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YK 004.324

K.B. KOJIECHUKOB, K.C. PYIAKOB

Yepkacckuii 20cy0apcmeeHHblil MeXHON02UYEeCKUIl YyHugepcumem, YKpauna

METOAbI U CPEACTBA MOJAEJIMPOBAHUA U TECTUPOBAHUA
JOKAJIbHOM BHIYACJIUTEJILHON CETH 1 EE KOMIIOHEHTOB

PaboTa mocBsmieHa MeToIaM U CPEeICTBAM MOJECIUPOBAHUS M TECTUPOBAHUS JIOKATEHOW BBIYHCIUTEIBHON CETH
U €e KOMIIOHEHTOB. PaccCMOTpeHbI MOJENHM U METOJIbl TEXHUYECKON JMArHOCTUKH CETEH, ONpe/eieHbl BaKHe-

IOUEC HAIPaBJICHUA UCCIICIOBAHUSA B JIAaHHOM 00JIaCTH.

KOPIOPATUBHAS CETh, JTOKAJIbHASl BHIYHCIUTEIBHAS CeTh, THATHOCTHKA, JIOTHYECKHE H MaTeMaTH4YecKHe
MoO/1eJIH, IPOTHO3MPOBAHNUeE NMOBeIeHNs, OlleHKa 3()(peKTUBHOCTH, MPOEKTUPOBaHHe, METO/Ibl TECTUPOBA-

HUSA, AaHAJIU3 CETH, HEI/ICHpaBHOCTI/I, onTUMMU3aANUA
BBenenune

JlokanmbHYI0 BBEIYHCIUTEIHHYIO CETh JJIS IOJIB30Ba-
TEIST MOKHO PacCMaTpPHBaTh KaK KOMITBIOTED HIIA BBI-
YHCIUTEIBHOE YCTPOWCTBO C BUPTYaJbHBIM IIPE/ICTaB-
JICHHEM Ha 3KpaHe MOHHUTOpa (DPU3UYECKH PACCPEIOTO-
YeHHOW WH(OpPMAIINH, TPEACTABICHHON Ha JIPYTHUX HO-
CUTCIIAX, U HOTOMy METOAbI U Cpe[lCTBa TeXHH‘leCKOﬁ
JTUArHOCTHKH IH(POBBIX OOBEKTOB MOTYT OBITH amari-
THPOBAHBI K CETEBBIM CTPyKTypam. [losTomy mpobiema
TEXHHUYECKOH IHATHOCTHKH BBIYHCIMTEIBHBIX CETEH
MOXKET 6])ITI) CBCJICHA K MO)II/I(i)l/IKaLIl/II/I METOOAOB U aJIro-
PUTMOB MOJEIUPOBAHUS, TECTUPOBAHMS, MOMCKA Jie-
(heKTOB, OPUEHTUPOBAHHBIX HA OPraHU3alMIO U TPOBeE-
JICHUE TUArHOCTHYECKOTO HKCIIEPUMEHTA 1Sl IU(PPOBOi
CUCTEMBI.

Kak texandyeckuil 00BEKT, KOMIBIOTEPHASI CETh HY-
JKIAeTCs B CEPBUCHOM OOCITy>KUBaHHU. PaccpenoTodeH-
HOCTh KOMITOHEHTOB CETH B MPOCTPAHCTBE CO3MAET OIl-
peleNeHHBIE TPYIHOCTH TUATHOCTUYECKOTO OOCITYXKH-
BaHUs, 3aKJIIOYAIONICTOCS B TECTHPOBAHWH PabOTOCIIO-
cobOHOCTH M TIoucke AedekToB. [ penieHus yrnoMsay-
TBIX NPOOJIEM aKTyaJbHBIM IPEICTABIISETCS MPOCKTHU-
POBaHHE CHEIHATH3HPOBAHHBIX MPOTPAMMHO-AMIIAPAT-
HBIX CPEJICTB CEPBUCHOTO JTUATHOCTHYECKOTO OOCITYKH-
BaHHs KOPIOPATHUBHBIX CETEeH, OPHEHTHPOBAHHBIX Ha
MUHHMH3AIUI0 BPEMEHHBIX M MAaTCPUAIBHBIX 3aTpaT

BOCCTaHOBJICHHSI PabOTOCIIOCOOHOCTH. 3amada CHHTE3a

JIMarHOCTHUECKUX CPEACTB MOKET OBITh pellieHa ITyTeM
HOCTPOEHHS CTPYKTYPHO-JIOTHYECKHX MOJeNeld KOopIo-
patuBHOM ceTH M pa3pabOTKH TPOrpaMM JIOTHKO-
BPEMEHHOT'0 aHaJIM3a U TECTHPOBAHMUSL.

AXTyaJIbHOCTh ITOCTAaHOBKHM TakKuX 3ajad 00yCIIOB-
JieHa BBICOKOH CTOMMOCTBIO JIMIIEH3MOHHBIX IIAKETOB
MOJCIUPOBAHUS M IHArHOCTHPOBAHUS, COM3MEPHUMBIX
CO CTOMMOCTBIO TEXHHYECKOT0 00ecTIeueHH s JIOKAIbHOM
BBIYHMCIIUTENILHON CETH, MpPEAyNPEkKIeHHEM BO3HHUKHO-
BEHHUS HEIUTATHBIX CUTYaIWi, IPUBOASAIINX K Hapylle-
HUIO pabOTOCIIOCOOHOCTH CETH ITyTeM MPOBEACHUS Per-
JIAMEHTHBIX PaboT; ONEpaTHBHBIM YCTpaHEHHWEM BO3HH-
KaloluX B CETH OTKa30B, Je(eKToB, KOJUIM3UH,
BIIMSIONIMX Ha BBHINOJHEHUE (YHKLUH NpHeMa, nepena-
9u 1 00padOTKN MH(POPMAITHH.

TecTupoBaHMeM ¥ JHAarHOCTHPOBAaHHEM IM(POBBIX
CHCTEM, KOTOpbIE MOKHO IIPUMEHHUTh K PEIIECHHUIO IpO-
OJleM CepBHCHOTO OOCITY>KUBaHHS KOMITBIOTEPHBIX Ce-
Tel WIM MX KOMIIOHEHTOB, 3aHMMAaJMCh MHOTHE Yyde-
HBIE: Andrew S.

M. Abramovici, C. Shannon,

Tanenbaum, Alvaro Retana, William Stallings,
M. Tanner, I'. Xenn, K. I'u, M. Karo, 3.A. fxy0aiituc,
H.dx. Heccep,

A M. T'ypxuii, B.W. Xaxanos, B.I'. Onmudep, M. Kynbrun.

J. Yennuc, B.M. BuiineBckui,

IMocTranoBka 3agaun. OOvekm uUCCIe008aHUs —
KOPIIOpaTHBHAs KOMITBIOTEPHAS CETh U €€ KOMITOHEHTHI,

MMpeACTaBJICHHBIC aKTUBHBIM W IMaCCUBHBIM 060pyﬂ03a—

© K.B. Konecnukos, K.C. Pynakos
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HHEM B BUJI€ CEPBEPOB, PAOOUNX CTAHIMH M CPEICTB X
KOMMYHUKaIIUU.

Ilpeomem uccnedoganuss — MOJAENN CETMEHTOB WU
KOMITOHEHTOB KOPIIOPATHBHOW KOMITBIOTEPHOH CETH,
MIPE/ICTABICHHBIE B BUJIE YPOBHS ONMCAHMS alnapaTypsl
JUISL PEILICHHUS 3a/1a4 JIOTHKO-BPEMEHHOTO aHaJIN3a.

enb uccefoBaHUA — IOUCK U CUHTE3 MOAEIEN U
METOJIOB, IO3BOJISIIONIMX YMEHBIINTh BPEMEHHbBIE 3a-
TpaThl BOCCTAaHOBIEHUS PabOTOCIIOCOOHOCTH KOpmopa-
TUBHOM KOMIBIOTEPHOH CETH M €€ KOMIIOHEHTOB Ha
CTaguAX MPOEKTHPOBAHMSA M 3KCIUTyaTallud, OPUEHTHU-
POBaHHBIX Ha TECTUPOBAHHE HCIPABHOTO MOBEIACHUS U
JAUarHoCTUpOBaHUC Hel/ICHpaBHOCTeﬁ, MNpUBOAAIINX K
0TKa3aM WM BOSHUKHOBEHHUIO KOJIIM3HH.

Jlist ToCTHXKEHUsI TOCTaBJICHHOHM IenH 11e1ecoo0-
pa3sHO MMETh BO3MOKHOCTH NPOTHO3WPOBAHUS MOBEJE-
HUSI CETH C Y4€TOM BBIOpaHHBIX apXUTEKTYPHBIX pellie-
HUHA Ha paHHUX CTaJUAX €€ pa3paboTKH, a TAKXKe NpH
BHECEHUU WU3MEHEHMU B apXUTEKTypy CETU BO BpeMs
9KCIITyaTalliy, Ha OCHOBAaHMM J[aHHBIX, IOJIyYCHHBIX
IIPY TPOBEJCHUH TECTUPOBAHUS M YIPEKAAIOIIEH anar-
HOCTHKH.

O030p myOnmkanumii. KoproparueHas ceTb mpen-
CTaBJsIeT co0O0M pacrpeneneHHbId B TPOCTPAHCTBE 00b-
eKT AnarHocTupoBanusi. IloaroMy MHOrooOpasue moze-
Jell OCHOBBIBaeTCS Ha Ipado-TEOPETHUECKOM Ipes-
CTaBJICHUHM CTPYKTYPHl B3aMMOCBS3aHHBIX KOMIIOHEH-
TOB. AZIEKBaTHOCTh MOJIEJNIH, KaK CTETIEHb €€ COOTBETCT-
BUS pealbHOMY OOBEKTY, IOJDKHA YAOBIETBOPSTH JIOC-
TATOYHOCTH HAJIMYUs UCXOMHOW WH(pOpMAIuu i pe-
IIEHUs TOCTAaBJICHHBIX 3a/lad CEPBHCHOTO OOCIYyXHBa-
HUS W JWarHocTHpoBaHusi. Hibke npuBeneH 0030p
OIyONMKOBAHHBIX Pa0OT, 3aTparvBaioIINX OO0JAaCTH
MPOEKTUPOBAHMS, JKCIUIyaTallid, CEpBUCHOIO 00Ciy-
JKUBAHUSI, MOJCIMPOBAHUS, IHUArHOCTUKH JIOKAJIBHBIX
BBIYHMCJIMTENILHBIX CETEH M €€ KOMIIOHEHTOB.

PaGotsr [1 — 29] otHOCATCS K (pyHIAMEHTAIBHBIM,
KOTOpBIE KJIacCH(UIUPYIOT U 0000IIAIOT HCCIIETOBAHUS
COBETCKHX M 3apyOeKHBIX YUEHBIX, BHIIIOJIHEHHBIE C Ha-
yajga 70-X roJOB IPOLUIOrO CTOJETHS M CBSI3aHHBIE C

TEOpHeH M MPAKTUKOIM Pa3BUTHS BBIYMCIUTEIBHBIX Ce-

teit. [lepron, orparnyeHHbI HagasioM 90-X TONIOB, OTI-
penensieTcsi pasBUTHEM TEOPUU MPOCKTHPOBAHUS U OII-
TuMu3anuu cered. [lepuon, onpenensieMplil mocaegHUM
JIECSITHICTUEM, XapaKTEPU3yeTCsl MHOT000Opa3sueM cete-
BBIX TEXHOJIOTHI M MX NMPUMEHEHHEM BO BceX cdepax
YeIIOBEUECKON JesaTeNbHOCTH. MoHorpaduu mpeacras-
JISIOT OCHOBHBIE XapaKTEPUCTHKH CETeH, MX TOIOJIO-
TUIO, TPUHIMITEI U CHOCOOBI Tepeayn JaHHBIX, IIPO-
rpaMMHO-ammapaTHoe o0ecredeHre, IpuMephl HCIIOIb-
30BaHMsI JIOKAJTBHBIX CeTel 0e3 Tiry0OKOoro aHamsa To-
MOJOTUYECKUX, (DYHKIMOHAJIBHBIX WM TEXHHYECKUX
pemennii. [Ipencrapnsemas B HUX WHPOPMALUS HOCUT
WK y4eOHBINA, WK CIPaBOYHBIA xapaktep [6, 13, 17,
24, 26 — 28]. OmgHako CYIIECTBYIOT pa3fielibl, Kacaro-
myecst: 3(GQGEeKTUBHOCTH (HYHKIMOHUPOBAHUS (TIPOIy-
CKHasl CIIOCOOHOCTH, THMIBI OHIMOOK, oOeclieueHHe Ha-
JIe)KHOCTH, KOHTPOJIb (PyHKIMOHMPOBaHHMSI, MOU]HKa-
IUsST CETH), oOeCTeYeHrsT HAaJASKHOCTH U 0€30TKa3HOCTH
(mporpaMMHOro oOecIieueHus!, ONePAllMOHHBIX CHUCTEM,
TEXHHYECKHUX CpeacTB), MojenupoBanus JIBC (¢byHk-
[MUOHANEHBIC MOJICNTH, KPUTEPHH KadecTBA, MOJCIH
CTPYKTYp YpOBHEH (pyHKIMOHAIBHBIX OOBEKTOB, UMHUTA-
roHHbIe Mozenn JIBC 1 ux mporpaMMHast peain3arus).
B monorpaduu [19] npeayioskeH OOLIHIA KPUTEPHIA

KayecTBa (CTPEMSIIHNACST K MUHUMYMY ):
QC:CI'Tn'&'L'NHJ (1)

G

rae C|— CTOMMOCTh Pa3pabOTKH M SKCILTyaTalliyl CETH;
C, — CTOUMOCTH Pa3paboOTKH U 3KCIDTyaTanuu a0OHEHT-
CKUX cTaHIWmii; 7, — BpeMs mepenadu Kaapos; Ny — 00b-
€M MaMSTH [UIA pa3MeIIeHus] IPUHIMAaeMOd U Tmepesa-
BacMod wH(popMarum;, L — oOmias mmuHa KaOeTbHBIX
JIUHUN cetu; N, — YUCI0 aKTUBHBIX CTAHIUU TMOJKITIO-
4eHHBIX K ceTH. [loka3aHo, 9TO BOMPOCH MOJAEIHPOBa-
HUsI OONBIIUX CETeH pelIalTcs B paMKax oOuied Teo-
PHUH CHCTEM, a TAK)Ke TEOPHH ONTHMHU3AIIUH, MaCCOBOTO
oOcyxuBanusi, rpad)oB, HAICKHOCTH, C HCIIOJIb30Ba-
HUM METOJOB HCCIEAOBAaHUS ONEpalud U CTATUCTUYE-
ckoro MozenupoBanusi. OngHako Gonee 3(h(EeKTHBHBIMU
CUHTAIOTCS CICIHATH3UPOBAHHBIC CHMYIISITOPHI 32 CUET

yaopoumcHus MOACIN U BBEACHHUA KOHKPETHOT'O (1)1/131/1%—
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CKOTO COJep KaHUS CeTH W ee KOMIOHEeHTOB. Hemocra-
TOK JaHHOW MoHorpaduu [19] 3akitoyaercs B ee opu-
€HTALlMHU Ha BBIIIEIIINE U3 YIOTPEOICHHUS POrpaMMHO-
TEXHUYECKHE CPEICTBA JIOKAIBHBIX BBIYHCIHTEIBHBIX
ceTei.

B monorpadmsix [9 — 11, 20] paccmarpuBaroTcst Me-
TOJbl aHAJIM3a U CHUHTE3a KOMIIbIOTEpHBIX ceTeil. [Ipu-
BOJATCS TOYHBIC M TPHONMKCHHBIE MaTeMaTHYCCKHE
METOJ[bl HCCJIEJIOBAHUS CHUCTEM M CETel ouepereil, a
Takke A(PQOCKTUBHBIC BBIYUCIUTEIBHBIC aITOPUTMBI
pacuera Takux cereid. C TMO3WIUI TEOpWUH oOdveperacH
OTIMCHIBAIOTCSL PA3IMYHBIE ACHEKTHl MPOCKTHPOBAHUS
KOMIIBIOTEPHBIX ceTeld. PaccMarpuBaroTcs croxactuue-
CKHE CETEBBIC MOIETH aHaJm3a 3aJepKeK, yIPaBICHHUI
MOTOKAMH U pacyeTa y3JI0B KOMMYTaluu naketoB. Cuc-
TEMATH3UPYIOTCS W HCCIEAYIOTCS alTOpUTMBI BEIOOpa
OINTUMAJIBHBIX MapmipyToOB B CETAX MaKeTHOM KOMMYTa-
LMW U JuHamMuueckod mapupytuzauuu B ATM-ceTsx.
Jlaercst onrcaHnne KOMOWHATOPHOT'O ATOPUTMAa CHHTE3a
TOTIOJIOTUYECKOI CTPYKTYPHI KOPIIOPATHBHBIX KOMITBIO-
TEpHBIX ceTed. [IpUBOIATCS HOBBIE PE3yJBTaTHl B 00-
JIACTH MPOEKTHPOBAHUS U OLECHKH MPOU3BOAUTEIEHOCTH
0eCIpPOBOIHBIX KOMITBIOTEPHBIX CETCH.

B rpynme pa6ot [13, 26 — 28] 0ocCHOBHO# aKIEHT Je-
JIAETCSl Ha SBPUCTHUYECKHUE PEILEHUs, CBSI3aHHBIE C IO-
BBIIICHUEM JKCIUTYaTallMOHHBIX XapaKTEPHCTUK CEeTH U
e¢ KOMIIOHEHTOB, a TaKXe¢ Ha METOJbI OIICHUBAHHUS
YHOOMSHYTHIX napametpoB. Hampumep, paccmaTpuBaet-
Csl OIIEHKA BEPOSATHOCTH MOJHOM CBS3HOCTH JIOKATBHBIX
ceTell ¢ HeMmOJHOW OCTYMHOCTBIO OTAEIbHBIX MarucT-
paneil Ui BceX y3JI0B, BO3HUKAIOUIEH B Cilydae, KOrjaa
KpaTHOCTh PE3ePBUPOBAHHBIX MarvucTpajiei MpeBbIlaeT
KpPaTHOCTb PE3ePBUPOBAHUS CPEICTB MOIKIIOUCHUS y3-
sioB. [Ipy 3TOM MPAaKTHYECKH OTCYTCTBYIOT OLICHKH 3(h-
(PEKTUBHOCTH TPOEKTUPOBAHUS W (DYHKIMOHHPOBAHHS
CCTH, KOTOPHIC MOXXHO IMOJYYUTH B PE3YJILTATC BBIIOJI-
HEHHUS MOJCTUPYIOMNX M AMArHOCTHYECKUX SKCIEepPH-
MEHTOB.

B [24] npeacTaBieHbl OCHOBBI POSKTUPOBAHUS, Ha-
JAJIKH, JKCIUTyaTallid U JTUATHOCTUKU KOMITBIOTEPHBIX

cereil. bonbllloe BHUMaHue yAenseTcss aHaIu3y CepBeEp-

HBIX, THOPUIHBIX U OZJHOPAHTOBBIX CETEH, IPUMEHEHHIO
CEeTEBBIX TOIOJOTHH. PaccMOTpeHbl OCHOBHBIE JJIEK-
TPOMAarHUTHBIE XapaKTEPUCTHKU KaOEIbHBIX CHUCTEM
(3aryxaHue, UMIIEIaHC, TIEPEKPECTHBIC HABOAKU MEXIY
BUTBIMH IIapaMM, aKTHMBHOE CONPOTHUBIICHHE, €MKOCTb,
SJIEKTPUUECKUH ITyM), KOTOpPBIE OKa3bIBAIOT CYIIECT-
BEHHOE BIIMSHHE HA KOPPEKTHYIO paboTy CeTH Ha Iep-
BOM U BTOpoM ypoBHsx moaenu OSI. TlpuBenens! Tex-
HHUUYECKHE CPE/ICTBA, UCIIONB3YEMbIE ISl TOUCKA Ae(ek-
TOB B CETH: TEPMHHATOPHI, KaOeIbHbIE TECTEPHI, U3Me-
PHTEIH OTPaXKEHHOT'O CHTHaJa, IU(POBBIC BOIBTMETPHI,
aHaIM3aTopbl MPOTOKONOB. ClleyeT OTMETHUTh, YTO B
paboTe OTCYTCTBYET KaKOe-THOO IUIAaHMPOBAaHHUE Uar-
HOCTHYECKOTO SKCIEPHMEHTA, CBS3aHHOTO C IOCTpOe-
HUEM MOJETH ceTH, (QopMmanu3anueii Mojeneit Hewuc-
MIPAaBHOCTEH, OCTPOCHUEM ITOPUTMOB MOUCKa Ae(ek-
TOB Ha OCHOBE IIOJYUYCHHBIX PE3YJbTATOB TCCTUPOBA-
Hust. Dopmanu3M IMarHOCTUPOBAHUS CBOIWTCS K Bep-
0aJBHBIM COBETaM, KOTOPbIE HE MPECTaBISIOT HHTEpe-
ca JUIA ONBITHOTO aJMHHHUCTPATOPa, a TaKkKe HE MOTyT
OBITH MCITOJIH30BAaHBI MEHEE KBAM(UIIMPOBAHHBIM CIIe-
LIUATHCTOM.

B [19] npencraBnena wHpOpManus O pasIUIHBIX
METOo/laX ONTHMHU3ALUU U YCTPAaHEHHs HEHCIPaBHOCTEH
B CETH, a TaKXKe IPUBEJICHBI IPUMEPHI IIPOEKTOB OITH-
muzauun cetu. IIpuBeneHsl BapuaHTBI OJOK-CXEM HO-
WCKa HEHCIPAaBHOCTEH B Pa3lMYHBIX CETEBBIX YCTpPOM-
cTBax (cereBas IUIaTa, KOHLEHTPATOPHI, MOCTHI, y3JIbl-
CTaHIMM, MAapHIPYTH3aTOPHI, MOBTOPHUTEIH, MOJAEMBI,
IITIO3BI, (haiiI-cepBephl) U 1O OTAEIBHBIM HEHCIPaBHO-
CTSIM B CETSIX, YTO CYIIECTBEHHO YIPOIIAET MPOLEAYPY
TIOWCKA U YCTPAHEHHUS] HEUCTIPABHOCTH.

B wmonHorpaduu [29] mpencTaBiieHBI OCHOBBI JKC-
Ityataiuu cereil Internet. JlocTaTouyHO NOJIHO OMUCAHBI
MPUHIOUIBI CETEBOTO B3aMMOAEHCTBUS, OCHOBHBIC IIPO-
TOKOJIBI, IPUKIIaZHOE oOecrieueHue cetei. [Ipencranie-
Ha wH(pOpMAIHA MO OLIEHKE MPOITyCKHOM CIOCOOHOCTH,
00HapyKEHHUIO KOJUIM3UH W IPUYMH, UX BBI3BIBAIOLINX.
bonbiloe BHUMaHHE YAENEHO IPUKIATHOMY aCIEKTy
UCIIONIb30BaHMS IIPOTPaMMHBIX ITAKETOB, ITO3BOJIIOINX

MOBBICUTH 3(PPEKTUBHOCTh TNIOOATBHBIX CETeH IS KO-



Komn’tomepni cucmemu ma ingpopmauinini mexnonozii 61

HEYHOro mnousis3oBarelns. LIIupoko mpeacTaBieHa 4acTs,
Kacarolascss nHpopMaruoHHo# 0e3omacHoctu. OMHAKO
3/IeCh TaK)Ke€ OTCYTCTBYET Kakas-THOo WHpopMamus o
TEOPETHYECKHUX AaCIEeKTaX OINTHMAJILHOTO O0OCIyXHBa-
HUS KJIMEHTOB, IPOTHO3UPOBAHUS ITOBEAEHUS JIOKAIb-
HOH CeTH WM €€ MOJIEITMPOBAHMSI.

B [2] paccmatpuBaeTcst GecripoBOIHAS CETh Iiepea-
4yn naHHbIX. [Ipemnaraercs 3¢dexkTHBHBIA MpUOIMKEH-
HBIA METOJ] OIIEHKH MPOIYCKHOW CIIOCOOHOCTH 3TOH ce-
TH, JOCTaTOYHO MOJIHO YYHMTHIBAIOIINI OCOOEHHOCTH
IPOTOKOJAa M IPUMEHHMMBIH NP JTIOOBIX NapaMeTpax
HarpysKu.

B [26] ommcaHa cTpyKTypa KOMILJIEKCAa MPOrpamMM-
HO-TeXHWYECKHUX CPEICTB, IUISl UCCIEHAOBAaHHS M OITH-
MHU3alUu PEKUMOB YIIPABJICHUA l/IH(bOpMa]_II/IOHH])IMI/I
moToOKamMu B y3nax certedd. [lpuBenena mHpoOpmamus o
peaM30BaHHBIX B KOMIUIEKCE pe3yJbTaTax TeopeThye-
CKOTO XapakTepa.

[IpencraBnenHas rpymmna padoT OTpakaeT MHOT000-
paszue IBPUCTHYECKUX MOAXOIOB K HHXEHEPHOMY pe-
IIEHUIO 337134, CBS3aHHBIX C yJIy4IIeHHEM (YHKIIMOHHU-
POBaHMS CETH ¢ NO3ULHUH MoJIb30BaTeNsd. B padorax ot-
CYTCTBYIOT CHCTEMHBIE HCCIIEIOBaHUS NpolieM opra-
HHU3AIlMM CEPBHUCHOTO OOCIY)XKHBAaHHS U HOBBILICHUS
3G GEKTUBHOCTH PabOTHI JOKATBHBIX CETEH.

B [8, 25] onmucanbl METOIbI TECTUPOBAHUS KOJUTU3HMA
B cpezne Ethernet. [Ipyrue ommOKku B ceTn onpeaensior-
csl KaK KOPOTKUH Kajp, JUIMHHBIA Kaup, jabber, ommodka
CRC, moreps maopmaruu, Omuku (ghosts), ommoOKn
BHIPABHUBAHUS, UCKOKEHHE MH(OPMALMH B aKTHBHOM
o0opynoBaHNH, OJIOKHPOBKA KaHajia, “‘MIMPOKOBEIIA-
TeJIbHBIE MITOPMBI”, OIIMOKK MapLIpyTH3alMH. Xapak-
TEPHBIMH IS CTaJUU MPOSKTHPOBAHUS JIOKAILHON HITH
KOPHOPAaTHBHOW CETH MOT'YT OBITh CIIEAYIOIIUE Ipocye-
TBl WJIM HETOYHOCTH, OOYCJIOBIICHHBIC HEIOJHOTOW HH-
(dopmaruu, CBSI3aHHOHN ¢ OyIyIel SBOJIOIMEH: MPOCK-
THPOBAHUE CETMEHTOB YPE3MEPHOI IUTMHBI, IPOSKTUPO-
BaHME IMPOKJIAAKK Kabensi Oe3 ydera BIMSHHS Ha HETO
BHELIHNX HCTOYHUKOB IOMEX, OOJBLIOE YUCIIO Heperu-
00B Kabesst B CErMEHTe, OTCYTCTBHE B IPOEKTE MM He-

BEPHAas TOIIOJIOTUA 3a3€MIICHUA, BBI60p HCKa4CCTBCHHO-

IO aKTUBHOTO OOOpYZOBaHMWS, HEKOPPEKTHAsl YCTAHOB-
Ka, KOH(QUTI'YypUpOBaHUE W HCIIOJIB30BaHHE IPOrPaMM-
Horo obecneueHusi. [IpencraBieHbl 3Talbl CECCUU aHA-
JM3a ceTH (3axBat, MPOCMOTpP M aHAIM3 JAHHBIX, IOUCK
OIHNOOK, M3MEPEHUE YCPEAHCHHBIX XapaKTEPUCTUK H
aHaIM3 OTIENbHBIX 2JIEMEHTOB ceTu). B [8] mpuBenena
TEeXHOJIOTHSI ceTeBoro ympasieHHss RMON, cioyxamas
Ui coopa ¥ nepeaadn nHGopManuu o (GyHKIHOHHPO-
BaHuU ceTu aaMuHucTparopy. RMON no3Bosnser ooHa-
pyXMBaTh OMIMOKHM B JIIOOOM YCTpOMCTBE cetn (Map-
HIPYTU3aTOPbl, MOCTHI, pabo4yHMe CTAHIUH, CEPBEpHI,
KOHLIEHTPATOPHI U Jp.) OIarofapsi CBOMM PE3HICHTHBIM
MPOrPaMMHBIM MOJIYJISIM, YCTaHABIMBAEMbIM B 3TH yCT-
poiicTBa

B [1, 3, 30] onucansl MOJieIH, METO/IbI, aITOPUTMBI
W TIPOrpaMMBbl NPOEKTHPOBAHMS, HANAAKH, ITHarHOCTHU-
poBaHMsi LUQPOBBIX cucTeM, cereil. [laHpl oOmme u
CHeLHaIbHbIE TTOIXO0ABI K TECTUPOBAHHIO MAMSATH, MUK-
POIPOLIECCOPOB U APYTHX YCTPOMCTB, BXOJIIMX B CO-

CTaB BBIYUCIUTEILHON CHCTEMBI.

Mojaeau 1 MeTOAbI TECTUPOBaAHUSA

C no3unmu pa3paboTku 3PPEKTUBHBIX MaTeMaTHde-
CKHX MOJI€JIel METOJO0B U AJITOPUTMOB TECTUPOBAHUSA,
MOACIMPOBAHUA, TUAT'HOCTUKHN MOJIE3HBIMHU MOT'YT 6]>IT])
paboTHI, OTHOCAIMHECS K TEXHHYECKOW THArHOCTHKE
urdpoBeIX ycTpoiicT u cucteM [5, 30]. O6ocHOBaHKEM
TAaKOTO ITOAXOAAa MOXET CIYXHUTh TOT (PaKT, 4TO JIO-
KaJIbHas CE€Tb JIOTUYCCKU ABJIACTCA MHPOCTO KOMIIBIOTC-
POM C pacIIMPeHHBIMU (YHKIIMOHAJIHHBIMA BO3MOKHO-
CTsAMU. HOSTOMy TO, YTO MNPUIOJAHO IJid aHaJiu3a BbI-
YUCIUTEIPHON CHCTEMBI, MOXXHO HWCIOIB30BaTh IS
peuicHusA CCTEBBIX NTUArHOCTUYCCKUX 3aaay.

Jlornyeckoe MOIENUPOBAHUE CUCTEM U CETEU SIBIIS-
€TCSl CPENICTBOM JIsl POEKTUPOBAHHUSI AITOPUTMOB KOH-
TpoJst U moucka Aedexron. [Ipu 3TOM Mozmenn TOJKHBI
MMETh BO3MOXXHOCTb IEPECTPauBaTbCA B 3aBUCUMOCTHU
OT TpeOOBaHMI K TOYHOCTH M aJICKBAaTHOCTH. B0O3MOX-
HOCTh TIEPECTPOUKH MOJICNH, OOCCIICYMBACTCS €€ He-
PapXUYHOCTHIO, KOTOPAs IOMyCKAEeT BOZMOKHOCTD TTOJI-

KIIFOYCHUA B Ka4CCTBC NPUMUTHUBA III/I(l)pOBOFO aBTOMa-
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Ta, 00NIaaloMero cCOOCTBEHHONW CTPYKTYpOM, YTO pac-
MIAPSET BO3MOXHOCTH NPOIPAMMHBIX CPEJIICTB aHaM3a
U(POBBIX CTPYKTYP.

AJprepHaTUBHBIE Tpagbl SBISIOTCS pa3sBUTHEM Ma-
TEeMaTHYECKOro ammapara IBOMYHBIX PELIAIONINX JHa-
rpamm. M300paznTenbHOCTh rpadoB JITKO NPUHUMAET-
Csi HCCIIEIOBAaTEeNsIMH B KadecTBe yHOOHOW (GOpMBI
NIPE/CTaBIICHUS. MOJIENIeil YCTPOICTB, CUCTEM M CeTeH,
Ha KOTOPOH TEXHOJOTHYHO PEIIAIOTCS 33aJadyd MOJEIH-
POBaHHMS M T€HEPAIlMH TECTOB ISl CTPYKTYPHO M (YHK-
IIMOHAJILHO CIIOXKHBIX 00BbekToB. [To cpaBHeHHIO C aHa-
JHUTHYECKMM BHJIOM MOZENb IBTEPHATHUBHBIX rpados
COBMEII[AET KOMIIAaKTHOCTh CKOOOYHOH (OPMBI U pery-
JSIPHOCTH SKBUBAJICHTHBIX HOPMAJBHBIX (OpM OyNeBBIX
QYHKIHH.

I'padpuueckue npencrapneHus TUGPOBHIX YCTPOUCTB
cBsi3aHbl C rpad-cxemamu anroputmoB [17], rpadamu
PEruCcTpoBBIX Iepenay u cetsimu [lerpu. B nepsom ciy-
yae ()yHKIMM KOMIIOHEHTOB aBTOHOMHOT'O O0OBEKTa pac-
CpeloTOYCHHI N0 Bceil rpad-cxeme anropurma, 4to 3a-
TpYJAHSET peleHne 3aaa4un ananusa. s rpados peru-
CTPOBBIX IIepeiad HEZOCTATKOM SBISIETCS HEOTHOPOJ-
HOCTb MOJIEJIH M CIIOKHOCTD 33/1aHHSI HEUCTIPAaBHOCTEH.

AHanUTHYECKOE 3aJaHHE MOJEIEH IpPEeACTaBIEHO
OynebiMu (pyHKIHSAMU [16] 1 ckoOouHBIME (opMamu
[17, 30], ammapaToM OyJeBBIX NMPOM3BOJHBIX, SKBHBA-
JICHTHBIMHA HOpManbHbIMH (opmamu. [Ipu ctpemnennun
K MHHUMAQJIBHOCTH 3allHCH BBIPAXEHHH BcE YHOMSHY-
ThIe (pOpMBI MMEIOT OOLIMH HEJOCTaTOK — CIIOXKHBIE U
TPyJOeMKHe, KaK IPaBUIIO, UTEPATHUBHBIE IMPOLELYPHI
WX aHaJM3a JUIsl peLICHHMs 3a1a4 JUarHOCTHPOBAHHUS.

B [30] cuctematu3upytoTcsi BONPOCHI MOJAEIHHOTO
NPENCTaBICHUS Ul MPOSKTHPOBAHHUS CHUCTEMBI MOJIe-
JMPOBaHMsI, KOTOpasi He OyJeT UMETh OrpaHUYeHUH Ha
OT/CNIbHBIE THUIBI IMQPOBBIX CHCTEM (CHHXPOHHEIE,
ACHHXPOHHbIE, KOMOMHAIIMOHHBIE IT0CIIEI0BATEIBHOCT-
HbIC), U MPUBS3KH K BEHTWIFHOMY YPOBHIO OIHCAHUS
CJIOKHBIX (l)yHK]_Il/IOHaﬂ])H])IX JJICMCHTOB.

B wurore [1] o630pa ¢opm omucaHUS TUCKPETHBIX
CHCTEM CJIE/IyeT 3aMETHTh, YTO Ha CErOJIHS NMEET MECTO
MHOroo0pasue Mojeneld Ha KOHLENTYyaJbHOM YPOBHE,

OIIMCBIBACMBIX aHAJIMTUYCCKHMMU, Ta6HI/I‘IHBIMI/I, rpa(bn—

yecknMu (opmamu. Cpean HUX MOXKHO BBIICJIUTH HaU-
Oosiee pacrpoCTpaHEHHOE aBTOMATHOE MpE/ICTAaBIICHUE
CHHXPOHHOH (YHKIIMOHAIBHOM MOJIENH, Ha KOTOPOi
MOXHO peIIaTh BCE 3aJayll MOJICINPOBAHUS U TECTHPO-
BaHMUS.

Metoasl MoaenupoBaHUs HeucnpaBHocTed [1, 22,
23], KaK yHHBEpCaJbHBIC CPEICTBA JUIS PEIICHHUS 3a/1a4
reHepalyy TECTOB, ONPE/ICIICHNs] UX KauecTBa, KOHTPO-
Js1 ¥ TIOUCKa AE(EKTOB, SIBISIFOTCS OOJICe CIOXKHBIMH B
peanM3ali 0 OTHOIICHHIO K ajrOpUTMaM aHalu3a
UCIIPABHOTO TIOBEJICHMS, KOTOPBIE pPacCMaTPHBAIOTCS
KaK JacTHBIE CIIydau HepBbIX. PemreHne npodieMsl Mo-
JIETMPOBaHMs JIe)EKTOB TIPEIoNaraeT yxe CylniecTBo-
BaHHWE AJITOPUTMOB AaHAJM3a HWCIPABHOTO ITOBEICHUSI.
BosbpmmHCTBO MMPaKTUYECKU PpCaIM3yCeMbIX METOI0B
MoUCKa Ae(EKTOB MCIONB3YeT AJIS aHalIW3a HEHCIpPaB-
HOCTEH CHUHXPOHHBIC MOJCIIU UCIPABHOI'O IMOBCACHUA.
Ha 3701 ocHOBe HIDKE MpEATararoTcsi alropuTMbl MO-
JIETMPOBaHMsl 1e(heKTOB, KOTOPbIE MOTYT OBITh HCIIOJIb-
30BaHBI U ISl KOPIIOPATUBHBIX CETEH.

OnuHOYHOEe MO/IeIUPOBaHUE HeucnpaBHOcTell. B
OCHOBY IOJIOJKEHA MJesl BHECEHUS OJHOTO nedeKra ais
aHaJIM3a €ro MpOSIBJICHUS Ha JIOCTYITHOM T€pMUHAJE ce-
TH IIpU NOJaude TECTOBBIX IoOcienoBaTeabpHOCTEN. [Tpu
peanM3any JaHHBI MeTo He TpeOyeT OONBIIMX 3a-
TpaT BPEMEHH M OPHEHTHPOBAaH Ha 00pabOTKy JFOOBIX
CTPYKTYP.

JlelyKTHBHOe MOJe/IMPOBAHNEe HEHCIPABHOCTEIA.
[To3BossieT Ha OIHOM BXOJHOM Habope (TecTOBOM cer-
MEHTE) OJIHOBPEMEHHO 00padaThiBaTh BCe Je(EKThI U3-
JIETHsT, BBIIEISAS MIPU 3TOM ITOAMHOXKECTBO MpOBEpsie-
MBIX. AHaJIN3 KOMIIOHEHTOB CBOAUTCA K BBIIIOJIHCHHUIO
orepanyii Haj CIUCKAaMH HEHCIIPAaBHOCTEH C IMOMOIIBIO
AHAJIUTUYCCKUX Bpra)KeHHﬂ, YHUKAJIBbHBIX JJId KaXXJ10T'O0
anemMeHTa. PaccMoTpeHHBIH MeTon TpeOyeT OombImx
3aTpaT MaMsATH Ui XpaHEHUs CIHCKOB, a ero 3ddex-
TUBHOCTH 3aBHCHUT OT HMPOTPAMMHON pealn3alliy Orle-
pauuii HaJl MHOKECTBAMH.

Metoabl auarnocrupoBanus. [lo Buay Bo3xaencT-
BUI TEXHMYECKOE JWArHOCTHpoBaHue IUddepeHmpy-
eTca Ha pabodee W TecToBoe. B mepBom ciyuae peub

HUIACT O KOHTPOJIC U IIOUCKE I[e(l)eKTOB B IIpo1ecce
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(hyHKIIMOHUPOBaHUS O00BEKTa Ha PabOYMX YacTOTaX M
BXOJHBIX BO3JEHCTBUSIX. BO BTOpOM — HCMOIB30BaHUE
00BEKTa CIyXKHT TOJNBKO IIEIIH ONPENIENICHNsI €r0 TEXHHU-
YECKOI'0 COCTOSIHUSL C MOMOUIBIO TECTa OTHOCHTENIBHO
MHOXKECTBa paspemnieHHbIX coctostHuit [30]. Bombrmoe
BHUMaHHE yJeNseTcsl pa3padoTKe aJrOpuTMOB Aenn(-
pauuy pe3yJibTaToB AUArHOCTUYIECKOTO 3KCIEPHUMEHTA U
CPEeACTB MUHUMHM3AINH TUarHOCTUIECKON MH(popManuu
C MCHOJIb30BAHUEM CUT'HATYPHOTO aHAJIN3a.
CrpykTypHBIe MeTOABl [1] OCHOBBIBaIOTCSA Ha Ujee
00paTHOrO TPOCIEKNUBAHUS HEHCIIPABHOCTEH IIpHU HC-
MOJIb30BAHUU BE€AOMOIO 30H/a JOTHYECKOr0 WM CUTHa-
TypHOTO aHaJIM3aTOpa AJS CHATHUS peakiui C JOCTYII-
HBIX KOHTPOJBHBIX TO4YeK — TepMuHayoB. IIpomenypa
BBIUUCIICHHUS] OYEPEAHOM TOYKH KOHTPOJS OIpenenseT
MoJu(UKAIMK aITOPUTMOB aHAU3a JIMarHOCTHYECKOM
nHpopmanuu. ONTUMU3ANNS TTOUCKA Ne(HEKTOB MMEET
LIENIb — CHIDKCHUE CTOMMOCTHU BBITIOJIHEHUS TUArHOCTHU-
YECKOro 3KCIEPUMEHTa B IMPEAENax OTBEAECHHOIO Bpe-
MEHH Ha BOCCTaHOBJICHHE pabOTOCIOocOOHOCTH ceTu. B
YCIIOBUSIX OTPaHWYEHHH Ha KOJIMYECTBO BHEIIHUX BBI-
XOZIOB M YMCIIO TECTOBBIX HaOOPOB, HE COCTABIISIOLINX
TECT JAWArHOCTHPOBAHUS, CIIEAyeT MHUHHMH3UPOBATH
CyMMapHO€ 4MCIO 30HAMpoBaHuil. IloaTomy peanusa-
IUsT BCEX AJITOPUTMOB YCJIOBHOTO JHAarHOCTUPOBAHUS
OpPHEHTHPOBaHA Ha IPEIBAPUTEIHHOE BBIYHCIEHHE OYe-
PEOHOM TOYKM DJIEMEHTAapHOM IIPOBEPKH, KOTOPAs
YMEHbBILIAET BO3MOXKHYIO O0JIaCTh CYIIECTBOBAaHUS Jie-
¢exToB. [lanbHeiiliee COBEpPLUICHCTBOBAHUE aJITOPUTMOB
MOUCKA JE(EKTOB CBA3aHO C UCIIOIb30BAHHEM METO/OB

KOMOWHATOPHOW ONTHMH3AIIHN.

BeiBOABI

Ha ocHOBaHMU TIpOBEIEHHOTO 0030pa MyOIMKAIIA,
CBSI3aHHBIX C TEXHUYECKOW JIMarHOCTUKON KOMIIBIOTEp-
HBIX CETEH M MX KOMIIOHCHTOB, MOXKHO CJIEJIaTh BBIBOJ,
YTO aKTyaJIbHBIMU SIBJITIOTCS CIICIYFOIIUE IPOOJIEMBI:

— IIOCTPOEHHE MaTeMaTHYECKUX MOJENEH KOopIio-
PaTHUBHBIX KOMITBIOTEPHBIX CETEN U UX KOMIIOHEHTOB;

— MOJEIUPOBAHUE JIOKATbHBIX KOMIIbIOTEPHBIX CeE-
TEH C LEeJbI0 ONTUMU3aLUH, MOJIETUPOBAHUS UCIIPABHO-

TO NOBCACHUA U HCHCHpaBHOCTCﬁ;

— TeHepalys MPOBEPSIOMINX U TUATHOCTHPYIOIINX
TECTOB JJisl JIOKaJIbHOM BBIYMCIWUTEIBHON CETH U €€
KOMIIOHEHTOB,

— TIPOEKTUPOBAHHE YCIIOBHBIX M O€3yCIIOBHBIX aj-
TOPUTMOB TOUCKA JIe(hEeKTOB, BO3HUKAIOIINX B CETH;

— MpOBEJEHUE NUArHOCTUYECKUX IKCIIEPUMEHTOB B
KOpIIOPaTHUBHOM CETH C IEJIbI0 BBISABICHUS KOJUIU3UH,
JIOKau3aIuu Ae(eKToB.

Uro KacaeTcsi METOJ0B MOJEIHMPOBAHHUS HEUCIIPaB-
HOCTEH, TO BCE OHU HCIOJIB3YIOT MOJAEIHUPYIOLIEE SAPO
HCIPAaBHOTO MMOBEIACHUA. Tem ne MCHEC, CYUTACTCA, YTO
M000H anropuT™M aHamu3a AeQeKTOB Ha MOPSIOK CIIOXK-
HEC YINOMSAHYTOI'O sapa. HpI/IMeHI/lTe.HLHO K CETsAM HH-
Tepec TMPEeNCTaBIIIOT OAWHOYHOE, NCTYKTHBHOE M CO-
BMECTHOE MoOjenupoBanue nedekToB. [lepBeiii airo-
PUTM HWHTEPECEH TEeM, UTO €ro pealr3ais TO0CTaTOYHO
MpocTa B NPOrpaMMHUPOBAHUHN, YHUBEPCAJIbHA 110 OTHO-
IICHUIO0 K O0BEKTy JAWArHOCTUPOBAHUS, HO MMEET MaK-
CUMaJlbHblE BpEMEHHBIE 3aTparbl. BTopoll MUHHUMU3U-
pyeT BpeMeHHBIE 3aTpaThl, HO TpeOyeT A XpaHEHUs
CIIMCKOB HEHCIPABHOCTEH JOMOJHUTENbHYIO MaMATh.
Tperuil yHuUBepcalleH 110 OTHOLICHHMIO K THUIIaM HEWC-
MPaBHOCTEH, MO3ITOMY OTJIMYAETCS OT MPEIbIIYLIEro
TpeboBaHUEM elle OOJbIIEH MaMATH IJIs XpaHEeHUs He
TOJILKO CITUCKOB Ae(PEKTOB, HO U WX (DYHKIIMOHAIHHOTO
OTIMCaHMUS.

HecMmoTps Ha 3HaYMTENFHOE YHCIO ITyONHKAIWiA,
MOCBAIICHHBIM TIpo0IeMaM, BO3HHKAIOIIUM B JIOKAIb-
HBIX CETSAX, OIIymaercs NeGuuuT (yHIaMEHTATBHBIX
TEOPETUUYECKUX M TPUKIAAHBIX HcchenoBaHuit. Ilep-
CIICKTUBHBIC HAITPABJICHUA PA3BUTHA BbIYUCIUTCIIBHBIX
ceTeﬁ, o0 HalmeMy MHCEHUIO, MOT'YT 6bIT]) CBsA3aHBI C BO-
MpocaMu ONTUMH3ALUHU, CEPBUCHOIO U JIHArHOCTHYE-

CKOTO 00CITy KUBaHUSI.
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