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PE®EPAT

Marucrtepckass ~ guccepranss 1o TemMe — «Pa3paboTka  mpoTokoia
MapuIpyTU3allMd Ha OCHOBE alroOpUTMa pOEBOTO MHTEIEKTa» COAEPXKUT 52
CTpaHMIIBI TEKCTOBOTO JIOKyMeHTa, 17 HCHONb30BaHHBIX HMCTOYHUKOB, 8
WUTFOCTpaIui, 7 Tabmuil, 2 GopMyIibl.

POEBOM MHTEJUIEKT, IIPOTOKOJI, CETb, MAPIIPYTHU3ATOP,
POYTEP, Y3EJI, ITYTh, KAHAJI, MTHTEP®EIC, METPUKA, ITPOITYCKAHAS
CIIOCOBHOCTbD, TABJIMLIA MAPHIPYTU3AIINN.

OO0BeKT, NoJIeKaIIUNA pa3padoTKe — CETEBOM MPOTOKOJ POEBOTO MHTEIIEKTA.

[enbp paboTsl — pa3paboTKa MPOTOKOJIA MapLIPyTHU3alUKd HAa OCHOBE POEBOIO
WHTEIJICKTa, YYUTHIBAIOIIETO 3arpy3Ky KaHalOB CBSI3M, MU HAa OCHOBAHWU JTOTO
napaMmerpa, CTpPOSLIEro MapuIpyThl AJIs IEpeJaul JaHHBIX MEKIY y3/1aMU CETH.

3agaun:

— MPOBECTU CPABHUTEIBHBIN aHAIIN3 aJTOPUTMOB POEBOTO HHTEIICKTA;

— pa3paborarthb rpad padoThl MPOTOKOJIA POEBOTO HHTEIUICKTA,

— pa3paboTaTh MPOTOKOJ MapIIPYTU3ALNHU, aJITOPUTM PAOOTHI KOTOPOTO OyIeT

OCHOBaH Ha aJiITOPUTME POEBOI0 UHTEIIEKTA;

— TPOBECTH MOJEIUPOBAHUE Pa3pabOTAHHOIO MPOTOKOJIA B CPElEe CETEBOrO

moaenupoBanust OMNeT++.

B pe3ynbrare paccMOTpeHHs CYLIECTBYIOIIMX aJrOPUTMOB  POEBOIO
MHTEJUIEKTa ObLI pa3paboTaH ajaropuTM padOThl MPOTOKOJA POEBOTO HHTEIIEKTA
AntNet. beutn chopmupoBanbl Tpad padbOTHl MPOTOKONIA, (POpMATHI CIYKEOHBIX
naketoB. B xozme mMonenupoBaHus ObUT TOJy4eH TpadUK MPOIMYCKHONW CIIOCOOHOCTH
poyTtepa, ucnodib3yroniero nporokoia AntNet.

B wurore Obul pazpaboTaH ¥ MPOMOAETUPOBAH IMPOTOKOJ MapIIPyTHU3ALMH,
aJITOPUTMBI pabOTBl KOTOPOrO OCHOBAaHbI Ha AJITOPUTME POEBOTO HHTENIeKTa. B

OCHOBY aJITOpPUTMa pabOThl HOBOIO MPOTOKONA Jer «MypaBbUHBIN aarOpUTMY.
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BBEJAEHHUE

MapurpyTu3zanus — 3To IpoIecC ONpeAeIeHUs Ha OCHOBE JTaHHBIX U3 TaOIUIIbI
MapUIpyTH3alUA ONTUMAJIBHOIO MYTH OT Yy3Ja-UCTOYHHKA K Y3Iy-HOJIy4aTelnl B
YCIIOBUSX M30BITOYHBIX CBsI3eH [2].

B mpornecce noctpoeHnst MapmpyTHU3aluy BBIAEISAIOT JBE YACTU: ONPEACICHUE
JAIbHEHIIETO MyTH MaKeTa U HEMOCPEICTBEHHO €ro MepechlIKa 1o 3ToMy myTh [3].

B coorBerctBMM C O3THMHM YacTSIMH, NOPOLECC MAPLIPYTU3ALMU MOYKHO
pa3AeiIUTh Ha 1BA UEPAPXUUECKHU CBSA3aHHBIX YPOBHA:

- YpOBEeHb MapupyTu3anuu. Ha 3ToM ypoBHE IpOUCXOIUT paboTa ¢ TaOiuLeH
MapuipyTu3auud. Tabnuna MapmpyTHU3aluu CIY>KAT Uil ONPENETICHUS CETEBOTrO
azpeca CIEIYIOIIET0 MapUIpyTH3aTopa, Ha KOTOpBIM OyaeT mepeiaH MakeT, WU
HEIIOCPEACTBEHHO Ionyvarens Iakera. Ilocne omnpeneneHus anpeca Iepenayu
BBIOMpAETCS ONpPENEICHHBIN BBIXOJAHOM (M3UUECKUI MOPT MapuIpyTHU3aTopa s
IIEpeIaun CETEBOr0 IMakeTa. JTOT MPOLECC HA3BIBAETCS OIPENEIEHUEM MaplIpyTa
nepemenieHus nakera. Hactpoiika Tabnuibl MapiipyTU3anuy BEAETCS MPOTOKOJIAMU
MapumipyTu3zauud. Ha 3ToM ke ypoBHE ompeensercs nepedyeHb HeoOXOIMMBIX
Ipe0CTaBIIEMbIX cepBUCOB [3];

- ypoOBeHb Inepenauu nakeroB. [lepen Tem kak mepeaarbh MakeT, HEOOXOAUMO
MIPOBEPUTHh KOHTPOJBHYIO CYMMY 3arojoBKa MakeTa, OMpeAesuTh aapec (KaHaIbHOIO
YpOBHS1) MOJIyyaTessl MakeTa W MPOU3BECTH HEMOCPEACTBEHHO OTIPABKY IAKETa C
Y4E€TOM OYepeIHOCTH, (PparMeHTauuu, (UIABTPALMM W TPOYUX JAEUCTBUM. OTH
JEUCTBUSL BBINIOJHAIOTCA HAa OCHOBAHMM KOMAaHJ, IIOCTYNAOIIMX C YPOBHSA
Mapiipytu3anuu [3].

MapuipyTtuzanuus sBIsS€TCs OAHOW M3 HauOoJsiee BaXKHBIX MPOLEAYp Meperadu
naHHbIX. [Iponenypa mapmpyrusanuy rapaHTUPYET, YTO JAHHBIE IIEPEMELIAIOTCS U3
OIHOW CETU B JIPYTyIO C ONTHUMAJIbHOM CKOPOCTHIO MU MUHUMAJIBHOU 3aIEPIKKOM.
L{emoCTHOCTh TEepenaBacMbIX HAaHHBIX B IPOLIECCE IMOCTPOCHUS MapLIpyTU3ALUU

rapaHTupoBaHa [4].



AJTOPUTM MapuIpyTHU3alMd — YacTh MPOrPaMMHOI0 00OECleueHHs CETEBOIO
YPOBHSI, U OTBEYAET 3a ONpEJEICHUE M0 KAaKOW JIMHUKM OTIPABIISTH MaKeT Jajbiie. B
HE3aBHCUMOCTH OT TOTO BBIOMpAeTCs JId MapUIpyT JJIsl CECCHHM MM ISl Ka)JI0Tro
Nakera ajiropuT™M  MapUIPYTHU3alMM  JOJDKEH  o0JajaTrh  pSAJOM  CBOWMCTB:
KOPPEKTHOCTBIO, MPOCTOTON, YCTOMYUBOCTHIO, CTAOMIIBHOCTBIO, CITPABEATUBOCTHIO U
ONTUMaIbHOCTHIO [11].

He anmantrBHbBIC aNnTrOPUTMBI HE IPUHUMAIOT B PacUeT TEKYIIYIO 3arpy3Ky CETH
U COCTOSIHHE TOmNoJOorMu. Bce BO3MOXKHBIE MapLIPYThl BBIUMCISIOTCS 3apaHee U
3arpy’KaroTcsi B MaplIpyTHU3aTOpbl MpU 3arpy3ke ceTu. Takas MaplipyTu3alus
HA3bIBACTCS CTATUYECKON MapLIpyTU3aLiEH.

AfanTUBHBIE aJTOPUTMBI MapIIPYTU3aLKMK, HA00OOPOT, ONMPEAETSIOT MAPIIPYT
UCXOAS W3 TEKyLleW 3arpy3kKd CeTH U TONOJOTMU. AJANTHUBHBIE aAJITOPUTMBI
pa3nuyaroTCsa TEM, I/l U KaK OHU MOJy4aroT MHPOPMALHIO (JOKAIbHO OT COCEIHUX
MapuIpyTU3aTOPOB WK II100ATBHO OTO BCEX), KOT/Ia OHU MEHSIOT MapuipyT ( KaxJble
AT cekyHa, KOTJla MEHsIETCS Harpys3Ka, Korja MEHSETCSl TONOJIOTHs), KaKasi MeTpUKa
UCTIONB3YETCSl TIPU ONTUMU3AIMU (PACCTOSHUE, YUCIO CKAYKOB, OXKHAAEMOE BpeMs
nepeaaun) [11].

Mapuipytuzaiys 1o BEKTOPY PacCTOSIHUS — STO aJITrOPUTM MapUIpyTH3aIUH,
uzesi KOTOPOro B TOM, YTO Y KaXXIOTO MaplipyTH3aTopa B IMOJACETH €CTh Tabiuia
paccTossHUM 70  KaXJIO0ro Mapuipytuzaropa B noxacetu. Ilepuoanuecku
MaplipyTH3aTop OOMeHuBaeTcss MHpOpMalMel cO CBOMMHM COCEISIMU U OOHOBIISET
uHpopmaruio B Tabnuie. Kaxnprit sneMeHT TaOiuIbl COCTOMT W3 JBYX TOJICH:
nepBOoe€ — HOMEp JIMHHUHU, 10 KOTOPOM Haa0 OTHPaBJIATH MAKEThl, YTOOBI JOCTHYb
HY>KHOTO MECTa, BTOPOE€ — BEJTMYMHA 3a/ICP>KKH 10 MECTa Ha3HAUYCHUS. DTa BEINIHHA
3aJIep’)KKH MOXKET OBbITh M3MEpEHa B Pa3HbIX E€IMHUIAX: CKauKax, MUJLIMCEKYHHaX,
JUIMHE ovepenu Ha auHud U 1.1 [11].

Anroputm ANtNet sBisercs aJanTUBHBIM aITOPUTMOM MapIIPyTHU3AIHH,
METO/I MIOMCKA IyTe KOTOPOTO0 OCHOBAH Ha MOBEAECHUN MypaBbeB B npupoze. B Hem

npeayCMOTpCHO HCCICAOBAHUE COCTOSAHUA CCETH C HCIOJIb30BAHHUEM AarcHTOB



(MypaBbeB), KOTOpbI€ B KJIAaCCMUYECKOM MPEJCTABIECHUU JaHHOTO aJrOpuUTMa,
UCIIOJIB3YIOT BEPOSITHOCTHBIE TMpaBuiia BbIOOpa MapiipyToB. s MapuipyTuzanuu
MAKETOB JAHHBIX MCIIOJIb3YIOTCSI BEPOSITHOCTHBIC TaOHIIbl MapmpyTu3ammn [13].

[Ipouenypa moucka kpatdaiiimumx mytei B anroputme AntNet ucnonb3yer Te
YK€ MPUHIUIBL, YTO U KOJIOHUSI MypaBbEB NpHU Noucke nuiny [12]. Mypageil Ha cBoeM
OyTH  OCTaBisieT  cled W3  aKTUBHBIX  BemlectB  —  (DEpOMOHOB.
DepoMOHOBBIN clie]] BO BHEIIHEH Cpefie CYIIECTBYET HEKOTOPOE BpEeMsi, U MypaBbH,
KOTOpble OyayT HIATH CIEAOM, C OOJbIIE BEPOSTHOCTBIO MPEINOYTYT TO
HaIpaBJIEHUE, N0 KOTOPOMY [0 HHUX MPOILLIM APYrHe MypaBbU. DTa BEPOATHOCTD
Oyzaer Tem Ooiblie, 4eM OO0Jblliee KOJUYECTBO MYPaBbEB MPOILIO MO 3TOMY IyTH.
Takum oOpa3oM, 4epe3 HEKOTOpoe BpeMsi OoJiblllas YacTb MypaBbeB OyeT
UCTIOJIB30BaTh OJIMH, HarboJiee OIM3KUI K ONTUMATbHOMY, MapiipyT [12].

Pons wmypaBbeB B mpoTokosie ANtNet BBIMOTHSIIOT AaKTHUBHBIC AareHTHI.
AKTHUBHBIN areHT B npotokose AntNet — 3To cnenuanbHbI NAKEeT, KOTOPBI HECET C
co00#i CTaTUCTHKY O COCTOSIHUM MPOMJICHHBIX CETEBbIX KaHAJIOB.

B nmpousBoibHBIE MOMEHTHI BPEMEHU pOYTEpP CETH, HACTPOECHHOH C
nomomibto  AntNet, reHepupyeT coo0OIIEHHS, KOTOpPbIE OTCHUIAIOTCS [0
OINPEIEICHHOr0 MPUHUMAIOUIETO Y3714, HO Ka)KJ0€ COOOIICHHUE CIEAYET M0 CBOEMY
MapmipyTy. C MNOMOIIBIO TakKOro ajaropuTMa 3aMepsieTcs BpeMs CIeAOBaHUS
COOOIIEHUSI Ha KaXIOM MapuHIpyTe, U 3aTeéM IyTh C MEHBLUIUM BpEMEHEM
CIIIOBAHMSI CMEHSIET MPEKHUNA MapIIpyT U CTAHOBHUTCS HOBBIM MapUIPyTOM IIO

YMOIIYAaHHIO JI0 JaHHOTO Y3JIa Ha3HAYUCHU .



1 PoeBoli HHTELJIEKT

Cam tepmuH «PoeBoii MHTEIIEKT» ObLI1 BBENEH ydyeHbIMH Ban L[3uHoM u
Xepapno benu B 1989 romy. IloHsiTue poOEBOTO MHTEIUIEKTa BCE TECHEE
MEePETUIETACTCS C aTOPUTMaMU OOpPabOTKH M ONTHUMHU3AIMKN OOJBITNX KOJUYECTB U
noTokoB uH(Gopmarmu. 1 1ist mpoBepkr akTyaabHOCTH POEBOTO MHTEIIEKTA, paHee,
OBLIIM TIOCTABJICHBI CJIEYIONIUE TIEJIH:

— PacCMOTPETh OCHOBHBIE AJITOPUTMBI POEBOTO MHTEIUIEKTA;

— MPOBECTHU CPABHUTEIBHBIA aHAIN3 METOAOB peanu3aunu PU;

— MPOBEPUTH AKTYaJIbHOCTh PA3BUTHUS AJITOPUTMOB PEATU3ALINH.

Emé naBHO mroAM CTanud MHTEPECOBATHCA TaK Ha3bIBAEMbIM «POEBBIM
MOBEJCHUEM» — KakKUM OOpa3oM NTHUIBI JETAT HAa IOT OTPOMHBIMU KOCSKaMH, HE
couBasicb ¢ kKypca. Kak orpoMHble KOJIOHUM MYpaBbEB padOTAalOT Tak CIAXEHHO U
BO3BOJIAT CTPYKTYPHI, [0 CIOXKHOCTH HE YCTyHarOUIMe COBPEMEHHBIM METaIlOJIMCAM.
Kak m4é€npl MOTYT Tak TOYHO OMpENeNsaTh U OObIBaTh B HEOOXOIMMOM [JIsl BCEH
KOJIOHUW mnuTaHue. Bce 3T OojblMe Tpynmnbl KUBOTHBIX/HACEKOMBIX MOYHO
O00BEMHUTH OJTHUM OOIIUM CITIOBOM — POH.

Ho denoBedyecTBO HE CTOMT Ha MECTE U, Pa3BUBASCH, JIIOJU CTAIH U300peTaTh
KOMIIBIOTEPHI, MPU TMOMOIIM KOTOPBIX HMHXKEHEPHI CTaId MOJIEIUPOBATH «POEBOM
unteiek™» (PU) — mombITku chenath poOOTHU3UPOBAHHBIE, aBTOMATHYECKUE H
aBTOMATU3UPOBAHHBIC POU. XOTh JAJIEKO HE BCE MOIMBITKH OBLIM YCIHEIIHBIMU, HO
TaKUM 00pa30oM, OHU TOJOKWIN HAYAJIO CO3/IaHUI0 POEBOTO MHTEIIEKTA, 3aJI0KHUB K
€ro OCHOBAHMIO HEKOTOphIC (pyHIaMeHTaidbHbIC NpaBuia. OIHUM W3 HHUX SBISETCS
TOT (aKkT, 4YTO JUIsI POEBOr0 MHTEJUIEKTA HEO0OXOAWMO OO0JibllIoe (JOCTaTOYHO)
KOJIMYECTBO areéHTOB, CIIOCOOHBIX B3aUMOJICHCTBOBATH MEXKYy COOO0M U OKPYKAIOIICH
uX cpenou JokanbHo. Habmronas 3a pa3inyHbIMU €CTECTBEHHBIMU TPUMEPAMH POEB,
YeJIOBEUECTBO MPUIyMAJIO PAa3JIMYHbIE MOJIETIH POEBOI0 MHTEIIEKTA, YbE OBEACHHUE
OCHOBBIBAJIOCh HA PA3JIMYHBIX IyTAX B3aUMOJCUCTBUS C OKPYXAKOLIEH Cpeaou u

mexay coooii [10].



Mogens poeBOro HHTEIUICKTa MOApa3yMeBaeT HAIMYUE TaK Ha3bIBAEMOU
«MHOTOAreHTHOM CHCTEMBbI», KOTOpas OIpenesseTcsl KaKk CHUCTeMa, COCTOsIIas M3
MHOKECTBA MHTEJUICKTYaJIbHBIX areHTOB — MPOTPaMM, CIIOCOOHBIX CaMOCTOSTEIHHO
Ha TPOTSHKEHUU HEKOTOPOTO, TOCTATOYHO [JIMTEIHLHOTO MPOMEXYTKa BpEMEHH,
BBITIOJIHATHh TMOCTAaBJICHHYIO 3anady. Ha pucynke 1 u300pakeHbl pa3zHOOOpa3HbIE

MCTO/JbI p€ajin3alr pOCBOIroO HHTCIIJICKTA.

MypaBbUWHbIV MeTopg pos MyennHbIn
anropuTtm yacTuy, anropuTtm
A A y
Poeson
WHTENNeKT
MckyccTBeHHast
Apyrvie
UMMYHHas <
anropuTMbl
cuctema

Pucynox 1 — Knaccudukanus cTpyKTypHBIX METOJOB POE€BOTO MHTEIIEKTA

MypaBbuHBIE aNTOPUTMBI TPEIACTABISIOT COOOW BEPOSTHOCTHYIO >KATHYIO
ABPUCTHUKY, T]JI€ BEPOSITHOCTH YCTAHABJIMBAIOTCS, UCXOs U3 MH(OPMALIMK O KaueCTBE
peleHrs, MOTyYeHHON U3 NMpeAplayux pemeHnii. OHu MOTYT UCIOJIb30BAaThCs Kak
JUIS CTATUYECKHUX, TaK W ISl TUHAMUYECKUX KOMOWHATOPHBIX ONTUMH3AIIMOHHBIX
3amad. CXOAMMOCTh TapaHTHUPOBaHA, TO €CTh B JIIOOOM cliydae OyJeT MOJy4eHO
ONTUMAJILHOE PEIIeHNE, HO CKOPOCTh CXOMMOCTH aaropuTMa HeusBecTHa [15].

MypaBbUHBIM adrOpuT™M OyJeT MOoApOOHO paccMOTpeH nainee. PaccmoTpum

JIPYTHE AITOPUTMBI.



«MeTtoxn posi dYacTUI» SABISETCA METOJOM UHCICHHOW ONTHUMH3ALNH,
MOIJIEP>KUBAIOIINN 00111e€ KOJIMYECTBO BO3MOKHBIX PEIIEHUN, KOTOPbIE Ha3bIBAIOTCSA
YaCcTUIIAMU WJIM areHTaMH, W TepeMelnias UX B MPOCTPAHCTBE K HAWIy4ylIEMY
HalJICHHOMY B 3TOM HIPOCTPAHCTBE PEUICHUIO, BCE BpEMS HAXOAALIEMYCS B
W3MCHEHUH M3-3a HaXOXKJICHUS areHTaMu 0oJiee BRITOAHBIX perrenui [13].

Ecnn nmpoBOaWTH aHANIOTHIO CO CTaeM, TO MOYKHO CKa3aTb, YTO BCE arcHTHI
aNropuT™Ma (4acTulibl), B CTa€ OHM MOTYT OBITh NTHUIAMU WJIM PbIOAMH, CTaBAT JJIs
ce0s1 TpY JOBOJIBHO MPOCTHIX 33]1a4u:

— BCE areHThl JOJKHBI U30€TaTh MEPECEUCHUSI C OKPY>KAIOIITUMU UX areHTaM;

— Ka)KJas 4acTula JI0OJbKHA KOPPEKTUPOBATh CBOKO CKOPOCTh B COOTBETCTBUU
CO CKOPOCTSIMU OKPYKAIOINX €€ YaCTHILL;

— KaXIbI areHT JOJKEH CTApaThCsl COXPAHITH JOCTATOYHO MAJIOE PACCTOSTHUE
MEXAYy COO0M M OKPYKAIOIUMHU €r0 areHTaMHu.

AJNTOPUTM HMCKYCCTBEHHOM MYEIMHON KOJIOHWU (WJIM MUETTUHBIA aJITOPUTM) —
ATO aJrOPUTM POEBOTO MHTEJIEKTa, OCHOBAHHBIN HA UMHUTAIIUU MOBEACHUS KOJIOHUU
myes. AJITOPUTM MOKET MCIOJIb30BaThCs B 3adadax ontumuzanuu. HeoOxoaumbim
YCJIOBUEM ISl €r0 NPUMEHEHHS SBJISIETCS HAJIUYHE HEKOTOPOTO TOIMOJOTHYECKOIO
pacCTOSHUS WK €r0 aHaJlora Ha o0yiacTu pemieHuit [16].

PaGoty anroputmMa MOXHO pa30UTh Ha JBa OJTana: WHULNMAIU3ALMUS U
JIOKAJIbHBIN ITOUCK.

«MckyccTBeHHAs HMMYHHAsl CUCTEMay — 3TO TaKasl BBIYMCIUTEIbHASI CUCTEMA,
KOTOpasi CIIOCOOHA aIalTUPOBATHCSA M UCTIOIH30BATh CXOKHE C PEaThbHOM UMMYHHOM
CHCTEMOW TPUHIMIBI U MexaHuku [17]. ¥V maHHOro mMeTroma ecThb TpU OCHOBHBIC
TEOPUH, KOTOPBIE OMHUCHIBAIOT €ro (PYHKIIMOHUPOBAHUE M B3aUMOJICUCTBUE MEKIY
AJIEMEHTAMH:

— TEOpHsl OTPULIATENLHOTO 0TOOPA;

— T€OpUst UMMYHHOMU CETH;

— TEOpUS KJIOHATBHOU CEJICKIIHH.



Jpyrue aaropuTMbl pO€BOrO MHTEIIEKTa HAMMEHEE BCEro PaclpOCTPAHEHbI U
peako ucnoib3ytorces. [lepeueHs Takux alroOpUuTMOB:

— METOJI KaIlleJib BOJbI, HAXOIAIMKA 1100 HamnboJjiee OaM3Kkue, MO0 Hambosee
ONTUMAJIbHBIE «ITYTH JJISI BOJBI», TOJOOHO pEKaM;

— aQNTOPUTM KYKYIIKH — OCHOBaH Ha Mapa3HUTHUPOBAHHH, TOJOOHO TOMY, Kak
HEKOTOpPbIE BUIbl KYKYLIEK OTKIAJblBAIA SWla B 4YyKHWE THE3JA, CO BPEMEHEM
HAy4YUBIIMCh UMUTHPOBATH LIBETA UYKUX SIULL;

— METOJ] aIbTPYHU3Ma, OCHOBAHHBIM HA TOM, YTO KaXKIBIH areHT «3a00TUTCS» 00
OKpPYXaIOIUX, He 00pallias BHUMaHUs Ha ceOs;

— METOJ TPAaBUTALMOHHOIO IOWCKAa — 3aKIIOU€H B COOJIIOJICHUU 3aKOHa
BCEMHPHOTO TATOTEHUs (BCE Tela MPUTATUBAIOTCSA JIPYyr K JAPYry), a UMEHHO B
MOMCKax HanboJee KAYECTBEHHBIX, «TSKENIBIX)», aTeHTOB.

B xoz1e u3ydeHust OCHOBHBIX aJTOPUTMOB POEBOI0 HTEIUIEKTa («MypaBbUHBIN
anroputM», «MeTon post 4acTuLy, «AJNTOPUTM MYENHMHOU KOJIOHUN» U «AJITOPUTM
UCKyCCTBeHHOM wuMMYyHHOU cuctemby (MUC)) Oblmo mnpoBeneHo CcpaBHEHHE
QITOPUTMOB, BBISIBJIEHBI UX NMPEUMYIIECTBA, CPepbl UCHOIB30BAHUS U MOJTYYECHHbBIC

pasBuTHs anroputMa. [lomydeHHbIe pe3yabTaThl HILTIOCTPUPYET CAeAyIoIas Tabauma

(Tabmmna 1) [14].



Tabnuua 1 — CpaBHeHHE AJITOPUTMOB POEBOT'O UHTEIIIEKTA

MypaBbUHBIN AITOPUTM

Meron post yacTuil

ITuenuHeIlii anropurM

nnc

IIpeumymectBa | * JlocTaTO4HO * Kpaiine Huskas * Bo3moxxHOCTB * [TapameTrpuyeckas
3¢ dexrusen ais TSP aJqropuTMUYecKas 3¢ PEKTHBHOTO TIaCTUIHOCTB;
(Traveling Salesman CJIOKHOCTB B pasneneHus Ha * SIBnstroTCS BechMa
Problem) ¢ HeOombIIUM peanuzanuu; napajuiesbHbIe THOKHAMHU 110
KOJIMYECTBOM Y3JIOB; * JlocTaTo4HO MPOLIECCHI; OTHOIIEHHIO K
* lcnonb3yercs B 3¢ PEeKTHBEH I * Bricokast CKOpOCTb | U3MEHUYMBOU
TIPWIOKEHUIX, KOTOphIe | TII00aIbHON paboTEIL. BHEIIHEH cperie.
MOTYT aJJalTUPOBAThCS K | ONTHUMM3ALIUH.

U3MEHEHUSM;

* biiaronapst mamsatu Beei
KOJIOHUU U CIIy4allHOMY
BBIOODY ITyTH HE TaK
CHJIBHO IOJIBEPKEH
HEy/auHbIM
MepBOHAYAILHBIM
PEIICHUSM.

IIpumenenue * Pacuetsl *3amayn MamuHHOTO | * OnTUMH3anus » O0ecrieueHne
KOMITBIOTEPHBIX U o0yueHus; yIpaBJIeHUs; KOMIIBIOTEPHOI1
TEJCKOMMYHHUKAIIMOHHBIX | *3amaun » OnTuMu3anus 0e30MmacHOCTH;
ceTel; ONTHUMU3AINN KJaccu(UKaToOpoB. » Pacnio3HaBanue
* 3a7a4a KOMMUBOSDKEPA; | (YHKIMHA MHOTHX 00pa3os;

* 3a7a4a pacKpacKu napaMeTpoB, Gpopwm, * MHOTOMEpHAs

rpada; pasMEpOB 1 MHOI'03KCTpEMallbHAas

* 3aa4a ONITUMH3AIIHA TOIIOJIOTHIi; ONTHMH3AIIUS,

CEeTEeBBIX TPAPHKOB. *buonmxenepus, * OGHapyKeHHE
OHMOMEXaHMKa, AHOMAIHH BO
Guoxums. BPEMEHHBIX PSIIax

JTAaHHBIX.
PasButne » I'ubpuamsanus c * [Ipencrasnenue o CHIDKEHHE » KitoHampHBIN

T€HETUYECKUMU
ajNropuTMaMu;
* Ucnonp3oBanue 0a3el

HEYETKUX npaBuil.

MPUY kax
MHOT'Oar¢eHTHOM
BBIYUCIIMTENLHON
CHCTEMBEL;
*Bo3MokHOCTH
BKITIOYCHUS IPYTHX,
0o0J1ee CI0KHBIX

metonoB PU.

3aBUCHUMOCTH OT
ycTaHaBHI/IBaeMBIX
napameTpoB;

* OO0BeIMHEHHE C
FEHETHYECKUMU

aJIropuTMaMu.

aNropuT™M 0TOOpA;
* HeratuBHBIN
aNropuT™M 0TOOpa;
* UMMyHHBIH
CETEBOM aJITOPUTM;
* JleHIpUTHBIN

AJITOPUTM.
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PaccMoTpeB Bce OCHOBHBIE MCHOJIb3YyEMbIE AJITOPUTMBbI POEBOTO WHTEIIEKTA!
METOJl pOsl 4YacTHll, MyPaBbUHBIA aJITOPUTM, AJITOPUTM HCKYCCTBEHHOW MUEITUHOU
KOJIOHHH U aJTOPUTM MCKYCCTBEHHON MMMYHHOW CHUCTEMBI ObUIO IPHUHSITO PEIICHHUE
UCIOJIb30BaTh MYPAaBbHUHBIN aQJIrOPUTM POEBOrO HHTEIIEKTa. bbl1 mpoBeneH
CPABHUTEJIbHBIA AaHAJIA3 aJrOPUTMOB, B PE3YyJbTaTe€ KOTOPOTrO OBUIM BBISBICHBI
OCHOBHBIE CHJIBHBIE CTOPOHBI METOJOB, OOJAacTU UX TMPUMEHEHHS a TaKxKe
NEPCIIEKTUBBI Pa3BUTHUS KAXKAOr0, U HauboJee MOAXOAAIIUM OKa3aics MypaBbUHBIN
anroputM. JlaHHBIN anropuT™ U OyAET MCHOJB30BAaThCS I Pa3padOTKH MPOTOKOJIA

MapmpyTu3ainni, OCHOBAHHOI'O Ha aJITOPUTMC POCBOI'O MHTCIIJICKTA.
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2 Ant anroputm

2.1 Onucauue

2.1.1 PenteHue npyu NoMoOIIM AJTOPUTMA POEBOI0 HHTEJIEKTA

OnNTUMHU3AIMOHHBIA AITOPUTM C TMOJpakaHHUEM KOJOHUU MYypaBbeB (WM
MYpaBbUHBIM aNroput™M) — OAMH U3 HauOosiee 3(P(PEKTHUBHBIX AITOPUTMOB IJIs
pelieHus 3afad MO IOMCKY MapupyToB B Tpadax U IO HaAXOXKICHHUIO
OpUOIM3UTENBHBIX peleHu Uit 3anaun  KoMMuBospképa. CyTh  anropurMa
3aKJII0YAEeTCsl B MPUMEHEHUU MOJENU (PYHKIMOHUPOBAHMS KOJOHHUM MYpPAaBBEB K
PELICHUIO pa3IMYHBIX 337ad. B  3TOM anroputrmMe MypaBbUHAs KOJOHHS
paccMaTpHUBaEeTCsl KaK MYJbTUAr€HTHAas CUCTEMa, B KOTOPOW BCE areHThl JIEUCTBYIOT
CaMOCTOATENIBHO 10 OYEHb MPOCTHIM AJITOPUTMaM, HO BCS CHCTEMa B LIEJIOM BEIET
ceOs kpaiiHe pa3ymHo. [loBeneHue KOJOHUM MYypaBbEB OCHOBBIBACTCA Ha
caMOOpraHu3alyy, JOCTUTaeMOW 3a CuUeT B3aMMOJEHCTBHSI areHTOB Ha HHU3KOM
ypoBHe pamu obmei 1end. Ocobu MOryT B3aMMOJICHCTBOBATh KAaK C IOMOIIBIO
npsMoro oOMeHa HH(popMaluend (XMMUYECKUW, BHU3YaJIbHbI KOHTAKT), TaK U C
MOMOIIBI0 HEMpsAMOro ooMeHa (cturmepxu). OH 3aKJIIO4aeTCs B TOM, YTO HEKHUH
areHT MOXET M3MEHATh 00JacTh MPOCTPAHCTBA C MOMOIIbI0 HEKOTOPOTO BEIECTBa
(bepomona), mociie 4ero Apyrue areHThbl MOTyT UCIOIb30BaTh 3Ty HHPOPMAIUIO IJIs
orpeseneHus: COOCTBEHHOTo MapuipyTa. B pe3ynbrare koHLIEHTpanus GepoMOHOB Ha
MaplIpyTe ompenessieT mpuopurer ero BbiOopa. Kpome Toro, «hepomon» MoxeT
UCIIAPATHCS, YTO CO3JAeT TMHAMUYHOCTh B JAHHOM aJIFCOPUTME.

IlepBbIM, KTO CyMeNl IPUMEHUTH ITOBEIEHUE MYPABbEB IS PELICHUS 3a/1a4 O
MOMCKE Kparyaumero nmytu, crtan Mapko [Jopuro B Hauaie 90-x romoB XX Beka.
[To3ke Takke OBUIM pPEIIeHbl MHOTHE ONTHUMHU3ALMOHHBIE 33Ja4d MpPU MOMOIIU
MYypaBbUHBIX QJITOPUTMOB. B Hacrosnmiee BpeMs 3TH aIrOPUTMBbI MOKa3bIBAIOT

Jydmane pe3yjibTaTbl B HCKOTOPBIX 3ajJadax. KOHHCHHI/I}I AJIropuT™Ma 3aKaIr04acTCda B
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CIIOCOOHOCTH MYpaBb€B HAXOAWTh KpaTyalllMid IyThb KpailHe OBICTPO U
alanTUpPOBAaTbCA K pPa3IW4YHbIM BHEUIHUM YCJIOBUAM. lIpu IBWXKEHMM KaxKIblid
MypaBel MoMedaeT CBOM NyTh (epoMOHOM, UTO B JaJbHEHIIEM HCIOIb3yeTCs
APYTUMU MYpPaBbIMH. DTO M €CTh IIPOCTOM aJrOPUTM OJHOIO areHTa, KOTOpPHIA B
CyMME BCEX areHTOB KOJIOHWU ITO3BOJIAET HAXOANUTh KpaTYaulIui ITyTh WU U3MEHSATH
ero mpu OOHApPYKEHUU MPENATCTBUA. J[aHHYIO KOHLEMIMI0O MOXKHO YBUACTh Ha

pUCYHKE 2.

Pucynok 2 — IIpumep Hax0KI€HUS MypaBbsIMU HOBOTO ITYTH IPY MOSBICHUN

IMPCIIATCTBUA

PaccmoTpum ciydaii, Korga Ha IMyTH OT MypPaBEHMHUKA K UCTOYHUKY IHUILA
BCTPEUAETCsl pa3BWIIKa U MypaBed JOKEH CaMOCTOSITENIbHO BBIOpAaTh OAMH U3
IByx myteil. OauH W3 MyTel HaAaMHOTO JUIMHHEE, HO MypaBeW, HAXOAALIMNCA HA
pa3BUIIKE, HE UMEET 00 3TOM HHKAKOro IpeacTaBieHus. Uepe3 HEKOTOpoe BpeMs
OKa3bIBAETCA, YTO TaK HA3bIBAEMBIN «MypaBbUHBIN TpaduK» HaNpaBlieH UMEHHO
10 KOpOTKOMY TyTH [3].

B ompenenennom ciydae mepBbIid MypaBei, JOWIS 10 Pa3BHIKH, BRIOUPAECT

HGOHTHM&HBHBIﬁ, I[J'IPIHHBIﬁ IMyThb. MypaBeﬁ Ha IMyTHU CBOCTO CJIICAOBAHUA IIOMEYACT
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IPONACHHYIO JOPOrY, BBIIEINSAS BELIECTBO O] Ha3BaHUEM (pepomMoH. DepOoMOHBI
IOMOTal0T MYpPaBbIO HAWTH OOpaTHBIN IyThb, BBIIOJHSSA, TAKUM 00pa3oM, poJib
3apy0OOK, KOTOpPbIE OXOTHUK OCTaBJISIET HA AEPEBbX B jiecy. Crneayromuii MypaBeu,
JOWIA /0 pa3BWIKU JOpOr Ha IyTH JOMOM, YyBCTBYET 3amax (pepoMOHOB,
OCTaBJICHHBIX TIEPBBIM MypaBbeM. Yaie Bcero MypaBeil BbIOMpaeT MyTh, yxkKe
POWJIEHHBIN ero copoandyeM. Ho B MypaBbHHOW KOJIOHHWU €CTh OCOOH, KOTOPBIE
JNEHCTBYIOT IPOTHUBOIIOJIOKHO OOJBIIMHCTBY MPEIACTABUTENEH KOJIOHUHM, U
BBIOMpAIOT MyTh, HA KOTOPOM 3amax (epoMOHa SIBISETCS cliabee WM BOOOIIE
orcyrcrByer. He HCKIIOYEeHO, 4YTO TakoW MypaBed pelnTCs MOUTH IO
HEU3BEIaHHOMY IIyTH, KOTOpBIM  SBJISETCA  HENPEAIIOYTUTEIbHBIM  JUIA
OOJBIIMHCTBA MYpPaBBEB, U 3TOT MypaBel MOBEPHET Ty/1a, I/I€ paHEE €I1E HUKTO HE
XOOWI. Y cleayrouero Mypasbsi BbIOOp OyneT CIOXKHEe: CIel0oBaTh MO JJIMHHOU
JI0pore, Mo KOTOPO#l MPOCJIeIOBAIM YK€ MHOTHE, JTM00 BbIOPATh KOPOTKUM MYTh,
0 KOTOPOMY MpPOIIET TOJBKO OAWMH MypaBed M 3amax (epoMoHa SBISIETCS IMOKa
ele OTHOCHUTENIbHO clia0biM. Jlake eciim HOBBIM MypaBel CHOBa BbIOEpeT
TPAIUIIMOHHBIA MapuIpyT — 3TO HE OyIeT SBIAThCS MpoOiemoi. BeposTHOCTH
UCIIOJIb30BAaHUSl  QJIbTEPHATUBHOIO MYTH BCE PaBHO IOCTENEHHO Oyzder
YBEIMYMUBATHCSA, TaK KakK (PEpOMOHBI TOCTENEHHO HCHApSIOTCA, a MYypaBbH,
KOTOPBIE CIEAYET MO KOPOTKOMY MyTH, YCHIEBAIOT OOHOBISATH METKH HAa KOPOTKOM
nytu [5].

Kaxnprii MypaBeil, KOTOpbIiI BbIOMpaeT KOpPOTKMW IyTh Ha pa3BUIIKE,
IIOCTEIIEHHO IOBBIIIAET IIAHCHI, YTO II0 3TOMY KOPOTKOMY ITyTH IIOWIYT U €ro
nocnenoBarend. Takum oOpa3oM, MPOUCXOIUT cpaldaThIBAHME MEXaHU3Ma
MOJIOKUTEIbHOW OOpaTHOM CBSI3U, YTO B UTOT€ MPUBOJUT K TOMY, YTO OCHOBHOM
IIOTOK MYPaBbEB IIOCTENEHHO IEPEKIIIOYACTCA € UIMHHOTO IIyTH Ha KOPOTKHM.
Tpaguuuu MypaBbUHOM KOJIOHMHM, TakUM O0Opa3oM, JenaiT Omaroe Jeno,
COKpamiasi TEM CaMbIM PACCTOSIHUE OT JOMa J0 WCTOYHWKA NUIIU, & OTAEIIbHBIC

«HUCCIACOAOBATCIN», HC IIPHU3HAKOIHNC AOI'M KOJIOHHH, BBI6I/IpaIOIHI/Ie aopory, 1o
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KOTOpPOM HHUKTO HE XOJMT, JIMOO I0OMpAarOTCs A0 MCTOYHMKA MHILU JOJIbIIE
OCTaJIbHBIX MYPaBbeB, JINOO BOBCE OCTAIOTCS HH C ueM [5].

MypaBbUHBIM aIrOPUTM MOKHO MPEACTAaBUTh B BUJE ClEAyoIero Habopa
KOMAaHJI:

1. co3manue arcHTOB;

2. TIONCK TTOJAXO/ISIIIETO PEIICHUS;

3. u3MeHeHue HepoMoHa;

4. BCIIOMOTaTeIbHBIC ICUCTBUS (HE 005S3aTCIIBHO).

PaccMoTpuM Kax/plii U3 11aroB MopoOHee:

1. co3nanue areHToBs:

— Ha4YaJIbHOE PACMOJIOKEHHUE, T/I€ Pa3MEIIAeTCA areHT, 3aBUCUT OT HaYaJIbHBIX
YCIIOBUM W OTpaHMYCHUN 3aJa4d. ATEHThI MOTYT WJU ObITh B OJHOW TOYKE, WUJIU B
Pa3HBIX C TIOBTOPEHUSAMHU, WJIM B pa3HbIX 0€3 TOBTOPEHUM;

— TaKXKe YKa3bIBaeTCs NMEpPBOHAYAIBHOE 3HAUeHHE (epOMOHA, YTOOBI 3HAUCHUS
He OBLITN HYJICBBIMHU.

2. IOUCK MOJXOJIAIIETO PEIICHUS:

— BEPOSATHOCTH TOTO, YTO MPOM3OMAET MEPEeXo] W3 BEPIIMHBI 1 B j, MOXKHO

onpenesuTh o Gopmyie [12]:

rjae — YpOBEHb (PEPOMOHA;
— DBPUCTUUYECKOE PACCTOSIHUE;
0, } — KOHCTaHTHBIE MAPAMETPHI.
— ecu o = 0, c OosbIel BEpOSATHOCTHIO BhIOEpETCs OmKaiias BepIlinHa,
—eciu § = 0, BIOOp Oy/1eT OCHOBBIBATHCS JIUIITL HA (HEPOMOHE;
Heo6xoaum HaiiIeHHbIN 3KCIEPUMEHTAIBHBIM CIIOCOOOM KOMIIPOMHUCC MEKIY
STUMH JIBYMsI BETUUMHAMH.

3. u3MeHeHue hepoMoHa:
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— ypoBeHb (hepoMoHa u3mensieTcs o dpopmyie [12]:

€ — MHTEHCUBHOCTH UCIIAPEHUS,
— II€Ha TEKYIIEro peueHus k-ro MmypaBbs;

— I1apaMceTp, KOTOpLIﬁ HMCCT 3HAYUCHHUC IIOpAOKa ILCHBI OIITHUMAJIBHOI'O

pelenus;

—— — (QepoMoH, KOTOPBIA OTKIaAbIBaeTcss k-M MypaBbeM, KOTOPBIM

HCIIOJB3YeT pedpo.

4. BCIIOMOTaTENbHBIE JEUCTBUSA: B OCHOBHOM HCHOJB3YIOT aJITOPUTMBI
JIOKaJIbHOTO TOUCKA.

OKCTepuMEeHTHl U HAOMIOJIEHUST 3a MPHUPOJOHM >KUBBIX OPraHU3MOB YacTO
OPUBOJAT K HEOOBIYHBIM M HHTEPECHBIM TEXHUYECKUM pemeHusM. Tak
IPOU30IUIO U C TAKOM 00JIaCThIO UCCIEIOBAHUIN KaK «MapLIPyTH3aLUsS»: UMEHHO
MYypaBbUHBIN anropuT™ paboTel noackaszan yueHsiM ['mannu Ju Kapo (Gianni D1
Caro) um Mapko J[lopuro (Marco Dorigo) wumer co3maHus CHCTEMbI
MapuIpyTU3allii, OCHOBAaHHYIO Ha 0a3e MOOWIBHBIX areHtoB. JlaHHas cucTema
oObL1a onrcana B 1998 rogy B coBMectHol padote u Kapo u lopunro.

Coznanne cuUCTEMbl MOOMJIBHBIX areHToB ObUIO HE TMEpBOW IMOMBITKON
MCTIOJIb30BaHUsI MYPaBbMHOTO ajJropuTMa K 3amadaM mapuipytusanuu. Lloraepsepn
(Schoonderwoerd) u ero komtern B 1996-1997 romax Hauanum paccMaTpuBaTh
MapLIpyTU3aLMI0 KaK 00JIaCTh MCCIEIOBAHUN, IJISI KOTOPOHM MOXHO HPUMEHHTH
UJICI0 MypaBbUHOTO anroput™Ma. Mimu ObLT mpuayMaH MOIXOJ K YIPABJICHUIO CETHIO
npu nomoru mMypasseB (ABC — ant-based control). Dtot moaxos McHoab3yeTcs B
TeNeQOHHBIX CETAX MPU MAPIIPYTHU3AINH JAaHHBIX, W JaHHBIA MOJXO0J BO MHOTOM
OTIIMYAETCsl OT alropuTMa padboThl cuctembl, npuayManHoi Ju Kapo u dopunro.
Kpome Ttoro, yuenbie CyOpamanman (Subramanian), Yen (Chen) u [pymens

(Druschel) B 1997 roay npemioXuid HCIOJIb30BaTh CBOH aJrOPUTM, B OCHOBY
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KOTOPOTO JIETJI0 MOBEJCHHE MYPaBbUHOW KOJOHMM B MPUPOJE. DTOT aITOPUTM
paboThl ObUT MPUMEHEH K CETSIM C KOMMYyTallued MakeTOB M MPEJCTaBIsiI coOOM

pacmpenne ABC-anroputma, uaes koroporo npuHajiexana [lllonaepsepay.

2.1.2 Uness MOOMJIBHBIX areHTOB

Ilog nDporpaMMHBIM areHTOM B KOMIIBIOTEPHBIX HAyKaX IOHUMAETCS
IIporpaMma, KOTopasi BCTYHAeT B COCTOSIHHE IOCPEIHUYECTBA C IOJIb30BATEIIEM
WIM JpYrou neneBoil nmporpammoil. CiloBO «areHT» MPOUCXOJUT OT JATUHCKOIO
clioBa agere (nenaTb) U O3HAYAeT COIJIAIICHHUE BBINOJHATh KaKue-TO JAEHCTBUS OT
UMEHHU KOro-nmmoo. Takue «IeiCTBUS OT MMEHM» O3HAYAIOT MPABO PEIIATh, KaKue
neicTBUs (eciiu OHU TPEOYIOTCS) SABIIAIOTCS 11€J1eCO00pa3HbIMU ISl IPUMEHEHUS B
cucreme. OCHOBHass uJE€i COCTOUT B TOM, YTO ar€HTHl 3aIlyCKAalTCs HE
HEIMOCPEACTBEHHO JUIsl PELICHUS ONPENEIICHHOW 3aJaud, a aKTUBH3UPYIOTCA
CaMOCTOSITEJIBHO B KakKuWe-TO MOMEHTBl BpeMEHHM. B CBOIO ouepenb IOHATHE
«MOOWMJIbHBIE ar€HThD) MOJPa3yMEBAET areHTOB, CIHOCOOHBIX MEPEMECTHTH CBOE
BBITIOJTHEHUE HA JIPYTHUE MPOIECCOPHI JIJIsl MOCIICIYIONIETO BhITOTHEHUS TaM [6].

['maBHasi 0COOEHHOCTD, OTIAMYAIONIAsi MOOUIIbHBIE areHThl OT JIPYTUX THUIIOB
porpamm, — 3TO UX CIIOCOOHOCTh MEPEMEIATHCA MO CETH, MPUYEM MEePEMEILECHUE
MPOUCXOJUT MO MX COOCTBEHHOM MHMIMATHBE. [lo ATO¥M mpuymHE CcleayeT, 4To
MOOMJIBHBIMU areHTaMy HeJlb3s CUUTaTh HU clieHapuu B coctae HTML-cTpanui,
HU alllIeThl, U JIaXKe CepHuaau3yeMble OObEKTbI, JOIYyCKAOIIUE KOMUPOBAHUE T10
CeTH, HE MOTYT Ha3bIBaThCs MOOWJIBbHBIMM areHTamu. Ha ompeneneHHOM 3tare
CBOETO BBIMOJHEHUS AareHT NpPUHUMAET peuieHue, 4YTo Ui Hero Oyner
1eJeCO00pa3HbIM CMEHHUTh «MECTO JKUTENbCTBa». JJii 3TOro MOOWJIBHBIA areHt
MHULIMUPYET CBOE MEPEMEILICHNE, U HA Y3JI€ HA3HAYEHHUS areHT MPOJOJIKAET CBOIO
paboTy B TOM K€ COCTOSIHUM, B KOTOPOM OH HaxXOJWiCs TNepel HadajaoM

nepemertenus [7].
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JUisg co3naHus MOOWIIBHBIX areHTOB MOJAXOAAT SA3BIK IPOIPaMMHUPOBAHMI,
o0ecreunBalIIMe  peajbHyl0 INEpeHOoCuMOocTh  Kkoxaa. IIpeampuHumanoch
MHO>KECTBO THOIBITOK 10 pealn3alui MOOMIBHBIX ar€HTOB HA HHTEPIPETHPYEMBIX
A3bIKaX, B YAaCTHOCTU Ha s3blke Tcl, HO damie BCEro MNOMNBITKH pPealn30BaTh
MOOWJIBHBINA areHT JENaloTCs ¢ MOMOIIBIO s3bIka Java. Ho kakum Obl ylauHbIM HE
Obul BBIOOp S3bIKA peanu3allMi areHTa, Kakue Obl XOpOIIHe pEelIeHUs He
IpeapUHUMall pa3paboTYUK, MOOUJIBHBIN areHT He OyAeT paboTaTh Ha TOM Y3I€,
I7Ie HE OCYIIECTBISIETCS ero mojaepxkka. MHaye Obl BCA ceTh OYEHb CKOpPO ObLIa
Obl HaBOJHEHAa BHpPYCAMM, CO3JaHHBIMU 10 TakoMy npuHuuny. [lepememnienue
MOOWJIBHOTO areHTra BO3MOXKHO JIMIIb HAa TO YCTPOWCTBO, TIJ€ €CTh BCA
HeoOxoaumas MH(pacTpyKTypa ISl MOAJIEPKKM areHTOB JAHHOTO KOHKPETHOIO
TUIA, KOTOpas MHOT/A MOXKET OBbITh peajn30BaHa 4epe3 JOCTATOUYHO CIIOXKHBIE
nporpammsi [7].

Ha cerognsimHuii geHp A8 MaplIpyTH3alUMyd MAKeTOB IO CETH YacTo
UCITIOJIB3YETCsl MPOTOKOJI IMHAMHYECKOW MapIIpyTU3alUN IO COCTOSIHUIO KaHAJIOB
— mpotokon OSPF. MoXHO MpeAnonoXuTh, YTO BMECTO Pa3padOTKH HOBOTO
MPOTOKOJAa MOXKHO MOJEPHU3UPOBaTh cymecTByromuii mnpotokon OSPF. Ho
npoOjemMa B TOM, YTO HANMCAHHWE JIJII HEro MOOWJIBHOTO areHTa 0e3 Cepbe3HbIX
W3MEHEHUM ero aJropuTMOB pabOThI ABISIETCS OUYE€HB CIOKHOM 3amaueit. Bee nemno
B TOM, YTO B CBOMX TaOJMLax, COAEpKaluX HMH(GOPMAILMIO O TOMOJOTHH CETH,
OSPF He comepxxuT mHpOpMaAIuu 00 albTEPHATUBHBIX MapIIpyTax, YTO JeliaeT
OTIIPaBKY MOOWJIBHBIX areHTOB C LIEJBI0 UCCIIEIOBaHUS CETH U cOopa CiryXeOHO

nH(dOpMaIUK 3a1a4eii TPy AHOPEATHU3YEMOM.
2.2 TIpoTokoa
Knaccuuecknit mpotokon ANntNet — 3To aganTuBHBIA, pacnpereIeHHBIHN

QIrOpUTM MapuipyTuzanuu. OneMeHThl AntNet, BKJIIOYAIOT HENPEMEHHbBIN

aTpuOyT J1000ro MapHIpyTHU3aTOpa — TaOJIMIly MaplIpyTH3aLUH.
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[Ipouenypa noucka kparyaimux myted B anropurme AntNet ncnomns3yer Te
K€ TIPUHITUIIBI, YTO U KOJIOHUSI MypaBhEeB IMPHU MOMCKE NMuii. MypaBeil Ha cBoeM
MyTH OCTaBJISIET Clie U3 aKTHUBHBIX BellecTB — (epoMOHOB. DepOMOHOBBIN cien
BO BHEIIIHEW Cpejie CYIIECTBYET HEKOTOPOE BpeMs, U MYypaBbH, KOTOpbIe OyAyT
UATH CJeIoM, C Oonbliell BEpOATHOCTHIO MPEANOYTYT TO HAaMpaBjieHHE, IO
KOTOPOMY /10 HUX IPOLUIN APYTUE MypaBbU. DTa BEPOATHOCTh OyeT TeM OOJIbIIIE,
yeMm OoJiblllee KOJIMYECTBO MYpPaBbEB MPOILIO MO 3ToMy MyTH. Takum oOpaszom,
yepe3 HEKOTOpoe BpeMsi Ooubllias 4acTh MYypaBbeB OYJET HMCHOJB30BATh OMH,
HanOoJee OJIM3KUNA K ONITUMAIILHOMY, MapIIPYT.

Pons mypaBreB B mporokosie ANtNet BBIMONHAIOT aKTUBHBIE AareHTHI.
AKTHUBHBII areHT — 3TO CHEUUaIbHbIA MAKET, KOTOPBIM HECET ¢ CO00I CTaTUCTUKY
O COCTOSTHUU TIPOUJIEHHBIX CETEBBIX KaHAJOB. TaKMMHU MaKeTaMU MOTYT SIBJISTHCS
naketbl, HazbiBaeMble ANT_INIT. ITakerst ANT_INIT coOupator Bo BHyTpeHHUN
CTEK CTaTUCTUKY O COCTOSIHUU ceTU. OHU HE U3MEHSIOT TaOJIMIIbl MaPIIPyTH3ALUU.
[Tpu npoxoxaenun mapupytuzatopos, naketsl ANT_INIT ucneitbiBatoT TE %€
3aJIepKKM, 4YTO U OOBIKHOBEHHBIE NAKEThl NAaHHBIX, MMOATOMY COOpaHHas HMHU
uHpopMalus B OOJIbIIEH Mepe COOTBETCTBYET I€HCTBUTEIHLHOMY COCTOSIHUIO CETH.
Kaxnaplii  Mapmpytuzarop, peanusyrouuid mnpotokon AntNet, ¢ 3amanHoi
nepuoandHocThio pacchiiaeT nmaketsl ANT _INIT B pasnuunsie y3mbl ceTu, TeM
CaMBbIM OTCJIE)KMBAs €€ COCTOSHUE.

PaGora mnpenmonaraemMoro poyrepa Morjia Obl  OBITH IpeACTaBIEHA
cienyomuM oopazoM. Ha HaganbHOM 3Tane paboThl IPOUCXOAUT MHULIMATU3AIUS
CeTH, W BCE Y3/bl CETH HACTPaMBAIOT CBOM TaOJMIBI MaplIpyTH3ALUU C
UCITI0JIb30BAaHUEM MPOTOKOJIa poeBoro unremuiekra AntNet. 3arem mapupyruzatop
IpUCTYNAeT K Havaly Iepeaadn Moyie3Hbx JaHHbIX — |P-akeros. Tlocie Toro, kak
taiimep BpeMeHu pacchUiku makeToB ANT_INIT oOGuymuTcs, MapupyTusatop
cozgaer cooOmenue «ANT_INITy», Tak Ha3bpIBaeMOro «MypaBbsi», KOTOPbIN
UCTIONB3YETCsl B MPOTOKOJe aist onpeaenacaus RTT maprpyra (round-trip time).

RTT siBnsieTcs KIIOYEBBIM TapaMETPOM B OIPEAEIIEHUH ONTUMAIBLHOTO MapIIpyTa.
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[Tocne paccouiku coobmeHuit ANT _INIT mapmpyruzaTop npoaoikaer nepeaady
noJie3HbIxX |P-makeToB mo ucxogHoMy MapHipyTy, KOTOPbIN ObLIT yCTAHOBIIEH paHee
B TaOJUIIE MapIIPyTH3AIIH.

ANT _INIT paccrinaercs mo Bcem untepdeiicam MapiipyTru3aTopa, TO €CThb ¢
MOMOINIBIO IIMPOKOBEIIATENbHON mepenaun. llaker Oyaer criemoBaTh 10 y3ia
HAa3HAUYCHUS HE BCETJa ONTUMAIBHBIMH ITYTSMH, HO Y3JIbI CETH, KOTOpPBIE HE
oxkuaaroT npuxonaa ganHoro coobmieHus ANT _INIT, 6yayT nmpocto oTOpackiBaTh
takoil maker. K y3maMm, ortOpackiBatonuMm omnpeneneHusid naket ANT _INIT,
OTHOCSTCA y3J1bl, KOTOPBIE YK€ MOJIyYalld JaHHBIA MakeT. IT0 OyneT BO3MOXHO B
BUy Toro, yro B mporecce mytemectBuss B ANT_INIT dbopmupyercs ocoObiii
CTEK, T1ie (puKcupyeTcs HHPOPMAIHs O TIOCCIICHHBIX y3JIaX.

Hoiing no konewHoro yszna, maker ANT_INIT mponemaer Bech myTh B
oOpaTHOM mopsiAKe MO mpoieHHoMy paHee Mapumpyty. Tax xkak ANT_INIT
XPAaHHUT B CBOEM CTEKE MPONACHHBIC Y3JIbI, TO y3JIbl, HA KOTOPBIX OH HE OBLI, OyayT
MPOCTO OTOPACHIBATh TAKUE TTAKETHI.

Ucxonubii  mapumpytuzatop, goxkaaBmuck  ANT_INIT, momywaer
HE0OX0MMMYI0 MH(OPMAIIMIO O BPEMEHH MPOXOXKACHHUS Mapipyra. Mmeroniuecs
JAaHHBIC MOYKHO MHTEPIIPETUPOBATHh KaK PEATbHYIO METPHUKY MTyTH, YUUTHIBAIOIIYIO
TEKYIIyl0 KOHQUTYypaluio W 3arpy3ky cetd. CBeleHWs, TOCTYNUBIINE OT
pasmuunbix maketoB ANT _INIT, mo3BoisioT AOCTaTOYHO TOYHO CPABHUTH
CTOMMOCTh TMPOXOXACHHUS TaKeTa 1O Pa3HbIM MaplipyTaM H, COOTBETCTBEHHO,
ONITUMH3UPOBATH TAOIUILY MapIIPyTU3AIUH.

[IpuHuMn ompeneneHus MapuipyToB, INpuMeHsemblii B cucrteme AntNet,
oOecrieynBaeT JBIKECHHWE ITAKETOB IO Pa3IMYHBIM HAMPABICHUSIM C YYETOM
peanbHOM 3arpy3ku JInHUHA. JlaHHBI anroput™ (YHKIIMOHUPOBAHUS TPOTOKOJIA
AntNet mopoxmaer ompeaeacHHbIE TPYIHOCTH, TaK KaK CIEIyeT YYHTHIBATH
pe3Koe YBEIUYCHUE HAKJIAIHBIX PACXOJI0B, CBA3AHHBIX CO COOPOM HMH(POPMAIIUH O
cetu. Tak ke yBeNIMUMBAEeTCSI U O0BEM JAHHBIX O MapIIpyTaX — BeIb MaKeT

ANT _INIT nBwxkercs k y3i1y Ha3Ha4eHHs HE BCerja mo Kparyaimemy mytd. Ho
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HECMOTpPsST Ha MHOTOKpPAaTHOE TIOBBIIIEHHE HAKIAJHBIX pPACXOJO0B, JIaHHBIE,
nepenaBaeMbie AntNet, 3aHUMAIOT MaJTyl0 YacTh MPOITYCKHON CIIOCOOHOCTH JIMHHIA
CBSI3U, B OCOOCHHOCTH €CJIHM Y4YECTh MOJIOKUTEIBHBIA 3PPEKT OT UCHOIB30BAHUS

IPOTOKOJIA.
2.3 I'pa¢ padoThl NpoTOKOIa
I'padp paboTel NpPOTOKOJIA MapHIPYTU3AlMM, OCHOBAaHHOI'O Ha POEBOM

HHTCIJICKTC — IIPOTOKOJIA AntNet — MoxeT OBITH MNpCaAcCTaBJICH CICAYIOIINM

00pa3om (pUcyHOK 3).

OxunpaHne

O6OHoBRNeHne TabnuLbl
MapLUpyTOB

CospaHue
MypaBbs

He onTtumanbHbI
MapLipyT

OTnpaBka MypaBbsi
He y3en
Monyyenune
MypaBbsi

HasHa4YeHus
Y3en HasHa4vyeHusa

MepecTtpoeHue

HanpeH
onTUMarnbHbIn
MapLupyT

Bbluncnenve RTT

Pucynox 3 — I'pad pabotsr mpoTokosa AntNet

PaGota mporokona HaumHaeTcs B COCTOSHUM «OXumaHue», TO €CTh B
COCTOSIHUM OXuAaHusi coObiTuil. B cocrosHum «OxugaHue» MPOTOKOJI MOMKET

HaXOAHUTbLCA OCCKOHEUHO JOJITO.
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[locne HEKOTOPBIX BHEUIHUX BO3JACHCTBUNA MPOTOKOJ TMEPEXOAUT B
cocrosinue «Co3ganue MypaBbs». [log BHEMIHUM BO3JEHCTBUEM MOHUMAETCS
oonynenne Taiimepa otmpaBku maketa ANT_INIT. B manmHOM cocrosHumn
npotokos TeHepupyer maker ANT_INIT, mocime dero mpoTokon MEepexoauT B
cocrosinue «OTrpaBka MypaBbsi» U pou3BoaUT paccbuiky nmaketoB ANT_INIT mo
BceM uHTep(eticam y3na. Ilocne pacceimku Becex maketoB ANT_INIT mporokon
BO3BpamaeTcs B HadainbHOoe coctosiHue «Oxumanue». Ilaketsr ANT _INIT
pacchuiatoTes o ceTH, 3amepsist napamerp RTT. Tlociie momydeHust Kaxxaoro pasee
ornpaBieHHoro makera ANT_INIT, mnporokon mnepexoIuT B COCTOSHUE
«Ilomyyenue MypaBbs», TMOCIE YEro MPOUCXOJIUT OIpeAeIeHUe, IOCTUT JIH
MOJTyYEHHBIN MaKeT y3Jia Ha3HaueHus. Ecu makeT He JOCTUT y37ia Ha3HAYeHHUSI, TO
MPOUCXOIUT TIEPEeXo B cocTosgHne «OTnpaBka MypaBbsi», MOCIE YEro MPOTOKOI
BO3Bpamiaercsa B coctosHue «Oxumanue». Ecnm makeT AOCTUT ILENEBOTO y3ia
Ha3HAYEHHUs, TO MPOTOKOJI MepexoauT B cocrosiHue «Bwruucinenne RTT», B
kotopoMm mpoucxoaut noacdeT RTT makera ANT _INIT ¢ mpoaenanHoro panee
Mapuipyta. B ciydae eciu ONTUMaJbHOTO Mapuipyta He OBLJIO BBISIBJIICHO,
MPOTOKOJ BO3Bparmiaercss B coctosiHue «Oxumanuey. Eciam ke onTUManbHBINA
MapuipyT ObUT HaiIeH, TO MPOTOKOJ NepexoauT B coctosinue «llepecrpoenue». B
3TOM COCTOSIHUM TIPOMCXOAMT M3MEHEHHE CyIIeCTBYIoIel uHdopManuu o
MapuipyTax, BBIOMpAIOTCS HauOoJee ONTUMAIbHBIE MapIIPYThl CIICTOBAHUS.
[locne mpotokon  mepexoauT B cocTosiHue  «OOHOBJIEHHE — TaOJIMIIBI
MapHipyTH3aluu» U OOHOBISIET TAOIUIYy MapIIPyTH3AIMHU, TTOCIE YEr0 MapuipyT
M0 YMOJTYAHHUIO JI0 LEJIEBOTO y3JIa MEHSETCs, MMAKEThl HAYMHAIOT TIEPEIaBaThCs 110
ONTUMAJIBHOMY MAapIIpyTy, a MPOTOKOJ BO3BpaIlaeTCs B HAaYalIbHOE COCTOSHHE
«Oxunanue». Takum o0pa3oM, B 3aBHCUMOCTH OT TOTO Kak OYyJIeT MEHSThCS

3arpy3ka ceTu OyJeT MEHSAThCA U TaOJIHIa MAPUIPYTU3ALIIH.
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3 Peaauzanua AntNet

3.1 O630p cpeabt OMNeT++

OMNeT++ — »3T0 pacmupseMbiii, MOAYJIbHBIA (PEHMBOPK, Ha OCHOBE
KOMIOHEHTOB Oubmotekn C++, HUCMONB3yeMBbI ISl MOCTPOCHHSI MOJENEH CETH,
MPEACTABIICT COOOM CHUMYJISTOp IUCKpPETHhIX coObiTuil. B cucreme OMNeT—++
3QJI0KEHA JIeTAJIbHAs peanu3anus I[POTOKOJIOB, HAayWMHAas OT CETEBOr0 YpPOBHS,
BO3MOXKHOCTh HANMCaHUS W TOAKIIOYEHHUS COOCTBEHHBIX MOJYJIEH, pa3BUTHINA
rpaduueckuit untepdeiic [8].

N3MeHeHne COCTOSIHUS MOJEIUPYEMOUW CUCTEMBI IPOUCXOIUT B JUCKPETHBIE
MOMEHTBl ~BpEMEHH MO0 chnucky Oyaymmx coOwsituii  (future  eventlist),
OTCOPTHUPOBAHHBIX 1O BpeMeHU. CoOBITHEM MOXET ObITh: HayaJlo NEpelavn MaKeTa,
TaliM-ayT U T. . COOBITHS MPOUCXOJAT HA OCHOBE BBIIIOJIHEHHUS MPOCTHIX MOJYJIEH
(simple module). ¥ Takoro moayns ectb (GYHKIMH WHUIIMAIU3ALWAUA, 00paOOTKU
COOOIIEHUsI, TEUCTBUS U 3aBeplIeHUs paboThI [§].

Cucrema INET Framework — 310 KOMIIJIEeKT MOyl ¢ OTKPBITBIM UCXOIHBIM
KOJIOM, MTO3BOJIIFOIIUX PEATMCTUYHO MOAEIUPOBATH y3JIbl U MPOTOKOJBI MPOBOJHBIX
u OecripoBOAHBIX ceTei. OH BKIIIOYAET MOJEIH Pa3IuYHbIX MPOTOKOJIOB MHTEepHeTa:
IP, IPv6, TCP, UDP, 802.11, Ethernet, PPP, MPLS ¢ LDP u RSVP-TE signalling,
OSPF Bepcuu 2 u psg apyrux. B KOMIIIEKT TakKe BXOJAT PA3IUYHbBIC PEATTUCTUYHBIE
MPUMEPHI UCIIOJIB30BAHUS ITUX MPOTOKOJIOB [8].

Hawussiciuit ypoBenb adbctpakiuu B moaenupoBanuu [P B INET Framework —
3TO ceThb, cocrosimas u3 I[P-y3moB. ¥Y3enm MoxeT ObIThb MapUIpyTHU3aTOPOM HIIU
xocTtoMm. IP-y3en oTBedaeT KOMIIBIOTEPHOMY IIPEACTABICHHUIO CTEKAa NPOTOKOJIOB
HNurtepuera. Moaynu, u3 KOTOPBIX OH COCTOUT, OPraHU30BaHbI TaK, KaK MPOUCXOJAUT
oOpaboTka IP-melitarpaMMbl B omepalmoHHbIX cucTeMax. O0s3aTeIbHBIM SIBISETCS

MOJ1yJIb, OTBEUAIOIINI 32 CETEBOUM ypoBeHb (peanuzyromuil 0opadotky IP) u mogyns
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“cereBoi mHTepdeic”. JOMONMHUTEIBHO TMOJIKIIOYAIOTCS MOIYJH, PEATU3YIOIINE
MIPOTOKOJIBI TPAHCTIOPTHOTO YPOBHA [8].

[Tomumo w™omynst INET, mnmgs OMNeT++ cymectByer emie HECKOIbKO
MOJyJIel, KOTOpble He OYyJyT MCIOJb30BaHbl B JAHHOW paboTe, Tak Kak B 3TOM HET
HeoOxoauMmocTu. HanMeHnoBaHue ATUX MOYJIEH:

— MIXIN — sBusercs ¢peiimBopkom OMNeT++. MiXiM co3gan mis
MOJICIUPOBAHUSI MOOUJIBHBIX M OECHpPOBOAHBIX ceTeil (OeCHpOBOIHBIX CEHCOPHBIX
ceTel, y3KOCHEeIMaIn3uPOBAHHBIX CETEH, aBTOMOOWJIBHBIX ceTedl u T.1.). MiXiM
KOHIIEHTPUPYETCS Ha HIDKHHUX YPOBHSX CTE€Ka MPOTOKOJIOB, a TaKXKe MpeJjiaraer
JIeTallbHbIE MOJIEJIM PACHPOCTPAHEHUSI PAJUOBOJH, OLEHKU IMOMEX, BCTPOEHHBII
paauonepeaaTuuK SHEPronoTpedaeHneM u 6ecnpoBoHbIX MpoTokonoB MAC [9];

— Castalia — sBasercs cUMyISTOPOM pabOThI OECHPOBOIHBIX CEHCOPHBIX
cereir (Wireless Sensor Network, WSN), cereit BAN (Body Area Networks) u B

LIEJIOM CETEN MAJIOMOIIIHBIX BCTPAMBAEMBIX YCTPOMCTB [9].

3.2 OMNeT++ moaean

TecroBasgs cerp Oblla NOCTPOEHA C HCIOJIB30BAHMEM HMHCTPYMEHTA
MOCTPOCHUA U MozenupoBaHus padbotel cerei OMNeT++. Jlns mnpoBepku
paboTOCIOCOOHOCTH  MPOTOKOJA POEBOIO  HMHTEIJIEKTa Oblla  IOCTpPOEHa

cdieayromasa MoacCib CCTH, IMTPCACTABJICHHAA HA PUCYHKC 4,
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—— Channel

hub host[h]

@ l AntNet_Network

configurator

R1

Pucynok 4 — Moaensb cetu, nocrpoenHast B OMNeT++

Cerp mpeactaBisieT CcOOOM  TOMOJOTHIO, COCTOSIIIYIO W3 8 el

MaplIpyTHU3aTOpoB. MapuipyTHU3aToOpbl CETH UMEIOT Ha3BaHUs «R*», — rie cumBoi

* — HoMmep MapmpyTtuszaropa. Tak ke,

B CETH MPUCYTCTBYIOT Y3JIbl,
MPEACTaBIAIONIME COOOM TreHepaTopbl TpaduKa — 3TO BHYTPEHHHE JIOKAIbHBIC

cetd. BHyTpeHHHe noKalbHbIE ceTH UMEIOT oOo3HaueHue «N*», — rme cumBon *
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TaK ke MpeJICTaBIIsIeT cO00M HOMEp y37ia B MOJIYyYeHHOU ceTH. Takux y3/0B B CeTU
npenactasieHo 6 ef. JlaHHbie Y37kl HEOOXOAUMBI JIJIsl CO3/IaHus Tpaduka, KOTOPbIH
Oyner mnepenaBaTbcsa 1O ceTd. HekoTopele y3ibl cO3AaHbl JJIA  CO3AAHUS
napa3uTHON HArpy3Kd, 4TOO MPOJIEMOHCTPUPOBATH AJITOPUTM IEPECTPOCHUS Ha
ONTUMAaJbHBIA MapUIPYT Mepe/lauu JaHHBIX, 3a710KeHHBIN B ipoTokos AntNet.
BryTpennue nokanpHbie ceTH (0Oo3HaueHue Ha pucyHke «N*») mmerot

CBOIO COOCTBEHHYIO TOIOJIOTHIO CETH (PUCYHOK 5).

3@) AntNet_Lan

—Nw—\‘y
hub  host(h]

Pucynok 5 — Tononorust BHyTPEHHUX JIOKAJIIBHBIX CETEN

JlaHHast TOIOJOTUS COCTOMT Hu3 cereBoro kommyrtaropa (hub) u wu3
HekoTtoporo kojuuectBa xoctoB (host[h]), koTopbie cOoemUHEHBI C CETEBBIM
KOMMYTaTOpOM KaHaJIamu CBsi3u. KosimuecTBo XOCTOB po3Huna ot 1 10 2 ex.

Tak e, B TONOJIOTMM MPEIACTaBICHHOM CETH IPHUCYTCTBYET JJIEMCHT C
Ha3BaHueM «configurator», KOTOpBIN pacroyiaracTcss B MPaBOM BEPXHEMY YTy
cetn. B OMNeT++ nanusiii Mmoayns umeet HasBanue |IPv4NetworkConfigurator.
DTOT MOAYJIBHEOOXOJMM JUISl BBIAAYM MapIIPyTH3aTOpaM OCHOBHBIX HACTPOCK,
HEOOXOIUMBIX JUIS pabOThl B CETAX, MojaiepkuBaromux TexHosoruto TCP/IP.
OcHOBHBIMU HacTpoiikamu, BbiaBaeMmbie Monyiem |Pv4NetworkConfigurator,
spisitores IP-aapeca y3nos Bepcuu IPV4, a Tak ke IP-anpeca kaxaoro untepderica

y3Ia.
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B xone pabotel cetn Oyzner NpoaeMOHCTPUPOBAHA WHULMAIMU3ALMS CETH U
INOUCK ONTHUMAJIBHOTO MaplIpyTa Uil IMepelayd IMakeToB OT OAHOI0 y3ja [0
IpyTroro.

OnucaHHasi BbIIIE TOMOJOIMS CETH ObUIa MOCTPOEHA C LEIbI0 MPOBEPKH
paboThl AJITOPUTMOB IMOMCKA ONTHUMAJIBHOrO Mapupyta npotokosom AntNet u
NOCJIEAYIOIIUM [EPECTPOCHUEM Ha ONTHUMAJBHBIA MapUIpyT Nepefadyd JaHHBIX B

CCTU.

3.3 AJIropuT™M MPOTOKOJIA

3.3.1 Aaropurm padorsl nporokosa AntNet

PaboTy mpoTokoyia poeBOro HMHTEIUIEKTa MOKHO YCJIOBHO pa3OWTh Ha JIBa

OCHOBHBIX 3Tara:
1. uHUIMAaNu3aIus CEeTH;
2. TIoAJepKaHUE ONITUMAJIEHBIX MapIIPYTOB;
3. obpaboTka cOoeB.

Oran «MHUIuanu3anuss ceTu» MNOAPA3YMEBAECT HAYAJIbHYI) HACTPOWKY CETH
npu ee 3amycke. Ilpu 3amycke ceTdu HEOOXOAUMO TOCTPOUTH HAYAIBHYIO
MapuIpyTH3alHUI0 JJIsI BO3MOXKHOCTH IE€peayd JaHHbIX MO0 ceTtu. s 3Toro
HEOOXOAMMO, YTOOBI Ka)Abld MapLIPyTU3aTOpP MOJY4YWJ HayaldbHbIE CBEIEHUS O
COCTOSSHUM CE€TH, WU HAa OCHOBE OJOTHUX JAHHBIX T[IOCTPOWUI CBOIO TaOIUILy
MapHIpyTH3AIUH.

Crnenyromum 3TarnoM padoThl TPOTOKOIA POEBOr0 MHTEIJIEKTA SIBIISETCS dTall,
ycioBHO Ha3BaHHbIM «llomnepxkaHue onTHUMaibHBIX MapuipyToB». OCHOBHas uies
JAHHOTO JTama paboThl 3aKioyaeTcs B TOM, B Ipolecce pabdoThl U
(GYHKUMOHUPOBAHUS CETH 3arpy3ka KaHajoB CBSI3U OyleT MEHSThCS, BCIEICTBUE
Yero rmnepefada JaHHBIX Yepe3 TaKhe KaHalbl CBSI3U MOXET OBITh HE CaMoOW

OHTHMaHBHOﬁ, TaK KaK ITOJIC3HBIC ITAKCThlI JaHHBIX 6y,HYT BCTaBaTb B OUYCPCIb Ha

27



nepegady, TEM caMblM OHM M caMu OYyJOyT TOJIBKO YBEIMYMBATh 3Ty OYEPE]lb
nepenaun. Iloaromy naHHBIM 3Tan pabOTBl CETM HEOOXOAUM s MOJJAEPKAHUSA
nepenaun Tpaduka CeTH MO ONTHUMAJIBHBIM MapuipyTam cBsi3u. [lo cyTH, NaHHBIH
JTalm peajn3yeT MeETOoJ| OaJaHCUPOBKM HAarpy3kd, OCHOBHas HJEs KOTOPOIo
3aKJIFOYAETCSl B PACHPEICIICHUN 3alaHUi MEXAY CETEBBIMHM YCTPOHCTBAMH C LIEIIBIO
ONTHUMM3ALUMN HCIOIb30BAHUS PECYPCOB, COKpPAIIECHHUS BPEMEHU OOCITY>KHMBaHUS
3aIllpOCOB, a TAK)KE 00ECIEUeHNs 0TKAa30yCTONUNBOCTH (PE3EPBUPOBAHUS).

Orar, Ha3piBaeMblil «O0paboTKa cOOEB» SIBISETCS HE MEHEE BaXKHBIM B XOJE
(YHKIIMOHUPOBAHUU TNPOTOKOJIA POEBOTO0 MHTEIUIEKTa, YEM M MPEAbIAYLIUE HTallbl
paboThl MpOTOKOIA. JJaHHBINM 3Tall OPUEHTHPOBAH Ha Cilydaild, Korja B paboTe ceTH
IIPOUCXOANUT cOOl B paboTe M KaKOM-TO W3 Y3JIOB BBIXOJUT U3 CTPOS, BCIEICTBHE
4Yero KaHaJl MepeAadr JAaHHBIX TOXKE BBIXOAUT U3 CTPOSl M JIOTMYECKas TOINOJIOTHUS
CeTH pylHUTCA. B TakoMm cilydae JIOTMYECKYIO TOIOJIOTHIO CETH HEOOXOAMMO
nepecTpanBaTh, YTOOBI NIEpeIaua JaHHBIX MO CETH MOTJia U JIaJblIe MPOUCXOIUTh 0e3

IMOTCPH IT0JIC3HBIX ITAKCTOB.

3.3.2 Uuuuuaan3anus ceTn

Anroput™m pabOThl MPOTOKOJIA HA 3TAale WHULMAIU3ALUA CETH MOXKET ObITh
IIPEJICTABIIEH B BUJIE CIAEAYIOLIETO AITOPUTMA:

— aJIMUHUCTPATOpP CETU BPYYHYIO MPOU3BOJUT BBHIOOP KOPHEBOTO (TJIABHOTO)
MapIIpyTU3aTopa B ceTu. BrIOOp JaHHOTO MapuIpyTH3aTopa HEOOXOIUM BBHUY TOTO,
4TO ¢ Hero Oynet HaunHaThes pacchutka maketoB ANT _INIT;

— 3arTeM, TaK KakK TaOJMIbl MapLIpyTU3alMd POYTEPOB MYyCThbIE, pOyTepam
HEOOXOJMMO YCTaHOBUTH HayalIbHbIE CBSI3U C COCEIHHMMHU Mapuipytuzaropamu. s
ATOTO KaXKIbli MapLIpyTHU3aTOP MPOU3BOAMUT IIUPOKOBEUIATENIBHYIO PACCBUIKY IO
BceM wuHTepdeiicam maketa ANT_HELLO. IlpeaBaputenbHo, mepea OTIPABKOM

naketa ANT_HELLO, xaxnapiii wmapmipyTu3aTop TOMEYaeT BpeMsl OTIPaBKH
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KQ)KJIOTO U3 MAaKETOB, JJIsl JAIbHEUIIIErO BHIYUCIICHHUS] BPEMEHN HaXO0XACHUS MaKkeTa B
nyTH,

— 1eneBble MapmipyTtusatopsl, noiaydas nmaker ANT_HELLO, cuuthiBator,
OTKyJa ObUI MOJIydeH JaHHBIM mMakeT (C Kakoro uHTepdeiica MapmipyTuzaropa),
3aT€M MPOMU3BOJAT YHHUYTOXEHHE JIaHHOIO IMAKeTa U CO3JaHUE €ro 3epKaJbHOU
KOIMW, OTHPABIISISI KOMHUIO IO TOMY XK€ HHTep(deicy, Mo KOTOpOMy H OBLIO
MPOU3BEJCHO MOJTYyYEHUE JAaHHOTO MaKeTa;

—  MapupyTH3aTop, MOJy4das 3€pKAJbHYI0 KONHWIO CBOEro  IaKeTa
ANT_HELLO, dpukcupyet Bpemsi €ro moxy4eHusi, KOTopoe CpaBHUBAET CO BPEMEHEM
OTIIPABKH, MOJIyYeHHAs! Pa3HOCTh ITUX JBYX BPEMEH U OTPaKaeT BPEMs HAXO0XKICHUS
nakera B nytu (mapamerp RTT). RTT xpanutcs B oraenpHoOi Tadimie, a RTT
COCEIIHUX MapIIpPyTHU3aTOPOB HE yAAISAETCS W3 TaOJIUIBI JO TOTO MOMEHTA, IOKa
MEXIY YCTPOICTBAMHU CYIIECTBYET KaHaJ JOTMUYECKOM CBSI3M JUISl MIEpeAadyn CETEBBIX
nanubiX. [locne Beruncinenus RTT nis kaxaoro Mapuipyta OpoucXoauT 0OHOBJICHUE
TaONMMIBl ~ MapHIpyTH3allMd  poOyTepa, W  BCE  MApHIPYThl O  COCETHUX
MapIIpyTHU3aTOPOB 3alMCHIBAIOTCS B TaOIMIly MapupyTtuszaiuu poyrepa. Ilocne
ONMMCAHHBIX MAHUIYJSIIIUN HAYMHACTCS CJCAYIOMUNA d3Tam padoThl MPOTOKOJA
pPOEBOr0 UHTEIJIEKTA,;

— KOPHEBOW MapHIpyTH3aTOp NPOU3BOAUT IIMPOKOBEIIATEIBHYIO PACCHUIKY
naketoB ANT_INIT o Bcem unTepdeiicam, Gpukcupysi mpu 3ToM BpeMsi OTIPABKU
Kaxaoro nakera. Kaxnaplid U3 OTIPABICHHBIX ITAKETOB MUMEET CBOM YHUKAJIbHBIN
UACHTU(DUKATOP, KOTOPBIM HEOOXOMMM HJii TOTO, YTOO MAapIIpyTHU3aTOpP MOT
pa3nuvaTh OTIPABICHHBIC TAKETHI;

— cocenu, nonydas naker ANT_INIT, cuurtbiBaroT, oTKyna ObLI MOMy4YeH
JMaHHBIM MakeT (C Kakoro wuHTepdelca MapmipyTH3aTopa), 3aTeM MPOU3BOIST
YHUYTOXXEHUE JTAHHOTO MAaKeTa M CO3/JaHHE €ro 3epKaJbHOW KOMHWM, WIM MaKeTa
ANT_ECHO, otnpapnisisi konuio 1mo ToMy e UHTepdeicy, o KOTOPOMY U OBLIO
MPOU3BEACHO TOJIyYEHUE J[JAHHOrO IMakera. B TO ke Bpems, MapuipyTH3aTop,

nonyuuBiri maker ANT_INIT, mpou3BoauT ero majabHEHIyI0 OTIPaBKYy IO BCEM
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CBOMM CeTeBbIM HHTep(eiicam, KpoMe Toro uHTepdeiica, ¢ KOTOporo ObUT MOJTyYEH
naket ANT_INIT. [IlpenBapurenbHo, MapHIpyTH3aTOp BIIMCHIBACTCS  IEepe
otnpaskoil mponomkeHus: naketoB ANT_INIT u 3epkansaoro makera ANT_ECHO,
(bUKCUpys TEM caMbIM TOT (haKT, YTO MOJydYeHHBIN 3TM poyTepoM makeT ANT _INIT
IPOXOJWJI UMEHHO 4epe3 3TOT Mapiipytuzatop. [aHHas mepa HeoOXoAuMma BBUAY
TOTO, YTOOBI B JaIbHEUIIIEM W30€XaTh TOSBICHHUS 3aKOJLIIOBAHHOTO Tpadwuka, Tak
MapuipyTu3arop, mnojydas 1mupokoBemareabHple maketbl ANT_INIT  Oyner
oTOpachIBaTh T€ MAKEThI, KOTOPBIC YK€ MPUXOIUIN HA JAHHBIA MapIIpyTH3aTOP, HE
ornpasisis maketsl ANT _INIT u ANT_ECHO nanee no cety;

— naketr ANT_ECHO npopenbiBaer Bech myTh B 0OpaTHOM HampaBieHUH. ITO
BO3MOXXHO B CBSI3U C HAJIMYHEM B Telie MaKeTa CIEIUANIBHOTO CTeKa, B KOTOPOM IO
MOPSIIKY XpaHutcs Kaxnabid mnpoiaeHHbiid maketom ANT_INIT mapupyrtuzatop.
Mapmpytuzatop, monydas maker ANT_ECHO, mnpousBoguT aHamu3 cTeka, H
NPUHUMAET pelIeHue 1o kakomy natepdeiicy ormpasuth makeT ANT_ECHO nanee;

— KOpHEBOi1 MapipyTtusarop, nouy4das nmaketr ANT_ECHO, duxcupyer Bpems
€ro MOoJIyueHHUsi, KOTOPOEe CPAaBHUBAET CO BPEMEHEM OTIIPABKU, BBHIYHCISS MapamMeTp
RTT. Haxoas MapmpyT 10 paHee HEU3BECTHOI'O MapIIpyTH3aTOpa, LEJICBOM poyTep
MIPOU3BOJANT OOHOBIICHHWE TAOJIMIIBI MapIIPYTHU3AIlUH, BIMCHIBAsS HOBBI MapiipyT B
tTabnuiy. Haxomst MapmpyTel 10 YK€ HW3BECTHBIX MapIIpyTH3aTOPOB, MPOWCXOIHT
cpaBuenre RTT mMapmipyra, HCIOIB3yeMOro IO YMOJIYAHHUIO, COAEP)KAIIerocs B
Tabnuie Mapmpytu3anui, U HoBoro Mapmpyta u3 maketa ANT_ECHO. Ecam
MapuIpyT, UCIOIB3YEMBIN 10 YMOTYaHHIO, UMeeT MeHbMii RTT, To mapmpyrt mo
YMOJYAHUIO  COXPAHSETCS, WHA4e TPOUCXOJUT  KOPPEKTUPOBKA  TAOIHUIIBI
MapHIIpyTU3allid ¥ MapuIpyTOM [0 YMOJYAHHWIO [0 IIEJIEBOTO y3Jia CTaHOBHUTCS
HOBBIN MapuIpyT, nonyueHHbii u3 naketa ANT_ECHO;

— nakeTsl ANT_INIT Oyayt pacceinaTees 70 T€X MOp, MOKa HE IOCTUTHYT BCEX
MapIIPyTU3aTOPOB MO KAXKIOMY MMEIOIIEMYCsl B CETH MapuipyTy, 0e3 oOpa3oBaHuUs

neTenb Tpaduka,;
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— KaXIbId MaplIpyTH3aTOp, HE SBISAIOIIMICS KOPHEBBIM, IMOJy4asi CBOU
nepBbie aBa nmakera ANT_INIT, moMuMo 3amucy B HMX MOMETKH O MPOXOXKICHUH
3TOTO IIEJIEBOTO POyTepa, JOMOJIHUTEIHHO BIHCHIBAIOT CBOIO YHHKAIBHYIO METKY.
Orta MeTka HeoOXoauMa JJisi TOTO, YTOOBI MOJy4as 3epKajbHbIE MAKEThI, KOTOPHIE
OyayT XpaHWTh B ceO€ ATy METKY, MAapUIPYTHU3aTOP MOT OTIWYUTH ITH MAKETHI OT
octaibHbIX 3epkanbHbix maketoB ANT_ECHO. IlomeuyenHble mnakeTsl OyAyT
UCIIOJIb30BaThCsA Ui BbluuciaeHUss RTT wmapmpyToB U OOHOBIEHHS TaOJIUIIBI
MapuIpyTU3alliy Ha 3TOM LieJieBoM poyTepe. [lepen oTnpaBkoif MOMEYEeHHOTO MakeTa
ANT_INIT, mapupytuszatop 3acexkaeT BpeMsi €ro OTIPaBKH U COIOCTABISIET C
yHUKalbHOU MeTkoM. Metku mnsa nepBoro u Broporo makera ANT_INIT Gynyt
pa3Hble, 4TO ObI pa3IMyYaTh 3epKalbHbIC TAKETHl U COMOCTaBIATh uX RTT;

— nonyyas nomedeHHbI maker ANT_ECHO mapuipytuzatop, kak u KOpHEBOM
MaplipyTH3aTop, BbICUMTHIBaeT mapamerp RTT wmapuipyra m ambo coxpasser
MapmipyT, KOTOPBIA  HWCIONB3YyeTCS IO  YMOJYaHWIO, JHOO  MPOHUCXOJHT
KOPPEKTUPOBKA TaOIMIBI MapIIpyTU3alMd U B TaOJUIly BIIUCHIBACTCS HOBBIN
MapuipyT,

— €CIi B CETH HMEETCS MaplIpyTH3aTOp, KOTOPBIA HMMEET TOJBKO OJUH
ceTeBOl uMHTepdeiic, TO Takol MapUIPyTH3aTOp CTPOUT CBOK  TAOIUILY
MapuIpyTU3allid Yepe3 COCEACTBYIOIIMNA C HUM pOYTEp, TO €CTh 3allpalliuBaeT
TaONHIy MapIIpyTHU3alUKd COCEAHETO MapiipyTu3aropa ornpaBkoi makera ANT_DB,
npeaBapuTenbHo 3adukcupoBaB BpeMsi oTnpaBku mnaketa ANT_DB. OrtmpaBka
naketa ANT_DB npoucxoaut mocie Toro, Kak JaHHBIA pOYTEp MOJYYHUT MAKET
ANT_INIT, HO HE cCMOXET OTBETUTh Ha HETO MOCIEAYIOLIENH OTIPABKOU CIIEIYIOIIETO
naketa ANT _INIT. OrnpaBka makera ANT_DB mpoucxoaut dyepe3 MUHYTY MOCTe
noyueraust ANT_INIT. /lannoe Bpemsi BbIOpaHO M3 pacuera, 4TO OBl COCETHMIA
MapHIpyTH3aTOp YyCHeNI TOCTPOUTh CBOIO TaOJWIly MapIIpyTH3AlHMH, W TaKAM

00pa3oM, OTIIPaBUII AKTYaJIbHYIO TaOJIUIly MapIIPyTU3ALNH;
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— ueneBoi Mapuipytusarop, noiydas naker ANT_DB ot cBoero cocena,
MIPOM3BOJIUT OTIPABKY BCEH CBOEH TaOauIlbl MapuipyTu3anuu u Tabmuisl RTT Hazan
poyTepy, MmojaaBieMy 3amnpoc, otnpasisis emy naker ANT_DB_ECHO;

— wmapmpytuzatop, nonaydas mnaker ANT_DB_ECHO, dukcupyer Bpems
NpUOBITHS MMaKeTa, Ipou3Bo/s BeruuciaeHue napamerpa RTT. 3arem mapuipyTtuzarop
MPOU3BOANT OOHOBJICHHWE TaOmUIbl MapmpyTtu3anuu, a RTT kaxmoro mapmpyrta
BBICUMTHIBACTCS] 0 MNPUHIMITYY TpUOABICHUS K KaXIAOW sSUYEHKe MOJIYyYEeHHOU OT
cocena tabmuipel RTT cobctBennoro mapamerpa RTT, momydasi, Takum oOpazom,
peanbHOe JUIsl TAaHHOTO MaplipyTh3aTopa 3HaueHue Kaxjaoro nokazatens RTT mms
KaXJIOTO MapIipyTa.

OTtan MHUIMAIW3AIUNA CeTH OyAeT MPOMCXOIUTh A0 TeX TMOp, MOKa KaxAbIH
MapHIpyTH3aTOp TMOJHOCTHIO HE 3alOJIHUT CBOKO TaONMIly MapHIpyTH3alUU

MapUIpyTaMH J0 BCEX Y3JIOB, UMEIOIIUXCS B CETH.

3.3.3 Iloanep:xkaHue ONTUMAJBLHBIX MAPIIPYTOB

Anroput™M pabOTBl MPOTOKOJA Ha JTane MNOAAEpKaHUS  TaOJIUIbI
ONTUMAJIBHBIX MapIIPyTOB I KaXIOTO MaplipyTU3aTopa MOXKET ObITh
MPEJICTaBJICH B BUJIE CIIEAYIONIErO alropuTMa;

— y MPOTOKOJIa €CTh Taiimep, HacTpoeHHbI Ha 10 munyT. Taiimep HEoOX0MUM,
9T00BI Kaxaple 10 MUHYT MPOM3BOAMT MPOBEPKY MAPHIPYTOB MO (HaKTy HaIHUUs
HaubOosiee ONTHUMAJBbHOTO MapuipyTa, JUOO YCTaHOBJIEHHSA (aKTa TOT0, 4YTO
UCIOJIb3YeMbI MapLIpyT Mepenadyd MaHHbIX SBISETCS Haubosiee ONTHUMAJIBHBIM.
Takoe Bpemsi TaliMepa BBHIOpAaHO W3 pacyeTa, 4TO JaHHOE BpeMsi OYIeT SBISATHCS
HauOosnee ontuMaiabHbIM. C JaHHOM MEPHUOAMYHOCTHIO ANTOPUTM OyJeT YacTo
nepecTpanBaTh TaOIMIy Ha HanOoJsiee ONTUMATBHBIA MapIIpyT Mepefadd AaHHBIX,
OpU STOM O3TO HE OyIeT MPOUCXOAWTH CIHIIKOM YacTO, CO3/laBas TE€M CaMbIM

0O0JIBIIYIO MAPa3UTHYIO HArPY3Ky Ha CETh,
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— KaK TOJBbKO TaliMep KOPHEBOrO MapuipyTH3aropa 3aduKcupyeT (akT Toro,
yto npouuio 10 MUHYT, MapHIpyTH3aTOp pacChUIAE€T MO BCEM CBOUM (PU3MYECKUM
uatepdericam maketsl ANT _INIT, y3namu Ha3HaYeHHUSI KOTOPBIX OYIYT SBISITHCST BCE
y3ibl ceTd, Tak Kak ANT _INIT Oyaer nmepenaBaTbcsi MIMPOKOBEIIATEIBHO IO BCEM
untepdeiicam poyrepa. Ilepen ormpaskoit maketoB ANT_INIT mapmpyTtuzaTopom
Oyzaet 3aduKCHPOBAHO BpeMs UX OTIPABKH, JJIs ocienyromero Beraucienus RTT, a
TaK XK€ KaKJIOMY MaKeTy OyJeT MPUCBOEH YHUKAJIbHBIA HUIEHTU(UKATOP, Ul TOTO,
YTOOBI pa3IMyaTh 3TU MAKETHI;

— LIEJIEBbIE MapIIPYTU3AaTOPbI, HE SIBISIOIIMECS KOPHEBBIM, IOJIydas IaKeT
ANT_INIT, cunutbiBator, 0TKyZa ObLI MOJIYYEH JTaHHBIN MaKeT (¢ Kakoro uHrepdeiica
MapIIpyTHU3aTopa), 3aT€M IMPOU3BOJAT YHUUTOKEHUE TAHHOTO MAKETa U CO3/1aHUE €T
3epkasibHOM Kkomuu, win nakera ANT_ECHO, ormpansis komwio 1o TOMY JKe
UHTEpQENCy, M0 KOTOPOMY U OBUIO MPOU3BEACHO MOJIYYEHUE JAHHOIO MakeTa. B To
xe Bpems, Mapupytuzatop, noayumBmuii maker ANT_INIT, mpousBoaut ero
JAIbHENIIYI0O OTHpPaBKy IO BCEM CBOMM CETEBbIM HHTepdeiicam, KpoMe TOro
uHTepdeiica, ¢ koroporo Ob1 mnonydeH mnaker ANT_INIT. IlpenBapurensho,
MapIIpyTU3aTOp BOHUCHIBACTCS Mepel oTnpaBkoit nmpoaommkeHus makeroB ANT _INIT
u 3epkampHoro makera ANT_ECHO, dwukcupys Tem cambiM TOT (hakt, UTO
nonydeHHbld 3TuM poyTepoM mnaker ANT_INIT mpoxonun umeHHO uepe3 3TOT
mapupytusarop. JlanHas mepa HeoOXoauma BBUIY TOTO, 4TOO B JajbHEHIIEM
n30eXaTh TOSBICHUS 3aKOJBIIOBAHHOTO TpaduKa, TaKk MapHIpyTH3aTOp, MOJydas
mupokoBemareababie maketsl ANT _INIT Oyaer orGpackiBath Te makeThl, KOTOPHIC
yK€ NPUXOIUIN Ha JaHHBIM Mapuipytuzarop, He otmpanisas naketel ANT_INIT u
ANT_ ECHO nmanee o ceru;

— naketr ANT_ECHO npopenbiBaet Bech myTh B 0OpaTHOM HampaBiIeHUH. ITO
BO3MOYKHO B CBSI3U C HAJIMYMEM B TeJI€ MaKeTa CHEUAIbHOTO CTeKa, B KOTOPOM IO
nopsiAKy XpaHutcs Kaxnabid mpouiaeHHbl maketom ANT _INIT mapmpyrtuzatop.
Mapmpytuzatop, nonydas mnaker ANT_ECHO, npousBoguT ananu3 creka, u

MPUHUMAET pelieHue 1o kakomy unrepdeiicy ornpasuth nmaker ANT_ECHO nanee,
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4YTOOBI OH MPOJIENall BECh MyTh B OOPaTHOM HAaINpaBlI€HUHU, KOTOPOE COCTABUJI MaKeT
ANT_INIT;

— KOpHEeBO# Mapuipytusarop, nomyyas nmaker ANT_ECHO, ¢ukcupyer Bpems
€ro MOJY4YEeHHUsl, KOTOPOE CPAaBHUBAET CO BPEMEHEM OTIIPABKH, BBIUUCISAS MapaMmeTp
RTT. Haxoas mapmipyT 10 paHee HEM3BECTHOI'O MapIIpyTU3aTOpa, LIEJIEBOM poyTep
POU3BOAUT OOHOBJICHHE TAOIUIBI MApIIPYTHU3ALMHU, BIUCHIBAS HOBBII MapIIpyT B
tTabnuiy. Haxoast MapumipyTsl 10 y’K€ M3BECTHBIX MaplIPyTH3aTOPOB, MPOUCXOAUT
cpaBuenre RTT Mapuipyra, Mcmoib3yemMoro mo yMOJTYaHUIO, COJEpKallerocs B
Tabnuile mapuipytuzanuu, U HoBoro Mmapmipyra u3 mnakera ANT_ECHO. Ecnwu
MapuIpyT, UCIOJIb3YEMbI 10 yMoJl4aHHIO, uMeeT MeHblui RTT, To Mapuipyt no
YMOJYAHUIO  COXPAHSETCS, HWHA4Ye MPOUCXOJUT  KOPPEKTUPOBKA  TaOJIUIIBI
MapLIpyTU3allud ¥ MapuIpyTOM II0 YMOJYaHMIO JI0 IIEJIEBOTO Y3Jia CTaHOBUTCSA
HOBBIN MapiIpyT, nonxy4deHnbiil u3 maketa ANT_ECHO,;

— nakeTsl ANT_INIT Oyayt pacceinaTecst 10 T€X HOp, HOKa HE IOCTUTHYT BCEX
MapIIPyTU3aTOPOB MO KaXJIOMYy MMEIOIIEMYCSl B CETH MapLIpyTy, 0e3 o0pa3oBaHus
nerenb Tpaduka;

— KaXIbld MapLIpyTU3aTOp, HE SBIAIOMIMNACA KOPHEBBIM, IMOJy4ash CBOHU
nepBbie ABa makera ANT_INIT, moMuMo 3amucu B HMX MOMETKH O MPOXOXKICHUU
ATOr0 ULEJIEBOTO pOYyTEpa, NOMOJHUTEIBHO BIHMCHIBAIOT CBOIO YHHUKAJBHYIO METKY.
Ota MeTKa HeoOXoJuma JAjisi TOro, YTOOBI MMOJIydas 3epKalibHbI€ MAKEThl, KOTOPbIE
OyIoyT XpaHUTh B ceO€ 3Ty METKY, MapLIPYTHU3aTOpP MOI OTJIMYUTH ITH MAKEThl OT
octaibHbIX 3epkanbHbiX maketoB ANT_ECHO. IlomeyenHble mnakeTsl OyAyT
WCIIOJIB30BaThCA Ui BhIuuciaeHUss RTT wMapmpyToB u OOHOBJICHHS TaOTHUIIBI
MaplIpyTH3alKUK Ha 3TOM LieJieBOM poyTepe. [lepen oTmpaBkoi MOMEYEHHOr0 MakeTa
ANT_INIT, mapmpyTtuzatop 3acekaeT BpeMs €ro OTIPAaBKAU U COIMOCTABISIET C
yHUKalnbHONU MeTkouM. Metku ana neporo u Broporo makera ANT_INIT Oynyt
pasHble, 4TO Obl Pa3InMvaTh 3€pKadbHbIEC MAKEThl U COMOCTaBIATh UX RTT;

— nonyyas nomedeHHbI maketr ANT_ECHO mapmpytuzatop, kak U KOpHEBOI

MapuIpyTH3aTop, BhICUMTHIBAaeT mapamerp RTT wmapuipyra um ambo coxpasser
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MapuipyT, KOTOPbIA  HCHOJB3YyEeTCS MO  YMOJYaHUIO, JUOO0  MPOUCXOAUT
KOPPEKTUPOBKA TaONMIBl MaplIpyTU3alMd U B TaOJIUIly BIIHUCHIBAETCS HOBBIN
MapuipyT,

— eClIi B CETH HMEETCS MaplIpyTH3aTOp, KOTOPbIA HMMEET TOJbKO OJUH
ceteBoi MHTep(delc, TO TakoW MapUIPyTHU3aTOp CTPOUT CBOIO  TaOJIHILY
MapUIpyTU3allid Yepe3 COCEACTBYIOIIMA C HHUM pOYTEp, TO €CTh 3ampalifBacT
TaOJIUIly MapIIpyTHU3aIMU COCEIHETO MapiipyTu3aTopa otnpaBkoit maketa ANT_DB,
npeaBaputenbHO 3adukcupoBaB Bpemsi otnpaBku makera ANT_DB. OrmpaBka
naketa ANT_DB mpoucxomur mocie Toro, kak JaHHBIM poOyTep MOIYYUT MaKeT
ANT _INIT, HO HE CMOKET OTBETHTh Ha HET0O MOCIEYIONIECH OTIIPABKOM CIIEAYIOIIETO
naketa ANT_INIT. OrnpaBka makera ANT_DB mpoucxonut dyepe3 MUHYTY MOCTe
nonydenuss ANT_INIT. /lannoe Bpemsi BbIOpaHO M3 pacuera, 4yTo Obl COCEIHUIA
MapIIpyTH3aTOp yCHeNT TOCTPOUTh CBOIO TaOJWIly MapIIPyTH3ANWH, W TaKAM
o0pa3oM, OTIIPaBUJI aKTyJTBHYIO TaOIHILy MapIIpyTHU3AIINH,

— neneBoi Mapmipytu3arop, noiydas maker ANT_DB or cBoero cocena,
IIPOU3BOJIMT OTIIPABKY BCEH CBOEW TaOIMIbI MapiupyTu3anuu 1 tabnuisl RTT Hazan
poyTepy, nojaaBiiemy 3ampoc, ornparisis emy naketr ANT_DB_ECHO;

— wMapmpytuzarop, nomydas mnaker ANT_DB_ECHO, d¢uxcupyer Bpems
NpUOBITHS MMaKeTa, Mpou3BoJis BbruuciaeHue napamerpa RTT. 3arem mapuipyTtuzarop
MPOU3BOJAUT OOHOBJICHHE TabmuIbl Mapmpytuzanuu, a RTT kaxkmoro mapmpyrta
BBICUMTHIBACTCS 110 TPHUHIMITY TPHOABICHUS K KaKIOH SYCHKE TOJYYCHHOW OT
cocena Tabmuiel RTT cobctBenHoro mapamerpa RTT, monydas, Takum o0paszom,
peanbHOE JJIs JaHHOTO MapIIpyTU3aTopa 3HaueHHe Kaxaoro nokazatens RTT mns
Ka)XI0T0 MapIipyTa.

Kak Tonmpko kaxaenii mapmpytu3atop moaydaut Bce maketsl ANT_ECHO,
KOTOpbIE €My TpeIHa3HAYaIMCh, dTAl MOAJACPKAHUS ONTHUMAJBLHBIX MapIIpyTOB Ha
MapIIpyTHU3aTOPE 3aBEPIITATCS.

Cnenyer OTMETHTh, YTO Ha BpeMsl TMOHCKAa ONTUMAJIBHBIX MapIIpyTOB

MaplipyTH3aTOpaMH  CEeTH, Tepenada ToJie3Horo Tpadpuka B CETH  HE

35



MPUOCTAHABIUBACTCS. AJTOPUTM MOJAEpKaHKEe TaOIUIbl ONTUMATIBHBIX MapIIPyTOB
paboTaer mapajuienbHO C Tepenayed Tpaduka Mo ceTu. TOJIbKO TakuM 00pa3om

MO>KHO OTCJIEIUTH 3arpy3Ky KaHaJoB.

3.3.4 O6paboTka c60eB

Anroput™M paboThl TPOTOKOJIAa Ha JdTane o00pabOTKM CcOOEB B  XOj€
(YHKIIMOHUPOBAHUM CETU MOXET OBbITh TMPEACTaBICH B BHAE CIEAYIOLIETO
aNropuT™Ma:

— KaXJblil pa3, Iepe] Ha4alloM Mepeayu JaHHBIX OT y3Jla UCTOYHUKA K Y31y
NPUEMHUKY, TPOUCXOAUT MPOLEAYpa YCTAHOBKH COEIMHEHHSI MEXAY y3JaMU uYepes
TpaHcnopTHBIN npoTokon TCP. B cieactBue naHHoM mpoueaypsl, €Ciu JiBa y3jia He
MOTYT YCTAaHOBHUTb COEJIMHEHHE TMocie 6 TOMBITOK (YTO COOTBETCTBYET MHUHYTE
ACTPOHOMHYECKOTO BPEMEHH), TO MapIIPyTU3aTOp YHAIIET 3TOT MAapHIPYT U3
TaOJIHIIBI MAPIIPYTH3AIINN;

— €CJIM K€ COeIuHEHHEe OyJEeT pa3opBaHO B Ipoliecce MepeAayu AaHHbBIX, TO
y3€J UICTOYHUK CMOKET OTCIEUTh JTaHHBIA COOM IMOCJE TOTO, KaK y3eJl Ha3HAuYCHUS
HE OTMPABUT TMAaKeT, MOJTBEPXKIAONIUN MpUeM JaHHbIX. B KkadyecTBe makeTa,
MOATBEPIKAAIONMEro (pakT mprueMa JTaHHbBIX, B TPoToKoje TCP sBISOTCS 9X0 TaKeThI.
Ecnu neneBoii y3en HazHaueHusi 6osiee 6 pa3 moapsii HE OTNPaBUT (GaKT Mpuema
JIAHHBIX, OT MapUIPyTU3aTOpP aBTOMATHUYECKHU YJajseT aHHBbIM MapuipyT U3 CBOEH
TaOIHIIBl MAPIIPYTH3AIINN;

— 3aTeM, TaK KaKk MapHipyT MO YMOJYaHUIO ObUT YJaJeH W3 TaOJIUIIbI
MapuIpyTH3alui  MapuipyTU3aTopa HWCTOYHUKA, TO JAHHBIA MapuIpyTU3aTop
MPOU3BOJIUT OTIIpaBKY KopHeBoMy poyTepy nakera ANT_REINIT;

— KOpHeBoi Mapipytuzatop, noiy4das naker ANT_REINIT, uaunnmanusupyer
MPOBEPKY U MepecTpoeHue ceT. st 7Toro KOpHEBON MAapUIPyTU3ATOP MPOU3BOAUT
mupokoBemareabHyo  paccbuiky maketoB ANT_INIT mo Bcem wuHTEepdeiicam,

(buKcUpys MIPU ATOM BpEeMs OTIPABKU KaXKJOro nakera. Kaxablii U3 OTIpaBIeHHBIX
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MAKeTOB MMEET CBOM YHUKAJIbHBIA UIAECHTU(HUKATOP, KOTOPBIM HEOOXOIUM ISl TOTO,
4YTOO MapIIPyTU3aTOP MOT pa3inyaTh OTIIPABICHHBIC MTAKETHI,

— cocenu, nomydas naker ANT_INIT, cuurteiBaroT, oTKkyna ObLI1 MOIy4YeH
JMAHHBIM MmakeT (¢ Kakoro wuHTepdeiica MapiuipyTuzaTopa), 3aTeM IPOU3BOJST
YHUUYTOKEHHE JAHHOTO MMAaKeTa W CO3/JaHHE €ro 3epKaJbHOM KOMWU, WM TaKeTa
ANT_ECHO, otmpaBnsis KOHiO 10 TOMY XK€ HHTepdency, Mo KOTOpOMY U OBLIO
MPOU3BEJCHO TOJyYE€HHUE JIaHHOTO IMakeTa. B To ke Bpems, MapHIpyTH3aTop,
nonyuuBiil maker ANT_INIT, nmpou3BoguT ero JaiabHEUIYI0 OTIPaBKY MO BCEM
CBOMM CeTeBbIM MHTep(eiicam, KpoMe Toro uHTepdeiica, ¢ KOTOporo ObUT MOTyYEH
naker ANT_INIT. IIpeaBaputenbHo, MapumipyTu3aTop BIHCHIBA€TCA IMEpe
otnpaskoil mponomkeHus naketoB ANT_INIT u 3epkansroro makera ANT_ECHO,
buKcupyst TeM caMbIM TOT (paKT, YTO MOTyYeHHBIN 3TUM poyTepoM nakeT ANT _INIT
IPOXOJMJI UMEHHO 4epe3 3TOT Mapiipytuzatop. [laHHas mepa HeoOXoamma BBUIY
TOTrO, 4T00 B JasIbHEWIIEM H30€XaTh MOSABJICHHS 3aKOJIbIIOBAaHHOTO TpaduKa, Tak
MapHipyTu3aTrop, Tmnoiydas ImmpokoBematenbHbie maketsl ANT_INIT  Oyger
oTOpachIBaTh T€ MAKEThI, KOTOPHIC YK€ MPUXOIUIN Ha JTaHHBIH MapIIpyTH3aTOp, HE
ornpass maketel ANT _INIT u ANT_ECHO nanee no cetu;

— naketr ANT_ECHO npoaensiBaet Bech myTh B 00paTHOM HampaBiIeHUH. DTO
BO3MOXXHO B CBSI3U C HAJIMYHEM B Telle MaKeTa CIEIUAIBHOTO CTeKa, B KOTOPOM IO
MOPSIIKY XpaHutcs Kaxnabid mpoiaeHHbid maketom ANT_INIT mapuipyrtuzatop.
Mapmpytuzatop, mnonydas mnaker ANT_ECHO, npousBoguT aHanmm3 cTeka, H
MpPUHUMAET pelieHne mo kakomy uatepdeiicy ornpasuts maker ANT_ECHO nanee;

— KOpHEBO# MaprpyTtusarop, noay4das nmaketr ANT_ECHO, duxcupyer Bpems
€ro MOoJIyuYeHHUsl, KOTOPOEe CPAaBHUBAET CO BPEMEHEM OTIIPABKU, BBHIYHCISIS MapamMeTp
RTT. Haxoas mapuipyT J0 paHee HEM3BECTHOI'O MapIIpyTHU3aTOpa, LEJIEBOMH poyTep
MIPOU3BOJUT OOHOBJICHHWE TAOJIMIIBI MapIIPYTHU3aIlUH, BIMCHIBAsS HOBBIM MapiipyT B
tabnumy. Haxomss MapmipyTel 10 YK€ H3BECTHBIX MapIIpyTH3aTOPOB, MPOMCXOIHT
cpaBuenre RTT Mapuipyra, KCnoab3yemMoro mo yMOJIYAHUIO, COAEpP KAIIerocs B

Tabauile MapupyTusanuu, U HoBoro Mapmipyra u3 makera ANT_ECHO. Ecmnu
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MapuipyT, UCIOIb3YEMBIN MO YMOJI4YaHHIO, UMeeT MeHblnid RTT, To mapumpyTt no
YMOJYaHUIO  COXPAHSETCS, HWHA4Ye MPOUCXOJUT  KOPPEKTUPOBKA  TaOJHUIIBI
MapmipyTH3alud W MapuipyToM MO YMOJYAHUIO [0 LEJIIEBOr0 y3Jia CTAaHOBHUTCA
HOBBIN MapuipyT, moixyudeHHbli u3 naketa ANT_ECHO;

— nmakeTsl ANT_INIT OyayT paccsinaTecst 40 T€X MOp, MOKa HE TOCTUTHYT BCEX
MapIIpyTHU3aTOPOB MO KaXIOMY UMEIOIIEMYCSl B CETH MapuipyTy, 6e3 oOpa3zoBaHus
neTenb Tpaduka;

— KaXIbld MaplIpyTH3aTOp, HE SBISIOIIMICS KOPHEBBIM, IOJy4ash CBOHU
nepBbie aBa makera ANT_INIT, moMuMo 3amucy B HMX IOMETKH O MPOXOXKJICHUH
3TOr0 LEJIEBOTO POYTEpa, TOMOJHUTEIBHO BIIMCHIBAIOT CBOIO YHHMKAJIbHYHO METKY.
Orta MeTKa HeoOXoauMa JJisi TOTO, YTOOBI MOJy4as 3€pKalbHbIE MAKEThI, KOTOPHIE
OyAyT XpaHUTb B ce0€ 3Ty METKY, MapLIpyTU3aTOp MOT OTIUYMUTH ITH MAKETHI OT
octaibHbIX 3epkanbHbIXx maketoB ANT_ECHO. Ilomedyennple makeTsl OyAyT
UCIIONIb30BaThCsd Ui BbluuciaeHuss RTT MapmpyToB W OOHOBIEHHS TaOJIUIBI
MapIIpyTU3aLHUX HAa 3TOM LIeJIeBOM poyTepe. Ilepen oTrpaBKoi MOMEYEHHOTO NaKeTa
ANT_INIT, mapupytuszatop 3acexkaeT BpeMsl €ro OTHPaBKH U COIOCTABISIET C
yHUKabHON MeTkou. Metku mnsa mepBoro u Broporo makera ANT_INIT Oynyt
pasHbie, YTO OBl pa3InyaTh 3€PKaJbHbBIC MAKEThl U COMOCTABMIATh UX RTT;

— nony4as momedeHnbiil maket ANT_ECHO mapmpyrtuzaTop, kak 1 KOpHEBOU
MaplIpyTH3aToOp, BBICUMTHIBAET mapamerp RTT wmapmipyra u aubo coxpasser
MapmipyT, KOTOPbIA  HCHOJNB3YyEeTCS MO  YMOJYAHUIO, JUOO  MPOUCXOIUT
KOPPEKTUPOBKA TaOJMUIBl MapUIpyTH3alMd W B TaOJMIy BIMCHIBAETCS HOBBIN
MapIuipyT;

— eCclli B CETU HMEETCS MaplIpyTH3aToOp, KOTOPBIM HMEET TOJBKO OJUH
ceTeBOl wmHTep(deiic, TO Takoil MapIIpyTU3aTOP CTPOUT CBOIO  TaOJIHILY
MaplIpyTH3alUd 4Yepe3 COCEJCTBYIOLIMUA C HUM pOYyTep, TO €CTh 3alpallvBaeT
Ta0IMIy MapUIpyTU3alMKd COCEAHET0 MapiipyTu3aTopa otnpaskoit nakera ANT_DB,
npeaBaputenbHo 3adukcupoBaB Bpemsi otnpaBku makera ANT_DB. Ormpaska

naketa ANT_DB npoucxoaut mocie Toro, Kak JaHHBIA pOyTep IMOJYyYHUT TMaKET
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ANT_INIT, HO HE cMOXET OTBETUTh Ha HETO MOCIEAYIONIEH OTIPABKOM CJIETYIOIIETO
nakera ANT_INIT. Ornpaska nakera ANT_DB mpoucxoaur yepe3 MUHYTY IOCIE
noiyuenust ANT_INIT. /lanHoe Bpems BbIOpaHO M3 pacuera, 4yTO Obl COCEIHHIA
MaplIpyTH3aTOp yCHesl MOCTPOUTh CBOIO TaONMUIly MapUIpyTH3allMH, W TaKUM
00pa3oM, OTIIPaBUII aKTYAIbHYIO TaOIUILy MapIIpyTU3ALIHUH;

— ueneBoil Mapuipytuzarop, nonydas naker ANT_DB ot cBoero cocena,
MIPOM3BOJIUT OTMPABKY BCEH CBOEH TaOauIlbl MapuipyTu3anuu U tTadauibl RTT Hazan
poyTepy, MmojaaBieMy 3amnpoc, otnpasisis emy naker ANT_DB_ECHO;

— wMapupytusarop, nonydas maker ANT_DB_ECHO, dukcupyer Bpems
pUOBITUS MaKeTa, MPOU3BOs BeIuMcIeHUE mapamerpa RTT. 3aTtem MapiipyTuzarop
MPOU3BOJIUT OOHOBJICHHE TaONMIBl MapuipyTuzanuu, a RTT kaxmoro mapupyra
BBICUMTHIBACTCSI 0 MPUHIMITY TPUOABICHUS K KaXKIOW sSYEKe MOJy4eHHOW OT
cocena Tabmuupl RTT cobctBenHoro mapamerpa RTT, monywas, Takum o0pas3om,
peanbHOe IS JAaHHOTO MapIIpyTU3aTopa 3HAUYCHHE KaxJaoro nokaszatens RTT mus
KQKJIOTO MapIipyTa.

KoppekTupoBka TabauI] MapIipyTH3alUA Ha POyTepax OyAeT MPOUCXOIUTH 10
TEX TMOp, MOKa KaXIbId MapIIpyTH3aTOpP TMOJHOCTHIO HE OOHOBUT CBOIO TaOJHUILY
MapIIpyTU3AIUNA aKTYaJTbHBIMU MapIIPyTaMH 10 KaKI0TO y3Iia.

Takum 00pa3om, MPOUCXOAUT 00padOTKa cOOEB B pazpabOTaHHOM MPOTOKOJIE.

3.4 CTPyKTYpBI IAKETOB

Crpykrypa maketa ANT_HELLO npencrasnena B Tabmure 2.

Tab6muma 2 — Ctpykrypa maketa ANT_HELLO

but 0-15 16 -31

0 Tun nakera Wnentnduxarop

[Tone «Tun mnakera» coxepxut Tun ANT-nakera. Jlns mnakeToB

ANT_HELLO nmannoe mose = 1.

39




[Tone «MnentudukaTop» CONECPKUT YHUKAIBHBIA UACHTU(PUKATOP KOTOPHIH
OBbLJI IPUCBOEH MAKETy MapIIPyTU3aTOPOM UCTOUHUKOM.

Crpykrypa nakera ANT_INIT npencrasnena B Tabnuue 3.

Tabnuna 3 — Crpykrypa maketa ANT_INIT

bur 0-15 16-31

0 Tun makera Wnentuduxarop
32 MeTKHN HEeKOPHEBBIX Y3JI0B
192 CTeK IpOWIeHHBIX Y3II0B

s maketoB ANT _ INIT mannoe mose = 2.

[Tone «MnenTuduUKaTOp» COAEPKUT YHUKAITBHBINA UACHTU(PUKATOP, KOTOPBIN
OBbLT IPUCBOEH MAKETy KOPHEBBIM MAPIIPYTU3aTOPOM.

Ilone «MeTkn HEKOPHEBBIX Y3J0B» CONEPKUAT YHUKAIbHbIE METKU. B
JAHHOE TI0JIE TPOMEKYTOYHBIN y3€J] IMPONKCHIBAET CBOK YHUKAIBHYIO METKY IS
nepBbix AByX maketoB ANT_INIT.

[Tone «Ctex NpOMAEHHBIX Y3JIOB» COAEPKHUT BCE Y3Jbl, YEPE3 KOTOPHIE
MIPOLLIEIT MAKET.

Crpykrypa maketa ANT_ECHO npencrasiena B Tabmmurie 4.

Tabnuna 4 — Ctpykrypa maketa ANT_ECHO

bur 0-15 16-31

0 Tun nakera Wnentnduxarop
32 MeTKH HEKOPHEBBIX y3J10B
192 Crek NpoWJeHHBIX Y3I0B

Jist maketoB ANT_ECHO nannoe mone = 3.

Crpyxkrypa naketa ANT_DB mnipencraBnena B Tabnuiie 5.
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Ta6numa 5 — Ctpykrypa nmakera ANT_DB

Bur 0-15 16 - 31

0 Tun nakera Wnentuduxarop

s naketoB ANT_DB nannoe nose = 4.

Crpykrypa naketa ANT_DB_ECHO npencrasiena B Tabnutie 6.

Tabnuna 6 — Ctpykrypa naketa ANT_DB_ECHO

bur 0-15 16 -31
0 Tun nakera Wnentuduxarop
32 JlanHbie

st maketoB ANT_DB_ECHO nmannoe nosne = 5.

[Tone «JlanHbie» CONEPKUT TAOIUIYy MapuipyTuzauuu u Ttabmuimy RTT
ornpaBurens nmaketa ANT_DB_ECHO.

Crpykrypa naketa ANT_REINIT npeacrasnena B Tabnure 7.

Ta6nuna 7 — Ctpykrypa nmakera ANT_REINIT

Bur 0-15 16 - 31

0 Tun nakera Unentuduxarop

Jlnsg naketoB ANT DB nannoe noite = 6.
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4 MoaeanpoBaHue
4.1 Pe3yabTarhl IKCIIEPUMEHTA

Ha pucynke 6 mpencraBieHa TecToBas CETh, CO3JaHHAs B CHCTEME
OMNeT++.

——» Channel

% AntMet_Lan

o g &/

hub host[h]

AntNet_Network

&/

configurator

R1

Pucynok 6 — Monens cetu, noctpoenHas B OMNeT++
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BHyTpeHHsI1 CTpyKTypa poyTepa, HCMOJb3YIOLIEr0 B KAa4yeCcTBE MPOTOKOJA

MapuipyTtuzanuu rnporokoi AntNet, npencraBiena Ha pucyHke 7.

Ant_MNet.R1

routerld: 10.0.0.17
14+0 routes

routingTable
5 mte?faces

interfaceTable Anthdod

(3]

Pucynok 7 — Crpyktypa poyrepa R1

W3 npencraBieHHON Ha pUCYHKE CTPYKTYpbl BUIHO, uTo poyTrep R1 cocrout
UX HECKOJIbKUX CETEBbIX UHTEP(EHCOB, TaOIUIIbI MAPIIPYTU3ALUU U MOJYJIEH, Cpean
KOTOPBIX ecTh Moayiab AntMod, peammsyrommii padoty mnpotokona AntNet nHa
naHHoMm poytepe. Tabnmuua wmapumpyTtuszanuu BkimovaeT 14 3anuceid. Tabnuna
uHTepdeiicoB Bkimovyaer uHTepdeiic loopback u 4 wunaTepdeiica, coeauHSIOMMNX
poytep R1 ¢ npyrumu snemeHTaMu CETH.

[To okOHYAHUIO Tpolecca CUMYJIIUMU paboThl ceTu B manke results mpoekra

AntProject 6bu1 momtyuen ¢aiin MyApp-0.vec. Jlanubliii daiin OblT HCHOIB30BAH IS
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noJiydeHus: rpaduika, Ha KOTOPOM IIOKa3aH BEKTOp MPOMYCKHOW CHOCOOHOCTU

poytepa R1. I'paduk oToOpakeH Ha puCyHKe 8.

Chart: thruput (bit/sec) o5

thruput (bit/sec)
30.00 3005 3010 3015 3020 3025 3030 3035 3040 3045

Legend:

100000000 & AntNet R 1.eth[0].outputHook[0]
o AntNet R 1 eth[1] outputHook[0]
-4 AntNet R1.eth[2]. outputHook([0]

90000000 -90000000

80000000

50000000

70000000

-70000000

60000000

60000000

50000000 -50000000

40000000 1 40000000

30000000

-30000000

20000000 1

20000000

10000000 -10000000

30000 3005 3010 3015 3020 3025 3030 3035 3040 3045 v

Pucynox 8 — I'paduk, momydennslii B pedynbrare MmojenupoBanus AntNet

[To ocu abcuucc OTIOKEHO BpEMSI CUMYJISILIAY, a [0 OCH OPJAMHAT — BEJIMYMHA
MPOIYCKHON CITIOCOOHOCTH.

B cnienmaneroM daitne ASConfig.xml, koTopblit TpUHAATIEKUT MPOSKTY CETH,
OBLIIM 33J]aHbl HaYaJIbHBIE MTapaMeTpbl MapHIpyTU3aLUK 1 MapuipyTtuzaTopa R1.

B momenT Bpemenn 30 ceK. NPOMCXOAWT HHUIMAIM3ALUS M HAYaJIo
nepenayn mnose3Hbix coodmenuit ¢ cetu N1 na N4. Tlepen 3amyckom cerw,
MapmipyTtu3anus Ha poytepe R1 Opu1a HacTpoeHa Tak, uro Mapmpyt oT ceti N1 Ha
N4 Oymer mpoxoauth uepe3 poyrepsl R1-R2-R3-R4. Moayns AntMod
MapuipyTtu3aropa R1, KOTOpbIA sBIsS€TCA TJIABHBIM, OTIPABUT MYpPaBbEB M TEM
camMbIM O0HaApYXuT, uro RTT MapmipyTa mo ymorgaHuto saBisieTcst O0bIne, 4eM Ha

albTEPHATUBHOM Mapuipyre, npoxosiiem yepes poyrepsl R1-R8-R4. Tlocie yero
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Oyner m3MeHeHa Tabivila MapIIPyTU3alUA U MMAaKeThl MOUIYT 1Mo mapmpyTty NI1-
R1-R8-R4-N4. Ha rpaduke B MmomeHT BpemeHH 30,1676 mponcxoauT oOphIB CBA3H
BCJICICTBUE yHaJeHHUs JACWCTBYIOIIET0 MapiipyTa H Jao00aBieHHs HOBOro. B
MoMeHT BpemeHu 30.1863 3amepmiaeTcs TmporiecC OOHOBJICHHS  TaOJMIIBI
MapmipyTu3anud Ha poyrepe R1, BcimeacTBue Wero JaHHBIE HA MapIIpyTH3aTOPe
R1 HaunHaroT mepemaBarbes yepe3 muiro3 eth[1l], KoTopbIi COeIUHEH ¢ POyTEpOM
R8. IlpomyckHas crnocoOHOCTh KaHajoB poyTrepa R1 BHOBBR HCMONB3yeTCS B

MOJIHOU BEJIUYHHE.

45



3AK/IIOYEHUE

B nannoif pabore ObLT pa3paboTaH MPOTOKOJI MapIIPyTHU3allMd Ha OCHOBE
aIropuTMa poeBOro MHTEIIeKTa — rnpotokoia AntNet. Jlns nanHHOrO mpoToKosia ObuI
chOpMYIMPOBAaH AITOPUTM pabOTHI MpoTokoia. Ha ocHOBe anroputma paboThl OBLT
chopmupoBaH Tpad paboTel MpoTokoia. OmUcCaHBl CTPYKTYpPHl MAKeTOB. JlaHHBIHA
POTOKOJ ObLIT IpoMoAeupoBaH B cpene mojaenupoBanuss OMNeT++. OcHoBannem
pa3pabOoTKu JAaHHOTO MPOTOKOJA MOCTYXWJIa MpodieMa TOTo, YTO COBPEMEHHBIC
MPOTOKOJIBl ~ MapIIpyTU3alMd  HECHOoCOOHB A(DPEeKTUBHO pemath MnpodiIemMy
OTCIICKUBAHUS 3arpy>KEHHOCTH KaHAJIOB CBSI3M M MPOU3BOJUTH MOCIEIYIOUTYIO
NEPECTPONKY TaOJIULIBI MapIIPYTU3ALUH.

C nomoreto 6ubmmoreku INET Framework mms OMNeT++ Obln peainzoBaH
MOJyJib, OOecIeunBaronuii paboty npotokona AntNet.

MonenupoBaHie MPOTOKOJIA POEBOTO HWHTEIJIEKTAa OBUIO BBITIOJHEHO  HA
pa3pabOTaHHOM NJIsi ATOTO TECTOBOM ceTu. Ha ocHOBaHWMU MOJyYEHHBIX PE3YIhTaTOB
OBLTM CICNaHbl BBIBOJIBI, UTO MpoTOKOoa AntNet B ompeneneHHbII MOMEHT BpEeMEHU
OTCIIEIWII, YTO HA MCIOJIb3yeMOM MapIipyTe TNepenayu JTaHHbIX BpeMs CIIeIOBAHUS
MaKeTOB OOJBIIe YeM Ha APYyroM Mapmipyte. Takum oOpa3om, MPOTOKOT OTCISHHII
UCTIONb30BaHUE HEONTHMAIBLHOTO MapuipyTa Imepeaadd naHHbIX. [locme dero
Tabnuila MapuipyTHU3aluu OblIa TEPEeCTPOCHa, W JAaHHBIC CTalIM IepeaBaThCs IO
JIPYyroMy MapuipyTy.

B mpouiecce monenupoBanust AntNet Obuti cienanbl BBIBOJBI, YTO MPOTOKOJI
MOET OBITh MCIIOJIb30BAH B MCCIICOBAHUSIX TI0 MOBBIIICHUIO MPOU3BOIUTEIHHOCTH
CeTH TpU OONBIINX Harpy3Kax 3a CYeT HCIOJIb30BaHHS AJITOPUTMOB, C TMOMOIIBHIO
KOTOPBIX 3aMEpsieTCs BpeMs CIIEJIOBaHUS TMAKETOB IO CETH W MPOUCXOJUT
nepeHanpasieHue Tpaduka o MapupyTy ¢ MEHbIIUM nokaszareneM RTT.

B pesynbTare BBIMOJHEHHS JaHHOW palOThl OBLT pa3paboTaH MPOTOKOJ

MapmpyTru3alilii Ha OCHOBC aJIrOpUTMa PpPOCBOI'O0 HMHTCIUICKTA. I[J'I?I JOCTHXKCHHA
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addexktBHOCTH B padore mnporokona AntNet TtpeOyroTcs HONOIHUTETBHBIE

HCCICOAOBaHU:A.
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