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OBBEKTHO-OPUEHTUPOBAHHAS CAITP KOPIIOPATUBHBLIX KOMITBIOTEPHBIX CETEN

Annomauus. Paccmompena cmpykmypa u OCHOGHble NPUHYUNGL QYHKYUOHUpOsatus o6vexmuo-opuenmuposannot CAIIP
KopnopamusHelx Komnviomephvix cemeti. Cucmema nosgonsem agmomMamusupo8ams dmanvl CUHMe3d J102Ueckoll U Quuieckoul
CMPYKMYpbl cemu, MOOeTUPOBAaHUsL ee YYHKYUOHUPOBAHUA U 8blOOpa ppasmenma cemu 0 BHeOPeHUSL.

Knroueswie cnosa: cucmemor asmomamusupo8aHHO20 NPOEKMUpOBarnUusl, KoOpnopamueHsvle KOMnobiomepHvle cemu.

S.A. Nesterenko, ScD,
R.O. Shaporin, Ph.D

OBJECT ORIENTED CAD FOR CORPORATE COMPUTER NETWORKS

Abstract. The structure and general functioning principles of enterprise computer network of object-oriented CAD of planning
are considered. The system is able to automate phases of logical and physical network structure synthesis, phase of modeling of
network functioning and phase of choosing of a network fragment for installation.

Keywords: computer-aided system of planning, enterprise computer network.
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OB’€EKTHO-OPIEHTOBAHA CAIIP KOPIIOPATUBHUX KOMII'IOTEPHUX MEPEXK

Anomauin. Posensanymo cmpykmypy ma 0CHOGHI npunyunu Qyukyionysanns o6 ‘exmuo-opicumosanoi CAIIP xopnopamuenux
Komn tomepnux mepedic. Cucmema 0ae 3mo2y agmoMamu3yeamuy emany cunmesy 102iynoi ma gizuunoi cmpyxmypu mepedici, mooe-
JIH08AHHA i1 QYHKYIOHYBAHHA Ma 6UOOPY hpacmeHma mepexci 0 GNPOBAONCEHHS.

Kniouogi cnosa: cucmemu asmomamusz06anoco npoexkmyeants, KOpROPAMuUGHi KoM I0MePHi Mepedici.

KopropaTuBHble ~ KOMIBIOTEPHBIE  CETH
(KKC) — crnoxHble HepapXU4ecKue CHCTEMBI,
CoJepKalie CETEeBOE U BBIYMCIUTEIBHOE 000-
pYAOBaHUE PAa3IUYHbIX BUIOB. [Ipu mpoexrupo-
Banuu KKC HEo0X0quMo CHHTE3UPOBATh JIOTH-
YEeCKYI0 CTPYKTYPY CeTH W BbIOpaTh (u3nue-
CKO€ 000pyIoBaHUE, OOBETUHSIONICE Y3TIbl CETU
Ha Ka)XJIOM ypOBHE HepapXuu cucteMbl. CHHTe-
3MpOBaHHAs CTPYKTYpa JOJDKHA 00ecreyuBaTh
TpeOyeMyIo MPOIYCKHYIO CHOCOOHOCTb U UMETh
MUHUMAaJbHYI0 CTOMMOCTb, T.€. OBITH ONTHU-
MaJbHOM 1O  KPUTEPHIO ''TIPOU3BOJIUTEIIb-
HOCTB/CTOUMOCTH". M3-32 BBICOKON CTOMMOCTH
U TPYyAOEMKOCTH WHCTAUIALMU TPOEKTa He
NPEJICTABISACTCA  BO3MOXHBIM  OCYIECTBUTH
BHeapeHne KKC 3a omun srtam. Ilponecc BHe-
JpeHHsl ceTH pa30MBaeTCsi Ha HECKOJBKO 3Ta-
OB, Ha KaX/JOM M3 KOTOPBIX BBIOIHIIOTCS
IpoIeTypbl CHHTE3a CTPYKTYPHI CETH, €€ Mojie-
JMPOBaHMUE U BBHIOOP ONTUMAIBHOTO (hparMeHra
111 BHEJIPEHUSL.

Pazpaborka KKC ocymectBnsiercst B cpene
00BEKTHO—OPUEHTUPOBAHHBIX  ABTOMATU3UPO-
BaHHBIX CHCTEM, KOTOpPbIE B KaU€CTBE OCHOBHO-
ro0 HMHCTPYMEHTAJIbHOTO CpPEACTBA IMPOEKTUPO-
BaHUS HCIIOJIb3YIOT pa3iIMyHble CHCTEMbl MOJie-
aupoBanus [1]. JlaHHbIE CHCTEMBI MO3BOJISIOT
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aBTOMATH3UPOBATh JIUILb OJWH U3 3TAroB Ipo-
eKTHPOBAHMSA — JTAll pacueTa XapaKTePUCTHK HX
¢ynkunonupoBanus. OcranbHble dTanbl CUHTE-
3a BBINOJIHAIOTCS, KaK MpPaBUiO, Bpy4yHylo. Pe-
3yJIbTaT MPOCKTUPOBAHUS IMPH HCIOJIb30BAHUU
NOJOOHBIX CHUCTEM CYIIECTBEHHO 3aBUCHUT OT
KBaJIM(HUKALMU Pa3paboTUHKa.

[TosToMy U1 ceTeil TaHHOTO Kiacca akTy-
aJIbHOM sIBJIIETCSl pa3paboTKa HMHTErpUpPOBaH-
HbIX 00beKTHO-OpreHTupoBaHHbIX CAIIP KKC,
CIOCOOHBIX aBTOMAaTU3UPOBATh BCE ITalbl pas-
BUTHUSA CETH, 00ECTIEYNB MaKCUMAIIbHYIO Y hek-
TUBHOCTH Hcnonb3oBanust KKC B Teuenue Bcero
JKU3HEHHOTO 1IMKJIA.

B cratee paccmarpuBaeTcs CTPyKTypa U
OCHOBHBIC NMPHUHLHUIBI (HYHKIIMOHUPOBAHUS WH-
terpupoanHoii CAITP KKC "RELAN", pa3pa-
00TaHHOI Ha Kadeape KOMIbIOTEPHBIX HMHTEN-
JIEKTyaJIbHbIX cUCTeM U ceTei Oyecckoro Haru-
OHAJIBHOTO TMOJIMTEXHUYECKOTO YHUBEPCUTETA.

Cucrema TNpOEKTHPOBaHUA INperHa3HAYEeHA
JUIs aBTOMATHU3ALMK BBIOJIHEHHS 3TAlloB CUHTE-
3a CTPYKTYpBI CETH, MOJEIMUPOBAHUS BEPOSTHO-
CTHO-BPEMEHHBIX XapaKTEPUCTUK €€ (YHKIHO-
HUPOBAHMS U BBIOOpA (parMeHTa ceTH IJIs BHe-
apenusi. OHa coctout u3 6110KoB (puc. 1).

bnox rpaduueckoro uHTEpdeiica moss3o-
BaTells peajan3yeT HHTEPAaKTUBHOE B3aUMO/IeH-
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< > bnok cuHTe3a 10rMUecKou u <
(M3HYECKOH CTPYKTYPEL
L] <
Ibiiok cuHTe3a MaTEMaTHIECKOM MOIEIN
¥ BCII
biok BIIOK MOJIEIHPOBaHHS CYE]I
rpaguueckoro|_
unTepeiica | Moxyte Mony> bBMM apameTpoB
p HUMUTALUOHHOI'O AHAITUTHYCCKOI'O CETEBOTO
MOJIB30BATEIIA MO/ICTUPOBAHHUS MOJIEIUPOBAHHS 5
000py10BaHMS]
bFPM
< biok BapbrpoBaHys napamMeTpoB BEB®

A
N

> brox cuHTE3a ONTHMANBHOTO IIJIaHa

Puc. 1. Ctpykrypa o6bekTHO-OpueHTHpoBanHOi CAITP KKC:
BCII - 6ubnmoteka cTpykTypsl mpoektoB; BMM — Gubnuoreka moneneli mpoektos; BPM — oubnuoreka
pe3yibTaToB MozenupoBatnus; bBBO — 6ubnuorexa BHeAPsSEeMBbIX (hparMeHTOB

CTBHE C CHCTEMOH Ha BCEX 3Tamax MpOeKTHpO-
Banusi KKC. Cucrema ympaBnenusi 6a3oil gaH-
Heix (CYBJI) obecrieunBaeT BBOJ, XpaHCHHE U
UCIIOJIb30BAHUE DPA3TUYHBIMU OJIOKaMHU CHCTe-
MBI JAaHHBIX 00 HMMEIOIIUXCSA THUIAX CETEBBIX
yCTpoiicTB (pabovme CTaHLUH, CEpPBEPBI, KOM-
MYHUKAIlMOHHOE 00OpyZOoBaHUE, KaOeabHbIE
cuctembl). CucremMa MOAICPKUBACT Pa3IHYHbBIC
CeTeBbIE TEXHOJIOTUH, B TOM YHCIE U COBpe-
MEHHbIE OECTIPOBOIHBIE TEXHOJIOTHH CEMEHCTBA
802.11x.

brnok cuHTe3a normdeckod u (huzHUECKOi
CTPYKTYpBI BBINIOJHSET B aBTOMAaTHYECKOM pe-
KUME MPOCKTUPOBAHUE JIOTUYECKOH CTPYKTYPHI
U BBIOOP KOMMYHHKAIIHOHHOTO 000pYZ0BaHUS
cerel pasnuuHbIX ypoBHed wuepapxun KKC.
biok cuHTE3a MaTeMaTU4eCKUX MOJeIeil BBI-
MOJIHSIET aBTOMATHYECKYIO TeHEpalnio MOJIemnei
MaccoBOTO OOCIy)KUBaHUs sl OJOKOB aHAU-
TUYECKOTO U MMHUTAIMOHHOTO MOJEIHPOBAHMUS,
KOTOpbIE aJIeKBaTHO OTOOpa)XaroT (PYHKIIMOHU-
pPOBaHUE JIOTUYECKOM CTPYKTYphl CETH, MOJIYy-
YEHHOH ¢ MCIOJIb30BaHUEM OJIOKA JIOTHYECKOTO
CHHTE3a WM BBEJCHHOM uepe3 OJ0K UHTepdeii-
ca moJjb3oBarend. biok MoaenMpoBaHHS BbI-
YUCISIET BEPOSITHOCTHO-BPEMEHHBIE XapaKTepH-
CTHKHM PabOThl CETH C MCHOJIb30BAHUEM aHAIU-
TUYECKUX WJIM UMHMTAIMOHHBIX METOJIOB pacué-
Ta. biok BapbHpoBaHUs MapaMeTpOB MO3BOJISET
UCCIIeI0BaTh XapaKTEPUCTHUKU pabOThI CETH MPH
M3MEHEHHUH €€ IapaMeTpoB.
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bnok cuHTe3a yorndyeckoil m QpuMUecKon
CTPYKTYphl ~ OCYILIECTBISIET aBTOMAaTHUYECKOE
IPOEKTUPOBAHUE JIOTHUYECKOH U (U3UUECKOM
CTPYKTYpHI ceTH. B kauecTBe BXOJHBIX JaHHBIX
MIPOEKTUPOBAHUS UCIIONIb3YETCH:

KOJIMYECTBO 3/1aHUH, 0OBEINHAEMBIX CETHIO
U PAaCCTOSHUS MEX/y HUMH;

KOJIMYECTBO 3TaKeH B KAXKJIOM 3JIaHHH,;

KOJINYECTBO paboy4uX I'PYII Ha STaXe;

KOJINYEeCTBO pabouuX CTAaHIMA U CepBEpPOB
B paboueii rpymme;

nepevyeHb U pa3MellieHre OOIEeA0CTYIHbIX
CepBEPOB 37JaHU U KOPIIOPATUBHBIX CEPBEPOB;

MaTpuua cBs3eil pabouux cTaHUMU U cep-
BEPOB;

3Ha4YeHus Tpaduka KaxJIoi pabodell craH-
v,

BpeMsi 00pabOTKH CETEeBBIX TpPaH3aKIUH B
pabouux CTaHLUAX U CepBEpax.

Ha  ocHOBaHMM  BXOJHBIX
NPOEKTUPOBAHUA Ha KaXIOM U3

JTAHHBIX
YpOBHEU

HepapxXun CCTU BBI6I/IpaeTC}I OIITUMAaJIbHAasA
ceTeBas CTPYKTYpa C HUCIIOJIBb30BaHUEM
MPOAYKIIMOHHBIX ITPpABUJI BUA

if <R> then S:=S; else S:=S;, 1)

rre R — ycnoBue, KOTOpoMy JOJDKEH yIIOBIIE-
TBOPATH (PParMEHT CETH; S — pe3yabTHPYIOIIAs
CTpYKTypa (parmMeHTa ceTH; Si, Sy — BapUaHTHI
CTPYKTYpBI (pparMeHTa CeTH, OJUH U3 KOTOPBIX
YIOBJIETBOPSET yCIOBHIO R.
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Hcnonb3oBanre GopMalibHBIX MPaBUI BUIA
(1) no3Boaser BBHIOpaTH ONTUMAJBHBIC TIO
KPUTEPUIO  MPOU3BOJUTEIBHOCTh / CTOUMOCTh
CETEBBIC CTPYKTYpBI U1 CETEH BCEX YpPOBHEU
uepapxun  KKC. 3aTem OIIPEACIISIETCS
MUHHMaJbHOE (U3NYECKOE TOKPBITUE 3TOM
CTPYKTypbl Ha 0a3e KOMMYHHUKAI[HOHHOTO
000pyIOBaHUs 33JaHHOTO IPOU3BOIUTEIIS.

JUisg ompeneneHuss BEpOATHOCTHO—BPEMEH-
HBIX XapaKTEPUCTUK CUHTE3UPOBAHHOM CTPYK-
TYpbl HCHONB3yeTca 00K MoxaenupoBanus. OH
pPacCUMTHIBACT XapaKTEPUCTUKH (DYHKIIMOHUPO-
BaHHUs CETU C UCIIO0JIb30BAaHUEM MOJIENIENH Macco-
BOTO OOCIYXHBaHHs, KOTOPbIE aBTOMAaTHYECKH
TeHEepUPYIOTCS OJOKOM CHHTE3a MaTeMaThye-
CKo¥l Mojenu. B coctaB Oioka BXOISAT MOAYIU
AHAIUTUYECKOTO U UMUTALMOHHOIO MOJIEINPO-
BaHHA. Moaylb aHaIMTHYECKOTO MOJEIMPOBA-
Hus ucnonb3yeT Meron Haroza—Yannm pacuera
XapaKTePUCTUK CETH Ha 0a3e alrOpUTMa aHau-
3a cpennux 3HadeHui (Mean Value Analysis —
MVA) [2]. Moayib MMHTAIHOHHOTO MOJICIIH-
pPOBaHUSI MPOTPAaMMHBIM 00pa30oM HMHUTHUPYET
(YHKLIIMOHMPOBAHHUE CETH B COOTBETCTBUHU CO
CTPYKTYpPOU CUHTE€3UPOBAHHOW MOJEIH.

Bpems BBINOIHEHUS TPaH3aKLUU B CETH HE
JOJDKHO MPEBBIIATh AOMYCTUMOTO 3HA4YEHMS.
Ecnu BpeMmsi BBITIOIHEHUS TpPaH3aKIUU IS He-
KOTOPBIX Y3JI0OB MOJAEIUPYEMOUN CTPYKTYpBI
KKC nmnpeBblmiaer  ponmyctumMoe  3HAuU€HHE,
crpykrypa KKC wmomuduuupyercs ¢ 1enbio
YCTpaHEHMsI y3KUX MECT, MOCJE YEro OCYILIECT-
BISIETCS. IIOBTOPHOE MOJEIMPOBAHUE. ITOT
IIPOLIECC NPOJOJIKAETCS 1O TEX MOp, MOKa HE
BBIIIOJIHATCS CIIEAYIOLIEE YCIOBHS!

Jom = a1
Vi T <Tim 1=1L, (2
rie Tip; — TOIYYEHHOE MPU MOJIEIUPOBAHUM
BpeMms i-il TpaH3akuuu; T/ — JIOMyCTUMOE

BpeMsi I-i TpaH3akiuu; L — KOJM4ecTBO TpaH-
3akiuit KKC.

ITocne momyuenus ctpykrypsl KKC ¢ npo-
M3BOJNUTEIBHOCTBIO U BEPOSATHOCTHO-BPEMEH-
HBIMU XapaKTEPUCTUKAMHU, COOTBETCTBYIOLIMHU
HAYaJbHBIM  TPeOOBAHUSAM, PACCUUTHIBACTCS
IUTaH BHEJPEHUS CETH C MOMOIIbIO OJ0Ka CHH-
Te€3a ONTUMAJILHOTO TJIaHA.

3amaua HaXO0XAECHUS ONTUMAJIBHOIO IUIaHA
COCTOUT B BBIOOpE (pparMeHTa CTPYKTYpHI CETH
IUIL MHCTAJUIALMHK, OOECIeYHBAIOIIEro MaKCH-
MaJIbHOE 3HAYCHHE KPHUTEPHs MPOU3BOIUTEIIb-
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HOCTB/CTOMMOCTh HPU OrPAaHUYEHUH HA CTOU-
MOCTh (parMenTa. OparMeHT CTPYKTYpPhI CETH
npezcTaBisier coboil Habop pabouux Trpymi
(PT'), koTOpblE HMHCTALIMPYIOTCS HA JAHHOM
sTane. 3HayeHUue NPOU3BOAUTENLHOCTH M-i1 PT,
onieHuBaromiee YPPEKTUBHOCTh €€ BHEIPCHUS
Ha JAHHOM DJTale€ B KOHTEKCTE IOJICUCTEMBI
IUIAHUPOBAHUS, ONPENEISIETCS BEIMUYMHOIO Tpa-
¢uxa AY,, . [lockoabKy OJJMHAKOBBIE BETHUUHbI

Tpaduka aByx PI' MMeEIOT pasHyi0 3HaYMMOCTb
Uil Bcer ceru, Kaxaou PI' mpucBanBaercs

npuopuret P, .

3ajaya ONTUMAJIBHOIO IJIAHUPOBAHUS BHE-
npenns KKC nHa xaxxaom u3 Q stamoB BHeApe-
HUSl pEIIaeTcsl ¢ HCIOJIb30BAHUEM METOJAA -
HamMu4eckoro nporpammupoBanus [3]. Kommue-
CTBO IIAroB pacuéra ONTHMAJbHOIO IUIaHA 3a-
naércst unciaoM PI" B KKC u paBao M. Bapuant
pElIeHNs Ha Ka)kJIOM LIare BBIYMCIIEHUS Ipe.-
CTaBISIET COOON COOTBETCTBYIOILYIO CTPYKTYPY
PT.

Buenpenue kaxnoit PI" BeiOpanHoro ¢par-
MEHTa 3aHUMaeT Bpems 7.,. Pabouas rpynma

paboTocrnocoOHa JIUIIb TOCIIE 3aBEepIICHNUS BHE-
apenust pparmenta. [loaTromy peanbHas Ipous-

BOJUTENBHOCTh PI' AArqm — €TO J0Jas pacyer-
HOM TPOM3BOJUTENBHOCTH AAyp, . Biok muiann-

pPOBaHUS TO3BOJISIET pPEaTM30BaTh MNapaiesnb-
HYIO WM TIOCJIEJIOBATENbHYIO CTPAaTeTuu pa3BuU-
TUSL CeTH Ha KaxjoMm srtane. [Ipu BbIOOpe ma-
paJUIeIbHON CTpaTeTMM BHEIpEHHE pabodmx
Ipynn BbIOPAaHHOTO ONTHUMAIBHOTO (parMeHTa
ocyuiecTBisieTcs napamiensHo. [Ipu stom pe-
aJlbHasi TMPOM3BOJUTEIBHOCTh ONTHMAIBHOTO
(dparMeHTa ceTn MakCHUMaJbHO MpPUOIMKEHA K
paccYMTaHHOW B XO/€ IUIAHUPOBAHMS BEJIMYHU-
He, Tak kKak M-1 PI" Haxomutcst B pabouem co-

crostiuu Bpemst T, — 7., rae Tq— Bpems peanu-

3anuu Q-ro stana BHenpeHus. Ilpu BeIOOpe ma-
paJUIeTIbHON CTPAaTEruu MPEONPUSTHE TOJIKHO
pacrioyiaratb JIOCTaTOYHBIMH PECypcaMu JUIs
BBITOJIHEHUST TPOLEAYpPHl MapajjieIbHOTO BHE-
JpEHHUSI.

[TocnenoBarenbHas cTpaTerusi CyIIeCTBEH-
HO MEHee TpeOOoBaTelNbHa K HAJMYUIO PECYPCOB,
o0ecrieynBarOIIUX  BHEAPEHHUE  BBHIOPAHHBIX
¢parmenToB pabouunx rpymm. dparMeHTH BHE-
JPSIOTCS TOCIIE0BATENIBHO, MIPU 3TOM MOPSIOK
UX BHEAPEHHs MMeeT 3HadeHue. PeanbHast mpo-
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M3BOAMTEIBHOCTh M-I paboueil Tpynmsl Ha 3Ta-
ne ( Ipu JUIMTENBHOCTH dTamna Ty COCTaBIsAET
4acTh BEJIMYMHBI PACUETHON IIPOU3BOAUTEIIBLHO-
ctu AA, ¥ ompenensercs cueayomum oopa-

30M.

AAI’ :qirqm.AAqm (3)

gm
Tq

n
ATy = zrqi TTam
i1

rae At,, — BPEMCHHOW OTPE30K OT HaJaa JTa-

Ia 10 MOMEHTA 3aBEpILICHUs IIPOLEIyphl BHE-
ApeHust M-ii paboueil rpymmbl; N — KOJIUYECTBO
PI'; BHeApeHHBIX HA 3Tame ( OO0 MOMEHTA BHE-
apeHust M-it paboyeit rpymibl.

s [IOCJIEI0BATEIBHOU cTpaTeruu
pa3BUTUS BBIYUCIIIETCS ONTUMAJIbHAS I10CIIE-
JOBaTEIbHOCTh BHEAPEHUS pPAaOOUYUX TPy,
oOecrieynBaromas MakCUMAaJIbHYIO MPOU3BOIM-
TEJILHOCTh BHenpsieMoro (parmenrta cetd. s
OIPElEICHUs IOCIIEI0BATEIbHOCTH BHEApsC-
MbIX PI' ncnone3yercss MeTon, OCHOBaHHBIA Ha
TEOPUU PACIIMCAHUM.

WuTerpupoBanHas  00bEKTHO-OPHEHTUPO-
BanHas CAIIP KKC "RELAN" mno3Boisier
aBTOMAaTU3UPOBATH BCE ATAIbl CO3JaHUS CETH, B
TOM YHUCJIE U TaKUE TPYJOEMKHE IPOLECCHl KaK
CHHTE3 JIOTMYECKOW M (PU3UYECKOH CTPYKTYpbI
CeTH W BHIOOP ONTHMAIBHOTO IJIaHA €€ BHE-
penus. Hcnonb3oBaHue cucTeMbl obecrneuu-
BACT IOJIyYCHHE ONTUMAJIBHBIX II0 KPUTEPUIO
MPOU3BOIUTEIIBHOCTE/CTOUMOCTD  MTPOEKTHBIX
pelIeHUI Ha BCEX JTalax CO3JaHus U PA3BUTHUSL
CETH B TEYECHUE BCEr0 KU3HEHHOIO LIUKIIA.
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