

o VmeeT MexaHun3Mbl rmobarnbHoro ynpasne-
HUS MOAENUPOBaHWEM: NPUOCTaHOBKa, BO-
306HOBNEHNE, NpexaeBpeMeHHoe npekpa-
LLleHVe ModennpoBaHus, nomnyvyeHue npo-
MEXYTOUYHbIX pe3ynbTaToB.

OTKa30yCTOMYNBOCTb

YTto6bl 06ecneunTb BbICOKUIA YPOBEHL OTKa-
3oyctonumeoct, AGNES peanuayet Heckonbko
MeXaHW3MOB:

OTcyTCTBUE LIEHTPanM3oBaHHOrO XpaHeHusl
OaHHbIX AN BOCCTaHOBMNEHMSA. XpaHeHue Heob-
X0AMMOW MHdopMaummn BegeTcss nNogobHo peer-
to-peer ceTsam, T.e. MHpopmaLmsi pacrnonaraeTcs
YacTAMM Ha pasHblX areHTax cpedbl MOAENUPO-
BaHWsA, N 3Ta MHOPMaLUst XpaHUTCSt C U30bIT-
KOM, ONsi rapaHTUM €€ BOCCTaHOBMNEHUSI.

OdnHaMmmyeckoe M3MEHEeHWe XPaHWmMuL, WH-
dopmaumm Bo Bpems paboTbl cpeabl Mogenu-
poBaHus.

To ecTb OCHOBHbIE MPUHLMMbI YITyYLLEHHON
OTKa30yCTOMYMBOCTM Cpedbl MOZenvMpoBaHue -
9TO AeueHTpanusauust XpaHunui, 1 u3bbiTou-
HOCTb MHdOPMaLUK.

PaccmoTpum 6onee nogpobHO, Kak npouc-
XOOMT COXpaHeHue pe3epBHbIX AaHHbIX U BOC-
CTaHOBIEHVE MOAEenu:

1) B AGNES peanusosaHa cnyxebHas Ko-
manga PING, gns npoeepku pabotocnocobHo-
cTn areHTa. W BCce areHTbl OOIMKHbI KOPPEKTHO
obpabatbiBaTb 3TOT 3anpoc.

O.1. NOAKOPLITOB

2) BonbwuHcTBO YA 3anyckalTcsa B He-
CKOMbKUX 3K3eMnnsapax, 4tobbl rapaHTUMpoBaTb
paboTbl cMcTemMe Mpu oTkase OAHOro M3 Hux. KA
cnegsaT 3a octanbHbIMK YA, 4TOBbl OBHapYXUTb
OTKas.

3) Kaxgbin areHT AGNES pomxeH peanu-
3oBblBaTb [ABa MeTtoga SaveBackup() and
RestoreBackup, T.e. ymMeTb coxpaHuUTb CBOE CO-
CTOSIHME U BOCCTAHOBUTb €ro W3 COXPaHHbIX
OaHHbIX COOTBETCTBEHHO.

4) Bce KA BbibupatoT cebe rpynny PA, 3a
KOTOopbiMKM BydeT OCYLeCTBNATLCA KOHTPOSb
HekoTopoe Bpems, T.e. Y KA ecTb cnncok A, y
KOTOPbIX OH KOHTpONMpyeT pasmeLlleHne backup
AaHHbIX. C onpegeneHHon nepuognyHocTbo KA
0oOMeHMBaAIOTCSl areHTamu, BXOOAWUMWU B WX
knacrep.

5) Bo Bpems coen xusHu ®A nonydvatoT
koMaHgy oT KA o TOM, 4YTO HyXHO caenatb
backup: MopenbHbI MOMEHT BpemeHu, korga
COXpPaHUTb COCTOSIHWE, U CMIUCOK Coceaen y Koro
cnegyeT pasMecTUTb 3TU AaHHble. B cooTBeTCT-
BYIOLLM MOMEHT areHT COXpaHseT CBOe COCTOs-
HWe, 3anoMuHaeT ero y cebs, Ans BO3MOXHOCTU
JanbHeWwero oTkaTta, W OTnpaBnseT ero yka-
3aHHbIM areHTam. Korga areHT nonyyaet backup
AaHHble cocefa, OH onoseLLaeT 06 3TOM CBOEro
KA. KA 3anomuHaeT B Tabnuuy y KOro XxpaHsitcs,
YbM [aHHble 1 3a Kakon MOMeHT. KA Kaxabln pa3
NblTaeTCs XpaHWUTb OaHHble Yy pasHbIX areHToB,
YTOObl YMEHbLUTL 3aBUCUMOCTb MeXAy areH-
Tamu.

6) KA perynsapHo onpawmBaeT cBomx YA u
®A ping komaHgamu, 4TO6bLI OBHAPYXNUTL OTKa3.
MomMuMo aToro kaxabln KA BbIGUpaeT HECKONbKO
cocegHux KA, COCTOSIHME KOTOpbIX OH Takke
npoBsepserT.

7) Mpun obHapyxeHnn oTKasa (He nonydut
OoTBeT Ha ping 3anpoc). KA onosellaeT Bcex o
HeoBX0ANMOCTUN NpekpaLleHNss MOAENMPOoBaHus,
koMaHga pause. 3ateM KA coBmecTHO onpede-
nAwT nocnegHee crabunbHOe COCTOSIHWE CUC-
TeMbl, T.€. TaKOe COCTOsAHWE, B KOTOPOM W3BECT-
Ha MHdopMaumna 060 Bcex areHTax, U MecTono-
NoXeHne [aHHbIX O COCTOSHUM OTKa3aBLUMX
areHToB B 3TOM MOAErbHbIN MOMEHT BpPEMEHMN.
WHdopmauma 06 oTKasaBLUMX areHTax 3anpa-
lWwmMBaeTcs y paboTOCMOCOOHbLIX areHToB U U3
He€ BOCCTaHaBnuBawTca AybnukaTol. 3aTem B
cpeae mopenupoBaHusa komaHgonm RestoreFrom
WHULManuamMpyeTca oTkat A0 CTabunbHOro co-
CTOSIHUSA 1 MOAenMpoBaHve NPOAOIKaeTCs.

®dyHKUMOHanbHble areHTbl (PA) AGNES

®A mMopenupyloT noBegeHue uccnegyemon
mogenn. AGNES opueHTupoBaHa Ha cosgaHue
Mogenen cuctem, KoTopble nerko AeKoMnosu-
PYIOTCS Ha NPOCTble 3MNEeMEHTbI, B3aMMOAENCT-
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ByloLWme Apyr ¢ apyrom. Mpumepammn nogoOHbIX
CMUCTEM MOTYT CMYXWTb: CEHCOpHblE CETU, Nn4e-
NVHBIN yNen N 4OPOXHOE ABMXKEHUE.

3a ucknyeHneM nNpobrieMHO - OPUEHTUPO-
BaHHbIX 3afay, KaXAbli areHT OOSKEeH BbIMOI-
HSATb HeKkoTopble (OYHKLMK, KOTopble obecneyn-
BaloT MpoLecc ModenmpoBaHue (nepuoguyeckoe
pe3epBHOE KOMWPOBAHWSA CBOUX [AaHHbIX, CUH-
XpoHU3auus, nepedadnm CcoobLleHun  Mexay
areHTamu u T.4.).

Mopaenb ceHCcOpHOM ceTH

Llensto mogenvpoBaHust GbIno uccrnenosa-
HWe anropuTMoB nepegavu coobLLEeHUA BHYTPU
ceHcopHon cetn. CeHcop — 3TO mnpocTenlee
YCTPOWCTBO, OXWAaloLLimMe HEKOTOporo cobbiTus,
KOTOpoe MoxeT ObITb 3adhmkcnpoBaHo ero gat-
Yskamu, M nepejarwollee 3TM HabnwogeHns B
y3en-xpanvnuiie. Ons mopenvpoBaHus Obinu
co3fdaHbl ABa TWna areHToB, 3TO HenocpeacT-
BEHHO areHT-CEHCop W areHT-cobbITUE, KOTopble
OOIMKEH PerncTpupoBaTbCcsl CeHCOpOoM. Kaxxabin
CeHcop uMMmeeT OBe 0bsA3aTenbHble XapakTepu-
CTUKW: paguyc LOEeWcTBMS CcurHana u aHeprus
ceHcopa. [MobanbHoW Lenbilo Kaxgoro areHTa
ABNAEeTCA JocTaBka coobleHus o npousowen-
WweM cobbiTiM, HO KaxAbli areHT npecnegyer
NNYHYIO Uenb cbepexeHne sHepruv ansa ysenu-
YeHus1 cpoka cBoew usHu. B mogenu onpege-
nsietTcs obnactb, B KOTOPYH Cry4YanmHbiM obpa-
30M MoOMeLLalTcss ceHcopbl. Kaxabin ceHcop
paboTaeT no cnegyoLemy anroputmy:

1) MNonagaa B mMofgenb, areHT oTnpaBnseT
coobLleHne 0 CBOEM MOSIBIIEHNM, U BCE areHThl,
Haxopgswuecs B obnactu OencTBus curHana ot
ceHcopa, y3HaT 06 aToM. W nocne 3T0ro oHu
OTNpaBnsAlT OTBET HOBOMY CEHcopy, coobLias o
CBOEM MPUCYTCTBUW;

2) B xoge CBOEW XWU3HW areHT-CceHcop ne-
proanyeckn BedeT Onpoc OKpyxeHusi (obmeH
3X0 COo0bLLEHNAMM), YTOBbI MMETb aKTyarbHYH
nHdOpMaLMIO O cpede OKPYXEHUS U O CBOMX
coceasx. B cootBeTcTBUM C TOMomorven nony-
YaemoW ceTu, areHTbl pa3buBaroTca Ha KnacTe-
pbl, B KOTOpbIX BblIOMpaeTCA OAWH aKTUBHbLIN
areHT, a ocTanbHble areHTbl NepexodsaT B nac-
CVBHOE COCTOsiHMEe. Takum obpasom, nonyyaet-
CS NOKpbIBatoLLLee MHOXECTBO.

3) AreHT BedeT NoAcYeT U3MEHEHUN B cpe-
Ae (Hanpumep: NosiBNiEHWE UMW UCHE3HOBEHMWE
«cocefa»). N npu gocTmxkeHnM NoporoeBoro 3Ha-
YeHUs1 3TOW BENMWYMHBI, areHT UHMUManuanpyet
nepeknacrepusaLunio BCen ceTu.

4) Tpn obHapyxeHUn cobbITUSA, areHT, B
COOTBETCTBUM C BblOpPaHHbIM anropMTMoMm, OT-
npaenseT cooblieHne o cobbiTM MO ceTn A0
XpaHunuLa.
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Ha mogenu npoboBanuncb anroputmbl SOC-
TaBKM COOOLLEHWUA C MUHUMAarbHbIM KOJNNYecT-
BOM Mnepefad 40 XpaHunuvwia, Korga Lwwna wupo-
KoBeLlaTerbHasi nepegada coobLLeHns, n aHep-
rocbeperawoLmii  anroput™M, Korga coobLieHus
UMM TONMbKO MO Y3raM MOKPbIBAKOLLEro MHOXe-
ctea. B AGNES ecTb cneumnanbHbin rpadguye-
CKUA nakeT ans oTobpaxeHus rpadonogobHbIX
mogenein. lNpumep ceHCOpHOW ceTu B 3TOM Na-
KeTe nokasaH Ha puUCyHke 3.

Puc. 3. Modernb ceHcopHol cemu e cpede AGNES

3akntoyeHune

B cratbe 6biNnM NPOAEMOHCTPUPOBAHDI
BO3MOXHOCTM MCMOMb30BaHUSA MYNbTUAreHTHbIX
TEXHOMNOrM Ans co3daHust CUCTeMbI pacnpege-
NEHHOro MMMUTALMOHHOIO MOLENUPOBaHMS U Mo-
KasaH npvMep Mcnonb3oBaHus. [danbHenwune
nccrnenoBaHnsa CBA3aHbl C ONTUMMU3aALUMEN Mo
pasnuyHbIM KpUTEPUSIM pacrnpefeneHnsl areH-
TOB MO BbIYUCIUTENSM U NOCTPOEHUEM CUCTEMBI
oTnagky pacnpenenéHHbiX Mogenen.
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MATEMATUYECKUU METO[ N ANFTOPUTM CXXATUA
MHOIOMEPHbIX BPEMEHHbIX PAOOB

C.I". KaTtaes, M.IO. KaTaeB

PaccmaTpuBaeTcss matematudeckuii MeToq U anroputM CkaTusi MHOTOMEPHbBIX BPEMEHHbIX psi-
[l0B, OCHOBaHHbIA Ha MeTofe BbiaeneHus cTpykTyp. MeTod OTHOCUTCS K KracTepHbIM nogxodam oc-
HOBaHHbIX Ha rpachax. MaTemaTnyeckuit Noaxon anpoGUpoBaH Ha aHanv3e MHOrOMEPHbLIX BpeMEH-
HbIX PSOOB NoBeAeHust Npodunei KOHLEHTPaLMK YITIEKUCIOro rasa A HEKOTOPbIX paioHOB 3eMHOTO
wapa. MpeacraeneHbl pesynbTaTtbl PaboTbl anropuTMa M OLEHKU TOYHOCTHBIX XapakTepucTuk paboThbl

anropuTma.

KniouyeBble cnoBa: MHOromMepHble BpeMeHHble aHHble, CXKaThe, norne coaepXxXaHud rasa

MocTaHoBKa 3agayun

CoBpeMEHHbIE TEXHUYECKME PpeLUeHUst B
obnactn nonydyeHnss uHdopmaumm, B NOObIX
HanpaBneHusix AesaTenbHOCTU YernoBeka, No3Bo-
nsAT JobblBaTh CTOMBKO MHOMO MHdopMaumu,
4YTO COXPaHsSITb ee CTAaHOBUTCS COXHO. Tem 6o-
nee, YTo B NocrneacTeve 3Ty MHopmaumno He-
obxogumo obpaboTaTtb M NPOBECTU aHanu3 no-
ny4YeHHbIX pesynbTaToB. [No3aTomy 3agada cxa-
TMS MHopMauun SIBRSIETCS akTyanbHOM U He-
06xogMMoN s pelleHnsl, BHeapPeHWs B NpakTu-
Ky. OgHMM U3 HanpaBneHwun, rae HabnwogaeTcs
N36bITOYHOCTb [00bIBAEMOM U XPaHWMOW WH-
dopmaumm, sBnseTcs uslyvyeHne atMmocdepb! U
noBepxHoctM 3emnu, a Takke knumaTta. OAns
3TUX LUenen cospatoTca GaHkM JaHHbIX O Mpo-
CTPaHCTBEHHO-BPEMEHHOM pacnpegeneHnm ra-
30BbIX COCTaBMALLMX, a3p0O30Nen, TEPMOLAMHA-
MUYeckux napameTpoB atMmocdepbl. K Takum
MOXHO OTHECTWU LeHTPbl XpaHeHWUs1 OdaHHbIX Me-
Teoponornyeckon nHgpopmaumm NCEP (National
Center for Environmental Prediction) n ECMWF
(European Center Meteorological for Weather

C.I'. KATAEB, M.1O. KATAEB

Forecast). NNoMumo Takux rmobanbHbIX LEHTPOB,
B OTAENbHbIX Hay4YHbIX OpraHuMsauusix cosgatoT-
Csl NporpaMmbl pacyeTa, XpaHeHMs1 Mory4aeMon
nHdopmaumm o pasHoobpasHbIX PU3NYECKNX
napameTpax, KOTopble M3MEHSIIOTCS BO BpeMe-
HW. K Takum pacyeTam MOXHO OTHECTU peLleHune
TPaHCNOPTHOW 3aayn nepeHoca rasos B aTMO-
ccoepe [1]. ODaHHoro Buga pacyeTbl BO3MOXHO
ucrnonb3oBaTb NPW peLleHMn pPasHOOBPa3HbIX
3agay onTukn 1 usmkn aTmocdepsbl, 3KONOrUN.
Mopo6Hble BapuaHTbl COYEeTaHUst — pacyeT, Us-
ObITOYHLIN MO AaHHBIM, Y NPUMEHEHWE B NpaKTU-
Ke — BCTpevatloTCsl OCTaTO4MHO 4acTo, YTo U Mno-
Oyauno aBTOPOB k pa3paboTke mMaTemaTUN4ecko-
ro nogxopa, npeacTaBreHHOro B aHHOW cTaTbe.

OagHMM 13 Hambonee pasBUTLIX MOAXOO0B
M3y4yeHNst Takmx HaOOpOB [OaHHLIX SBMNSETCS
paspaboTka MHoronapaMeTpuyecknx moaenen
[2]. OgHako, Ha Haw B3rnsd, Takue Mogenu He-
cyT B cebe meToamMyeckMe MOrpeLuHoCcTH, CBSi-
3aHHblEe C BbIOOPOM TWMNa MOAENM, KONIMYECTBOM
napameTpoB, HENWHEMHOCTbIO W  MHOXeCTBa
OpYrnx akTopoB, Onpedenstowmx TOYHOCTb.
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