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BBenenue

Passutne uHpopMannoHHO-KOMMYHHKAIIMOHHBIX TexHonoruit (MKT)
SIBJISICTCSI OJTHUM M3 OCHOBHBIX (DaKTOPOB OJArOCOCTOSIHHSI U IKOHOMHUYECKOTO
pocta ctpanbl. Cerogus UKT cTaHOBUTCS OAHUM M3 OCHOBHBIX MPUOPUTETOB
rocyJapCTBEHHOM MOJUTHKU ¥Y30ekucTaHa [1].

B Tlocranosnenuu Ilpesuaenta Pecny6nuku Y3oekuctan "O mepax 1o
JNadbHEUIIeMY BHEAPEHUI0O M Pa3BUTHIO COBPEMEHHBIX HH(POPMAIMOHHO-
KOMMYHUKAIIMOHHBIX TexHoyoruil. (CoOpanue 3akoHoparenbcTBa PecryOnuku
V36ekucran, 2012 1., Ne 13, ct. 139), onHOM M3 OCHOBHBIX 3aJau JaJIbHEHIIIETO
BHEIPEHUS] U Pa3BUTUA MHPOPMAIMOHHO-KOMMYHHUKAIIMOHHBIX TEXHOJOTUMU, B
YAaCTHOCTH, SBJISIETCS IPOrpaMMa MeEp 10 KOPEHHOMY H Kadye€CTBEHHOMY
VIydIeHni0 GyHKIIMOHUPOBAHUS HAIMOHAIBHOW WH(OPMAIMOHHO-TTOMCKOBOH
CHCTEMbI, YBEJIMUCHHUIO KOJIMUECTBA €€ Tojb3oBarenen [2].

B Hacrosiiee BpeMsi MpOUCXOIUT OYPHBIM POCT BHIYUCIUTENBHBIX CETEH.
Heobxonumocth obecriedeHus KaueCTBEHHOrO0 OOCITY>KHMBAHHSI COBPEMEHHOIO
Tpaduka, nepegaBaemMoro uepe3 |P-cetu, npeabsaBisieT BHICOKHE TPEOOBaHUS K
3¢ (HeKTUBHOCTH TMepeaur MAaKeTOB JaHHBIX OT OTIPaBUTENS K IMOIYy4aTenro.
[IpennmararoTcst pa3nuyHble METOAbl YCKOPEHUS MapUIPYTH3AUU, MOAICPKKHU
TpeOyeMoro KauecTa 0OCIy)KHBaHHUsI, TIEpeadn TOJIOCOBOTO M BUACO Tpaduka,
MOBBIILICHUS YPOBHS O€30MACHOCTH CETH U T.I.

3arpy3ka W MPOMYyCKHas CIOCOOHOCTh JIMHUN CBSI3M BBIYUCIUTEIHLHON
CeTH  JUHAMUYECKHM  MEHSETCH. TpaguuMOHHO  TPUMEHSEMBIA B
BBIYMCIIUTENBHBIX CETSAX METOJ CTATUYECKONM MApIIPYTU3aLMU OKa3bIBAC€TCS B
TUX ycloBUAX HedPdekTuBHBIM. [IpuMeHeHne COBPEMEHHBIX aJlallTUBHBIX
IPOTOKOJIOB MapIIpyTHU3alMu B psiJie CIy4yaeB HATAJIKMBAETCS Ha MpoOiemMy
OBICTPOICHCTBUS TIPU PEIICHUH 3aJa4M TOMCKa KpaTyaliux nyreil. Mismenenue
XapaKTEPUCTUK JIMHUN CBSI3U MPUBOJIUT K MOJHOMY I€PEPACUETY ONTUMAIbHBIX
MapuipyToB. Kak nokasanu nccienoBanus, B psJie CIy4aeB yJIaeTCsl yMEHBIINUTD

TPYZOEMKOCTh pacyera ONTUMAJIBHBIX MAPIIPYTOB IYTEM HCIOJIb30BAHHUS
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JOTIOTHUTEIIPHOW MH(GOPMAIIMK W U3MECHEHHS ajJTOpUTMa TOHMCKA KpaT4auIInx
nyted B rpade. MapripyTuzaius sBISIETCS HEOTHEMIEMON YaCThl0 COCTaBHBIX
BBIYUCIUTENBHBIX — ceTell.  OcCylllecTBIEHHWE MPOIECCOB  MapUIPyTU3ALMU
SABJISICTCSI OJHOM W3 HamOOoJIee BAXKHBIX MPOOJEeM, BO3HUKAIONIUX IPHU
OTIpE/ICIICHUH HAMpaBICHUH U HEMOCPEACTBEHHON Tepenade nHPOPMAITMOHHBIX
noTokoB. Oco0yr0 BaXHOCTh UMeEET I (HEKTUBHAS MaPIIPYTH3AIUS COOOIICHUIA
B YCJOBHUSX OTKAa30B OTJENbHBIX JJIEMEHTOB CETH, BCIUIECKOB Tpaduka u
JIOKJIbHBIX MEPErPy30K.

HNmeer MecTto mpsiMas 3aBUCUMOCTb TPOU3BOAUTEIBHOCTA CETU OT
OPOU3BOJUTEIBLHOCTH 3JIEMEHTOB, 00padaThIBAIOLUIMX MEXCETeBOM Tpaduk -
MapHIpyTU3aTopoB. MHOTHE Kak OTE€UECTBEHHBIE, TaK U 3apyOe’KHbIE CETU HE
WCIIOJIB3YIOT ~aJNTOPUTMOB MAapIIPYTU3allMH, AaJalTUBHBIX K TEperpy3Kam
KaHAJIOB. B 3HAUMTENHHOM Mepe ATO OOBICHSIETCS TeM, YTO OOJIBIITMHCTBO
BBIYMCITUTEIBHBIX CETEH WCIONb3yeT TpH BBIOOpE MapiipyTa mepeaadu
Kpumeputi. MUHUMYMA CMOUMOCMU nepeoayu, a CTOMMOCTh KaHAJIOB CBS3U B
pacrpeielieHHbIX CHCTeMax He 3aBUCUT OT Harpy3ku. B To ke Bpewms, BIOOp
MapIpyTa, YYATHIBAIOIIMKA IEPErPY3KH B CETH, YIydIlaeT XapaKTePUCTHUKH
CeTH.

OcCHOBHBIC BOTNPOCHI B 00JIACTM MapUIPyTH3AIUd W  OOECIICUCHUS
(GYHKIIMOHUPOBAHMS CETEH OCBEMAIOTCSI B paboTax OTEYECTBEHHBIX U
3apyOexxHbix  yueHblx ~ B.M.Bumnesckoro, A.M.JIsxosa, P.B.IlaBnoga,
A.B.YmuoBa, A.B.I'ypeeBa u np., a taxxke 3apyoexusix M.Gerla, C.Perkins,
D.Johnson, C.-K.Toh, V.D.Park, N.H.Vaidya. B pe3ynprare mnpemnaraercs
MHOXKECTBO CIOCOOOB MapIIpyTHU3allMU, HO HaXOXJACHUE Maplipyra B HUX
CBOJIMTCS JIMIIb K OTBHICKAHMIO KpaTyaulllero myTd ¢ 0OECIEYeHHEM JI0CTaBKU
JAHHBIX TOJILKO MO BO3MOXXHOCTH'  T.€. Tepefadyu IMakeToB 0e3 COOI0eHUs
TpeOoBaHMil KauecTBa oOcimyxkuBaHus. Ilpu »TOM mepemaya JaHHBIX
MPWIOKEHUH, YYBCTBUTENBHBIX K BEIMYWHAM TPOMYCKHON CIIOCOOHOCTH,
3aIep)KKA W TOTEPh TAKETOB, MPH HArpy3kax CTAHOBUTCA TPAKTHUYCCKU

HEBO3MOKHOIA.



Hcxons u3 Bcero BbINIE CKAa3aHHOTO, MOXHO CJenarhb BbIBOA 00
AKmMyaabHOCMU 6blOPAHHOL MeMbl OUCCEPMAUUOHHOU PADOMbL.

Ob6vexmamu uccned08anuil A6aa10McA TI00anbHas KOMIBIOTEpHAs CETh
HNuTepHeT, anropuTMsel MOKMCKa KpaTYalllinX MyTEH.

Memoowt uccnedosanuii. B pabore WUCMONB30BAaHBI METOJbI TEOPUHU
QIrOPUTMOB, TeOpuu rpadoB 1 KOMOMHATOPUKU U TEOPUU MOJIEIUPOBAHUS.

Ilenv ouccepmayuonnoii pabomsl COCTOUT B TIOCTPOCHUU MOJIENIEH CETU
U CO3JaHUE aJrOPUTMOB MapUIPYTH3alMM C TOAJEPKKONM  KadecTBa
o0CIy’)KMBaHUSI JAHHBIX B  CETSIX, VYBEJIWYCHUS  MPOU3BOJUTEIHHOCTH
MapIIpyTU3aTOPOB MyTEM pa3pabOTKHW HOBBIX METOJIOB M QJITOPUTMOB IMOMCKA
ONTUMAJBHBIX  MApPUIPYTOB B  BBIYUCIUTEIBHBIX CETSIX B  YCIOBHSIX
W3MEHSIIOIIEHCS 3arpy3KU U PETbHON TIPOITYCKHON CITOCOOHOCTH JIMHUM CBSI3H.

JIJIst TOCTY>KEHHsI TIOCTABIICHHOM TN HEOOXOAUMO PEIIUTh CIECIYIONINe
3a/1a4H:

1. Ananu3 menei W 3aj1ady MapHIpyTH3alUd B BBIYUCIHUTEIBHBIX CETSX.
IIpoBectn  ucciaegoBaHHWE — CYIIECTBYIOIIMX — AJAaNTUBHBIX  aJTOPUTMOB,
IIPOTOKOJIOB MapUIPYTH3alHUH, MPUMEHSIEMbBIX B COCTABHBIX BBIYMCIUTEIbHBIX
CeTSAX JUISI TOro, 4YTOOBI BBIABUTH JOCTOMHCTBA, HEJOCTATKM M 00JacTh HUX
IPUMEHEHUS.

2. Cospmanme u ¢GOpManNM30BaHHOE OMHCAHME MOJAETU CETH C
o0OecrieyeHUEeM KadyecTBa OOCIYXMBaHHA M MOJEIH CETH C YYETOM
U3MEHSIOIINXCS XapaKTEPUCTUK U TOMOJIOTHH.

3. Pemenre 3aay MapuipyTrU3aui ¢ MHOKECTBEHHBIMU OTPAHUYCHUSIMU
Ha HMCKOMBIA MapumipyT U pa3paboTKa aJIrOpUTMHUECKOr0o OOecreueHus s
MapIIpyTU3ALUHU C TTOIEPKKON KauecTBa 00CTyKMUBaHUS JaHHBIX B CETSX.

4. Pa3paboTka anropuTMa IOMCKA ONTHUMAIbHBIX MapHIPyTOB IMpHU
W3MEHEHUU 3HAYCHUS METPUKH JIMHUU CBS3M, YYUTHIBalOIIUN (akt ee
VICIIOJIb30BAHMS B JE€PEBE KPAaTUANIIUX IIyTEH.

5. MopepHuzamus anroputMa JIeMKCTppl C LENbI0 YBEIWYEHHS €r0

IMPON3BOAUTCIIbBHOCTH.



Hayunaa noeuzna. B pamkax BBINOJTHEHUS IUCCEPTALMOHHON pabOTHI
OBLIIM TIOJTYYEHBI CIEIYIOUIME PE3YIbTATHI:

1. Ilpennoxena cereBast MO/ENb, MO3BOJIAIOIIAS] YUUTHIBATH OCOOEHHOCTH
JUHAMUYECKU U3MEHSIOIIENCS TOMOJOTUH U XapaKTEPUCTHUK CETH.

2. Pa3zpaboTaHo alropuTMHUECKOe oOecrieueHue s MapuIpyTH3aluu C
HOJICPKKOM KauecTBa 00CTYKUBAHUS JAaHHBIX B CETAX.

3. BBeneHo mnoHATHE "TOKATBbHO KpaTYaMIIMX ITYTEH'', YTO IMO3BOJIHIO
yIYYIIATh TPOU3BOAUTENLHOCTh anroputMa JIeHKCTphl JUisi HaXOXKICHUS
KpaTyaiiiiero myTu B rpade.

4. Pa3paboTaH ajaropuTM YyMEHBIIEHUS Pa3MEPHOCTU 3aJa4yd MOMCKa
KpaTyalimx nyrei B rpade.

Ilpakmuueckasn YeHHOCmb paoomot. Pa3pabGorannas B
JIUCCEPTAlMOHHON paboTe MOAENb W AJITOPUTMBI MO3BOJIAIOT aJE€KBATHO
ONKMCHIBATh TMPOLECCHl M3MEHEHMS TOIOJOTMH, IPOUCXOMSIINE B CETAX.
ANrOopuTM yMEHBLIEHUS pPa3sMEPHOCTH 3aJa4d HAXOXKIEHUS ONTHMAJIbHBIX
MapIIpPyTOB MMO3BOJISIET COKPATUTH TPYAOEMKOCTh PEIIECHUS 3a/1a4 TTOUCKA.

Cmpykmypa ouccepmayuoHHoll padomaul

JuccepranrionHas paboTa COCTOUT U3 BBEJICHUS, TPEX TJIaB, 3aKJIIOUEHUS,
CIIMCKA MCIIOJIb30BAHHOW JINTEPATYPHI U IIPUIIOKEHUH.

B nepBoii ri1aBe paccMOTpPEHbl OCHOBHBIE MPOTOKOJIBI MaplIpyTH3aLUH,
napamMeTpbl  ONTHUMHU3allMM  MapLIpyTa, IOKa3aH OCHOBHOM  NPHHIIMI
ONTHUMAJIBHOCTH MapIIpyTa, JAHO IOHATHE METPUKHM MaplipyTa, pacCMOTPEH
IIMPOKOBEIATENIbHBIN aNrOpUTM M TOKa3zaHa ero Huskas 3((EeKTHUBHOCTb.
PaccMmoTrpensl ocHOBHBIE anroputrMmbl noucka bemmvana-®doppa, [eudkcTpel u
ap. CnenaH BBIBOJ, YTO B OONBIIMX CETAX Jydyllle ce0s 3apeKOMEHI0Bal
anroput™m Jlewikctpbl (OSPF), OCHOBaHHBI Ha HCIIOJIB30BAHUH B KaXKIOM
MapIIpyTU3aToOpe UHPOPMALIUU O COCTOSIHUM BCEU CETU. 3/1€Ch )K€ PACCMOTPEHO
ucnoib3oBaHue  mnporokona RIP, kak  3»BpPUCTHYECKOTO  aJropuTrMa
NWHAMUYECKOro mnporpammupoBanus bemnmana-®@opaa. Ilokasanel  ero

IIPEUMYIIECTBA U HETOCTATKHU.



B TmaBe 2 paccmarpuBaroTcs — 3aayd  MapHIpyTH3allud €
MHOXECTBEHHBIMU orpaHuueHusiMu. lIpennmaraercs rpadoBas Mojeiab CETH,
JOITyCKAIoasi MCIOJIB30BaHUE CXEM OOecleyeHHs] KayecTBa OOCHTy>KHMBaHUS.
OnuceIBatOTCs CIEAYIONIME MpaBuia JJIsl UCTOIb3YEMBbIX IIPU MapUIpyTHU3ALMNH
BeCOBBIX (pyHKIMi. Bo-mepBhixX, misi mr000W BBHIOpaHHOW (PYHKIIWH, TOJIKHO
npenanonaratbess  cymecrBoBaHue  dPGEKTHBHBIX M MAacCIITaOUPYyEeMbIX
QITOPUTMOB  MapUIPyTHU3alldd M CJHOKHOCTh HCIIOJIb3YEMOIO  aJIrOpuTMa
MapuipyTu3aldd HE JOJKHA pacTh NPONOPLUMOHAIBHO pa3mepaM ceTu. Bo-
BTOPBIX, (DYHKIIMS TOJKHA OTPa)kKaTh OCHOBHbBIE XAPAKTEPUCTUKH ceTu. JIroObie
TpeOOBaHUsI KayecTBa 00CIyKUBaHUA, OyAyT 0TOOpaXaThCsl KaK BbIPA)KEHHbBIE B
3HAUEHUAX BECOBbIX (PYHKUMH orpaHmyeHuss Ha wmapupyt. CrenoBarenbHoO,
UCIIOJIb3yeMbI€ TMPU  MAapIIPYTHU3AIMM  BECOBbIE  (YHKIUUA  TO3BOJISIOT
OMpENeNIUTh TE€ THUMNBI KadecTBa OOCIYXHBaHUSI, KOTOpPHIE CETh MOXET
MOJ1JIEPKUBATh.

B Tperbeli r1i1aBe paccMOTPEHBI BONPOCH AHAIM3a U MOJEPHU3ALMUU
anroputMma JleWkcTpbl. BBEAEHO MNOHATHE JOKAIBHO KpaTyauliMX IIyT€H B
rpade. PaccmoTpeHbl JBe JE€MMBI W JOKa3aHbl TEOPEMBbI O JIOKAJbHO
KpaTyauiux nyTsax B rpade. OnuceiBaeTcs pa3padOTaHHBIM aIrOPUTM MOUCKA C
VICIIOJIb30BAHUEM JIOKAJIBHO KpaTYaulliuX IyTeH.

B npunoxeHusx nmpuBEeAEH MaTepual, JONOJHSIOIUANA U TMOSCHSIIOMIUN

OCHOBHOM TEKCT IUCCEPTALMOHHON PaOOTHI.



I'naBa 1. AHa1M3 IPOTOKOJI0B 10CTyIIA
U KJaccupukanus aJropuTMOB MAPIIPYTH3ALMHU
B r;100abHOM cetu UHTEpHET

1. AnropuT™Mbl MapmpyTu3anuu. MeTpuku MapuipyToB.

[lens MapmipyTu3zaluv - JOCTaBKa [aKETOB MO HA3HAYEHUIO C
MakcuMmm3zanuet sddexktuBHocTu. Yaiie Bcero 3¢P(EKTUBHOCTH BBIpAKEHA
B3BEUIEHHOW CYMMOH BpPEMEH JOCTAaBKM COOOILEHHWH MPU OTpaHUYEHHH CHHU3Y
Ha BEPOSTHOCTh JOCTaBKUA. MapuipyTu3anus CBOJUTCA K ONpPEAEIICHUIO
HanpaBlICHUI JABIKEHUS MAKeTOB B MaplipyTuzaTopax. Beibop onHoro us
BO3MOXXHBIX B MapLIPyTH3aTOPE HANPABJICHUI 3aBUCUT OT TEKYIIEH TONOJOTHU
ceTu (OHAa MOXKET MEHSTHCS XOTS Obl M3-3a BPEMEHHOTO BBIXOAA HEKOTOPBIX
y3J0B W3 CTpOs), IJIUH O4Yepencedl B y3Jlax KOMMYTaluu, WHTEHCUBHOCTH
BXOJIHBIX ITOTOKOB U T.II.

ANTOPUTMBI MapuIpyTH3aALUU MOXKHO Ju(d(epeHnpoBaTh, OCHOBBIBASCH
HAa HECKOJNbKHMX KJIIOUEBBIX XapakTepucTukax. Bo-mepBbix, Ha padoTy
PE3YNBTUPYIOLIET0 MPOTOKOJIAa MAapUIPYTHU3AIMU BIUSAIOT KOHKPETHBIE 3a/1auH,
KOTOpbIE pemaer pa3padOTYMK ajnroputMa. Bo-BTOpbBIX, CYIIECTBYIOT
pa3IMYHbIE TUIBI AITOPUTMOB MAPLIPYTU3ALMH, U KaXKAbI U3 HUX MO-Pa3HOMY
BJIMSIET Ha CETh M pecypchl Mapupyrtusauuud. M HaKOHEL, aJropUTMBI
MapLIpyTHU3aLUU UCTIOIb3YIOT Pa3HOOOpa3HbIE MOKa3aTeNln, KOTOpbIe BIUSIOT Ha
pacyeTr OoNTUMAaJIbHBIX MAapIIPYTOB.

AJITOpUTMBI MapUIPYTU3ALMHU BKIKOYAIOT IPOLETYPbI:

o U3MEpPEHUE U OLICHUBAaHUE NTaPAMETPOB CETH;

o NPUHITUE PEUICHUSI O PACCHUIKE CIIY)eOHOM nH(pOopMaIuu;

o pacuet Tabiuil mapupytuzanuu (TM);

o peanu3anus IPUHATHIX MapPIIPYTHBIX PEIICHU.

B 3aBucuMoCTH OT TOro, MCIOJB3YeTCs JIU NPHU BBHIOOpE HANpaBICHUS
uH(poOpMaIUsl O COCTOSSHUU TOJIBKO JAHHOTI'O y3Jla WM BCEH CETH, Pa3auvyaroT

QITOPUTMBI  U30aupoeannvie 4 2nodanvhvie. Ecnmu TM pearupyer Ha



U3MEHEHHUSI COCTOSIHHMSI CETH, TO QJITOPUTM AOAnMUEHbL (OUHAMUUECKUIL),
UHaue @ukcupoeannwvlit (cmamuueckuil), a IpU PEIKUX KOPPEKTUPOBKAX -
Kéazucmamuyeckui. B cratMdyecKnx Mapupyrusaropax usMmeHeHus B TM
BHOCHT aJMUHHCTpATOp cetu [3-7].

Ilpocmentwuii anzopumm - U30JIUPOBAHHBIN, CTaTUYECKU. Ancopumm
Kpamuaiiweinl ouepedu B OTIWYUE OT MPOCTEHIIErO SBJISETCS aJlalTUBHBIM,
MakeT TIOChUIAeTCd MO HAMNpPaBICHUIO, B KOTOPOM HaWMEHbIIas oOdepelh B
JTaHHOM Yy37e. Jlasunuwlii aneopumm - MHOTOIYTEBOM, OCHOBAaH Ha PAaCCHUIKE
KONUM MaKeTa Mo BCEM HaIlpaBJIEHUSIM, MaKeThl cOPachIBalOTCA, €CJIU B JaHHOM
y37e Apyras Komus yxe mnpoxoauia. OYeBHUIHO, YTO JIABUHHBIA aJITOPUTM
o0ecrnieurBaeT HAJICKHYIO JOCTaBKY, HO MOPOXKJIAET 3HAUUTENbHBIN Tpapuk U
MOTOMY MCTIOJIB3YETCS TOJIBKO ISl OT/ACJIbHBIX MAKETOB OOJBIION IIEHHOCTH.

Hanbonee mupoko HUCHONb3yeMbl€ aJalTUBHBIE MPOTOKOIBI (METOIbI)
mapmpytu3anuu - RIP (Routing Information Protocol) u OSPF (Open Shortest
Path First). Merox RIP unaue Ha3piBaeTcst MeTozioM penbeoB. OH OCHOBaH Ha
anzopumme bennmana-@opoa n UCnoNb3yeTcsl MIPEUMYILIECTBEHHO HA HUKHUX
YPOBHSIX uepapxuu ceTu. B ceTsx, paboTarouux B COOTBETCTBUU C METOJOM
OSPF, undopmarus o 1r060M U3MEHEHUH B CETH PAacChUIACTCSI IABHHOOOPA3HO.

Anroputm bemnmana-®opaa ornocures k anropurmam DVA (Distance
Vector Algorithms). B DVA penveg Ra(d) - 3To ornenka kparyaiiiero myTu ot
y3ma a k y3my O. Omenka (yCIOBHO HA30BEM €€ pacCTOSHUEM) MOXKET
BbIpaXXaTbCd BPEMEHEM JOCTABKH, HAJEAKHOCTHIO JOCTABKU WJIM YHCIOM Y3JIOB
KOMMYyTaluu (MU3MepeHrue B Xomax) Ha gaHHoM Mapuipyte. B TM y3na a

KaXXJI0OMY M3 OCTAJbHBIX Y3JIOB OTBOAUTCA OAHA CTpPOKa CO cneﬂy}omeﬁ

uHbopmalmei:

o y3€J1 Ha3HAYEeHUs;

° JUIAHA KPaTYauIIero myTH;

o Homep N Omwkaiiiiero ysiga, COOTBETCTBYIOLIErO KpaTyauiiemy
MyTH;

o CIUCOK penbedoB OT a k d yepe3 KaxIblif U3 CMEKHBIX Y3JIOB.
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Xorss anroput™m bemnmana-dopaa CXOOUTCA MEMJIEHHO, MUIS CETEU
CpPaBHUTEJILHO HEOOJBIINX MacCIITa0OB OH BMOJHE MpuemiieM. B Oonbiimx
cersix ayume ce0s 3apexkomenmoBan amroputm OSPF [7]. OH ocHoBaH Ha
UCTIOJIb30BAaHUHU B KXKJIOM MapuIpyTH3aTOpe MH(OpMAIUM O COCTOSHUU BCEM
ceru. B ocuoBe OSPF nesxcum anzopumm /leiikcmpot noucka Kpamuaiiuieco
nymu ¢ 2paghax. Ilpu sToM cerb Momenupyercs rpadom, B KOTOPOM Y3JIbI
COOTBETCTBYIOT MaplipyTh3aTopaMm, a pebpa - kaHaidam cBsi3u. Beca pebep -
OLICHKU (pacCTOSHUS) MEXAY UHLIUJIEHTHBIMU y3JIaMH.

Haxoaut npumeHeHue emie oauH aiaroputMm Mapmpyruzanuu - |IGRP
(Interior Gateway Routine Protocol), paspaborannsiii ¢pupmoii Cisco [9]. On
aHajornueH anroputmy RIP, HO pa3BuBaeT ero B HampaBlICHUSIX: a) BO3MOXKHBI
pa3iauuHble METPUKH (1eneBble PYHKIMH); 0) TpaduK MOXKET paclpeaensiThCs
10 HECKOJIbKUM KaHaJlaM ¢ OJIM3KUMH 3HAYEHUSIMU METPUKH.

B mnHawame paboTel cetu W B JadbHEWIIEM C  OMNpPEACIICHHOU
NEPUOIUYHOCTHIO MapuIpyTH3aTOPbI OOMEHUBAIOTCS MapUIpyTHOU
uHopmaleil, Ha 0CHOBE KOTOPOH (POPMUPYIOTCS TaOJIUIIBI MAPUIPYTU3ALUH.
Nudopmanuss nepenaerca BOIHOOOPa3HO, U B OONBIIUX CETSIX OOHOBJIECHHUE
Ta0JMI] MOXKET MPOMCXOAUTH MeIJIeHHO. [l ycTpaHeHHsl 3TOro HeJocTarka
ceTh pazouBatoT Ha yactu (o6actu OSPF) u odmen nHpopmanmeid mpoucxoauT
TOJIbKO BHYTpU 4acTeil. [Ipm 3TOM yMeHbIIAIOTCA TakKe pa3Mepbl TaOauIl
Mapuipytuzanud. Mexay co0oil yacTh OHHM CBSI3aHbI 4epe3 MOrpPaHUYHbIC
MapIIpyTH3aTOPbI, padOTAIOIIUE 1O TUITY MOCTOB.

Mempuku mapuwpymoe

Ecnu amgpecar nmoctikum Oosiee 4yeM OJIHUM IIyTEM, MapIlpyTHU3aTop
JIOJIKEH ClieNlaTh BBIOOP, STOT BHIOOP OCYIIECTBISIETCS HA OCHOBAHHMM OIEHKH
MapuIpyToB-KaHAUAAaTOB. OOBIYHO KaXKJOMY CEIMEHTY, COCTaBIISIIOIIEMY
MapIpyT, MPUCBAUBAETCS HEKOTOpas BEIMYMHA - OLEHKAa 3TOr0 CErMeHTa.
Kaxxaplii mpoTOKON MapHIpyTHU3alMM HCHOJIB3YET CBOIO CHCTEMY OLEHKH
MapuipyToB. OnEeHKa CerMeHTa MaplipyTa Ha3bIBa€TCsl METPUKOMU. 311€Ch

cienyer oOpaTUTh BHHMaHHE Ha TO, 4YTO TpPH BBIOOpE MapIIpyTa BCEM
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CErMEHTaM ITyTH JOJDKHBI OBITh JaHBI COMOCTABHMBIC 3HAYEHUS METPUKH.
HenomyctrMo, 94T00BI OTHH CETMEHTHI OIICHUBAIUCH YHCIIOM IIAroB, a APYTrHUe -
0 BEJIMYMHE 33JCPKKM B MIJUIHCEKYHIaX. B mpenenax aBTOHOMHON CHUCTEMBI
3TO OOBIYHO HE co37aeT IpoOjeM, BeIb 3TO 30HA OTBETCTBEHHOCTH OJIHOTO
agMUHHACTpaTopa. HO B peruoHalmbHBIX CETAX, TJe paboTaeT MHOIO
aIMUHHACTPATOPOB, TIpoOjeMa BbIOOpa METPUKH MOXET CTaTh pPEabHOM
TPYAHOCTBIO. IMEHHO 110 3TOM NMPUYUHE B TAKUX CETAX YaCTO HCIOJIB3YETCS
BEKTOP PaCCTOSHUSA, UCKITIOYAIOIIHNA CYOBEKTUBHOCTH OIICHOK METPHKH.
[ToMuMO KJIAaCCHYECKOH CXEMBbI MapIIpyTH3aIllid 110 aJpecy MecTa
Ha3HAYCHUS, YaCTO HCIOJIb3yeTCsl BapUaHT BBIOOpA MapIipyTa OTHPABUTEIEM
(TaHHBIM BapWaHT MOJYYWJI JaldbHEHIEe pa3BUTHE TPH BBEICHUM CTaHAApTa
IPv6). B stom cnyudae IP-maker colepWUT COOTBETCTBYIOIIMN KOJ OMNIMHU U
CITUCOK TIPOMEXYTOYHBIX aJPECOB Y3JI0B, KOTOPHIE OH JOJKEH IOCETUTh IO

yTH K MECTy Ha3Ha4deHus [7-11].

2. lllupoxoBemaTe/JbHbIH aJrOPUTM ONTUMHU3ALMU MAPUIPYTA.

Tabmubl MapupyTuzauuu. MapmpyTsl 10 yMOJIYAHHUIO

CylecTBylOT W JPyrde  CXEMbI, HaIpuUMep,  HCIOJIb3YIOIIHE
IIMPOKOBeMmaTeIbHbIe MeToabl aapecaruu (flooding), rae kakaplid mpux oIt
[IAaKET IIOCHUIAETCS II0 BCEM HMEIOIMIMMCS MCXOMSIIMM KaHajaM, 3a
UCKJIFOYCHHEM TOrO, IO KOTOpoMmy OH moiydeH. C TeM d9ToObl HCKITIOYHUTH
OecrpenenbHOE Pa3MHOXKCHUE TAKETOB B 3arojlOBOK BBOJUTCS IOJIE-CUCTUHK
yuclia MaroB. B KaXaoM y3iie COAEp)KUMOE ITOJII YMCHBIIACTCS Ha €IUHHILY.
Korpma 3naveHue IOJIS CTAaHOBUTCS PaBHBIM HYJIIO, IMAKET JHKBHIUPYETCS.
HcxogHoe  3HaYeHHWE  CYETYMKA  ONpEAEIseTcss  pasMepoM  cyOceTu.
[TpeanpuHUMAIOTCS CIIEUANIbHBIE MEpPhl MPOTHB BO3MOYKHOT'O 3allMKIHMBAHHS
nakeToB. CylIlecTBYeT YCOBEPIICHCTBOBAHHAS BEPCHs IIHPOKOBEIIATEIBHON
MapIIpyTU3allii, Ha3blBaeMasi CEICKTUBHOW IMIUPOKOBEIIATEIILHOW PaCChUIKOM.

B »TomM anropurme paccbuika TPOU3BOJUTCS HE MO BCEM BO3MOXKHBIM
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HANPaBJICHUSIM, a TOJBKO IO TEM, KOTOpBIC MPEANONOKUTEIBHO BEIyT B
paBWIbHYIO cTOpOHY. llIpokoBemareapsHbie METOABI HE OTHOCSITCS K IIUPOKO
mpuMeHUMBIM. HO OHU MCTIONB3YIOTCS Tam, TIe Hy)KHA MPEAeThbHO BO3MOXKHAS
HAJIC)KHOCTh, HAlPUMEP B BOCHHBIX MPWIOKEHUSIX, KOTJIa BEChbMa BEPOSITHO
MOBPEXK/ICHUE TEX MWW MHBIX KaHAIOB. J[aHHbIE METOBI MOTYT HUCIIOIh30BaATHCS
JUIIb  TpU  (POPMUPOBAHUM BUPTYAJIbHOTO KaHala, BEAb OHHU BCErJa
00eCreunBalOT HAWKpaTJYAWIIUN IMMyTh, TaK Kak Mepeduparorcs Bce
BO3MOKHOCTH. Ecii IyTh 3ammchIBaeTCs B MakeTe, MojydaTeilb MOXKET BHIOpATh
ONITUMAJTBHBIN TIPOXO M YBEAOMUTH 00 3TOM OTITPABUTEIIS.

BOoNbIIMHCTBO aNTOPUTMOB YYHMTHIBAIOT TOIOJOTHIO CBSI3CH, a HE HX
KauecTBO (MPOIMYCKHYI0 CHOCOOHOCTb, 3arpy3ky u 1p.). Ho cymiectByror
MOJIXO/IBI K PEUICHUI0 TIPOOJIEMBI CTATUYECKON MapIIPYyTU3AINH, YIUTHIBAIOIITIE
Kak Tomojioruto, Tak m 3arpy3ky (flow-based routing). B HekoTopbix cersax
MOTOKH MEXAY y3JIaMH OTHOCHUTEIBHO CTaOWIBHBI W TpeAcKazyeMbl. B sTom
Ciydae TOSIBJISIETCS BO3MOKHOCTh BBIYMCIIUTD ONTUMAIIbHYIO CXEMY MapIIpyTOB
3apaHee. 37eCh Ha OCHOBE TEOPUU MAacCOBOI'0 OOCIYKMBAHUS TPOU3BOAUTCS
OLICHKA CpeOHEH 3alep)KKW JOCTaBKH JJIsi KaKIOW CBsI3U. ToOmmONOrus
MapIipyToB ONTUMHU3HPYETCS 110 3HAYCHUIO 3aJICPKKH JOCTABKH ITaKeTa.
HcxXomHBIMU JaHHBIMM TIPU pacyeTe CUUTACTCS OMKMCAHHME TOIOJIOTHHU CBSI3EH,

marpuna Tpaduka s Bcex y3noB T (B makerax B CEKyHIy) W MaTpuua

MPOIMYCKHBIX CIIOCOOHOCTEN KaHaloB B. . B Outax B cekyHay. 3anepkka t as

By
KaXKJIOM U3 CBsA3EH OIleHUBAETCs 10 opmylie
t; =1/(p- By —T; )

rae i 1 J - HoMepa y3JioB,;

1/P - cpennee 3Ha4YeHHE MMPHUHBI IAKETA B OuTax, npousseneHue P - By
BBIpaXKaeTcs B MaKeTax B CEKYHIY, a t u3Mepsercs B MUJUIMCEKYH/Iax.

Coopmuposas Matpuily 1y, MOXHO MOJNYYHTh Ipad Kparyaiimx CBs3en.
Tak kak BBIUMCICHHUS TPOU3BOAATCS HE B pealbHOM MacmTade BpeMEHH,

0COOBIX TPYJAHOCTEH 371€Ch HE BO3HUKAET.
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Craruyeckue TOPOTOKONBI  (MPUMEPOM  peadu3aldh  CTATUYECKUX
MPOTOKOJIOB MOXKET CIYXKUTh TiepBas Bepcus MapiipyTtuzaropa Netblazer)
MPEANoiaraloT, 4YTo JII0Oble W3MEHEHHs B MAaplIPyTHbIE TaOJIMIBI BHOCUT
aJMMHUCTpATOp ceTu. JlMHamMuuyeckas MapuipyTu3anus, o0yagas O4eBUIAHBIMU
NpEeUMYILEeCTBaMHU, K COXAJIEHHIO, OOJerdyaer 3ajady Xakepy, MbITaloIeMycs
NPOHUKHYTH B ceTh [10].

PaccMmoTpum st mpumepa cetb, n300paskeHHyro Ha puc. 1.1.

192.0.0.1 — 193.0.0.1 —193.148.0.7

CeTe ( CeTb ¥ CeTb ¥ CeTb
192.0.0.0 i rw 193.0.0.0 G2 192.148.0.0 r 192.166.0.0

193.0.01— 193.148.0.3 193.166.0.5—

Puc. 1.1. Cxema a1t WIUTIOCTpaIMM METOAUKH
COCTaBJICHHSI MApIIPYTHBIX TAOJIUIL
G1, G2, G3 — MapuIpyTU3aTOPHI.
[TpumuTrBHAs Tabmuna MaplIpyTHU3allMM AJIs MPUBEIEHHOIO MpUMepa

MokeT uMmeTh Bun (g mapmpyruzaropa G2): Cerb - ampecat - Mapmpyt k

9TOM CeTH
193.0.0.0 npsiMast JIOCTaBKa
193.148.0.0 npsiMas 10CTaBKa
192.0.0.0 yepes aapec 193.0.0.1
192.166.0.0 gyepes aapec 193.148.0.7

MapupyTsl 10 YMOJIYAHUIO

3aMEeTHO COKpamarT pa3Mep MapHIpyTHOW TaONHIBl MapIIpyThl IO
yMon4aHuio. B 9Toil cxeme cHauana MIiercs MapipyT B TaOJIMIIAX, a €CJIM OH He
HalIeH, TaKeT MOChUIAeTCS B y3€l, CIEelUalbHO BBHIOPAHHBIA JI1 JAHHOTO
cinyyvasi. Tak, Korja uMeeTcsi TOJIbKO OJIMH KaHal 3a pyOek, Hey/1lauHbIi MMOUCK B
Ta0JMIlE MapUIPYTOB B KOHKPETHOM CTpaHe O3HA4yaeT, YTO MAaKEeT ClenyeT

1ocJjiaTh MO 3TOMY KaHaly WM MyCTh TaM C HUM paszOuparorcs. MapmipyTsl 1o

13



YMOJTYAHUIO MCIOIB3YIOTCS OOBIYHO TOI/A, KOrJa MapUIpyTHU3aTOp HMEET
OTpaHUYCHHBIA O0BEM MaMATH WIM IO KaKOW-TO MHOM MPUYMHE HE HMEET
MOJTHOW TaOJUITGI MapIHIpyTU3aui. MapmpyT M0 yMOIYAHUIO MOXKET IMOMOYb
peaiM30BaTh CBSI3b Ta)Ke MPHU OMIMOKAX B MAPUIPYTHOHN TaOiHile. ITO MOXKET HE
VMETh HUKAKUX TMOCIEICTBUN ISl MAJIbIX CETE€M, HO JJIsl PETHOHAIBHBIX CETEH C
OTPaHUYECHHOW MPOMYCKHOW CHOCOOHOCTHIO TaKO€ PEIICHHE MOXKET IOBJIEYb
CEpbE3HBIE MOCIEACTBUS.

ANTOpUTM BBIOOpa MapIIpyTa YHUBEPCAJIEH U HE 3aBUCUT OT MPOTOKOJIA
MaplIpyTU3aliy, KOTOPBI  HMCHOJB3YeTCs JHIIb JJs  (HOPMHUPOBAHUS
MapiIpyTHOU Tabnuibl. OOMIMM alropuT™ BEIOOpPA ONTUMAIBHOIO MaplIpyTa Ha
OCHOBE METPUK CErMEHTOB IMyTHU C(HOPMYIMpPOBa aMEPUKAHCKUNA MaTeMaTHK
Hetiketpa B 1959 rtomy [12]. Omnwmcanue anropuTma BBIOOpa MapmipyTa
MIPEJCTABICHO HUXKE:

N3Bneus IP-agpec (ID) Mecta Ha3HAUYCHHS U3 IEUTOTPAMMBI

Boraucnuts IP-anpec cetn Haznauenus (IN)

IF IN cooTBeTcTBYeT KakKoMy-IuOO aJpecy JIOKaJIbHOW CETH, TOCJaTh
JefTorpaMmy 1o 3TOMY aJpecy;

else if IN mnpucyrctByer B MapuipyTHOW Tabjuie, TO MOCTATh
JefTorpaMmmy K cepBepy, yKa3aHHOMY B TaOJIUIIE;

else if ommcan Mapmipyr 1Mo yMOJI4aHHIO, TO TOCIATh JACHTOrpamMMmy K
3TOMY CEPBEPY;

else BeI1aTh cOOOIIEHNE 00 OIMTMOKE MapIIPyTH3AIIHH.

Eciu cerp BkIouaer B ceOs cyOceTd, TO IJisi KaXIOW 3amucH B
MapIIpyTHON TabuIle Mporu3BoAUTCA nodutHas oneparus <> mist ID u macku
cyoceru. Eciiu pe3ynbTar 3Toil onepanuu COBMAJIET C COIEPKUMBIM aJIpECHOrO
MoJisl CeTH, AeWTorpamMma IochblIaeTcs cepBepy cybcern. Ha mpaktuke mnpu
HaJIMYUK CcyOCeTel B MAapUIPYTHYIO TAOJIMILy J0OaBISIOTCA COOTBETCTBYIOLIUE

3aIlrCy ¢ MaCKaMM 1 aJipeCaMiu ceTeil.
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3. Aaropurmbl 00padoTku ceteii u rpagoB

KaK TOIOJOTMYeCKHUX MojeJiei

PaccmaTpuBaroTcsi  anrOpuTMBI  HAaXOXKICHMS  KpaTdauWllux IIyTew,
UCITONB3YEMBIX JIJII 00paOOTKH TpadoB M CeTel, KOTOPhIE MOKHO O0O3HAYUTH
KaK MOJIEJTH CIIOKHBIX CHCTEM.

CymiecTByeT 00JbIIOE KOJIMYECTBO MPAKTHYECKUX 3a7ad, CBOJSAIIMXCS K
MOUCKY KpaTyadimmx mytedl B cetu (rpade). K ux 4Yuciy MOXHO OTHECTH:
MOWCK KpaTYaWIlero PacCTOSHUS MEXAYy T'OpOJaMH; IOHWCK IyTH Tepeaayu
uH(OpMaITIH, 00€eCIeYnBaOIIer0  MUHUMAIBHYIO CTOMMOCTh  WJIH
MUHUMAJIBLHOE BpeMs Iepefadd, WIH MaKCHUMaJIbHYI0 HAJIeKHOCTh IPHU

pacrpocTpaHeHUU UH(pOpMaILIK B Pa3BETBICHHOMN CETH.

Aaroputm ®opaa-besimana

WcxonHpIMU JaHHBIMH JUIS MOMCKAa KpaT4auiiero mytu B cetu (rpade)
SBJISICTCS. MaTpHUIla BECOB JYr 3aJaHHOTO OPHEHTHUPOBAHHOrO rpada. IT1o
O3HaJaet, yTo Kaxaou ayre (U,V)OE mocTaBiieHO B COOTBETCTBHE HEKOTOPOE
BemecTBeHHoe yuciio A(U,V), Ha3bIBaeMOoe BeCOM JaHHOW nyru. JlnuHy
kpatdarmero mytu d(S,t) Mexxay BepmuHamu S ¥ t Ha3bIBAIOT PACCTOSHUEM OT S
no t (paccrosHue, ompejiclieHHOE TakuM 0O0pa3oM, MOXeET OBITh H
oTpUIaTelbHbIM). EciM He cyliecTByeT HH OJHOrO NMyTH W3 S B I, TO
nomnararor d(s,t)=I, rae I- HEeKOTOPLIA CUMBOIL

BONBIIMHCTBO ~ QJITOPUTMOB  TIOMCKA  PACCTOSHUW  MEXIY  JABYMSI
(GUKCUPOBAaHHBIMM BepIIMHAMM S W | BKIIOYAlOT B ce0s  CIICAYIOIINE
JCUCTBUA. 1O JaHHOW Marpuie BecoB ayr Afu,v] (u,vOV) BbUHCISAIOT
HEKOTOpbIe BepxHue orpanndeHus D[V] Ha paccrostHEe OT S 10 BCeX BEpPINHH V.
Ha xaxmom tmare, ecaum D[V]+A[u,v]<D[v] omenky D[v] yayumaror:
D[v]=D[u]+A[u,v]. ITporecc npekpariaercs, Korjaa JaibHEHIee yiaydIIeHne HA
OJTHOTO M3 OIPaHUYCHUN HEBO3MOXKHO.

Anroputm  @oppaa-bennMana  MO3BONSET  HAWTH  PACCTOSIHUE — OT

UCTOYHHKA 710 Bcex BepimH D[V]=d(s,v), VOV opueHnTHpoBaHHOrO Tpada npu
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yCIIOBHH, 4YTO Trpad) HE COJAEPKUT KOHTYPOB OTPUIATEIBHON MuHBI (N -
KOJIMYECTBO BEPIIHH B rpade):

ForvOVdo D[v]:=A[s,v]; D[s]:=0;

For k:=1to n-2 do

For vel\{s} do

ForuOV do D[v]:=min(D/[v],D[u] +A[u,v])

Ha pucynke 1.2. npusenes: (a) rpad; (0) COOTBETCTByIOIIas €My MaTpuIla

BeCOB IyT; (B) pe3ynbTarsl padboTsl anroputma @opaa-bemnmmana.

3
!
V4
3 2 1
4
a)
1 2 3 4 35
00 1 00 o0 8
o0 o0 3 3 6
o0 o0 00 1 -5
00 0 2 0 00
00 00 o0 4 00
0)
K D[1] D[2] D[3] D[4] D[5]
0 1 o0 o0 3
1 0 1 4 4 -1
2 0 1 4 3 -1
3 0 1 4 3 -1
0)

Puc. 1.2. Anroputm ®opna-bennmana
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[IpuBeneHHBIA aNrOpUTM OTHICKAHUS KpaTyallIux MyTred B rpadax ¢
OTPULIATENBHBIMYU JUIMHAMU AYT, npuHaiexamuin ®opay, Mypy u bennmany,
MOKET CIYKUTh OJHHUM M3 BO3MOXHBIX CIOCOOOB OOHapyXEHHs KOHTYpOB

OTPUIATEILHON JJIMHBI (WIH ITUKIIOB B HeOpueHTHpoBaHHOM Tpade) [10,11].

AaroputMm J{leHKCTPBI

bonee »>¢deKkTUBHBIM aNrTOPUTMOM JUIsl pEIIEHUsS JIaHHOW 3a/ladu
ABJISIETCST aNTOPUTM JIeMKCTphI, MPUMEHSEMBbIA B TOM CIllydae, €clii Beca BCEX
Iyr HeoTpurarenbHbl. McxomHas wuHbopMaluss W pe3yiabTaThl  paOOThI
AQHAJIOTUYHBI IPEJIBIYIIEMY aJITOPUTMY.

For vOV do D[V]:=A[s,V];

D[s]:=0; T:=V\{s};
While

T=0 do

begin
u:=Illpoussonvras eepwuna YOT, maxas, umo D[r]=min
{DIp]:pOT}; T:=T\u};
For vOT do D[v]:=min(D[v],D[v]+A[u,v])

end

Mexanusm paboTsl anroputma JlelKcTpsl IpeacTaBieH Ha pucyHke 1.3:

Puc. 1.3a. I'pad anropurma JlefikcTpbl
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D[1] | D[2] | D[3] | D[4] | D[5] | D[6]

0 1 (6) 3) (0) ()
0 1 (4) 3 (7) ()
0 1 4 3 @) (5)
0 1 4 3 (6) 5

Puc. 1.36. Marpurnia BecoB ayr Aiaroputm JledkcTpbl

Iyt B 0eCKOHTYpPHOH ceTH

Bropeim ciaydaem, miis KOTOpPOTO HW3BECTEH QJITOPUTM HAXOXKICHUS
paccTossHUN OT (hUKCHpOBaHHOW BepmuHBI 3a BpeMs O(N2), sBisercs ciyda,
korma rpad sBiseTcss OCECKOHTYpHBIM (Temepb Beca Jyr MOTYT OBITh
NpOM3BOJbHBIMHU). [IpM ONWCAaHMK  aJIrOpUTMAa HAXOKIACHHUA IyTeH B
OECKOHTYpHOM Trpade MBI MOXEM TPEATOIOKUTh, YTO KaKIas Jyra HUICT W3
BEPIIUHBI C MEHBIIIUM HOMEPOM B BEPIIHHY C OOJIBITUM HOMEPOM.

HUcxonHoit wumHboOpManuer sl adropuTMa TOHUCKAa  PACCTOSHHM
D[v1]=d(v1,vi),i=1,...n or wucrounmka V1 10 BCEX 3aJaHHBIX BCPIIMH B
OeckoHTypHOM Tpade sBisercs opueHtupoBannerii rtpad (V,E), roe
V={vl,..,vn}, u nmna mnpoumsBoibHOH nayru <Vi,VJ>OE wmmeem I<j. I'pad
ornpenesercs: TuHeHHbpIMU cririckamu [Ipenm[v], vOV.

D[v1]:=0;

For j:=2 to n do D[vj]:=I;

For j:=2tondo

ForviOllpeow/vj] do D[vj]:=min(D[vj],D[vi] +A[vi,vj])

Haxoxaenue K kpaTuaiiimmx myTeii B rpage

Ectb HeopuentupoBanusiii rpad. CoctouT u3 BepumH u peoep, popam
npunucansl JUIHHBL. BepmuH Heckonbko Thicsd (N mTyk), KommdecTBo pEdep
u3BectHo (M mTyK). JlONMOMHUTEIBHBIX CBEICHWH O COOTHOIICHHH YHCIIA

p€0ep U uKciia BEpIIUH HET.
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Hano HailTh HECKOJIbKO KpaTyallux MMyTed 0e3 LHKIOB MEXIy ABYMS
3amanHbiMu Toukamu (K mryk nyrteir, K 3agaercs, K mopsaka HECKOIBKUX
JIECSITKOB) CTPYKTYp (pyHIaMEHTATBHOU (PU3UKH.

OTOT anropuT™M MPEANojaraer, 4YTOo Mbl YMEEM HaxXOAUTb OIUH
KpaT4yaliumii myTh B rpade.

Henaercs 3T0 Tak: byaemM BecTH CHHCOK KaHAMIATOB B KpaTdailliue
nyrtu. Haxonuress nepBbld KpaT4auluMi IyTh. Tak Kak BCe APYrue MyTH HE
JOJKHBI COBMAJIATh C MEPBBIM IIyTEM, TO 3TH OCTaJbHbIE IIyTH HE COAEpKaT
KaK MHUHHUMYM OJHO U3 pebep mepBoro mnyTtu. [losTomy, BBIKMABIBaEM IO
OJTHOMY peOpy M3 MEPBOro MyTH M HAXOAHUM KpaTyaillllie MyTH B MOJy4aeMbIX
rpadax. Haiinennpie myt (C TIOMETKOM O TOM, Kakoe pebpo ObLIOo
BBIKHHYTO) J00aBIsieM B CIUCOK KaHAMAATOB. M3 cromcka KaHAMIATOB
BbIOMpPAEM CaMbIil KOPOTKUM MYTh - 3TO BTOPOM CaMbIii KOPOTKHM MYTh.

Jlasiee HaxoAUM CIIEIYIOIIUM CaMblii KOPOTKUK IyTh aHAJIOTU4HO. [lpwu
HaXOXIEHUM KaXKIOr0 C€aMoro KOpPOTKOrO IYTH B CIHCOK KaHAWJATOB
nobassiercs: He 0osiee N HOBBIX ImyTel (Ha caMoOM Jiejie KOHEYHO MEHBIIIE).

[Ipn ynanenun peOpa HaXOXKICHHE KpaTyaillllero MyTH B MOJYYEHHOM
rpade Ipou3BOANTCSA BPOJE 3a JTUHEHHOE BpeMs. [ 3Toro B ucxogHoMm rpade
anroput™ JleWKCTphl 3aIlyCcKaercss Kak OT HaudallbHOM, TaK M OT KOHEYHOWU
BepmmHbL. [Ipu ynmanenun omgHoro pebpa KparyaWimmii myTh B HOBOM Tpade

HIOCTCA C UCIIOJIB30BAHUCM JICPCBLCB, IIOJTYUCHHBIX OJIA HCXOAHOI'O rpa(ba.

Aaropurm Djoiga-yopuiesia

HaxoauT paccrosiHne OT KaKAO0M BEPIIMHBI 10 Ka)XJIOW 3a KOJIUYECTBO
onepauuii nopsiaka N"3. Beca Moryr ObITh OTpHIATENbHBIMU, HO Y Hac He
MOYKET OBITh ITUKJIOB C OTPUIATEIHHON CyMMO# BecoB p&oep (MHA4Ye MBI MOXKEM
XOJIUTh IO HEMY CKOJIBKO JYIIE YTOAHO W KaXKIBIM pa3 yMEHbIIATh CYMMY, TaK
HE HHTEPECHO).

B maccuse d[0... n - 1][0... n - 1] Ha i-0if urepanuu OyaeM XpaHUTH
OTBET HA MCXOIHYK 3aJady C OIPAaHMYEHUEM HAa TO, YTO B KayeCTBE
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«IEePECaJOUYHbIX» B MyTH Mbl OYyJI€M UCIIONb30BaTh BEPIIMHBI C HOMEPOM
ctporo MeHbmie 1 - 1 (BepmwmHbl Hymepyem ¢ Hyms). I[lycte upér i-as
uTepanus, 1 Mbl XOTUM OOHOBUTH MaccuB 10 | + 1-oif. [{is aToro juist Kaxmaou
napbl BEPIIMH MIPOCTO TONBITAEMCS B3ATh B Ka4eCTBE IrepecajovyHor 1 - 1-yio
BEPIINHY, U €CJIA 3TO yJAydlllaeT OTBET, TO TaK W ocTaBUM. Bcero cuemaem n +
1 urepanmio, nocne €€ 3aBEpIICHUS B KAUECTBE 'MEPECATOYHBIX" MbI CMOXKEM
UCIIOJIb30BaTh JII0O0YI0, U MaccuB O OyaeT SBJIATHCS OTBETOM.

IlceBmokon:.

npouumams ¢ // g[0 ... n - 1][0 ... n - 1] - maccus, 6 komopom xpansmcsi

seca péoep, Q[i][i] = 2000000000, ecnu pedbpa mesxncoy | u | nem

d=g
fori=1.n+1
forj=0..n-1
fork=0..n-1

if d[j1[K] > d[j1[i - 11 + d[i - 1][K]
dOIKI = db]li - 1] + dfi - 1][K]

gvlgecmu d

4. IIpoTOKO0JIbI IMHAMUYECKOI MAPIIPYTU3ALUHN

Oo0mme cBeaeHus

[Ipexxne yem BHUKATh B MOJAPOOHOCTH M OCOOCHHOCTU JUHAMUYECKOUN
MapUIpyTH3aluyd OOpaTUM BHUMAaHHE Ha JIBYXYPOBHEBYIO MOJIE€Tb, B paMKax
KOTOpO#l paccMaTpuBaeTcs Bce MHOXKeCTBO MamiuH Internet. B pamkax sToif
MOJIeNIM BeCh Internet paccMaTpuBarOT KaKk MHOXKECTBO aBTOHOMHBIX CHUCTEM
(autonomous system - AS). ABTOHOMHasi CHCTEMa - 3TO MHOXECTBO
KOMITBIOTEPOB, KOTOpbIE OOpa3yloT JOBOJBHO IUIOTHOE COOOIIECTBO, TJI€
CYHIECTBYET MHOXKECTBO MAapIIpyTOB MEXKIYy JBYMS KOMIIbIOTEpaMH,
MPUHAJIEKAIIMMU 3TOMY coo01iecTBy. B pamkax 3Toro cooOuiectBa MOXHO
rOBOPUTH 00 ONTUMH3ALMU MapIIPyTOB C LEIbIO JTOCTHXKEHUS MaKCUMaJIbHON

CKOpPOCTH Tiepenaur uHGOpManuu. B MPOTHUBOIMOIOKHOCTE 3TOMY IIJIOTHOMY
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KOHTJIOMEPATy, aBTOHOMHBIE CUCTEMBI CBSI3aHBI MEXIAY COOOM HE TaK TECHO Kak
KOMIIBIOTEPHl BHYTPU aBTOHOMHOM cuctembl. [Ipu 3ToM U BbIOOp Mapuipyra u3
OJIHOM aBTOHOMHOHN CHCTEMBbI MOXKET OCHOBBIBATHCS HE HA CKOPOCTH OOMEHa

nH(popMaIuen, a HaIeKHOCTH, 0€30TKa3HOCTH U T.I1.

ABTOHOMHAA
crcTena 1

APBTOHOMHAA
cHCTeMa 2

ABTOHOMHAA
cHcTeMA 3

Puc.1.4. Cxema B3auMoa€eiicTBHSI aBTOHOMHBIX CUCTEM

Cama wuneonorusi aBTOHOMHBIX CHCTEM BO3HHKJIA B TOT MEPHUOJ, KOTAa
ARPANET mpexacrasmsiiia uepapxudeckyro cucremy. B To Bpemsi ObLIO SIpo
CHUCTEMBI, K KOTOPOMY MOJKIIOYAJIUCh BHEIIHUE ABTOHOMHBIE CHCTEMBI.
Nudopmarus u3 0jHO aBTOHOMHOW CUCTEMBI B IPYTYIO MOIJIA MOMACTh TOJIBKO

yepe3 MapHIpyTu3atopbl siapa. Takas CTpyKTypa A0 CHUX HOp COXpaHseTcsl B

MILNET.

Ha pucynke 1.4. aBTOHOMHBIE CHCTEMBI CBSI3aHbI TOJIBKO OJHOM JIMHUEH
CBSI3M, 4YTO OOJBIIE COOTBETCTBYET TOMY, KaK HAIMOHAIBHBIA CEKTOP
nonkmodeH K Internet. B kimaccmueckmx myOmmkanusx 1o Internet
B3aMMOJICCTBHE ABTOHOMHBIX YacTeil yare 0003HAYarOT MEePEeCeKAIOIUMUCS
Kpyramu, mMoauepkuBas TOT (hakT, YTO MapHIPYTOB U3 OJHOW aBTOHOMHOM

CUCTCMBI B IPYT'YIO MOXKCT OBITH HECKOJIBKO.

OO6cyxnenue 3Toit Mmoaenu Internet HEOOXOAMMO TOJIBKO JJIs1 TOTO, YTOOBI

OOBSICHUTH HAJIMYHE ABYX THUIIOB ITPOTOKOJIOB I[HH&MH'—IGCKOFI MapmpyTu3alum:
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BHCIIHUX WU BHYTPCHHHUX.

BHemHre mpoTOKOIBI CIyKaT JJisi oOMeHa MH(pOopMaIueld 0 MapupyTax

MCXKAY aBTOHOMHBIMH CUCTCMAMU.

BHyTpeHHME TPOTOKONBI ChOyKaT [l oOmeHa wuHoOpMalue o

MapIIpyTax BHYTPU aBTOHOMHOMN CUCTEMBI.

B peasbHON NpakTHKE NOCTPOEHHUS JOKAIbHBIX CETEW, KOPIOPATHUBHBIX
CeTel M MX MOJKIIOYEHMs] K MpOBaijiepaM HY>KHO 3HaTh, INIABHBIM 00pa3oM,
TOJILKO BHYTPEHHHE IPOTOKOJBI JUHAMHYECKOM MapuipyTu3anuu. BHemnHue
IIPOTOKOJIBI TMHAMHYECKOW MapIIpyTH3aUU HEOOXOAUMBI TOJIBKO TOrJa, KOraa
CJIEZyeT MOCTPOUTH 3aKPHITYIO OOJBIIYI0 CUCTEMY, KOTOpasi ¢ BHEIIHUM MHUPOM

6y,[l€T COCIHUMHCHA TOJIBLKO HEOOJIBIITUM YHCIIOM 3allIUIICHHBIX KaHAJIOB JaHHBIX.

K BHemnum mnpotokonam oTtHocsitcst Exterior Gateway Protocol (EGP)

u <Protocol Gateway> .

EGP npenna3znaudeH aJjisi aHOHCUPOBAHUSI CETEU, KOTOPbIEC TOCTYIHBI s
ABTOHOMHBIX CHUCTEM 3a IMpeAciaMd JaHHOM AaBTOHOMHOM cucTeMbl. [lo
JAaHHOMY TIPOTOKOJY I3 oaHOM AS mepemaer nuio3y Japyro AS
nH(GOPMAITUIO O CETAX, U3 KOTOphIX cocTouT ero AS. EGP He ucnionb3yercs ais
ONTUMM3AMKU MapuipyToB. (CuyuTaercsi, 4YTO OTHUM JIOJKHBl 3aHUMAThCA

IPOTOKOJIbI BHYTPEHHEN MAPLIPYTU3ALIMH.

BGP - 310 apyroif mpoTOKON BHEIMIHEH MAapUIpyTHU3alHUW, KOTOPBINA
nosiswiicst no3xe EGP. B cBoux cooOlieHHsIX OH YK€ MO3BOJSET YKa3aTh
pas3IuYHBIC Beca JIJIi MapIIPyTOB, M, TAKUM 00pa3oM, CIIOCOOCTBOBATH BHIOOPY
Hawiy4diero mapuipyra. OJHaKO, Ha3HAUYEHUE ITUX BECOB HE OIpeEAesieTcs
KaKMMH-TO HE3aBUCHUMBIMU (DaKTOpaMH THIIA BPEMEHH JIOCTYIA K PECYpCy WITH
YUCIIOM IIUTI030B Ha TYTH K pecypcy. I[IpenmodreHus: ycTaHaBIMBAIOTCS
aJIMUHUCTPATOPOM M TIOTOMY HHOTJIa TaKyl0 MapUIpyTHU3aIlMI0 Ha3bIBAIOT
IIOJIMTUYECKOW  MapuIpyTH3alMeW, IOApa3yMeBas, 4YTO OHA OTPaXKacT
TEXHUYECKYIO TOJIUTUKY aIMUHUCTpPAIMU JAHHOW aBTOHOMHON CHCTEMBI NPHU
JOCTYyIEe W3 APYTUX aBTOHOMHBIX CHUCTEM K €€ MH(OpPMAIMOHHBIM pecypcam.
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[Iporokon BGP wucnonb3yroT NpakTUYECKHM BCE POCCUMCKUE KpymnHble [P-

IpOBaiiJIephl, HAIPUMEpP KPYIHbIE Y376l ceTu Relcom.

K BHYTpeHHHM IPOTOKOJIaM OTHOCATCs mpoTokosibl Routing Information
Protocol (RIP), HELLO, Intermediate System to Intermediate System (ISIS),
Shortest Path First (SPF) u Open Shortest Path First (OSPF).

[Ipotokon RIP (Routing Information Protocol) npenHaznauen mis
aBTOMATHUYECKOTO OOHOBJICHUS TAaOJIUIBI MapmpyToB. [Ipu 3ToM MCTONB3yeTcs
uH(pOpMAIUs O COCTOSIHHUHM CETH, KOTOpas pPacChUIACTCS MapIIpyTH3aTOpaMU
(routers). B coorBerctBuM c nporokoiaom RIP mro0ast mammHa MOXET OBbITh
MapmpytuzaTopom. [Ipu 3ToM, BCe MapuIpyTU3aTOPhI AENATCS HA aKTUBHBIC U
MAaCCUBHbIE. AKTUBHBIE MapIIPyTHU3aTOPbl COOOIIAIOT O MapHIpyTaxX, KOTOPHIE
OHM TIOJJICP)KUBAIOT B CCTH. IlacCHBHBIC MAapIIPYTHU3aTOPbl YHTAIOT 3TH
IIMPOKOBEIIATEIbHBIC COOOIIECHUS W WCIPABJISAIOT CBOM TAOJMIIBI MapIIpyTOB,
HO CaMH IPU 3TOM MH(GOPMAIIMH B CETh HE TPeI0oCcTaBIsA0T. OOBIYHO B KA4eCTBE
AKTUBHBIX MapIIPYTHU3aTOPOB BBICTYIAIOT IIUTIO3bI, & B KAYECTBE MACCUBHBIX -

o0bruHbIe MamuHbI (hosts).

B ocHOBy anroputma mapupyrtuzanuu 1no nporokony RIP monoxena
npocTast ujaes: 4eMm Oolbllle LUII030B HAAO0 MPOMTH MakeTy, TeM OoJiblie
BpeMeHU TpeOyeTcs Al mpoxoxaeHus Mapuipyta. [Ipu oOMeHe coolieHusIMu
MapIIpyTU3aTOPbI cCO0OIIatOT B ceTh IP-Homep cetu u yucno "npbixkkoB" (hops),
KOTOPO€ HAaJ0 COBEPIIUTh, IMOJB3YICh HaHHBIM MapumpyroM. Hano cpasy
3aMETHUTb, YTO TAKOW aJTOPUTM CIIPABEIJIMB TOJBKO JUJISl CETEU, KOTOPbIE UMEIOT
OJIMHAKOBYIO CKOpPOCTh I€pellayd Mo JO0OMY CermMeHTy certu. Yacto B
peaIbHOW KU3HHM OKa3bIBA€TCS, YTO TOpa3l0 BBITOJHEE BOCIOJIb30BATHCS
ONTOBOJIOKHOM C 3-Ms ILJIK03aMH, YEM OJHUM MEIJIEHHBIM KOMMYTHPYEMBIM

TeNePOHHBIM KaHAJIOM.

Hpyras uaes, KoTopasi npu3BaHa pemuTs npodiaemel RIP, - aTo yuer He
yucia hop'oB, a yder BpemMeHM oOTKiIMKa. Ha 3TOM mNpuHLHKIIE TOCTPOEH,

HarpuMep, nporokon OSPF. Kpome storo OSPF peanusyer eme m umuero
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naBUHHOM Mapupyru3auud. B RIP kaxnpiii MapuipyruzaTop oOMEHHBAETCS
uHdopMalrel TOJIbKO ¢ cocensiMu. B pesynbrare, uHdpopmanuu O TOTEpe
MapIIpyTa B C€TH, OTCTOSIICH HAa HECKOJIbKO hop'oB OT JoKalbHOM ceTu, Oyner
NOJIydeHa ¢ ono3aaHueM. JIaBuHHas MapmpyTH3alps NO3BOJSAET PEIIUTh ITY
npoOjieMy 3a CUeT OINOBEIICHHS BCEX M3BECTHBIX IUIIO30B 00 H3MEHEHUSX

JIOKAJIBHOI'O Y4aCTKa CCTH.

K coxaneHuto, MHOrOBapMaHTHYIO MapLIPYTU3ALMUI0 MOAJEPKUBAET HE
oyeHb MHOro cucrem. Pasznuunbie kinoHbl Unix u NT, riaBHbIM 00pa3om
opueHTUpOBaHbl Ha nportokon RIP. JloctaTouHO MOCMOTpETh Ha MPOrpaMMHOE
oOecrieyeHne AMHAMUYECKONM MaplIpyTH3alud, 4YTOOBl YOEAUTCS B 3TOM.
[Iporpamma routed mogmepkuBaer Toimbko RIP, mporpamma  gated
nonnepxkuBaer RIP, HELLO, OSPF, EGP u BGP, B Windows NT

noaepkuBaercs Toabko RIP.

BuyTpennunii nporoxkos mapmpytusanuu RIP

OTOT NPOTOKOJ MAapUIPYTU3allMM NpeIHa3HA4YeH Jii CPaBHUTEIbHO
HEOOJIBIINX U OTHOCUTEIBHO OAHOPOAHBIX ceTel (anroputMm benmana-doppa).
[Iporokon pa3paboran B ynusepcutere Kanudopuuu (bepkin), 6azupyercs Ha
pa3paboTkax ¢pupmbl Kcepoke 1 peanusyer Te ke MPUHIMIIBI, YTO U IporpaMmma
mapripytusanuu routed, ucrnonszyemas B OC UNIX (4BSD). Mapmipyt 31ech
XapaKTepU3yeTcsi  BEKTOPOM  pacCTOSHUS ~ JO0  MecTa  Ha3Ha4YeHUs.
[Ipeanonaraercs, 4YTo KaxAbld MapIIPyTU3ATOP SIBISETCS OTIPABHON TOYKOM
HECKOJIbKUX MAapUIPYTOB /10 CETEW, C KOTOPbIMU OH CBsA3aH. ONHMCAaHMS ATUX
MapIIpyTOB XPAaHUTCS B CIEUHUATBbHOM TaOiauue, Ha3bIBAEMON MapUIPYTHOM.
Tabmuua wapmpytuzanuu  RIP comepxur 1o  3amucu  Ha  KaxAyro
00CITy’KMBaEMYI0 MAILIMHY (HA Ka) bl MapuIpyT). 3anuch AOKHA BKJIOYATh B
cels:

IP-anpec mecra nazHauenus. Merpuka mapuipyra (ot 1 nmo 15; ymcio
miaroB 710 Mecta HasHaueHus). |P-ampec Ompkaiimiero MapuipyTu3aTropa
(Gateway) o myTH K MecTy Ha3HaueHHs. TaliMepbl MapIipyTa.

HepBBIM ABYM IIOJISIM 3aIIMCHU MbI 00s13aHbI MOSBJICHUIO TEpMHHA BCKTOP

24



paccTosinus (MECTO Ha3HAYEHUE — HaIpaBJIE€HHE, METPUKA — MOAYJb BEKTOpPA).
ITepuognueckn (paz3 B 30 cek) KaxIbId MapUIPyTU3aTOpP IMOCHUIAECT
IIMPOKOBEUIATEILHO KOIMHUI CBOEH MapHIpyTHOM TaOJIUIlbI BCEM COCEISIM-
MapuIpyTu3aTropam, ¢ KOTOPBIMH CBSI3aH HEMOCPEACTBEHHO. MapiipyTuzarop-
moJIyJaresib mpocMaTpuBaeT Tabmwuily. Ecim B Tabmwile mpuUCYTCTBYET HOBBIM
nyTh WA COOOIIeHHe O O0ojiee KOPOTKOM MapuipyTe, WIH MPOU3OILIH
U3MEHEHMs JJIUH IMYyTH, 3TH U3MEHEHHs] (UKCUPYIOTCS TOJydaTeleM B CBOEH
MapiipytHoi tabsuie. [Ipotokon RIP momkeH ObITh criocoOeH oOpabaThIiBaTh
TPH THUIIA OIIHOOK:

[uxknudyeckue Mapuipytbl. Tak Kak B MPOTOKOJE HET MEXaHHU3MOB
BBISIBIICHHUSI 3aMKHYTBIX MaplIpyTOB, HEOO0XOAMMO JHUOO CJeno BEpUTh
napTHepam, TUO00 MPUHUMATH MEPHI JIsl OJIOKUPOBKH TAaKOH BO3ZMOXKHOCTH.

Jns mopgaBiaenuss HectabuimpHOcTe RIP gomken mcmomb3oBaTh Majoe
3HAYEHHE MAaKCHMaJIbHO BO3MOXKHOI'0O YKcIa maroB (<16).

MensieHHOE pachpocTpaHEeHHWE MapIIpyTHOH MHQPOPMAlUU TI0 CETH
co3faer mnpoOjeMbl MPU AUHAMUYHOM HW3MEHEHUU MAapIIPYyTHOW CHUTYyaluH
(cuctema He IMOCIEBAaeT 3a HM3MEHEHUsAMH). Masoe MpeaelbHOe 3HaueHHE
METPHUKH YJIy4IlIaeT CXOJUMOCTb, HO HE YCTpaHsEeT MpodieMy.

HecooTBercTBUE MapiipyTHON TaOIUIbI pealbHON CUTYaIlMU TUIIMYHO HE
tosibko miist RIP, HO XapakTepHO AJisi BCeX MPOTOKOJIOB, Oa3HpYIOIMIMXCS Ha
BEKTOpPE PACCTOSIHUSA, TJI¢ MHPOPMAIMOHHBIE COOOIIEHUS aKTyaau3allui HECYT B
cebe TONBKO Taphl KOAOB: aipec MeCTa Ha3HAUYCHUE U PACCTOSIHHE JI0 HETO.

OCHOBHOE MPEUMYIIECTBO aJIrOPUTMa BEKTOpAa PACCTOSHHI - €ro
npocrota. JleWcTBUTENbHO, B Tpollecce padOThl MapIIpyTH3aTOp OOIIaeTcs
TOJIBKO C COCEISIMU, TEPUOJUYECKH OOMEHHBASICh C HUMHU KOMHUSMH CBOUX
TaOJIMI] MAPIIPYTU3ALIHH.

[TonyunB wHOpPMaLMIO O BO3MOXXHBIX MapIIpyTaX OT BCEX COCEAHUX
y3JI0B, MapUIPyTU3aTOP BHIOUpPAET MyTh C HAMMEHBIIIEH CTOMMOCTBIO U BHOCHUT

€ro B CBOIO TaOJIUILy.
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JIOCTOMHCTBO 3TOr0 3JIETAHTHOIO ajiropuTMa - OBICTpas peakuus Ha
XOpOILKE HOBOCTHU (MOSBJIIEHHE B CETH HOBOT'O MAapLIPYTHU3aTOpa), a HEIOCTATOK
— OYEHb MEJUICHHAsI pEaKIUsl Ha IUIOXME M3BECTHUSA (MCUE3HOBEHHE OJHOIO W3

cocefen).
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BriBoanl o I'nnase 1:

B xone pabotsl no ['naBe 1 Ob1IM caenaHbl CIEAYIOMINE BbIBOBI:

1. Ilpm pemeHnn 3agauv ONTHMM3ALMM MAPLIPYTHU3ALUU MOKHO
MOJIYYUTh PE3YIbTAThl, HE COOTBETCTBYIOIIHUE YKEIAEMbIM, TaK KAaK HE BCErja
NpAMOM IMYThb OT KOMIIBIOTEPA-OTIPABUTENSI K KOMIIBIOTEPY-TOJIYYATEIIO
aBisieTcss HamrydymuM. OH MOXKET B YaCTHOCTM HMMETh Majyl MPOMYCKHYIO
CIIOCOOHOCTH WJIA OBITh CHIIBHO TIEPETPY>KEH.

2. IIpoToKOABl MapHIpyTHU3ALMK OTIUYAOTCS APYr OT Apyra TeMm, TIe
XpaHUTCd U Kak ¢opMmupyercss mapuipytHas uH@opmanusg. ONTUManbHOCTb
MapIIpyTa JTOCTUKUMA JIMILb MPU MOJHOM HH(OpManuu 000 BCEX BO3MOMKHBIX
Mapuipyrax, HO TaKW€ [aHHbIe MOTPEOYIOT CIMILIKOM OOJbIIOro o0bema
MaMSTH.

3. B wurore uccnenoBanus anroputmoB /[lefikctpel u bemnmana-®opaa
MOXHO CJlieJlaTh 3aKJIFOYEHHUE, 4TO 00a ajJropuTMa MOMCKAa KpaTdyalliero myTH
IIPUBOIAT K OJMHAKOBOMY pesynbrary. Ilo amroputmy bemnmana-dopnaa
pe3yapTar  JOCTUTaeTrcsi 3a MEHbLIee KonudecTBO maroB.  OpHako,
JOCTOMHCTBOM aJroputMa J{eMCKTpHhI SBIAETCS TO, UTO HA KAXKJIOM IIare Moucka
HaXOJIUTCS KpaTyalliee pacCTOSIHUE €lle 10 OJAHOW BEPIIMHBI, & IO AITOPUTMY
bennmana-®dopaa kparuaiiiiiee pacCTOSHUE A0 000U BEPIIMHBI ONPEeseTCs
TOJIBKO TIOCJIE MPOXO0KICHUS BCETO aITOPUTMA.

4. B uenoMm, airoput™m JIeMKCTpbl, MO CPaBHEHHUIO C aJrOPUTMOM
bennmana-®opaa, obecrieunBaer Oosiee peaabHYIO OLIEHKY CHTYallud B CETH,
Oosee OBICTPYIO pEaKIMI0 Ha BaXKHbIE HM3MEHEHHUS B CeTH (Takue, Kak
BKJIFOUEHHE HOBOMW JIMHUU CBSI3M) U YMEHBIIIAET 3alIUKJIMBAHUE MTAKETOB; OJIHAKO

OH CJIO’)KHEE B pean3aliu U TpeOyeT B HECKOJIBKO pa3 OOJIbIlIe MaMsITH.
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I'naBa 2. Pazpa0dorka rpagoBoit Moae/Iu ceTH, HCIO0JIb3Y0IAs CXeMbl
o0ecrieyeHns Ka4yecTBa 00CIyKUBAHUS.
1. I'padgoBasi Moaesb o0ecnieueHUs yCJIOBHA Ka4ecTBA 00CIy>KUBAHHUA.

CocTosiHHe KaHAJIA CBA3M, ONMCHIBAEMOI0 TPOMKOM MepeMeHHBbIX

[Tog TepMHHOM "COCTOSIHME KaHalla CBSI3U" MOHUMAETCSI COBOKYITHOCTD
UCIIOJIb3YyEMBIX IPHU MapLIPpyTH3alMy XapaKTEpUCTUK JaHHOro KaHana. Ha
puc. 2.1 cocrossHME KaHajla CBA3U ONMCHIBAETCS TPOMKOM IEPEMEHHBIX,
COCTOSIILIEN M3 IPOIYCKHOM CIIOCOOHOCTH, 3aJE€pKKU U BEPOATHOCTH HOTEPh
naketoB [13,14]. Tlpeamonoxxkum, 4YTO HHQPOPMAIUS O COCTOSHHU KaHAJIOB
CBSA3M XPAHUTCA B Ka)XJOM OTACIBbHOM Y3J€, U OIUCHIBAETCS OTHOCHUTEIHHO
JAHHOTO Yy3J1a.

Ilog momycTMMBIM MapLIpyTOM IOHHMAETCSA TAKOM MapLIpyT, KOTOPBIM
yIOBJIIETBOPSIET  HAK/IaJblBA€MbIM HAa  HEro  TpeOOBaHHMSIM  KauyecTBa
oOcnyxxuBaHusi. OCHOBHOM (yHKIMEH MapHIpyTHU3alMK C  TOIJIEPIKKOM

KadycCTBa O6CJ'Iy}KHBaHI/I}I ABJACTCA HAXOXKIACHUC HMCHHO TaAKOI'0O Mapuipyra.

(10,1,0.03)
(10,2,0.02)

(40,4,0.01)

(50,3,0.02)
(50,3,0.01)

(50,4,0.01)

Puc. 2.1. I'papoBas mozaens cetu

Jns moctpoenus rpadoBoit momenu (cMm. puc. 2.1) mpeactaBuM ceTh

nepenavyd JaHHBIX Kak B3BemeHHbIM rpad G(V,E). Bepmmuer rpada (V)
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HPEACTaBISAIOT co00i y31mbl cetn. PeOpa rpada (E) mpencraBisror co0oit
KaHaJbl CBS3M, COCIuHAOMME Mexay cobor y3mel (V). PeOpa rpada
HEHAINpAaBJICHHBIE TOJIBKO B TOM Cllydae, €CIM KaHalbl CBS3M BCEr/a
CUMMETPUYHBI M HMMCIOT OJMHAKOBBIC XapaKTEPHCTUKH (IPOMYCKHYIO
CTIIOCOOHOCTB, 3aJIEPXKKY U T.1I.) B 00a HaIpaBIICHUS.

Cxema oOecrieueHMs] YCIOBUM KadecTBa OOCTY>KUBAHHUS OIHCHIBACTCS
cienyrommM obpazom. Korma BepmmHa S XO04eT OTHPABUTHh JIaHHBIC C
HEKOTOPBIMUA TPEOOBaHHMSIMH KadecTBa OOCITYKHMBAaHMSA JUISI Mapumpyra K
BepIIMHE t, TEHEpUPYETCs 3alpoC Ha COOTBETCTBYIOIIEE coequHeHne. CHavana
cucreMa UACHTUQUIMPYET MyTh OT S JO t, KOTOPBIH MOXKET YIOBICTBOPUTH
TpeOOBaHUSIM KadecTBa OOCHYKMBaHUS, U 3aT€M PE3EPBUPYET PECYpPChl IO
MapuipyTy UIsl yCTaHOBIIEHWS coenuHeHus. [lpormecc waeHTUUKAIIH
MapuipyTa OTHOCUTCS K OOS3aHHOCTSIM MAapUIPYTH3alUU C TOAJEPIKKOM
KadecTBa 0OCTY)KUBAHUS JIAHHBIX, a TIPOIECC PE3CPBUPOBAHUS - K MEXaHU3MaM
CUTHAJIM3AIlUM ¥ Pe3epBUpPOBaHU pecypcoB. [locie Toro, Kak MOIKIIOYCHUE
Oy/ieT yCTaHOBJICHO, y3eJl S TOChUIACT JaHHBIC 10 HOBOMY MapIpyTy K y3iy t.
KayectBo  0oOciyxuBaHHMsS  JaHHBIX  TapaHTUPYETCS  HAWICHHBIMH  H
3ape3epBUPOBAHHBIMU PECYPCaMU IO BCEH UTMHE MapIIpyTa.

Hcnonp3yembie TpU MapUIpyTU3alUU BECOBbIE (DYHKIUH, COTJIACHO
NPUMEHSIEMBIM K HUM TPaBUIaM KOMITO3UIIMU KJIACCH(PHUIIUPYIOTCS CIICTYIONTIM

obpasom. ITycts W(i, j), Gyner BecoBoii (ynkumeii mns kawana cesasu (i, j).
Torga nns mo6oro nytu P=i— j >k —>...—>1—t sra pynkuus Oyxaer:

aJIUTUBHOMN, €CJIH JIJISl MapIIPyTa OHA PACCUUTHIBAETCS 1O opMyIie:

w(P)=w(, j)+w(jk)+..+wt) (2.1)
MYHBTHHHI/IKaTI/IBHOﬁ, €CJin
w(P)=w(i, j) w(jk) .. wL,t) 2.2)

BOTHYTOM, €CIIN

W(P) = Minfw(i, ) w(.K).... wL.U] 3

Ecnu npunoxeHue KpUTUYHO OoJjiee 4eM K OJIHOM BECOBOM (PYHKIHH,

BO3HMKAET NpodiemMa MOMCKa MapuipyTa ¢ MHOXKECTBEHHBIMH OIPAHUYECHHUSIMH,
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KOTOpasi CTAaHOBUTCS TEM CIIOKHEE, 4YeM OoJbllle 4YUCIO TpeOoBaHUN K
HUCKOMOMY MapuUIpyTy.

dopManu3zoBaHO  3ajJaya  MaplIPpyTH3alUd €  MHOXXECTBEHHBIMHU
OTPAaHUYEHUSIMU  WJIM  MHOTOKpuTepuanbHoi  mapupyrtuzanuu  (MKM),
BBITJISIIUT cienytonmm oopa3zoMm. Ilycte R Oymer HaGOpOM MOIOKUTETHHBIX
BEIIECTBEHHBIX YKceN U | HAOOpOM MOJIOKUTENBHBIX LENIbIX YKcen. PaccmoTpum
OpUEHTUPOBAHHBIN Tpad G(V . E), y3€I-UCTOYHMK S, y3en-aapecar t, BeCoBbie
¢ynkuun: W, 'E—>R u w,=E — R, nBe xoHcrantel Be R D e R; 3amaua
MKM = (G,S,t, W, W,, B, D) 3aKJIFOYAETCs B HAXOXKJIEHUM MapiipyTa P oT S k t,
ynoBnerBopstomero  yciopusm W, (P)>B  m  w,<D, mnpum ycrnoun
CYILLECTBOBAHMSI TAKOTO MapIIpyTa.

Becopoit  dynkumeit w,(P) ans mapmpyra P =v, >V, = -5 V,,
cuuTaercs QyHKIUs, NOJyYEHHAs! B PE3YJIbTATE CIEAYIOIIEr0 COOTHOLIECHUS:

w; (P) = Min[w; (v; 4, ;) (2.4)
a BECOBOM (PyHKIMEH WZ(P) g Mapupyra P =v, >V, = >V,

w2<P>:gw2<vi_1,vi)

w; (P) nasbiBaercs Becom W, u W, (P) - Becom W, mapuipyta P.

(2.5)

B kauecTBe BECOBBIX (DYHKIMH, UCHOIB3YIOTCS MPOIMYCKHAsL CIIOCOOHOCTb,
orpaHu4eHHas npenenom B u 3aaepikka, orpanudeHHas npenenom D. [laHHbie
BEeCOBbIe (YHKIIMH SBISAIOTCS Haumbonee BaXHBIMU 175  OONBIIMHCTBA
IIPUIIOKEHUH, YTO JOKA3bIBAET aKTYyAJIbHOCTh UX UCIIOJIb30BAHHS.

Mapuipyt P, ya0BIETBOPSIOMININ YCIOBUSIM

w,(P)>B u w,(P)<D

Ha3bIBAETCA peutenuem (I0MyCTUMbIM MAPUIPYTOM) TS

MKM =(G,s,t,w;,w,,B,D).
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2. Pa3pa60TKa CXEMBbI AJITOPUTMA IJISI HAXO0KIACHUSA ITYTH

JJI51 32/IAaHHBIX JABYX OIrPpaHHYeHU

Ha puc. 2.2 npuBeneHa cxema pa3pabOTaHHOTO aJrOPUTMa HaXOKICHHS
MYTH JIJIS 3aIaHHBIX IBYX OIPaHHYCHHIA.
BXOIHBIMU JJTaHHBIMH ISl JITOPUTMA SBJISIFOTCS .
e MHOXecTBO BepiuuH V rpada G(V,E);
e MHOXeCTBO pebep E rpada G(V,E);
® y3eI-UCTOYHHK S;
e y3en-aapecar {;
® JIBE KOHCTaHTHI orpannueHus B u D.
CHavaa anroput™ (popMHUPYET MacCUB MPOMYCKHBIX criocooHocTeH B[K].
Tako# 1mar Hy)>XeH IS YBEIUYCHHUS BEPOSTHOCTH HAXOXICHHUS JTOMYCTHMOIO
Mmapiipyta P. B cyliecTByIOmMX aaroputMax, Mpud HECOOTIOACHUU YCIOBHUS

Wl(P)Z B, anropurm npekpamarT CBOKW padOTy, M BBLAAET KaK pe3yJbTar

OTCYTCTBHME JIONYCTUMOro MapiipyTta. OJHaKO HCIOJb30BAaHUE aaNTHUBHBIX
CXEeM CXaThsi BHUJIEO- U  ayJAUOJAHHBIX MO3BOJAECT  MOJCTPAUBATHCS
COBPEMEHHBIM TMPUWIOKEHUSIM TOJI CYUIECTBYIOIIME PECYPCHI, KOTOPHIE MOTYT
OBITh HEMHOT'O MEHbIIIE TPEOYEMBIX, & HE TIOJIHOCTbIO OTKA3bIBAaTHCS OT PaOOThHI
IPU OTCYTCTBUU TPEOYEMOro 3HaUCHHUS.

Jlns moucka KpaTdauiiero myTd Ha CO3JaHHOM alrOpUTMOM moAarpade
UCTIONIB3YETCS  MOAU(PUITUPOBAHHBIA alrTOpUTM JIEWKCTPBHI, OTIMYAIOIIIHNACS
MPOCTOTOM peanu3alud W KBAJPATUYHOW BBIYHCIUTEIBHONW CIIOKHOCTHIO. B
BUJIOM3MEHEHHOM aJITOPUTME CHSATO 00s3aTelIbHOE OrpaHMYCHUE HA CBSI3HOCTH
rpaga - HECKOJIbKO TiepeObOpoB MO HEOONBIIUM MaccHMBaMm, OOIIas
BBIYUCIIUTENbHAS  CIIO)KHOCTh ~ QJITOPUTMa MOXET OBITh OlIEHEHa Kak

KBaJApaTH4IHasd.
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/

Jomyctumoro
MapIpyTa He
cymiecTByer!

/

Hauano

Omnpenenenye MaccuBa MPOITYCKHBIX

crocobrocreil B (k )

Bce 3nauenns B(k)

MIPOCMOTPEHBI?

IlepeGop 3HaueHuit MaccuBa, BEIOOD

OIrpaHUYCHUA B = B(k)

I

Tloctpoenue noarpada c pedpamu
YIOBJIETBOPSIOIIEMY YCIOBHIO

}

ITouck kpaTyaiiiero Myt OT UCTOYHHUKA
S k t ¢ HaUMeHbIINM 3HaueHHEM d

HET
Ilyrb oT Sk t
Haligen?

Beraucnenue s mytu P 3HadeHMA

TIEpEMEHHBIX b(P) u d(P)

Haiinennslii nyth
YZIOBIL. b(P) >=B
nd(P)<=D

Hudopmanus o
HalIEHHOM MapIpyTe u
TEKYLIEM 3HAYCHU N
orpanuycHus B

( Komerm )

Puc 2.2. Cxema anropurma i 3aJJaHHBIX JIByX OIpaHUYCHUN

CyliecTByIOT MNPUIOKEHUS, MJI1 HOPMAJbHOTO (YHKIHOHUPOBAHUS
KOTOPBIX HEIOCTATOYHO COOIIOJEHUS OrPpaHMYEHUH Ha MapLIPyT TOJIBKO IO
JBYM BecOBbIM (GYyHKIUAM. Bo3HHMKaeT mpobiieMa HaXOXIACHUS MapIipyTa,

YIOBIIETBOPSIONIEro TpeM orpanudeHusM. [logoOHas 3amadya ropa3ao CioxHee
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3aJ1a4M IMOMCKa MapIIpyTa ¢ JIBYMsI OrpaHHUYCHUAMH, TTOCKOJIBKY BCE MapIIPYTHI,
HaMJICHHBIC AJITOPUTMOM JUIsl IOMCKA Mapuipyra ¢ JBYMs OrpPaHHYCHHUSIMH,
MOTYT HE COOTBETCTBOBATh TPEThEMY OTPAHHUYCHHUIO.

JIJ1st TOrO 94TOOBI HAMTH MapIIPYT C TPEMSI OIPAaHUICHUSIMH, UCTIONB3YETCS
IpUEM, CYTh KOTOPOTO 3aKJII0YAETCs B CIEAYIOMIEM: - YTOOBI 00€CTICUUTh TTOUCK
MapIipyTa OJHHUM M3 MPOCTBIX aJTOPUTMOB, HY)XHO OOECIEYHTH CBEICHUE
CIIO)KHOM 3alauu K Oojiee MPOCTOH, KOTOPYIO MOJOOHBIN aJrOpuTM MOXKET
pemuTh. 3aa4a MOUCKa MO TPEM OTPaHUYCHHUSM CBOJUTCS K 3a/aue MOMCKa 10
IBYyM, OOECleYrB TEM CaMbIM HAxXOXJICHHE MapIiipyTa aJrOpuTMOM 0e3 ero
JIOTIOJTHUTENBHOTO  yCIOXKHEHUsA. s 3TOro mpenjaraercs HCIOIb30BaTh
HOBYIO, CMEIIIAHHYIO BECOBYIO (DYHKIIUIO u(i, j)

JIJis BBIYUCIICHUSI CMEIIaHHOW (PYHKIIMU TPEIaracTcs NCIONb3yeMyIo B
Ka4eCTBE BECOBOM (PYHKIIMHM BEPOSATHOCTH IMOTEPh IMAKETOB, TPAKTOBaTh Kak
HEKOTOPYIO  3a/IepKKy  JOCTaBKM TaKeTa MCXOAd U3  CIEAYIOLIEro
npennonokenus.  [lpy  cymecTByromieM  TPAaHCHOPTHOM  MPOTOKOIIE,
rapaHTUPYIOIIEM MOBTOPHYIO JOCTaBKY IaKeTa B Clydae €ro MmoTepH, MOKHO
yTBEpPXKIaTh, YTO MOTEPSHHBIA MaKeT BCE PaBHO OyIeT JOCTaBJIEH, HO YXKe C
HEKOTOPOH 33/IepiKKOU M; ; paBHOHU,

mij=9-d;;

rae g € R koopduument, nonbupaempiii anropurmom, a d; ; - cpenmss
3aJieprKKa U1 peopa (i, j)

Takum 00pa3oMm, CMEIMIaHHYIO BECOBYIO (YHKIIMIO MOXKHO TPEICTaBHUTH
cienyommumM odopasom,

(2.6)

rjie S; ; BEJIMYMHA MOTEephb MakeToB. Becosas dyHkums U s Mapuipyra

P, BbUuCnsieTcs 1Mo aAAUTUBHOMY NPAaBWIY, KaK U MPU pacueTe aHAIOTHYHON
byHKIIUU 1S 3a7EPIKKH,
Kk
U(P)=> uvis,Vi)
i=1 (2.7)
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B pe3ynbrate, 3amaya HaXOXKACHUSI MapUIpyTa ¢ TPEMSI OIpaHUYEHUSIMH,
CBOAMTCS K 3aJade HaXOXKIEHUs Maplipyra C JABYMs OIPaHUYEHUSMU MU
pemraercsi aaropuTMOM, TpPEACTaBICHHBIM Ha puc. 2.2. B kadecTtBe BTOpOH
BEeCOBOW (YHKIUHU, aJNrOPUTM HCIOJIb3yeT CMEIIaHHylo (QyHKOuio. B
[IPEIaraéMOM PELIEHUH, PE3YyJIbTaThl padOThI AJITOPUTMA HE 3aBUCAT OT TOYHOM
uHGOpPMAIIH O TOTMOJIOTUU CETH, UTO OCOOCHHO aKTyaJbHO B MOOUIIBHBIX CETSIX
U pemaercs npodiieMa KOMIO3WIMU BECOBBIX (DYHKIMMA, OJIHA U3 KOTOPBIX
ABJISIETCS aJITUTUBHOM, a Apyras MyJIbTUIUIMKATUBHOM.

Ceru TaKxe XapaKTePU3YIOTCA 4acTo U3MEHSIOUUMUCS
XapaKTEepUCTUKaMU KaHaJIOB cBs3U. [ obecrnieueHust paboThl pa3pabOTaHHBIX
QITOPUTMOB C YYETOM M3MEHSIOIIMUXCSA XapaKTEPUCTHK CETH, Npesiaraercs

UCIOJIb30BAaTh  [EPEMEHHBIE Abij u Ad JlaHHBIE  IIEpEMEHHBIC

ij*

MOJIEPKUBAIOTCS B KAKIOM y37€ BMecTe ¢ by ; m d;; Xapakrepusyrommmu,

ij
COOTBETCTBEHHO, MPOMYCKHYIO CIOCOOHOCTh U 3aJepKKy. Bce mepemeHHbIe

OOHOBJISIOTCS OAHOBPEMCHHO M OTPAXaroT JICUCTBUTEIILHOE COCTOSIHME KaHalia

cmapoe

cBsisu. [lepemennbie Ab m Ab/(™ ucnonb3yroTes st xpanenus 3HauEHUM

Ab; i 1o, W mocie OOHOBIEHHS. AHAIOTMYHO HUCHOIHSIOTCS TEpEeMEHHbBIE

i
Adf’f“poen Adi”?‘m. W eHTUYHBIM BBIIIICOMMMCAHHOMY CITOCOOOM, JT00aBJICHBI

IMCPCMCHHBIC IJIA 0003HaYCHMS NpeaAbIAymero Hu TCEKYHICTO COCTOSIHUM U

b

- om0 B w BT, md; - oo d{F ki

i j 1]

HoBO€ HoBO€e
nosoe .

3nauenus b/ i

BBIYUCIIAOTCA IIPHU HCIIOJIb30BaHHUHU IMIPOTOKOJIA,

YYHTBIBAIOIIETO COCTOAHME KaHana CBs3v. 3Hauenus b7 wm df™ Taxxe

M3BCCTHLI, ITOCKOJIBKY JICTKO BBIYMCIWTL pPasHUIy MCKAY HNPCAbIAYIIHM H

TEKYIIUM COCTOSHUSMU TiepeMeHHbix by, u d;;. [lna pacdera 3HaueHwmid

nepeMenHbix Ab;; u Ad;; ucmonssyercs ¢opmyna, cxoxas ¢ Qopmynon

ij
Axo6cona s mporokosaa TCP

Abif’t?eoe — k- Abifrjflapoe + (l— k)(bif’ujgeoe _ bifrjflapoe

(2.8)
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rne kodpduiment K <1 mokaspIBaeT, HACKOJIBKO OBICTPO YHUYTOKACTCS

uHOpMaIys 00 UCTOPUN U3MEHEHUs epeMenHon Ab ", a sHauenue 1-k)

- HACKOMBKO ObIcTpo AD"("* cTpemures k 3Hauenuto 0" —b*|. dopmyna
Juis Beraucienns Ad, ; ananornyna dopmyine 2.7,
HoBoe __ . .cr{lapoe _ .HOISOQ _ _cmapoe
Ad{e = k- AT + (L-K)d5 — d, 29)

[Ipennaraemsplii anroput™ ropasao Oosiee MPOCT, YEM CYIIECTBYIOIINE

peuicHuA WU IIPCAIIOIaracTt IoAACPKaHNC B KaKJIOM Y3JIC TOJIBKO IICPCMCHHBIX

b;,d;;, m Ab; ;, Ad,

i dij s i.j» Ad; ;, 0e3 Kakux-1100 QyHKINI pacpe/eeHUs BEPOSITHOCTH.

[IpoBoauTcss cpaBHeHue paspaboranHoro amroputmMa (MKM) ¢
AJITOPUTMOM, HIIYIIIUM MapUIpyT MOCIEA0BATEIBHO M0 KaXKIOMY OIPAaHUYEHUIO.
OH m3BecteH kak anroput™m 3M. Hanpumep, B ciiydae Tpex OrpaHMYEHMM,
QITOPUTM, C YYETOM OIPEAEICHHOro Kiacca 00CIy>KMBAaHUS HAXOAUT MapuIpyT
MEXAYy NBYMS y3JIaMH C MUHUMAJIbHOW 3aJIepKKOH; €CIu HaWaeHO OOJbIle
OJHOTO MapuipyTa, aJIropuT™M BBIOMpaeT MapupyT ¢ MaKCHUMaJbHOI
INPONYCKHON CIIOCOOHOCTBIO; €CIM M B ATOM cllydyae HalJaeHo Oosee OJHOro
MapIpyTa, ajirOpuTM BBIOMPAET MapHIPYT C MHUHUMAJIbHBIMU TOTepsMH. B
HacTosllee Bpems, amroputm 3M HauOonee TMONyJIApEeH U TMO3BOJIAET
OCYILIECTBJISITH ITIOMCK MapuIpyTa ¢ TPEMSI OTPAHUYECHUSMH.

Kak kpurepuii [ CpaBHEHHMS, UCIOJIb3YeTCS  KOI(PPUUUEHT
YCICIIHOCTH AJIrOPUTMA, pPAaBHBIM KOJMYECTBY JOCTABICHHBIX IAKETOB,
pa3/ieiecHHOMY Ha o0IlIee KOJMYECTBO OTIPABICHHBIX MakeToB. JlaHHBIN
KpUTEpUN TMO3BOJSET OLEHUTHb, HACKOJIBKO OBICTPO aNTOPUTM CIIPABISETCS C
HaxOXKJICHUEM MaplIpyTa, IIOCKOJIBKY BpEMs IIOMCKa MapuipyTa sBISAETCA
OJTHUM M3 CJIa0BIX MECT PEAKTUBHOM MapIIpyTHU3ALHH.

[Ipu monenupoBanuu cetu u3 50 y3mnoB (puc. 2.3) cpenHee cymMMapHOe
3HaueHue kod(pduuuenta ycnemHoctd aiaroputMa MKM mpeBocxoaut

AQHAJIOTUYHBIN MOKa3aTenb anroput™Ma 3M npuMepHO Ha 16 MpPOLEHTOB.
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Puc.2.3. CpaBHeHue anropuTMOB Ha Mojieu ceTu u3 50 y3710B

JInst  BBIACHEHHMSI 3aBUCUMOCTHM  KO3((QUIHMEHTa yCHEMIHOCTH  OT
KOJIMYECTBa Y3JIOB B CETU OBbUI MOCTaBJIEH JONOJHUTEIbHBIN 3KCnepuMeHT. B
JAHHOM DKCIIEPUMEHTE CPAaBHUBAIHUCH TE€ K€ AITOPUTMBI, YTO U B MPEABIIYIIEM
HKCIIEPUMEHTE, HO 3HaueHHe Kod((UIMeHTa YCHEeIIHOCTH YCPEAHIOCh MOoCcie
OKOHYaHHs BCEro Ipolecca MOJECIMPOBAaHUA. TeCTUPOBAINCH CETH C
KOJIMYECTBOM y3710B OT 5 10 100 ¢ HapacTaronmm maroM B 5 y310B. Pe3ynbraT

AKCIIEPUMEHTA MIPEICTABJICH Ha puc. 2.4,

1
0.0 o donropeates M

0.8 H AnropaTe MEM
a7
(L
08
04
03
0z
o1

1]

Koo ey ML ST DN LU MDD T

Konuuectoo yainono

Puc.2.4. 3aBucumocts K03 (UIIMEHTA YCIIECITHOCTH OT Pa3MEPOB CETU

Bo Bcex mpensioxKeHHbIX aaropurMax Mpu OTCYTCTBUU B CETH MapIIpyTa,
KECTKO YJIOBJIETBOPAIONIEIO OrPAHUYCHMIO, 33JaHHOMY Ha MPOMYCKHYIO
CIIOCOOHOCTh,  HWCIIOJIB3YEeTCSl MEXaHW3M  HaxXOXJICHUA  aJIbTEPHATHBHOTO

Mapmipyta. s uccnemoBanus 3(PPEKTUBHOCTH pabOThI JAHHOTO PEIICHWUS,
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CTE€HEPUPOBAHHBIEC MAKETHI, OTHOCSIIUECS K KJIACCY KPUTUYHBIX K MPOMYCKHOU
CIIOCOOHOCTH, TOMUMO OT'PaHUYEHUS Ha MPOMYCKHYIO CIOCOOHOCTh COAEP AU
HEKOTOPYIO JI€NIbTy. 3HAUYEHHE JAENbThI MO3BOJSET MPUIOKEHUIO ONPEIEIUTD,
BO3MOKHA JIK padoTa Ha MPEMJIOAKEHHBIX AJITOPUTMOM YCIIOBUSIX WIIH HET.

Jns peanuszaunu TaHHOTO SKCIIEPUMEHTA, MPWIOKEHUIO Pa3peIIaioch
NPUHUMATh KaK JOMYCTUMbIE, MapIIpyThl C TIPOIMYCKHOH CIOCOOHOCTHIO
HEMHOTO HIKe (Ha OJHY €IMHHUILY), YeM 3HaueHue, 3aTpedOBaHHOE
EPBOHAYAIBHO.

Ha puc. 2.5. mokazano, uro ucnoyibzoBanne MKM ¢ BO3MOXHOCTBIO
MOMCKa AJIbTEPHATUBHOIO MapuIpyTa [JaeT JOMOJHUTEIbHBIN BBIUTPHIII,
npuOu3uTeNnbHo B 12 nponeHToB no otHoiennio k MKM 6e3 ucnonb3oBaHus
Takoil BO3MOXHOCTH. CyMMapHO MOJY4YWJIOCh, YTO INMpPHU 3aJaHHBIX YCIOBHUAX
MoaenupoBanusa, aiaroputMm MKM ¢ ucnonb3oBaHMEM  BO3MOXKHOCTH
albTEPHATUBHOIO MaplipyTa npeBocxoaut anroputm 3M npumepno Ha 30

MIPOLIEHTOB.
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Puc.2.5. CpaBaenune anroputmoB 3M, MKM 06e3 morcka anbTepHATUBHOTO
mapupyra u¥ MKM c nouckom ansrepHaTuBHOro Mapuipyra (MKMa)
11t MoJienu cetu u3 S0 y3I0B
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BriBoabl mo I'1aBe 2:

B xoxe pabotel o I'aBe 2 ObUIH ClieTaHbI CISAYIOIINE BHIBOIBI:

1. ITpennoxena rpadoBasi MOJIETb CETH, TTO3BOJISIIOIIAS TPUMEHSITH CXEMBI
KauecTBa 0OCITYKUBAHUS JJAHHBIX, BKJIFOYAs TUIBI OTPAaHUYEHUN U TpeOOBaHUS K
HUM.

2. CdopMynupoBaHbl 3aJa4yd MaplHIPYTH3alUA C MHOXECTBEHHBIMU
OTPAaHUYECHHUSIMU W  ONHUCAaHBl TIPaBWJIA KOMIIO3UIIUM PA3JIMYHBIX BHUJIOB
OrpaHUYEeHUI Ha MapUIPYT.

3. Pa3paboTanbl anropuTMBbI JIs PEIICHHS 3a7ad MHOTOKPUTEPHAILHON
MapIIpyTH3aIlUUu C IBYMS U TpPeMs 3aJaHHBIMH HAa MapIIpyT OTrPaHUYCHHUSIMHU.
PaccmoTpena cutryarus ¢ W3MEHSIOIMIMMCSI COCTOSTHUEM CETH W pa3paboTaH
QITOPUTM  MAPHIPYTU3AIUA C MHOXKECTBEHHBIMH  OTPAHWYCHUSIMUA  TIPH

U3MCHAIOIMEMCA COCTOAHHUUN CCTH.
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I'maBa 3. MoaepHusanus aaropurma Jleiikcrpbl
MOMCKA KpaT4Yauluero myTu

1. AHanu3 u MoaepHU3auus ajaropurma /leiikcTpsl

HecMoTpst Ha mociieqHue AOCTUXKEHUST B OOJACTH CTPYKTYp JaHHBIX,
KOTOpblE MpuBENH K Oosiee OBICTPbIM peanu3aiusM (CM., Hampumep, KydH
®ubonauun Opuamana [15]), anropurmudeckoe uzoopereHue JlelkcTpol Bce
eme akryanbHO ciycts 45 ner [16], obecrieunBas MOBCEMECTHO CTaHIAPTHBIN
anroput™ 3(PQGEKTHBHOTO TMOUCKA KpaTdaiero myTd. AJTopuTMm JleHkcTps
BBIUMCIIAET KpaTdyauliMe IMyTH W3 JAHHOW MCXOJHOW BEPIIWHBI 3a BPEM:

O(m +n-log n), BpeMs XYyJILIEro ciydas B rpade ¢ N BepuimHaMu 1 M pedpamu.
UtoObl  BBIYMCIAUTH BCE Tapbl KpaTdalliero TMmyTH, Mbl IOJy4aeMm
O(mn+n2 -log n), B XYIUIEM ClIy4ae MPOCTO IMOBTOPSETCS AITOPUTM OIHOIO

HCTOYHHUKA OT KaKJOW BEPIIHHEI.

Ha pucynke 3.1. u 3.2 noka3an mpocToi BapuaHT anroputMma J{eKCTphl,
Il BCE TMaphl KpaTdyalliero MYyTH BBIYHCICHBI TOO0YEPEIHO. AJNTOpUTM
UCIIOJIb3YeT MaTpuily O, KOTopasi COOTBETCTBYET BEpXHEU I'PaHMIIC PACCTOSHUS
B rpade. Bepxuss rpanuna d [X, Y] g mro0oi mapel U3 BepmuHbl (X, Y)
IIEpPBOHAYAILHO PAaBHO FPAHUYHOMY Becy W (X, V), €Clii eCcTh pedpo MEXIy X U Y,
M +c0 B MPOTUBHOM Cllydae. AJITOPUTM TaKXKe TOIIACPKUBACT MPHOPUTETHYIO
ouepens H xax ol mapsr (X, y) ¢ npuopurerom d [X, y].

OCHOBHOU IHKJI aJITOPUTMa HEOJHOKpATHO u3BJIekaeT u3 H mapy (X, Y) ¢
MUHUMAJIHBIM TIPHOPUTETOM M COBEpIIACT TIONBITKY K PACIIMPEHHUIO IPH
KaXJI0H WTEepaIlii COOTBETCTBYIOMIETO KpaTyalIIero IyTH POBHO Ha OJIHO
peOpo BO BCE BO3MOXKHBIE HAmNpaBIICHUS. JTO TpeOyeT CKaHUPOBAHHUS BCEX
pebep, oKuaast Y M UCIONB3Ys X, BBITIONMHSS KIACCUYCCKUI pellakCallnOHHBIN
mar (CMEHa METOK), 4TOObl YMEHBIIWTh BEpXHHE TpaHMIlbl pacctosHus d. He
TPYAHO JI0OKa3aTh, YTO €CJIM TI'PaHUYHBIC Beca HEOTpHUIATEIbHbI, d COAEPKUT

TOYHBIC PACCTOAHUA.
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( Hauano )
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j=+1 <|<> ]
oa p=min (n):
flag(p)=1
([p][i]'=65535)
&&9(!flag[i])
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Hem

p=p+1
(uucno | kax cmpounas
nepemenHas)

I[i]= minim I[j], I[p]=c(p)[i]

| ( Koney )

Puc. 3.1. Anroputm JleiikcTpbl

Bpewmsi, HeoOxoiuMoe 1Sl 3arpy3Kd U pa3rpy3ku MPUOPUTETHON odepeau

B XYyJIIEM Ciy4ac paBHO O(I‘l2 -Iog n). Kaxxmoe peOpo OTCKaHMpPOBaHO 3a

Bpems O(N), u I KaKIOW OTCKAHUPOBAHHON BEPIIMHBI MBI TpPATHM

NOCTOSIHHOE BpeMs, ecau H — Hanpumep, kydya @PuOOHay4M, 3TO PABHO

O(mn +n°-log n), BpeMs XYJIILIEro cayyas.

Jlnst Toro, 4TtoObl ONPENENUTh MOCTOSSHHOCTh WJIM BPEMEHHOCTh Y3JIOB
BBEIEM NOHATHE paHra. KaxmoMy HaWIeHHOMY KpardaulieMmMy IIYTH B 3TOM
ClIydyae IIPUCBAMBAETCS COOTBETCTBYIOIIMKW paHr. B 3ToM ciydae myTsh,

UMEIOIIUN CaMbIil HU3IIUHN paHT, U OYJET SIBIATHCSA HAaUKpaTYalImMm, T.e.
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d[x, y]+wly, z[(link(z;,z,,, i =1,...,n- 2log,,., ) < d[x, ]

Asnropurm Jefiketpsl (rpad G = (V.E.w)) —nmarpmiia

1. IycTh d MaTpHIa pa3MepoM N x n | H mycrasd MpHOPHTETHAS OUEPEh
2. For each (x, )€V xV do { MHITHATH3 AT}
3. If (X y)2Ethend[x.y] w(x.y)elsed[xy] +1

4. Add seprmuny (X, y) to H ¢ npuoputeronm d[x, y]

5. ‘While H #e myctoe do {ocHOBHOI TIHKT}
6. u3eneds u3 H pepimny (X, ) ¢ min MPHOPHTETOM

7. for each (y, 7)€ E noxunyBomx y do {pactmpenne}

8. if d[x, y] +w(y, z) < d[x. z] then

9. dix. 2] d[x y]+w(y. 2)

10. YMeHbIIEHHE pHopHTETa of (X, 7) in H to d[X. 7]

11. For each (z. X) € EBBog x do {oGpaTHoe pacnmpeHue}
12. ifw(z, x) +d[x. y] <d|z y] then

13. dlz.y] w(z.x)+d[x, Y]

14. YMEHBIIEHHE IPHOPHTETA (7, ¥) in H to d[z, y]

15. returnd

Puc. 3.2. Anroputm JlefiKkcTphl.
W (X, y) obo3nadaet Bec Bepuiunbl (X, Y) B G.

Jnst Toro, 4ToOBl ONpPEAEIUTh MOCTOSSHHOCTh WM BPEMEHHOCTH Y3JI0B
BBEJAEM MOHATHE paHra. Kaxaomy HaWJIEHHOMY KpaTdaulmieMy MOYyTH B 3TOM
Cly4yae NPUCBAMBAETCA COOTBETCTBYIOIIMM paHr. B a3ToM ciiydyae mnyTsh,
UMEIOIINI cCaMbIil HU3IIUHM paHT, U OyAET SBIATHCS HAaUKpaTUYaUIINM, T.€.

d[x, y]+wly, Jlink(z;, 2;,, (i =1.....n - 2log, , )) < d[x, ]

Orta 3anuch pazMeniaercsa B 12 crpoky anroputMa [[edKCTpBbl.

[Tpumenum anropurm GuOOOHAYUM IS ONIPEACIICHUS pAHTa MATPHUIIBI.

F =1
F, =1
F,=F,+F;

Fo=F+F,=2+]

F.=F _,+F, .

Y MIOCTPOUM MaTpPHILIbI PAHT'OB:

8 4a, as
a, a; a,
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o[t 2o 2ols Holt ¥
a, ds a; 89 d; dy dg dy

B To Bpemsi kak Oosiee OBICTpbIE aJTOPUTMBI CYIIECTBYIOT IJIsi OYEHb
pazOpocannbix rTpadoB [8 —10], anropurm JleWkcTpsl Bce eIlIe XOpPOIIUi
NPAKTUYECKUN BBIOODP ISl perieHust MHOTUX 3aAad. [103ToMy MOMCKH OBICTPBIX
peanu3anuii MPUBEIH HCCIEAOBaTeNeH K M3yYEHUIO METOMIOB ISl YCKOPEHUS
anroputrma JIeMKCTpbl HA OCHOBE IPUOPUTETHBIX odepener. Hanpumep, Teneps
MOHATHO, 4YTO A(PQPEeKTUBHBIC CTPYKTYpPHl JAHHBIX WIPAIOT BAXKHYIO pOJIb B
ciydae pa30opocaHHbIX IpadoB, B TO BpeMsl KaKk I'PaHUYHOE CKAHUPOBAHNUE UMEET
TUIIMYHBIC clla0ble MecTa B TyCThIX Tpadax [17].

[Ipananmm3upyeM anropuT™m, u300pakeHHbIN Ha pucyHke 3.2. Wcciemyem

I9BPUCTHYCCKUC MCTOAbI AJIAA TOI'O, YTOOBI COKPATUTBb KOJIMYCCTBO IIPOBCPACMBIX

BEPIIHH.

B @ S TR R T T

X a

Puc. 3.3. Pacmupenne kpatyaiiiero myT oT X JI0 Y OJIHOro pedpa

PaccmoTpum cTpoky 7 u3 pucyHka 3.2 (Wid, aHaJOrm4yHo, CTpoky 11):
IIUKJI CKaHUPYeT Bce pedpa (Y, Z), UIIET MpelBapUTeIbHbIC KpaTyaiiiie myTh

Buga x—y—zZ C BecoM d[X, y] + w (Y, z). Hy:xHo 1 Ham cKaHHPOBATh Bce pedpa
(v,2), ocraBmas y? Ilyers 7, xKparuaiumii nytb u3 X B y, M IyCTb
Tyy = Ty -(y, Z) MOJIYYCHBI IyTEM Iepexoaa OT X K y depe3 XY, U OT Y K Z

gepes pedpo (Y, z) (cMm. pucyHok 3.3).

Taxnum 06pasom, pebdpo (X,a) cUUTAETCs IEPBBIM Y3JIOM 7T, . Pacimpenne

KpaTyaulluero myTyu NPOWJUIIOCTPUPYEM Ha pucyHKax 3.4 u 3.5.
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Puc. 3.4. Pacuiupenue kpardaimero nyTu

Tak, kax Ha ocHoBaHuu Qopmynsl @Pubonauun F =1 a F, =1,
obosHaunMm F =x a F,=a. Tak kax F =F,, To u X=a. I[loscaum 31O Ha

PHUCYHKE:

XA,TXy - IepBoe pedpo

A
A

z
X a | \f\b

Ray

4
—\
<

A

be

Puc. 3.5. Pacuiupenue kpardaimero nyTu

Takum obpasom R,, # L.

B naHHOM airopuT™Me MOMCK PACCTOSTHUN MEXIY y3J1aMHU OCYIIECTBIISIETCS
yTEM IOCJIeI0BAaTEIbHOr0 epedopa Bcex y3J0B.

Paccmorprum Tenepp M3BECTHOE CBOWMCTBO ONTUMAJIBHOW MOJACTPYKTYPHI
KpaTyallmx myTei (cM. Harpumep, [2]).

Jlemma 1. Kasxtcowvlit noonymes Kpamuaiuiezo nymu — Kpamyauuiuil
nympo.

DTO CBOMCTBO MOJIPa3yMEBAET, UTO, ECIIH Ty = KpaT4aniiuy nyTh, U MBI

ynansieM J1'000i U3 ero KOHEYHBIX TOYEK, Mbl BCE €Ile MOIyyaeM KpaTdauimuii

nytb. Takum oOpazom pebpo (Y, Z) MoxkeT OBITH IOCICAHUM pedpoM
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KpaTyallllero myTH 7T, , TONbKO €CIIM M T, C T, W 7T, C 7Ty, SABISIOTCS

CaMbIMU KOPOTKUMHY, rIe (X, &) mepBoe pedpo B 77, . Mcmonb3yem 910 CBOHCTBO
B HaIlleM aJTOPUTME MOWCKA KpaTyauIero myTu BO M30eKaHue CKaHUPOBAHMS
"HeHyxHbIX" pebep. [Ipenmonoxum, 4ro Kpatyaliuii myTh B rpade sBisercs

YHUKaJIbHBIM. MbI MOKEM MPOCTO TMOAAEPKATh ISl KOKI0W mapbl BepiuuH (X, Y)

CITUCOK pedep

Ry = {(y, Z)~ Ty -(y, Z)KpaTqaﬁmHﬁ HyTL},

U CITUCOK pedep

L,y = {(Z, X)7zZy =(z, X)~7zxy — KpaTyauimun HyTL}.

Tae 7Ty, KpaT4yalmumii myTh OT X 70 Y. Takue CIHCKU MOTYT OBITh JIETKO
CO3JaHbl, TaK aJroOpuTM paboTaeT Ha KaXJI0H nape H3BICUCHUS U3
npuoputeTHoil ouepenu H. [lomyctum, HEOOXOAUMO H3MEHUTH CTPOKY 7 H

crpoky 11 u3 pucynka 3.2, uTo0bl oTCKaHMpOBaTh MpocTo pedpa B Ry, n Ly,

COOTBETCTBEHHO, T/e (X, &) mepBas Touka u (b, y) mocueaHss Touka B 7, - He

TPYJAHO YBHUJIETh, YTO TAaKUM OOpa30M MBI pacCMAaTPUBAEM HA PEIAKCALMOHHOM
mare TOJBKO IIyTH, KOTOPBIE SBJSAIOTCS MOMAINYTAMM KpAaT4YaWIIMX ITyTEH.

HazoBeMm Takue myTu JOKaJIbHO KPaTYail MMM,

Teopema 1. IlyTe Xy siBIsIeTCS JIOKAJIBHO CaMbIM KOpOTKMM B G eciu
TaKXKe:
1. Xy COCTOUT U3 €AMHCTBEHHOW BEPIIUHBI, I
2. KaXIbIN HAJICKAIIUN MOAIYTh XY — KpaTdaummii myTh B G.

C MoaupuKauMsMH BBIIIE, AITOPUTM TpPeOYeT, B XYALIEM Clyd4ae,
O([LSP\+n2-Iog n), Bpemenu, rae |LSP| sBisercs YHCIOM JIOKAaIbHO

KpaTyalimux myted B rpade. M ecTecTBEHHBIM BOMPOCOM OYAET: CKOJIBKO

JIOKQJIBHO KpaT4yalIux myTeil MoKeT ObITh B rpade?

44



JlokanpHO-KpaTJalIIIe MMyTH B CIIYYAHBIX Tpadax
(500 y310B)
100

96
80 /
60 /
e
40
/
20

6 6,2
3 28 4,9

s CPEJIHSIST Y3JI0BASI CTEIIEHD

= #ISP 32 mapy y3moB

5101520253035404550

KommuectBo pedep (x1000)

Puc. 3.6. Cpengnee uncio 10KaaIbHO KpaTYaUIuX IMyTeH, COSTUHSIONINX Mapy
BEPILHH B CETH CIy4YalHbIX rpad)oB C YBEIUYUBAIOIIECHCS MITOTHOCTHIO

Jemma 2. Ecnu kpamuaitwuue nymu ynuxaivusl 6 G, mo mosxncem ovimep
He 0os1ee mn 10KanbHo Kpamyanwux nymeit ¢ G.

OTo o03HayaeT, 4yTO Hama MoauduKaus anroput™a JeMKkcTpbl He
SIBIIIETCS ACHUMITOTHYECKH Ooyiee OBICTphIM MeTogoM. B pabGore [18],
NPOU3BEJEH HEKOTOPBIN MOACYET JKCIEPUMEHTOB W Ha CIy4yalHBIX M Ha
peasnbHbIX rpadax (BKJIKOYAas [OPOXKHBIE CETH W MHTEPHET — MoArpadbl

aBTOHOMHBIX CHUCTEM). B Xo/e n3ydeHusi Mbl OOHApYKWIN, YTO B 3TUX Tpadax

|LSP| Ha ynuBicHHE OYCHb OJU3KO K n’. Ha pucyHke 3.7 1mokazaHO cpeaHee
KOJIMYECTBO JIOKATBHO KPAaTYalIIuX MyTed, COSIUHSIONINX Maphl BEPIIUH B CETH
ciydaiiHeix TpadoB ¢ 500 BepmmHaMu W pactymiee 4yucio pedep. Ha srtom
pUCYHKE MBI CpaBHUBaeM (QakThdeckoe Bpems paboThl  ajaropurMa
npuBegeHHoro Ha puc 3.2 (S-DI), m ToT Ke anroput™m, C JIOKAJIBLHOM
IBPUCTHYECKON KpaTuaimiero mytu (S-LSP). Dtu peanusanuu onucans! B [18].
Cnenyer oOpaTuTh BHUMaHUE, YTO B CiIy4ailHOM rpade c¢ mioTHOCThio 20%
S-LSP moxer O6wiTh B 16 pa3 OwicTpee, ueM S-DIJ. D10 moaTBepkmaer Hamm

OXHUAaHHusA, OCHOBAHHBIC HA ITOACYCTC PC3YJIbTATOB, IIPUBCACHHBIX HAa PHCYHKC
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3.7. B ouenb paspexkeHHbIX rpadax, S-LSP kaxkeTcs HEMHOTO MEJICHHEE, YeM

S-D1J u3-3a u3epkeKk CTPYKTYpbl JAHHBIX MOJCPKAHUS CIUCKOB LXy u ny

JUTSL KX I0M Tapbl BEPIIUH X U V.

DKCTIEpUMEHT TI0 TIOBBIIICHHUIO TUIOTHOCTH pedpa
(500 y3110B)

14 S-DU

12 /
10 /

; i

; /

/
» /\7Z — S-DIJ
/

— S-LSP

5101520253035404550

Kommaectro pedep (x1000)

Puc. 3.7. CpaBHeHuEe (PAKTUUECKOTO BPEMEHU BBINIOJHEHUS peann3aluu
anroputMa Jletiketpsl ¢ (S — LSP) u 6e3 (S — D1J) nokanbHo kpaTyaitimmm
HBPUCTUYECKUM CEMENUCTBOM CiIydalHbIX rpado ¢ 500 BepmimHaMu, Ipu

YBEIIMYEHUH TPAHUYHOM TJIOTHOCTH U Beca pedpa Ha [1, 1000].

2. MeToz[mca pa3pa60TKu HOBOI'0 JTMHAMHUYECCKOI'0 aJdropurmMa

€ HCII0JIb30BAHMEM JIOKAJBbHO KpaTYallIuX My Teu

PaccmoTpum crienapuii, B KOTOPOM BXOJHOU rpad U3MEHSETCS B TE€UCHUE
JI0JITOTO BPEMEHH, MOABEPrasiCh MOCIE0BATEIbHOCTH TPAHUYHOTO OOHOBJICHUS
Beca. llenp AMHAMHYECKOro ajropuTMa IOUCKAa KpaTyaiiero myTH - 3TO
OOHOBJIEHHE paccTosiHug B rpade 3pdeKkTruBHEE, 4YeM IMepepacueT BCEro
pELIeHMs C HyJIs TOcJIe KaKI0ro U3MEHEHUs Beca pedpa.

Nned ncnonp30BaHHUs METOAA JIOKAIBHO KPATYAWIIMX ITyTEH, KOTOPBIM
OKa3bIBA€TCA MOJIE3HBIM ISl BBIYMCIICHHS BCEX Nap KpaTyalllnX MyTei, MOXKET
CBITPAaTh pELIAION[YI0 poOJib B pPa3pabOTKE AaCHUMITOTHYECKH OBICTPBIX

ITOPUTMOB OOHOBIICHUS JIJISl JUHAMUYECKOTO PEIICHUS ATOU MPOOIEMBI.
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PaccmoTpum ciydail, korga Bec peOep MOXKET ObITh YBEIHWYEH
(ymenbiieH). OOpaTuMm BHMMaHHE, 4YTO TIOCJIE€ YyBEIWYEHUS Beca peodpa,
HEKOTOpbIE M3 KpaTYaWIuX MyTEeH COAepXk aliux ATo pedpo, MOTYT MepecTarh
OBITH CaMBIMU KOPOTKHUMH, B TO BPEMsI KaK JIPyrue MyTH MOTYT CTaTh CAaMBbIMHU
KOPOTKUMHU, 3aMeHsIsl cTapbie. Llenp quHaMu4eckoro OOHOBIIEHUS aaTOpUTMa —
3¢ ()EKTUBHO HAXOIUTh TaKue MyTH 3aMeHbl. JIOKAJIbHO KpaTyaWiuil TyTh
SBJISIETCS W CaMbIM KOPOTKUM Wi HeT. [1oaTomMy JIoKaJlbHO KpaTyailliue myTu
ABJISIIOTCS. HauOoJiee MOAXOASIIMMH JJIi TOTO, YTOOBI CTaTh 3aMEHOM MOCie
TPAaHUYHOrO yBenuueHusi Beca. OAMH U3 BO3MOXHBIX ITOAXOJOB HMEET B
CTPYKTYpE€ JaHHBIX BCE JOKAJIbHO KpaTyailivie MyTH, TaK, YTOOBI 3aMEHA MYyTH
Morjia ObIThb HalJeHAa MaKCUMaJbHO OBICTpO IMociae OOHoBieHUs pebpa. C
IpYroil CTOPOHBI, XpaHEHUWE TaKUX CTPYKTYp JAHHBIX HE JOJDKHO OBITh
3aTPYJHUTENbHBIM. TO €CTh, B MEPBYIO OYEpe/Ib HEOOXOANUMO MOHSThH, CKOJIBKO
MyTe MOTYT OBITh JOKAIBHO KPAaTYAUIIIMMU M CKOJIBKO IMyTEH MOTYT MEePecTaTh
OBITH JTIOKAJIBHO KpaTYalIIMMU TI0CTIE YBEIMUEHUsS Beca pedpa?

Teopema 2. I[lycts G rpad c mocienoBareabHbIM YBEIMYEHHUEM Beca

pedep. Ecnu kparyaiiiue myTd yHUKaIbHbBI B G, TO P KaXXa0M OOHOBJICHUU:

2 .
1. O(n ) yTH MOT'YT MIepeCTaTh OBITh JOKAIBHO KpaTyallIuMu;

2. O(n2> OyTH MOTyT OBITH JOKaIbHO Kpardaimumu, 3a Q(N)
oreparuii [5]

B coorBerctBUM ¢ Teopemoil 1, BO3MOXKHO COXpAaHEHUE SIBHOTO
MHOXKECTBA JIOKAQJbHO KpaTyalllux myTed B TIpade 3a KBaJApaTUYHOE
amMopTH3UpyeMoe Bpems Ha onepaunuto. Ecnu kpardaiiimuii mytb B Tpade
JOKaJbHO KpaT4alluii, TO COXpaHEeHHe TaKoro Habopa MO3BOJIUT HAM XPaHUTh
uHOpMAITMI0O W O KpaT4almux MyTax. JledCTBUTENbHO, IWHAMHYECKHIM
BapUaHT AJITOPUTMA, IPUBEICHHBIA Ha puC 3.3, IMOKA3bIBAET BO3MOXHOCTH

OOHOBJICHUS JIOKAIBHOTO KpaTyauilero myTu (M, CJIeA0BaTelIbHO, KpaTyailliero
2

nyTt) Tpada 3a Bpems O(n -log n) c yderoM yBenmueHus Beca [19]. [lns

rpadgoB ¢ pedpamu m:Q(n-Iogn), 3TO ACUMIITOTHYECKH ObICTpee, ueM
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nepecueT peuieHus ¢ HyJsl, Ucnoyb3ys anroput™ Jelikctpel. Kpome Toro, ecnu
MaTpUlla  PacCTOSIHMM  JOJKHA  COXPAaHAThCA  SIBHO,  3TO  JIUIIb
noJuinorapupMuIecKuil pakTop JaleKo HE HAWTYUIIIHA.

JInst HaXOXAEHUS BCEX Map KpaTdyallliuX MyTed B JUHAMHKE B 00IIEeM
cllydae, TJie IOCIe10BaTeIbHOCTh OOHOBIICHUS MOXKET COJIEP)KAaTh YBEIMUYEHUE U
YMEHbIIIEHUE, JOKAJIbHO KpaT4allllui MyTh HE MOXET OBITh HCIOJIb30BaH
HEMOCPECTBEHHO. JleMCTBUTENbHO, €CIIM YBEIWYEHHE U YMEHBUICHHE MOTYT
OBITh TIEpEMEIIaHbI, BO3MOXCH HaMXyAIIUN ciydaid ¢ Q(MN) u3MeHEHUH B
HaOOpe JOKaIbHO KpaTyalluX MyTe BO BpeMs KaxkJ10ro ooHosienusd. OgHako,
UCIOJIb3Yysl 0000IIEHHE M3 JOKAIbHO KpaT4alllMX MYyTEH, KOTOPOE COIEPKHUT
UCTOPUIO  TOCJIENOBAaTeNbHOCTH  OOHOBJIICHHWH, YTOOBI  CHOPAaBUTHCS  C

MaTOJIOTUYECKUMH  DK3EMIUTApaMu, pa3paboTaH MeTond, JUisli OOHOBIICHHUS

KpaT4aiIliero myTu 3a BpeMs OOHOBIIEHUS O(n2 -log3- n) [5]. DTa ouenka

ObLIa YITydIlleHa Ha O(n2 -(logn+1log2(m/ n))) no Thorup [20].

3. CpaBHeHue BpeMeHH padoThl anropurma JleidkcTpsol

o ''KJIacCHYeCKOMY' M MOJIePHU3HPOBAHHOMY AJTOPUTMY

CnoxHocTh anroputma JIeHKCTpBI 3aBHCUT OT CHOC00a HaXOXKIACHHS
BEPIIHHBI V, a TaKKe CIIoco0a XpaHEHUsT MHOXKECTBA HETIOCEIICHHBIX BEPIITUH U
crocoba oOHoBIeHUSI MeTOK. O003HaUMM uepe3 N KOJIMUYECTBO BEPILUH, a Yepes3
m — konudecTtBo pedep B rpade G. B mpocteitiem ciydyae, Korja asis MOUCKa
BEPIIMHBI ¢ MUHUMaIbHBIM O[V] mpocMaTpuBaeTcss Bce MHOXKECTBO BEpIIHH, a
IUIs XpaHeHus BenuuuH d - MaccuB, BpeMs paboThl anroputMma ectb O(n2+m).
OCHOBHOI LIMKJ BBIMOJIHSAETCS MOPAIKa N pa3, B KAXKJIOM U3 HUX HA HAXOXKJICHUE
MUHUMYyMa TpPAaTUTCA TOpAJKa N olepauuid, IUIFOC KOJIWYECTBO peIaKCalMii
(cMEH METOK), KOTOpOE HE PEBOCXOAUT KOJIMYECTBA pedep B UCXOHOM Ipade.

Jlist paspexeHHbIX TIpadoB (TO €CTh TakHWX, ISl KOTOPBIX M MHOTO
MeHbIIIe N2) HEMOCEIICHHbIE BEPITUHBI MOKHO XPaHUTh B JBOMYHOW Kyue, a B

Ka4yeCcTBE KJFOYa HCIONb30BaTh 3HadeHus d[i], Torma Bpems u3BIICYCHUS
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BepmHbl 13 U craner l0g n, mpu Tom, uto Bpems monudukaimu d[i] Bozpacrer

1o log n. Tak kak IMKJI BBITOTHIETCS TOPSIKA N pa3, a KOJMYECTBO pellaKkcaruii
* *

He 6onbIIe M, CKOPOCTh PAGOTHI TAKOM peaTn3alyu O(n logn+m log n).

Ecom 1o XpaHeHUMs  HENOCEUIEHHBIX  BEPIIMH  HMCIOJIB30BATh
¢ubonauumeBy Kydy, [JIsI KOTOPOHM ynajieHHe MPOUCXOAUT B CpEIHEM 3a

O(log n), a ymenpmenue 3HaueHus B cpeaHem 3a O(1), To Bpems pabOTHI
QJITOPHTMA COCTABHT O(n* logn+ m).

['pad-cxema MomepHU3UPOBAHHOTO anropuTMma JleiKkeTpsl n300paxeH Ha

( Hauano )

pucyske 3.8

j=0
j Hem
j=0 i<n
oa p=min (n):
flag(p)=1
Hem
(c[p][i]!=65535)
&&9(!flag[i])
Hem
oa
Hem
2[p][i]>2[p][i+1]

oa

p=p+1
(uucno | kax cmpounas
nepemennast)

I[i]= minim I[j], 1[p]+c(p)[i]

| (  Komney )

Puc. 3.8. MonepHusupoBaHHbIi anroput™ JleikcTps
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Jluctuaru  mporpamm  peanmzanuyd  anropurma  JIeMKCTphl 1O
"KlaccuueckoMy' M MOJEPHU3UPOBAHHOMY BapHaHTaM IPUBEICHBI B

MpUWIOKEHUSX 3 U 4.

4. Pe3yJbTaThbl HCCJIEIOBAHNNI CBOMCTB AJrOPUTMA MAPIIPYTH3ALMH

JledKCcTpbI ceTeBbIM METOIOM

Jns ompenesnieHUs: OCHOBHBIX XAPAKTEPUCTUK JOCTATOYHO TPYIOEMKHUX
QITOPUTMOB  MapUIPyTH3aLMU CETeBOro Tpaduka UMEeTCs BO3MOXKHOCTD
WCIIOJIb30BAHUS AHATUTUYECKUX MOJICNIEN BBIYMCIUTEIBHOTIO MPOIIECCa.

B coBpeMeHHBIX KOMIBIOTEPHBIX CETSIX BCE OOJbllas 01 CETEBOro
Tpaduka JIOKUTCS HAa TaKUEe TPAH3UTHBIC Y3JIbI, KaK MapIIpyTH3aTOPhl U
MapuIpyTHU3Upylolme KoMmyTatopbl. OJgHUM W3 MyTed  MOBBIICHUS
IPOU3BOIUTEIHLHOCTH STUX YCTPOUCTB SBIISICTCS ONTUMU3AIMS U MOAU(UKAIIHS
VX BBIYUCIUTEIIBHOM CTPYKTYpbl. [l pelieHus IOCTaBICHHOM 3aJadyu
HEOOXOJIUMO UCCJIEIOBAaTh IOBEICHUE aJITOPUTMOB MapUIPyTU3AlUU TIPH
U3MEHEHHH OCHOBHBIX (DAKTOPOB, BIUSIOIIMX HAa TPYIAOEMKOCTh U CBS3HOCTb
BBIUMCIIUTENBHOIO mporecca. Jisi  omnpeneneHuss CBOWCTB — aiITOPUTMOB
MapUIPyTU3alUA BOCTIOJIB3YEMCS W3BECTHBIMU AHAIUTUYECKUMH MOJICIISIMU, a
UMEHHO MapKOBCKOM 1 ceTeBoit [22-25].

B kadectBe wuccCienyeMoro aiaroputMa BO3bMEM TOT K€ aITOPUTM
MapupyTu3auuu J{edKCcTpsl.

Wnest ceTeBOro moaxoma COCTOMT B OMpeneneHuH Ha Tpade anropurma
MyTE€H, COOTBETCTBYIOIIMX MHWHUMAJIbHOM, CpEIHEH H MaKCHUMAaJIbHOU
TPYJOEMKOCTH onepatopoB. JJjist 3Toro Ha rpade BbIACISIIOTCS IIUKIIbI, KOTOPBIE
3aTeM 3aMEHSIOTCS ONIEPATOPaMU C SKBUBAJICHTHOM TPYIOEMKOCThIO [26].

Ha yxpynnennoii rpag-cxeme wuccienyemoro anroputma (I'CA) Obuio
BoIAeeHo 4 nukia (puc. 3.9), mpuuem 1Ba U3 HUX BiokeHHbIe (C, u C,).

[Ipouecc aHann3a HaUMHAETCS C pacyeTa JIaHHBIX UUKIOB. /[ mpumepa

paccMaTpUBaeTCs peau3alns alropuTMa Ha ceTH, coctosmiei u3 20 y3mos. Ha

50



Ha4YaJIbHOM 3Tall€ OMPCACIIACTCA BEPOATHOCTL MEPEXOaa AJIA K&)KIIOI\/'I BCPIINHBI

BCTBJICHH:A aJIrOpUTMaA.

[T T I e
Sy P L R —

—

Puc. 3.9. I'pad-cxema (I'CA) anropurma JledkcTpbl

BeposTHOCTh 3aBUCUT OT YMCla y3J0B CETH M YHUCIA CBSI3EH MEXITY
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y3J1aMH.

TpymoeMKOCTh TeNa KakAOro LHUKJIA ONpPENEIAeTcss I10  CIEAYHOIEH

' ' \
dopmyne Q. =>n;-Q, rme Q-  Tpymoemxocts  BepuIMHBI,
COOTBETCTBYIOLIEH omeparopy cyera, a N;- BEPOSTHOCTh TONAJaHUA B JAHHYIO

BEPLINHY.

Cpenusis  TPYJOEMKOCTh  Bcero mukia paBHa: Oy =N - O

3neMenTapHsie onepauuu (310m), rae Ne - cpeHee YUCII0 OBTOPEHUI IUKIIA.

B kawecTtBe oieMeHTapHOW omepanuu  Oblla B3sATa  ONeparus
apuMETHIECKOro CIoKeHHs 0e3 nmepeHoca. s OleHKH NPUHSATHI CIeayIore
COOTHOIICHHUSI: OJTHA OMepalusi PErucTpoBbiXx mnepechbliok (Pr—Pr) cocraBnser
onny 301n. TpynoemMKkocTh onepanuii NEPEChUIKU U3 PETUCTPA B SUEHKY MaMATH
(Pr—O03Y) u u3 aueiiku namsitu B peructp (O3Y—Pr) cocrasmsier no tpu 301,
a TPYyJIOEMKOCTb OTIEPAIlUU CPABHEHHUS («>», «<», «=», «+», «-») - 1 30m.

TpynoeMKOCTh BCEro ajiropuTMa OIPEIETseTCs] B COOTBETCTBUHU C
MOCJIEIOBATEIbHOCTPIO  BBIMOJTHEHUSI  BBIACICHHBIX  IHMKJIOB,  HCKIIIOYAs
BJIO)KEHHBIE, T.K. UX TPYJOEMKOCTh YK€ ydTreHa mpu pacuere C,uC,. Takum
o0pa3omM, CpenHsisi TPYJAOEMKOCTh alroputma JIeHKCTpbl B COOTBETCTBHH C
CETEBBIM METOJIOM JJI PACCMOTPEHHOT'O ITPUMEpPA paBHA:

O, =0 +Oc; + Oy + O + O, =1856,9728(310m)

AHanornyHeiM 00pa3oM OBUTH OMPENEIeHbl TPYAOEMKOCTH aJITOPUTMA
s cererd comepxkamux 50, 100 u 150 y310B. OHM NONYYWIIMCh PaBHBIMU
10775,382 »1a0m, 50925,522 »10mn u 92224,0866 »>10n coorBercTBeHHO. Ha
OCHOBE TNMOJYYEHHBIX PE3yIbTaTOB ObLI MOCTPOEH IrpaduK 3aBUCUMOCTH CPEIHEH
TPYIOEMKOCTH anroputma JleiKkcTphl oT yrcia y3i10B B cetu (puc. 3.10).

[TonyueHHble B X0Ji€ pabOThl XapaKTEPUCTUKU AITOPUTMOB MOTYT OBIThH
WCIIOIB30BaHbl IS pacuera HEOOXOAMMOro OBICTPOJEUCTBUSL Mpoleccopa
BBIYUCIIUTEIBHON CUCTEMbI MAPLIPYTU3ATOPA.

Kpome Toro, pe3ynbTaTbl MOTYT YYUTBHIBATHCS MIPU CHUHTE3€ CTPYKTYPHI

BBIYHCJIUTEIILHOM CUCTEMbI C HMCII0JIb30BaHUEM MCTOOOB OIITMMH3alIMHN COCTaBa
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CUCTEM O0OpaOOTKM JaHHBIX W MapaMeTPOB HUX YCTPOHCTB MO 3aJaHHBIM
kputepusiM. Tak ke JaHHble pacyeThl OyAyT HCIOJb30BaHbl ISl CPABHEHMS

HU3BCCTHLIX N ONITUMNU3UPOBAHHLIX aJITOPUTMOB.

100000

90000 /
80000

70000 /
60000 /

50000 /

40000 /

30000 /

20000 /
10000 /

20 40 60 80 100 120 140 160

TpynoemkocTs 3100

Uwucro y3710B B CETH

Puc. 3.10. 3aBuCUMOCTB cpeaHen TPYIOEMKOCTH
anropurma JIelKCTphl OT YUCia y3JI0B B CETH
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BoiBoabl no I'nase 3:

B xone pabotsl no ['naBe 3 ObLIM CA€TaHbI CIEAYIOIINE BbIBObI:

1. Ha ocHOBe WH3ydeHHs B3aUMOJEWUCTBHS  TEOPETUYECKHX MU
MIPAKTUYECKUX ACIEKTOB MPU MCIOJIB30BAHUU MPOCTOr0 aiaropurma JlelKcTpbl
JUTS IOMCKA KpaTyaiiero MyTH, MOKa3aHo, YTO U3yYEHHBIE 3BPUCTUKH, KOTOPBIE
3¢ (}eKTUBHBI Ha TPAKTUKE, MOTYT YCTYNHTh pe3yJbTaTaM KOMOWHATOPHBIX
CBOMCTB MpoOJeMbl, HO, B KOHEYHOM CY€Te, MOTYT IMPUBECTH K HOBBIM
TeopeTuyecku 3PPEKTUBHBIM aITOPUTMAM.

2. Omnwucana mpejyiaraemasi MeETOAWKA pe3pabOTKU  aJIrOpUTMOB
Kparyanmux IyTed Ha OCHOBe airopurMa JleWkcrpel. BBeneHo mnonsaTHE
JIOKAJIbHO KpaTYaMIIMX MYyTEW, 4TO MO3BOJUIIO YIYUIIUTh TPOU3BOAUTEIBHOCTh
anroputMa JlefKcTpsl 4711 HaXOXKIEHUS KpaTJyallero myTu B rpade.

3. CpaBHeHHe (PaKTUUECKOTO BpEMEHHU pabOThl anropuTMoB JleHKCTphI U
TOr0 K€ aJropuT™Ma, C JOKAJIbHOM JBPUCTUYECKOW KpaTyaWllero myTH
MOKa3bIBAET, UTO B CIydailHOM rpade ¢ mioTHOCThI0 20% OH MOXeT ObITh B 16
pa3 ObICTpee, YeM KJIIACCUYECKUI BapHaHT aJIrOpPUTMA.

4. Tlpn ontuMmzanuu U MoOAU(DUKALKS BBIYUCIUTEIBHOU CTPYKTYpPHI
anroputma J{edKCTpbl MOKHO MCIOJIb30BaTh CETEBOM MOJXO[, CYyTh KOTOPOTO
COCTOMT B OIpeAesieHHd Ha rpade anropurMa myTei, COOTBETCTBYIOIIUX
MHUHUMAJIBHOM, CpPEOHEM W MaKCUMAIBbHOM TPYAOEMKOCTH OINEPATOPOB.
BolunciieHHbIE XapaKTEPUCTUKHU QJITOPUTMa MOTYT OBbITh HMCHOJIB30BAHBI IS
pacueta HEOOXOAMMOTrO OBICTPOJCHCTBUS MpoIEccCOopa BBIYUCIUTEIHHON
CUCTEMBI MapLIPyTH3aTOpa. OTU K€ PEe3yNbTaTbl MOLYT YUYWUTHIBATHCA IIPH
CUHTE3€ CTPYKTYpbl BBIYUCIUTEIBHOW CHCTEMBI C HUCIIOJIB30BAaHUEM METOOB
ONTUMHU3AIMU COCTABA U MAPAMETPOB MX YCTPOMCTB MO 3aJaHHBIM KPUTEPHUSIM.
Tak jke mMoNydeHHbIE pacueTbl MOTYT OBITb HCIOJb30BaHBI MPHU CpPABHEHMS

HN3BCCTHBLIX U OIITUMHU3UPOBAHHLIX aJIT'OPHUTMOB.
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3ak/IroueHue:

B Xozxe BBIMOTHEHHWS JUCCEPTAIMOHHON pabOThl OBUIM MMOTYYEHBI
CJIEYIOLME OCHOBHBIEC HAYYHbIE U PAKTUYECKUE PE3YyJIbTaThI:

1. Ilpu pemenun 3agaym  ONTUMHU3ALMUA MAPUIPYTU3ALUU  MOXKHO
MOJIyYUTh PE3YIbTAThl, HE COOTBETCTBYIOIIUE KEJIAEMbIM - HE BCErAa MPAMOM
OyTh OT KOMIIBIOTE€PA-OTHPABUTENS K KOMIIBIOTEPY-TIONYYaTEN0 SIBISETCS
HamtydmuM. OH MOXXET UMETh MaJlyl0 MPOMYCKHYIO CIIOCOOHOCTh WUJIU OBIThH
CWJIBHO TEperpyxeH.

2. IlpoToKOaBl MapUIPYTHU3ALMK OTIUYAIOTCS APYT OT JApyra TeM, Kak
dopmMupyercst ¥ rae XpaHuTcs MapuipyTHas uHpopmaius. ONTUMaIbHOCTb
MapupyTa JOCTH)KMMA JIUIIb NMPU TOTHONW HH(pOpManud 000 BCEX BO3MOMXKHBIX
Mapuipyrax, HO TaKH€ JaHHble NOTPEOYIOT CIMIIKOM OONbIIOr0 o0bema
MaMSTH.

3. B wurore uccinegoBanus anroputmoB Jleiikctpel u bemnmana-®@opaa
C/eJIaHO 3aKIIF0UYEHHE, YTO 00a aJIrOpUTMa MOMCKa KpaT4yalllero myTyu TPUBOIST
K OJJMHAKOBOMY pe3yibTaTry. JlocTOMHCTBOM anroputMa J{efcKTphl SBIISETCS TO,
YTO Ha KaXJOM Illare IMOUCKAa HAaXOAMUTCS KpaTyaillliee pacCTOSHUE €IIe [0
OIHOM BEpLUMHBI, a 110 aIroputMmy bemnimana-dopaa kpaTyauilee pacCTOSTHUE
10 J000H BEpUIMHBI ONPEAENISIETCS TOJBKO TOCIe MPOXOXKIAEHUS BCEro
anroputma. B nemom, anroputMm [IeWKCTpbI, MO CPAaBHEHUIO C aIrOPUTMOM
bennmana-®opaa, obecrieunBaer Oosiee peajbHYI0 OLEHKY CUTYallUd B CETH,
Oosiee OBICTPYIO PEAKIMIO HAa BaXKHbIC HW3MCHEHHS B CETH W YMCHBIIIACT
3al[MKJIMBAaHUE MAKETOB; OJHAKO aJITOPUTM J{eMKCTPhI CI0XKHEE B pEau3aliu U
TpeOyeT B HECKOJIBKO pa3 OOJIbIIIe MaMSITH.

4. B pesynbrare aHaiuza OpoOsieM pa3pabOTKU aNroOpuTMOB IOMCKA
c/ieJlaH BbIBOJI O HEOOXOJUMOCTH pa3pabOTKU aiTOPUTMHUYECKOr0 0OecTIeueHHUs
MapuIpyTH3aLUU C TTOAJIEPKKOIN KauecTBa 00CTyKMBaHUS JaHHBIX.

5. Ilpennoxxena rpadoBasi MOJI€b CETH, MMO3BOJISIONIAS IPUMEHSATH CXEMBI

Ka4dycCTBa O6CJ'Iy>KI/IBaHI/I$I JaHHBIX, BKJIFO4Yasl THUIIbI OFpaHI/I‘IeHI/Iﬁ )51 Tpe6OBaHI/I$I K
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HUM.

6. CdopmynupoBaHbl 3aJauyd MapUIPYTU3AIUU C MHOXKECTBEHHBIMU
OTPAaHWYEHMSIMUM M ONMCAaHbl IPaBWia KOMIO3WLMM PAa3JIUYHBIX BHJIOB
OTpaHUYEHUN HA MAPILIPYT.

7. PaccmoTpeHa cHTyallMsi C HW3MEHSIONIMMCS COCTOSHHUEM CETH |
pa3paboTaH aarOpUTM MapIIPYTU3AIUU C MHOKECTBEHHBIMH OIPaHUYCHUSIMH.

8. Omnmcana mnpeiaraemMas MeETOAMKAa pa3pabOTKU  aITrOPUTMOB
KpaTyalllluX TNyTE€l Ha OCHOBe ainroputrma JleWkctpel. BBeneHo mnoHsTHE
JIOKaJIbHO KpaT4YalliuX MyTEW, 4TO MO3BOJUIIO YIYUIIUTh MPOU3BOIUTEIBHOCTD
anroputMa JIedKcTphl A1 HaXO0XKIEHUsl KpaTyaiiiero nyTu B rpage.

9. CpaBHeHME (PAKTHUECKOIO BPEMEHH padOThl alropuTMOB JeHKCTpbl U
TOTO K€ aJIrOpUTMa, C JIOKAIBHOM JBPUCTUYECKOM KpaTyauliero IyTH
MOKA3bIBAET, YTO B CIydyailHOM rpade ¢ mioTHOCThI0 20% OoH MOKeT ObITh B 16

pa3 ObICTpee, YeM KIIACCHUECKHI BapHaHT aJlTOPUTMA.
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Ipuioxenus

[Ipunoxenue 1
IIporokoJbl focTyna

OHOPHBIC CE€TH 1 aBTOHOMHBIC CUCTEMbI

Onra w3 0a30BBIX WACH MapIIpyTH3AIMH 3aKIFOYAaeTCS B TOM, UYTOOBI
CKOHIIEHTPUPOBATh MApUIPYTHYIO HH(OpMAIMI0O B OTpaHUYCHHOM 4YHUCIE (B
yujease B OJHOM)  Y3JIOBBIX  MapLIPyTH3aTOPOB-AUCIETYEPOB.  IJTa
3aMevarenbHas HAes BEAET K 3aMETHOMY YBEIMYEHHUIO 4YHCIa IIaroB MpU
nepechuIke makeToB. ONTUMU3UPOBATH perieHue mo3possier backbone (omoprast
CeTh), K KOTOPOM TMOAKIIOYAIOTCA Y3JIOBble MapuipyTuzaTopbl. Jlrobas AS
nojkoyaercs k backbone wepes y3i10Boit maprpyTuzaTop.

"IIpo3paunsie” backbone wne paGorator ¢ ampecamm kiacca C (Bce
O0OBEKThl TAKOW CETH JOJKHBI MMETh OAWH ajapec, a it C-kiacca 4UCIO
00BEKTOB  chnumKkoM  orpanudeHo).  "[Ipo3paunbie”  MOCTBI  TPYIHO
JMAarHOCTHPOBATh, TaK Kak OHU He cienyroT npotokorny ICMP (komanna ping He
paboraeTr, B TmoOclIeAHee BpeMsi Takue OOBEKTHI CHaOXkarTcs SNMp-
MOJICPKKOM). 3a TO OHM TO3BOJIIIOT TepepaclpeneisaTh Harpy3Ky uepes
HECKOJIBKO  MapIIpyTH3aTOPOB, YTO HEBO3MOXHO JUIsi  OOJIBIIMHCTBA
POTOKOJIOB.

‘ OnopHas ceTe 1

o o]
| |

‘ OnopHasa ceTb 2 ‘

3Bm1,2 | 9BM22 m 3BM4,2 | 9BMS52 m

Puc. I11.1. [Ipumep 3agauu MapuipyTHU3aluu

B npumepe, npuBenenHom Ha puc. [I11.1, 3agauya wmapupyruzanuu
noctaroyHo ciiokHa. O9BM 1,2 u 9BM 6,1 MOXHO CBSI3aTh MHOTHUMHU MYTSIMU:
OBM 1,2 - GWL1 - 3BM 6,1; 5BM 1,2 - GW2 - 3BM 6,1; O5BM 1,2 - GW3 -
OBM 6,1; O5BM 1,2 - GW4 - 3BM 6,1; OBM 1,2 - GW1 - GW2 - GW3 - 5BM
6,1; u T.0. Tpadux mMexay nByms reorpaduyecku OJU3KUMHU y31aMU JOJDKCH
HANIPABJISITBCSL  KpPATYAWIIMM  IyTE€M, BHE 3aBUCUMOCTH OT HAlpaBJICHUS
r100anbHbIX OTOKOB. Tak D9BM 1,2 1 DBM 1,1 10mKHBI COSTUHATRCS depes
GWI1. Mapmpyruzamnuss depe3 onopHsle ceru  (backbone) TpeGyer
WHANBUYALHOTO TOAXOAA MJIsi KaXIOro y3ia. AJMUHUCTPATOPHI OMOPHBIX
ceTel JIOJKHBI COTJIaCOBBIBATH CBOM MPHUHLMIMBI MapiipyTuzanuu. Curyanus,
KOTJa y3€l HE BIaJeeT HCYEpIbIBAIONIe MapmpyTHOH uHPoOpManuen, B
COYETAaHUU C UCIOIH30BAHUEM MApIIPYTOB MO YMOTYAHUIO MOXET MPUBECTH K
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3alMKIMBaHUI0 nakeToB. Hampumep, ecnu mapuipyt no ymonvanuto B GW1
ykazpiBaeT Ha GW2, a B GW2 na GW1, To makeT ¢ HeCymecTBYIONUM aapecoM
oyzaer mupkyiaupoBath Mexkay GW1 u GW2 noka He ucteuer ttl (BpeMs sxu3Hu
MakKkeTa), MOJHOCThI0 ONMOKupys KaHai. 1o 3Tol mpuumHE KenaTenbHO MMETh
MOJIHYIO TaOJUIly MaplIpyTHU3alluu, W, €CIM HE BBIHYXKIAIOT OOCTOSITENIbCTBA,
n30eraTh UCIOIb30BAHUS MAPUIPYTOB 110 YMOIYAHUIO.

al

3oHa A M 3oHa B

Puc. I11.2.

[IpoToKONBl MapHIpyTHU3alMK OTJIMYAKOTCA APYr OT Jpyra TeM, IJe
XpaHUTCS U Kak (opmupyercs MapuipytHas uHPopmanus. ONTHUMaibHOCTh
MapuipyTa JOCTHKUMA JHIIb NPU MOJTHOW MHPOpMaUUu 000 BCEX BO3MOXKHBIX
MapupyTax, HO TaKM€ JlaHHble NOTPEOYIOT CIMIIKOM OO0JbIIOro oObema
namsitd. [lomHas wapmpytHas wuHGOpMalUs JOCTYNMHA JUIsi BHYTPEHHHX
IPOTOKOJIOB MPU OTPaHUUYEHHOM 00BbeMe ceTd. Yalle mpuxoIuTcss UMETh IO C
pacnpeneNeHHOM  CXeMOM  IpeACTaBIE€HUs  MaplIpyTHOM  HMH(OpMaLUU.
Mapupyruzatop MOXKET ObIThb HHQOPMHUPOBAH JIMIIb O  COCTOSIHUU
ONM3NIeXalUX KaHAJIOB U MapIIpyTU3aTOPOB.

Jlunamuyeckue MNpOTOKOJbI (OOBIYHO HCIMOIB3YIOTCS HMMEHHO OHH,
HanOoJIee U3BECTHBIM pa3padboTunkoMm sBisiercst komnanust CISCO):

B mapuipytusarope ¢ AMHaAMUYECKHM TPOTOKOJIoM (Harmpumep, BGP-4)
PE3UIEHTHO  3arpykeHHas  Iporpamma-apaiBep  H3MEHSeT  TaOJIMIIbI
MaplIpyTH3allMd Ha OCHOBE HH(MOpMalM{, T[OIY4EeHHOH OT COCEIHUX
MmapupytuzatopoB. B OBM, paboraromeit mog UNIX wu Bemmonssromieit
(YHKIMM MapHIpyTH3aTOpa, 3Ty 3a[ady 4acTO pellaeT pe3uieHTHas porpaMma
gated wiu routed (memown). [TocnenHsis - MOIJEPKUBACT TOJNBLKO BHYTPCHHUE
IIPOTOKOJIBI MapIIPYTU3ALNH.

[TpuMmeHeHne OUHAMUYECKOW MapUIpyTH3allii HE H3MEHSET allOpUTM
MaplIpyTh3anuy, ocyumectsisiemoid Ha IP-ypoBue. I[Iporpamma-gpaiiBep mnpwu
IIOWCKE MapuUIpyTH3aTopa-ajpecara IMO-MPEKHEMY MPOCMAaTPUBAECT TaOIHIIbI.
JIro60i1 MapIIpyTHU3aTOp MOKET MCIIOJIB30BATh JIBA MPOTOKOJIA MAPLIPYTU3AILIUN
OJHOBPEMEHHO, OJWH JJISl BHEUIHUX CBSI3€M, APYrou - JJjisi BHYTpeHHHX. Jljis
CTBIKOBKM BHEUIHEr0 MaplipyTa ¢ BHYTPEHHHM B OOJIBIIMHCTBE MPOTOKOJIOB
pe1yCMaTpPUBAOTCS CIELUAIbHBIE CPEICTBA.

BHeniHue ¥ BHYTPeHHUE MPOTOKOJIbI MAPUIPYTH3AMHA

MokeT BO3HUKHYTH BOIPOC, OTKYJa BO3HUKJIO OFPaHUYEHHUE HA YHUCIIO
BHEUIHUX M BHYTPEHHUX IMPOTOKOJIOB Mapuipytuzanuu? [naBHas npuyuHa -
COrJJaCOBAHME METPUK CEeTeBbIX KaHanoB. C BHEIIHMMHU MPOTOKOJIAMU BCE
OTHOCHUTENIbHO NTPOCTO. Bo-nepBhIX, X Maj0, BO-BTOPHIX, IPAKTUYECKHA BCE OHU

61



UCTIONIB3YIOT Ui OIICHKHM KaHAJIOB BEKTOP PACCTOSHHS, YTO IOTEHIIMAIBHO
MOXXET BOOOIIE CHSATH pacCMaTpUBAEMOE OrpaHUYeHHE. A Kak OBITh C
BHYTpPEHHEH MapiipyTu3anueii? Beap CymecTByOT MpOTOKOIIBI, Oa3UpYIOIIHECs
Ha BekTope paccrosiHus (RIP), m Ha cocrosaum kanana (OSPF wmu IGRP).
[Ipenmonoxxum, 4To B OJHOU 30HE ceTH padotaer RIP, rie kaHam oneHuBaercs
YHCIIOM IIaroB 10 1enu, a B Apyroil - OSPF ¢ omenkoil cocTosHus KaHana,
BBITIOJTHEHHON aMUHUCTpATOpOM ceTu. Eciam MapmpyT comep uT (pparMeHThI
MyTH, MpoJIeraime yepe3 00e ykazaHHbIE 30HbI, BO3HUKAET MPOoOIeMa OIIEHKH
Takoro myTu. Kak ClI0)XKUTh METPUKH 3THX YYaCTKOB, BEIb OHH HECOBMECTUMBI?
B mpunImune 3amaya mMeeT perieHue, s dTOr0 Ha TPaHHIAX 30H C pa3sHBIMHU
MIPOTOKOJIAMHU MapIIPYTHU3AIMH PAa3MEIIA0TCs CIEITUATbHBIC MaPIIPyTH3ATOPHI,
KOTOpbIE ONTUMH3UPYIOT MYTH [JIs KaKIOrO U3 MPOTOKOJIOB (M 30H)
He3aBUCHUMO. Ho 1 B 3TOM ciydae BO3MOXKHBI TPYJIHO Pa3peIINMbIC CUTYaIUH.
OnuH U3 TakuX BapuaHTOB Moka3aH Ha puc. [11.3.

&

104

Puc. I11.3.

[Iycte Ha pucynke I11.4 B ceTeBbIX 30HaX, 00O3HAYEHHBIX KpYyramu
ucnonb3yercss nporokon RIP, a B ocrampHoM mpoctpanctBe - OSPF. D9BM
0003HaYEHBI HSATUYTOJIbHUKAMH, BHYTpPEHHHE MapLIpyTU3aTOPBI
OpSIMOYT'OJIbHUKAaMH, a OKPAILIEHHbIE IPSIMOYTOJIBHUKH OTMEYAlOT MOrPaHUYHbIE
MapLpyTU3aTopsl 30H. JroOble MapuipyThl U3 30HBI A B 30HY b npobiiem He
BBI30BYT, TaK KaK BHYTPU 30HBI MapuIpyThl ontumusupyrorcs RIP, a mexny
30Hamu - npotokoiaom OSPF. PaccmoTpum mpokiagky mapiipyta u3 30Hbel b B
30HY B. 3neck cnenyer paccMoTpeTs BapuaHThl IyTH uepe3 30HbI ' u J1. BaxHo
TO, YTO MPHU BHIOOPE ONTUMAIIBHOTO MYTH MPUAETCA KAK-TO YYUTHIBATH METPUKHU
kak OSPF-yactu nmytu, Tak ¥ parMeHThl TPAH3UTHOTO MYTH BHYTPHU 30H. [Ipu
3TOM HaJl0 MPUHATH PEUIEHUE, C KAKUMHU BECAMH CKJIAaJbIBATh METPUKH PA3HBIX
IPOTOKOJIOB. JTa MpodiieMa CHUMAETCs, €CIH KaxKaasi 30Ha UMEeT TOJIbKO OINH
IIOTPAHUYHBIA  Mapumpyrusarop.  Mapmpyr  OpOKIaAbIBACTCA  MEXAY
NOrPpaHUYHBIMA MAapIIPYTU3aTOpPAMHU, a pa3jiu4yue MapUIpyTOB BHYTPH 30H
urHopupyercs. Kcratu uMEHHO 3Ta JIOrMKa JIEKUT B OCHOBE PEKOMEHIALNN JIs]
ABTOHOMHOW CUCTEMbI UMETh TOJIBKO OJIMH IMOI'PaHUYHBIN MapLIpyTHU3aTOpP.

OT0 yTBEpX IACHUE MOKHO MOSICHUTH Ha MpHUMeEpe, MOKA3aHHOM Ha PHC.
I11.4.
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AS1
9BM-1

Puc. I11.4.

Paccmotpum mpouenypy BweiOOpa mytH or OBM-1 k OBM-2 wu3
aBToHOMHOU cucteMbl AS1 B aBTOHOMHYIO cuctemy AS2. MImMeroTcs MEeTpuKH,
XapakTepu3ymImue myTh 10 MapmpyruzatropoB GW1 u GW2 (M1 u M2).
Cymectyer merpuka mytu oT GW1 u GW2 1o aBronomHo# cuctembl AS2 M3
1 M4 (oHH coBceM HeoOs3aTelnbHO paBHBI MEXAYy co00il). B pesynbprare Mbl
UMEEM XapaKTEPUCTHKU ABYX IyTE€H MEXKIYy O3HAYEHHbIMU MamuHamu M1, M3
u M2, M4). Eciu BHYTpEeHHUM TPOTOKOJIOM Mapiipytuzanuu sisisiercss OSPF
wm IGMP, To ckmaneiBate M1 1 M4 (cootBeTrcTBeHHO M2 1 M4) Hemnb3s, Tak
kKak B onHoMm ciyyae (M1, M2) 3T0 XapaKTepHUCTUKH COCTOSIHHS KaHaJOB
(aIMHUHHCTpATOp HAa3HAYWI MX, HANpUMep, paBHbIMU 35 U 55), a BO BTOPOM
(M3,M4) - 310 4KCIIO MIaroB A0 aBTOHOMHON cucTteMbl AS2 (ITyCcTh OHU PaBHBI,
Harpumep, 6 u 4). 3agaya COINOCTABJICHUSI METPUK B STOM IPOCTOM cllydae
MOKET OKa3aTrhCs He Mo Iuieuy naxe cynepOBM. Ilpumepom Takoil 3agauu
MOXET CHykuTb noakiatoyeHue Kk MHWurepner y3moB HOMOC (FOxnas
Mockosckas Onopnast Cets), umeromux Boixoa u B ATM-cets [IPAH-MI'Y.

Ecau 661 y AS1 ObUT TOJNBKO OAWH TOTPAHUYHBIM IUIIO3 (HAIIpUMED,
GWI1), To 3amaua pemanach Obl aBTOMAaTUYECKU. J[pyruM MOAXOIOM MOXKET
OBITH JenieHne Bcero MIHTepHET Ha JIBe YacTH, OJTHA JIENIAeTCs IOCTYIMHON TOJIBKO
yepe3 GW1, a BTopas - yepez GW2.

JIrobas aBToHOMHAs cucteMa (AS, cuctema Mapuipytuzatopo, I9BM wnm
ceTeil, uMmerolas €AUHYI0 MOJUTUKY MapLIpyTU3alMui) MOXKET BbIOpAaTh CBOM
COOCTBEHHBII ITPOTOKOJ MapIIPyTH3ALUU.

JlenukaTHOW TpoLEaypod  aNrOpUTMOB  MapHIPYTHU3ALUU  SIBJISETCA
paccbuika MapmipytHod wuHbopmauuu. Eciaum npeanonoxuth, 4YTO OAUH
MapIIPyTU3aTOP MOTYUYUII MAKET C HOBBIMH JaHHBIMH, a APYTrod HET (MOTepsuICs
WIM €Ile€ HE JOIIeN), TO 3THU JABa npudopa OyIyT HCIHOJIb30BAaTh pPa3zHOE
[PEICTABICHUE O TOIOJIOTMU CETH, YTO MOYKET INPHUBECTH K LMUKJIAM I1aKETOB,
OCHWUISIIMK MapUIPyTOB U APYrUM HenpusiTHOCTSAM. [lepBoe, 4TO mMpuxoauT B
rojJOoBy JUISl CHHXPOHHM3AIlMM  MApUIPYTHOM  KAapTUHBI CETH -  3TO
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IIMPOKOBENIATENbHAs PACChUIKA MapLIPYTHBIX AaHHBIX. lIpum 3TomM kaxaomy
AaKETy MOKHO IIPUCBAaMBaTh MOPSAKOBBIA HOMEpP. AHaIu3 3TOr0 HOMEpA
MO3BOJISIET MapIIPYTU3ATOPY U30ABIATHCS OT MAKETOB AYOJIMKATOB U OT KaJpOB
c ycrapeBmeil wuH@opmamueil. IlomydnB HOBBIM TakKeT, MapHIPyTH3ATOP
nepeajpecyeT ero Ha BCe CBOM MHTep(deichl KpoMe TOro, yepe3 KOTOphI OH
npuies. Takod anropuTM MOXKET BCTaTh B TYNHK B CIIy4ae IEPEIOIHEHUs
HoMmepa mnakera. [JomyctuMm, nociie Homepa N mpuaer maker ¢ Homepom 1. B
ATOM ciy4yae OH OyJeT OoTOpolIeH Kak AYOJHMKaT paHee MPUIIEIIIEro WiIM Kak
KaJp, HECYIIMH yCTapeBIIMe JaHHble. Eciau ucnonp3oBath 32-pa3psiaHble
HOMEpA MaKETOB, IPU YaCTOTE PACCHUIKH OJWH MAKET B CEKYHAY MEPEIOIHEHUE
cyeTuuKa npousoiaer 6omee ueM uepe3 136 ner. Takas yrposa BpsiJl Iu KOTO-TO
Halyraer.

Hpyroit mpobiemMoit sIBAsSETCS CUTyalusl MPU KOTOPOM MapHIpyTH3aToOp
OKa3ajcs BPEMEHHO OTKJIYEH OT CEeTH T[EePEeMEHHOro TOKa M  OblI
nepe3arpyxet. B aTom ciydae oH He OyJeT 3HaTh, KakKoil HOMep Kajpa ClIeyeT
o)kuaarb. Kpome TOro, BIOIHE PEATMCTUYHO IPEAIOIOXKHUTh, 4TO 3a 136 et
CUETUYHMK IAaKETOB B MaplIpyTuzarope MoxkeT cOutbcs. IlocnmenctBust moryt
OKa3aThCs IJIAYEBHBIMM.

Jlnia perieHus Bcex 3TUX IMpoOJieM MOKHO BBECTH ITOMHUMO HOMeEpa €Iie U
BO3pAacT MakeTa U YMEHbIIATh €ro Ha €IVMHULY pa3 B cekyHay. Korma Bo3pact
CTAHET paBHBIM HYJIO, MapuIpyTHas HHQOpMaUMsd H3 MaplIpyTU3aTOpa
YAAISIETCS U MPOLIEAYpPa HAYNHAETCS C HYJIA.

Jpyrum peiieHrueM MOKET ObITh CXeMa, MpPU KOTOPOW BXOJHOM Naker,
NpEIHAa3HAYCHHbIA JUISl PACCBUIKM, IIOCBIIAETCS COCENsIM HE cpasy, a
BbIIEpKUBAETCA HEKOTOpoe Bpems B Oydepe. Ecnu 3a Bpems BBIAEPKKHU MPUIET
OYEPENHOM MMAKET, TO UX MOPSAKOBBIE HOMEPA CPaBHUBAIOTCS. ECii OHU paBHBI,
To ayonukar otrOpackiBaercs. IIpu pa3HbIXx HOMepax oTOpackiBaeTcsi Oosee
crapblid. Jlis obecniedeHUs] HAAESKHOCTH IOJYYEHUE Kajapa € MapUIpyTHOU
uHdopMalmeit 00s3aTeTbHO TMTOATBEPKIACTCS.

Cneayer y4uThIBaTh, YTO KaXXJAOMY CErMEHTY IIyTH MOXET OBITh
IPUCBOCHO JIBA 3HAYEHUS] METPHKH, [0 OJHOMY JUIS KaKJIOIO M3 HAIpPaBJICHHI
oOMeHa.

Buyrpennunii nporokon mapmpyrusamuu |GP (Interior Gateway Protocol)
oTpezeNsieT MapiIpyThl BHYTPH aBTOHOMHOM cucteMbl. Hanbonee nonynspHbIit
IGP - RIP (Routing Information Protocol, RFC-1058), pa3padoran dopiom,
Oynkepconom u benmanom (pupma XEROX) paspaboran B 1957-62 romax u
UCIOJIb3YET B KAU€CTBE METPUKHU BEKTOpP paccTostHus. [IpoTokon Opu1 6a30BBIM
B pamkax npoekta ARPANET. B kauecTBe METpUKH MOXKET BHIOUPATHCS BpEMsI
JOCTYTIA, YUCIIO MAKETOB B OYEpPEU, HO OOBIYHO - ATO YKCJIO IIaroB JO MecTa
Ha3HaueHusA. Eciau 10 nenm umeercs OOuMH NMPOMEXYTOUHBIM MapLIpyTU3aTop,
TO YMCJIO IIaroB cyuTaercs paBHbIM 2. PaccTosHue no moboro w3 cocenei
paBHO oxHOMY mmary. B 3ToM mnpoTokosie Bcerja BbIOMpaeTcsi MyThb C
HAaUMEHBLIMM YHCJIOM WIaroB J0 LeNu (HauMEHbIIEE 3HAYEHHUE METPUKH).
Mapuipytruszannss Ha OCHOBE BEKTOpA pAacCTOSHHMS B NPUHUMUIIE ITO3BOJISET
MOJIYYUTh MOJOKUTEIBHBIN PE3yabTaT B JIFOOOW CUTYallMH, HO OHA UMEET OJHY

64



OCOOCHHOCTh - MPOLIECC CXOAMUTCS OBICTPO MPU OOHAPYNKEHUU HOBOIO OoJiee
KOPOTKOTO ITyTH U pabOTaeT KpailHe MEIJIEHHO MPU UCYE3HOBEHHUH ITYTH.

ANTOpPUTM BEKTOpa PACCTOSIHUS HESBHO MPEIOJaraet, 4To BCE KaHAJbI
UMEIOT PaBHYIO IIPOITYCKHYIO CIIOCOOHOCTb.

CymectByer Oosiee HoBbI# mporokoia OSPF (Open Shortest Pass First,
RFC-1131, -1245, -1247, -1253, -1584, -1850, -2328, -2740). Gazupyroniuics
Ha OIICHKaX COCTOSHUN KaHaloB. Kak BO BceX MapIIpyTHBIX MPOTOKOJIAX,
UCIIOJIB3YIOIIMX COCTOSHUE KaHajla, MHOT'O€ 3aBUCUT OT TOTO, KaK BBIYUCIISCTCS
metpuka. Ecnu ompenenstomumM  (HakTOpoM BBIOpATh MOJIOCY MPOITYCKAHUS
KaHana, TO MPHU OMPEICICHHBIX OOCTOATENhCTBAX MOTYT BO3HHKHYTH TPYIHO

IPEOAOINMBIE TIPOOIEMBl. PacCMOTpUM TONOJIOTHIO CETH, MOKA3aHHYIO Ha PHUC.
I11.5.

1 1 N
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Puc. T11.5. IIpumMep TOMOIOTUMU CETH, JOMYCKAIOIIEH OCHMLIALINIO0 MAPIIPYTOB

3nece nBe cybcetu A u b coeguHeHbl naByMms KaHaimamu 1w 2.
Kpyxoukamu 0003HaueHBI MapHIpyTHU3aTOpbl. EcCaM B HMCXOIHBIA MOMEHT
BPEMEHU OCHOBHOUM MOTOK MEXIY CETSAMH MPOTEKAeT MO KaHATy 2, OH MOXXET
OKa3aThCsl TIEPETPYKEH, B TO BPeMs Kak KaHaj | MONyYUT MEHbIee 3HAUYCHUE
METPHUKHU M3-3a OTCYTCTBHs 3arpy3ku. [Ipu odepemHoit oreHke KaHAIOB OyaeT
OPUHATO PEIICHUE MEePEeKIIOUUTh MOTOK MeXAy cersmMu Ha kaHai 1. [locne
aTOro OyaeT TmeperpykeH KaHal 1 ©W TaKk MOXET TMOBTOPIATHCS [0
O6eckoHeuHocTH. Takasi cuTyalusi Ha3bIBACTCS OCHUJUISIIMEH MapuIpyTOB U €€
KelmareapHo — u30eraTh.  MapmpyTHbple TaONMIBI B MapIIpyTH3aTOpax
AKTyalIM3yIOTCS BJOJIb TMYTH C 3aMETHBIMH 3aJep)KKaMd ¥ OTHIOJb HE
CUHXpOHHO. Takue OCHWUISIIMM MOTYT B pa3bl IOHU3UTH MPOIYCKHYIO
CIIOCOOHOCTh CETH, YTO HEOOXOAMMO YYUTHIBaTh, BBIOUpAs MapaMeTphl
IIPOTOKOJIOB MAPIIPYTU3AIIUH.

Ha npakTuke 3TOro He MPOMCXOAUT, TaK KAK METPUKH CErMEHTaM IyTH B
OSPF mpucBauBaer cereBoil agMuHUCTpaTop. HO MOXHO OXHIaTh, YTO
MOSIBATCS KaK BHYTPEGHHHE, TaK W BHEIIHUE MPOTOKOJBI MapIIPYTHU3aIlMH Ha
OCHOBE aJITOPUTMA COCTOSIHUSI KaHaJIa, KOTOPhIE OYIyT UCCIIENOBATh MapaMEeTPhI
KaHajia B peaJibHOM MaciiTabe BpeMeHH.

Haubonee crapsie cucremsr (IGP) wucmons3ytor mpotokon HELLO.
[Tporoxkon HELLO mnopnepxuBancs cdupmoit DEC, B kauecTtBe mMeTpuku OH
UCIIOJIb3YET BpeMsl, a He YHCIIO IIIaroB 10 Ieu.

[Tporokon IGRP (Interior Gateway Routing Protocol) paspaboran
komnadnuern CISCO mig OonpmnX ceTedl €O CIOKHOW TOIOJIOTHEH |
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CErMEHTaMH, KOTOpble O00JaJaloT pa3IMyHOM TMOJIOCOM MpPOMYyCKaHUs W
3aIep’KKOM. DTO BHYTPEHHUN MPOTOKOI MapUIPYTH3aLMH HMMEET HEKOTOPhIE
yepthl cxonactBa ¢ OSPF.

IGRP ucmnonp3yer HeCKOIbKO THIIOB METPUKH, TI0 OJTHON Ha KaXKIbIA BHT
QOS. Merpuka xapaktepuzyercs 32-pa3ps/IHbIM YHCIOM. B  OIHOPOIHBIX
cpenax dTOT BHUJI METPUKHU BBIPOXKIAETCS B UMCIIO IIAroB J0 Lieau. Mapuipyt ¢
MUHHUMAJIbHBIM  3HAYEHHEM  METPUKH  SBJSIETCS  NPEANOYTUTEIIbHBIM.
AKTyanu3zanus MapipyTHOW HHGOPMALIUK JJIsI STOTO MPOTOKOJIA TPOU3BOUTCS
kaxable 90 cekynn. Ecim kakoil-nmuOo MapuipyT HeE MOATBEPKAAET CBOECH
paborocniocobHocTH B TeueHue 270 cek, oH cuutaercss HepocTynHbIM. [locie
ceMu 1UKIOB (630 cek) akTyaliu3aldd TaKoW MapuipyT yAajsercs u3
MapumpyTHbix Ta0mul. |IGRP ananormuno OSPF nmpou3BoguT pacyer MeTpuku
1S Kakioro Buja cepsuca (TOS) oTnensHo.

Jns  B3auMOAEHCTBHS MapUIPYTH3aTOPOB  MCIOJIB3YIOTCSI  BHEIIHHUE
npotokossl (EGP - Exterior Gateway Protocols).

Onnoit w3 pasHoBumHocTeit EGP  sBnsercss mporokon BGP (Border
Gateway Protocol, RFC-1268 [BGP-3], RFC-1467 [BGP-4]).

[Tporokon IDPR (InterDomain Policy Routing Protocol, RFC-1477, -
1479) npencrasiser cobolt pasHoBuaHocTh BGP-miporokomna. IIporokon IS-IS
(Intermediate System to Intermediate System Protocol, RFC-1195, -1142)
ABJISIETCSL €Ill€ OJJHUM BHYTPEHHHUM IPOTOKOJIOM, KOTOPBIM HCIOIB3YyeTCs s
mapmpyrusanua CLNP (Connectionless Network Protocol, RFC-1575, -1561, -
1526). 1S-1S umeer muoro obmiero ¢ OSPF. Cmorpu Takke OECKIIacCOBBIi
npotokou mapuipyruzanuu CIDR (RFC-1467, -1517-20).

Cpasy mnociie BKJIIOYEHHS MaplIpyTH3aTOp HE HMMeEeT HH(POpMalHuHh O
BO3MOKHOCTSIX COCEIHMX MapuipyTu3aTtopoB. (CTaTHYeCMKHE MapIIPyTHHIE
TaOJIMIIBI MOT'YT XPAaHUTHCS B MOCTOSTHHOM MaMSITH WX 3arpyKaThCsl U3 KaKoro-
TO CETeBOro cepsepa. 11o 3Tol npuurHe nepBenien 3aaauel MapIupyTu3aTopa
SABJISIETCS TOJYyYEHUE MapHIPyTHOM HH(pOpMalMM OT COCelel, a Juisl Hadaja
BBIBJICHUE HAJIWYUs COCENed M UX ajpecoB. LI 3TOM LEIH TOCHUIAETCA
cnenuanbHbiid maker Hello yepe3 kakaplii U3 cBOMX BHENIHUX MHTep(deiicoB. B
OTBET MPEANoJaraeTcs MOJIYYUTh OTKIHUK, COAEPKAIMN UICHTU(DUKAIIUOHHYIO
nH(OPMAITUIO COOTBETCTBYIOIIET0 Mapmpytu3atopa. Korma nBa mmu Gonee
MapIIpyTU3aTOPOB OOBEAUHEHBI YEPEe3 JIOKATbHYIO CETh, CUTYaIUsl HECKOJIbKO
ycnoxHsiercss (puc. I11.6). Mapmpyrmzatoper E, F, G u H moakimtoueHs
HEIMOCPEACTBEHHO K JIOKAJIbHOM CETH, HEKOTOpPbIE W3 HUX HMEIOT CBS3H C
JIPYTUMH MaplHipyTU3aTopamu (CEeTHU, KOTOpPhIE OHU OOCTYKHMBAIOT, HA PUCYHKE
HE MTOKAa3aHbl).

OpauMm U3 crnoco0OB CMOJIEIUPOBATH JIOKAIBHYIO CETh - paccMaTpHUBaTh
mapmpytu3atopel E, F, G u H, xak coenuHeHble HEMOCPEICTBEHHO, BBEIS
BUPTYalbHBIN y3en cetu L (BbimeneH 3eneHbIM 1BeToM). Ha mpaBoit yactu
pUCYHKa Toka3aH rpad Takoil cetu. BozmokHocTh mpoxona u3 y3na F k G
ob0o3nauena myteM FLG. /[ mpoTOKOIOB, YYUTHIBAIONIUX COCTOSHUE KaHaja,
KenaTelbHO UWMETh HCYEpIbIBalollyl0 HHpOpMaIMi0o O HeM (3arpyska,
3a/iep’KKa, MPOIYCKHAash CHOCOOHOCTb, HAJEXKHOCTh, CTOMMOCTH M T.I.).
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HexoTtopele W3 TmepedyUCIIEHHBIX TapaMeTPOB JOBOJIBHO JIETKO HW3MEPUTH,
Hampumep, 3aaepxkky. Jms storo BmomHe mnpuroneH mnpotokon ICMP. K
COKaJICHUI0O MHOTME U3 YKa3aHHBIX MapaMeTpoB  JIOBOJIBHO  CHJIBHO
KOpPpETUPOBaHbl M TOJABEPXKEHBI (IyKTyanusM. B YacTHOCTH pe3yJbTaThl
U3MEpPEHUs 3aJIepKKU 3aBUCAT OT 3arpy3kd KaHaja (Bapuamus BpEeMEHH
OKHMJIAHUSI B OYEPENIN).

B
NokaneHas ceTe m

Puc. I11.6. MapmipyTu3zaTophbl, TOAKIIOUEHHbBIE K JIOKAIHBHOW CETH

Paccmorpum Tpaduk Ha mytn A-H. JlomycTum Ha OCHOBaHMHU aHaIM3a
COCTOSIHUA KaHall BbIOpaH myTh 4epe3 y3zen E. B sTtom cinyuae oH Moxer
0Ka3aTbCsl NEPErPYKEH, YTO MPHUBEAET K OONBIINM 3aJap>KKaM MAaKETOB Ha MyTH
A-H. Ilocnenyronuii aHamu3 CUTyallud MOXKET MPUBECTU K TOMY, 4TO Oojee
ONTUMAJIbHBIM MOXKET OKa3aThCs MapuipyT uepe3 y3en F. Eciu Oyner npunsTo
pemierre nepekmounth Tpaduk Ha mapuipyr ACFH, Moxer meperpy3uthes
yuactok ACF wu wucropuss mnoBtoputrcs. JlaHHBI cCHeHapuil ONKUCHIBAET
TUMWYHYIO CUTYALMIO C OCHWUIIIUAMA MapiipyTa. OCUMUIAINNA MapIpyTOB HE
Tak 0€300UIHBI, KAK 3TO MOXKET IMOKa3aThCs.

K coxajieHnto, MHOTME COBPEMEHHbBIE MPOTOKOJIBI MaplIpyTH3aLUUd HE
MMEIOT BCTPOEHHBIX CPEJCTB ayTeHTU(UKALUU (KOHTPOJIS JOCTYyMa), YTO AeaeT
UX YA3BUMBIMU JJI PA3IMYHBIX 3710YNOTPEOIECHUH.

B JIOKambHBIX WM KOPIOPAaTUBHBIX CETAX MHOW pa3 BO3HHUKAET
HEO0OXOJIMMOCTh pa3ociaaTh HEKOTOPYI0 MH(POpPMAIUIO BCeM OcTalibHbIM JBM-
M0JIb30BATENSIM CETH (IITOPMOBOE MPENYNPEKICHUE, U3MEHEHHE Kypca aKIUH,
TENEKOH(PEPEHIIMN C OOJBIIUM YHCIOM YYAaCTHUKOB W T.a.). OTnpaBuUTENto
JOCTaTOYHO 3HATh ajpeca Bcex N 3auHTEpeCOBaHHBIX MOJb30BATENEN U MOCIATh
UM COOTBETCTBYIOIIEE coobmenue. Jlannas cxema kpaiine He 3 pexkTuBHA, BEIb
oObIYHasl IMHUPOKOBEUIaTENbHAS aapecanus npeasaraer pemenue B N pas ydiie
C TOYKHM 3pEHHs 3arpy3ku ceTu (mocebuiaercs oaHo, a He N cooOmeHui).
[IupoxoBemniarenbHas aapecamusi cpadoTaeT, €clid B JIOKAaJbHOM CETH HEeT
MapuIpyTH3aTOPOB, B IPOTUBHOM Clly4yae IIMpOKoBemarenbHbie agpeca MAC-
TUNa 3aMeHsATca Ha |P-ampeca (4To, BOpOYEM, HE CIMIIKOM H3SIIIHOE
pElIeHNe) WM MPUMEHSETCS] MYJIbTUKACTHHT aapecauus. JlJis MylnbTUKaCTUHT
aapecaunu B MHTepHET MCHONB3YIOTCA clielralibHble aapeca D-knacca. Takue
azpeca TO3BOJISIIOT OpraHu3oBaTh A0 250 MHUJUIMOHOB TpyNI aJipecaTos,
(GYHKUMOHUPYIOIIKUX OAHOBpeMEHHO. [IpHu mochulke makeTa Mo TakoMy aJipecy
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JI0OCTaBKa HE rapaHTUPYETCS U HEKOTOPBIE WJIEHBbI TPYIIbl MOTYT HE MOJYYHUTh
ATOT maker. MapmpyTuzanus [Js MyJIbTUKACTHHTA TMPEACTABISIET COOOi
OTJIENbHYIO 3a/1auy. Beap 31ech HaA0 MPOJIOKUTH MapIIPYT OT OTIPABUTENS K
OONbIIOMY 4YHCIy TofmydaTenei. TpaaullMOHHBIE METOAbl MAapIIPyTH3AIUH
3/1eCh MPUMEHUMBI, HO 10 KpaitHoctu He 3¢ dextuBHbl. s neneit BbiOOpa
MapIpyTa MOKHO C YCIIEXOM IMPUMEHHUTH aJIFCOPUTM "JIepeBo cBsizer” (spanning
tree; He WMeeT NUKIMYECKHX CTPYKTyp). Korma Ha Bxom Mapripyrtusaropa
OPUXOAUT IIUPOKOBEUIATENbHBIA IMAKET, OH NPOBEpSET, ABISETCS JIH
unrepdeiic, depe3 KOTOPbIA OH MPUIIE], ONTUMAJIBHBIM HAMNpPABICHUEM K
UCTOYHUKY Takera. Eciu 3TO Tak, MakeT HampapiseTcs 4epe3 BCE BHEIIHUE
UHTEp(ENChl KPOME TOr0o, Yepe3 KOTOpBIM OH mpuiles. B mpoTuBHOM ciiydae
MaKeT UTHOpUpPYETCs (TaK KaK, CKOpee BCEero 3TO AyOJauKar). DTOT alrOpuTMm
Ha3biBaeTcsi Reverse Path Forwarding (mepeaapecanus B oOpaTHOM
HampaBienun). [losicHeHnue paboThl anropuTMma mpencraBieHo Ha puc. [11.7.
(MpsIMOYTOJIbHUKaMH Ha PUCYHKE 0003HaueHbl Mapuipytuzatopbl). Cexkmus |
XapakTepu3yer Tomnojoruto ceru. CrpaBa MOKa3aHO JEPEBO MapLIPyTOB IS
maprpytusatopa | (sink tree). Cekuus Il gemoHcTpupyer TO, Kak paboTaer
anroputm  Reverse Path Forwarding. Cuhawana | mocbutaeT makeTsl
mapuipytuzatopam B, F, H, J u L. Jlanee mocbuika makeToB OIpeessieTcs
UCIOJIb3YEMbIM aJITOPUTMOM.

[Tpu nepenaye MyJIbTUMENNA uH(popManuu UCITIOJIb3YIOTCS
OPUHIMIUAIBHO  APYrHMe  MPOTOKOJbl  MaplipyTH3aluu. 371eChb  MYyTh
IPOKJIAJBIBAETCS OT MOJy4YaTess K OTIPABUTENIO, @ HE HA00OPOT. DTO CBSI3aHO C
TEM, YTO TaM IPHU JOCTABKE MPUMEHSIETCS MYJIbTUKACTUHIOBBIM METOJ. 3/ECh,
KaK MpaBUIIO, OJWH OTIPABUTENb IMOCHUIAET MAKEThl MHOTUM HOTPEOUTEINISIM.
[Ipu >TOM Ba)XHO, YTOOBI Pa3MHOKEHHE TMAaKETa MPOUCXOAMIO KaK MOXKHO
OmKe K Kiactepy ajapecatoB. Takas cTpaTerus UHOM pa3 yAJIWHSAET MapuUipyT,
HO BCErJa CHUKAET Pe3yIbTUPYIOLIYIO 3arPy3KY CETH.

Puc. I11.7. Anroputm Reverse Path Forwarding
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MapupyTuszanus 1 MOOMJIBLHBIX 00bEKTOB

B mnocnegnee BpeMs Bce Oosbliie JtOA€H 003aBOASTCA KOMITAKTHBIMU
nepeHocuMbiMu OBM, koropbie oHu OepyT ¢ coOOi B JI€J0BBIE TMOE3IKU, U
XOTeNnu Obl HCIMOJb30BaTh B MPHUBBIYHOM pexHME sl paboTbl B MHTEpHET.
KoneuHo, MOKHO 3aCTaBUTh MOJIEM JIO3BOHHUTHCS JI0 BAILIETO MOAEMHOIO MMyJia B
ouce, HO 3TO HE BCErja JIydlllee pelleHne Kak Mo HaJeXHOCTH TaK U IO LIeHE.
[Tonp30BaTeNM ¢ TOYKU 3pEHUS UX TIOJIBIPKHOCTH MOTYT OBITh Pa3/eeHbl HA TPH
TPYIIIbL:

e CTallMOHApHBIC, paboTarolMe BCErjla Ha CBOEM IIOCTOSHHOM MECTE B
JIOKQJIbHOM CEeTH;

® MUTPHUPYIOIIIE, MEHSIONME BpeMsi OT BPEMEHU CBoe pabodyee MeCcTO B
paMKax JIOKaJbHOW CeTH WM Jaxe rnepexonsmue u3 oguoi LAN B apyryro (3a
BpEMS CECCUU NIEPEMEILCHHS] MAIIIUHBI HE TPOUCXOUT);

® [IOIBMKHBIE, MTEPEMENIAIONINECS B MPOCTPAHCTBE U KENAIIINe padoTaTh
B MPOLIECCE TTEPEMENICHUS.

[Ipeanonaraercsi, 4TO BCE 3THU IMOJB30BATEIN UMEIOT CBOIO MOCTOSHHYIO
NPUIKUCKY K KaKOW-TO CETH M COOTBETCTBYIOLIMH mocTossHHbIM IP-anpec. (cMm.
RFC-2794 Mobile IP Network Access Identifier Extension for IPv4. P. Calhoun,
C. Perkins. March 2000). Ha pwuc. I11.8 moka3zana cxeMa IOJKIIOYCHHS
MOABWXKHBIX Tonb3oBaTened k HMurepHer. B 3Toil cxemMe mnpeamnonaraercs
HaJIM4YMe B  KaXJa0M obnactd cetu VHTepHeT BHEIIHEro  areHra,
o0ecrneunBaroIIero JOCTyn K 3ToM 30He MOoABMXKHBIX DBM (Ha pucyHke Takoi
areHT nomeueH Haanuchbio "uyxas LAN"). JlocTynm MOXET OCYIIECTBISATHCS
yepe3 MoOOWIbHYI0 TenedoHHyto ceTh. llpeamonaraercss Takxke Haludue
COOTBETCTBYOIEro arenra B "nmomamHeil" LAN, Kkyia craiimoHapHO NpUITACAHA
nanHas OBM. JloMamHui areHT OTCJEKHUBAET BCE IEPEMEIICHUS CBOUX
NI0JIb30BATElIel, B TOM YHCIIE U TeX, KTO nojakitovaercs K "uyxum" LAN.

A

/*\.x

Uywan
LAM

Puc. T11.8. Cxema noakirodeHus k MHTepHET MOABUKHBIX O0BEKTOB

Korma k noOKadpbHOM CeTH MOJAKIIOYAeTCs HOBBIM IOJIB30BAaTElIb
(HemocpeICTBEHHO (PU3MYECKU WM Yepe3 MOJIEM COTOBOM TeleOHHOH CETH),
OH JOJDKEH TaM 3apeructpupoBatrbes. [Iponenypa perucrpanuy BKIOYAET B
ceOst CIIeqyIONINE ONepaIuu:

. Kaxaplii BHEMIHWM AareHT NEPUOAUYECKH MIUPOKOBEIIATEIBHO
pacchuiaeT maker-cooOiieHue, conepxaiiee ero IP-aapec. "BHOBb mpuObIBIIas
OBM" MoxeT mHOA0oXKIaTh Takoro CcoOoOOIIeHus WIM caMa I0CjaTh
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MIMPOKOBEUIATENbHBIN 3aIPOC HATMYMS BHEIIHETO areHTa.

2. MoOUNBHBIN TONB30BATENh PETHUCTPUPYETCS BHEIIHUM areHTOM,
coobmias emy cBoit IP- u MAC-anpec, a Takyke HEKOTOPbIE ITapaMeTPbl CUCTEMBI
0€30MacCHOCTH.

3. Buemnwmii arent ycranaBnuBaer cBsizb ¢ LAN MOCTOSTHHOM MpUNHUCKU
3apEerUCTPUPOBAHHOIO MOOWIBHOTO IMOJIh30BaTENs, COO0OIIasi HEeO0OXOIUMYIO
aapecHyto nH(OpPMAIHIO U HEKOTOPBIE MapaMeTPhl ayTeHTU(DUKAIIHIH.

4. JloManrHUI areHT aHaIM3UPYET MapaMeTphbl ayTeHTU(UKALUU U, eCIU
BCE B MOPsIZIKE, MPOLEAYpa YCTAHOBIIEHUS CBSI3U OyJE€T MPOJOJIKEHA.

5. Korma BHEMIHMH areHT TMOJy4YaeT TMOJ0KUTEIbHBIH OTKIUK OT
JOMAIIHETO  areHra, OH coobOmaer wMoOunpHOM OBM, dro oOHa
3aperucTpUpoOBaHa.

Korga monb3oBarens mokujaer 30Hy oOcimykuBanus ganHod LAN wim
MAN, peructpamusi Ao0bKHa OBITH aHynupoBaHa, a OBM nomkHa OBITH
aBTOMAaTUYECKH 3aperucTpupoBaHa B HOBOHM 30He. Kornma mocwuiaercs maker
MOOHIIEHOMY MOJIL30BaTEINIO, " moManrHss LAN", MIOJTy4YUB ero,
MapIIPpyTU3UPYET IMAKET BHEIIHEMY areHTy, 3aperucTpUpOBaBIIEMY IaHHOTO
[0JIb30BAaTelIA. DTOT areHT MepernpaBuT MakeT aapecary.

[Iponieaypsl nepeaipecavivi BHIMOIHAIOTCS C MPUBJICUEHUEM TEXHOJIOTHU
IP-tynneneit. [lomamHuii areHT mpenjaraeT OTHPABUTENIO MOCHLIATh MAKETHI
HENOCPEJACTBEHHO BHEIIHEMY areHry o0JlacTH, TJ€ 3aperucTpupoBaHa
nojsmwkHass DBM. CymiecTByeT MHOIO BapUMaHTOB peaju3allMK MPOTOKOJA C
pa3HbIM pacrpeieeHieM (QYHKIUH Mexay Mapupyruzatopamu U OBM.
CymiecTByIOT CXe€Mbl W BpPEMEHHBIM BbICIICHHEM pe3epBHOro |P-ampeca
NOJIBIDKHOMY  TOJB30BaTEN0. MEXKIyHapOOHBIM CTaHAapT MJisl  PelleHUs
po0sIeMbl paboThI C MOABUKHBIMH TIOJIH30BATEISIMH ITOKA HE pa3padoTaH.

[Ipu mmpokom BHeapenuu IPV6 ¢ mnpakTUyecku HEOrpaHUYEHHBIM
pecypcom azpecoB npobiemsl Beiaenenus IP-agpeca BooOiie He Oyzer.

B nocnennee Bpemsi KOHPUIYpUpOBAaHHE CETEBOTO OOOpPYHAOBAHUS
(MapmpytuzatopoB, DNS 1 mouToBBIX cepBEpOB YCI0KHUIOCH HACTOIBKO, UYTO
9TO CTaJI0 COCTAaBJSATh 3aMETHYI0 4YacTh W3JEpKeK Tpu (HOPMUPOBAHHUU
KOMMYHUKAIIMOHHOTO  y3j7a. 3aMETHOr0 YOPOLIEHUS U  Y/ACIIEBICHUS
MaplIpyTH3aTOPOB MOKHO OXUAATh NpU BHeapeHuu |Pv6. CrenyronmuM marom
CTaHeT BHEAPEHHE 00bEKTHO-OPUEHTUPOBAHHOTO SI3bIKAa ONMCAHUS MAPUIPYTHOM
nonutuk  RPSL  (Routing Policy Specification Language). 3xech
KOH(UTypUpOBaHUE MapuipyTuzaTopa OyIeT OCYIIECTBIATbCS Ha OCHOBE
OIMCAaHHON MapLIPYTHOU IMOJIUTUKH.
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[Tpunoxenue 2
Onncanue anropurma JleMKCTPbI

AnroputMm JIeMKCTphl pelmaer 3ajady O KpaT4allliuX IyTAX W3 OJHOM
BEPIIMHBI JJIs B3BEIICHHOr0 opueHTHpoBaHHoro rpada G = (V, E) ¢ ucxognou
BEPIINHOMN S, B KOTOPOM Beca Bcex peoep HeoTpunatenbHsl ((U, V) > 0 1ist Bcex
(u, V)E).

DopmanvHoe obvscCHeHUe

B nporiecce pabotsl anroputma JleHKCTphI MOAAEPKUBACTCS MHOKECTBO
S V, cocrosiiee U3 BepHIvH V, I KOTOPBIX O(S, V) yXe HalJIeHO. AJNTOpUTM
BeIOMpaeT BepmuHy U V\S ¢ HaumenbmmM d[U], moOaBiseT U K MHOXKECTBY S |
NPOU3BOJIUT peJaKcaluio BcexX peéOep, BBIXOASIIMUX K3 U, MOCIE Yero LMK
noBTopsieTcs. Bepmmunbl, He nexamme B S , XpaHsaTcs B ouepean Q ¢
HPUOPUTETAMH, ONpeaeasieMbIMU 3HaueHussMU Qynkuuu d. Ipeamomaraercs,
4TO Ipad 3a7aH C TOMOIIbIO CIUCKOB CMEKHBIX BEPLINH.

He ¢oopmanvroe ob6vscrenue

Kaxmoit BepmnHe u3 V COMocTaBUM METKY — MUHUMAJIBHOE M3BECTHOE
PacCTOSIHME OT 3TOW BEPIIMHBI O a. ANTOPUTM paboTaeT MOIIaroBo — Ha
KQKJIOM IIare OH «II0CEIIAET» OJHY BEPIIMHY WM IbITAETCA YMEHBIIATh METKH.
Pabora anroputMma 3aBepmiaercs, KOr/ia BCE BEPLIMHBI OCEUIEHBI.

Hnuyuanuzayusa. MeTka caMoil BEpIIMHBI a nonaraercss paBHod 0, MeTKU
OCTaJIbHBIX BEPIINH — OECKOHEYHOCTH. DTO OTPAXKAET TO, YTO PACCTOSHUSA OT a
70 APYTHX BEPIIUH TOKAa HEW3BECTHHI. Bce BepiuHbl Tpada momedaroTcs Kak
HEIOCEUICHHBIE.

llaz ancopumma. Ecmu Bce BEpPUIMHBI IOCELUIEHBI, AJITOPUTM
3aBepliaeTcsi. B NOpoTHBHOM ciydae W3 €HIe HE IMOCELIECHHBIX BEPIIMH
BBIOMpAETCsl BEpIIMHA U, UMEIOIasi MUHUMAJIbHYIO MeTKY. MBI paccMaTpuBaem
BCEBO3MOYKHBIE MapUIPYThl, B KOTOPBIX U SIBISETCS MPEANOCIECIHUM MYHKTOM.
Bepuunel, coenrHeHHbIE € BEPIIMHOW U pedpaMH, HA30BEM COCEOSIMH ISTOM
BepIIMHbL. JIJIs1 KakJ0ro cocela pacCMOTPUM HOBYIO JUIMHY NYTH, PaBHYIO
CyMMe TeKylleil MeTku U U JUIMHBI pedpa, COCTUHSIOMIETO U C 3TUM COCEIOM.
Ecnu nonydeHHas AjiMHa MEHbBIIIE METKH COCENa, 3aMEHUM METKY 3TOU JJITMHOM.
PaccmotpeB Bcex cocezeit, MOMETUM BEPIINHY U KaK MOCEUIEHHYIO U MOBTOPUM
miar.

[TPUMEP

Paccmotpum paboTy anroputma Ha mpuMepe rpada, MOKa3aHHOTO Ha
pucynke. Ilycts TpeOyercss HalWTH paccTOsTHUS OT |- BepIIMHBI /0 BCEX
OCTAJIbHBIX.
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Kpykkamu 0003Hau€HBI BEPIIMHBI, JMHUSAMUA — IYTH MEXIY HUMH
(pebpa rpada). B kpyxkkax 0003HA4YeHBI HOMEpa BEPIIWH, HAI pedpaMu
o0o3HaueHa ux "meHa" — JyIMHA MyTH. PA0M ¢ KaXI0il BEPIIMHOM KPAaCHBIM
0003HaYCHA METKA — JIJIMHA KPaTJaklIlero MyTH B 3Ty BEPIIMHY U3 BEPIIUHBI 1.

Ilepsviti wae. PaccMoTpuM mar anroputma JIeMKCTphl AJisl HaIllero
npuMepa. MUHUMaIIBHYIO METKY uMeeT BepminHa 1. Ee cocensamu ABISAIOTCS
BEpUIUHEBI 2, 3 1 6.

[IepBeIii O ouepean cocel BEPIIMHBI | — BepIIMHA 2, IOTOMY YTO JJIMHA
OyTH 1O Hee MHUHUMalbHA. J[InHAa TyTM B Hee yepe3 BepliMHy | paBHa
KpaT4aillieMy pacCTOSHUIO A0 BepIHbl 1 + minHa pedpa, uaymero u3 1 B 2,
To ecThb 0 + 7 = 7. DTO MEHbIIIE TEKYIIEH METKH BEPIIMHBI 2, MO3TOMY HOBast
MeTKa 2-i BEPIINHBI paBHA 7.
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AHaJOTHYHYIO OMEepaluio MPOAETIbIBAEM C ABYMS APYTUMHU cocensMu 1-i
BEpIINHBI — 3-i U 6-1.

Bce cocenu Bepmnsbl 1 npoBepensl. Tekyliee MUHUMAaIbHOE PACCTOSHUE
710 BEPIIMHBI | cuUTaeTCsl OKOHYATEIbHBIM U MEPECMOTPY HE MOJICKHUT (TO, YTO
3TO JIEUCTBUTENHLHO TakK, BIiepBbie qokazan [lelikctpa). Beruepkaem e€ us rpada,
4TOOBI OTMETUTD, YTO 3Ta BEPIIMHA MOCEIIEHA.

Bmopoit  wae. lar anropurma mnoBtopsierca. CHOBa HaxoguM
"OmKalnyro” U3 HEMOCEIIEHHBIX BEPIIUH. DTO BEpIIMHA 2 ¢ METKOM 7.
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CHoBa mbITaeMCsl YMEHBIIUTh METKH COCEACH BBIOPAHHON BEPILHHBI,
MBITAsICh NPOMTHU B HUX uepes3 2-10. CocensiMu BeplInHbI 2 sBisitores 1, 3, 4.

[lepBoIii (110 TOPsIAKY) cocen BepiiuHbl 2 — BepmnHa 1. Ho oHa yxke
ITOCEUIEHA, ITOATOMY C 1-1 BEpIIMHON HAYETrO HE JIEJIaEM.
Cnenyronmid cocen BepiinHbl 2 — BepiuuHbl 4 u 3. Ecnu uaru B Heé

yepe3 2-10, TO JUIMHA TAaKOro MyTH OyJeT = Kpardaiilliee pacCTosHue 10 2 +
paccrosiHne Mexay BepmmHamMu 2 u 4 = 7 + 15 = 22, Ilockonbky 22<oo,
YCTaHABJIMBAE€M METKY BEPIIMHBI 4 paBHOU 22.

Emgé onun cocen BepimmnHbl 2 — BepinHa 3. Eciiu uaTu B He€ uepes 2, To
JUTHHA Takoro myt Oyaer =7 + 10 = 17. Ho Ttekymas MeTka TpeThel BEpIUIUHBI
paBHa 9<17, mO3TOMY METKA HE MEHSETCS.

Bce cocenu BepimimHbl 2 MPOCMOTPEHBI, 3aMOPaXHUBAEM PACCTOSHUE 10
HEE M [IOMEYAEM €€ KAK MOCEIIEHHYIO.

Tpemuii wae. IToBTOpsieM miar ajaropuTMa, BHIOpaB BEpIIUHY 3.

Hanbnenime maru. I[loBropseM mar aiaroputma JUisi OCTABLIMXCA
BepuInH (D10 OyAyT 1O NOpsiAKy 6, 4 u 5).
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3aBepIiieHrE BBHITIOJHEHUST aJIrOpUTMAa. AJITOPUTM 3aKaHUMBAET padoTy,
KOT'/Ia BBIYEPKHYTHI BCE BEPIIUHBI. Pe3ybTaT ero paboThl: KpaT4aliuii MyTh OT
BepiuHbl 1 10 2-i coctasuser 7, 1o 3-il — 9, no 4-it — 20, go 5-it — 20, 10 6-
n—11.

[Tockonbky anroput™m JleMKCTpbl BCSIKUN pa3 BeIOMpaeT aiiss o0paboTKu
BEPIIUHBI ¢ HAMMEHBIIIEH OLIEHKOM KpaT4aulllero mMyTH, MOKHO CKa3aTh, YTO OH
OTHOCHUTCS K JKaJHBIM aJITOPUTMaM.
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[Ipunoxenue 3
JlucTunr aaropurma deiikcTpsl Ha s3bike C++

#include <iostream.h>
#include <conio.h>
#include <windows.h>
#include<iomanip.h>

char NEWT[256];
char*RUS(char*TEXT) {
CharToOem(TEXT,NEWT);
return NEWT;}

intv;

int main()

{inti,j;

int infinity=1000; // BeckoHeuHOCTH

// KonmuecTBo BepIIKH B rpade

int VES[100][100]; // Matpuia BecoB rpada

int X[100]; //Maccus, comepkaryii eqMHULBI ¥ HYJIH IS KaXI0H BEPIIMHBI,
/I X[1]=0 - eme He HaiigeH KpaTYaiIKil yTh B i-0 BEPIUIMHY,
/I X[i]=1 - kparyaiituuii nyTh B i-f0 BEPIIUHY YK€ HAleH

int DlinaPuti[100]; //[i] - nuHa KpaTyaiiiiero myTyH OT BEPIIHHEI S B i

int PredVertex[100]; //h[i] - Bepiuna, npeamiecTByromias i-ii Bepiinte
//Ha kpaT4aiIeM myTH

int VERTEX;

int p;

cout<<RUS("Bectu konmmaecTBo BepimuH B rpade ")<<endl;
cin>>VERTEX;p= VERTEX; //Yucno BepiuuH B rpade
cout<<RUS("3amomunre Matpuity Becos rpaga ")<<endl; // Marpuua Becos rpada
cout<<setw(4);

for (i=0;i<VERTEX;i++)

cout<<RUS("[x")<<i+1;

cout<<endl;

for(i=0;i<VERTEX;i++)
{cout<<RUS("X")<<i+1<<;
for(j=0;j<VERTEX;j++)
cin>>VES[i][jI:}

// ByneM MCKaTb IyTh U3 BEPLIMHEI S B BEPIIHHY g MO LUKITY

int start; // Homep ucX0/HON BEPIIHHBI

int end; // Homep KOHEYHOMH BEPIIHHBI
N: cout<<RUS("BBenure craproByto Bepumny: "); // Homep moxer usmensrtscs ot 0 go p-1

cin>>start;

if (start>(p-1) && start<0) {cout<<RUS("Her Takoii Bepiunsl mopropute BBOA...")<<endl; goto N; } // Ha ciyuaii
HEBEPHBIX JTAHHBIX

start=start-1; //rax xak maccuB HaunHaeTcs ¢ 0 OTHHMaeM OT BBOAUMOM 1udpsI 1

for (int prosto=0;prosto<VERTEX;prosto++)

{end=prosto; /K nporousier anroputm OJoiina p-oe KOIMYECTBO pa3 NpeBpalias ero B aroput JefKkcTpsl
if (end==start) continue; //uckirouaemM npocUET PACTOSIHHUS MEKILY OJHON M TOH ke TOUKOM

else

{

// IHMIMaIN3UpyeM HadyallbHbIC 3HAYCHUS. MaCCHBOB

int u; / Cuerunk BepuInH

for (u=0;u<p;u++)

{

DlinaPuti[u]=infinity; /Crauana Bce kpar4aiimme myTH u3 S B i
//paBHBI OECKOHEYHOCTH

X[u]=0; // u HeT KpaTYaNIIEro yTH HY JUIS OJHON BEPUIMHBI

}

PredVertex[start]=0; // s - Ha4ao MyTH, IT09TOMY TOW BEpPIIMHE HUYETO HE IPEALICCTBYET
DlinaPuti[start]=0; // Kparuaiitumii myts u3 s B s paBeH 0
X([start]=1; // ins BepunHbI S HalIeH KpaTIalIINii TyTh
v=start; // Jlemaem s Tekymei BepuImHON
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while(1)

{

// TlepebupaeM Bce BEPUIMHBI, CMEXKHBIC V, U UIIEM JJISI HUX KpaT4alliuii myTh
for(u=0;u<p;u++)

if(VES[v][u]==0)continue; // Bepuunsl U 1 V HECMEKHBIC

if(x[u]==0 && DlinaPuti[u]>DlinaPuti[v]+VES[v][u]) //Ecnu nys BepmmHbl 'U' eme He
//HalineH KpaTYalInui myTh

// v HOBBI# IyTh B 'U' KOpOUe YeM

//cTapbrid, TO

DlinaPuti[u]=DlinaPuti[v]+VES[V][u]; //3anomMunaem Gosee KOPOTKYIO [UTHHY IYTH B
//maccuB t[u]

PredVertex[u]=v; //3anoMuiHaem, 4TO V->U 4acTh KpaT4anIiero

//myTn u3 s->u

}

}

// Ve 13 BcexX JJIMH HEKpaTYaNIINX IMyTel caMblii KOPOTKUIt
int w=infinity; // Jlis moucka caMoro KOpOTKOTO IIyTH

v=-1; // B xoHIIe TTOMCKa V - BEpIINHA, B KOTOPYIO OyneT

// HalizieH HOBBIH KpaTyaiimuii myTs. OHa cTaHer

// Texymielt BepIInHOM

for(u=0;u<p;u++) // TlepebupaeM BCe BEPILIMHBIL.

if(x[u]==0 && DlinaPuti[u]<w) // Eciu 1/ BepuIMHbI He HaiijeH KpaTdal i
// MyTh ¥ €CNU JUTNHA MTyTH B BEpPIIHHY 'u' MEHBIIE

// yxe HalJeHHOHU, TO

{

V=U; // Teky1eil BepIINHOW CTAHOBUTCS 'u'-51 BEpLIKHA

w= DlinaPuti[u];

¥

if(v==-1)

{

cout<<RUS("Her myru u3 Bepunssl ")<<start+1;cout<<RUS(" B Bepiuny ")<<end+1<<"."<<endl,

break;

if(v==end) // Haiinex kparvaiimuii myts,

{// BoiBOgMM €rO

cout<<RUS("Kparuaiimmii myts u3 BepmuHbl ")<<start+1;cout<<RUS(" B Bepmmny ")<<end+1<<":";
u=end;

while(u!=start)

{

couts<" "<<u+l;

u=PredVertex[u];

cout<<" "<<start+1<<RUS(". nmua nytu - ")<< DlinaPuti[end];cout<<endl;
break;

}
x[v]=1;
1}

return 0;}
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[Ipunoxenue 4
JIMCTHMHT MOJAEePHU3UPOBAHHOIO ajropurma JleiikcTpsl Ha sa3bike C++

#include <iostream.h>
#include <conio.h>
#include <windows.h>
#include<iomanip.h>

char NEWT[256];
char*RUS(char*TEXT) {
CharToOem(TEXT,NEWT);
return NEWT;}
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intv;

int main()

{inti,j;

int infinity=1000; // Beckone4HoCcTh

// KonmuecTBo BepIIKH B rpade

int VES[100][100]; // Matpunia BecoB rpada

PR R R R e
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int x[100]; //Maccus, conep kaluii eIMHHUIBI 1 HYJIU 1S KaXKI0H BEpIIHHE,

19 /I x[i]=0 - ewe He HaiijieH KpaTUANIINIA TYTh B i-F0 BEPIIUHY,

20 /I x[i]=1 - kparuaiiumii myTh B i-10 BEPIINHY yXKe HalaeH

21

22 int DlinaPuti[100]; //t[i] - anuua kpaTyaiiero MyTH OT BEPLIKMHEIL S B i
23

24 int PredVertex[100]; /h[i] - Bepiunna, npeamecTBytommast i-if BepuinHe
25 //Ha xpaTyaiimeMm myTH

26 int VERTEX;

27 intp;

28 cout<<RUS("BBectu koam4decTBO BepuIrH B rpade ")<<endl;

]
©

cin>>VERTEX;p= VERTEX; //Yucno BepmuH B rpade

cout<<RUS("3amomanre Matpuiry Becos rpaga ")<<endl; // Marpuua Becos rpada
cout<<setw(4);

for (i=0;i<VERTEX;i++)

cout<<RUS("[x")<<i+1;

cout<<endl;

WWwWwwwww
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for(i=0;i<VERTEX;i++)
{cout<<RUS("X")<<i+1<<[;
for(j=0;j<VERTEX;j++)
cin>>VES[i][j];}
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// ByneM MCKaTb IyTh U3 BEPLIMHEI S B BEPIIHHY g MO LUKITY

int start; / Homep McXoHOH BepIIMHBI

int end; / Homep KoHEUHOH BEpIIUHbI

N: cout<<RUS("BBenute crapToByio BepmuHy: "); // Homep Moxker m3mensiToest ot 0 o p-1
cin>>start;

if (start>(p-1) && start<0) {cout<<RUS("Her Takoii Bepiunsl mopropute BBOA...")<<endl; goto N; } // Ha ciayuai
HEBEPHBIX JTAHHBIX

47 start=start-1; //Tak kak MmaccuB HaurHaeTcsi ¢ 0 OTHUMaeM OT BBOAUMOM LudpsI 1

48 for (int prosto=0;prosto<VERTEX;prosto++)

49 {end=prosto; //1iuki mporouseT anroputM Doiiaa p-oe KOIMYECTBO pa3 MpeBpalias ero B anroputm J{eikcrpb
50 if (end==start) continue; //MckIr0OUaeM MPOCYET PACTOSHHUS MEXKIY OTHOM U TOH K€ TOUKON
51 else

52 {

53

54 // Uaunpanu3upyeM HayaibHbIC 3HAYCHHSI MACCUBOB

55 int u; // CueTumk BepIIUH

56 for (U=0;u<p;u++)

57 {

58 DlinaPuti[u]=infinity; /Cradana Bce KpaT4aliIine myTH U3 S B 1

59 //paBHBI GECKOHEUHOCTH

60 x[u]=0; // u Her kpaTyaiiIero MyTH HU AJIsE OJHON BEPIIMHBI

A DDA DN
(200 BN /LI V)

61 }
62 For (int:=0; i=0; i<100; i++
63 {
64 If (ves [P][i]>ves([P][i+1])
65 {
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J=p;
While(u!=start)
Else

P=1
by
¥
}

PredVertex[start]=0; // s - Hauao MyTH, ITO3TOMY TOW BEPIIHHE HAYETO HE MPEAUIECTBYET
DlinaPuti[start]=0; // Kpargaiimmii myTs u3 s B s paBeH 0

x[start]=1; // [l BepIIUHbI S HAWICH KpaTUaliui myTh

v=start; // JlemaeM s Tekymiei BepuImHON

while(1)

{

// Tlepebupaem Bce BEPIIUHBI, CMEXKHBIC V, M UIIEM T HUX KpaTdailllinii myTh
for(u=0;u<p;u++)

if(VES[v][u]==0)continue; // Bepuuusl U 1 V HECMEXKHbBIC

if(x[u]==0 && DlinaPuti[u]>DlinaPuti[v]+VES[Vv][u]) //Ecau myis Bepumub! ‘U’ emie He
//HaiineH KpaTYalInui myTh

// v HOBBI# IyTh B 'U' KOpOUE YeM

//cTapsrid, TO

{

DlinaPuti[u]=DlinaPuti[v]+VES[v][u]; /3anomuHaem Gonee KOPOTKYIO JUIMHY ITyTH B
//maccuB t[n]

PredVertex[u]=v; //3anomuHaem, 4To v->Uu 4acTh KpaTyaifiiero

//myTn u3 s->U

}

}

// Ve n3 BcexX AJIMH HEKpaTYANIINX MyTel caMblii KOPOTKHUit
int w=infinity; // J[ii1 morcka caMmoro KOpoTKOTo myTH

v=-1; // B xoHIIe TTOMCKa V - BEpIINHA, B KOTOPYIO OyaeT

// HalizieH HOBBIH KpaTyaiinii myTs. OHa cTaHer

// Teky1el BepIInHOH

for(u=0;u<p;ut+) // [lepebupaem Bce BEPIIHHBL.

if(x[u]==0 && DlinaPuti[u]<w) // Ecxn 1uis BepIuHbI He HalileH KpaTdaimmit
// myTh ¥ €CNH JUTMHA MYTH B BEpLIKHY 'u' MCHBILIE

// yxKe HaiJeHHOHU, TO

{

v=u; // TeKyIel BEepIIHHON CTAHOBHUTCS 'U'-5I BEpIINHA

w= DlinaPuti[u];

}
if(v==-1)

cout<<RUS("Her mytu u3 BepmmHs! ")<<start+1;cout<<RUS(" B Bepmmny ")<<end+1<<"."<<endl;
break;

if(v==end) // Haiinen kpar4aiiimii myrs,

{ // BBIBOZMM €ro

cout<<RUS("Kparuaiimmii myts u3 BepmuHsl ")<<start+1;cout<<RUS(" B Bepmmny ")<<end+1<<":";
u=end;

while(u!=start)

{

cout<<" "<<u+l;

u=PredVertex[u];

}

cout<<" "<<start+1<<RUS(". Mnmna nytu - ")<< DlinaPuti[end];cout<<endl;
break;

x[v]=1;
b3,

return 0;}
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