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BE3PYK B.M.
MHorokpuTtepuanbHas OITUMU3ALUSL

mapupyTtuzanuu B ad hoc cersix

AHHOTALUA

B pabore paccmarpuBaroTCsi TEOPETHYECKHE W  IPAKTHYECKHE
0COOCHHOCTH NMPHUMEHEHHSI METOJI0B MHOTOKPUTEPHAIBHONW ONTHMU3ALWHU JUIs
pemeHust podieM MapHIpyTH3alH B MOOWMJIBHBIX CHUTYAIllMOHHBIX ceTsax (ad
hoc  cersx) ¢  yueToM  COBOKYNHOCTM  IIOKa3aTelell  KauecTBa.
Wznaraercs MeTONOJOIMS MHOTOKPHUTEPUAILHOTO BBIOOpPAa  ONTHMAJIbHBIX
CHUCTEM U3 MHOKECTBA JIOMYCTHMBIX, KOTOpas BKJIIOYAET METOMAbI BBIICICHUS
nmoaMHokecTBa [lapeTo-onTUManbHBIX BapHaHTOB, a TaKXKe IMOCIEIYIOIIEro
BbIOOpa W3 HHUX EIUHCTBEHHOI'O HPEANOYTUTEIBHOTO BapuUaHTa CHCTEMBIL.
[TpuBoasiTcss MpPUMEPHI HCIOJIB30BAHUS JAHHOW METOJOJOTUH IPU PEIICHUU
mpoOieM BbIOOpPAa ONTUMAIBHBIX MAapIIPyTOB C YYETOM COBOKYITHOCTH
MOKa3zaTene KadecTBa, a TaKkKe IPOoOJIeM MHOTOKPUTEPHAIBHOTO BBIOOpA
MIPEATNOYTUTENHHOTO MTPOTOKOIIA MAaPIIPYTH3ALNH B MOOMIIBHBIX CHTYaIlMOHHBIX
CeTsX.

Knura npecraiser HHTEpeC IS CIICIMAINCTOB B 00JIaCTH MTOCTPOCHUS
MOOWJIBHBIX CHUTYalMOHHBIX CETEH, ONTUMAJbHBIX C YYE€TOM COBOKYITHOCTH
MOKa3aTeyiel KauecTBa, KOTOPBIE XapaKTEePHU3YIOT IMPOTHBOPEUNBBIC TEXHUKO-
HKOHOMHYECKHE TPEeOOBAHUS K CETSIM.
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BBEJIEHUE

C mporpeccoM TEXHOJIOTHH OecripoBOIHON CBSI3M B MOOMJIBHBIX TPHIIOKECHHUIX
MOJYYMJIN IIUPOKOE paclpoCTpaHEHUE HEAOPOTHE M MOIIHBbIE OECIpOBOIHBIC
MIpUEMOTIepeaTINKU. DTO PacKpbIBAET BO3MOXKHOCTH CO3AaHMs OECIPOBOTHBIX
JISEHTPaIN30BaHHBIX CaMOOpraHu3yromumxcsi cereid (mobile ad hoc network
(MANET), cocrosimue u3 MoOmWibHBIX ycTpoicTB [1]. Kaxkmoe Takoe
yCTpOfICTBO MOKCT HE3aBUCHUMO NEPCABUTATLCA B JIFOOBIX HaIpaBJICHUAX U, KaK
CJICACTBHUE, YaCTO pa3phiBaTh U yCTaHABJIUBATHL COCANMHCHUA.

Camoopranusyouuecs ceTu MANET o0namaroT CIeyIOUIMHU
MIPEUMYIIECTBAMH HaJ] OECIIPOBOAHBIMU CETSAMH TPAIUIIMOHHON apXUTEKTYPBI:

- BO3MOXHOCTH INE€p€aavYn HAHHBIX Ha OoJIbIINe pacCcTosIHUA oe3 YBEIIMYUCHU L
MOIIMHOCTHU NI€peAaTINKA;

- YCTOHYMBOCTH K U3MEHEHHSAM B HH(PPACTPYKTYpE CETH;

- BO3MOYKHOCTh OBICTPON PEKOH(MUIYpallM¥ B YCIOBHSAX HEOJIaronpHusITHOU
ITOMEXOBOM 0OCTAaHOBKH;

- IPOCTOTA U BBICOKAsI CKOPOCTh Pa3BEPTHIBAHMUS;

BecnipoBoHbIE ceTH, MOCTPOEHHBIE Ha 0a3e MOOMIIBHBIX YCTPOMCTB, 001aaioT
PsIoM 0COOCHHOCTEH:

MOOMIILHOCTD Y3J10B BEIET K JOMOJIHUTCIBHOMY TIOBBIIICHU IO
JUHAMHUYHOCTH TOIIOJIOTMH CCTH, TaK KaK K BO3MOXKXHOCTH 06pLIBa CBA3U
13-3a TTIOMEX WJIH BKJTFOUCHHUSI/BBIKITFOUCHHUS y3j1a I[O6aBJ'IHeTCH BEPOATHOCTH
€T0 NEPEMECILCHUA;

3ar1aC HICTOYHUKOB ITMTAHUSA MO6I/IJ'[])HI)IX Y3JI0B MOXKET 6])ITI) OrpaHHU4cH, B
CBA3U C YCM IIpHU IMPOCKTUPOBAHHU alllapaTHBIX CPCIACTB U HPOTOKOJIOB
HEOOXOIMMO YYMTHIBATh €mIE M dSHepromnorpedieHue (0COOEHHO 3TO
KacaeTcsi CEHCOPHBIX CeTel).

[lo cpaBHEHHIO C TPOBOJHBIMU CETSMH, CETH MOOWJIBHOW CBSI3M 00JaaaioT
PSIOM YHHUKaJIBbHBIX OCOOCHHOCTEH. B MOOMIIBHBIX CETSIX MOOMJIBHOCTH y3ia
MOJKET BbI3bIBATH YaCTBIC U3MCHCHHA TOIIOJIOTUH, KOTOPHIC ABIAKOTCA PCAKUMU
B TMPOBOJIHBIX CETSAX. B oTimume OT CTaOMIBHOW TPOITYCKHOW CIIOCOOHOCTH
JUHAU  TIPOBOJHOM  CETH, BO3MOYKHOCTH OECHpPOBOJHOTO  COCIMHEHHMS
BapbUpPYIOTCSl M3-32  IIOCTOSHHOTO  M3MEHEHHS  MOIIMHOCTH  TepeaadH,



YyBCTBUTEJIBHOCTH NPHEMHHUKA, IIyMa, 3aTyXaHuil u uHTepdepenimu. Kpome
TOT0, OECIIPOBOIHBIC MOOMIIFHBIC CETH UMEIOT BBRICOKHHN K03(h(PUIIHEHT OMHOOK,
OTpaHUYEHBI B MOIITHOCTH M TIOJIOCE MPOMYCKAHUSI.

MoOwiIbHEIE CeTH MOXKHO KiIacCH(UUMPOBATh HAa MHQPPACTPYKTYPHBIE CETH U
MoOmbHBIe cutyannonHeie cetd (ad hoc cetn, MANET) B cooTBeTCTBHU C UX
3aBUCHMOCTBIO OT (PUKCHPOBAHHOW HMH(PACTPYKTypbl. B mHppacTpykTypHBIX
OecnpoBOMHBIX CETSX B TpeEeiax AadbHOCTH IIepefadyd MOOWIBHBIX Y3JI0B
JIOJDKHBI HaXOIUTHCSl TOUKU J0CTyma (6a30BbIe CTAHIINK), UIMEIOIIHE ITPOBOIHOE
coequHeHue.  ToukW  AOCTyHma  COCTaBISIOT ~ MAarucTpailb  CETEBOH
uHdpactpykrypsl. C npyroil croponsl, mMoOwibHble ad-hoc cetu sBisitOTCS
ABTOHOMHO  CaMOOpTaHHM3YIOIIUMHUCS, 03 TOANepKKA  (UKCHPOBAHHOU
undpacrpykryppl. B MANET y3mbl MOryr JBUraTbCsi MHpPOU3BOJIBHO U
HE3aBHCUMO, TIO3TOMY CETb MOXKET CYIIECTBOBATh B YCIOBHUSIX OBICTPBIX U
HETIPECKa3yeMbIX HM3MEHeHuil Tomojoruu. Kpome TOro, MmocKoibKy y3ibl B
MoOMIBHBIX ad hoc ceTsx OOBIYHO WMEIOT OrpaHWYCHHBIN paanyc meperaqd,
HEKOTOPbIE Y37l HE MOTYT HEMOCPEACTBEHHO B3aWMOJCHCTBOBATH JIPYT C
npyroM. Takum o0pa3om, MapmIpyThl B TaKMX CETSX IMOTCHIHAIHHO MOTYT
COCTOSITh W3 HECKOJIBKO XOIIOB, M Ka)KABIH y3€] HECeT OTBETCTBEHHOCTH Kak
MapIIpyTU3aTop.

Bynyun HezaBucumbIME 0T (pukcupoBanHOH HH(pacTpykTypsl, MANET umetor
TaKUe NMPEUMYILECTBA, KaK ObICTPOTA M MPOCTOTA PAa3BEPTHIBAHMS, TIOBBIIICHHAS
rHOKOCTh W cokparmieHue uzaepxkek. MANET SBIsiOTCS TOIXOIAIIAMH IS
MOOMJIBHBIX TIPHJIOXKEHUH B JIIOOOH arpeccMBHO# cpeje, e OTCYTCTBYET
(ukcupoBaHHas HHPPACTPYKTYpa, UM BPEMEHHBIX MOOMIIBHBIX MPUIIOKEHUSX,
TpeOOBaTENbHBIX K CTOMMOCTH pa3BEpTHIBAHUS W MOJVICPKKH ceTh. B
nocneanue roapl oonacts npumenennss MANET 3HauuTesnsHO paciivpuiiach B
TPaXIAHCKUX OOIIECTBEHHBIX OPTAHM3ALMIX, KOMMEPYECKNX, TPOMBIIIIEHHBIX
00nacTsx.

Kaxnplit y3enm B MOOMIBHBIX CHTYAIIMOHHBIX CETSIX MOXET CBOOOIHO
nepeMeraThesl B JIlo0oe BpeMst M B JIF000M HANpPABICHHUH, IPUYEM BCIIC/ICTBHE
3TOT0 HEKOTOPHIE CTAaphble CBA3M MOTYT OBITh YTEPSIHBI, a TaK)Ke€ MOTYT OBITh
YCTaHOBJICHBI HOBBIE CBSI3M yXK€ C JAPYTMMH y3JIaMH CETH. Takas TEeXHOJIOTHhs
MTOCTPOEHUsI OECIPOBOTHOI CETH TOKa3bIBaeT ceOsl aKTyaJbHOH B CHTYaIHsAX,
KOrjia HeoOXOJIUMO OBICTPO pa3BEpPHYTH CETh Ha TEPPUTOPUH C OABHIKHBIMHU
y3namu. IlpuMepamMm Takux CHTyanud MOTYT CIYXKHMTb: cllacaTeIbHbIE
orepaluy, ONEepalud IPAaBOOXPAHUTENBHBIX OPIaHOB, B3aUMOACHCTBYIOLIME
MPOMBIIJICHHBIE POOOTHI, YIpPaBJIEHHE JBI)KEHHEM, a TaKXkKe pa3iudHble



CTUXMIHBIE OEJICTBUS, BOCHHbIC JICHCTBUS U JIPYTHE IKCTPEHHbIE CUTyalnH. 3a
CUET MOCTOSHHOTO M3MEHEHUS CTPYKTYPBI CETH MOTYT BO3HUKHYTB ITPOOIEMBI €
MaplmpyTH3alpded, TaKk KaK M3MEHSIOTCS BO3MOXHBIE IIyTH JOCTaBKH
MHPOPMAINN MEXTY Y3IaMH.

B HaCToAIICC BpPEMSA MOXKHO BbIACIUTL HECKOJBKO HpO6J’IGM apu
CO3JaHUH MOOHUJIBHBIX CUTYAalIlMOHHBIX ceTeit:

- mpobiiema obecredeHus TOMEX0yCTOWIHBOCTH;

- mpobiieMa obecrieueHus: 0€30MacHOCTH MepeaBacMbIX JTaHHbBIX;
-ripo0OJieMa o0IIei MPOIyCKHOM CIIOCOOHOCTH CeTeil;

- npo6nemMa 3G HEeKTUBHOCTH IPUMEHAEMBIX METOI0B MapLIPYTU3ALNH.

[IpoGnemsl, 3aTpyIHSIONME pEeIICHHE 3aadll MapIIpyTH3alHd B MOOHMJIBHBIX
CUTYallMOHHBIX CETSX, ONPENENSIeTCs], BO-IIEPBBIX, MOOMIBHOCTBIO Y3JIOB, YTO
BBI3BIBAET YacThle U3MEHEHHs TOIIOJIOTMH, a BO-BTOPBIX, HEMPEJCKa3yeMbIMU
W3MEHEHHUSIMHU TIPOIYCKHOM CHOCOOHOCTH OECIpOBOAHBIX COENMHEHHH, M3-3a
4Yero  MOTYT  IIPOMCXOIMTh  4YacTble  IIOTEpM  TaKeToB.  Takxke,
LIMPOKOBEIIATeNbHAs NpHUpoJa OeCIpoOBOAHBIX CETEeH ompemenseT 3axady
CKPBITOTO M OTKPBITOrO TepMHHanda. Kpome TOro, MOOWIBbHBIEC Y31l HMEIOT
OIPaHMYECHHYIO MOIIHOCTb, IPOU3BOAUTEIBHOCTh, PECYPCHl  IPOITYCKHOI
crocoOHOCTH ® TpeOyloT 3¢ddexTuBHBIE crocoOsl MapmpyTtuzanuu. Js
o0ecre4eH s BBICOKOTO KayecTBa 0OCIY)KUBAHUs Pa3INYHBIX TUIIOB TpaduKa B
MOOWJIBHBIX ~ CHTYalIMOHHBIX  CETSX  HEOOXOOMMO  pelIeHHe  3aJaqyd
MaplIpyTH3allid €  YY4eTOM  COBOKYIIHOCTH  IOKasareleid, KOTOpbIe
XapaKTepu3yloT MPOTHBOPEUUBBIE TPEOOBAaHHUS K BHIOMPAEMBIM MapIIpyTaM.
Ot0 ompenensier HeoOX0AUMOCTh MPUMEHEHHSI METOJIOB MHOTOKPUTEPHAIBLHON
ONTHMHU3AIMK TSI PELIeHUs] 33Ja4d  MaplipyTHU3alMd B TaKUX CETsX.
MHOTOKpUTEpHANIBHBII TOJIX0Jl TPH PEIICHWH 3aJaudl BbIOOpa MapLIpyTOB
BKJIIOYAeT ONpeJesieHHe HEKOTOPBIX XapaKTepHBIX CBOMCTB MapLIPYTOB U
COOTBETCTBYIOIMX UM NOKa3aTelell KayecTBa, OLCHKY MX 3HAYCHUH W IPHHATHE
ONTHMAJbHBIX  pEUNIeHHH 1O  pe3yiabTaTaM  CpPaBHCHUS  BapHaHTOB
MapIIpyTH3aIHU ¢ YYeTOM COBOKYITHOCTH MOKa3aTeNeil KauecTna.

Heo0XxoquMOCTh  MHOTOKPHUTEPHAILHOTO  BBIOOpAa  MPOEKTHBIX BAPHAHTOB
TEeXHUYECKUX CHCTEM, B YaCTHOCTH, B OOJACTH TEICKOMMYHHUKALMHA YXe
paccmarpuBamuch B psge pabor [1-7]. B paborax [8-14] mnpuBeneHb
TEOPETHYECKHE OCHOBBI MHOTOKPHTEPHAIBHOM ONTHMH3AallMH, Ha OCHOBE



KOTOpBIX ~ C(OPMHUpPOBAHA  METOJOJIOTHS ~ MHOTOKPHTEPHAIILHOTO  BbIOOpA
MPOEKTHBIX PEIICHUH W PEIICH psiJl 3a/1a4 MHOTOKPHUTEPHUAILHON ONTHMHU3AINN
B pa3IMYHBIX 00JACTAX TeleKoMMyHHKanuit [15-21]. B wactHOCTH, B paboTax
[22-26] peuanucek 3a/1a4u MHOTOKpUTEPHUATIBLHON ONTHUMM3ALUHI
MapIIpyTHU3aIHY B CETSIX CBS3H.

B mHacrosimee Bpems CYIIECTBYeT MHOTO pa3HBIX THIIOB TIPOAKTHBHBIX,
PCAKTUBHBIX W THOPHIHBIX MPOTOKOJIOB MapIIPYTH3AIMUN, KOTOPBIE MOTYT OBITH
HCTIOTF30BaHBI B MOOWIIBHBIX CUTYAITMOHHBIX ceTax [27-41]. CrenyeT OTMETHTD,
YTO KaXbl MPOTOKOJ MapUIPyTH3AIUU XapaKTepU3YETCs COBOKYIMHOCTHIO
MoKa3aTesieii KavecTBa, OIPEICIIIONMX OCHOBHBIC CBOMCTBA BBIOPAHHOTO
criocoba Mapripyrusaiuu. [lokazaTem kadyecTBa MPOTOKOJIOB MapIIpyTH3AIUH,
KaK TIPaBUJIO, CBA3aHBI MEXIY COOOM M SIBIAIOTCS aHTArOHUCTHYECKUMHU, KOTAa
MIPH yAYYIICHIH OJHOTO MOKa3aTessl KauecTBa yXY/IIAIOTCS IPyTre TIOKa3aTenn
KadecTBa. [Ipm moOCTpoeHMH MOOWJIBHBIX CHTYAaIlMOHHBIX CETEH BO3ZHUKAeT
HEOO0XOIMMOCTh BBIOOpa MPEAIOYTUTEIFHOTO MPOTOKOIA MapIIpYTH3AIUU U3
HEKOTOPOTO  MHOXKECTBA  CYMICCTBYIOIIMX C  YY4ETOM  COBOKYIHOCTH
MPOTHBOPCUYMBBIX TIOKa3zaTeliell kadectBa. Il CpaBHUTEIBPHOTO aHANIW3a H
BEIOOpA TIPEAMOYTHTEIHHOTO TIPOTOKOTA MAapIIPYTH3ANUU TaKKe CIEHyeT
MPUMEHSTh METOIbl MHOTOKPUTEPHAILHON onTUMH3auu [25].

B nanHo#ii pabore paccmarpuBalOTCS OCOOCHHOCTH IIPUMEHEHHSI METOJIOB
MHOTOKPUTEPHAIGHONH ONTHMHU3AIMK JUIsL  pEIIeHHs NpoOJIeMbl  BBIOOpa
MPEANIOYTUTENLHOTO BapHaHTa MapUIPYTH3aluH B MOOMIIBHBIX CHUTYallMOHHBIX
CeTSIX C Y4eTOM COBOKYIHOCTH IPOTHBOPEUMBBIX MOKa3aTenei kauectsa. Kpome
TOTO, PAacCMaTPUBAIOTCH OCOOCHHOCTH PpEIICHUs M APYrodl HpoOieMbl -
MHOTOKPUTEPHAIILHOTO BbIOOpA MPEIIOYTUTEIEHOTO HpPOTOKOJIA
MapUIpyTU3alUNd UX HEKOTOPOro MHOXKECTBA CYIIECTBYIOIIUX IPOTOKOJIOB C
YUETOM COBOKYITHOCTH TIOKa3aTesiell KadecTBa. IIpuBOAWTCS METOMOJIOTHSA
MHOTOKPUTEPHAIBHONH ONTUMM3AIMH CHCTEM, KOTOpas MCIHONB3YyeTCsl MpU
pELIeHNH yKa3aHHBIX MpoOJIeM MapHIpyTH3aIllMM B ceTsX cBsi3u. Kpome Toro,
MIPOBOJINTCS CPaBHUTEIBHBIA aHAIN3 XapaKTEPUCTHK M TOKazaTejel KadecTBa
CYLIECTBYIOIIUX IPOTOKOJIOB MAapLIpyTU3allUd, KOTOpbIE NPUMEHSIOTCS B
MOOMJIBHBIX CHTYAIIHOHHBIX CeTsIX. [IpHBOIUTCSI IPUMEpBI PEIICHNsT YKa3aHHbBIX
po0JIeM MapIIpyTH3aLUK C TIPUMEHEHHEM METOJI0JI0T UM MHOTOKPUTEPHATbHON
ONTHMHU3AIIMA B MOOMJIBHBIX CHUTYalHOHHBIX CETAX C Y4ETOM COBOKYITHOCTH
MIPOTUBOPEUYMBBIX MOKa3aTeIel KauecTna.



1. METOJOJIOTUSI MHOI'OKPUTEPUAJIBHON ONTHUMM3ALIMA
CUCTEM

B  nmamHOM  pazzene  paccMaTpUBAIOTCS — OCOOCHHOCTH  METOJOJIOTHH
MHOTOKPUTEPUATbHOW  ONTUMHU3AIMK  CHCTEM, TNPEIACTABISIONICH  CcOOOi
COBOKYITHOCTh ~ B3aWMOCBSI3aHHBIX ~ METOJIOB,  KOTOpPBIE  MOTYT  OBITB
WCTIONB30BAHBl ISl TPUHATHA ONTHMATBHBIX MPOCKTHBIX PEIICHUH C y4eTOM
COBOKYITHOCTH IOKa3aresei kauectsa [9 - 20].

1.1. (I)opMy.lmpOBa}me 3aJa4ui  NPUHATHA OINTUMAJBbHBIX ITPOCKTHBIX
pemelmﬁ C YYETOM COBOKYIMHOCTH nokasareJieii KauecTBa

3212[3‘13 MPUHATHA ONTUMAJIBHBIX ITPOCKTHBIX pCH.IeHI/Iﬁ COCTOUT B BBI60p€ cpeaun
HCXOJHOT'O MHOXKECTBA peHIeHI/Iﬁ TAaKHUX, KOTOPBIC SABJAKOTCA B 3apaHEC
OIPCACIICHHOM CMBICJIC JIYYIIUMU, T.C. ONTHUMaJIbHBIMU.

Yno0HO cuMTaTh, YTO BBIOOP pEUMICHWI MPOMU3BOJUT HEKOTOPOE JIHIIO,
npunumatoniee pemienue (JIIIP), koropoe mpecienyer BHOJHE ONpPENEICHHbIE
ueny. B 3aBUCHMOCTH OT KOHKpeTHOM cuTyauuu B poau JIIIP MoxeT BricTynarthb
KaK OTHENbHBI YeNOBEeK, TaK M LEJbI KOMJIEKTHB - TpyIna CHEeIUaIiCTOB,
3aHATas  pelmieHueM oAHOM  3amaun. Kakmoe  BO3MOXKHOE — pelleHHe
XapaKTepU3yeTCsl ONpPeNIeIeHHON CTENEeHbI0 JOCTIKEHUS 1enu. B cooTBeTcTBIM
¢ atuMm y JIIIP umeercs cBoe mpencTaBieHHE O AOCTOMHCTBAX M HENOCTATKaxX
peneHnii, Ha OCHOBaHUU KOTOPOTO OJJHO PELICHUE MPEANOYUTACTCS JPYTroMYy.

Takum 00pa3om, ONTHMAIBLHOE PEUIEHHUEe — 3TO pEIICHHE, KOTOPOe C TOYKU
3penust JIIIP mnpenmouTtutensbHee APYTMX ajlbTEPHATUBHBIX peIIEHUH. ITo
MIPEANOYTEHNE HA MPAKTHKE MOJXKET BBIPAXKaThCsl B PA3IMYHON (opMme H ero
MaTemaTrndeckass (opManm3alys MOJKET COCTaBUTHb HEMPOCTYIO 3ajady.
CH0XHOCTB 3aKJTI0YaeTCs B TOM, 9TO Ha HadambHBIX dTanax JIIIP, kak mpasuio,
HE MOXET C(HOPMYNHPOBAaTH CBOW TPEANOYTCHUS (ONTUMAIBFHOCTH PEIICHUH)
SICHO M YeTKO C TOYKH 3PEHUS MaTeMaTH4ecKod Qopmanusanuu. 3amaHue
KpUTEpHUs] ONTUMAIbHOCTH ISl HAXOXKAEHUS JIYUIIEro PELICHNs] HA MHOJKECTBE
JONMYCTHMBIX PEUICHUH cBs3aHO ¢ QopMmanuzanueil npeacrasienus JIIIP mpo
ONTUMAJIBHOCTh pemieHuid. IIpy 3TOM CymecTByrOT JABa HoAaxoda K
OTIPENICNICHUIO TOHATHS ONTHUMAIbHOCTH pPEIIECHUM: OpIUHATUCTUYECKUHA U
KapIMHAJTMCTUYECKUM.

Opounanucmuyeckuii  n00X00 K OIPEICICHUIO TOHATHS ONTUMAaJIbHOCTH
pelIeHui ammenupyer K MOpSAKY (Jydlie-Xyke) M OCHOBaH Ha BBEACHUHU
MOHATHSA OWMHAPHBIX OTHOIIEHUH, YTO IMO3BOJIET (hOPMATU30BATH OMEpaIiH
MIOTIAPHOTO CPABHEHUS allbTEPHATHUB U BHIOOPA ONITUMABHBIX PEIICHUH.



BI/IHapHI)IM OTHOIICHUEM  HAa3bIBAIOT MHOXKXECTBO  YHOPAAOYCHHBIX IIap
AJIBTEPHATUB, KOTOPBIE HAXOIATCA B HCEKOTOPOM OTHOIICHUHN R, dtO

3aITMCBIBAETCA B BUJIE (x’,x”)e R Wiu x'Rx’. Ilonsarue 6HHapH0r0 OTHOIIECHUA
MO3BOJISICT (HOPMAITM30BATh OIEPALNU IIOTIAPHOTO CPAaBHEHUS aJbTePHATHUB H
BbIOOpA JYyYIINX pEIIeHHH Ha MHOXKECTBE IOMYCTHUMBIX X. DIEMEeHT x’ € X
HA3pIBACTCS JIy4ylIMM B MOJENU BbIOOpa (X,R), €CIIM OH HE MEHee
MPEIMOYTUTEIICH, YeM JIF0OOW JApYyrod 3JIEMEHT x», T.e. €CIU OWHApHOE

OTHOIICHHUE x’Rx” CIIPaBECIINBO IJIA r000ro x e X .

CymiecTBYIOT pa3Hble KJIacChl OMHApHBIX OTHOILICHUI: MOpPs/IKa, KBA3UIIOPsIKA,
9KBUBAJICHTHOCTH, HEPA3IMUYUMOCTH. PaccMoTpuM Gosiee moipoOHO OTHONICHHE
CTPOroro MNpearoyYTEHHUsl, KOTOPOE 4YacTO MCIIOJb3YETCs Ha IpPakTUKE IpU
BbIOOpE ONTHUMANBHBIX pemieHnid. Ecau U3 IByX peuieHuit x* M x” MHOXKECTBa
X JIIIP BbiOupaer pemieHWe x°, TO TOBOPST, 4YTO pelleHue x Oosee
NpPEANOYTUTENIBHO, YeM pemieHue x». Takue mapel (x',x”) 00pasyioT
MHOKECTBO, KOTOPOE HA3bIBACTCS OTHOIIEHHEM CTPOTO MPEANOYTCHHS, UTO

0003HAYaCTCS KaK x° > x”.

[Ipu cpaBHeHHHM pelIeHHH BO3MOXEH M TakoH ciydail, Korja He OyJIeT OTAaHO
MPENOYTEHUE HU OJTHOMY M3 pelleHuil. B 3ToMm cityuae BBOJUTCS OTHOLICHHE
Hepa3IMmIuMocTy (OTHOLIEHNE Oe3pasandus), KOTopoe 0003Ha4YaeTCs CHMBOJIOM

~. Omno 03HA4YacT, 4YTO HE BBIINOJIHACTCA HU OTHOIICHUEC X’ > X, HU OTHOIICHHUEC

X7 =X, I[pyTI/IMI/I CJIOBAMH, PpCHICHUA x* W x” HCPA3JINYIUMBI, €CIW OHU
HECPpAaBHUMBI IO 3aJaHHOMY 6I/IHapHOMy OTHOIIEHUIO >. OTO OTHOIICHHE
MOXET MMETh MCCTO M TOraa, xKorga IJIsd JIIP B cmbIcie npeaArnoYTCHUSA HET

pasHMIBI MEXIy pemeHusMH x Hu  x’. Kpome TOro, OTHOIIEHHE
HEpa3IMYMMOCTH MOXKET UMETh MECTO U B cilyyae, korga 3ty pewenust JIIIP
BOOOIIIE HUKAK HE MOXKET CPABHUTD JIPYT C JPYTOM.

g mpou3BOIBEHO BBIOPAHHOW Mapbl PemIeHUH x°, x” € X MOXKET BBIOJIHATHCS

OJIHO W3 33JaHHBIX OWHAPHBIX OTHOIICHHH: X = x”, x”>=x, x ~x°. VHOrma
yIOOHO paccMaTpUBaTh €IIe OJHO OTHOIICHHE «HE MEHEe IMPEANOYTHTEIEHO
4eM», SBIIOMICECS OOBEIWHEHWEM OTHOIMICHHH = W ~. OTo OWHapHOE
OTHOIICHHE HA3bIBACTCS OTHOIICHUEM HECTPOTOro MPEIOYTSHUSI.

PaccmorpuM ocobeHHOCTH BBIOOpa MHOXKECTBA ONTHMAJIBHBIX PEIICHHH JUIs
YAaCTHOTO CIIy4Yasi, KOrJla IpH BHIOOpPE «JIydIInX» (ONTUMATIBbHBIX PEIICHUI) U3
mHoxecTBa X JIITP pykoBOACTBYETCS OTHOIIECHHEM CTPOTOTO MPEATTOYTESHUS > .
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I[Ipy 3TOM C HCHONB30BaHHMEM OTHOLICHHUS > BBIACIAIOTCS ONTHMAJbHBIC
(IpemoYTHTENBHBIC) pemIeHNs. XyAIINe PEmIeHUs, I KOTOPBIX HMEIOTCS
Oosilee TIPENMOYTHTENbHBIC AIBTCPHATHBEI, YIANAIOTCA N3 MHOXECTBa X ,
MTOCKOJIbKY HX 3aBEJIOMO HENb3sl CUWTaTh ONTHMAIBHBIMH. B pesyibrare
WCKIJIIOYEHUS] BO MHOXECTBE X XYALIMX PEIIeHUI 10 OMHApHOMY OTHOIIEHHIO
> OCTaHyTCSl TOJIBKO ONTHMAJbHBIE PEIEHMs, I KOTOPBHIX BBIMOJHIETCS
OTHOILIEHUE HePa3TUUYNUMOCTH.

TakuMm 00pazoM, MHOJCECEO ONMUMATLHBIX peuleHull TI0 OTHOLICHHIO
CTPOrOro MPEANIOYTEHUS ~ BKIIIOYACT TaKHE PEILCHUS e x, na KOTOPBIX HE
CYLIECTBYET JAPYTHX pPEHICHHH xe X, 4TO OBUIO CIPaBeIUIMBO OTHOIICHHUE
x> x). D10 MHOKECTBO ONTUMATBHBIX penenuii o0o3HavaeTcs yepes opt, X . B
3aBUCUMOCTH OT CTPYKTYphl MHOXECTBa X M CBOWMCTB OTHOLICHHS
MHOKECTBO ONTHMAJBHBIX PELICHUI opr, X MOXET COIep)KaTb eAMHCTBEHHBIN
9JIEMEHT, KOHEYHOE MM OECKOHEYHOE MHOXKECTBO 3JIeMEHTOB. Eciin MHOKeCTBO
X He IyCTO U COAEPKUT KOHEYHOE YHCIIO JIEMEHTOB, a OMHAPHOE OTHOILICHHE
> ACHMMETPHYHO M TPAH3UTHUBHO, TO 3TO MHOJKECTBO HEITyCTOE opt, X # (.

Kapounanucmuueckuii no0xo0 K OIPENCTICHUIO TOHATHS ONTHUMAaIbHOCTH
pelIeHN OCHOBAaH Ha BBEJICHUH HEKOTOPOMU IeNeBON (YHKUIUHU U(e), 3HAUCHUE
KOTOpOH MHTEPNPETUPYETCs] KaK IOJE3HOCTh (LIEHHOCTb) PELICHUS x U
ompexnessier npennourenue JI[IP. BpiOpannas 1eneBas (QyHKIus 3agaer
COOTBETCTBYIOIIEE OTHOIICHWE TOpsiiKa R Ha MHOXKECTBE X . 3HaueHue
nesneBoi  (GyHKIMM U(e) SIBISICTCS WHAMKATOPOM TIpefrnodreHuss R. B
YaCTHOCTH, TPH 33J@HUM CKAISIPHOW [eseBOH (DYHKIMM CUYHMTAETCS, HTO
pelleHne x* MPENOYTUTENbHEE albTEPHATUBHOIO PEIIEHUST x” TOrA U TOJIbKO
TOrJa, KOT/Aa BBIIOJHAETCS ycnoBue U(x')2U(x). [Ipu TakoM noaxoae MOXKeT
ObITh 3aJaHa (opManu30BaHHAs IPOLENypa BHIOOPA ONTHMAJbHBIX PEIICHUI
(KpuTepuit ONTHMAIBHOCTH) M3 YCIOBUS OSKCTpeMyMma (MHHHUMYyMa WIH
MaKCHMyMa) [eJIeBOi (DYHKIIUK HA MHOXKECTBE JIOMYCTUMBIX PELICHHUt

X = arg extrem[U (x)]. (1.1)
xe X

B sTOM ciydae i BeIOOpa ONTHMANIBHBIX PEIICHUH HCIIONB3YIOTCS METOJIBI
CKJISIPHOW ONTHUMM3AIMH, KOTOpPBIE, KaK IIPaBMJIO, HPUBOIAT K BEIOOPY
€IMHCTBEHHOTO PEIIeHHUS.

OpHako W3-3a HEIOCTAaTOYHOH ompeneneHHOCTH mpeacrasienus JIIIP mpo
ONTUMAIIFHOCTh C YYE€TOM COBOKYITHOCTH IIPOTHBOPECUYMBHIX TpPeOOBaHWHA K
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pELICHUSIM 4YacTo He yjaaercs B (OPMAIM30BAHHOM BHJIE 33/1aTh CKAISIPHYIO
[eNeByl0  (QYHKIMIO W COOTBETCTBYIOIIMI  CKaIAPHBIA  KPUTEPHd
onTHMaNbHOCTH. [lo3TOMYy Ha HaYanbHBIX 3Talmax PEIICHHS XapaKTepU3YIOT
BEKTOpHOW TeJeBOH (DYHKIMEW, BKIIFOYAIOIMICH COBOKYITHOCTBIO YAaCTHBIX
HENeBBIX (QYHKIHMN

=A@, 25 seees fn (X)) 5 (1.2)

KOTOPBIE OIPEEIAIOT MOJIE3HOCTh (LIEHHOCTh) MPOEKTHOIO PEIICHHSI x C TOUKU
3peHusi pa3HbIx TpeOoBanuii. [Ipu TOM BO3HMKAlOT OoJiee CIOXKHBIE 3aaa4u
ONTUMH3AIMU PEIIeHUH MO COBOKYIHOCTH IOKa3aTeNiell KauyecTBa, KOTOpHIE
TAaKKe HA3BIBAIOTCS 3aJa4aMHd  MHOTOKPHTEPHAIbHOM JHOO BEKTOPHOI
ONITUMU3AIIH

X9 = arg extrem] f(x) = (fy(X), f2(Xseres frn (O] (1.3)
xe X

B  wMHOTOKpHTepHMAnbHOW —onTHMH3amuMoHHOW 3amade  (1.3)  BO3MOXKHBI
CJIeYIOIIIC BAPHAHTHI: YaCTHBIC [IeJIeBhIe (PYHKINH HE3aBUCHUMBI MEXIY CO00ii;
(yHKIIMK CBSI3aHBI MEXAY CO00M W SBIAIOTCA COTJIACOBAHHBIMH; (DYHKIHH
CBSI3aHBI MEXIy COOOW W SBISIOTCA AaHTATOHUCTHYSCKHIMH. B TepBBIX IBYX
ciayyasx ontuMu3zanvoHHas 3ajmada  (1.3) cBOOUTCS K  COBOKYIIHOCTHU
HE3aBUCHMBIX CKAJSIPHBIX ONTHUMM3ALMOHHBIX 3aJad JJI YacTHBIX IIeJIEBbIX
dbyskmid. B mocieqHeM citydae, KOTOPBI BCTPEUYACTCS 9aCTO B MPAKTHUCCKUX
MPUIOKEHUSX, ONTUMHU3alMOHHAs 3anada (1.3) cBOOUTCS K HaXOXKIEHUIO
COIJIACOBAHHOTO SKCTPEMyMa YacTHBIX IIEJeBbIX (QyHKIHMIL. DTOT 3KCTpeMyM
03HAYaCT, YTO AAJbHEUIICE YIYUIICHHUS 3HAYCHUS KaKION HeIeBOi (QyHKIMU
MOXET 6BITI) }IOCTI/IFHyTO JIMIIb 34 CUCT yXleH_IeHI/IH 3Ha‘IeHI/II7I llpyFI/IX IICJICBBIX
¢yakmmid. B pesymbraTe 3TOTO HAXOMUTCA TOAMHOXKECTBO — PEIICHHH,
ONITUMAJIFHBIX TT0 COBOKYITHOCTH TIOKa3aTeNneil KauecTna.

[Ipu BBemeHWM BEKTOPHOW TIIETIEBOM (DYHKIMH, HApPSAYy C MHOXXECTBOM
JOMYCTUMBIX aJbTEPHATUBHBIX PELICHUH X MOKHO paccMaTpUBaTh MHOXKECTBO
COOTBETCTBYIOIINX UM 3HAUCHHH 3TOH (PyHKINH

Y=f(X)={yeY|¥=f(x), xe X}, Y<R", (1.4)

KOTOPOC HAa3bIBAKOT MHOXXECTBOM BCKTOPHBLIX OILCHOK WJINW KPUTCPUATIBbHBIM
MMPOCTPAHCTBOM.
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KaxkaoMy peleHuro xe X COOTBETCTBYET OfHA OLEHKA y = f(x)e Y. C apyroii
CTOPOHBI, KaXIOH OICHKE OTBEUAIOT aJbTCPHATHUBHBIC pEIICHUS xe X (UX
MOKET OBbITH M 60JIce OJJHOTO), JUI KOTOPBIX f(x)=y. Takum 00pa3zom, MexIy
MHOXECTBaMU X M Y HMEETCS TECHAs CBSI3b W [MOITOMY BBIOOD pCIICHHUS U3
MHOXECTBa X B YKa3aHHOM CMBICIIC PAaBHOCHJICH BBIOOPY COOTBETCTBYIOIICH
OLICHKH B KPUTEPHAILHOM IPOCTPAHCTBE Y .

Z[J'ISI BCEKTOPHLIX OIICHOK y’ u y” MIpPOCTpPAHCTBA Y MOXKHO paccMaTpuBaTh
Pa3HbIC TUIIbLI 6HHapHLIX OTHOIIICHHI MCKIAY OLUCHKaMH, B YaCTHOCTU HIMPOKO
HCIIOJIB3YyCTCA:

- OTHOILNCHHE HECTPOTOro MpPENOYTCHUs (Ha3bIBaCMOE TAKXKE OTHOIICHHEM
ITapeto)

VOO JOOZFON, ez fioe, T e feey (1L5a)

- OTHOILIEHHWE CTPOrOro MPEINOYTeHUs] (HA3bIBAEMOE TAKKE OTHOIICHHEM
Crneittepa)

y@y” Hf(X’)>f(X”), Fie) = fi(x), i=Lm (1.56)

Taxxe CYIIECTBYIOT W APYTUC THUIIbI 6I/IHapHI>IX OTHOILICHMIA: >, >. I[J'ISI

YKa3aHHBIX 6I/IHapHBIX OTHOIICHWI BBIIOJHSIOTCS BKIIOUCHHS >C>C>C>.

Cnez[yeT 3aMCTHUTh, YTO > D3TO 06’LeﬂI/IH€HI/IC = M =, a OTHOIIEHME > BEPHO

TOTJla ¥ TOJILKO TOrJa, KOrja OTHOLICHUE = HEBEPHO.

CoenacosanHocms omHoueHull NpeOnoYmeHUs Ha MHOJCecmee peueHull U Ha
MHOJcecmee 8eKMopHsiX oyeHok. llycTh oOIpeneneHa BEKTOpHAs IeJeBas
¢byHKIHA f(x) =(f1(x), f2(X)seees [ (X)) HA MHOXKECTBE IOIMYCTUMBIX pELIEHUN X .
IIpu 0TOOpa’KEHUH ¢ MIOMOMIBIO BEKTOPHON LEIeBOH (QYHKIMH f(x), xe X €My
COOTBETCTBYET MHOXeCTBO oueHok Y (1.4). bynem mnonarate, 4To Ha

MHOXECTBax X M Y 3aJaHbl OTHOLICHUSA CTPOTOro MpeAnoOyYTCHUS > H >
X Y

COOTBETCTBEHHO. Kak7oMy pEHIEHHIO x€ X COOTBETCTBYET ONpE/eJICHHAS

BEKTOpHAs OLIEHKA y = f(x)€ Y U, HA0OOPOT, KaXKI0H OLIEHKE § COOTBETCTBYIOT

Takye pelleHds x, Ul KOTOPhIX f(x)=y. Ilo3ToMy yka3aHHbIE OMHApHBIE

13



OTHOIICHHUS COTJIaCOBaHBI APYT C APYrOM: y’>y” HMEET MECTO TOI'Aa M TOJBKO
Y
TOrga, Korma x’ »=x, TOe y' = f (x) m y» =f(x”). CrenoBareibHO, pe3ynbTaThI,
X

chopMyIHpPOBaHHBIE B TEPMHUHAX OIEHOK y , MOTYT OBITh IepepOPMYIHPOBAHBI

MPUMEHUTENBHO K PEIICHUSIM X , © HA000POT.

Jidg  onpeneneHHOCTH OrPaHMYMMCS PACCMOTPEHHMEM 3a7ad MaKCHMMM3ALUU.
[TonyueHHble  pe3ysibTaThl W BBIBOJBI  JIETKO  mnepedopMynupyroTcs
[IPUMEHUTEBHO K 3a/layaM MUHHUMU3AaLUUA. B 4aCTHOCTH, MHOTOKpUTEpPHUAJIbHAS

3a/1a4a  MAaKCUMU3AIMU  XapakTepu3yeTcs TeM, 4YTO OIIeHKa y° Bceraa

MMpeANOYTUTCIIbHES OLICHKN ¥, €CJIA BBIIOJIHIAETCS HEPABCHCTBO y 2y,

JUid nuna, TPUHUMAOMIETO PEHICHUE, JKENATENbHO M0 Ka)XIOMy U3 YaCTHBIX
LENEBBIX (QYHKIUH fi(x), f5(X),..., [, (X) TOIYIUTH TIO BO3MOXXHOCTH OOJIBIICE

3Ha4YEHHE, T.C. MAKCUMHU3UPOBATh KXY U3 QyHKIHH. Touka MakcuMyMma Ha
MHOXKECTBE X OJHOBPEMEHHO JUIS BCEX LEJIEBBIX (DYHKINH 3aBEIOMO SIBIACTCS
ONTHMAIBHBIM ~ PEUIEHHEM MHOTOKPUTEPHAIbHOW 3a/laud  MaKCHUMH3ALHH.
OpHako Ha MPaKTUKE 3TOT Clydall UMeeT MECTO KpallHe pe/lKo, TaKk KaK TaKou
TOYKM MaKCUMyMa, KaK IpaBWJIO, HE cyliecTByeT. [loaTomy mpu oTcyTCcTBUH

JIOTIOJIHUTEIbHOW ~ WH(OpMALMK O  MPENOYTeHUsIX > H > B
X Y

MHOTOKpPUTEPHATILHON 3a7jaue yJaeTcs HallTH JIUIb COTIaCOBAHHBINA IKCTPEMYM
YaCTHBIX 1I€JEBbIX (YHKIMH, KOTOPOMY COOTBETCTBYET HEKOTOPOE MHOKECTBO
ONTUMAIBHBIX peleHni. CorjaacoBaHHBIM 3KCTPEMYM COBOKYIMHOCTHU LIEJIEBBIX
(yHKIMI 03HAaYaeT, YTO AajbHEHIIee yaydlleHue 3HAYCHUH KaKIOW W3 HUX
MO>KET OBITh JOCTUTHYT JIMLIb 32 CUET YXYIIICHUS APYTHX LEIEeBBIX QYHKIUH.

Iapemo-onmumanvocms. B MHOTOKpUTEpHANBHBIX 3a/ladax ONTHUMM3AIHI
OuHapHOE OTHOIIEHHE = WrpaeT BaxHYIO poib. [loATOMYy MHOXKECTBO
OINTUMAJILHBIX OLICHOK IO OTHOIIICHHMIO > Ha MHOXKECTBE Y HMEET CIICIIHAIbHOE
Ha3BaHue: Mmuooicecmeo Illapemo-onmumanvnvix (onmumanvuvix no Ilapemo)
WIH 3¢hekmusHbIX oyeHoK. ITO MHOXKECTBO 0003HAYAIOT depe3 P(Y)=optsY .
Bxmrouenue y(")eP(Y) UMEET MECTO TOorga M TOJBKO TOrJa, Korga He

CYIICCTBYEeT JPYroil OLEHKH yeV, I KOTOPOHl ObUIO Obl BBIMOJIHECHO

BEKTOPHOE HEPABEHCTBO § > (% .

CootBercTBylomee pemenne x'* e X , JUIs KOTOPOTO CIIPABEIIHBO BKIIOUEHHE
5 = f(x?ye P(Y), Ha3zbIBatoT Ilapemo-onmumanvuviv (onmuManbHuIM 1O

Ilapemo) i s¢phexmuenvim peuteHuem OTHOCUTEIBHO BEKTOPHOM (DYHKIMH
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f(e) Ha MHOXecTBe X . MHOXXECTBO BCEX TaKUX peIIeHW 0003HAuYaloT yepe3
Pf (X). Takum 06pa30M, BKITFOUeHHE x(%) e Pf(X ) UMEET MECTO TOrJga U TOJBKO
TOrja, KOrja HE CYLIECTBYET JpPYrMx xe€ X TakKux, 4YTO BBIIOJIHACTCA

HEPaBEHCTBO f(x)> f(x(?).

[Ipu m =1 OuHApHOE OTHOIIEHHE > TPEBPAIIACTCS B OTHOILICHUE > JUISl YHCEI
u Ilapero-onTuMalbHash OIEHKA COBMAJACT C MAKCHMAIBHBIM 3JEMEHTOM
YHCIOBOr0 MHOXecTBa. [Ipu 3ToM cdopmynupoBanHoe onpenencuue [lapero-
ONTUMAIILHOTO PEIICHUs TPEBpAlIacTCs B OMpPEACICHHEe TOYKH MaKCHMyMa
ckaisipHor pyHkuu £ (6). Takum oOpasom, monstue [lapero-onTumanbHOU
TOYKA MOXKHO pPacCMaTpUBaTh KakK OOOOIICHUC TOHATHS TOYKH MaKCHMyMa
(YHKIMU Ha CITy4all HECKOJIBKUX (DYHKITUIA.

AHANOTMYHO MPEABIIYIINM  ONpENICICHUAM OICHKH, MaKCHMAJIBHBIE IO
OTHOILICHUIO >, Ha3bIBAIOTCA C1a003P(eKTUBHBIMU (C1a00 ONTUMAIBHBIMH I10
[Tapeto) nnm ontumanbHbIMU 110 Crieiirepy. MHOXKECTBO TakMX OLIEHOK W3 Y
obo3Hauaercst uepe3 S(Y) W Ha3biBaeTcs cnadodddextuBHbIM. [t yKa3aHHBIX

MHO’KECTB BBINIOJIHACTCA BKIOUeHUe P(Y)c S(Y).

1.2. Haxoxnenus [lapeTo-onTHMaabHBIX MPOEKTHBIX pPelIeHHI

HapCTO-OHTI/IMaJ'IBHI)IC MPOCKTHLIC PCIICHUA MOI'YT OBITH HaﬁﬂeHH KaxKk
HEIMOCPCACTBECHHO HAa MHOXKCCTBC (I)O C NPUMCHCHUEM BBCIACHHBIX 61/IHapHI)IX

OTHOILICHUH TPEANOUYTEHUs, TaK U B MPOCTPAHCTBE BBEAEHHBIX IOKa3aTenel
KauecTBa — B KPHUTEPHAIbHOM IIPOCTPAHCTBE OLEHOK. [Ipu 3TOM Kaxablid
BapHaHT CHCTEMBI ¢ OTOOpakaeTCsl U3 MHOYKECTBA JOMYCTHUMbIX BApPHAHTOB @,

B KPUTEPHAIBHOE IPOCTPAHCTBO Y < R™
Y =K@y ={ye Y[y= k@), oe @, ). (1.6)

OTHOLLEHUIO MIPEANOYTEHUS > HA MHOKECTBE @, COOTBETCTBYET OTHOILECHUE >
B KPHUTEPUAIEHOM TIPOCTPAHCTBE OMEHOK Y. [l JFOOBIX JBYX TMPOEKTHBIX
pemenuii ¢,¢"e ®,, Q11 KOTOPBIX BEPHO BEKTOPHOE HEPABEHCTBO & (¢)2k(¢7),

BCeraa MUMEET MECTO OTHOIICHHUE ¢ > ¢ .

Kak mpaBuio, mokasaTelud KadecTBa M IieJieBble (GYHKUUU (2) SBISIOTCS
CBSI3aHHBIMH U KOHKYPHUPYIOIIUMH MEKIY co00il. B 3TOoM ciydae MOCTUTHYTh
MOTEHIMALHOTO 3HAYEHHsI KAXKJOTO W3 [MOKazaTeled B OTJACIbHOCTH HE
MIPEACTABISICTCS. BOBMOXKHBIM. [IpH ATOM MOXKET ObITh JOCTUTHYT JIMIIb HX
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COTJIACOBAHHBIN ONTUMYM — ONITUMYM T0 KpuTepHio I[lapero. D10 03Havaer, 4To
JanbHEHIIee yIIydIleHHe KaXKIOro M3 IOoKa3aTelnell MOXKET OBITh JOCTUTHYTO
JIMIIH 33 CYET YXYAIICHHUS OCTABHBIX ITOKa3aTeseii KauecTBa CHCTEMBI.

Ontumymy 1o kputeputo Ilapeto B KpUTEpHAIbHOM  IPOCTPAHCTBE
COOTBETCTBYET MOAMHOXECTBO [lapeTo-onTuManbHBIX OLEHOK, KOTOpBIE
COOTBETCTBYIOT HEZIOMUHHPYEMbIM BapHaHTaM CHCTEMBI

P(Y):opzzyz{lé(q)”)e Y:3k(9)e Y:/€(¢)2E(¢”)} (1.7

Ilpu HaxoXJEHUH MNOAMHOXeCTBA [lapeTo-ONTUMANIbHBIX OIEHOK COTJIacHO
(1.7) wuckmovarotcst 0Ge3yCIOBHO XY/IIHE OIEHKH, a CJIeA0BaTelbHO, |
COOTBETCTBYIOIINAE UM OE3YCIIOBHO XY/IIIHE BAPHAHTHI CUCTEMBI.

Takum 06pa3oM, IIPU KOHEYHON MOIITHOCTH MHOKECTBA JOITyCTUMBIX BAPHAHTOB
cucteMbl @, HaxoxJeHue [lapeTo-onTUMaNbHBIX OLIEHOK M COOTBETCTBYIOLIMX
UM PEIICHHHA MOXKET Tpou3BomuTcs coriacHo (1.7). Ha aTom ocHOBaH memoo
ouckpemrnoeo 6v16opa IlapeTo-onTUMaIbHBIX PEIICHUI.

KpOMe 9TOro0, A HAXOXIACHUA HapeTO-OHTI/IMaIH)HI)IX peIHeHI/Iﬁ MOryT OBITh
HCIOJBb30BaHbl CHCHUAJIBHBIC MCTOJbI, HAIIPpUMEP, BECOBOU METOA, MECTOJ
pa6oq1/1x XapakTCpUCTUK, METO MMOCJICAOBATCIbHBIX YCTYIIOK U APYTUC METOBI.

B ciywae mpumeHeHust ecogoco memooda IlapeTo-onTuMaibHBIE MPOCKTHHIC
pelICHUs] HaxXOAATCS IyTEM ONTUMM3ALMHM B3BEIICHHOW CYMMBl YaCTHBIX
LENeBBIX (YHKIMN

P (@)= {W e @ iarg ear [y (©) = Aiky 0+ Aky ()44 Ay (¢)]}, (1.8)
SOF]

B KOTOpOH BecoBbIe KOIPGHUIMEHTH Af,A,...,A, BBIOMPAIOTCS W3 YCIOBHS

m
Ai >0, Y A;=1. MHoxectBo Ilapero-onTUMalbHBIX PEUIEHUH COAEPKUT TE
i=1
BapHaHTBl CHCTEMBI, KOTOPHIC YIOBJIETBOPSIOT ycioBuio (1.8) mpum pasHbIX
JIOTTYCTHMBIX KOMOMHAIIMSAX BECOBBIX KOO(DMUIIMEHTOB Aj, A ,..., Ay, -

Memoz) pa601tux xapakmepucmuk COCTOUT B TOM, YTO BCC LECJICBLIC (byHK]_[I/II/I,
KpoMe OZ[HOI\;I, Hanpumep, HepBOﬁ, NEepEeBOJAATCA B pas3psn Ol"paHI/I"IeHI/Iﬁ THUIIA
PaBCHCTBA, U UIETCA eé OKCTPEMYM Ha MHOXKCCTBC JOIMYCTUMBIX aJIbTCPpHATHUB
®,
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Pe(®5)= {W € @ :arg extr (ki @) k2 (9) = Kog: k3(9) = K3gporski (0) = K gy }
€Dy
(1.9)

3nech  Kyg, K3y Ky — HEKOTOPbIE (DUKCHPOBAHHBIE, HO MPOU3BOJIbHBIE

3HAYCHMS TTI0Ka3aTesIel KauecTna.

OnTtuMuzammonHas 3amada  (1.9) pemraercs mociemoBaTeNsHO Ui BCeX
JOMYCTUMBIX KOMOMHALMH 3HAYCHUH Koy, K345, K gy - 11pH 9TOM OTIpEETISETCS

HEKOTOpOE IOJAMHOXKECTBO IlapeTo-onTuManbHBIX BapHAHTOB CHCTEMbI M
COOTBETCTBYIOIAS] UM MHOTOMEpHasi pabouasi OBEPXHOCTh B KPUTEPUAIBLHOM
IIPOCTPAHCTBE, KOTOpasi MPH ONIPENENICHHBIX YCIOBHAX coBmagaer c¢ Ilapero-
ONTHUMAJILHON MOBEpXHOCTHIO. ClleyeT OTMETUTbh, 4TO Kaxjaas Touka Ilapero-
ONITUMAJILHOHM TOBEPXHOCTH 00J1a1aeT CBOMCTBOM 1 -KPAaTHOTO COTJIACOBAHHOTO
rmo Ilapero onrtumymy. Kaxmoil Touke 3TOH IOBEPXHOCTH COOTBETCTBYET
MOTEHIUATBHO [OCTHKAMOE 3HAYEHUE OJIHOIO M3 IOKa3aTeled k,, Mpu

(hUKCHPOBAHHBIX (COOTBETCTBYIOIIMX ITOW TOUYKE) 3HAYCHHUSX OCTAIBHBIX (m—1)
MmoKaszaTelieii KkadecTBa. llapeTo-onmTHManbHAas TOBEPXHOCTh MOXKET OBITH
oIrcaHa JIOOBIM U3 CIICAYIOIINX COOTHOIICHHUN

Ktopt = Fo k2-K3eccck)oeecsmopt = fy (K1 KooKy 1), (1.10)

KOTOpBIE TPEJICTABISIIOT COOOH MHOTOMEpHBIE JUarpaMMbl OOMEHa MEXITy
[IOKa3aTesIMU KadyeCTBa, IOKa3bIBAIOIIUMMM, KaK IOTEHLHUAJIbHO JOCTUKMMOE
3HAYEHWE COOTBETCTBYIOLIETO IIOKA3aTeNsd 3aBUCUT OT  IOTEHLHUAIIBHO
JIOCTHKUMBIX 3HAYEHUU JPYTHUX I10Ka3aTesIel KauecTBa.

bnm3kuM K Meroy paboumx XapaKTepUCTHK Ipu Haxoxnaenun I[lapero-
OINITUMAJIbHBIX BAPUAHTOB CUCTEM SIBIISIETCS Memoo 21agHo2o Kpumepus. B aTom
METOAC HUCXOAHAasd MHOTOKpUTCpHAJIbHad 3adada ONTHUMHU3AlUHU CBOJUTHCA K
3ajja4e ONTUMM3AIMKM OJHOrO M3 IoKaszarelneil (1iejeBoi (DyHKIUH), KOTOPbIN
00BsaBIsIeTCsT TIaBHBIM. OCTaJbHBIC TOKA3aTeIW KadecTBa (YACTHBIC IIEJIEBBIC
(YHKIINN) BBOASTCS B pa3/iell OTPaHWYCHUH THITa HEPaBEHCTBA (MX 3HAYCHHS HE
JIOJDKHBI TIPEBBINIATE HEKOTOPBIX «IIOPOTOBBIX 3HAYEHHI»). DOpMann3oBaHHAs
npoueaypa noucka I[lapero-onTuMaibHEIX BApHAHTOB CUCTEM aHanornysa (1.9)
C TOW pa3HUIEH, YTO OrpaHWYEHUs] Ha 3HAYCHUS] YACTHBIX LEJEBBIX (YHKIMN
HMMEIOT XapaKTep HEpPaBEHCTB.

AHaTOTMIHBII IoAxX0J K HaXO0XIACHUIO HapeTO-OHTI/IMaJ'ILHBIX BApUAHTOB
CHUCTCM HCHOJIB3YCTCSA B HM3BCCTHOM Memooe nociedo8amebHbLX ycmynok, B
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KOTOPOM TaKXkKe BbIOMpaeTcs OIMH M3 IIOKas3aTelell KadecTBa (LieneBas
(yHKIMS), a HAa 3HAYCHHS OCTAJBHBIX YACTHBIX IEJNEBBIX (PYHKIMH BMECTO
OTPaHWYECHUH 331aI0TCS HEKOTOPBIE (PUKCHPOBAHHBIE YCTYIIKH.

Cnez[yeT OTMETHUTH, 4YTO B YKa3aHHBIX CHEHHUAJBHBIX METOMAAaX HaXOXIACHUS
HapCTO—OHTI/IMaHBHLIX BAPUAHTOB CHUCTCM HCXOAHAss MHOTOKPpUTCpHAJIbHAA
3aJa4a ONTUMHU3aAOHMKU CBOJAUTCA K PCHICHHIKO HCEKOTOPOIr0 MHOKECTBA
OAHOKPHUTCPUATIBHBIX (CKaJI?[pHBIX) 3aa4 ONTHUMHM3AIMK IIPpHU Pa3HbIX THUIIAX
OFpaHI/I‘IeHI/IfI. HOJ’Iy‘IeHHOG npu 3TOM MHOKECTBO OINTUMAJIbHBIX peHleHI/II;‘I
HCIOJB3YCTCA IpHU (l)OpMPIpOBaHI/II/I IIOJJMHOKECTBA HapeTO-OHTI/IMaJ'ILHLIX
BapuUaHTOB CUCTEM, OITUMAJIbHBIX IO COBOKYITHOCTH roKa3aTesicii KauecTna.

Muocomeprvle nomenyuanrbHbIMu Xapakmepucmukamu cucmemsl. [loHATHE
[TapeTo-onTUMAaTEHOCTH SBISICTCS (HYHIAMEHTAIBHBIM JUUIsI TCOPHH U MPAKTUKU
MHOTOKpPHUTEpPUATIbHON ONTUMHU3ALUK cUCTeM. [loyueHHas ¢ HCIOJIb30BaHUEM
onHoro u3 MmeTofoB [lapeTo-onTuManbHasi MOBEPXHOCTh  CBS3BIBAET
MOTCHIMAIBHO JOCTHKHMBIC 3HAUCHHS TOKAa3aTelied W TpeacTaBisieT coOoi
COTJIAaCOBaHHBIA onTHMYM TI0 IlapeTo 3Ha4deHuit B 00IIeM ciaydae 3aBUCHUMBIX U
KOHKYPHUPYIOIIUX MEXAy coOol Tmoka3aTeneil kadectBa cucteM. [lostomy,
ompenensist  [lapeTo-onTUManpHYI0O ~ MOBEPXHOCTH B KPUTEPUAIBHOM
MPOCTPAHCTBE, TEM CaMbIM HaXOASAT MHOIOMEpHbIE MOTEHLHUAJIbHBIE
xapaktepuctukd (MIIX) cucreMbl M CBsI3aHHBIE C HHUMH MHOTOMEpHBIE
nmuarpamMmer oomera (MJ10).

ITo cpaBHEHHIO ¢ MIMPOKO HCIIOIB3YEMBIMH OJHOMEPHBIMH ITOTECHIIHATHEHBIMHI
xapakTepucTiukamu cucteMbl MITX nmaroT KauecTBEHHO HOBYIO HH(DOpPMAIHIO
JUIs aHalli3a MPOEKTHBIX PELICHUM, TOCKOJbKY [T MPEeACTaBICHUS O
MOTEHLIMAJTLHO BO3MOMKHBIX 3HAUEHUSX COBOKYMHOCTH IOKazareneil u
MOTEHLIMAJIbHBIX  BO3MOXKHOCTSIX CUCTeMbl. AHamu3upys MJO  moxHO
BBISICHUTH, KAK HEOOXOQMMO M3MEHHMThL 3HAUEHHUs OJHMX IMOKa3aTejel KayecTBa
CHUCTEMBI paJM YIYYIICHHUS JPYruX IIOKa3aTeled, a TaKkKe Kak MpPU HTOM
cJeyeT U3MEHHUTh CTPYKTYPY M MapaMeTPhl COOTBETCTBYIOLIUX CUCTEM.

Ecin naiinenHoe moamHoxkecTBO IlapeTo-onTuManbHBIX BapUAHTOB CUCTEMBI
0Ka3aJIoCh Y3KUM, TO B KAY€CTBE ONTUMAJILHOIO0 BaApHaHTa MOXHO HCII0JIb30BATh
mo60i M3 HUX. B TakoM ciy4ae MOYKHO CUMTaTh, YTO OTHOIICHHE CTPOTOrO
MPEANOYTEHHUS B IIPOCTPAHCTBE JOIYCTUMBIX BApHAHTOB CUCTEMBI > COBIIAZACT
C OTHOLICHUEM IPEANOYTEHUS B KPUTEPUAIBLHOM IIPOCTPAHCTBE OLICHOK > U
no3TomMy opt, Y =P(Y). OAHaKo 4acTo Ha NpaKTHKE MoAMHOxecTBO Ilapero-

OIITUMAJIBHBIX OLICHOK P(Y) OKa3bIBAETCS JOCTATOYHO HIUPOKUM. 910 O3Ha4acrT,
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YTO OTHOUICHUS NPEANOYTEHUs > M > XOTs M cBsizaHbl akcuomoiu [lapero,
OJIHAKO HE COBMIAJAIOT. HpI/I 3TOM CHpPaBEIJIMBBI BKIIOYCHUS opt.Y cP(Y), a

TaKxe opt, ® P,; (Dy).

B psne 3amay mpoCKTHPOBaHUS CHCTEM BO3HHKACT HEOOXOJUMOCTH CY)KCHHS
HalJEHHOTO IIOJIMHOKECTBA [TapeTo-onTuMaIbHBIX peuieHuii Ji(o)
€MHCTBCHHOTO BapHaHTa CHUCTeMBI. JlJIi 3TOro MOTyT OBITh HCIOIB30BaHBI
YCIIOBHBIE KPUTEPUH MPEATIOYTEHHSI, OCHOBAHHBIC Ha Pa3HBIX METOJAaX CYKCHHS
nmonmHOXkecTBa Ilapeto. OmHako, OKOHYATENBHBIH BBHIOOP EIWHCTBEHHOTO
MMPOEKTHOTO PEIICHUSI JOJDKCH MPOU3BOJUTHCS JIUIIb B IpeesiaX HaWICHHOTO
noaMHOXkecTBa [lapeTo-onTUMalbHBIX CHCTEM, KOTOpPOE IIOJYy4YEHO 3a CYET
HCKITFOYCHUS 0€3yCIOBHO XYIIINX BAPHAHTOB CHCTEMBI.

1.3. Cyxenune noamuoxkecrsa Ilapero 10 eIMHCTBEHHOI0 HNPOEKTHOIO
peleHus

Korga mnst mocnemyrommx 3TanoB NPOSKTHPOBAHMS JIOJDKEH OBITH BBIOpaH
C/IMHCTBCHHBI BapWaHT CHCTEMBl, BO3HHKAeT HEOOXOAMMOCTb CY>KCHHUS
nogMHOXKecTBa IlapeTo-onTUManbHBIX PEHICHUI 10 €TUHCTBEHHOIO BapuaHTa
CHCTEMbI C MPHUBJICYCHUEM JIONOJHUTEIbHOW HWH(OpMANUU 00 OTHOILCHUU
NpeAnoYTeHHs 3aKka3uuka. Takas WHQopManusi TOSBISETCS B pe3ysbTare
BCECTOpPOHHEro aHanm3a [lapeTo-onTHManbHBIX BAapHAHTOB CHCTEMBI, B
YaCTHOCTH, WX  CTPYKTypbl, IapaMeTpOB,  MHOTOMEPHBIX  paboumnx
XapaKTEePUCTHK, MHOTOMEPHBIX AMAarpaMM OOMEHa, OTHOCHUTEIBHONW BaKHOCTH
BBEJICHHBIX IIOKa3aTeleld KadecTBa cucTeMbl W mp. llosmydyeHHBIE TIpH 3TOM
JOTONHUTENbHAST HWH(OpMAUs O TPEANOYTCHUSAX HCHONB3YIOTCS  JUIs
MIOCTPOEHHSI YCIOBHOIO KPUTEPUS MPENNOUYTEHUSI, OCHOBAHHOIO, B YaCTHOCTH,
Ha BBEJICHUH HEKOTOPOH CKAJISIPHOHN eNIeBOM (YHKIMH, ONTHMHU3AINS KOTOPOH
TIPUBOJINT K BBIOOPY €TMHCTBEHHOTO BAPHAHTA CHCTEMBI.

Hdnst  cyxenuss MHOxecTBa  [lapeTo-ONTHUMAalIbHBIX  PEIIEHUH  MOTYT
HCIIONIb30BAThCS Pa3IMYHbIE MOAXOJbI, B YACTHOCTH, OCHOBAaHHbIE HAa TEOPUU
MTOJIC3HOCTH, TCOPUH HEYCTKHX MHOXKECTB, JICKCOTpahuIeckoM CpaBHCHUU U JIp.
PaccmoTpuM  HEKOTOpbIE M3 PAacOpOCTPAHEHHBIX  METOJOB  CYXKCHHsI
noamHoxkectBa [lapero.

[Ipu wWCHONB30BaHUM meopuu NOAe3HOCMY BBHIOMPACTCS CKaJlspHAs IIejcBast
(GbyHKIMS B BHIC aIJITUBHOW, MYJIBTUIUIMKATUBHON, TIOJTHIMHEHHON ()YHKIIMU
MTOJIE3HOCTH, KOTOPast B YaCTHOM CIIy4ae MOXKET UMETh BU]]
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m

Flkykyssky) =2 cifi(k;), (1.11)

Jj=1

rae c¢; — MIKaIupyoIne KO3 PHUIIEHTEHI, fj(kj) — HEKOTOPBIE OJHOMEPHEIE
(hyHKIIMY TIOJIE3HOCTH, ABJISIOIINECS OIIEHKaMH IOJIC3HOCTH BapHaHTa CHCTEMBI
¢ 110 [IOKA3aTeI0 Ka4eCcTBa CUCTEMBbIK ;.

Hcnionb3oBaHue meopuu HeuemKux MHOMXCecmé OCHOBAHO Ha TOM, YTO H3-3a
anpHOPHOM  HEOINpPEIEJICHHOCTH OTHOCHTENIFHO —TIPEIIOYTeHUSI 3aKa3unka
MOHATHE "HAWIYYIINHA BapUAHT CHUCTEMbI' HEJB3S OMPEACIUTH TOYHO. MOXKHO
CUUTATh, YTO 3TO IOHATHE HpeACTaBisieT coOON HewyeTkoe MHOXkecTBO. [Ipm
9TOM AJIsL OLCHUBAHHUA A(P(HEKTUBHOCTH CHCTEMBI MOTYT OBITH HCIIOJIB30BaHBI
OCHOBHBIC TOJIOXKEHHS TEOPHM HEYETKUX MHOXKEeCTB. B cooTBeTcTBHM C Hel
MHOXKECTBO OIICHOK 3((EKTHBHOCTH BapHAHTOB CHCTEMBI OyIET HEUETKHM
MHOKECTBOM K ={(ky. k3 ..k ). & (k1K ons iy )f, KOTOPOE SIBISICTCS MHOXKECTBOM

IMOJYMHCHHBIX OIICHOK, PaHKUPOBAHHBIX 1o 3HAYCHUAM (I)yHKIII/II/I
MMPUHAJICI)KHOCTHU.

Haubomnee obmas dhopma HyHKIIMH TPUHAIICKHOCTH, HHTEPIPETUPOBAHHAS B
TepMUHAX TEOPHH HEYETKUX MHOXKECTB, UMEET BHJ

1
1| m B
& (k1K) = jglﬁk,wj)}B : (1.12)

JoctonHcTBOM Takoi GopMbl (PyHKIMU TPUHAIICIKHOCTH SIBISETCS TO, YTO B
3aBUCHMOCTH OT 3HAUCHHUS [TapaMeTpa B peansyeTcs MHUPOKUH Kitace GpyHKIui
OT JIMHEHHOW aJJuTUBHOM QopMbl mpu =1 g0 cyrybo HEIUHEHHBIX

3aBUCUMOCTEH IIPU B —> oo .

HaxoseHne skcTpeMaibHOTO 3HAYEHHs CKaJsIpHOH meneBoil ¢pyHkmun (1.11)
i (1.12) mo3BossieT BEIOPATh COOTBETCTBYIOIUI €My €AMHCTBEHHBIN BapHUaHT
CHCTEMBI U3 OAMHOXKeCTBa [lapeTo-onTHMaNbHBIX IPOEKTHBIX PEIICHUH.

Jlexcuxo-epaguueckuii Mogxo/1 K BBIOOPY €IMHCTBEHHOTO MPOEKTHOTO PEIICHUS
u3 moaMHOXecTBa [lapeTo MoXkeT OBITh HCIIOJBb30BaH, KOTAA HKEIATEIBHO
MOJYYUTh 10 BO3MOXKHOCTH OoOJblIee 3HAYCHHWE OJHOTO W3 TOKazaTelel
Ka4yecTBa, HApUMep k;, JaKe 3a CUeT "MOTeph’ MO OCTAJBFHBIM ITOKAa3aTeIsIM.
DT0 COOTBETCTBYET CHUTyallUd, KOrJa Bech HaOOp IIOKa3aTeled KadecTBa
ki, ky,...,k,, CTPOro ymopsJo4de€H II0 Ba)XHOCTH U IIPH CPAaBHEHUH IIPOCKTHBIX
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pelieHuit  MCHOJBb3yeTcss  JeKCMKO-rpauueckoe — OTHOMIEHHE k' lexk™
-

COOTBETCTBYIOIIIUX OLICHOK MOoKa3aTelIe KadyecTBa JJId BaApUAHTOB CUCTEM (1)' u

¢". TIp1 BBINOJIHEHUM COOTHOLIEHHUS k* lexk™ TOBOPST, YTO BEKTOP k* JIEKCHKO-
—

rpaduueckn Gomblue, yem BekTop k. Ilpu m=1 nekcuko-rpaduueckoe
OTHOIIICHHE COBIAJaeT C OTHOLIGHHWEM > Ha MOAMHOXECTBE BEIIECTBEHHBIX
YHCeTL.

Ecnmn B kauecTBe OTHOUIEHUS CTPOTO MPEANOYTEHHUS HCIONIB3YIOT JIEKCHKO-
rpaduueckoe OTHOLICHHE, TO 3TO O3HAYAET, YTO M3 Iaphbl OLEHOK IOoKa3aTenel
KadecTBa (M COOTBETCTBYIOLIMX UM IPOEKTHBIX PELICHUI) MPEANOYTUTEIbHEE

Ta OIIEHKA, y KOTOPOil MepBas KOMIIOHEHTa BEKTOpa k° (OIEHKa IOKa3aTess
KayecTBa k;) OoJblle, HE3aBHCHMMO OT COOTHOIICHHII MEXYy OCTaIbHBIMU
KOMIIOHEHTAMH BEKTOpPA OLEHOK k . Korja mepBble KOMIOHEHTHI JIBYX OLEHOK
OJIMHAKOBBI, TO IPEANOYTHUTENIbHEE OleHKa (M COOTBETCTBYIOIIEE IMPOEKTHOE
pelIeHne), UMeIoIas OONBIIYI0 BTOPYIO KOMIIOHEHTY; OCTAJIbHbIe KOMIOHEHTHI
JAHHOI OIEHKH MOTYT IPH 3TOM '3HAYMTENBHO YCTYHaTh' COOTBETCTBYIOIIHM
BTOPBIM KOMITIOHEHTaM OLCHKH M T.I. B onpeneneHun JeKCHKO-TpaduIecKoro
OTHOWICHNS BAXHYIO POJb HUIPacT MOPSOOK IIePEYrCICHHs II0Ka3aTenei
KayecTBa.

1.4. BeiBoabI

1. WznoxeHa MeTONOJIOTHS BBIOOpAa ONTHUMAJIBHBIX MPOCKTHBIX PEIICHUH C
YYETOM COBOKYITHOCTH TIOKa3aTeseii kauecTBa, Kotopas chopMupoBaHa Ha Oase
OCHOBHBIX TIOJIOKEHUI TEOPHH MHOTOKPUTEPHUATIBHON ONTHMHU3AINH.

1. [puBenensl ocoGeHHOCTH  (HOPMATM30BAHHBIX IIOCTAaHOBOK  3aJa4yd
BbIOOpa ONTHMAJBHUX pIMICHb TPH OPAMHAIMCTHYECKOM MOAXOAE U
KapIUHAIUCTHIECKOM TII0JIX0/I¢ K OMNPEACICHUIO TOHSTTS ONTHMAIBHOCTH
pelLIeHNIT ¢ y4eTOM COBOKYITHOCTH TTOKa3aTelieii KayecTna.

2. Paccmorpensr  meromsl  (opMupoBaHHMS — TMOAMHOXKecTBa  IlapeTto-
ONITUMAJIBHBIX PEIICHUH C Yy4eTOM OE3yCIOBHOI'O KPUTEPHS INPEANOYTCHHUS B
KPUTEPUAILHOM ITPOCTPAHCTBE MOKa3aTelie KauecTsa.

3. IIpoananuzupoBanbl  cBoiicTBa [lapeTo-onTUMaNbHBIX —pELIEHUH, B
YaCTHOCTH, MHOTOMEPHBIX IMOTEHIMAIBHBIX XapPAKTEPUCTUK M MHOTOMEPHBIX
JrarpaM oOMeHa IokasaTesiel KauecTsa.
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4. PaccMoTpeHbl  OCOOGHHOCTH CCy)KEHHUsl MOJIMHOXecTBa [lapeto 10
€IMHCTBEHHOTO MPOEKTHOI'O BaPHAHTA C MCIIOJIb30BAHUEM YCIOBHOTO KPUTEPHUS
MIPEATIOYTEHHSI ¥ TPHUBJICICHUH JOTIOJTHUTEILHON HHPOPMANHU OT SKCIIEPTOB.
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2. MHOTI'OKPATEPHUAJIbHBIN BBIBOP OIITUMAJIBHBIX
MAPIIPYTOB B MYJIbTUCEPBUCHBIX CETSX CBSI3U

Pacrymue 00beMbl U Pa3HOPOIHOCTh TpaduKa, MperbiBIsieMble TPeOOBaHUS K
KayecTBY €ro Iepefadd B  MYJIbTUCEPBHCHBIX  CETSIX  ONPEACIAIOT
HEOOXOAMMOCTh IPUMEHEHHsS HOBBIX MOAXOAOB K WX YIpaBieHHio. B
HacTosAllee BPeMs  CYIIECTBYeT  OOJIBIIOE  KOJIMYECTBO  aJTOPHUTMOB
MapIIpyTH3alWd, PEaTM30BAHHBIX 10 pa3IHYHBIM mpuHOunam [26 - 40]. Bee
9TH alNrOPUTMBI PEUIAIOT 3aJaddl BBIOOpA ONTHUMAJIBHBIX MAapIIpyTOB, Kak
MIPaBUJIO, C YUETOM OJIHOTO U3 MOKa3arenel kadecTBa. [Io3ToMy B COBpeMEHHBIX
MYJBTHCEPBUCHBIX CETSIX CBA3M BO3HHUKAeT 3ajaya ydyeTa COBOKYIHOCTH
rokasarenedl Juis oOecnedeHus] MPOTUBOPEUYMBBIX TPEeOOBaHMI IO KauecTBa
00CIy)KMBaHHsl PA3IMYHBIX THIOB Tpaduka. DTO onpenensier HeoOX0IUMOCTh
MIPUMEHEHHUS METOJ0B MHOTOKPHTEPUAIBLHOM ONTUMM3ALMKM Ha CETAX JUIs
peuieHnst 3aja4 MapuIpyTH3auuu. B HacrosineM pasjene paccMaTpHUBAIOTCA
TEOPETHYECKHE M NPAKTHYECKHE  OCOOEHHOCTH  MHOTOKPUTEPHAIbHON
ONTHMHU3AIIMK TIPH PEUICHUH 3aJaddl BHIOOpAa ONTHMAIbHBIX MAapIIPyTOB B
MYJBTUCEPBUCHBIX ceTsX [22, 23] Ha OCHOBE METOJOJIOTMH, HM3JI0KEHHOW B
paszene 1.

2.1. OcHOBHBIE MPUHIMIIBI YIIPABJIEHHUS CETHIO CBA3H

PaccmorpuMm  o0mipie TOJOXKEHHWS —yNpaBieHWs ceTbio  cBsi3u. Cucrema
yIpaBleHUs] BKJIIOYaeT OOBEKT YIPABICHUS, YIPABISIONIEE YCTPOMCTBO
(anroput™m ymnpaBieHUs) ¥ U3MEPHUTENIbHYIO cucteMy. Ha 0ObekT ympaBieHus
MOCTYIAIOT IMOJIC3HbIC BXOJHBIC Bo3aeicTBus X(t) u momexu &/(t). CocrosiHMe
o0bekTa omnpenensercss HeKOoTopoi peakuueir V(). Ilponecc skcTpemanbHOro
YIIPaBJICHUS 3aKJIIOYACTCS B TOM, YTOOBI IO OLIEHKAM COCTOSIHUSI OOBEKTa V*(t),
TTOJTY4EHHBIM C TIOMOIIBIO N3MEPUTEIBHON CUCTEMBI U aITOPUTMa OIICHHBAHUS,
BBIPA0OTAaTh ONTHMAIbHBIC YIPABIAIONIME Bo3aeicTBUs U(t), KOTOpbIe Obl
NPUBOJMIN O0BEKT K TpeOyeMoMy cocCTOsiHUIO V(t). DddexTHBHOCTH pabOTHI
CHCTEMBI YNPaBICHUS OIPEAEIAeTCsS BHIOPAaHHBIM KPUTEPHEM ONTHMAIbHOCTH.
KadecTBO paboThl cUCTEMBbI YIPABICHHS ONPECISCTCSl CTENEHbIO OTKIOHEHHS
PeaIbHOTO COCTOSIHUS CHCTEMBI V'(t) OT Tpebyemoro V(t)

YO =VH-V(1).

Tpebyercss BbIPabOTaTh TAKWE YIPABIAIOIME BO3ACHCTBUS U(r), 4YTOOBI

,HO6I/ITLC$I OKCTpEMYMa HEKOTOPOI'O LECJICBOIO q)yHKIII/IOHaJ'Ia, B 4HaCTHOCTH
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1=V -v'of - @.1)

B ceTsx cBsi3M MCHONB3yeMbIC pa3HbIC MEXaHH3MBI YIpaBicHUsA (00pabOTKU
IIOTOKOB):

1. Pe3sepBupOBaHME IOJIOCHI IPOITYCKAHMSI.

2. VYnpaBneHue MHUPUHON MOIOCH! MPOITyCKAHUS.

3. VYmpaBneHne MapmIpyTH3aIHEH U IUTAHUPOBAHUE MapIIPYTOB.
4.  Hcnonp3oBaHHE KA TEXHOIOTHH.

5.  VYnpasieHue odepensMu.

bynem nanbmie paccMaTpuBaThb MapUIpyTHU3allMI0 B KAayecTBE MeXaHHM3Ma
U3MEHEHUsI COCTOSIHMS CETH, MOJ BO3JEHCTBHEM YNpaBIAIOLIMX CUTHANoOB. B
Pa3BETBJICHHBIX KOMMYTHPYEMBIX CETSX CBSI3M MEXIY JIIOOBIMU JABYMS y3JIaMU
ceTH (MCTOYHMKOM M aJpecaToM) HMEeTCs, KaK IPaBUJIO, HECKOJIbKO
HE3aBUCHUMBIX IIyTeH, MO KOTOPBIM MOTYT OBITH IepeNaHbl COOOIIEHMS.
OCHOBHOI 3a7adell MapuUIPyTH3aLUH SBISIETCSI BEIOOP ONMPENENCHHOTO IIyTH U3
yYKa3aHHOTO MHOeCTBa. BRIOOpP OCyIecTBIsAETCS ¢ TOMOIIBIO MaTPHIL (TaOJIHIT)
MapIIpyTOB, KOTOPBIE XpaHATCSA B KaxJaoM y3ne komMmyranuu (YK). Matpuna
MmapupytoB M; i-ro YK 3agmaer ouepeiHOCTb BbIOOpa HCXOMAAIIUX
HAalpaBJICHUI NPU YCTAaHOBJICHWU CBS3U i-rTo Yy37a K JIIOOOMY W3 JPYTHX Y3JI0B
ceTu.

Martpuity M ; MOXXHO TIPEJICTaBUTh CJIEAYIOLIIM 00pa3oM:

VK, VK, VK, VK,
By | myy my, My, mj;N
B, | My myy My, mj,N
M, =
By | my my oomy o myy
BiA My Mhp, o My e My

3neck N— uucino YK ceru, B; -j-a1 BeTBb, MCXoadlas M3 VK, j=LA,, A—
KOJIMYECTBO BETBCH, HUCXONANIMX W3 VK;, m, — DJIEMCHT, OIPCICIIIONIHIA

ijr

HOPAAKOBBIA HOMEP BETBH B; IPU BEIOOPE MyTH Hepeaadyn HHPOPMALMH OT VK;
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K VK,, B cIy4ae MPOCTON MAaTpHIbI MapIIPyTOB, JUOO BEPOATHOCTH BBHIOOpA

Al —
BETBHU B, Yy m; =Lr=1N B ClIy4ae CTOXaCTUYECCKON MATPHIILI MAPIIPYTOB.

j=1
OnmHuM W3 BapHAaHTOB BO3JACHCTBUS Ha cuCTeMy (M3MEHEHHE COCTOSHHUS
CHCTEMBbI)  MOXXET  OBITh  BBIOOD  MapIIpyTOB €  HCIIOJIb30BAHHEM
MHOTOKPUTEPHAIBHOTO ITOXO0/1a.

2.2. MHorokpuTepuadbHbIli MOAX0J TPH BbIOOpPEe ONTUMAJIBHBIX
MapUIPYTOB B MYJIbTHCEPBHCHBIX CeTAX

DopmynmpyeTcst cienyrommas MHOTOKpHUTEpHalbHAs 3afada MaplipyTH3aIHH.
[IycTh ompemeneHo MHOXKECTBO JOITyCTUMBIX PEIIeHHH (MapIIpyToB) Ha Tpade
ceTu X ={x}, KOTOpPBII HA3bIBACTCSI IUCKPETHBIM, €CJIN X KOHEYHO WJIM CYETHO.

JormycTuMbIMU OyIyT Te pelieHns xe X B BHAe moarpagos x=(V,,E,) (V. eV,
E,eE) 1 MHOTOBEPIIMHHOTO rpada G=(V,E), KOTOpPBIE YHOBIECTBOPSIOT
orpannyeHusM. [Ipexnomaraercs, 4To Ha X 3aJaHa BEKTOpHas IeJieBas
byHkwst  E(x) = (F(x),..., F,(x),....F,(x)), COCTaBIISIOIINE KOTOPOl OMpPEACNsIOT
MOKa3aTeJId KadecTBa MapmpyToB. Kak mpaBmilo, IOKa3aTeld KayecTBa
SIBIISIOTCS CBSI3AHHBIMH MEXIy COOOW W aHTaroHHUCTHYecKMMH. [lpu »TOM
ONITUMAJIBHBIC TI0 COBOKYITHOCTH ITOKa3aTeNIeH KauecTBa BapHAaHTHl MapLIPYTOB
npezcTaBisieT co0oi MHOXKeCTBO [lapeTo-onTUMAabHBIX aJIbTEPHATHB PEIICHHS
3aJa4yll MaplIpyTHU3allK, KOTOPHIM COOTBETCTBYET COTJIACOBAHHBIM ONTHMYM
YaCTHBIX IIEJIEeBIX (DYHKIUH

F(x),..., F, (x),..., Fu(x) . (2.3)

PaccmoTpuM  0ocOOGHHOCTH  BBIOOpa  ONTUMANBHBIX ~ MapLOIpyTOB B
MYJIBTHCEPBUCHOW CETH CBSA3M, COCTOAIIYI0 M3 Y3JOB M JIMHUH CBS3H,
COC/IMHSIIONIME Y3/Ibl. DTa ceTh npejacTasisercs rpapom G=(V,E), Tae V —
MHOXXECTBO Y3JI0B, E — MHOXECTBO JIMHMH CBs3H. Kaxknas mwHUSA e
XapaKTepu3yeTcsl IoKa3aTessIMH KadecTBa OOCITY)KMBaHUS k,, KOTOPBIM B
COOTBETCTBHE MOXKHO CTaBHTh BECOBbIE (YHKIUH w,(e) C 3aJaHHBIMH
OTPaHUYEHUAMU w,(e)<c,, l=1,m. JlA yd4eTa COBOKYHNHOCTH IIOKa3areeil
KayecTBa OOCITY)KMBAaHMS MPEIUIAracTcs MCIOIb30BaTh CKAJSIPHYIO ILICJICBYIO
(YHKLUIO JMHHUH ¢ B BUJE:

F(e) =A,w,(e)+...+ ,,w,(e)+...+ AW, (e), TOC A, >0, ixi =1. 2.4)

i=1
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[Ipenmaraercs permats 3a1a4y HaXOKICHUS ONTUMAIBLHOTO MyTH (MapIupyTa) p
OT Yy371a WCTOYHMKA s K Yy3My Ha3Ha4eHHA ( TMyTeM HaXOKICHUA
AKCTPEMAJILHOT'O 3HAUYEHHS 1IeTIeBOM (DYHKIIMKM MapIipyTa:

extr(w(p) = iFj(e)} (2.5)
=

rae N - 9HCJO JIMHUH CBSA3H, BXOIAIINX B MApIIPYT.

[TepBbIM 3TaroM BHIOOpPAa ONTUMAJBHBIX MAapIIPyTOB SBISETCS BBIICICHHE
nogMHOXkecTBa [lapeTo-onTUManbHBIX ~MapHIPyTOB, B  pe3yibTaTe 4Yero
oTOpachIBatOTCsl  O€3yCJIIOBHO ~ XY[IINE BapHAaHThl MapuipyToB. BapuanT
Mapmpyra Xe X sBusercs IlapeTo-onTHMalbHBIM, €CIH HE CYIIECTBYET
JPYroro JOMYCTHMOTIO peIIeHHs x € X, 4YTO BBINOJHAIOTCS HEPaBEHCTBA
F,(x") <F,(X),v=1...,N, Cpei KOTOPBIX XOTsI ObI OJTHO SIBJISICTCS] CTPOTHM.

st HaxoxnmeHus — noaMmHoxkecTBa  llapero-onTUMalbHBIX  peLIeHMI
Ipe/ajaraeTcsi HCHONb30BaTh BecoBOoW Merox. Ero cyrte cBogures K
HAXOXJICHWIO OKCTPEMyMa B3BEHICHHOH CyMBbl IIOKa3aTeled KadecTBa
MapmpyToB cetd (1.8) mpm BCEeBO3MOXKHBIX KOMOWHAIUAX KOI(DDUITMECHTOB,
XapaKTEepU3yOIINX WX OTHOCHTEIBbHYIO BaKHOCTb. B pesympraTe 3TOTO
BBIOMpAETCsl HEKOTOpOe MOJAMHOXKECTBO [lapeTo-onTUManbHBIX BapHaHTOB
MapupyTU3allil C Y4eTOM COBOKYIHOCTH IOKa3aTeneil kauectBa. B
KpPUTEPHAIBHOM NpocTpaHCTBe [lapeTo-onTUManbHBIM BapHaHTaM MapLIPyTOB
COOTBETCTBYET  HEKOTOpass  BecoBas  IOBEPXHOCTb, TOYKM  KOTOpOH
ONPEJICTISIIOTCS.  COIVIACOBAHHBIM ~ ONTUMYMOM — 3HAu€HMH  BBIOpPAHHBIX
nokasateneil kadectBa MapupytoB. Hu onHa U3 0€3yclIOBHO XyALIMX TOUYEK
(BapMaHTOB MapIIPyTOB) HE MOXKET NpPUHAIJICKATh 3TOH IOBEPXHOCTH,
MIOCKOJIbKY OHH MCKJIIOYAIOTCS TIPH HaX0XICHUH MTOIMHOKecTBa [lapeTo.

IMTomyuennsie [TapeTo-onTHManbHbIe BAPHAHTHI MAPIIPYTOB PABHO3HAUHBI
¢ Touku 3peHus Oe3ycmoBHoro kpurepusa npeamouteHus (BKII) - xpurepus
[Tapeto. ITosTOMy Ka)KABIil M3 HUX MOXET OBITh HMCIOJB30BAH IMPHU PEIICHUN
3a7a4¥ MHOTOITYTEBOH MapUIPyTH3alWH, YTO MO3BOJIUT PABHOMEPHO 3arpy3HTh
JIMHUY CBSI3M COOTBETCTBYIOIIMMH BUIAaMH Tpaduka ¢ TpeOyeMbIM KauecTBOM
o0CITy)KUBaHUS.

OnHako B psijie cllydaeB BO3HHMKAeT HEOOXOIMMOCTh BBIOOpA €IMHCTBEHHOTO
BapuMaHTa MapUIIpPyTHU3alMd C YYETOM JOIOJHHUTEIHbHOH HMH(MOpMAINH,
MOCTYMAIOUIEH OT SKCIEPTOB (ONBITHBIX cHenuanucToB). [Ipu 3ToM MOryT OBITH
IOPUMEHEHbl  pa3Hble METOJbl CyXeHus noAaMHoxecTBa Ilapero  mo
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CANHCTBCHHOI'0 BapvaHTa, B YaCTHOCTH: C HUCIIOJb30BAHUEM ¢)yHKHI/II7I
IECHHOCTHU, NMPUMCHCHUUN HeKCI/IKOI‘pa(l)I/I‘ICCKOI‘O moaxoJa, Ha OCHOBE TEOpUH
PasMBITBIX MHOXECTB .

2.3. IIpakTnyeckue 0COOEHHOCTH MHOTOKPHTEPHAJLHOTO BBIOOpA
ONTHMAJILHBIX MAPLIPYTOB HA MpUMepe (pparMeHTa ceTH CBA3N
PaccmoTpeHBl TIpakTHYecKHe OCOOCHHOCTH pemieHus cpopMyTupOBaHHON
MHOTOKPUTEPHATFHON 3aJaud MapIIpyTH3aldd Ha TpuMepe (parMeHTa CeTH
cBsa3u (puc. 2.1). Moxenp ucciieyeMoil ceTh COCTOUT W3 JBEHAALATH Y3JIOB,
CBSI3aHHBIX MEXKIy COOOW JIMHHSIMU CBSI3U ¢ TOTepsMu. Kaxnmas TUHHS CBA3U
UMeeT MPOIYCKHYIO crocoOHocTh 128 kbut/c. Mudopmaims nepenaercst u3
y3ima 0 BO Bce ocTallbHBIE y3iIbI. Tpaduk mepemaaeTcs co CKOpocThio 64 KOUT/C,
pasMep TnepenaBaeMbix maketoB 210 Oaiir. MccnemoBaHusi MPOBOAWIMCH B
nporpaMMmHoM makeTe Network Simulator.

|/ @/(1;
© \

Puc. 2.1. ®parmeHT ucciaeLyeMoii CeTH CBA3N

PaccmarpuBanuch  crnepyronue  MoKaszaTeNM — KadecTBa  OOCIIY>KMBaHMS,
KOTOPBIMHU XapaKTEePU3yeTCs KaXKIas JTUHUS CBSI3U: BPEMs 3aJIEPKKU MMAKETOB,
YpOBEHb MOTEPh MAKETOB, CTOMMOCTh HCIIOIb30BAHUS IMHUU CBSI3U.

CuuTanoce, 4To BpeMsl 3aJIep>KKU Mepeadu MaKeTOB ONPEAeIsieTCsl B OCHOBHOM
JUTMHOM JIMHUM CBSI3U. YPOBEHb MOTEPh MAKETOB 3aBUCHUT OT MOJEIH IMOTEPb,
BBEJCHHOM B Kakno¥ auHMH. CTOMMOCTH HMCIIOJb30BAHMUS JIMHUM 3aBHUCHUT OT
BpEMEHHU 3aJIep)KKU Ha JIMHUM, BEJIWYUHBI TOTePh W HWHTEHCUBHOCTHU
ucnosb3oBanus. HopMmupoBaHHBIE K MaKCUMAaIbHBIM 3HAUEHHUSIM IOKa3aTeNnu
Ka4decTBa JIMHUH CBSA3W MPUBEICHHI B Ta0M. 2.1.
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Tadnuua 2.1. HopmupoBaHHBIE K MaKCHUMalbHBIM 3HAYCHHUSM TOKa3aTeln

KadecTBa JIMHUM CBSI3H

Jlunns Bpewms 3a/IepKKU | YPOBEHb norepsb | CTOUMOCTB
CBSI3H nepeayy MakeToB M1aKEeTOB UCTIOIb30BAHMS JIMHUM
CBSI3H
0-1 0.676 1 0.333
0-2 1 0.25 1
0-3 0.362 1 0.333
0-4 0.381 0.25 1
0-5 0.2 1 0.333
0-6 0.19 1 0.333
0-7 0.571 0.25 1
7-6 0.4 0.25 0.333
7-8 0.362 0.25 0.667
8-6 0.314 0.5 0.5
8-5 0.438 0.25 0.333
8-9 0.248 0.5 0.333
9-5 0.257 0.25 1
9-11 0.571 0.25 0.667
11-10 0.762 0.25 0.333
5-4 0.381 0.25 0.667
2-10 0.457 0.25 0.333
3-10 0.79 0.25 0.333
4-3 0.286 0.25 0.333
1-2 0.448 0.25 0.333

IIpu ananmuse rpacda cetu (puc. 2.1) BUIHO, YTO IS KAKIOTO Y374 Ha3HAUYCHUS
CYIIECTByeT OOJBbIIOE MHOXECTBO BAPHAHTOB BBIOOpAa MapHIpyTa, Jake MpU
YCIOBHM HEBO3MOYKHOCTH TIOBTOPHOTO IIOCEHICHHSI IPOMIEHHOTO  y3ia.

KoauuectBo MapuipyToB JJid KaKJI0ro y3jia Ha3HauCHHUs C y3JIO0M 0 MMPUBEACHBI

B TaoI. 2.2.
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Tadauna 2.2. KonudecTBO MapmpyToB JUIs KaXI0TO y3j1a HA3HAYCHHSI C y3JIOM
0

V3en UCTOUHUK — Y3€J1 Ha3HAYCHUSI KonunuectBo BApUAHTOB
MapupyTOB
0-1 27
0-2 27
0-3 29
0-4 29
0-5 25
0-6 41
0-7 41
0-8 22
0-9 27
0-10 27
0-11 31

CraBuTcs 3amayd  BbIOOpAa MHOMKECTBO ONTHMAJBHBIX 10 COBOKYITHOCTU
MOKa3aTeNne KadecTBa BapHAHTOB MapHIPYTOB, KOTOPBIE COOTBETCTBYIOT
COTJIAaCOBAHHOMY ONTHMYMY ITOKa3aTeneil KadecTna.

Buwibop Ilapemo-onmumanvhvix mapuwipymos. ]l pemeHust 3agaddl BbIOOpa
[Tapero-onTuManpHBIX MapHIPyTOB MPUMEHUM OINHWCAHHBIM B M. 1.3 BecoBoi
METOJ C HCIOJIb30BAaHMEM  CIEAYIOLIMX IoKa3zarenel kayecTBa:  k,
OTpaXaIOMWK JIMHY JHHUH; k,, OTPAKAIOUINHA YPOBEHB MOTEPh MaKEeTOB; k,,

OTpa)xarolUi CTOMMOCTh UCIOIb30BaHUS JIMHUM CBS3H.

[Mlpy MuHUMH3AIMKA BBIpAKEHHS (2) CO BCEBO3MOKHBIMH KOMOWHAIMSIMU
BECOBBIX KOX(PQUIMEHTOB TIONYYNM MHOXecTBO [lapeTo-onTuMambHBIX
MapIIpyToOB, C COOTBETCTBYIOIINMH COTIIACOBAHHBIMUA ONTHMYMaMHU BBEICHHBIX
IOKa3aTejel KauyecTBa.

3HaueHWs pa3HBIX ~KoMOWHAmmid  KOd(PPUIIMCHTOB,  XapaKTePU3YIOIINX
OTHOCUTENIbHYI0 Ba)XKHOCTb TOKazarened kadectBa, ¢ 1marom 0.1 wu
COOTBETCTBYIOIINE UM ONTUMAIbHBIE MAPIIPYTHI IPUBEICHBI B Ta0m. 2.3.
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Tabéauna

2.3.

3HaueHUs

Ppa3HbIX

KOMOMHALMI

cooTBeTcTByIoMmMUe nM [lapeTo-onTuManbHbIE MapIIPYyTHI

k03 duIMeHTOB,
XapaKTePU3YIOINX OTHOCHUTEIBbHYI0 Ba)KHOCTh IIOKa3aTelell KadecTsa,

n

V3ibl
HCTOYHUKHU
Y3J1bI
Ha3HAYECHHS

[Tapero-
OIITUMAJbHBI
€ MapupyThl

KoadduimeHnTsl BaXXHOCTH TIOKa3aTeIel KauecTBa

0-1; 0-5; 0-6

0-1; 0-5; 0-6

(0.8;0.1;0.1);
(0.7;0.2;01);
(0.5;0.2;0.3);
(0.1;0.4;0.5);
(0.5;0.4;0.1);

(0.1;0.1;0.8);
(0.7;0.1;0.2);
(0.5;0.3;0.2);
(0.1;0.5;0.4);
(0.5;0.1;0.4);

(0.1;0.2;0.7);
(0.2;0.3;0.5);
(0.3;0.5;0.2);
(0.4;0.5;0.1);
(0.4;0.3;0.3);

(0.2;0.1;0.7);
(0.3;0.2;0.5);
(0.2;0.5;0.3);
(0.4;0.1;0.5);
(0.3;0.3;0.4);

(0.3:0.4;0.3); (0.6;0.2:0.2); (0.2:0.6;0.2); (0.2;0.2;0.6)

0-2-1; 0-4-5;
0-7-6

(0.1;0.8;0.1); (0.2;0.7;0.1); (0.1;0.7;0.2)

0-2

0-2

(0.8;0.1;0.1);
(0.7;0.2;01);
(0.5;0.2;0.3)
(0.1;0.4;0.5);
(0.5;0.1;0.4);

(0.1;0.8;0.1);
(0.7;0.1;0.2);
(0.5;0.3;0.2);
(0.1;0.5;0.4);
(0.4;0.3;0.3);

(0.2:0.7:0.1)
(0.2:0.3;0.5);
(0.3;0.5:0.2);
(0.4;0.5:0.1);
(0.3;0.3;0.4);

(0.2;0.6;0.2); (0.2;0.2;0.6) (0.3;0.4;0.3)

(0.1;0.7;0.2)
(0.3;0.2;0.5);
(0.2;0.5;0.3);
(0.5;0.4;0.1);
(0.6;0.2;0.2);

0-1-2

(0.1;0.1;0.8); (0.130.2:0.7); (0.2;0.1;0.7); (0.4;0.150.5);

0-3

0-3

(0.8;0.1;0.1);
(0.7;0.2;01);
(0.5;0.2;0.3);
(0.1;0.4;0.5);
(0.5;0.1;0.4);

(0.1;0.1;0.8);
(0.7;0.1;0.2);
(0.5;0.3;0.2);
(0.1;0.5;0.4);
(0.4;0.3;0.3);

(0.2:0.2;0.6) (0.3;0.4:0.3)

(0.1;0.2;0.7);
(0.2;0.3;0.5);
(0.3;0.5;0.2);
(0.4;0.1;0.5);
(0.3;0.3;0.4);

(0.2;0.1;0.7);
(0.3;0.2;0.5);
(0.2;0.5;0.3);
(0.5;0.4;0.1);
(0.6;0.2;0.2);;

0-4-3

(0.1;0.8;0.1);
(0.2;0.6;0.2);

(0.2;0.7;0.1);

(0.1;0.7;0.2)

(0.4;0.5;0.1)

0-4

0-4

(0.8;0.1;0.1);
(0.7;0.2;01);
(0.5;0.2;0.3)
(0.1;0.4;0.5);
(0.5;0.1;0.4);

(0.1;0.8;0.1);
(0.7;0.1;0.2);
(0.5;0.3;0.2);
(0.1;0.5;0.4);
(0.4;0.3;0.3);

(0.2;0.7;0.1)
(0.2;0.3;0.5);
(0.3;0.5;0.2);
(0.4;0.5;0.1);
(0.3;0.3;0.4);

(0.1;0.7;0.2)
(0.3;0.2;0.5);
(0.2;0.5:0.3);
(0.5;0.4;0.1);
(0.6;0.2;0.2);

(0.2;0.6;0.2); (0.2;0.2;0.6); (0.4;0.1;0.5); (0.3;0.4;0.3)

0-3-4

(0.1;0.1;0.8); (0.1;0.2;0.7); (0.2;0.1;0.7)

0-7

0-7

(0.8;0.1;0.1);
(0.7;0.2;01);
(0.5;0.2;0.3)
(0.1;0.4;0.5);
(0.4;0.3;0.3);

(0.1;0.8;0.1);
(0.7;0.1;0.2);
(0.5;0.3;0.2);
(0.1;0.5;0.4);
(0.3;0.3;0.4);

(0.2:0.2;0.6); (0.3;0.4;0.3)

(0.2;0.7;0.1)
(0.2;0.3;0.5);
(0.3;0.5;0.2);
(0.4;0.5;0.1);
(0.6;0.2;0.2);

(0.1;0.7;0.2)
(0.3;0.2;0.5);
(0.2;0.5:0.3);
(0.5;0.4;0.1);
(0.2;0.6;0.2);

0-6-7

(0.1;0.1;0.8);
(0.5;0.1;0.4)

(0.1;0.2;0.7);

(0.2;0.1;0.7);

(0.4;0.1;0.5);

0-8

0-6-8

(0.8;0.1;0.1) (0.7;0.2;01); (0.7;0.1;0.2)

0-7-8

(0.1;0.8;0.1);

(0.2;0.7;0.1);

(0.1;0.7;0.2)

(0.3;0.5;0.2);

(0.2;0.5;0.3); (0.4;0.5;0.1); (0.2;0.6;0.2); (0.5;0.4;0.1)

0-5-8

(0.1;0.1;0.8);
(0.3;0.2;0.5);

(0.1;0.2;0.7);
(0.5;0.2;0.3)

(0.2;0.1;0.7);
(0.5;0.3;0.2);

(0.2;0.3;0.5);
(0.1;0.4;0.5);
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(0.1;0.5:04) (0.4;0.1;0.5); (0.4:0.3:0.3); (0.3;0.3;0.4);
(0.3;0.4;0.3); (0.6;0.2:0.2); (0.2;0.2;0.6) (0.5:0.1;0.4)

0-9 0-5-9 (0.8;0.1;0.1);  (0.7;0.2;01); (0.7;0.1;0.2); (0.4;0.3;0.3);
(0.3;0.3;0.4); (0.3;0.4;0.3); (0.6;0.2;0.2); (0.2;0.6;0.2);
(0.5;0.4;0.1); (0.5;0.1;0.4); (0.4;0.1;0.5); (0.2;0.3;0.5);
(0.3;0.2;0.5); (0.5;0.2;0.3); (0.5;0.3;0.2); (0.3;0.5;0.2);
(0.2;0.5;0.3); (0.1;0.4;0.5); (0.1;0.5;0.4); (0.4;0.5;0.1)

0-4-5-9 (0.1;0.8;0.1); (0.2;0.7;0.1); (0.1;0.7;0.2)
0-5-8-9 (0.2;0.2;0.6); (0.1;0.1;0.8); (0.1;0.2;0.7); (0.2;0.1;0.7)
0-10 0-2-10 (0.3;0.5;0.2); (0.2;0.5;0.3); (0.1;0.4;0.5); (0.1;0.5;0.4);
(0.4;0.5;0.1) (0.3;0.4;0.3); (0.2;0.6;0.2); (0.5;0.4;0.1);
(0.1;0.8;0.1);
0-3-10 (0.8;0.1;0.1); (0.7;0.2;:01); (0.7;0.1;0.2); (0.1;0.2;0.7);

(0.2:0.1;0.7);  (0.2;0.3;0.5); (0.3:0.2;0.5); (0.5:0.2:0.3);
(0.5;0.3:0.2);  (0.4:0.1;0.5); (0.4:0.3;0.3); (0.3:0.3;0.4);
(0.6;0.2:0.2);  (0.2:0.2:0.6); (0.5:0.1;0.4); (0.1:0.1;0.8);
(0.1;0.2;0.7); (0.2:0.1;0.7)

0-11 0-5-9-11 (0.8;0.1;0.1); (0.7;0.2:01); (0.7;0.1;0.2); (0.4;0.3;0.3);
(0.3;0.3;0.4); (0.3;0.4:;0.3); (0.5;0.2;0.3); (0.5;0.3;0.2);
(0.4;0.5;0.1); (0.6;0.2:;0.2); (0.5;0.4;0.1); (0.5;0.1;0.4)

0-2-10-11 (0.1;0.8;0.1); (0.2;0.7;0.1); (0.1;0.7:;0.2); (0.3;0.5;0.2);
(0.2;0.5;0.3); (0.1;0.5:0.4); (0.2;0.6;0.2);

0-3-10-11 (0.1;0.1;0.8);  (0.1;0.2;0.7);  (0.2;0.1;0.7);  (0.2;0.3;0.5);
(0.3;0.2;0.5); (0.1;0.4;0.5); (0.4;0.1;0.5); (0.2;0.2;0.6)

Jnst Kaoro y3na Ha3HadyeHHs IosTydeHbl [lapero-onTuMalibHbIe MapIipyThl.
[Ipn TOM HM OXHOMY W3 HHUX HENb3sl OTAATH IMPEANOYTEHUs, TaK KaK OHH
paBHO3Ha4HbI ¢ TOUKkH 3peHust bKII.

Jns nmmroctpanyuy Ha puc. 2.2 u300paXKeHO HEKOTOPOE MHOKECTBO BapHaHTOB
MapupyToB Mexay y3aamu 0 u 8 B MpOCTpaHCTBE MOKa3aTenel kadecTsa k, U
k,. JleBas HWXKHSS TpaHHIa, BKIIOYAIONIAas TPHU TOYKH, COOTBETCTBYET
MHO)kecTBy [lapero-onTuManbHblx pemeHuid. HerpynaHo Buaers, uto UM
COOTBETCTBYET CoOIJIacOBaHHBIM ontumyM no Ilapero moxasareneil kauecTsa
(MMHUMaQJIBHO BO3MOJKHO€ 3HAUEHHUs OJHOIO IIOKa3aTeledl KauecTBa Ipu
3aJ]aHHbIX (PUKCHPOBAHHBIX 3HAYCHUSIX JPYroro rnokaszareiisi). OTa TpaHHLa
TaKKe SBISET COOOM JauarpamMmy oOOMeHa IOKa3aTresied KavyecTBa, KOTopas
MTOKA3bIBAET, KaK 3aBHCHUT IOTCHIUANBHO JOCTIDKUMOE 3HAUYEHHE OJHOTO W3
MoKa3aTelNeil kKauecTBa OT 3HAUCHUS JPYroro moxka3aTes.
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Puc. 2.2. MHOXXECTBO BapHaHTOB MapIIpyTOB Mexay y3iamu O u 8

[Tonyuennoe B Tabn. 2.3 moxmuHokecTBO IlapeTo-onTHManbHBIX BapHaHTOB
MapHIpyTOB ~ MOXHO  HCIIOJb30BaTh Uil  OpraHU3allid  MHOTOIyTEBOU
MapHIpyTH3ald ¥ BbIOOpa ONTUMAJBHBIX MapUIPyTOB JUIsl  Iepeiadu
COOTBETCTBYIOIIEro TpaduKa ¢ TpeOyeMbIM Ka4eCTBOM OOCITY)KUBAHUS.

[Tpu 3TOM BO3HHKAET BOTIPOC: MMEET JIM CMBICII OCYIIECTBISTH BBIOOP HA OCHOBE
Oe3ycnoBHOTO KpuTepus TpennoureHusi (kpurepus Ilapero), ecium B
JanbHEHIIEM Al BBIOOpPAa E€JUHCTBEHHOIO MapIIpyTa NPHXOAWTCS BBOIUTH
YCIIOBHBIM KpHUTEpHH MpennoyTeHns. B 000CHOBaHHOCTH I1€IeCO00Pa3HOCTH
BBE/ICHMs JTana HaxoxJIeHus [lapeTo-onTHManbHBIX BAPHAHTOB CIIEAYET
OTMETUTH:

— npumenenue BKII paetr Bo3MokHOCTH Haiitu Bce Ilapero-onTumainbHble
MapmpyTbl, OTOpPOCHB IIpH 3TOM BCEe O€3yCIOBHO XY/IINE BapHAHTHI
MapIIpyTOB;

— npumenenue BKII gaer BO3MOXXHOCTh HAWTH TOTEHIIMATBHO HAMITyUIITHE
BO3MOXHbBIE 3HAYEHMSI KaXKJI0T0 M3 MOKa3aTellel KauyecTBa U CBS3b MEKIY HUMU;
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— JiaXe eclid NpU BbIOOpE €AMHCTBEHHOrO BapHaHTa MapUIPyTa MPUXOAUTCS
BBOJMTH YCJIOBHBI KPUTEPHI MPEANOYTSHHUS, TO JTy4Ille BBOIAUTH PA3HOTO poja
YCIIOBHOCTH Ha OoJiee IMo3IHeM 3Tare BEIOopa.

Buwibop eduncmeennozo mapupyma uz noomnodicecmea Ilapemo-onmumanvHuix.
s BeIOOpa €AMHCTBEHHOTO MapUIpyTa M3 IOJIydeHHOro MHo)kecTBa [lapero-
ONTHMAIBHBIX ~BAPHAHTOB HEOOXOIMMO HCIIOJIB30BATh JIOTIOJHHUTEIBHYIO
MHPOPMAIMIO OT SKCHEPTOB, KOTOpas YTOUHSET M (HOPMAIM3yeT HAYaIbHOE
HEYEeTKOE IIPeICTaBlIeHNe 00 ONTHMAIBLHOM MapIupyTe.

Jist BBIOOpA €IMHCTBEHHOTO MapHIpyTa OyZeM HCIIOIb30BaTh OAWH U3 METOJIOB
CykeHHuss MHoOecTBa Ilapero — nekcmkorpaduueckuii Meroj, Korpa Habop

MOoKa3aTelleld KadecTBa k,...k,, CTpPOTrO YIIOPSIAOYECH IO BAXKHOCTH. HpI/I 9TOM

HCIIOJIB3YyCTCA neKcnkorpa(quecxoe OTHOLICHUC BApUAHTOB MapuipyToB,
OIIMCBhIBACMBIX BEKTOpaAMHU OIICHOK 3HAYCHHM IOKa3aTeei KadycCTBa

V=(k,..k,).

[IpuBeneM 0COOCHHOCTH JIEKCHKOTPapUIECKOr0 OTHOMICHHUS MapIIpyToB. [1ycTh
— lex —

AaHO BEKTOPBI OLEHOK v ,v e V. JIekcukorpapudeckoe OTHOIICHHE Vv > v’
BBITIOJIHSIETCS TOT A, KOTA BBIOIHACTCS OJHO U3 TaKHX YCJIOBUIL:
v, >V,
VIV LV, >V,

(2.3)

31mech v, >v, € V. — KOOPIHMHATHI COOTBETCTBYIOIINX BEKTOPOB OI[CHOK.

B onpenenennn nexcukorpaMueckoro OTHOIICHHS BaKHYIO pPOJIb HIpaeT
MOPSIIOK TIEpEeUYUCIeHUs TOoKas3aTenel kaudecTBa. lIpum M3MeHeHMM HOpsIKa
NePEUNCIICHUS N3MEHSIETCSI U JIEKCUKOTpadUuecKoe OTHOLICHHE.

B pesynbrare mnpuMEHCHHs JIeKCHKOrpaduueckoro Meroga wu3  Ilapeto-
ONTHUMAJIbHBIX BapUaHTOB MapIIPyTOB ObUT BBHIOPAH €JMHCTBEHHBIH NpPU JBYX
BUAX YIOPSIOUYMBAHMA MTOKa3aTenel kadectna: (k,, ky, k,) 1 (k;, k,, k;).
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Puc. 2.3a. Beanunna NOTEPb MAKETOB IMPU BA)KHOCTU PA3JIMYHBIX ToKa3aTelle
KadeCTBa
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JNIMHWU M CBA3SK

Puc. 2.36. CTOMMOCTh UCIIOIb30BAHMS JTUHUN CBSI3U IIpHU BAXXHOCTH PA3ZITUYHBIX
MoKa3aTelle KadyecTBa

Puc. 2.3a mokaspIBaeT IOTEpH MAKETOB Ha JIMHUAX CBSA3U, U3 KOTOPBIX COCTOST
MapIIpyThl, ¢ Pa3HBIMHU IOKA3aTeJIIMH BaKHOCTH. J[Ba mocieqHux crojbia
MMOKA3bIBAIOT CYMMY IIOTEph TAKETOB Ha BCEX JHWHUSAX CBs3u. Puc. 2.30
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MOKa3bIBa€T CTOMMOCTH HCIIOJIb30BAHMS JIMHUK CBSI3U, U3 KOTOPBIX COCTOSIT
MapmpyThl, ¢ pa3HBIMH MOKa3aTeIsIMH Ba)KHOCTH. J[Ba mociemHWX CTONOIa
MTOKA3bIBAIOT CYMMAapHYI0 CTOMMOCTH WCIOJB30BAHUS BCEX JIMHUHA CBS3H.
OTcroa MOXHO CIeNaTh CICTYIOIINE BEIBOJBI: BBIUTPHIII HambOoJiee Ba)KHOTO
MOKa3aTessl KayecTBa BeJIeT K MPOUTPHIITY JIPYrHX MoKa3aTesield KauecTna.

Cpasrenue nonyueHHbIX 8aApUAHMOE MAPWPYMUsayuu ¢ Mmapupymusayuei no
uzeecmuomy npomoxony OSPF. B cymectByromem anropurme OSPF mpoTtokon
JUHAMMYECKOM  MapIIpyTH3allid  COCTOSHHE  (KAadecTBO  MapiipyTa)
ompenendercss  TpeMsl  XapaKTepUCTUKAMHU:  3aJepXKKOH,  IPOIyCKHOH
CIIOCOOHOCTBIO M HaJIe)KHOCTHI0. OJJHAKO B KaueCTBE METPUKH BHIOMpAeTCsl U
HCHOJIb3YETCs IPU MapILIPyTHU3aLUHU TOJIBKO OAMH U3 TOKa3aTesell KauecTna.

[IpowumiocTpupyeM  CpaBHEHHE  IIPEUIOKEHHOTO  MHOTOKPHUTEPHAIBHOTO
MoJXoJa K BBIOOPY MapLIpyTOB M TOAXOAa K BHIOOPY MapHIPyTOB Ha OCHOBE
nporokota OSPF. Ha puc. 2.4 u3oOpakeHa 3arpys3ka JMHUI CETH CBSI3U IPU
WCIIOJIb30BAHUH TIOJYYEHHOTO Ha OCHOBE MHOTOKPUTEPHAILHOTO I10/1X0/1a
MOAMHOXKecTBa [lapeTo-onTUManbHbIX MapLIpyTOB, KOTOPBIH NPUBOAUT K
MHOTOIIyTEBOH MAapIIpyTH3alMd M MapLIPyTOB, IIOJYYSHHBIX Ha OCHOBE
npoTtokona OSPF.

T 10
x
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£ 8
I
] / W 3arpy3Ka NMHKUIA Ha
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S 5 i MHOrOKpPUTEPHAaNbHOTO
S . | noaxoaa
s T
g 4 10l arnyana AMHUE Ha
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=S >, [FFEFEERER] | | oCcHOBE NoAXoAaa
s - [ ~ene
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e = FEERERIIEIOINI 1
o n EE BN I EINEE i
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1 2 =4 7 [} 11 12 12 17 1Q

1 3 5 7 9 11 13 15 17 19

JIMHUM cBA3ZU

Puc. 2.4. 3arpy3ka JquHUHA CeTH CBSI3M INPU HCIIOJIb30BAaHWHU IIOJyYEHHOTO Ha
OCHOBE MHOTOKPHTEPHAIBLHOTO MOAX0Ja MHOXecTBa [lapeTo-onTuManbHbIX
MapuIpyTOB U MaplLIpyTOB, TOJYyYSHHBIX Ha OCHOBE npoTokona OSPF
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Puc. 2.4 moxa3piBaeT, 4TO MpPHU HCIOJB30BAaHUM IOJTYYEHHOTO Ha OCHOBE
MHOTOKPUTEPHAIBHOTO oaXo0a MHO>KECTBO [TapeTo-onTHMaNbHBIX
MapHIpyToB, KOTOPOE HCIOJNB3YyeTCSl TMPU OpPraHU3alld  MHOTOITyTEBOH
MapHIpyTH3aLUH, 3arPY3KN JMHUH CBS3M Oojiee paBHOMEPHBIE, HETY OOJBIINX
MEeperpy30K Ha OTAEIbHBIX JHMHUAX CBA3M B OTIMYUHU OT MapIIPyTH3alMUU IO
npotokosry OSPF.

Ha puc. 2.5 nzo0paxkeHO cpaBHEHHE BBIOOpa MapmipyTa u3 y3ma 0 B y3enm 8 ¢
UCTIONIb30BAaHIEM MHOTOKPUTEPHAIEHOTO MOAX0Aa npu BBIOOpE
K03 dunueHToB oTHOCcUTeNIbHON BakHOCTH (0.3; 0.3; 0.4) M MOIX0/1a HA OCHOBE
npotokosia OSPF 1o crouMoctu 1 motepu NakeToB Ha TOM MapIIpyTe.
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Puc. 2.5. CpaBuenue BiOopa MapmpyTa u3 y3ina 0 B y3en 8 ¢ UCIIOIb30BaHIEM
MHOTOKPUTEPHAIBHOIO MOJAX0JAa M MoAxoAa Ha ocHoBe mporokona OSPF mo
CTOMMOCTH 1 TTIOTE€PH ITAKETOB HA 3TOM MapIIpyTe

Puc. 2.5 mokasbIBaeT BBIUTPBIII MHOTOKPHTEPHAIBHOTO ITOAXOJA IIPH ydeTe
HOTEepb MAKETOB M CTOMMOCTH HCIIOJB30BAaHMS JIMHHUH CBS3UM OTHOCHUTEIBHO
npotokona OSPF. Xors mpoTtokon OSPF, Oyzner BBEIMTPHIBATE ¢ TOYKU 3PCHUS



BPEMEHHOHN 3aJIep’KKH, TaK KakK MPH 3TOM BBIOMpAETCS MyTh JHUII MO0 OJHOMY
3TOMY I10Ka3aTeNI0 Ka4eCTBa k; .

2.4. BeiBoabl

1. MHorokputepuanbHblii MOAXO0A K ONTUM@JIbHOMY PELIEHUIO 3aJadd
MapUIpyTU3aLdH JAaeT BO3MOXHOCTh YYHMTBHIBATH HECKOJBKHX IOKa3aTesel
Ka4yecTBa, KOTOPHIE BCECTOPOHHE OIIEHMBAIOT MAapHIpyThl. ONTHMaIbHBIM
pelIeHueM 3aJadd, KOTOpPOE YIOBICTBOPSIOT COTJIACOBAHHOMY ONTHMYMY
MoKa3aTeliel KadecTBa MapIIpyTOB, €CTh MHOXECTBO [lapeTo-onmTuMambHBIX
pEeLIeHUIA.

2. MuoxectBo Ilapero-onTUMaNbHBIX PELIEHUH MOKHO MCIIONIB30BaTh IS
OpTraHM3al¥ MHOTOITYTEeBOH MapLIPYTH3alUH, YTO IO3BOJHUT DPAaBHOMEPHO
HCIIOJIB30BATH JIMHUH CBSI3H.

3. Jlust BbIOOpa €MHCTBEHHOTO BapHaHTa MapIIpyTa MOXKHO HCIIOJIB30BATh
JIOTIOJTHUTEIbHYI0 WH(POPMAIMIO OT 3KCHEPTOB C HCIIOJIb30BAaHHEM METOJIOB
Cy)KeHHsI TIOZIMHOKecTBa [lapeTo Ha OCHOBE BBEICHUS CKASIPHBIX (QYHKIMH
LICHHOCTH, JIEKCUKOTPA(h)UIECKOT0 10/IX0/1a, TEOPUH PA3MBITHIX MHOXKECTB H JIp.

4. PaccmoTtpenst MPAKTHICCKHE 0COOEHHOCTH TIPUMEHCHHUS
MHOTOKPUTEPHAIBHOTO  MOAXOAAa K  PEIICHHI0  33da4d  ONTHUMAaJIbHOU
MapuIpyTH3aliK Ha IpuMepe ¢pparmMenTa ceTi XapbKOBCKOH 00JIaCTH.

5. IlpoBeneH CpaBHUTENbHBIA aHAIW3 PE3YJIBTATOB pELIEHUS 3aJadu
MHOTOKPUTEPUAILHON ONTUMHU3ALUK U MaplIPyTU3alUU COTJIACHO M3BECTHOTO
npotokona OSPF.

37



3. CPABHUTEJIbHBII AHAJIN3 METOJ0OB MAPIIIPY TU3AIIMMA B
MOBMWJIBHBIX AD HOC CETAX

CyImiecTByeT MHOTO Pa3HBIX THUIIOB MPOAKTHUBHBIX, PEAKTUBHBIX M THOPUIHBIX
MPOTOKOJIOB MAapIIPYTU3allUH, KOTOpPBIE MOTYT OBITh HCHOJB30BAHBI B
MOOWIIBHBIX CHTYaIlMOHHBIX ceTsx [27-41]. B HacTosimem paszerne mpoBOIUTCS
CPaBHHUTEIFHBIN aHAIN3 CYIIECTBYIOMINX IMPOTOKOIOB MapIIPYTH3AUN C TOUKH
3peHHS COBOKYITHOCTH ITOKa3aTeled KadecTBa, OIPEICIAIONINX CBOHCTBA
BEIOpaHHOTO CcrIoco0a MapIIpyTH3AINH.

3.1. Knaccudukauus npoToKoJI0B MapLIPYTH3ALHH

Orpannuennsle pecypcsl B MANET nenator paspaboTtky sddextuBHON U
HAJICKHON CTpaTeTHH MapHIPYTH3AIH OYCHb CJIOXKHOW mpobnemoit. Jms
(G (PEeKTUBHOTO  HUCIIOJIB30BaHHUS  OrPaHUYEHHBIX  PECypcoB  HeoOXxonuma
MHTEIUICKTyalbHasl CTPATerys, CIIoCOOHasi aalTHPOBAThCS K M3MEHSIOIIUMCS
YCJIOBUSIM, TAKMM KaK pasMep CeTH, INIOTHOCTh Tpaduka u (pparMeHTaIus CETH.
Bwmecte ¢ TeMm, NpOTOKOJI MapLIpyTH3alWK J0JDKEH OOecleuynBaTh pa3jindHbIC
yposHU QOS A5 pa3IMUHbIX TUIOB MPHIIOKEHUH U MOJIb30BaTENEH.

Panee ucCmonb30BaINCh JBAa OCHOBHBIX alrOpUTMa MapHIpyTH3alMH. OTH
AITOPUTMBI OOBIYHO HA3BIBAIOTCS MapLIPyTH3alUeld MO COCTOSHUIO KaHajda U
JUCTAaHIIMOHHO-BEKTOPHOM  Mapuupytuzauveid. B Mapuwpyruszauun 1o
COCTOSIHUIO KaHaJla KaXXIbIH y3el MOJIIEP:KUBAET aKTyallbHOE IPEJCTABICHHE
CeTH, TNMEePUOAMYECKU pacchlias HH()OPMALUIO O CTOMMOCTH COCIUHEHHS C
COCETHMMH y3JIaMH BCEM Y3J1aM CeTH, UCIOb3ys cTpareruto (aynunra. Korna
y3€eJI IMoJTy4aeT IMakeT OOHOBJIEHUsI, OH OOHOBIISIET CBOC MPECTABICHUE CETH U
nH(OPMALNIO O COCTOSHHUM KaHaja, WCIOJIb3YsS aJTOPUTM KpaTyaHIlero ImyTd
JUIs BBIOOpa y3J1a JajbHEHIIero xoma Uil Kakaoro ajapecara. TpaauilMOHHbIC
QNTOPUTMBl  MapIIPyTH3allMd IO COCTOSHHUIO KaHajla U JAUCTaHIMOHHO-
BEKTOPHOW MAapIIPyTH3alUd HE MOIYT OBbITh HCIOJIB30BaHBl B OOJBIINX
MANET, no mpuurHe TOro, YTO MEPUOJUYECKHE WU 4YacThle HM3MEHEHHSI
MapuipyToB B OOJBIIMX CETSX MOIYT IOTPeONATh 3HAYUTEIbHYIO YacThb
JOCTYITHOH TIOJIOCHI MPOITYCKAHMS, IPUBOJANTH K KOH(INKTAM JOCTYIIa K Cpesie
MU 3HAYATENBHO pacXoI0BaTh pPECypC HCTOYHHKOB NHUTAaHUSA y310B. /[l
MIPEOJI0JIeHNs MTPO0IIeM, CBA3aHHBIX C MCHOJIb30BAHUEM JAHHBIX aJITOPUTMOB B
MANET, 05U1 TpeaioxkeH psa MPOTOKOJIIOB MapHIpyTHU3AlUH, KOTOPhIE MOTYT
OBITH paszesieHbl Ha TP TPYIIIBI: TPOAKTUBHBIC, PEAKTHBHBIC U THOpHIHEBIC. B
MPOAKTUBHBIX MPOTOKOJAX MapHIPYTU3alMM MapLIPyThl KO BCEM ajpecaTaM
(MM YacTAM CeTH) ONPEACNIAIOTCS B MOMEHT (OPMHUPOBAaHHMS CETH U
MOJIJIEP)KUBAIOTCS TIPH MOMOUIM TIEPUOIUUECKOr0 OOHOBJICHHS MapiipyToB. B
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PEaKTHBHBIX MPOTOKOJAX MapUIPYTHl OMPEACISAIOTCS MO TPeOOBAHUIO Y3JIOM-
OTHpaBUTEJIEM TIPU TIOMOIIM IIpolecca TIOWCKa MapupyTa. [ uOpumHbe
MIPOTOKOJIBI  COBMEIIAIOT OCHOBHBIE CBOWCTBAa JBYX OIMCAHHBIX KJIACCOB
MIPOTOKOJIOB, TO €CTh MMEIOT KaK MPOAKTHBHBIA, TaK M PEAKTHBHBIH XapakTep
onHOBpeMeHHO. Kaxknas rpymnmna mpoTOKOJIOB UMEET PsAJ] Pa3InUHbIX CTpATeruit
MapLIpyTH3aLUU, KOTOPbIE HCIOJIB3YIOT JHMHEHHYI0 MM HEepapXUUecKylo

CTPYKTYPY MapIIpyTOB.

[Iporokonsl mapmpytuzanmu B MoOwimpHBIX ad hoc cersix Moryr ObITh
KIACCU(QHUIUPOBAHBl TI0  PsAY  OTIMYUTENBHBIX  XapaKTEPUCTUK. OTH
XapaKTEePUCTUKN OOBIYHO IOJpa3yMeBaroT HH(OpMaluio, HEOOXOAUMYIO JUIs
OCYILIECTBJICHHS MapLIPyTU3alM{, OINpPENeNsIIoT, Korja dTa WH(popManus
MOJy4aeTcs, MW Kakue (YHKIMM MOTYT BBINOJHATH Y376l B IpOLEcce
MapHIpyTH3aIHH.

3.2. Oco0eHHOCTH  NPOAKTHBHOH, PeakTHBHOW W  rUOpUAHON
MapIIpyTH3AIHH

[IpoTokomsl mapmpyTu3anuu Uit MoounsHBIX ad hoc cereil MoryT OBITH
KJIacCH(UIMPOBAHBl HMCXOIS W3 TOrO, Kak IIOJNY4aeTcsi W IOJACPKUBACTCA
MOOWJIBHBIMHU y3J1aMd MHGpOpMaLys 0 Mapumpyrax. Takum oOpas3oMm, ceTeBble
MIPOTOKOJIBI MapIIPyTU3aLUH MOTYT OBITH pa3JeiieHbl, KaK OIMMCAHO BBIIIC, Ha
MIPOAKTHBHBIE, PEAaKTHBHBIC ¥ THOPUIHBIC.

IIpoakTuBHBIE  (YNpeXIaloLME) MPOTOKOJBI TAaKXKE YacTO  Ha3bIBAIOT
TabaMyHbIMU. VICTIONB3ysl MPOAKTHBHBIA NPOTOKOJ MapHIpyTH3aIllMH, Y3JIbl B
MoOmiIbHOM ad hoc-ceTM TOCTOSHHO BBIYMCISIOT MapIIpyThl KO BCEM
JOCTYHNHBIM  y31aM M  TBITAIOTCA  HOJAEPKUBATh  AKTyaJlbHYI0 U
HETPOTHBOPEYMBYIO MapIIpyTHYI0O HHQpManuio. TakuMm oOpazoM, y3en-
HCTOYHMK MOXKET IOJIYYUTh MApIIPYT HE3aMEIIUTENbHO, KaK TOJBKO OH
HOHAI00HTCSL.

B npoakTUBHBIX MPOTOKOJNAX  MapLIPYTU3alUKM BCE  y37bl  JIOJKHBI
NMOAJIEP)KUBATh  AJ€KBATHOE MpEICTaBieHHE ceTeBol Tomonoruu. I[lpu
U3MCHCHHUU TOIIOJOI'U I/IH(I)OpMaHI/ISI O HEM MOO0JDKHa 6I>ITI) r[epe)laHa BCEM
CETEBbIM y3JaM. BOJBUIMHCTBO IPOAKTUBHBIX IPOTOKOJIOB MaplUpPyTH3alUU B
MOOUIBHBIX ad hoc ceTsIX MMEIOT CBOWMCTBA, YHACIEJOBAHHBIE OT aJTOPUTMOB,
I/ICHOHb3yIOH_[I/IXC$[ B HpOBOI[HI)IX CCTAX. C IEJIbK aaanTaiuyu K JUWHAMHUYCCKUM
ocobernHocTsiM MANET, B TpaaunuoHHBIE MPOTOKOIBI JJIS MPOBOTHBIX CETEH
JOJDKHBI OBITh BHECEHBI OIPECIICHHBIC M3MEHEHHA. VICronp3yst pOaKTHBHEIC
MIPOTOKOJBI MapIIPYTH3AIMH, y3JIbI HEMPEPHIBHO OOHOBILIIOT MH(POPMAILIUIO O
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COCTOSIHUH CETH M TOAJCPKUBAIOT MapUIPyThl HE3aBUCHUMO OT TOTO, €CTh JIH B
cetn TpaduK, UYTO TOPOXKAAET 3HAYNTEIBHBIE PACXOJBl MPOITYCKHON
CIOCOOHOCTH U 3apsi/ia NCTOYHHKA ITUTaHNUS.

PeakTuBHBIE TPOTOKONIBI MapIIpyTH3aHK A1 MoOMIbHBIX ad hoc cereit Takxke
MMEIOT Ha3BaHUE MPOTOKOJIOB C MapIIpyTH3aluel «1o TpeboBaHHi0». B Takmx
MPOTOKOJIAX TMOMCK MapIIPYTOB MPOMCXOAUT TOIBKO Ipu HeoOxoaumoctu. [Ipu
nepenave, y3ed-UCTOYHUK HHUIMUPYET MPOIEAypy I[OUCKAa MAapIIpyTOB,
KOTOpasi 3aBepIIaeTCsi KOTJa MapipyT Haiiien, a0 Korja Mapiipyra He
CYIIECTBYET, MOCJIC IIPOBEPKU BCEX BO3SMOXKHBIX BAPHAHTOB MapIIPYTOB.

B mMo6unbHBIX ad hoc ceTsix nelicTByIOmUE MapIIpyThl MOTYT OBITh HApyIICHBI
BCJIC/ICTBHE MOOWMJIBHOCTH  Y3JIOB, IIO3TOMY IIOJUIEPXKKa MAapUIpyToB B
PEaKTUBHBIX MPOTOKOJNAX SBIAETCS OuyeHb BakHOW. [lo cpaBHeHMIO C
[IPOAKTUBHBIMU I[POTOKOJIAMM MAapLIPYTU3allUM, MEHBIINE pPacxoAbl Ha
YIPaBISFONMHA TpaduK SBISIFOTCS HECOMHEHHBIM MTPEUMYILIECTBOM PEaKTUBHBIX
MIPOTOKOJIOB, MOATOMY peakThBHbIE TpoToKoJIbl B MANET umeror Gosbliyro
Macmrabupyemocts. OfHAKO, UCIIONB3YS! PEaKTUBHBIE MPOTOKOIIBI, IS y3JIOB-
HCTOYHHMKOB MOTYT BO3HHKATh IPOOJIEMBI, CBA3aHHbBIE C 3a[CP)KKaMH Ha IOUCK
MapIpyTa, epeji TeM, KaKk OHU CMOTYT HauaTh Iepeady MakeTOB JaHHBIX.

[Iprmepamu peakTHBHBIX MPOTOKOJIOB MapIIPyTH3AIiH 11t MOOMIBHBIX ad hoc
ceTeil MOTYT CIyXHUTh poTokosisl DSR 1 AODV.

C 1enbio 00BEAMHUTH JIOCTOMHCTBA MPEOJOJIETh HEJOCTATKU MPOAKTHBHBIX U
PCaAKTUBHBIX IIPOTOKOJIOB 6I)IJ'II/I MPEAJIOKCHBI FI/I6pI/I)IHI)Ie ITPOTOKOJIBI
MapmpyTtuzanuid. OOBYHO THOPHUIHBIE MPOTOKONBI MapIIPyTU3AUN IS
MOOMIBHBIX ad hoc-ceTell HMCIMONMB3YIOT HMEepapXHUECKyl0 apXHTEKTYPy CETH.
[IpoakTHBHBIH M PEaKTHBHBIH ITOIXObI UCIONB3YIOTCS Ha PA3IMYHBIX YPOBHSX
uepapxuu. B kadecTBe mpuMepoB I'MOPHIHBIX MPOTOKOJOB MOXKHO IPHBECTH
ZRP,ZHLS n HARP.

3.3. CTpyKTYpHpOBaHHUeE H JIeJeTHPOBAHHUE 32124 MAPIIPYTH3ALUHU

Hpyroii cmoco0 KiacCHpUKANUN OCHOBAaH Ha POJSAX, KOTOPBIE MOTYT HUMEThH
Y376l B CXeMe MaplIpyTu3zaluudud. B oIHOpOJHOM MPOTOKOJIE MapHIpyTU3ALUH
POJb, BaXHOCTh U (PYHKIIMOHAIEHOCTh BCEX MOOWJIBHBIX Y3JIOB OJIMHAKOBEI.
[IpumepaMu OJTHOPOAHBIX MPOTOKOJIOB MApUIPYTH3ALUU MOTYT Ciy)XUTh WRP,
DSR, AODV u DSDV. OnmHOpOogHBIH MPOTOKOI MapIIPyTU3alUU OOBIYHO
MperonaraeT JUHEHHYIO CETeBYIO0 CTPYKTYpy. B HEOIHOPOTHBIX MPOTOKOIAX
Y376l MOTYT BBINOJHATH pa3IUuHble (YHKIMH 10 YHOPABICHUIO WM
MapumpyTuzanud. J{ng BeIOOpa TakMX y370B  OOBIYHO  HCIOJB3YIOTCSA
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pacmpeneneHHbIe aNroOpuTMBI. B HEKOTOPBIX CiydasXx HEOTHOPOIHBIN MOIXO0M K
MapIIpyTH3alANd  HCHOIB3YyEeT HMEPAPXUYECKHE CETEBble CTPYKTYpBI M
YIPOILEHHUs OPraHU3aluH U YIIPABICHHS y3JIaMU.

HeonHopoaHble NMPOTKOMBI MapLIPyTHU3aLUM MOTYT ObITh, B CBOIO OYepenb,
pasIesneHsl 1Mo croco0y OpraHu3alui MOOMIIBHBIX Y3JI0B U CLIOCO0Y YIpaBICHUS
W MapupyTHU3aluH. B  COOTBETCTBHM ¢ OTHM KpPUTEPHEM  BBIICIIOT
HepapXUyYecKyl0 MapLIpyTH3AlMI0, OPUCHTHPOBAHHYIO Ha 30HBI, KIacTep-
OPHCHTHPOBAHHYIO HEPAPXHYCCKYI0 MAapIIPYTU3aLUI0 W MapIIpyTH3aLHIo,
OCHOBaHHYIO Ha 0a30BOM y3ie, (zone-based hierarchical routing, cluster-based
hierarchical routing, core-node-based routing).

B 30HHO-OpHEHTHPOBAHHBIX MPOTOKOJAX MAPIIPYTH3anWHU It (popMHUpOBaHMS
30H TPUMEHSAIOTCSA Pa3IUuHble AJITOPUTMBI; HAlpuUMep, HEKOTOpble W3 HUX
HCIIONB3YIOT reorpaduueckyro nndopmanuio. Vcronas3oBaHue pa3ieeHus CeTH
Ha 30HBl CYIIECTBEHHO CHIDKAeT pacXoJbsl Ha MONIEPKKY MapIIpyTHOH
nHpopmanmu. MoOWIBHBIE Y376l B TIpE/ieNiaX OHOW 30HBI 3HAIOT, KaK JOCTHYb
JpyT Apyra ¢ HAaUMEHBIIMMH 3aTpaTaMu, HE MOJIEPKHUBaAsi MAapUIPYTHl KO BCEM
y3JlaM ceTH. B HEKOTOpBIX 30HHO-OPHEHTHPOBAHHBIX MPOTOKOJIAX OTACIbHBIC
y3JIbl IEHCTBYIOT KaK IIITIO3bI, OOCITyXKMBasi MEX30HOBYIO CBs3b. [Ipumepamu
30HHO-OPHEHTHUPOBAHHBIX MPOTOKOJIOB MOTyT ciayxuTh ZRP u ZHLS.

Knacrep-opueHTHpOBAaHHBIE ~ MPOTOKOJBI  MApIIPyTHU3AlMHd  HCIOJB3YIOT
OTIPEZICTICHHBIC aJTOPUTMBI KJIACTEPU3AlMM JUI BBIOOpA TJIABHOTO Y37a B
kiactepe. MoOHMIbHBIE Y3IIbI TPYNIHUPYIOTCS B KJIACTEPBI, & TIABHBIC Y3IIbI
OTBEYAIOT 3a ydyacTHEe Y3JIOB B Kiacrepe W (YHKIMH MaplIpyTH3alHH.
[IpumepoM KnacTep-OpHEHTUPOBAHHBIX MpoTokoaoB B  MANET moxer
cnyxxuth CGSR. HekoTopble knacTep-OpHEHTHPOBAHHBIE MPOTOKONBI, TaKHE
kxak HSR, nmognep:xuBatoT MHOrOypOBHEBYIO CTPYKTYPY KJIACTEPOB.

B mporokonax mapmpyrunszanuy ¢ 0a3oBBIMH y3JIaMH, M3 HEKOTOPBIX Y3JIOB
CeTH, BBIOMPAEMBIX TUHAMHYECKH, (DOPMUPYETCSI «MArucTpajbHas» CETh. Y 3JIbI
MarucTpajbHOW CETH BBINOJHSAIOT OINpeJesICHHbIe (YHKIMU, TaKhe Kak
(dbopMupoBaHNEe MapLIpyTOB M YIpaBieHHe Hepenadeil makeros. llpumepom
TaKOTo MpoToKosa MoxeT cry)kuTh CEDAR.

3.4. MapmpyTu3anmsi ¢ MCI0JIb30BAHUEM CeTEBBIX METPUK

MeTpuKH, HCHONB3yeMbIe TIPH MTOCTPOSHUH MapIIpyTOB, MOTYT OBITH B3STHI 32
OCHOBY  KJacCU(HKAIMH  MPOTOKOJIOB  MapUIPyTH3alUH.  BOJBIIMHCTBO
MPOTOKOJIOB MapIIpyTU3alluKd B MOOMIBHBIX ad hoc ceTsX B KauecTBE METPUKH
HCIIOJIb3YIOT KOJIMYECTBO XOMOB. B cUTyalusix, KOrja BO3MOXHO HECKOIBbKO
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MapmpyToB, MPEANOYTCHUC OTAACTCA MapIIpyTy ¢ MUHUMAJIBHBIM KOJIMYCCTBOM
xonoB. Ecmm Bce OecnpoBospHBIE KaHANBI B CETH HMMEIOT OAWHAKOBYIO
BEPOSATHOCTH OMIMOKH, KOPOTKHE MapIIpyTHl OyAyT Ooiee cTaOMIBHBI U, KpOME
TOTO, TO3BOJIIT 3HAYUTENBHO CHU3UTH pPAacXoasl Tpaduka W yMEHBIIUTH
koyusuK. OnHAaKo, MPUHUMATH OJWHAKOBBIE XapaKTEPHCTHKH HAJIC)KHOCTH B
6ecnipoBoHbIX ad hoc cersix yacto HekoppekTHo. I[losTomy, cTaOMIBHOCTBH
KaHalla JIOJDKHA OBITh oleHeHa mpu (opmupoBanuu Mapmpyrta. Hampumep,
MoAX0/1bl, MpuMeHsieMble B npoTokonax ABR u SSBR, ucnosnb3yior B kauecTse
METPUK CTAOMIBHOCTh KaHalla MM MOIIHOCTh CUI'HAA.

HexoTtopble MOOMJIBHBIE TPHIOKEHHUS MOTYT MMETh pa3jIMuHble TpeOOBaHMUS
QoS. C nenpto peamusanuu TpedboBanuii QoS B MoOmibHBIX ad hoc cetsx, mpu
MapIIpyTU3alUK JOJKHBI OBITh 33J€HCTBOBAHBI COOTBETCTBYIOLINE METPHKH,
ocHoBanHble Ha QoS. Kak m B mpoBomubix ceTsix, B MANET moryTt OBITH
UCIIONB30BaHbl MeTpukH QOS, Takume Kak Iojioca MpOIYCKaHHs, 3aJCpiKKa,
GuykTyaunn  3aJepKKH, KOIP(UIMEHT NOTepU IAaKeTOB M CTOMMOCTb.
Hanpumep, B mportoxkore CEDAR B kadecTBE METpHK INpPU MOCTPOECHUHU
MapIIpyTOB HCIIOJB3YIOTCS IPOIyCKHAs CIIOCOOHOCTH W CTAOMIBHOCTH
COCIMHEHUSI.

3.5. OneHka TONOJIOIMH, HA3HAYEHHUS M TOJI0KeH!s IPH MAPIIPYTH3ALUU

B nporokonax mapmpyruzanuu 1t MANET, ocHOBaHHBIX Ha TONOJIOTUH, IS
NPUHATHS PEIICHHH O MapIIpyTH3alWH, Y3JIbl UCIIOJIB3YIOT HH(OPMALUIO O
CeTEeBOH TOIOJIOTMH. B OTiIMuYMe OT MNPOTOKOJIOB, OPHEHTHPOBAHHBIX HA
TOIMOJIOTHIO, it MOOWIbHBIX ad hoe-cereil mpeasoKEHBI MPOTOKOJBI,
OCHOBaHHbIE Ha MH(POPMAIMU O TOYKE Ha3HAueHMs. B Takux mpoTokoiax y3iy,
JUIs TOCTaBKM MaKeTa B TOYKY HA3HAYEHHs, JOCTATOYHO 3HATH TOJIBKO aJpec
CIIEIYIOIIero Xomna B mpezaenax Mapuipyra. Hanpumep, npotokosn DSR ochHoBan
Ha Tomonoruu, a AODV u DSDV Ha Touke Haznauenus. Jloctymaocte GPS,
WIN JPyrod MoJOOHON CHCTEMBI MO3MLIMOHHPOBAHMSA, JAaeT y3JlaM AOCTYN K
uHpopManmuu 00 WX TeorpadUYecKoM TOJOXKEHWH. B  mpoTokomax
MapHIpyTH3alii, OPHUEHTHPOBAHHBIX A TOJOKEHHWE, MPOCTPAHCTBEHHBIC
OTHOILIEHMS] MEXAYy MNepefarolluM y3JIOM M Y3JIO0M-aJpecaToM, C Y4eTOM
MOOMIIBHOCTH Y3JIOB, MOTYT OBITH HCIIOJB30BAHBI JJIsI TIOMCKAa MapUIpyTOB U
JocraBku naketoB. CymecTByromue noaxoas! k Mapmpyruzauuu B MANET na
OCHOBE MH(OpPMAIMU O TIOJIOKEHUH MOTYT OBITh pa3ziejeHbl Ha JBE CXEMBI.
CornacHO TmepBOil cxeMe, y3/Ibl MEepefaloT MaKeThl HCKIIOYUTEIBHO
OCHOBBIBaSICh Ha MH(OpMALMK O TIOJIOKEHUH U He TPeOyIOT HUKAKOW Jpyro
WHpOPMAILINH.
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Jpyrast cxema NpeanojaraeT OJHOBPEMEHHOE HCIIONIb30BaHHE MH(OPMAaLUH O
MOJIOXKEHNH W O TOMOJOTHHM CeTH. llpuMepamMu THMHYHBIX IIPOTOKOJIOB
MapuIpyTH3allii, OCHOBAHHBIX Ha IMOJIOKEHHHM, MOTYyT ciyxkuTb LAR u
DREAM.

3.6. MHoronyTeBasi MapIIpyTH3aLus

OTaenbHO ClieAyeT OTMETHTh AITOPUTMBI MHOTOMYTEBON MapIIpyTH3AIHH,
CO3/IAM0IIIEe MHOXKECTBO MApIIPyTOB OT Yy3Ja-UCTOYHHMKA JIO y3JIa-IIOIyqaTess
cooOmieHns. MHOXECTBO TyTedl TeHepupyercss 10 TpeOOBaHHIO WK
MPOAKTUBHO. [lOCKOJIBKY, BCIIEACTBHE MOOWIBHOCTH Y3JI0B, H3MCHCHUE
toroyiorud B ad hoc ceTsx MpOMCXOIUT OYCHB OBICTPO, TAKOW MOAXOJ HUMECT
ceon TnpeumymiectBa. (OCHOBHBIM TIPEUMYIIECTBOM B  HCIIOJb30BAHHU
MHOJKECTBaA IyTed sBisieTcs 6osee 3PEeKTUBHOE HCIOIB30BAaHHUE MPOITYCKHOM
CIOCOOHOCTH KaHajda BMECTE€ CO 3HAYMTEJbHBIM YBEIHMUCHHEM HaJeKHOCTH
CBSI3H.

3.7. Iporoxon mapmpyrusanuu Destination-Sequenced Distance Vector
(DSDV)

Tabnuunelit  mpoTtokon Mapupytuzanuu  (Destination-Sequenced Distance
Vector (DSDV) ochHoBan Ha anroputMe bemnmana-@opma. Kaxmwiid
MOOWJIBHBIN y3€] MOAJCPKHUBACT TaOJUIy MapLIPyTU3alUH, KOTOpas COCTOHMT
U3 BCEX BO3MOXKHBIX HAlpaBJICHHH B CETH M KOJMUYECTBA XOIOB, HEOOXOIMMBIX
JUTSL TIOCTIDKEHHS KQXI0M M3 TOYeK HasHaueHWs. Kaxkas 3anmch XpaHUT Takke
MOPSAKOBBI HOMEp IOCIIEHOBATEIFHOCTH. ODTOT HOMEpP HEOOXOOUM  JUIs
OIpEe/ICIICHUS] YCTapEBIIKX 3aMMCel ¥ MPEJ0TBPALICHUS] BOSHUKHOBEHHS MIETEb.
B mensix obecrieueHnst 1EJIOCTHOCTH TaOJNWIBI MaplIpyTU3alUy, OOHOBIICHMS
MapuIpyTOB NEPUOJUYECKU PACCHIJIAIOTCS 110 BCEH CETH.

CymecTByroT 2 Tuma OOHOBICHWIA: TOJHBIA W HWHKpPeMEHTanbHBIH. [lomHOE
OOHOBJICHHE PAcChUIACT COCEIAM IMOJHOE COACPKAHNE MAPUIPYTHOW TaOJIUIBI U
MOXET TOTpeboBaTh M TepeAayd OTHPaBKy HECKOJBKHUX  ITaKEeTOB.
HHKkpeMeHTaIbHBIC OOHOBIICHHSI, COCTOSINHE W3 HM3MCHECHHH B MapHIPyTHOM
TabIHUIIe, TPOU3OMICAIINX C MOMEHTA TOCIEIHETO IMOJHOTO OOHOBICHHSA, KaK
MPaBUJIO, HEOONBINIE W MOMEIIAIOTCA B OMWH mMakeT. Korma cete cTaOmIilbHa,
WCTIIONB3YeTCS MHKPEMEHTadhbHOE OOHOBICHHWE, a IIOJHOE OOHOBIICHHE
BEIMONHACTCS peako. C  Apyrod CTOPOHBI, TIOJHOE OOHOBIICHHE OyneT
BBIMOJTHATHLCS TOPA3/I0 Yallle B OBICTPO U3MCHSIFOIICHCS ceTH. MOOUIIBHBIC Y3JIbI
JUIsl  XpaHEHUs] WHKPEMEHTAJIbHBIX OOHOBIEHHM HCHOJB3YIOT OTIEIbHYIO
TaoHILy.

43



B nononnenne k uHpOpMANMU TaOMMIBI MapUIPYTHU3AlMU, KaXKIbld MaKeT
OOHOBJICHHS MapHIPyTa COJCPKHUT OTACNIBHBIN IOPSAKOBBII HOMEpP, KOTOPBIH
Ha3Ha4YaeTcs TNepeJaTdnkoM. Vcmomb3yercss MapmpyT C CaMbIM  HOBBIM
(mambompmmM)  HOMepoM.  Ecim  HECKONBPKO ~ MapHIpyTOB — HMMEIOT
OJTMHAKOBBIMITOPSIIKOBBIM HOMED, BEIOMPAETCs KpaTYaiIlni U3 HUX.

HC,Z[OCTaTOK OpoOTOKOJIa — HNECPHUOJANYICCKUC OOHOBIIEHHMSI HE3aBHUCHUMO OT
W3MEHCHUM TOIIOJIOTHH.

3.8. Iporokoan mapmpyruzanuu Cluster-Head Gateway Switch Routing
(CGSR)

IIporokon mapmpytuzammu CGSR — 3T0 cxeMa KiacTepusaluu, KOTOpast
UCTIOJNB3YeT pacIpeesieHHbIN anropuT™, HasbiBaeMmblii Least Cluster Change
(Haumenbiiee u3MeHenue kiactepa, LCC). IlyreM oObeauHEHHs Y3JIOB B
KJIacTephbl, KOHTPOJIMPYEMble KOHTPOJUIEPAMH KJIaCTEpPOB, CO3JaHa OCHOBA JUIs
pa3paboTKU JIOMOJIHUTEIBHBIX BO3MOXKHOCTEH KaHalla JI0CTYIIa, PacIpeesiCHHs
NPOIYCKHOW CHOCOOHOCTH M MapUIPyTHU3allMH. Y3Ibl CBS3BIBAIOTCA C
KOHTPOJUIEPOM KJIacTepa, KOTOPBIH, B CBOIO OUYEPEllb, CBA3BIBACTCS C IPYTHMHU
KOHTPOJUIEPAaMH KJIACTEPOB BHYTPH CETH.

Br16op koHTpoiiepa KiacTepa sIBIsIeTCS O4YEHb BA)KHOM 3ajadeil, MOCKOIbKY
YacTble M3MEHEHUS KOHTpOJUIepa KIacTepa OKaXXeT HEeraTHBHOE BIMSHUE Ha
3aBUCAIIME OT HEro AJTOPUTMBI pacnpelesieHue pecypcoB. Takum oOpas3om, B
9TOH cXeMe CTaOWIBHOCTh KJacTepa HMEeT IIePBOCTEICHHOE 3HAuCHHE.
Cornacuo anroputmMa LCC koHTposutep KiacTepa OyAeT MEHSTHhCS TONIBKO B
JIBYX CIydasX: €ClIM JIBa KOHTpOJUIEpa KJIacTepa BXOAAT B PaaMyc JCHCTBHS
JpyT IpyTa, WX KOTJa y3€J] OTKII0YaeTCs OT JII000T0 IPyroro Kiacrepa.

CGSR sBasiercst 3¢ (heKTHBHBIM CITOCOOOM IS paclpeieieHUs] KaHAIOB MEXITy
Pa3IUYHBIMY KJIACTEPAaMH ITyTEM MOBBIIICHNS IPOCTPAHCTBEHHOTO MOBTOPEHHUSL.
Tpebdoanne CGSR Kk KaHaIbHOMY YPOBHIO BBITJIAJHUT CIIETYIOIIMM 00pa3oMm:
KaX/Ibli KJIacTep omnpejensercss yHukanbHeIM kogoM CDMA u, cienoBartensHo,
Ka)XXJJOMY KJlacTepy HEOOXOIMMO HCIIOJIb30BATh MPOCTPAHCTBEHHOE MTOBTOPHOE
HCTOJIb30BaHUE KO/0B. B mpenenax kaxxaoro kimactepa ucnonszyercs TDMA ¢
nepeaaveit mapkepa.

B cern, ucnomp3ymoomieidl 3TOT HPOTOKOJN, MAaKeT MEepefacTcs dYepe3 psin
KOHTPOJIJIEPOB KJTACTEPOB H IILTIO30B.

[1mr0361 TIPENCTaBIAIOT COOOM y3JIbl, KOTOPBIE SIBJIAIOTCS 4ieHamu Oosiee 4eM
OJIHOTO KJIacTepa, U MOATOMY HCIOJIb3YIOT HECKOJIBKO pasHbiX KojjoB CDMA,
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OTIpeIeNIEMBIX COOTBETCTBYIOUIMMH KOHTpOJIEpaMH KiacTepoB. OCHOBHBIMU
(dakTopamy, BIMAIOMMMH Ha MapHIPyTH3ALHUIO B TAaKOH CETH, SIBISIOTCS
nepefaya Mapkepa (KOHTpOJUIEPHI KJIACTEpOB) W paclpeieieHHe KOJOB
(mwtro3e1). s oOHapyKEHHsI YCTapeBIINX MapIIPyTOB W yCTPAHEHUS IIETENb
ucnosbdyercs, kak 1 B DSDV [1], nopsinkoBbiit HOMep.

3.9. IIporoxoa mapmpytusauuu Wireless Routing Protocol (WRP)

IIporokon mapumpytuzauuu WRP sBisercst pe3ynbraToM OAHONW M3 CaMbIX
paHHHUX paboT Mo anropuTMaM MapmpyTr3anui B ad hoc ceTsx, m 04eHb CXOXK C
pacripeziesieHHbIM  anroputMoM bemnvana-®opaa. OH mpencraBiseT coOoi
TaOJIMYHBIA POTOKOJI MapIIPYTH3ALMH, B KOTOPOM TaOJHIIBI COJIEPIKaT IaHHbIe
000 Bcex HampaBlieHUsIX. B Tabinie MapmipyTH3aluu COAEpKaTcsl 3arncH IS
KaXJIOTO y3Jla Ha3HAuYCHHUs, aJpec CIEIYIOIEro Xomna U Bec METpUKH. BriGop
MapuipyTa MpOU3BOJUTCS ITyTEM BbIOOPA OJHOIO M3 COCETHMX Y3JIOB, KOTOPBIN
MO3BOJINT CBECTH K MHHUMYMY CTOMMOCTb IyTH. CTOMMOCTb COEIUHEHMs
COZICPIKUTCSL B OTAeNbHOM Tabmuue. [l ompeneneHuss CTOMMOCTH MOTYT
HCIIOJIB30BATHCS PA3TUIHBIE METOIBI.

Jis  monmep)kaHUS aKTyaldbHOM TaONUIBl MapHIpyTH3alUH  HCIIONB3YeTCs
pacchuIKa MakeToB OOHOBICHUS MapuIpyToB. OHU OTIIPABIISAIOTCS BCEM COCEIIM
y3Jla U COJIEp>KaT BCe MapIIpYThl, U3BECTHbIE AaHHOMY y3iy. Kak cienyer u3
HA3BaHWUsS, 3TO TMPOCTO OOHOBJICHHUS W, CICIOBATCIbHO, B HHUX IEPEHAOTCS
TOIFKO HEJaBHHE M3MCHCHUS MapIIPYTOB, a HE BCS TAOIHUIIA MapIIpyTH3AIINH.
UToOBI COXpaHWUTh MAapIIPYT, €CIH HE TpPeOYIOTCS HHUKAKHe W3MCHCHUS,
OTMpPABJISIOTCS Iepuoanyeckre mycrtoie naketslt HELLO.

3.10. CpaBHeHHe TAOJMYHBIX MPOTOKOJ0B MAPIIPYTH3ALMH

OCHOBHBIC CBOWCTBAa TAOMMYHBIX MPOTOKOJIOB MApIIPYTH3AIMU IMPHUBEICHBI B
Tabu. 3.1.
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Tabauna 3.1. CoiicTBa TaOIMYHBIX POTOKOJIOB MaPLIPYTH3AINT

apamerp DSDV [ CGSR WRP
Bpemennast
CJI0KHOCTH 0(d) O(h)
(100aBjIeHMEe CBSI3M,
ommuoKa)
CaoxHOCTH
coeIHHeHHs O(x=N)
(100aBJieHne CBSI3H,
0MoKa)
Opranuzanus o o
P . Jluneiinas Hepapxuueckas JIuneiinas
y3J10B
OrcyrcrBue nereqnb | Jla Jla, HO HE MTHOBEHHO
Bo3mo:xkHoCTB
. Her
multicast
KouanyecTno 2 4
TA0JINIL
Yacrora Ilepronnuecku u 1o Ilepronnuecku u 1o
. [Iepuognuecku
00HOBJICHU I HEOOXOUMOCTH HEOOXOIUMOCTH
Oo6HoBJIEHHS CoceqHuM  y37aMm |
CocenHuM y3iaam CocenHuM y3i1am
nepenanTcs K KOHTPOJLIEPY
Hcnoansyer
YBeIOMJICHH S o | la Her Ha
NPUCYTCTBHH
Hanuuyue «0co0bIxX»
Her Jla (KoHTpOJLIephI) Her
y3J10B
Metpuka Kpartuaiimmii myTs

B Ta611.3.1 BBEIEHBI Takie 0003HAYCHMS:

N — KOJIMYECTBO Y3JI0B CETH;

d — nmamerp cety;

h — BbIcOTa JIepeBa MapuUIPyTH3ALHH;

X — KOJIMYECTBO Y3JI0B, HA KOTOPBIX OTPA3HUTCS M3MEHEHHUE TOMOJIOTHH.

3.11. Iporokon mapmpyrm3anun Ad Hoc On-Demand Distance Vector
(AODYV)

[Tporokon mapupyruszauun AODV paspaboTran kak yiydllleHHE HpPOTOKOJIA
DSDV. llens AODV 3axmrogaetcs B TOM, YTOOBI COKPATHTh YHCIIO TPAHCIIALINT
cooOmeHnii 1O BCedl CeTH, HaxOAs MapIIpyThl 1O TpPeOOBAaHWIO, BMECTO
XpaHEHH MOJTHON aKTyallbHON MapIIpyTHOH HH(OpMAITHIH.

Y3e-UCTOYHNUKOM, CTPEMSIIIUXCS MepeaTh MakeT AAHHBIX y3J1y, Ha3HAuYCHUS
MIpOBEPSIET MAPUIPYTHYIO TaOJIUITy Ha CITydail €cIM OH yXe MMEEeT IPaBHIbHBINA
MapmipyT K y37My HaszHadeHus. Ecim mapmpyT cymiecTByeT, y3eld MpocTo
MepesiaeT MakeThl Ha CIeIYIOMNi XOW MapIipyTa K y3iy HazHaueHus. C npyroi
CTOpPOHBI, €ClIK B TaONWIle HET MOJXOJIIEr0 HET MaplipyTa, y3el-HCTOYHUK
HauMHAeT Tpouecc Moucka Mapmpyra. OH TpaHCAMpyeT MakeT 3ampoca
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mapmpyta (RREQ) ero HemocpencTBEHHBIM COCElsiM, a T€, B CBOIO Ouepellb
MepeafoT ero CBOWM [ANbHEHIINM cocelsaM OO0 TeX Top, IOKa 3ampoc
JOCTUTAET JINO0 MTPOMEKYTOUHBIX y3JIOB, IMEIOIINX B CBOCH TabJHIle MapmpyT
K MECTY Ha3Ha4eHHs, WIH CaMOTO y3JIa Ha3HaueHWs. [lakeT 3ampoca mMapmpyTa
conepxut IP-anpec uctounuka ysna, TeKyIuid HoMep nociaeaoBarenbHocTu, [P-
ajpec y3Jda Ha3HAYeHHUs U TMOCIETHUM M3BECTHBIM MOPSAKOBBIM HOMeEp.
IIpomexxyTOUHBIN y3esl MOXKET OTBETUTh Ha MaKeT 3ampoca MapuipyTa TOJIbKO
€CIi OH WMEET TMOPSIKOBBIE HOMEp OONbIIE WIM paBHBIA HOMEDY,
cofepXameMycsi B 3aroJioBKe MakeTa 3ampoca  wmapmpyTta. Kornma
MIPOMEKYTOUHBIE Y3JIbI MIEPEAIOT MaKeT 3alpoca MapuIpyTa UX COCeAsIMHU, OHH
3aMCBIBAIOT B CBOEW MapIIPyTHOH Tabiuie aapec cocena, OT KOTOPOTO
TIPHIIEN TEPBBIH AK3EMIUIAP MakeTa. JTa WH(OpMAIWs BIOCICACTBHHA OyIeT
HCIIOTIh30BaHA JIJIs TOCTPOSHHS 00PAaTHOTO MYTH JUIA TIAKeTa OTBETA MapIpyTa
(RREP). [ocnenyromue mmeHtunaable RREQ makersr otOpackiBatorcs. Korma
MakeT OTBETAa MapmipyTa [OCTaBISIETCS W3 IIyHKTa Ha3HAYCHHUSA FUTH
MIPOMEKYTOUHOT'O y3J1a, Y3JIbl IEPEAAI0OT €ro BJI0Jb YCTAaHOBJIEHHOTO 00paTHOTO
MyTH W COXPAHSIOT MPSIMON MapHIpyT B TaOJMIly MapUIpyTHU3alUU IIyTeM
HCIIOJIb30BAHUSI CHMMETPUYHBIX CBsi3eil. OOCIyKHBaHUE MapIIPyTa TPeOYyeTCsl B
cilydae, €clii HCTOYHMK WM TPOMEXYTOUYHBIN y3en mepememaetcs. Ecmm
WCXOJHBIA y3€J CTAHOBUTCS HEIOCTYIHBIM, MPOUCXOANT TEPE3aIyCK IMPOIECC
MOMCKa MapmpyTa. Ecian mpoMeXyTOYHBIH y3el ABIKETCS, OH OTIIPABISCT
YBEIOMJICHHE O HEUCIPABHOCTH COCAWHEHHS KKIOMY M3 CBOMX COCEIeH st
obecrieueHnsT yoaleHus 3Tol dacTh Mapmpyta. [locie Toro, kKak cooOIeHMe
JMOCTUTHET y3JIa-HCTOYHWKA, BBITIOMHATCS TIEpe3amyCcK Ipolecca IOHCKa

MapHipyTa.

JlokasipHBIE TIEpEMEILCHNsT HE MPUBOIAT K INIOOATBHBIM IOCIEICTBUSAM, KaK B
ciyqae DSDV. VcrapeBmme MapuIpyThl yJaIsIIOTCS, Kak CIEACTBUE, HE
TpeOyeTcsi HUKAKOTO JIOMOJHHUTEIBLHOTO o0CiIyKuBaHus MapmpyTtoB. AODV
MMEET MEXAHU3M CTAPEHUs MapUIPyTOB, OJHAKO OH HE MOXET yYUTHIBATh, Kak
JIOJITO MapLIpyT MOXET OBbITh aKTyalbHbIM. 3aJepPKKM MUHHMHU3UPYIOTCS 32
cueT u30eKaHMS HCIOJIb30BaHUS HECKOJBbKMX MapuipyToB. VHTerpaums
MHOroaapecHod wmapmpyTtuszauun aenaetr AODV  oTIMYHBIM OT JpYrux
MPOTOKOJIOB MapuIpyTH3aLUH. AODV coueTaer OJTHOAJPECHYIO,
MHOT0a/IPECHYI0 U HIMPOKOBEIIATEIbHYIO MEPeaady COOOLICHHUI; B HACTOsIICe
BpEeMs, OH HCIIOJb3YET TONBKO CHMMETPHUYHBIE CBSI3M MEKAY COCEIHHUMHU
y3/1aMH.
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3.12. Iporokoea mapmpyTu3anun Dynamic Source Routing (DSR)

OmauM 13 Hauboyiee 4YacTO YIOMHUHAeMBIX IPOTOKOJIOB MapLIPYyTH3ALUH
apisietcss Dynamic Source Routing (DSR), KOTOpEIA sBIsETCS alrOpUTMOM
MapLpyTH3alMH «I0 TPeOOBaHWIO» W HUMeeT (a3bl IOHUCKA M IOJICPIKAHUS
MapuIpyTa.

[Tonck mapmipyTa mpemycMaTpuBaeT COOONICHHMS 3alpoca MapuipyTa U OTBETa
mapmpyra. Ha »3Tame momcka wMapmipyTa, KOTAA Y3€Jl XOYeT I0ociaTh
cooOI1IeHne, OH OTIPABIISACT MAKET 3aIpoca MapiIpyTa CBOUM cocensiM. Kaxkmprit
y3el B Ipefieiax pajnyca Nepenadd, MoJy4MBIINI TakeT 3ampoca, 100aBiser
CBOH MICHTU(PHUKATOP K MAKETy U PETPAHCIUPYET €ro Jaiblie. B KoHIle KOHIOB,
OJJHO U3 COOOIIEHUH AOCTUrHET N0 y3a Ha3HaueHUs, 0O y3/1a, KOTOPOMY
M3BECTEH aKTyaJIbHbI MapUIpyT K y3i1y HazHaueHUs. [I0CKOJIbKY Kaxabli y3el
MOJJIEPKUBACT COOCTBEHHBIH K3II MAapIIpyTOB, MOUCK MapLIpyTe 0 y3ia
Ha3HA4YCHUs CHayajla Mpou3BOAUTCS B Kame. CoXpaHeHHE MapIIpyTa B K3IIa
Ka)KZOro y3ja COKpalllaeT pacXolbl, IOPOXKACHHBIC B (aze momcka MapuipyTa.
Ecnm mapmipyT HaiizieH B K3111e, y3€J BO3BpallaeT cooOIIeHe OTBeTa MapipyTa
U HE IPOM3BOIUT JalbHEHIIYIO TEPeChlIKy 3ampoca. [IepBbIii makeT, KOTOPBIH
JIOCTUTAeT y3Ja Ha3HaueHHWs, OyIeT WMEeTh TONHbI MapmpyTr. DSR
Mpe/roiaraeT, YTo MOJYYEHHBIH MapLIpyT SIBJISETCS KpaTdyalliM, MOCKOJIbKY
ITOPUTM TPHUHUMAET BO BHHMMAaHHE IMEPBBIM IAKeT, NPHUOBIBIIUA B y3el
Ha3zHaueHus. [TakeT oTBeTa MaplIpyTa, MOCHUIAEMBII OT y3/1a Ha3HAYCHUS y3IIy-
HUCTOYHUKY, COJEPKUT IOJHBIA MapHIPpyT OT UCTOYHHUKA JIO y3Jla Ha3HA4EHUs.
Takum 00pa3om, UCXOIHBIN y3€7 3HAaeT CBOW MapUIpyT K y3IIy Ha3HAueHHs, U
MOXET MPUCTYMUTh K MapIIpyTU3aIUU NAKETOB JaHHBIX. MICTOYHUK COXpaHseT
3TOT MapIIPyT B MAPLIPYTHBIA K3III.

Ha »rame momaepkanust MapuipyTa MCIOJIB3YIOTCS JIBa BHJa MAKETOB: OIIMOKa
Mapmpyra ®u  noarBepikaeHne. DSR  obecreunBaeT — aKTyalIbHOCTB
CYIIECTBYIOIUX MAapIIPyTOB OCHOBBIBASICH HA MOATBEPKKICHHUSX, MMOIY4aeMbIX
OT COCEJIHHX Y3JIOB, CBHJCTEIBCTBYIOIIUX O TOM, YTO MAKEThl ObUIN MEpeaaHbl
Ha ciexyronwii xor. [lakeTbl MOATBEPXKIEHHS TaKKe BKIIOYAIOT ITACCHBHOE
MIOATBEPK/ICHHUE, MTOCKOJBKY Y3€J CIIOCOOEH «IOACIyIIaTh» Iepernady Hakera
HO MapuipyTy coceioM clenyiomero xoma. [laker ommOKu MapipyTta
TeHepUpyeTcst KOorJa y3el OOHapyXnWBaeT mpoOyieMy Mepeaadd, KOoTopas
O3Ha4yaeT, 4TO Y31y HE YJaloCh MOJIYYHUTh MOATBEp)KAeHHe. TakoW maker
OTIIPABIACTCA K HMCTOYHUKY, C TEM ‘-ITO6I)I HayaTh HOBBIM H3Tal IOHCKa
Mapupyta. [TomyuuB coobiienue 06 ommoOke MappyTa, y37Ibl YIAISIOT 3al1Ch
0 Mapupyte, KOTOpas HCIOJNb3yeT OMKMOOYHOE COCIMHEHHE, U3 UX
MapHIPyTHOTO KAIIIA.
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3.13. Iporoxoa mapmpyTuzauun Temporally Ordered Routing Algorithm
(TORA)

TORA - aganTuBHBIK W MacmTaOMPyEeMbId TPOTOKOJ MAapIIpyTH3aINH,
OCHOBAaHHBIH Ha KOHLEMUIMH OOPaTHBIX CCHUIOK. OH HAXOAWUT HECKOJBKO
MapuIpyTOB OT OTHPABHUTENS K IIOJy4aTesl0 B OYECHb JAMHAMUYHOU cpene
MOOMIIBHOM ceTH. BaskHo# mpoekTHON ocobeHHOCcThI0O TORA sBisiercst To, 4TO
ciryKeOHbIe COOOIIEHNS JIOKAIN30BaHbI B IIpejiesiaXx HeOobIIoro Habopa y3JoB,
HaXOJSIIUXCSI BOJIM3M TOYKM HM3MEHEHHS TONOJOTHH. Y3Ibl IOJIECPKHBAIOT
MapuIpyTHYI0 HH(OPMAIMIO 00 UX COCE/SIX, HAXO/IIUXCS B MPEJeiax OJHOro
Xora.

OCHOBHBIM TPEUMYIIECTBOM 3TOT0 IMPOTOKOJA SBISIETCS CIocod 00padoTKU
MOBpEeXKIeHUH cBs3eil. B ciywae moBpexaenus cBs3u TORA  wmenser
HampaBjieHHe CBsizel, mnepectpauBas DAG s Toucka ainbTepHATHBHOTO
Mapuipyta. OTOT MeXaHM3M I[IOMCKa OOBIYHO TpeOyeT OJHOro IMpoxoja
pacmpesieleHHOr0  alroOpuTMa,  IOCKOJBKY — TaONMIBI — MapHIpyTH3AIUH
W3MCHSIOTCS OJHOBPEMEHHO B TEYCHHE BHEITHETO JTala ITOMCKOBOTO
MexaHusMa. Jlpyrue ajropuTMbl MapuipyTuzauud, Takue kak LMR,
HCIONB3YIOT J1Ba mpoxoaa, Ttorma kak DSR u AODV  ucnonb3yror
Tpexnpoxoaubiii  ayroputM. TORA MoxxeT paboTath ¢ OJHONPOXOIHBIM
aJIrOPUTMOM TMPU YCIWBHM, YTO BCE Y3JIbl CHHXPOHU3UPOBAHBI (C MOMOIUIBIO
GPS) ¢ mensto (OpMUpPOBAHHS BPEMECHHOTO TIOPSIKA TOIMOJOTHUCCKUX
u3MeHeHuil. MeTpuka "BBICOTBI" 3aBUCHUT OT JIOTHYECKOI'O BPEMEHHU
TTOBPEKICHHS CBSA3H.

3.14. IlpoTokosa mapmpyTu3anun ABR

IIporokon mapuipyruzaumu ABR (Associativity-Based Routing) ans npussitus
pelieHusl 0 BBIOOpE MapIIpyTa KCIOJb3yeT CBOMCTBO "accouuaTuBHOCTH'. B
9TOM JIropuT™Me Haubojiee BaXKHBIM (AKTOPOM IIpU BbIOOpE MapupyTa
SIBJISIETCSI CTAOMIIBHOCTH coefiHeHus. [Iouck MapuipyToB MPOU3BOAMUTCS MyTeM
pacchUIKM TaKEeTOB 3allpoca; aHAU3MpYs OTH TaKeThl Yy3Jy Ha3HAuYeHHs
CTaHOBHUTCS M3BECTHO 000 BCEX BO3MOMKHBIX MApHIPYTaX MEXKIAY HUM U y3JIOM-
UCTOYHUKOM. ONTHMABHBIM CYHTACTCA MAapIIPYT, NPHHAIICKAIIHA STOMY
MHOJKECTBY, U OIITUMAJIBHBIH 110 CBOMCTBY aCCONMATHBHOCTH.

Anroputm ABR yYHTBIBaeT «CTENeHb AacCOUMATHBHOCTH» C IIOMOIIBIO
MeXaHW3Ma, Ha3bIBAEMOI'0 «OTMETKH aCCOLMAaTUBHOCTH .

ABR sBigercs 3pQEeKTHBHBIM alTOPUTMOM B BBEIOOpE MapIIpyTOB, MTOCKOJBKY
OH B 3HAUUTENILHOW CTENEHH 3aBUCHT OT CTAOMJIBHOCTH Mapupyra. Tem He
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MeHee, eMy MPUCYIIN HEKOTOPbIE HEJIOCTATKH, TAKUE KaK TPeOOBAHMSI K MaMsTH
JUTS TaOITUI] MAapIIPYTH3AIMA U XPAHCHUS OTMETOK, a TakKe JOMOIHUTEIHHEIC
BEIUMCIIUTENIFHBIC PECYpCHl JUIS pacdeTa 3HAUYCHUS OTMETOK BMECTE CO
3HAYUTEIBHBIM PACXOJI0M SHEPTHH.

3.15. IIporokosa mapmpyTuzauun SSBR

IIporoxon mapmpyTtmsannu SSBR (Signal Stability-Based Adaptive Routing)
OTIIMYaeTcs OT OOBIYHBIX MPOTOKOJOB  MapipyTtu3amud. OCHOBHBIMH
KPUTEPUSMH ~ MapLIpyTH3allMd  SIBISIETCS  CTaOMJIBHOCTh  CHTHAJNA |
MECTOIOJIOKEHHsI. B 0a30BBbIX NPHHIMIAX MapIIPYTH3alUH ATOT IIPOTOKOI
CXOK CO CTaHAAPTHBIMH IPOTOKOJAMH MapLIPYTH3alUN <O TPEOOBAHHUIO»:
3aIrpoc MapuIpyTa TPaHCIUPYETCs MO BCEH CETH, y3ell Ha3HAueHHs OTIPABISIET
o0paTHO MakeT OTBETa MapLIPyTa, 3aTeM OTIIPABHTENb HOCHUIAET NAaHHbBIE HO
BBIOpaHHOMY MapupyTy. Tem He MeHee, MOLIHOCTb CHUTHaja (Ka4yecTBO CBSI3H)
MEX]ly COCEAHMMH y3JIaMH B IIpoLiecce BBIOOpa MapLIpyTa B JAHHOM IIPOTOKOJIE
UIPaeT BaXXHYIO POJIb.

SSBR cocront w3 AByX TOAMPOTOKOJOB: IIpoTOoKona AMHAMHYECKON
mapmpytusanui (Dynamic Routing Protocol, DRP) u IIpotokoma CraTiueckoii
Mapmpytnzanuu (Static Routing Protocol, SRP). DRP B3ammoneiictByeT ¢
npaiiBepoM cereBoro uHTepdeiica uepes API, momyuas dakTHUECKyrO
MOIIHOCTh MIPUHUMAaeMOro curaaia. Vicons3ys sty uadopmanuio, DRP Bexer
TabanIly CTaOWIBHOCTH CHTHANA, 3alHCH  KOTOPOHW OMMCHIBAIOT —KaXJ0€
COC/IMHEHUE C COCEJHUMHU Y3JIaMH KaK «Cliaboe» WM «CHIbHOE». DTa Tabiuia
OOHOBIIIETCSI € KaXABIM HOBBIM IIOJy4eHHbIM makeToM. Hampumep, ecnu
nonydyen mnaker HELLO, mpou3BoauTcs M3MEpeHHE MOLIHOCTH CHUTHaja U
oOHOBJIeHHE TaONMIBl CTAOMIBHOCTH; JAPYIME MaKeThl, TaKHe KaK ITaKeThl
JIAaHHBIX, [TAKeThl OOHOBJICHUS MapIIpyTa U Tak jaanee, nepenatorcs Ha SRP s
manpHeimeil obpaboTku. SRP  BhIMONMHSIET TeKymwe 3amadd, TaKHe Kak
MepechlIKa MAKETOB B COOTBETCTBMM € TEKyIIeH TaOnuield MapIipyTH3aluH,
OTBET Ha 3aIPOChl MapIIpyTa U TaK Jajee.

Anroputm SSBR wucmomp3yer cxemy Ui ONpenelieHHS HaIe)KHOCTH CBSI3H
aHajornunyto aiaroputMy ABR. HecmoTpss Ha TO, 4TO nNEpBBIA W3 HHUX
UCTIONB3YeT MOIIHOCTh CUTHAJA, a MOCJIEAHNH — BPEMEHHBIE OTMETKH, 3a/1ada
BBIOOPA ONTHMAIBHOTO MapIIPyTa OCTAETCS aHATOTHYHOM.
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3.16. CpaBHeHHe PeaKTHBHBIX MPOTOKOJIOB MAPMIPYTH3ALNA

XapaKTepUCTHUKH PEaKTHBHBIX IPOTOKOJIOB MAapHIPyTH3alMKM MPUBEICHBI B

Ta6m.3.2.

Ta6auua 3.2. CpaBHeHHE pEaKTHBHBIX IPOTOKOJIOB MapUIPyTH3AIUI

Mapamerp AODV DSR | TORA ABR [ SSBR
Bpemennast
CJI0KHOCTDH 0(24d) O(d+z)
(MHUIEAIN3ANSA)
0(2d) wmu
Bpemennas 0 npu
CJIOKHOCTh 0(24d) Haxoxzaenu | O(2d) O(l+z)
(BoccTaHOBJIEHUE) ¥ 3alKCcH B
Kerie
CJ10:KHOCTH  CBSI3H
(MHUIUEAIN3ATHS) OCN) O(N+y)
CJ10:KHOCTH  CBSI3H
(BoccTaHOBJIEHHE) oeN 0Cx) Okx+y)
Opranuzanus Tuneiinas
y3J10B
OtcyreTBHE Tl
nerejb
Monaep:xka
multicast Ha Her
Onosenienue 0 Her Tla
TMPUCYTCTBHH
Monaep:xka
MHOKeCTBEHHbIX Her Ja Her
MapIpyToB
MapupyTbl Tabnuue Keme Tabsmute MapHIpyTOB
XpaHsTCcs B MapupyToB | MapIIpyToB
Taiimepbl
ycTapeBaHHs Jla Her
MapuIIpyToOB
Cnocod OOpatHiii JlokanbHblit
. VY nanurtb MapupyT, | HOHMCK; .
nepecTpoiKu LIMPOKOBELIATEIbHBII
YBEIOMHUTH UCTOYHUK BOCCTaHOBIIC
MapupyrTa 3anpoc
HUE
HoBeiii u
Metpuka koporkuit | Kparvaiimmii nyth Chasanocts "
T CTaOMIIBHOCTh
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Tadauna 3.2. CpaBHeHHe TaO0JIMYHBIX H PEAKTHBHBIX IPOTOKOJIOB
MapIIPYTH3ALUT

Iapamerp PeakTuBHbBIE TPOTOKOIbI Tabm4YHbIe IPOTOKOJIBI
JlocTynHoCTh MapHIpyTHO¥ Bceerna JIOCTYITHO,
uHpopmauuu JloctymHo 1o TpeboBaHuIO HE3aBUCHMO or
HEO0OXOIUMOCTH
Ilepnoguyeckoe
P He tpebyercst Tpebyercst

00HOBJIEHHE MAPIIPYTOB

Peaknust Ha MOOMJIBHOCTH HudopmupoBanue JpYyrux

JlokanpHBII ~ mOMCK  TyTH
y3710B Ul TOJUIEpiKaHUs

(ABR u SSBR) .
aKTyaJbHON nH(OpMaIN
Cay:xeoHblil Tpaduk Pacter c YBEJINUEHHUEM
Belmie, 4eM y peaKTHBHBIX
MOOHIBHOCTH AKTHBHBIX
MIPOTOKOJIOB
y310B

3.17. BoiBoabI

1. B HacrosIem paszaene ObUT BBIIIOJIHEH aHAIN3 M KIaCCH(HUKALHS aJrOPUTMOB
MapmpyTu3anud B MOOWIBHEIX ad hoc ceTsx. ANTOpUTMBI MapIIpyTH3AIHN
pasnuuarorcss 1O crocodamM  MapHIpYTH3alUH, HCIOJIb3YEMbIM CETEBBIM
METPHKaM, MCIOJIb30BAHUIO 3HAHUH O TOIOJOTHH, a TaKXKe NPUMEHEHHEM
CTpaTernyd MHOTOITYTEBOW MapuipyTu3anuu. [ Kakaoro u3 paccMOTPEHHBIX
ITOPUTMOB TIPUBEACHO KPaTKOE ONHCaHue paboThl W OLEHKY JOCTOMHCTB U
HEIOCTAaTKOB aJIrOPUTMOB MapIIPYyTHU3ALIAH.

2. TlomyueHHbIe pPe3yibTaThl aHAIHM3a ITO3BOJIIFOT TOBOPUTH O HEOOXOIUMOCTH
MPUMEHEHHUsI METOJIOB MHOTOKPUTEPUATbHOM ONTUMHU3ALMU K CPaBHEHUIO U
BBIOOPY CYIIECTBYIOIIMX MPOTOKOJIOB MapIIPYTU3ALUHU C YI€TOM COBOKYIHOCTH
mokaszaTesell KadecTBa, XapaKTepU3YIOIIUX BpeMs 3afepiKKH, KOJIHYECTBO
MIPOMEKYTOUHBIX Y3JI0B, CTAOMIBHOCTB, OBICTPOACHCTBUE, HAACKHOCTh KAaHAJIOB
u zp.
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4. MHOI'OKPUTEPHUAJIBHIN BBIBOP IPEAIIOYTUTEJIBHOI'O
MMPOTOKOJIA MAPILIPYTU3ALIUU B AD HOC CETSIX METOIOM
AHAJIN3A UEPAPXUI

BecnpoBonubie ad hoc cetn OTHOCSTCS K MOOWJIBHBIM JICLIEHTPATU30BAHHBIM
JUHAMHYECKAM CaMOOPTaHU3YIOIINMCS CETSIM, KOTOPbIE HE UMEIOT NOCTOSTHHON
cTpykTypbl. Kaxkmoe ycTpoiicTBo, NmpnHHMAalomee y4acTHEe B OpraHU3alnu
TaKOW CETH, MOKET SIBIIATHCS MEPEAATINKOM, IPUEMHUKOM, PETPAHCISITOPOM U
KOHEUHBIM ycTpoiicTBoM. Kaxnmprii y3enm ad hoc cetm Moker cBOOOIHO
repeMeniaThes B JII000e BpeMs U B JI0OOM HaIlpaBJiICHHUH, IIPHYEM BCIIC/ICTBHE
9TOr0 HEKOTOPBIE CTapble CBSA3M MOTYT OBITh YTEPSIHBI, @ TAaK)Ke MOTYT OBbITh
YCTaHOBJICHBI HOBBIE CBSI3M YX€ C JAPYIMMH y3JIaMH CEeTH. Takas TEeXHOJIOTHs
MIOCTPOEHHsI OECPOBOJHOM CETH IMOKa3bIBAET ceOsl aKTyalbHOM B CHUTyalMsX,
KOTZja He0OX0MMO OBICTPO pa3BEPHYTh CETh HA TEPPUTOPUH C MOJBHKHBIMU
y3namu. [IpuMepamu TakuxX CHUTyallii MOTYT CIIy’KHTb CTHUXUIHBIE O€ACTBHA,
BOCHHBIC JEWCTBHUSA M JPYrHe SKCTPEHHbIE CHUTYalMH. 3a CUET MOCTOSHHOTO
M3MEHEHHSI CTPYKTYPBI CETH MOTYT BO3HHKHYThH POOJIEMBI C MapUIpyTH3alneH,
TaK KaK M3MEHSIOTCSI BO3MOKHBIC TYTH JJOCTABKHM MH(POPMAINU MEXKIY Y3JIaMH.
Ot TpoOJIeMbl pEMIaloTCs C TOMOINBIO IPOAKTUBHBIX, PEAKTHBHBIX U
THOPUIHBIX TPOTOKOJIIOB MapmpyTtu3auuu. CieayeT OTMETHThb, YTO KayKIbId
MIPOTOKOJI MapUIPYTH3aLMH XapaKTEPU3yeTCcs COBOKYITHOCTBIO TOKazaTesen
Ka4yecTBa, ONpPEJCISIONIMX OCHOBHBIE CBOICTBA BBIOPAaHHOTO  CIIOCO0a
MapupyTuzanui. [lokazatenn kadecTBa MPOTOKOJIOB MapIIpyTH3alMH, Kak
IIPAaBUIIO, CBS3aHBI MEXKAY COOOM M SIBIISIOTCS aHTarOHUCTHYECKUMH, KOTAA MPU
YJIYYIICHUH OIHOTO MOKa3aTelsl KayecTBa YXy/IIIAITCA ApPYrue MOoKa3aTein
kaugectBa. [Ipu moctpoennu ad hoc cereif BO3HHMKaeT HEOOXOAMMOCTH BBIOOpA
MIPEANOYTUTENIBHOTO MPOTOKONIA MapLIPYTH3aLUU C YYETOM COBOKYITHOCTH
IIPOTHBOPEYMBBIX MOKa3zaTeJel KadecTBa. B 3THX cirydasx Jiisi CpaBHUTEIBHOTO
aHaJIM3a M BBIOOpA MPEANIOYTHTEIHFHOTO MPOTOKOIA MapIIPYTHU3AIMH CIIEITYET
IIPUMEHSATh METOAbl MHOTOKPHUTEpPHAJIbHON ONTHMHU3anuu. B naHHOM paszzmene
paccMarpuBalOTCs 0COOCHHOCTH NMPUMEHEHHs METOJa aHali3a uepapxuil Juis
MHOT'OKPpUTCPUAIIBHOT'O B])l60pa CANMHCTBCHHOI'O MPECANOYTUTCIIBHOTO BapuaHTa
MapupyTu3anuu B ad hoc ceTsx ¢ yueToM COBOKYITHOCTH MOKa3aTelel kauecTBa
[25].

4.1. AHaIU3 HCXOTHOTO MHOKECTBA MPOTOKOJIOB MAPMIPYTH3ALUH

B ad hoc cersix nHaubosee 4acTto NPUMEHSIOTCS IPOAKTUBHBIE MPOTOKOJIBI
DSDV, OLSR, WRP, a takxe peaktuBHble npoTokoisl AODV, DSR. Kpartko
paccMOTPUM HEKOTOPbIE 0COOCHHOCTH 3TUX MPOTOKOJIOB.
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DSDV (Dynamic Source Routing protocol) — HpOTOKOJ, OCHOBAaHHBIA Ha
anroput™me bennmmana-®opaa, mepechUIarompil OOHOBICHUS Cpasy IOCIIe UX
noiydeHns. Kaxgoe OOHOBIEHHE MapIIPyTOB KaXJOTO y3Jla HMMEET CBOH
YHUKAJIBHBI TOPSIKOBEI HOMEp, YTO MO3BOJISIET OOECHEYHTh aKTyaJlbHOCTBH
nHdopmanuu o Mapuipyrax. [IpegycmaTpuBaeT BO3MOXHOCTB ITOJKIFOUEHUS
onHOTO M3 y310B ad-hoc ceTw K 000 IPYroil ceTr, B TAKOM Cydae 3TOT y3ell
SIBIISIETCSI LIIJTFO30M.

OLSR (Optimized Link State Routing Protocol) — mpoTokoi1, OCHOBaHHEII Ha
anroput™e JleiikcTpel. B Hem BBeJeHa KOHLEMNIMSA CETEBBIX YCTPOMCTB,
KoTopble urpatot posis MPR (Multi Point Relay) u, mo cyTtH, sBIsStOTCSI OCHOBOM
ad hoc cern. Mmenno ycrpoiictBa MPR moryr ¢opmupoBats u pacchliath
obOHoBneHns 4epe3 Bcio ad-hoc cerp. Kaxkmoe ycTpoHCTBO, HE HCIIONHSIONICE
pors MPR, BeIOHpaeT oiuH nin HecKoibKko TakuX MPR yCTpoiicTB, OT KOTOPBIX
MOJTy4aeT OOHOBJIECHUSI MapuIpyTHOH HH(OpPMAIMM, HO HE TPAHCIUPYET €€ B
CETh.

WRP (Wireless Routing Protocol) — mpoToxo:, mo mpuHIHITY paboThl CXOKHUH C
npotokosioMm RIP: mepmommueckmii oOMeH TaOiaWmaMu MapIIpyTH3AlMH |
OCHOBHBIE CPEJCTBA 3aIIUTHl OT BO3HMKHOBEHHS IIETENb MapIIPyTHU3ALHH.
Co3maer coemMHEHHS, KOTOpPBIE IIOCTOSHHO  IOAJCP)KUBAIOTCS  MEXIY
cocequumu ad hoc y3namu ceru.

AODV (Adhoc On-Demand Distance Vector) — mpOTOKOJ, HCIOIB3YIOITHIHA
BEKTOP paccTosHUs 1o 3ampocy. [lo3BomseT KiaMeHTy mpH HEoOXOAMMOCTH
YCTaHOBUTH COEJUHEHUE C APYIMM KIHMEHTOM C IOMOUIbIO PacHpOCTPAHEHUS
3anpoca mo Bceil ad hoc cetu. Bce y3mbl, mosyduBIInE 3ampoc, COXPaHSIOT
nH}opMmanuio 06 OTIpaBUTENE B TAOJIHUIE MapIIpyTH3AMN M OTBET Ha 3aIpOC
BO3BpAIllAaeTCs 0 YyCTaHOBIEHHOMY MapILIpPYTY.

DSR (Dynamic Source Routing protocol) — mpoTOKoi, KOTOpBIM MOXO0XK Ha
AQODV, oanako He HCMONBb3YyeT MAPUIPYTH3ALUI0 OT MUCTOYHHMKA. 3]1€Ch MYTh
MIPOXOXKJICHHUS MaKeTa 10 BCEM y3JIaM yKa3bIBaeTCsl BHYTPHU MAKETa, U OTBCTHBIM
MaKeT BO3BPAIIAETCs [0 TOMY K€ MapIIPyTy, KAKUM ITPHUIIIEIN 3apoc.

4.2. MatemaTu4yecKre 0COOEHHOCTH METO/1a AaHAIN3a HePaPXHii

KpaTko paccMOTpuM HEKOTOpbIe OCOOCHHOCTH METOJa aHaIHM3a HWepapXHid
(MAM) [15]. CyTh 3TOr0 METO/Ia COCTOUT B ACKOMITO3HIIUU MPOOJIEMBI BEIOOpa
€ITMHCTBEHHOT'O TPEAIOYTHTEILHOTO BapuaHTa MPOEKTUPYEMON CHUCTEMBI W3
HEKOTOPOTO MHOXXECTBA BAPHAHTOB C YYETOM COBOKYITHOCTH IOKa3aTeJei
KayecTBa. [IpWHINI [EKOMIO3WIMM TPEeIyCMaTPUBAaeT CTPYKTYpHUPOBAHHE
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npo0JieMbl BbIOOpa B BUJIC HEpapXUU YPOBHEH ¢ BepIIMHBI (1IeJIb BBIOOPA) uepes
MPOMEKYTOUHBIA ypOBeHb 2 (IIOKa3aTeld KadecTBa CHCTEMBI) K CaMOMy
HU3KOMY YPOBHIO 3 (aJbTepHATHBHBIC BApPHUAHTHI TOCTPOCHUS CHCTEMBI). 3aTeM
OT OMBITHBIX 3KCIEPTOB ITOJTyHatOT UX CYOBEKTHBHBIC CYKACHHS B BU/IE TTAPHBIX
CPaBHEHUI OTHOCHTEIBHOW BAKHOCTH pPAa3JIMUHBIX 3JIEMEHTOB IPOOJIEMBI
BbIOOpa. B pesymbrare 00paOOTKM IMOJSYYEHHBIX YHMCIEHHBIX IaHHBIX
COCTaBJISIFOTCSl MATPHIBI MAapHBIX CPAaBHEHMH O3JIEMEHTOB MPOOJIEMbI BHIOOpA.
Jns 9THX MaTpull BBIYHCISIIOTCS WX IJIaBHBIE COOCTBEHHBIE BEKTODBI,
COOTBETCTBYIOIINE MAaKCUMaIbHBIM COOCTBEHHBIM 3HaueHUsM. Jlajee coriacHo
OIIPEAEICHHBIM MAaTEMaTHUECKUM MpOLEAypaM IOIy4aloT BEKTOpP INI0OATbHBIX
IIPUOPUTETOB, KOMIIOHEHTbI KOTOPOIO OINPENEISIOT MPUOPUTETHOCTH BbIOOpa
MIPEANOYTUTENILHOTO BapHaHTa MPOEKTHPYEMOil cHcTeMbl. EauHcTBEeHHOMY
MIPEATIOYTUTEILHOMY BapHaHTy CHCTEMbI M3 3aJaHHOTO MHO)KECTBA BAapHAHTOB
COOTBETCTBYET MAaKCHMAJbHOE 3HAYCHHE KOMIIOHEHT BEKTOpa TJI00AIbHBIX
TIPUOPHUTETOB.

[IpuHUMO cpaBHUTENBHBIX CYXIEHUN dKcrepToB B MAU 3akitouaercss B TOM,
YTO 3JIEMEHTHI MPOOJIEeMBI BBHIOOpA CPABHUBAIOTCS HKCIIEPTAMU IIOMAPHO IO
BakHOCTH. [lomapHO CpaBHMBAIOTCS OTHOCHTENIBHAs BAKHOCTH PasHbBIX
BapMaHTOB CUCTEM (Ha ypoBHE 3) U pa3HbIX NOKa3aTenel KayecTBa CUCTEMBI (Ha
ypoBHe 2). Pe3ynbTaThl mapHbIX CpaBHEHHUI CBOJSITCS K MATPHYHOM (hopme

ay,ay,.-.ay;

ANy, .
21722 2
1 7

a,a,..a

v, 4.1
W, .
I1€ a; =— — OLCHKM MAPHBIX CPABHEHMI Pa3HBIX 2JIEMEHTOB BBIOOpPA W, W, .
w. J
J

JuaroHanb 5TOM MaTpulbl 3aMoOJHSAETCS 3HAuYeHUsMU "1", a 3JIeMEHTHI
MaTpUlbl, JIeXKalllhue HWKE JUaroHalid, 3aroJIHAIOTCS COOTBETCTBYIOIIMMHU
0oOpaTHBIMU 3HAYCHUSIMHU.

OHGHKI/I MapHbIX CpaBHeHI/Iﬁ 3JICMCHTOB a; HaxXoJiaTCsA C HCIIOJb30BaHUCM

CYOBEKTHBHBIX CYXKICHHHA SKCIEPTOB, YHCICHHO ONpEACTSICMBIX IO IIKaJe
OTHOCHTEJIHOIM Ba)KHOCTH 3JIEMEHTOB, KOTOpas MpejcTaBiieHa B Tadu. 4.1.

55



Tabuuua 4.1. [[Ikana OTHOCUTENBHONM BaXXHOCTH AJIEMEHTOB CPABHEHUS

OTHOCHUTEIbHAS

OnpeneneHHe CTCIICHU BAXKHOCTH
BaXXHOCTh

—

PaBHast B&XKHOCTb AJICMEHTOB CpaBHEHUA

‘YMepeHHOe MPEeBOCXOJCTBO OJTHOTO JIEMEHTa HaJl IPYTHM

CyH_[CCTBCHHOC IIPEBOCXOACTBO OAHOI'O DJIEMCHTA HAaJl APYIUM

O4YeHb CHITBHOE ITPEBOCXOJACTBO OJAHOI'0O DJIEMCEHTA HAJl APYT'UM

3
5
7 3Ha4YMTENILHOE MPEBOCXOCTBO OJTHOTO JIEMEHTA HaJl APYTHM
9
2

,4,6,8 IIpoMexyTOUHBIE PELICHHsI MEXKAY IBYMsI CYKJICHUSIMU

[arnee BeimonHseTcs 00paboTka chopMUPOBAHHBIX MATPHUI] TTAPHBIX CPAaBHEHUH,
KOTOpasi C MaTeMaTHYeCKOH TOYKU 3PEHHUSI CBOISTCS K BBIYHCICHHUIO INIABHOTO
COOCTBEHHOI'O BEKTOpPa, COOTBETCTBYIOLIEIO MAaKCHMAaJIBHOMY COOCTBEHHOMY
3HAYEHHIO MaTpHIbl. KOMIOHEHTHI TJIaBHOTO COOCTBEHHOTO BEKTOPa MaTPHIIBI
MapHBIX CpaBHEHMH TIOKa3zaTeleld KadecTBa BBIUMCISIIOTCS Kak CpegHee
TreoOMETPUYECKOE 3HaYEHHE B CTPOKE MATPHIIB! IIAPHBIX CPABHEHUH

4.2)

rac n — 4YucCiio IOKa3aTejIel KauecTBa.

Uepe3 KOMIIOHEHTH TJIABHOTO  COOCTBEHHOTO  BEKTOpPAa  BBIUMCIIIOTCS
COOTBETCTBYIOUIME KOMIIOHEHThI BEKTOpa MPUOPUTETOB B BUI€ HOPMUPOBAHHBIX
3HAYCHHI

P =", j=ln, (4.3)

J

V.
S

Tae S:ivj.

j=1

Takue mnpoueaypbl BBINOJHSIOTCA BHayajle Ha ypoOBHE 2 I ToKazaTesen
KauecTBa CHUCTEMbl. AHAJOTMYHO HAXOJATCS OLEHKM MaTpull HapHbIX
CpaBHEHHMI BapHMaHTOB CHCTEM Ha YpOBHE 3 B OTJECIBHOCTH MO OTHOIICHUIO K
KaKJIOMY MOKa3aTelllo KayecTBa cucTeMbl. Ha OCHOBE 3THX MaTpHIl COTJIACHO
(42) m (4.3) BBIYHCIAIOTCA KOMIIOHEHTHI COOTBETCTBYIOIIMUX TJABHBIX
COOCTBEHHBIX BEKTOPOB M BEKTOPOB MPHOPHUTETOB CHCTEMBI 10 OTHOUICHHUIO K
OTZICNIbHBIM ITOKA3aTENAM Kau€CTBA CUCTEMBI Q. j=1n.
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C wucHnojab30BaHUEM MOJIYYCHHBIX BCKTOPOB TMPUOPUTCTOB BBIYUCIAIOTCA

3HA4YCHUS KOMIIOHEHT BEKTOpa ri00aIbHBIX TIPUOPUTETOB Z’ COrJIacHO

" -
C; = ]EI PQ;- i=1N, (4.4)

TAC N - 9UCJIO CPAaBHHUBACMBIX BAPHAHTOB CUCTEM.

[To MakcuManbHOMY 3HAUYEHHIO KOMIIOHEHT BEKTOPA TJI00ANBHBIX TPHOPUTETOB
(4.4) BeIOMpaeTCs COOTBETCTBYIOUIHIA MPEAIOYTUTEIBHBIN BApHAHT CHCTEMBI.

4.3. Pe3yabTaThl MHOTOKPHTEPHAJHHOTO BHIOOPA NPEINOYTHTEIHHOTO
NMPOTOKOJIAa MApIIpyTU3amuu Meroaom MAU

PaccMoTpuM 0COOCHHOCTH MPUMEHEHUS METOIa aHAJIN3a HepapXuil Ui BEIOOpa
SIMHCTBEHHOTO INPEANIOYTUTEILHOIO BapHaHTa MPOTOKOJA MapLIPYTH3AlUU B
ad-hoc ceTsXx ¢ y4eToM COBOKYIHOCTH IIOKa3aTeneid kadecTBa. B kauecTBe
MoKaszarelsieil KadecTBa BBHIOpAaHbI OCHOBHBIC XapaKTEPHCTHUKH IMPOTOKOJIOB, B
YaCTHOCTH, BpeMsI KOHBEPIeHINH, IaMATh, yIipaBieHue. B tadu. 4.2 npuseaeHbl
OLICHKM 3HAUYCHWH TOKa3aTeleill KauecTBa Uil PAa3IMYHBIX TUIIOB MPOTOKOJIOB
MapupyTuzanuu [5].

Ta6auma 4.2. I[lopsamox 3Ha4YeHWH TOKa3aTejeld KadecTBa IPOTOKOJIOB
MapIIpyTA3auu

Tun IToka3zaresn kauecTBa IPOTOKOJIOB

MpoToKONA Bpewmst kouBeprenuuu | [lamsars VYnpasieHue
MapUIpyTH3aLHUI

DSDV oD O(N) O(N)

OLSR o1 O(N?) O(N?)

WRP O(h) O(N?%) O(N)
AODV 0@2-D) O(2‘N) O(2N)

DSR 0(2-D) O(2'N) O(2-N)

3mech TPHUBENEHBI COOTHOIICHHS, KOTOPBIE OMPEHENAIOT 3aBUCHMOCTU
MOoKa3aTelNeil KauyecTBa OT OCHOBHBIX XapaKTEPUCTHK CETH, B YacTHOCTH, O(.) —
O3Ha4YaeT TOpPSNOK ciokHocTH; D — mmamerp ceru; I — cpemHee Bpems
oOHOBNeHHs; N — KOJMYECTBO Y3JO0B B CETH; h — BEICOTa JepeBa
Mapuipytuzanuu. HeTpyaHO BHAETh, YTO ATH MOKA3aTeIM KayecTBa CBSI3aHBI
MeXTy co00i M HOCIT KOHKYPHPYFOIIUI XapakTep.

Ha puc. 4.1 moka3zaHO HuepapXWUecKoe MPEACTaBICHUE IPOOIEeMBI BBIOOpa
MIPEANOYTHTEIILHOTO MPOTOKOJIA MapmpyTi3anui. Ha ypoBHe 1 Haxomurcs 1enb
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BbIOOpA MPEANOYTUTEIHHOIO BapuaHTa MPOTOKOJIA, HA YPOBHE 2 — MOKA3aTeIn
Ka4yecTBa MTPOTOKOJIOB, HA TPETHEM — ATbTEPHATHBHBIC BAPHAHTHI IIPOTOKOJIOB.

I'106aapHDBIT TPHIOPUTET
Yposens 1 (11e4p BHIOOPA)
E v
< 5 4 :
= & = =
Yposens 2 2 g 2 g
A x = 2,
g =
g g
| |
| | | |
Yposens 3 DSDV OLSR WRP AODV DSR

Puc. 4.1. Jlexomnosumus npoOsieMbl BEIOOpa MPEANIOYTUTEIBHOTO MPOTOKOIIA
MapHIpyTH3ALIH

Cormacio merony MAW mnoctpoeHa wmarpuiia TapHBIX CpPaBHEHWH Ui
COBOKYITHOCTH TIIOKa3aTeliell kadecTBa (T.e. Ha ypoBHe 2) (tabm. 4.3). [nsa
3allOTHCHUS JTOW TaONUIBI C TIOMOIIBI0 OIBITHOTO 9KCIIEPTa BEHITIOTHEHBI
MapHbIe  CpPaBHEHWE BAXXHOCTH  BBIOpAaHHBIX  IIOKAa3aTeNell  KadecTBa,
OTIPEJICNIAIONINX CIOKHOCTh MPOTOKOJIOB MaplIpyTU3allMU, B YACTHOCTH, BpeMs
KOHBEPIeHIIUY, MaMsTh, yhnpaBjieHue. J(uaroHaiab ATOH MaTpHIIbl 3aroJIHEHA
3HaueHUsAMHU "1", a BIIeMEHTBI MaTPUIIBI, JIeXKAIIUE HUKE TUArOHANIU, 3aI10JIHEHbI
00paTHBIMU 3HAYCHISIMH.
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Ta6auua 4.3. Marpuia napHbeIX CpaBHEHMI MTOKa3aTeeil KauecTBa MPOTOKOJIOB

MapHIPyTH3AIUH U BEIYMCICHHBIE OLIEHKH KOMITOHEHT BEKTOpa ITPHOPUTETOB

Bpewms Iamsre | Yopasnenue | CoOctBeHHblit | Bektop
KOHBEPIeHIIUH BEKTOP V. MIPUOPUTETOB
i Qij
Bpewms 1 173 1/5 0,405 0,1006
KOHBEpPI€HLIUH
TTamsaTe 3 1 1/4 0,909 0,226
Ynpasnenue 5 4 1 2,71 0,673

Jlanee BBINOJIHEHB! NApHbIE CPABHEHUS HA ypOBHE 3 B BHIE OTHOCHUTEIbHON

CJIOXKHOCTH aJIbTCPHATUBHBIX BAapHAaHTOB IIPOTOKOJIOB 110 OTHOIICHUIO K

KaKIOMY IMOKa3aTCJII0 Ka4CCTBA. B pe3yabTaTre 06pa6OTKI/I MNOJIYYCHHBIX MaTpHUIl

BEIUUCIEHBI cornacHO (4.2) m (4.3) CcOOCTBEHHBIE BEKTOPHI M BEKTOPEI

MIPHOPUTETOB, KOTOPHIC TIPUBEICHBI B Ta0II. 4.5, 4.6, 4.7.

Tab6auua 4.5. MaTtpumna napHsIX CpaBHEHHH HMPOTOKOJIOB MapIIPYTH3AIMH IO

OTHOILICHHUIO K BPEMEHHU KOHBEPTECHINN

DSDV | OLSR | WRP | AODV | DSR | Komnonentsl | KoMImoHeHTBI

COOCTBEHHOT'O | BEKTOpa
BEKTOpa V, MIPUOPUTETOB 04

DSDV 1 172 4 5 5 2,186 0,323

OLSR 2 1 4 5 5 2,885 0,427

WRP Ya Ya 1 1/3 1/3 10,368 0,054

AODV 1/5 1/5 3 1 2 0,752 0,111

DSR 1/5 1/5 3 1/2 1 0,569 0,084
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Tabauua 4.6. MaTtpura nmapHsIX CpaBHEHHH MPOTOKOJIOB MapHIPYTHU3AIMH IO
OTHOILECHUIO K MAMSTH

DSDV | OLSR | WRP AODV | DSR Kommonentsl | KoMmoHeHTbI
COOCTBEHHOT'O | BEeKTOpa
BEKTOpa V, MIPUOPUTETOB
2 )

DSDV 1 1/4 1/4 1/3 1/3 0,368 0,06

OLSR 4 1 2 3 3 2,352 0,384

WRP 4 123 1 3 3 1,782 0,291

AODV |3 1/3 1/3 1 2 0,918 0,15

DSR 3 1/3 1/3 12 1 0,698 0,114

Tadauna 4.7. Marpuia napHeIX CpaBHEHUH IPOTOKOJIOB MapLIPYTH3ALUH 110
OTHOILIEHHIO K YIPaBICHUIO

DSDV |OLSR | WRP | AODV | DSR | KoMnoHeHTBI KomnoHeHTBI
COOCTBEHHOI0 | BEKTOpa
BEKTOpA V, [IPUOPUTETOB
9
DSDV 1 1/5 1/2 1/3 1/3 0,026 0,004
OLSR 5 1 5 3 3 2,954 0,459
WRP 2 1/5 1 1/3 1/3 0,534 0,083
AODV |3 1/3 3 1 2 1,428 0,222
DSR 3 1/3 3 1/2 1 1,485 0,231

B Tabn. 4.8 cBemeHBI MOTyYEHHBIC OIEHKH KOMIIOHEHT BEKTOpa MPUOPUTETOB
nokasareneld KadecTBa, a TaKkKe BEKTOPOB MPHOPUTETOB IPOTOKOJIOB
MapmpyTH3alli{, [0 OTHOIICHHIO K BPEMEHH KOHBEPreHIUH, MaMsiTH,
yrpaBieHnto. C HCIOJIBb30BAaHHEM 3THX BEKTOPOB NPHOPHTETOB BBIYHCIICHBI
3HAQUEHHMs KOMIIOHEHT BEKTOpa TJI00aJbHBIX NPHOPUTETOB corjacHo (4.6),
KOTOpBIE MTPHUBE/ICHBI B MOCIIEAHEM CTONOE Tadm. 4.8.

60




Taonuma 4.8. Pe3ynpTaThl BbIYMCIEHWS 3HAYCHUNW KOMIIOHEHT BEKTOpa
rII00ANTbHBIX TPUOPHUTETOB

Ne | Tun Qi
HPOTOKOJIA J=1 = =3 o
MapuIpyTH3auu
1 | DSDV 0,323 0,06 0,004 0,048
2 | OLSR 0,427 0,384 0,459 0,438
3 | WRP 0,054 0,291 0,083 0,127
4 | AODV 0,111 0,15 0,222 0,194
5 |DSR 0,084 0,114 0,231 0,189
P, 0,1006 0,226 0,673

ITo MakcuManbHOMY 3HAUEHHMIO KOMIIOHEHT BEKTOPA TJI00AbHBIX MPHOPUTETOB
BBIOMpAETs MPEINOYTHTENbHBIN BApUAHT MPOTOKosIa MapmpyTu3anuu B ad hoc
CeTsIX C y4eTOM BBEJCHHBIX MOKa3aTelel KadecTBa. TakuM SIBISETCS IPOTOKOI
mapuipytuzanuu OLSR, ocHoBaHHBIN Ha anroputMe J{eHKCTpHI.

4.5. BeiBoabI

1. IIpoananmm3upoBaHbl XapaKTEPUCTUKH PA3HBIX MPOTOKOJIOB MapIIpyTH3ALNN
B OecpoBoHBIX ad hoc ceTsIX ¢ y4eToM COBOKYITHOCTH TTOKa3aTeseil KauecTna.

2. PaccMoTpeHBl MaTeMaTH4eCKHe OCOOCHHOCTH OJHOTO M3 METOJOB
MHOTOKPUTEPHAIBHOTO BBIOOpA MPEANOYTHTEILHOTO BapHaHTa — MeETo/a
aHaJIM3a HEePAPXHH.

3. [Nomy4yeHbl MaTpHIIBI TAPHBIX CPAaBHEHHIA MTOKa3aTelel KadecTBa M BapUaHTOB
MIPOTOKOJIOB MapLIPyTH3aLU, A7Is1 KOTOPBIX BEIYMCIICHBI UX ITIaBHbIC
COOCTBEHHBIE BEKTOPBI H BEKTOPBI IPUOPUTETOB.

4. Ha ocHOBe TOJyYEHHbIX JAHHBIX BBIYMCICH BEKTOp IJIOOAIBHBIX
MIPUOPUTETOB, MO MAaKCHMAaJIbHOMY 3HAYCHHIO KOMIIOHEHT KOTOpPOTO BBIOpaH
MIPeNOYTHTEIBHBII BapHaHT MapLIpyTH3anuu B OecripoBogHoii ad hoc cern.
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3AKJIIOYEHHUE

B nmanHO#l paboTe paccMaTpuBAIOTCS OCOOEHHOCTH TPHMEHEHHS METOJOB
MHOTOKPHUTEPHAIBPHON ONTUMH3AIMM JUISI  PELICHHs TPoOIeMBbl  BBIOOpA
MPEANOYTUTEIIFHOTO BapHaHTa MapIIPyTH3aIUd B MOOMIIBHBIX CHUTYAI[HOHHBIX
CeTSIX C YIeTOM COBOKYITHOCTH IIPOTHBOPEYMBEIX TIOKa3aTenel kauectBa. Kpome
TOTO, pPAacCMATPUBAIOTCS OCOOCHHOCTH PEUICHHS W JAPYrod MpoOIeMbl
MapIIpyTU3aldd - MHOTOKPHUTEPHATBHOTO BEIOOpa  MPEAIOYTUTEIFHOTO
MPOTOKOJIA MAapIIPYTH3alUd W3 HEKOTOPOTO MHOMKECTBA CYIIECTBYIOIINX
IIPOTOKOJIOB C Y4ETOM COBOKYITHOCTH IOKa3aTesel KauecTBa.

W3znoxxeHa MeTOA0JIOTHS BEIOOpA ONTUMAJIBHBIX MIPOSKTHBIX PEIICHUH C y4eTOM
COBOKYNHOCTH TIOKa3aTeljell KadecTBa, Koropas cdopmupoBana Ha 0ase
OCHOBHBIX  TOJIO)KEHHH  TEOPUM  MHOTOKPHTEPUAIBHOM  ONTUMM3ALHH.
[TpuBenensl ocobeHHOCTH (HOPMAIM30BAHHBIX IIOCTAHOBOK 33/1a4M BbIOOpa
ONTHUMAJIbHUX pileHs npu OPIMHAJIMCTHYECKOM MOJIX0/IC u
KapJUHAIMCTUYECKOM IOJXO0Ji€ K OIPENCICHHIO TOHATTS ONTHMAJIbHOCTH
pElIeHHH C y4eTOM COBOKYIHOCTH IIOKa3zaTejeil KkauyecTBa. PaccMOTpeHBI
MeToAbl (OpMHUpPOBaHMS NOAMHOXKecTBa [lapeTo-onTHMalbHBIX pEUIeHHH C
ydeToM  O€3yCIIOBHOTO  KPUTEpUsl  NPEINOYTEHHS B  KPUTCPHAIBHOM
MIPOCTPAHCTBE TOKa3areneil kadecTa. IIpoanammsupoBansl cBoiicTBa Ilapero-
ONTHMAIBHBIX PEHICHUH, B YaCTHOCTH, MHOTOMEPHBIX IOTEHINAIBHBIX
XapaKTepUCTHK M MHOTOMEpHBIX JUarpaM oOMeHa IIoKa3aTeled KadecTBa.
PaccmoTpensl  0ocoOEHHOCTM — CCyKeHMs — HoAMHOXecTBa  Ilapero 1o
€/IMHCTBEHHOTO MMPOEKTHOI'0 BapHUaHTa C UCIIOJIb30BAHUEM YCIIOBHOTO KPUTEPUS
MPEANOYTEHHSI ¥ TPUBJICYCHUH JOTIOJHUTENLHON HHPOPMAIIUU OT SKCIIEPTOB.

PaccmoTpens! npakTHyeckre 0COOEHHOCTH TPUMEHEHUSI MHOTOKPUTEPHATIBHOTO
MOJX0Aa K PEUIEHUIO 3a/aud ONTUMAIbHOM MapIIpyTH3allud Ha IpHUMEpe
(parmenta cet XapbKOBCKOH o0siacTH. MHOTOKPUTEPHAIBHBIN MOAXOI K
ONITUMAJIBHOMY PCHICHUIO 3adadyd MapumpyTusalnvuu Ja€T BO3MOXKHOCTb
YUUTBHIBaTh HECKOJBKUX TOKa3zaTeNell KadecTBa, KOTOPHIE BCECTOPOHHE
oneHuBaloT Mapmpythel. Ilomydeno IlapeTo-onTHManbHOE pelleHHE 3a1add
MapupyTU3alud, KOTOPOE YIOBIETBOPSIOT COIIACOBAHHOMY  ONTHMYMY
MoKasarejel kauecTBa MapuipyToB. MHoxecTBo I[lapero-onTumalbHbBIX
pelleHnii  MOYKHO  HUCIONB30BaThb  JUIs  OpPraHM3alUd  MHOTOITYTE€BOM
MapUIpyTU3alUH, YTO TO3BOJIUT PAaBHOMEPHO HCIIOJIb30BaTh JUHUU CBSI3U. [lnd
BHIOOpa E€IMHCTBEHHOTO BapuaHTa MapuipyTa W3 MoaMHokecTBa I[lapero-
ONTHUMAJIBHBIX HCHOJIB30BaH JIEKCHKOTpaUUeCKHi I0JX0Jl, OCHOBAaHHBIA Ha
YIOPAIOYMBAHUU 10 BaKHOCTH TOKa3aTesel KadecTBa MapupyTos. I[Iposenen
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CpaBHI/ITeHBHHﬁ aHaJIn3 pe3yJibTaTOB PEHICHUA 3aJa4u MHOFOKpHTCpH&J’IBHOﬁ
ONTUMHU3ALMH U MapLIPYTU3ALKN COTIACHO U3BecTHOrO npoTtokona OSPF.

[lpoBeneH  CcpaBHHUTENBHBIH  aHamM3 W KiaccH(UKALUS — aJrOPUTMOB
MapupyTu3anud B MoOMnbHBIX ad hoc-ceTsx. AJTOPUTMBI MapHIpyTH3AIMH
pa3iMyYaoTCs MO Crmoco0aM  MaplIpyTH3aldH, HCIOIb3YEMbIM — CETEBBIM
METPHKAM, HCIOJb30BAHUIO 3HAHUI O TOMOJOIMH, a TAaKKE MPUMEHEHUEM
CTpaTerud MHOTOMYTEBOW MapuipyTu3auuu. i Kaa0ro u3 pacCMOTPEHHBIX
QITOPUTMOB TMPHUBEACHO KPATKOE OMHUCAHUE PabOThl U OLEHKY JIOCTOMHCTB U
HEJOCTATKOB QJIFOPUTMOB MapuipyTu3amnuu. [loyueHHbIe pe3yabTaThl aHAIH3a
JAIOT OCHOBAHHWC TOBOPUTH O HEOOXOIUMOCTH TPUMCHCHHS METOJIOB
MHOTOKPUTCPHAIILHON ONTUMHU3AIMH K CPABHCHHUIO U BBIOOPY CYIICCTBYIOIIUX
[IPOTOKOJIOB MapIIPYTHU3ALMH C yYETOM COBOKYITHOCTH ITOKa3aTeliell KauecTBa.

PaccmoTpensl TEOpPETHYECKHE " MPAKTHYECKUE 0COOCHHOCTH
MHOTOKPUTEPHATEHOTO BBIOOpA MPEANOYTHTETLHOTO MPOTOKOJIA
MapIIpyTU3alMd Ha OCHOBE METOJa aHanu3a uepapxuid. [1ogydeHbsl MaTpHUIlbI
MapHBIX CPaBHEHWI TIOKa3arelell KadeCcTBa W BAPUAHTOB IPOTOKOJOB
MapIIpyTH3AIHi, T KOTOPBIX BBIYUCIICHBI UX TJIABHBIC COOCTBEHHBIE BEKTOPHI
M BEKTOPHI TPHOPHUTETOB. Ha OCHOBE TONYYEHHBIX TAHHBIX BBIYHCICH BEKTOP
rI00AMBHBIX  MPHOPUTETOB, MO MAKCUMAIbHOMY 3HAYCHHUIO KOMIIOHECHT
KOTOPOrO  BBIOpaH  MOPEANOYTUTENbHBIM  BAPUAHT  MapHIPYTHU3alUU B
OecripoBoHOM ad-hoc ceTw.
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