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Po3pobka moaeni npoekTyBaHHSA KOMMNOHEHTHOI 6a3n nporpamMHux 3acobiB
[ocnigKeHHs1 KOMN' IOTePHOI MepeXi Ha OCHOBI iHTeponepabenbLHOro cepenoBMLUA

tocols computer networks is devel oped.

Beryn. 3amaga mocmipkeHHST MaiOyTHBOI KOM-
n'rorepraoi Mepexi (KM) na erarmi 1i mpoekTyBaH-
H, gonomMora aamiHicrparopam KM mpu mrat-
HOMY Ta, 0OCOOJIMBO, MO3aIITaTHOMY (aBapiiHOMY)
pexxumax pobotu KM €, 6e3 cymHIBY, HarajabHOIO
Ta aKTyaJlbHOIO.

Haii6impI po3MmoBCIOKEHIM METOJIOM PO3B's-
3aHHS i€l 3ana4i € modynosa mozaeni KM Tta mo-
JanbIle JOCHIKEHHs 11 MpOrpaMHO-1HCTPYMEH-
TaJIBHUMU 3ac00aMM IMITAIIHOrO MOJIEIIOBAHHS
[1], Takumu, sk OmNet++ (http://mww.omnetpp.
org/), n2 (http://mww.is.edu/nsnamyns/), OPNET
Network Planner (http://mmav.opnet.conv) toiro.

Bkazani mporpamMHO-iHCTpyMEHTalIbHI 3aCO0H
HAJal0Th MOXJIMBICTH TOOyayBaTH Mojaeinb KM,
BUKOPUCTOBYIOUM BOyJOBaHy 0i0mioTeKy Moje-
Jeii KOMITOHEHTIB Mepexi (Mopenai MepexeBOoro
o0J1a{HaHHS, IPOTOKOJIIB, KaHAIIB 3B'A3KY Ta iH.).
st cTBOpEHHS BIICYTHIX MOJEJICH KOMIIOHEHTIB
KM mporpamHO-iHCTpyMEHTaIbHI 3aCO0M MalOTh
yHiKanbHU# nporpamuwuii intepdeiic (API).

SIKICTh pe3yJbTaTiB MOJEIIOBAHHS 3HAYHOIO
MIpOIO 3aJICKHUTh Bl TOYHOCTI Ta SAKOCTI MOJeNeH
xomnoHeHTiB KM. Ha pe3ynpTati BIuiMBae Takox
HasBHICTh Mojenelt komnoneHntiB KM, mo mone-
JIOIOTH O0JaJHAHHS Ta MPOTOKOJH, SIKI 3aCTOCO-
ByI0TbCsl B KM.
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Ha ocHoOBe mcciieoBaHMSI COBPEMEHHBIX IMIPOTPAMMHO-HHCTPYMEHTANBHBIX CPEJCTB MPOEKTHPOBAHHUS KOMIBIOTEPHBIX CETeH M HX
(YHKIIMOHUPOBaHUS pa3paboTaHa apXUTEKTypa M SKCIEPUMEHTANbHAsA Pealn3alys HHTeponepadeIbHON Cpebl Ul MIPOSKTHPOBAHUS
MMHTALOHHBIX MOJIeNIed KOHCTPYKTHBHBIX AJIEMEHTOB M IIPOTOKOJIOB IIEpPENaun JAHHBIX KOMIIBIOTEPHBIX CETeH.

Based on the study of modern software design tools of computer networks and their functioning architecture and an experimental im-
plementation of an interoperable environment for the design of simulation models of structural elements and data communication pro-

Ha ocHOBI JOCHIUKEHHSI Cy4aCHUX HPOrpaMHO-iIHCTPYMEHTAJbHUX 3aCO0IB MPOSKTYBAaHHS KOMIT FOTEPHUX MEpek Ta iX (QyHKUIOHY-
BaHHS PO3pPOOJICHO apXiTEKTYpy Ta eKCIIEPUMEHTANIbHY peaji3aliio iHTeponepadebHOro CepeIOBHIIA Ul POSKTYBAaHHS iMITAIlIHHUX
MoJIeNiei KOHCTPYKTHBHUX €JIEMEHTIB Ta MMPOTOKOJIIB Mepeaadi JaHUX KOMIT FOTEPHUX MEPEK.

Orxe, mst sikicHoro mojemtoBanHs KM mpo-
IPaMHO-1HCTPYMEHTANIBLHUI 3aci0 MOBUHEH MATH SIKi-
CHy 1 IOBHY 0i0ioTeKy Mojenei komroneHTiB KM.

OpHak ciijl 3a3HAYUTH, 11O CTBOPEHHS MOJIe-
neit komrnoHeHTiB KM notpebye 3HaYHHUX 3yCHIIb.
[Ipouec crBopennst Mmoxaeni komrnoHeHnTa KM, Bin-
MOBiANBbHOT 32 poOOTYy HOBOro oONagHaHHA a00
MIPOTOKOJTY, IOTPEOYE TOTTIMOIICHOTO 3HAHHS TIPUH-
IUIIB TIOOYI0BH Mojeneii kommoneHTiB KM st
KOHKPETHOTO MPOrPaMHO-IHCTPYMEHTAIBHOTO 3a-
coOy, TIPUHITUIIIB pOOOTH 1 €KCIUTyaTaliiHuX Ma-
pameTpiB ommcyBaHOrO oOJajHaHHS ab0 MPOTO-
KOy, @ TAKOXK HABUYOK MTPOTPaMyBaHHS.

3BakalouM Ha BKa3aHi TPYIHOILI, Mporpamy-
BaHHsAM 0i0mioTekn komnoHeHTiB KM 31e0inbimo-
ro 3aliMarOTLCSl KOpIoparii — PO3POOHUKU TIPO-
IPaMHO-1HCTPYMEHTAIBHOTO KOMIUICKCY. Y CBOO
4epry e CIpUIHHSIE 3HAYHI 3aTPUMKH 3 MOSBOIO
MoO/IeJiei HOBUX MPOTOKOJIIB Ta 00JIaIHAHHS, a Ta-
KOX BHICOKY I[IHY KOPHCTYBaHHS TaKHM IIPOTPaM-
HO-1HCTPYMEHTAJIbHUM 3aCO00M.

Bunnkae aktyanbHE 3aBJaHHS IIBUIKOTO Ta
SIKICHOTO CTBOpPEHHS Mojelneli komrmoneHtiB KM
JUISL KOHKPETHOTO MPOTrpaMHO-1HCTPYMEHTAIbHOTO
3aco0y.

ABTOpPOM 3aNpONOHOBAHO CEPEIOBUIIE MPOCK-
TyBaHHS, 32 JOTIOMOTOIO SIKOTO MOYJIMBO ITOOYIy-
BaTH HeoOXimHi (BimcyTHi) kommoneHtn KM 6e3
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HAaBUYOK NPOTpPaMyBaHHS 1 BHBYEHHS B3a€MOJI1
KOMITIOHCHTIB Ta MPOTPAaMHO-IHCTPYMEHTAIBHOTO
3aco0y IMITAI[IfHOTO MOICITIOBAHHSI.
BripoBapKeHHs 1TaHOTO CEpeIOBHIIA JTO3BOJIUTH
KOPUCTyBa4aM IPOTrPaMHO-IHCTPYMEHTAIBHUX 3a-
co0iB imiTamiiiHOoro MozemoBaHHs (aaMiHiCTpa-
topam KM, iHKeHepaM Ta JOCIIIHUKAM) YHUKHY-
TH OYiKYBaHHS KOJIU PO3POOHMK BIPOBAKYE HE-
00Xi/THI KOMITOHEHTH JI0 CBOEI IPOTpaMH Ta CyTTe-
BO CKOPOTHTH BUTPATH Ha CAMOCTIHHY PO3POOKY.

Po3poOka apxiTeKTypHu cepeioBHIIA NPOeEK-
TYBaHHSI KOMIIOHEHTIB KOMII' IOTEPHOI Mepe:ki

JlocmipkeHHs TPUHIUIIB MOOYI0BH Mojieei
koMmroHeHTiB KM B pi3HHX MporpamHO-i1HCTpY-
MEHTaJbHHUX 32C00ax JI03BOJIWIO 3aIpOIIOHYBATH
HACTYIHI BUMOTH JI0 IIMX 3ac00iB IMITalliifHOro
MonenroBaHHst KM:

¢ IPOCTUN Ta MIMPOKOBIAOMUKN 3acid MPOEKTY-
BaHHA MOJEJEH,

® JOCTYIIHICTh 3ac00iB Ta MeTOAIB (hOpMaTbHOL
BepHdikaiii moOyaoBaHOT MOJEN;

e inTepornepabenbHicTh MoOyIOBaHOT MojeNi
(3maTHICTH OyTH 3aCTOCOBAHOKO sIK KOMIOHEHT KM
B YCIX MPrpaMHO-IHCTPYMEHTAJIbHUX 3ac00ax, SKi
BI/IMIOBIAIOTh JAHUM BUMOTaM ).

BuBueHHs (axoBoi JiTepaTypu T03BOJISIE 3pO-
OWTH y3araJibHIOIYNUN BHUCHOBOK, IO HAWOUIBII
e(pEKTUBHO ISl TIPOCKTYBAHHS MOJICJICH B MEXax
3aMpOMOHOBAHUX BUMOT MOXe OyTH 3aCTOCOBaHO
MaTeMaTUYHY MOJIENb, 0a30BaHy Ha y3arajlbHCHUX
croxactuynux mepexax Ilerpi (GSPN) [2].

Brnepuie mepexi [lerpi Oynu 3ampornoHoBaHi B
1962 p. i aHaNizy aCHHXPOHHHUX IapaieIbHUX
npoiiecis [3, 4].

Sk 3aci® moxemoBaHHs Mepexi [leTpi maroTh
Oarato mepesar, a came:

® MaTeMaTUYHHI armapaT MEPEK € MIUPOKOBKH-
BaHUM Ta JISTKUM JIJIsl BUBYCHHS,

e sik rpadiunuii 3acid mepexi [leTpi MmoxHa 3a-
CTOCOBYBAaTH JJIi HAOYHOTO BiIOOpPaKEHHS IPO-
IIECiB, SIKi BiIOYBAIOTHCS B MOJICITI CHCTEMH;

® BiTHOCHO JIETKO MOXXHa 3pOOUTH peJaryBaH-
Hs MoJieni, moOyaoBaHoi Ha 0a3i Mepex [letpi;

® IS ONKCY NapayiebHUX MPOLECiB, SKi BiIOY-
BaIOThCSI B KOMIT FOTEPHUX MEpexax, y3arajibHeH1
croxactuuni Mepexi Ilerpi HaiiGinpm npuaatHi,
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ockineku Mozaens GSPN € HalOTbII a/IeKBaTHOIO
JI0 peanbHOi (PyHKIIOHANBHOI cucTeMu. Pesynbra-
TOM IIBOTO € OUTBII TOYHI MPOTHO30BaHI XapaKTe-
PUCTHKHU TOBEAIHKUA CHCTEMH, IO MPOEKTYETHCS
[2,5];

®iCHy€e BeJHMKa KUJIBKICTh METOJIB aHATI3y Ta
Bepudikaii mozaeni [6-8], moOymoBaHoi 3a 10MO-
mororo GSPN, ski 0a3yroTbcss Ha (QOpMaTBLHHX
MeTonax aHanizy mepexi [lerpi. AHamizyoun Taki
BJIACTUBOCTI, K JOCSKHICTH, OOMEXKEHICTD, aKTH-
BHICTh TOIIO, a TAKOX BUKOPUCTOBYIOUH METOIU
¢dopmaneHOTO nMochipKeHHs Mepexi [lerpi, Mox-
Ha OyTH OLTbII BOEBHEHUM B KOPEKTHOCTI JaHOT
mozeni [5, 9, 10].

OTxe, 3aCTOCYBaHHS y3aralbHEHHX CTOXaCTH-
yHuX Mepex [letpi mis moOyoBu Mojaeneld KoM-
noHeHtiB KM BiAmoBijae mepmuM TBOM BUMO-
ram, 3anporOHOBaHUM JUJIsl BUPILIECHHS 3aBIaHHS
IIBUAKOTO Ta SIKICHOTO CTBOPEHHS MOJIENEeH KOM-
noHentis KM.

Jlist TOCSTHEHHST BUMOT TPEThOTO MYyHKTY, aB-
TOp MPOIMOHY€E CTBOPEHHS CepeloBuUIIIa, 1110 0azy-
€Tbcsi Ha mnporpamHomy iHtepderici (APIl) mis
noOyaoBu komnoHeHTiB KM mporpamHo-iHCTpY-
MEHTaJIbHOTO 3ac00y 1 Hajae yHiBepcalbHY, He-
3aJIeKHY BiJl IPOTPaMHO-THCTPYMEHTAIBHOTO 3a-
co0y, mnatdopMy noOyI0BH MOJIEIe KOMIIOHEe-
utis [1, 11].

Po3pobnene cepenoBulile OTpUMano Ha3By [H-
meponepabenvHe cepedosuufe NPOeKmy8aHHs. KOM-
nonenmie komn'romeprnoi mepedci (puc. 1).

Moaynb Aapo
IIporpamHo- . iHTeponepabeabHOro
IHCTpyMEeHTAIIbHNIT MATPUMKH cepeIoBHUIIa /s
3acib POCKTyBaHHS] API imitanii Mmoneneit
KOMIT' IOTEPHOL xommoHeHTiB KM
Mepexi

e

Puc. 1. ®yHkuioHagbpHa cXeMa CepeIOBHUILA IPOSKTYBaHHS

Monens
KOMIIOHCHTa
KM

|

OCHOBHMM MOJYJEM BKa3aHOTO CEpeIOBHUIIA
ooy noBu Mozenei komnoneHTiB KM e Hopo in-
meponepabenvrho2o cepedosuwya. 1leih MOIyTb sB-
asie coboro Ilempi-mawuny, siKa i 4ac MOJEIIO-
BaHHs, SKUH 3alla€TbCs TMPOTPAMHO-IHCTPYMEH-
TaJILHAM 3aC000M, IMiTY€ MOJIeTh KOMIIOHEHTY KM,
no0yTI0BaHy 3a 0MOMOror Mepex [etpi.
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3a TpaHCIIOBaHHS 3alMTIB MPOrPaMHO-THCTPY-
MEHTAJILHOTO 3ac00y B A0po inmeponepabenbHo-
20 cepedosuwya BIATIOBINANBHUN M0Oynb niompu-
mru APl (muB. puc. 1), skuii 3a7€KUTh BiJl KOHK-
PETHOTO MPOrpaMHO-IHCTPYMEHTAIBHOTO 3aC00Y.

Otxe, micast po3poOKM Ta BIPOBAKEHHS B
POTPaMHO-IHCTPYMEHTANBHUH 3acid Mooyna nio-
mpumku APl, 3a 101OMOToI0 1HOTO MPOrPAMHO-
IHCTPYMEHTAIILHOTO 3aC00y MOXKIIMBO Oyje mpoe-
ktyBatd KM 3 miaTpuMkoro Oyap-sKux Mopenei
komnoHeHTiB KM, po3po0ieHux 3a 1aHO0 TEXHO-
JIOTI€R0.

BnpoBamkenHnsi inTeponepadejJbHOI0 cepeo-
BHIIA B NMPOrPAMHO-IHCTPYMEHTAJbHUI 3aci0
OmNet++

ExcriepumenTtanpHy anpoOartito inTeporepade-
JBHOTO CepeIOBUINA MPOSKTYBAHHS KOHCTPYKTHB-
HUX €JICMCHTIB IMITAIMHUX MOJeleld OyJo mpo-
BEJCHO Ul TPOTPAMHO-IHCTPYMEHTAIBHOTO 3a-
co0y imiTariiiHoro moaetoBanHs OmNet++ [12].

OmNet++ — Moy IbHUI TPOTPAaMHUIT KOMILIEKC
MOJICJIFOBAHHS JUCKPETHUX MO B Mepexi. Llei
KOMIUIEKC MOJKHA 3aCTOCYBaTH MPH BUPIIICHHI
HACTyITHUX MPOOIIEeM:

® MOJEJIIOBAaHHI

— MPOBITHOT Ta 6E3MPOBIAHOT KOMIT FOTEPHOT
Mepexi;

— MEpEKEBOro MPOTOKOIY;

— MEpesx opraizarii uepr;

— MYJIbTUIPOLIECOPIB Ta IHIIUX PO3MOIUICHUX
arapaTrHux CUCTEM,

e Baigamnii (mepeBipka) BCTAHOBJICHUM BHMO-
raM apXiTeKTypH anapaTHOI CHCTEMH;

® OI[IHIOBaHHI aCIEKTiB pOOOTH CKIIQAHUX CHUC-
TEM MPOTPaMHOTO 3a0€3MECUCHHS,

® MOJICTIIOBaHHI OY/b-SIKOT TUCKPETHOI CHCTe-
MU, B AKill 00’ €KTU CHUIKYIOTHCS 32 JOTIOMOTOIO
MOB1JIOMJICHbB.

OmNet++ mnpomnonye iHppacTpykTypy Ta iH-
CTPYMEHTH i1 MOJICTIOBAHHS, JIe iMiTalliliHa MO-
Jenb OyAy€eThCsl HA OCHOBI 11 TOMOJOTIT Ta MOJe-
JIeii 11 eneMeHTIB (HanpuKiam, UIsl KOMI' FOTepHOT
MEpEeKi TaKMMH €TIEMEHTaMH €. KaHalld 3B’ s3KY,
oOna/iHaHHS TepelaBaHHs JTaHWUX, METOAH JIOCTY-
1y, MPOTOKOJIH Ta iH.).

KepyBatu monemroBanHsmM B OmNet++ moxHa
mig pizHuMHU iHTepdelicamMu KopucTyBada. IcHye
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po3BUHEHH TpadiuHuii iHTEpdeic 3 AMHAMIYHIM
BiTOOpaXKEHHSAM TPOIECY MOJICTIOBAHHS, SKUI
MOXHAa BUKOPUCTOBYBATH JUIS JEMOHCTpAIii poOo-
TH MOZEINi Ta i HajmamTyBaHHSA. 3a JOMOMOTOIO
iHTEepdeiicy KOMaHAHOTO pSAKAa MOXKJIIMBO aBTO-
MaTU3yBaTH JEsIKi aCeKTH MOJIeTroBaHHs (OCTi-
JIOBHE MOJICITIOBAHHS JICKUIBKOX MOZENeH, miaodip
napameTpiB MOJYJIiB TOIIIO).

B OmNet++ Mopmens cKIIamaeThesi 3 MOIYJIIB,
KOTpP1 CHUIKYIOTBCSA 3a JIOMOMOTOIO MOBIJOMIICHB
(puc. 2). Ilpocmumu modynsimu Ha3UBAIOTh MOJY-
Ji, HamucaHi MOBOIO mMporpamyBanHs C++ 3 Bu-
KOPUCTAaHHSAM Oi0JIIOTEKH KJIaciB MOJICITIOBAHHS.
Ilpocmi mo0yni MOXyTb OyTH 3TpyNoOBaHi Ijs OT-
PUMaHHS CKAAOEeHUX MOOYi8, K B CBOIO Yepry
TEX MOXYTbh OyTH 3rpyHOBaHi.

Mepe:xa e
Jlinii 3B’ 13Ky

CkitaieHuii MOJTy1b

Ipoctuii mogyns [

5 PA—
Mpocruit mogyns |

Puc. 2. Ilpocti Ta ckinazeHi MOyl HPOrpaMHO-IHCTPYMEHTAIIb-
Horo 3aco0y OmNet++

KinpkicTh piBHIB i€papXii rpymyBaHHS MOIYJIIB
€ JIOBUIBHOIO, IO CHpUsi€ OIbII KOPEKTHOMY Bi-
TOOpaKEHHIO JIOT1YHUX 3B’ SI3KiB (PaKTHIHOTO 00’ -
€KTa JOCHIIKEHHSI B MOJIEII.

Moy, SK TpaBWIO, MAalOTh MapaMeTpH, 3a
JIOTIOMOTOI0 SIKWX HAaJaIlITOBYIOTh MOTO MOBEiH-
Ky. CkJazieHi MOayJi MOXKYTh IEepeIaBaTH Tapa-
METpPH ISl CBOIX IMiIMOIYMIB.

Monens B OmNet++ HasuBaeTbes mepedicero 1
SIBJISIE COOOI0 CAaMOCTIHHUY CKIaIEHUN MOYIb.

[Ipu mpoekTyBaHHI HEMa PI3HMIII MIX CKIIaze-
HUMU Ta MPOCTUMHU MOJIYJSMH, IO JTO3BOJISIE KO-
pHUCTyBady 3MiHIOBATH MOJYJIi, 3aMiHIOBAaTH TPOC-
TI MOJYNI Ha CKJIAQJEHI Ta HABMaKH, HE TOPKAIO-
YHCh MOJTYJIiB BUILIOTO PiBHS i€papxii.

CrninkyBaHHST MOJyJiB BiIOyBa€eThcsa 3a JOMO-
MOTOIO TTOBIJJOMJICHB, SIKIi MAlOTh SIK 3yMOBJICHI JIa-
Hi, HAIIPUKJIAJ], Yac MOJCITFOBAHHS, TaK 1 JIOBUIbHI.

BinnpaienHs Ta npuioM MOBiIOMIIEHb B MO-
Ay 3[IHCHIOETRCS Yepe3 sopoma (gates), sKux €
JIBA THITH: BOPOTA BXOAY Ta BUXOJY.
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BopoTa MoxyTh 00’ €qHATHCS IUTS Tiepenadi 1mo-
BIZIOMIICHb JiiHi€I0 36’ 513Ky (UB. puC. 2).

CkiazieHi MOyJli TUTBKHU TIEpEaroTh MOBIIOM-
JICHHS] MDXK BJIACHUMU MiAMOAYJISIMHU Ta 30BHIIIIHI-
MU MOJYJIsSIMU. B TO# ke 9ac mpocti Momy Oe3-
MOCEPEAHbO MPOAYKYIOTh, OTPUMYIOTh Ta Tepe-
TBOPIOIOTH TTOB1IOMJICHHS.

BripoBamxkeHHs1 iHTeporiepabenbHOro cepeloBU-
1112 B IPOTpaMHO-IHCTpyMeHTabHuH 3acio OmNet++
3MIIACHEHO SIK OKpeMHUii mpocTuid Moysb PetryNet.
3a IOMOMOTOI0 TapaMeTpiB IILOTO MOIYJS MOXK-
JMBO BKa3zaTu Mofenb koMrnoHeHTa KM, moOymo-
BaHy 3a JIOTIOMOTOI0 y3araibHeHuX mepex Ilerpi,
a TaKOX HAJAIITYBATH ii MOBEAIHKY.

IlocainoBHicTh Aili IpU CTBOpPEHHI Ta J0CTi-
JuKeHHI mojesi kommoHeHTa KM 3 BuKopuc-
TaHHSAM IHTeponepadeIbHOro cepe0BHIIA

Jnst moOynoBu mojeni komnonenta KM 3 Bu-
KOPUCTaHHSM IHTEPONEpadeTbHOTO CEPEIOBHUIIA,
JOCTIPKeHHST HOro TIOBEMIHKH, a TaKOX peakiii
Ha Hporo moxeiai KM, HeoOXigHO BHKOHATH Ha-
CTYITHI KPOKHU:

1. CrBopennst moneni komnoneHta KM 3a go-
MOMOTOI0 MaTEMaTUYHOTO arnapaTry y3aralbHEHUX
cToxacTHuHuX Mepex lleTpi, 3acTocoByrOUM ISt
bOr0 OyAb-SKUH MPOTrpaMHUIl KOMIUIEKC MOOY-
J0BH Mojeneil Ha 6a3i mepex Ilerpi (Hanpukian,
TimeNet, GreatSPN Tomio [13-15]).

2. ocmimxenHs Ta Bepudikaiis moOyaoBaHOl
MOJIeNll 3 BHUKOPHCTAaHHAIM (hOpPMAIIbHUX METO/IB
JociipKeHHs Mmepex [letpi.

3. Onuc npocroro moxyns OmNet++ 3 Bkasis-
KO0 Ha ¢aii1, SKUi MICTUTh OITUC MOJIETI MEPexKi
[etpi;

4. TTo6ynoBa mozaeni KM B iHCTpyMeHTaJIbHO-
nporpamHomy komruiekci OmNet++ 3 Bukopuc-
TaHHSIM CTBOPEHOT'O MOAYJIS,

5. Jocaimxenns noBeainku KM Ta Bka3zaHHX
napameTpiB Mepexi [lerpi 3a gomoMororw anHati-
TUYHOTO iHCTpyMeHTapito OmNet++.

6. JlocnmikeHHsT TOBEMIHKA MOJIYJISI KOMIIO-
HeHTa KM 3 BUKOpHCTaHHAM (haiiia KypHaily Io-
nii B Mmepexi [erpi.

CrBopenHs Ta Bepu@ikamis Moaesi Mepexi
KomyTanii makertiB. Posriasinemo cnpoweny mo-
oenb Mepedxici Komymayii nakemié 3 6CMAHOBIEeH-
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Ham 3'€onanns [16]. s moOymoBu Takol Momesi
aBTOp BUKOPHCTAaB MPOTpaMHHM 3acid aHamizy
y3aranpaenux mepex [erpi TimeNet [15] (puc. 3.).

TimeNet — rpadiuauii IHTEepaKTUBHHNA iHCTPY-
MEHTaJIBLHO-TIPOTPAMHU 3aci0 Al MOJETIOBaHHS
3a JIONIOMOTOI CTOXacTHUHUX Mepex [lerpi. Bin
0yB pospobsenwuii B Ingtitut flr Technische Infor-
matik mpu Technische Universitat Berlin crynen-
TaMH, MPOTpaMicTaMu Ta MaricTpamu Mija Kepis-
HunrBoM mpodecopa Glnter Hommel. Po3poOka
novanacst B 1991 p. IlpoTtoTHmom iHCTpyMEHTY
cnyryBaB maker DSPNexpress. TimeNet nanucano
MOBOIO TporpamyBannsa C++, a rpadiunuii inTep-
¢eiic, nounnatroun 3 V.4, noOynoBaHuil Ha MOBI
IporpaMyBaHHs Java.

O 018 0[5 S s

Puc. 3. Monens GSPN, opieHTOBaHOI Ha 3B’ 130K MEepexi KOMyTaril
TaKeTiB

PosrnsitHemMo nany MoJiels.

B mopeni Mepesxi KoMyTallii makeTiB 3 BCTaHO-
BJICHHSIM 3'€THAHHSI 3B’ 130K MK JDKEPEJIOM 1 MPHii-
MadeM Ma€ BiIOYyTHUCS Tepe nepeaadeio nNepioro
nmakety (CropaifoBaHHs mepexoay connect). Ilms
BCTAHOBJICHHS 3B’ 513Ky BUTPAYaEThCS TICBHUH Yac.
HeedekTBHO BCTaHOBIIOBATH 3B’ 30K IS Tiepe-
Jadi OJHOTO TAKeTa, TOMY CHCTEMa ITiITPUMYE
3B’ 130K, TIOKK HEOOXITHO TNEepeaaBaTH MaKeTH. 3a
BIJICYTHOCTI OCTaHHIX HPOTSITOM IIEBHOT'O 4acy 3B’ si-
30K MPUMUHSETHCS (CrpanboBye nepexin relise).

BceranoBnenHs 3B’s13Ky BinOyBaeThes Tia 4ac
npuOyTTS MEPIIOro MakeTa i nepeaadi (Mo3uiis
IN), B il MO3MIIT 3HAXOAATHCSA MapKepH, 110 aco-
IIIOIOTHCS 3 MAaKeTaMH, SIKi MOXKHA TepelaBaTu y
Mepexi 3B s3ky. Ilepemada BinOyBaeThcsi mociti-
JIOBHO, OJTUH 32 OJIHUM.
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3HaueHHsl BCIX TMO3WINA Ta TEPEXOJiB JaHOT
MOJ€J1 HOAaHO B TaOJIHIL.

3Ha4yeHHS MO3MLIK Ta IEPeXoiB B MOJEIi, Opi€HTOBaHiil Ha 3B’ s-
30K MEpeXi KOMyTallii ITakeTiB

[Mo3uuii
In Bydep nakeris, mo moBuHHI nepenaBaTucs Mo
Mepexi
Connected 3B’ 130K BCTAaHOBJIEHO
Notconnected 3B’ 130K HE BCTAHOBJICHHO
Busy ITepeaya OHOrO MaKeTa JaHUX
Out Bydep nakeris, nepegaHux mo Mepexi
Ilepexonu
Connect Bcranosnenss 38’ 13Ky
Relise Po3pus 38’ 13Ky
Sart [MouaTok mepenayi maxkera JaHUX
Servise IMepeaya OHOTO MAKeTa JAHUX

B mosuriito iN moTparisioTh MapKepu, KOJIU
POrpaMHO-IHCTPYMEHTANbHUI 3aci0 mepenae ma-
ket 10 GSPN-monem. A 3 mo3wmiii Out Mapkepw,
NIEPETBOPIOIOYKCH Y TAKETH, OTPAIUISIFOTh 3HOBY
JI0 TIPOrPaMHO-1HCTPYMEHTAIBHOTO 3aC00Y.

Jns Bepudikanii moOymaoBaHOi MOAENi MOXHA
BUKOPHCTOBYBATH (hOpMaIbHI METOIN JOCIIHKEH-
Hs Mepex [letpi. IcHye Benuka KiTbKIiCTh Mpallb, IKi
JOCIIKYIOTH 1ie tuTanus [4, 5, 10, 16].

Onuc Moay/Il0 OPiEHTOBAHOI HA 3B’ SI30K Me-
pexi komyramii maketiB. s BUKOpUCTaHHS
MoJiel Mepexi KOMyTallii MakeTiB 3 BCTAHOBIICH-
HSM 3'€JHAHHS B MPOTPAMHO-IHCTPYMEHTAITBHOMY
3aco0i OmNet++ moOyaoBaHO MOUipHIN MOIYJb
demoPetryNet. Lleit mMomynp Haciigye HpoCTHit
MOJyJIb iHTeponepadensHoro cepenopuia PetryNet.
BukopucroBytoun npuiiaaty B OmNet++ moBu
orucy (NED, Network Description) 3agano mapa-
METPH TIOBEIHKH TT00YI0BaHOTO MO0 (pHC. 4).

Ha puc. 4 momano onuc mozeni demo PetryNet.

[To-nepire, BkazaHo NULIX 110 (aiina, KUl omu-
Cy€ MOjIeIb Mepexi KoMyTallii makeTis (mapamerp
PetriNetFile). [lns 38’ si3ky momysst demoPetryNet
3 iHmuMu MoaynsmMu OmNet++ omucaHo HacTym-
Hi BopoTa (cexiris gates):

in — BXigHi BopoTa, OUt — BUXiaHI BOpoTa.

Jlist 3’ eqHAHHS JAHUX BOPIT 3 TO3UINISIMH Me-
pexi [leTpi 3acTocoBaHO HACTYIIHI MTPaBUIIA:

Ruleln_(Ha3Ba BXiHUX BOpIT) = MEpeiK BXiJ-
HUX TO3UIINA — KOJU Yy BXiAHI BOpoTa MO JiHIil
3B'SI3Ky HAQJXOJIUTh TAKET JAHUX — y BKa3aHHX
MO3HIIISIX JIOCTABJISIETHCS 110 OHOMY MapKepy;
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RuleOut_(Ha3Ba BUXITHHUX BOPIT) = MEpEIiK BH-
X1IHUX TIO3UIIiH — KOJHM B YCiX BKa3aHUX MO3ULIAX
3'ABIISIIOTHCSL MApKepH, TO 3 KOXKHOT MO3HIIii BUIa-
JSIETHCS TIO OJJTHOMY Mapkepy, a uepe3 BKa3aHi BU-
X1THI BOPOTa BUXOIWTH MMAKET JaHUX.
etve mn =}

s Sesth Brawt Ben medem pen

Qv Ry | e | O e e e e i i s—ine
= D) = packagenme 12

shmple DemcPetrybiet extends Pertyhet

{

Puc. 4. Onuc Mozeni, OpieHTOBaHOI Ha 3B’SI30K MepeXi KOMyTaril
naketiB B cuctemi OMNET++

Jamni 3agaeTnses crocio 3anucy KypHay IOi,
ski BimOyBaroThcsi B Mepexki Ilerpi (mapametp
EventPetryNet).

MosxnuBiI HACTYIIHI BapiaHTH:

e event — 3amuc JXKypHaJlly B BIKHI eMYJIALIi
OmNet++;

e stdout — BHBIT HA KOHCOJIB,

e NONe — 6e3 BUBOY XypHAITY MO,

o X 10 ¢ailna — 3amuc KypHalIy MOl y
BUOpaHmii aiin.

MOXIJIMBO TaKOXX 3aJaTH IO3HUIil, KIJIbKICTb
MapkepiB B SKHX OyJe BiICIIJKOBAHO AaHATITHY-
HOIO YaCTHHOK MPOrPaMHO-IHCTPYMEHTAIHHOTO
3aco0y imiTariitnoro moaentoBarass OMNet++.

st bOrO BKa)KEMO 1HTEepomnepabenpHOMY ce-
pEeNOBHUIITY, SKi MO3UIlIT HEOOXITHO KOHTPOIIOBATH
(mapametp statisticCollectionPlace), a Takox 3a-
namo OmNet++, sskiuM 9YHMHOM BIJICTIAKOBYBATH IIi
napameTpu (qupextuBu @signal i @statistic).

IHoOoynoBa moaeni KM B iHCTpyMeHTAJILHO-
nporpamuomy komiuiekci OmNet++ 3 Bukopu-
CTAHHSAIM CTBOPEHOI0 MOAYJsA Ta il imiTamis.
[Ticns Toro sk moxayas demoPetryNet mo6ynoBa-
HO, OTO MOKHa BUKOPUCTOBYBAaTH IIPU MOJEIIO-
BanHi KM B mporpamMHo-iHCTpyMEHTaJIbHOMY 3a-
co6i OmNet++ (puc. 5).

MonensoBana KM siBisie o000 Y4OTHPH KITi€-
HTChKHX Komir roTepu (etherHost — etherHost3),
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sKi 3a jormomororo cBiva (ether Switch) 38’ s3ani 3
cepBepom (Server). Ha kanasi Big cBiua 10 cepBe-
pa (BHUCXiZHOMY KaHaJli) BCTAHOBJCHO MOJYJIb
Mepeki KOMyTallii MmakeTiB, moOyaoBaHOi 3a J0-
nomororo mepex [erpi (demoPetryNet UpChandl).
Moaymi splitter i splitterl neoOximui mis po3mi-
JICHHS BUCXITHOT'O Ta HU3X1JHOTO KaHAJIB.

e
lgste Segrch Eraject Bun Window bels
OV Qo v X -

= 1| [ packupesed (3 (5] srmatppini

P .
o | | et selector

@4&@ |

eherHosl  ethertiastl  stherastd  elheriastd

13 HED mhertance (G Cansele 5= Evert Lag| 111 Outsns vactoe | (1, Dataset

Puc. 5. Tomonorist KM 3 BukopuctanusM moyiist demoPetryNet

Jnst mocnimpkenns nmodyaoBanoi KM Tpeba 3a-
MyCTUTH 1IMITaIIIO.

Hocaimxennss noBeainku KM ta BkaszaHux
napametpiB mepesxi Ilerpi 3a nonomororw ana-
Jitnynoro iHcrpymenrtapiro OmNet++. Ilpo-
rPaMHO-IHCTPYMEHTAIBHUN 3aci®  iMIiTaIliiHOTO
mozemoBanHs OMNet++ 103Bossie TOCHIKYBaTH
napameTpHu i moBeainky mozaenai KM (puc. 6).

InTeponepabenbHe cepeoBHIIE JO3BOJISIE TAKOK
BIJICTe)KYBaTH TOBEIIHKY MapKepiB Yy IOBLIbHIN
(BkazaHiii pu ommci Mozeni) no3uiii Mmepexi [le-
tpi (puc. 7).

HociixxeHHs1 MOBEeAIHKH MOIYJIS KOMIIOHE-
Hrta KM 3 BukopucTraHHsaMm ¢aiija KypHAIy
noaiii B mepexi Ilerpi. Snpo inTeponepadbenbHo-
ro CepeJOBHINA Mij] Yac iMiTaIlli Moesi T03BOJIsIE
CTBOPIOBATH KypHaJ IMOJiH, AKi BiOYyBalOThCS B
Mmepexi [letpi.

Ile 3a0esneyye KOHTPOIb TMOBEIIHKH MEPExi
[lepTi st BUSBIICHHS TIOMIJIOK B TIPOEKTYBaHHI
abo mapamMeTpax 3amyckKy mepexi [lerpi.

KypHan moziii JO3BOJSIE TaKOX aHATi3yBaTH
MOBEIHKY MOJIeTi Ha ocHOBI Mepesxi [letpi mig yac
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BIUIMBY Ha HEi peanbHoi KOMITIOTEPHOI Mepexi
(puc. 8).
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Chart: In:vector Network.demoPetryNet_UpChanel
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Puc. 7. [lunaMika 3MiHH KUIBKOCTI MapKepiB B IMO3HIIT BXiTHOTO
Oydepy in

BucnoBku. BripoBakeHHsI TpOrpaMHO-1HCTPY-
MEHTAIBLHUX 3aC00IB IMITALIHOTO MOJEIIOBAHHS
JUTSl TIPOEKTYBAaHHS HOBHMX Ta JOCIIDKCHHS 1CHY-
IOYMX KOMIT FOTEPHUX MEpeX Oe3MocepeHbo 3a-
JISKHUTH BIJ SKOCTI Ta aKTyaJdbHOCTI KOMIIOHEHT-
HOI 0231 JAaHHX MPOrPaMHO-IHCTPYMEHTAIBHHX 3a-
co06iB. IlinTpuMKa akTyaTbHOCTI Ha JaHHWH Yac Io-
TpeOye 3HauYHMX (PIHAHCOBUX BUTPAT BiJl po3po0-
HUKIB TaKMX 3aC0O01B, 110 TAKOXK OOYMOBITIOE iX ITIHY.

3anponoHoBaHe iHTepornepadeabHe cepernoBu-
e JT03BOJISIE CTBOPUTH MOJENI KOHCTPYKTUBHUX
enemenTiB KM 06e3 mornubiaeHOro 3HaHHS Tpo-
rpaMyBaHHS Ta 3HaHHS ocoOnuBocTedl APl KOHK-
PETHOTO MPOrPaMHO-IHCTPYMEHTAJIBLHOTO 3aco0y
IMITaIiitHOTO MOIeMOBaHHs. PO3poOKy Takux Mo-

i



neneil MOKyThb 3IIMCHUTH HaBiTh KOPHUCTYBadi
MpOrpaMHUX 3ac001B iIMITALIIHHOTO MOJICTFOBAHHSI.
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Puc. 8. Kypnan moniit imitarii mogeni GSPN-mepesxki, koMmyTarii
MaKeTiB, BIAKPUTHUI AJIsI aHANi3y Y TAOIMYHOMY pEeaaKTopi

[aTeponepabenpHICTL 3aPOIIOHOBAHOTO Cepe-
JIOBHIIIA JTO3BOJISIE BUKOPUCTOBYBATH MOJIET, PO3-
poOJIeHI He TIIBKH JIJIi KOHKPETHOTO MPOTrpaMHO-
IHCTpYMEHTaJIBHOrO 3aco0y imiTauiiHOro Moje-
JIOBaHHS, a ¥ JIJIs BCiX 3aC00iB, SK1 MIATPUMYIOThH
3aMpoTNOHOBAHE CEPEIOBUIIIC.

Buxopucranns y3arampHeHUx Mepex lletpi
JI03BOJISIE TIPOBOJUTH BepU(IKaLi0 pO3pOOICHIX
Mozeneir kommnoHeHTIB KM, BuKopuCTOBYIOUYH
dopmanpHi MeToaM AociikeHHs Mmepex llerpi,
10 JI0/Ia€ BIIEBHEHOCTI B KOPEKTHOCTI MOJIEIII.

CrpoteHHs moOy0BH MojieJieii KOMITIOHEHTIB
KM cnopusie cyTTeBOMYy 3HMXKEHHIO BUTpaT y J0-
cmmkeHHssx KM, KoM BUKOPHCTOBYIOTBCS CY-
YacHe MepekeBe 00JIaJIHAaHHS Ta MPOTOKONHU. 3 1H-
moro OOKy, iHTeporiepabenbHe CepeloBUIIE IO0-
rmomarae y po3poOIli HOBUX MPOTOKOJIIB Ta 001aI-
HAHHS, OCKUTEKH JTO3BOJISIE€ TPOBECTH IMITAIlIIO PO-
00TH MOJIeNe HOBOTO 00JIaHAHHSA a00 MPOTOKO-
JIy T1i/1 HABAHTaKEHHSM, OJIM3BKIM J10 peanibHoi KM.
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B.B. TounnuH

Paspa6oTka mogenu NpoeKTMpPoOBaHMsA KOMMOHEHTHOM 6a3bl NPOrpaMMHbIX CpeacTB
uccnefoBaHUs KOMMNbIOTEPHOW CeTU Ha OCHOBe UHTeponepabenbLHoOu cpeabl

Brenenne. 3agaua ucciuenoBanus Oyymeil KOMITBIOTEPHOM
ceru (KC) Ha 3Tame ee MpOEKTUPOBAHUSI, IOMOIIb aIMHHH-
crparopam KC mpum mTaTtHOM M, 0COOEHHO, B HEIITATHOM
(aBapuitHom) pexumax padotsl KC ects, 0e3 coMHeHws,
HACYIIHOHN U aKTyanbHOIL.

Haubomnee pacmpocTpaHeHHBIM METOIOM PEUICHUS STOH
3amaun ecTh MeTo ] moctpoeHus moaenn KC u manpHemero
WCCIIEJOBAHNS €€ IPOrpaMMHO-MHCTPYMEHTAIBHBIMHU CpEl-
CTBAMH HMHUTALMOHHOTO MonenupoBaHmsi[l], Takumu Kak
OmNet++ (http:/Mmmw.omnetpp.org/), N2 (http:/Mmamw. isi.edu/
nsnam/ns/), OPNET Network Planner (http://Mmaw. opnet.cony)
U T.J.

VYkazaHHbIE IIPOIPaMMHO-HHCTPYMEHTAJIBHBIE CPEACTBA
JTAIOT BO3MOXKHOCTh HocTpouTh Mozaenb KC, wucnonb3ys
BCTPOCHHYIO OHOJIMOTEKY MOJENeil KOMIIOHEHTOB ceTH (MO-
JIeTI CEeTEBOr0 00OpYIOBaHMS, POTOKOJIOB, KaHAIOB CBSI3U
u ap.) JAns co3paHust OTCYTCTBYIOIMX MOJENeH KOMIIOHEH-
toB KC mporpaMMHO-MHCTpYMEHTAJIBHBIE CPEICTBA NUMEIOT
YHUKAJIBHBIN IporpaMMHEIi uaTepdeiic (4P1).

KauecTBo pe3yabTaToB MOAEIUPOBAHUS B 3HAUUTEIbLHOU
Mepe 3aBHCUT OT TOYHOCTH M KauecTBa MOAENEH KOMIIOHEH-
toB KC. Ha pe3ynmpTarsl Takxe BIHMSIET HATMYHME MOMAETCH
kommnoHeHTOB KC, Mopenupyrommx o00pyJIoBaHUE U IIPO-
ToKOJIBI, TpuMeHsiemble B KC.

Takum 00pazoM, Uil Kaue€CTBEHHOTO MOJEINPOBAHUS
KC nmporpamMmmHO-HHCTpYMEHTaIbHOE 00ECHeYeHne JIOKHO
MMETh KaueCTBEHHYIO U MOJIHYI0 OMOIMOTEKy Mojienel KoM-
nonenTos KC.

OpHaKo ciieyeT OTMETHUTD, YTO CO3AaHIE MOJIETIeH KOM-
moreHToB KC T1pebyer 3HaumTenmpHBIX ycmmmid. [Iporecc
coznmanus Mogenn komroHneHTta KC, oTBeTCTBEHHYyIO 3a pa-
60Ty HOBOTO 000pYIOBaHMA WM MPOTOKOJA, TpeOyeT Iiry-
GOKOro 3HaHMS INPUHIMIIOB MIOCTPOEHHS MOJENeil KOMIo-
HeHTOB KC i1 KOHKPETHOTO MpOTrpaMMHO-MHCTPYMEH-
TaJIbHOTO CpE€ACTBA, MPUHIUIIOB pa60T1>1 1 OKCILTyaTalluOH-
HBIX [APaMETPOB OINKCHIBAEMOIO O0OpPYIOBaHHS WM IPO-
TOKOJIa, @ TAK)Ke HaBBIKOB MTPOTPaMMUPOBAHMUS.

BBuay Ha3BaHHBIX TpPYIHOCTEH IPOrPaMMHPOBAHHEM
6ubmmortexkn komroneHToB KC, B OCHOBHOM, 3aHHMArOTCs
KOpPHOpAIHX — pa3padOTINKH MPOTrPaMMHO-HHCTPYMEHTAIb-
HOTO KOMIUIEKCa. B CBOIO o4epens 3To MpOBOIMPYET 3HAUH-
TENIBHBIE 3aJICPXKKH C MOSABICHHEM MOJENed HOBBIX HMPOTO-
KOJIOB ¥ 00OPYIOBaHUsI, @ TAKXKE BBICOKYIO IIEHY I10JIb30Ba-
HUSI TAKMM CPEJICTBOM.

BoszHukaer akTyanbHas 3agada ObICTPOro M KayeCTBEH-
HOTO co3faHus mMozesneit komnoneHToB KC as KOHKpeTHo-
ro NPOrpaMMHO-UHCTPYMEHTAIILHOTO CPEACTBA.

ABTOpPOM HACTOSIIIEH CTaTbU MPEATIOKEHA Cpeia IPOeK-
TUPOBAaHMSA, C IMOMOIIBIO KOTOPOH BO3MOXHO MOCTPOUTH
HeobOxoaumble (Hemoctaromue) komnoneHTsl KC 6e3 HaBbI-
KOB IPOTpaMMHUPOBAHUS W N3y4YECHUS B3aUMOCBSI3H KOMIIO-
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HCHTOB U IMPOIrpaMMHO-UHCTPYMEHTAJIbHOT'O CPECACTBA UMU-
TaQUOHHOT'O MOACINPOBAHUS.

BHespenue naHHOW cpenbl IO3BOJMT IOJIB30BATENSIM
MIPOTrPaMMHO-UHCTPYMEHTAIBHBIX CPEICTB MMHUTAIIMOHHOTO
MozenupoBanus (ammuHucTpatopam KC, nmxeHepam u uc-
cIemoBaTeNsiM) n30ekKaTh OXKUIAHHS, KOrma pa3paboTdmk
BHE/IPUT HEOOXOJMMBIE KOMIOHEHTH B CBOHM IPOTPaMMBI U
CYIIECTBEHHO COKpAaTUTh 3aTpaThl Ha CaMOCTOSTEIBbHYIO
pa3paboTKy.

Pa3paGoTka apXuTeKTypbl Cpeabl NPOCKTHPOBAHMS
KOMIIOHEHTOB KOMIIBIOTEPHBIX ceTel

HccnenoBanyue NPUHIUIIOB TOCTPOSHUSI MOAENEH KOM-
noHeHToB KC B pasHBIX HpOrpaMMHO-MHCTPYMEHTAIBHBIX
Cpe/ICTBax IMO3BOJIMIIO MPEAJIOXKUTH ClieAyrone TpedoBa-
HUS K 3THM CPEJICTBaM MMHTAIMOHHOTO MojieimpoBanus KC:

® [IPOCTOE W IIHUPOKO HM3BECTHOE CPEICTBO IMPOEKTUPO-
BaHUS MOJIENEH,

® JOCTYIHOCTh CPEACTB M METOIOB (popManbHOH BepH-
(uKanuy MOCTPOSHHOM MOJETH;

 HHTEPONEepabeabHOCTh MMOCTPOSHHOH Mozenu (cro-
COOHOCTh MOZETH OBITh HMCHONB30BAHHONW KaK KOMIIOHEHT
KC Bo Bcex mporpaMMHO-WHCTPYMEHTAJIBHBIX CpPEICTBAX,
COOTBETCTBYIOIIHX 33TaHHBIM yCIIOBHSIM).

N3yuenne cnenuanbHOM JHUTEpaTypbl IMO3BOJIAET Clie-
naTh 0000IIAOIHIA BBIBOJ, YTO Hanbonee 3h(HEKTUBHO st
MIPOCKTUPOBAHUSI MOJIEJICH B paMKax IPEUIOKEHHBIX Tpe-
OoBaHUI1 MOKET OBITH IPUMEHEHA MaTeMaTHIecKast MOJIENb,
KoTOpast OasmpyeTcss Ha OOOOIIECHHBIX MAaTeMaTHYeCKUX
croxactuueckux cetsx [lerpu (GSPN) [2].

Buepssie cetu Ilerpu 6bun npemoxensl B 1962 r. s
aHaJIM3a aCHHXPOHHBIX MapalleNIbHBIX Iporeccos [3, 4].

Kaxk cpenctso MmoaenupoBanus cetu Ilerpu umeror MHO-
KECTBO MPEUMYIIECTB, @ UMEHHO!

® MaTEeMATUYECKUH alapar ceTel MUPOKO MPUMEHUM U
MIPOCT [JIS U3YUYEHUS,;

® KaKk TpaduuecKoe CpeaAcTBO ceTH [leTpu MOXHO TpH-
MEHSTH JJIsI HaTrJSITHOTO OTOOpaskeHus! IpoLeccoB, Ha0Io-
JIa€MBIX B MOJIENIN CHCTEMBI,

® OTHOCHTEJBHO JITKO MOXKHO CJIENIaTh KOPPEKTHPOBKY
MOJEJH, IOCTPOEHHON Ha ocHoBe cerel [leTpu;

e [UIsl ONMCAHMs MapaUIeNbHUX MPOLECCOB, POUCXOS-
WX B KOMITBIOTEPHBIX CETAX, OOOOILICHHBIE CTOXacCTHUYE-
ckue mojnenu Iletpu Haumbosee MOAXOAAT, MOCKOIBKY MO-
nenb GSPN Hambonee anekBaTHa peanbHOW (YHKIMOHHU-
pytoreit cucreme. Pesysnbrar — Gosee TOYHbIE TPOTHO3UPO-
BaHHBIC XapaKTEPHUCTUKH MOBEACHUS IPOESKTUPYEMOM CHCTe-
™Mbl [2, 5];

e CyIIecTBYeT 0O0JIbIIOE KOJHMYECTBO METOOB aHAIN3a U
Bepudukanuu mMozenu [6-8], mocTpoeHHOH MpPU MOMOIIH
GSPN, 6a3upyemMbIx Ha GOpPMAaTHHBIX METOIaX aHAIN3a CETH
[erpu. AHanm3upysi Takue KadecTBa, KaK JOCTH)KUMOCTB,
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OTPaHUYEHHOCTb, aKTUBHOCTb U APYTHUE, a TAKKE UCIIONbB3YsI
METOJIbI (POPMAITBHOTO HMCCIIEJIOBaHMSI, MOKHO OBITH Ooiiee
YBEPEHHBIM B KOPPEKTHOCTH JIaHHOH Mozenu [5, 9, 10].

Takum 00pazoM, MpUMEHEHHE O0OOOIEHHBIX CTOXACTH-
yeckux cerei Iletpu i nocTpoeHust Mojesiell KOMIIOHEH-
ToB KC cOoOTBETCTBYyET MEpBBIM JIByM TPEOOBaHUSM, Npe/-
JIOXKEHHBIM JUISL peIICHHUs 3a1a4i OBICTPOTO M KauyeCTBEHHO-
ro co3jaHus Mojeneit koMmrnoneHToB KC.

Jns mocTmxeHust TpeOOBaHUI TPEThEro IMyHKTa, aBTOP
MpeayIaracT CO3JaHue Cpensl, KoTopas 0azupyercst Ha Ipo-
rpaMmHOM uHTepdetice (APl) mis MOCTPOEHHsS KOMITOHEH-
ToB KC mnporpaMMHO-HHCTPYMEHTAJIIBHOTO CpPEACTBA H
obecrieunBacT YHHBEPCAIbHYIO, HE3aBHCUMYIO OT IIpoO-
IPaMMHO-MHCTPYMEHTAJIBHOTO CpEICTBa, IUIaThopMy IIO-
crpoenus moaeneit kommonentos KC [1, 11].

PazpabotanHas cepena nmoiayuuia Ha3BaHue Mnmepone-
pabenvhas cpeda NPOEKMUPOSAHUS KOMNOHEHMO8 KOMNb-
tomepHoti cemu (puc. 1).

Monuyis Anpo
TIporpammuo- HHTEponepadeIbHOI
HHCTPYMEHTAJIbHOE HOZ[Hep)KKM Cpeasl 11 UMHTALMNA
CpeAcTBO AP'

Mozeneit
NPOEKTHPOBAHUS komnonenTos KC

KOMITBIOTEPHO# [ |
CeTH. <,i

Puc. 1. ®yHknuoHanpHas cxeMa cpesl MPOSKTHPOBAHMS

Mognens
KOMIIOHEHTa
KC

OCHOBHBIM MOJYJIEM YKa3aHHOM cpeasl HOCTPOCHUS MO-
neneit komroneHToB KC ecth Aopo ummeponepabenvrotl
cpedvl. DTOT MOy TIpencTaBisieT coboii [lerpu-mamuny,
KOTOpas BO BpEeMs MOJEIMPOBAHUS, 337aBacMOe Mporpam-
MHO-WHCTPYMEHTAJIBHBIM CPEJICTBOM, HUMUTHPYET MOJEIb
komnoHenTa KC, moctpoennyto nmpu nomomtu ceteit [letpu.

[Tpu TpaHCnIMpOBaHUM 3alpPOCOB IPOrPAMMHO-HHCTPY-
MEHTAIBHOTO CPEACTBA B A0po unmeponepadenvbroll cpeovl
otBeyaeT Moodyas nodoepacku API (cMm. puc. 1), KOTOpBIit
3aBHCHT OT KOHKPETHOTO IPOrPaMMHO-MHCTPYMEHTAJIBHOTO
CpezcTBa.

TakuMm 006pazoM, nociie pa3pabOTKH U BHEIPEHHS B IIPO-
TPaMMHO-HHCTPYMEHTAIBHOE CPENCTBO Modyas noddepoic-
ku APl ¢ mOMOMIBIO TaHHOTO MPOTPAMMHO-UHCTPYMEHTAJIb-
HOTO CpeACTBa BO3MOXHO Oyner mpoektnpoBanne KC npu
moiIep kKKe JTOOBIX MOJieNieil ee KOMIIOHEHTOB, pa3padoTaH-
HBIX 110 IJaHHOHM TEXHOJIOTHEN.

Buenpenue uHTepomnepade/bLHON cpeabl B IMPOrpam-
MHO-HHCTpYMeHTa/lIbHoe cpeacTBo OmNet++

OKkcnepuMeHTanbHas anpolauusi HHTepornepadesbHON
Cpe€abl MPOCKTUPOBAHUA KOHCTPYKTUBHBIX 3JICMCHTOB UMU-
TAI[MOHHBIX MoJiesiel Obljla NMpoBeACHa Al NMPOrpaMMHO-
MHCTPYMEHTAIBHOTO CPEACTBAa MMHTAIMOHHOTO MOJIEIIHPO-
Bauus OmNet++ [12].

OmNet++ — MOIyNBHBIN MTPOrPaMMHBIH KOMIUIEKC MO-
JETTMPOBAHMS TUCKPETHBIX COOBITHI B CETH, KOTOPBII MOX-
HO IPUMEHSTD TP PELICHUH CIISIYIONIUX Mpo0Iem:

® MOJICTUPOBAHUN

— IIPOBOAHOM 1 6€CIIPOBOJHOI KOMITBIOTEPHOH CETH,
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— CETEBOTr0 IIPOTOKOIIA,;

— ceTell opraHu3aluu ouepeei;

— MYJIBTUIIPOLIECCOPOB U IPYTUX PACIPEAECIEHHBIX
armnapaTHbIX CHUCTEM,

® BAJIMJIALIUU APXUTEKTYPBI alllIapaTHON CUCTEMBI;

® OIICHKE aCIEKTOB PaOOTHI CIIOKHBIX CHCTEM IPOrpaM

MHOT'0 00ecIIeYeHus;

® MOJICITUPOBAHUH JIIO00H TUCKPETHOM CHUCTEMBI, B KO-
TOPO OOBEKTHI OOMIAIOTCS MTOCPEICTBOM COOOIICHUH.

OmNet++ npemraraer HHPPACTPYKTYPY U HHCTPYMEHTHI
JUISL MOZICIMPOBAHUS, T/I€ MMUTAIIOHHAS MOJENb CTPOUTCS
Ha OCHOBE €¢ TOIOJIOTHH U MOJEJICH ee 2IeMEHTOB (Harpu-
Mep, Ul KOMIIBIOTEPHOM CETH TAKMMH 3JIEMEHTaMH €CTh!
KaHallbl CBSI3M, 000py/OBaHHE IepeJaudl JaHHBIX, METOJbI
JIOCTYTIa, TIPOTOKOIIBI U TIP.).

PykoBoaute MonenupoBanreM B OMNet++ MoXHO moz
pasHpIMH HHTepdericamu mosb3oBaTens. CymiecTByeT pas-
BUTHIN rpaduyeckuii nHTepdeiic ¢ AMHaAMUYECKHUM 0TOOpa-
JKEHHEM IIpoliecca MOJIEITMPOBAHMS, KOTOPHI MOXKHO HC-
MOJIb30BaTh ISl JIEMOHCTpalMd pabOThl MOJENN M ee Ha-
crpoiiku. [Ipm momomm wHTEepdelica KOMaHIHOW CTPOKH
MOYKHO aBTOMAaTH3HMPOBATh HEKOTOPBIE acCHEeKThl MOJIEIHPO-
BaHUs (IOCITIEIOBATEIBHOS MOJCIUPOBAHUE HECKOJIBKUX
Mojierneit, mog6op mapamMeTpoB, MOIYJICH | TIp.).

B OmNet++ mMonens cocTouT U3 MOAyiel, KOTopsie 00-
MIAIOTCS MEXIY cOo0OM TpH oMo coobmmenuit (puc. 2).
Tlpocmuvimu MoOyasmuy Ha3bIBAIOT MOJYJIH, HAIMCAHHBIC SI3bI-
KOM TIporpamMmupoBanust C++ ¢ HCTONIB30BaHUEM OHOJHO-
TEKH KJIaCCOB MOJICIHPOBAHHUS. [Ipocnibie MOOYaU MOTYT OBITh
CTPYMIUPOBAHBI ATl MOIYYEHHUS COCHABHbIX MOOYiel, KO-
TOpBIE B CBOIO OYEPEb MOTYT OBITH CTPYIITHPOBAHBI.

KonunuecTBo ypoBHEN nepapxuu rpylIUPOBKH MOAYJEH
3aJ]aeTcsl MPOU3BOJIBHO, YTO CIIOCOOCTBYET OoJiee KOPPEKT-
HOMY OTOOpa)KEHHUIO JIOTMYECKHX CBsi3ed (hakTHueckoro o0b-
€KTa UCCIIEeJ0BaHUS MOJIEIH.

Monyny, Kak HpaBuio, UMEIOT MapamMeTpbl, HaCTpauBaro-
muye ux nosenenne. CocTaBHbIE MOJYJIM MOTYT IE€peaaBaTh
TapamMeTphl AJIs1 CBOUX MOJMOJTYJICH.

Mopens B OmNet++ Ha3bIBaeTCsi cembio U €CTh CaMo-
CTOSITEIEHBIM COCTaBHBIM MOJIYJIEM.

IIpy NpoeKTUPOBAHUU HET Pa3HUILIBI MEXKY COCTaBHBIMU
W TPOCTBIMH MOJYJISIMH, YTO ITO3BOJISICT ITOJIb30BATEIO H3-
MEHATh MOJYJIH, MCHSTh MPOCThIE MOAYJIH Ha COCTaBHbBIC (U
HA00O0pPOT), HE 3aTparuBas MOJyJiel 6ojee BBICOKOTO ypPOB-
HSl HePapXHH.

OomeHne Moayel MexXay coOOH MPOUCXOAUT TPH TIOMO-
oM COOOIeHNM, a OHM MMEIOT Kak OOYCIIOBIICHHBIC TaHHBIC,
HaIpuMep, BpeMsl MOZIEITMPOBAHNS, TaK ¥ IIPOU3BOJILHBIC.

OTtnpaBka u MOIyYeHHE COOOIICHUI B MOTyJIe TIPOHUCXO-
ouT depe3 gopoma (gates), KOTOPBIX CYIIECTBYET [Ba THIIA:
BOpOTA BXO/ia M BBIXO/A.

BopoTa MOryT 00BEIUHSTECS VIS ITepeaadn CoOOmeHUH
nunuell cessu (CM. puc. 2).

CocTaBHBIE MOy TOJBKO MEPEIAlOT COOOIIEHHS MEXIY
CBOMMH HOIMOJYJISIMU M BHEITHUMH MOZYJsiMU. B To ke Bpe-
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M IPOCTBIE MOIYJIM HETIOCPEICTBEHHO IOJIyYaloT U Ipeodpa-
3YIOT COOOIIICHHSI.

Cerp
- JIMHUY CBS3U

CocraBHOW MOTylIb

Pazpaborka nHauanmace B 1991 r. [IpoToTHHOM 3TOrO MHCT-
pymenta mociyxmi nmaker DSPNexpress. TimeNet nanmcana
Ipy MOMOUIM sA3bIKa TporpammupoBanus C++, a rpaduue-
ckuii uHTepdetic, HaunHas ¢ V.4, MOCTPOCH IMPH MOMOIIU
s3bIKa MPOrpaMMUpPOBaHuUs Java.

@» X Sﬂpocmﬁ MOJyIb

IIpocroit Mmoxynb

Puc. 2. IIpocTeie U COCTaBHBIE MOIYJIH IIPOrPAMMHO-HHCTPYMEH-
tanpHOTrO cpeactsa OmNet++

BHenpenne naTeporiepabensHON Cpebl B IPOTPaMMHO-
uHCTpyMeHTanmpHOe cpenctBo OmNet++ BBIMOTHEHO Kak
OTIENBHBINA TIPOCTOH MoAyb mox HazBaHueM PetryNet. ITpu
TTOMOIIIX TTAPaMETPOB ATOTO MOIYJISI MOJKHO YKa3aTh MOJIEIb
komnoHerTa KC, mocTpoeHHyI0 MocpeacTBOM 0000IIEHHBIX
cereil [letpy, a Takke HACTPOUTH €€ NIOBENICHUE.

IlocnenoBaTeLHOCTh AeHCTBHIl NPH CO3JAHNU U MC-
ciaenopanun Moaesan komnoHeHta KC ¢ ucnoJsb3oBanu-
eM HHTepornepadaabHOM cpeabl

JIyist mocTpoeHust MOZIEH, UCCIIEIOBAaHHs €€ TIOBEIEHM,
a Take peakuuu He Hee Monenn KC, HeoOX0aUMO BBIMTOJI-
HUTH CJIENYIOIINE IIaru:

1. Co3nanue mozenu komnoneHtra KC npu nmomomu ma-
TEMaTHYECKOTO anmapara 0000IEHHBIX CTOXaCTHYECKUX Ce-
teit Ilerpu, mpuMeHsiss A 3TOro JrOOOH HpPOrpaMMHBINA
KOMIUIEKC TOCTPOEHHsI Mojeied Ha ocHoBe ceredl [letpm
(manpumep, TimeNet, GreatSPN u ap. [13-15]).

2. UccnenoBanne u BepuUPHUKAIHA TOCTPOCHHOW MOIEIHN
C HCIIONB30BaHHEM (OPMABHBIX METOJOB M3yUCHHS CeTei
Iletpu.

3. Onucanue npocroro moxayisi OmMNet++ ¢ ykazanuem
(haifima, comeprkalero onvcanme Moaenu cereit [lerpu.

4. TToctpoerne moxenmn KC B HMHCTpyMEHTaIBHO-TIPOT-
pamMmHOM KoMmrutekce OmNet++ ¢ ucronp30BaHUEM CO3/IaH-
HOI'O MOZYJIS.

5. UccnenoBanue mnoeneHuss KC u yka3zaHHBIX mMapa-
MeTpoB ceTH [leTpyu npu NOMOIIM aHAJTUTHIECKOTO HHCTPY-
meHTapust OmNet++.

6. NccnenoBanue nosenennst Moy komnoHenta KC ¢
HCIOJh30BaHUEM (paiina )KypHana coObITHi B cetr [letpu.

Co3nanue u BepuduUKanUsi MOJeJH CeTH KOMMYTa-
MU NAaKeToB. PaccMOTpuM ynpowennyio mooens cemu Kom-
mymayuu nakemos ¢ ycmanogienuem coeournenus [16]. Jlmst
MOCTPOEHHS YKa3aHHOW MOJENHM aBTOpP HCIIOJIB30Bal IIPO-
rpaMMHOE CpEICTBO aHaim3a 00o00meHHbIX ceped [lerpu
TimeNet [15] (puc. 3.).

TimeNet — rpadudyeckoe HHTEPAKTUBHOE HWHCTPYMEH-
TAJILHO-TIPOTPAMMHOE CPEZICTBO IJISi MOJEIMPOBAHUS IIPU
nomomy croxactudeckux cerei Ilerpu. OHO ObUTO paspa-
6otano B Institut fur Technische Informatik mpu Technische
Universitét Berlin crymenramu, porpaMMHCTaMH ¥ Maru-
CTpaMH IOJI PyKOBOJACTBOM Tpodeccopa Glinter Hommel.
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Puc. 3. Mogens GSPN, opueHTHPOBAHHOW Ha CBSI3b CETH KOMMY-
Tal{1 TAaKETOB

PaccMoTpuM 1aHHYIO MOZIETIb.

B Mozmenu ceTr KOMMYTAIH ITAKETOB C YCTAaHOBJICHHEM
COEIIMHEHMS! CBS3b MEXKITY NCTOYHHKOM M IIPUEMHUKOM JIOJDK-
Ha COCTOATBCS IIepel Iepenadeii nepsoro nakera (cpabarsbi-
BaeT mepexo connect). st yCTaHOBICHUSI CBSI3H TPeOyeTCst
ompenenenHoe Bpemsa. HeaddekTnBHO ycTanHaBIMBaTH CBSI3b
JUI TIepefjaddl OJHOTO ITaKeTa, MOATOMY CHUCTEMa IMOJep-
JKMBaeT CBsI3b JIO TeX IOp, NMOKa HEOOXOAMMO TepenaBaTh
MakeThl. 32 OTCYTCTBHEM IIAKETOB Ha MPOTSXKEHUU OIpejie-
JICHHOTO BPEMEHH CBsi3b MpepbiBaeTcs (cpabaThiBaeT mepe-
xon relise).

YcraHOBIIEHHE CBSI3M IPOUCXOJUT BO BpeMs NpUXOJa
MepBOro makera Ajs nepefaqn (mo3uums in); B 3TOi mo3u-
LUK HAXOJATCA MapKepbl, KOTOPHIE ACCOIIMUPYIOTCS C TaKe-
TamH, TepeaaBaeMbIMU 10 CeTH CBA3H. [lepemaua makeToB
MIPOMCXOIUT MOCIIEAOBATEIFHO, OJIUH 32 IPYTUM.

3HaueHne BCeX TMO3UIMKA W TEePEX0J0B JaHHOW MOJIEH
MOKa3aHbI B TaOIHUIIE.
3HaueHNsa MO3MLMHI U NepexoJ0B B MOJENH, OPUCHTHPOBAHHOW Ha
CBA3b CETU KOMMYTAIlUU ITAKETOB

[To3unuu

In By®ep naketoB, KOTOpbIE 1OKHBI IEpe1aBaThCs

10 CeTH

Connected CBs13b yCTaHOBJIEHA

Notconnected |Ces3b He ycTaHOBIICHA

Busy Iepenaya oHOTO Makera JaHHbBIX

Out Bydep makeroB, KoTopble ObUTH HEpPEaaHbl 10 CETH
[Tepexonbl

Connect YcraHoBIeHUE CBS3H

Relise Pa3peiB cBsi3H

Sart Hauaso nepeauu nakera JaHHBIX

Servise ITepeaya 0HOrO MaKeTa JAHHbIX
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B mosunuio in momamgaT MapKepsl, KOTIa IporpaMMHO-
UHCTPpyMEHTaIIbHOE cpelicTBO nepenaet naker GSPN-mopenw.
A c mo3unuu OUt MapKepbl, MpeBpaIlasich B NaKeThbl, BO3-
BpAIAIOTCS B IPOrPAMMHO-HHCTPYMEHTAIEHOE CPEIICTBO.

Jnst BepudUKaUM MMOCTPOCHHONH MOJAENH MOXHO HC-
M0JIb30BaTh (popMasibHbIE METO/BI HCCIENIOBAaHUS CeTei
[erpu. CymecTtByeT 00bIIOE KOINYECTBO pabOT, KOTOpPBIE
HCCIEIYIOT 3TOT Bompoc [4, 5, 10, 16].

Onucanue MoayJisi OpUEHTHPOBAHHOI HAa CBSI3b CETH
KOMMYTAIUH MAaKeTOB. 711 HCIONB30BAHUS MOJAETH CETH
KOMMYTAIliH TAKeTOB C YCTAaHOBJICHHEM CBS3H B IIPO-
rpaMMHO-HHCTpYMeHTaIbHOM cpenctBe OmNet++ nmoctpoeH
noduepHuii Moxyib demo PetryNet. Dtotr Moyns Hacmexyer
pocToil MoIynb HHTepornepabensHon cpenpl PetryNet. Hc-
nonb3ys npuHaTeie B OmMNet++ s3eiku onmcanust (NED,
Network Description) 3amaHsl mapaMeTpbl MOBEACHHS MO-

CTPOECHHOTO MOJYJIS.
Ha puc. 4. mokasano omrcanue Mozean demoPetryNet.

simple DemcPetrylet extends Pertyhiet

o
Osigna
Estatistl

nonel;

séuin Feararchy |13] NED Pararmeters 37t NED iherianie | () Comasle| 5% Bevrd Loy 1} Ouimut Vestar | 2, Datuet

Puc. 4. Onucanne Moelid, OPUEHTHPOBAHHON Ha CBSI3b CETH KOM-
MyTaIluy maketoB B cucteme OmNet++

Bo-nepBrIX, ykazaH myTh K (aiiiy, OIMHCHIBAIOIIEMY MO-
JIeNTb CeTH KoMMyTalmu naketoB (mapametp PetriNetFile).

Has ceszu momynst demoPetryNet ¢ apyrumu Moy isamMu
OmNet++ omucansl ciaeayroiine Bopora (cexkmus gates):

in — BXO/1HbBIE, OUt — BBIXO/IHBIE.

Juist coeTMHEHHUS TAaHHBIX BOPOT C HO3ULUSIMU ceTH [let-
PH IPUMEHSIOTCSI CIIEYIOIIIE IPABUIIA;

Ruleln_(ma3Banue BXOIHBIX BOPOT) = CITHCOK BXOMIHBIX
HO3MIMA — KOTIa BO BXOAHBIE BOPOTA MO JIMHUK CBSI3H I10-
CTYIAeT MaKeT JaHHBIX — B YKa3aHHBIX MMO3HIIX KOJIHYECT-
BO MapKepOB YBEINYMBACTCS HA OJIHU;

RuleQOut_(Ha3BaHue BBIXOAHBIX BOPOT) = CIIMCOK BBI-
XOMHBIX TIO3HMIMHA — KOTJa BO BCEX YKA3aHHBIX MO3HIHSIX
HOSIBISIFOTCS. MAapKephl, TO M3 KAKIOW MO3HIMH yIATSIeTCS
10 OJITHOMY MapKepy, a 4epe3 YKa3aHHbBIC BBIXOIHBIC BOPOTA
BBIXOJIUT ITAKET JaHHBIX.

Jarnee 3aaercs cmoco0 3amucu xKypHaia COOBITHH, TIPO-
ucxopsamux B ceru [letpu (mapamerp EventPetryNet).

BO3MOXKHBI CIIEAYOIIIE BADHAHTHIL:

o event —3anmch )KypHana B okHe sMysimy OmNet++;

e stdout — BEIBO HA KOHCOJB,

e NONe— 6e3 BBIBO/IA KypHaa COOBITHIA;
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e 1yTh K (hailly — 3anuch KypHaiia coObITHI B M30paH-
HBIA (aiii.

Bo03MOXHO Tarke 3a1aTh MO3MIMH, KOJMYECTBO MapKe-
POB B KOTOPBHIX OYAET OTCJIEKEHO aHAIUTHYECKOH YacThIO
HNPOrPaMMHO-MHCTPYMEHTAILHOTO CPEICTBa UMHUTALIMOHHO-
ro moaenupoBanuss OmNet++.

Jnst 3TOro yKakeM HHTEpoIepadeiabHON cpele, Kakue
MO3UIIME HEOOXOJMMO KOHTPOJIUPOBaTh (mapamerp Statistic
CollectionPlace), a taxxke 3amaqum OmNet++, kakum obpa-
30M OTCIEXKHBaTh TH mapameTpsl (qupexrusbl @signal u
@dtatistic).

IMocTpoenue mogeau KC B MHCTPYMEHTAJILHO-NPO-
rpaMmmMHoM kommiiekce OmMNet++ ¢ ucroab30BaHueM co-
3AaHHOT0 MOIYJs M ee mmuTauus. [locre Toro, kak Mo-
nynbs demoPetryNet moctpoeH, ero MOXHO HCIIOJIb30BaTh
npu MozaenupoBanuu KC B mporpaMMHO-MHCTpYMEHTANb-
HoM cpezactBe OmMNet++ (puc. 5).

u-mnvr!_wc hanal

[

e w9

stheritast  etheostl  stherost2  atheriast)

% NED inhertance [ Cansele 52 Event Log| JI Output Vestor | 4%, Datanat

Puc. 5. Tononorust KC ¢ ucrions3oBannem moyJist demoPetryNet

Monemupyemass KC mpexacraBisier co0oil 4eThIpe KiH-
eHTCKHX KommbioTepa (etherHost — etherHost3), kotopsie
npu omornu ceuda (ether Switch) ceszanst ¢ cepsepom (Ser-
ver). Ha kanane ot cBuua K cepBepy (BOCXOMAIIEM) yCTa-
HOBJICH MOJYJIb CETH KOMMYTAllHU ITaKETOB IMOCTPOCHHOM
npu momoru cetedl Ilerpu (demoPetryNet_UpChannel).
Monymu splitter u splitterl Heo6xoauMel Ut pasieicHUs!
BOCXOJISILIIET0 U HUCXOMAIIETO KaHAJIOB.

g uccnenoBanus nocrpoenHoi KC 3amyctuM umunTa-
LHIO.

Hccnenopanne nosenennsa KC u ykasaHHBIX nmapamer-
poB cetn IleTpu mpu mMoMoOLIM AHATHTHYECKOTO HHCTPY-
menrtapusi OMNET++. [IporpaMMHO-MHCTpYMEHTaIbHOE Cpel-
CTBO HMHUTAIMOHHOTO MojenupoBanust OMNet++ mo3Bosiser
HCCIeIoBaTh napamerpsl U noseaenue monenu KC (puc. 6).

WuteponepedenbHas cpea Takke MO3BOJSET OTCIIEKHU-
BaTh MOBE/ICHHE MapKepOB B MPOHM3BOJBHOW (YKa3aHHOI
OpH ONHCAaHWK Mojenn) mo3uuuu cetd [lerpu. JuHamuka
MapKepoB B TO3WIHM BXOAHOTO Oydepa iN mokasaHa Ha
puc. 7.
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Puc. 7. lunamMuka HM3MEHEHUs] KOJMYECTBA MApKEPOB B IMO3ULUHU
BXoHOro Oydepa in

Hccaenosanne noseaenus moayasa komnoHenta KC ¢
HCNoJb30BaHueM (aiiia ;xypHaua codobiTuii B cetn Ilet-
pu. Aapo uaTEepOIIepabeabHON CPeabl BO BPEMS UMHTALIHMH
MOJIEJIM TIO3BOJISIET CO3aBaTh XKypHAl COOBITHH, HPOUCXO-
namux B cpene cetu llerpu. D10 obecnednBaeT KOHTPOIb
MOBCACHUA CCTU BO BPEM UMHUTAIHUU JJI BBIABJICHUA OLIU-
00K B IIPOEKTHPOBAHHUHU WIIH MapameTpax 3armycka cetu [ler-
pu. XKypHan coOBITHIA TO3BOJISIET TaKXKe aHAU3UPOBATH I10-
BEJCHHE MOJENIN Ha OCHOBE ceTH [leTpu npu BIUSHUY Ha Hee
PpeanvHoU KOMITbIOTEpHOH ceTH (puc. 8).

3akmouenne. BHenpeHue nporpaMMHO-MHCTPYMEHTAIb-
HBIX CPEJICTB MMHUTAIMOHHOTO MOJEIHPOBAHMS IS HPOEK-
THUPOBAaHMS HOBBIX W HCCIEIOBAHUS CYIIECTBYIOIINX KOM-
IBIOTEPHBIX CETEH HEMOCPEACTBEHHO 3aBUCUT OT Ka4eCTBa U
aKTyaJIbHOCTH KOMIIOHEHTHOW 0a3bl JaHHBIX IPOrPaMMHO-
MHCTPYMEHTAIbHBIX cpeacTB. Iloaaepikka akTyaabHOCTH B

YCuM, 2013, Ne 5

Hacrosllee BpeMmsi TpeOyeT 3HAYMTEIbHBIX (PUHAHCOBBIX
3aTpar OT pa3padOTYMKOB TAaKUX CPEICTB, UYTO TaKke 00y-
CJIaBJIMBAECT X IICHY.
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3 PL - place
4 - Number of markers indicated are in the position after the tick
5 TR - transition
6 - use the following notation:
7 (1) passive transition
8 (>]) open _ transition

9 (+) active transition

10 (|>) close transition

11 (>>) open & close transition
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Puc. 8. Kypuan cobbituit mmutanmn momenn GSPN cern, komMmyTa-
LU TTAKSTOB, OTKPBITHII TS aHATN3a B TAOIIIHOM PEIaKTOpe

[IpemnokeHHass WHTeporepeOenbHas cpena IT03BOJIIET
CO3/1aTh MOJETH KOHCTPYKTHBHHEIX 3ieMeHToB KC 6e3 yr-
TyOJNIeHHBIX 3HAHWN B MPOTPAMMHUPOBAHUH W 3HAHUHA OCO-
6ennocreit APl KOHKpETHOTO TIPOrpaMMHO-MHCTPYMEHTAb-
HOT'O CPE/ICTBA MMHUTAI[MOHHOT'O MOJIeIMpoBaHus. Pa3pabor-
Ky TaKuX MOJelell MOTYT OCYIIECTBIIATH ke TOJIh30BaTe-
Jin OporpaMMHBIX CpE€ACTB UMHUTAIMOHHOTO MOJCIUPOBA-
HHA.

HuTeponepabenbHOCTh PEUIOKEHHON Cpeibl O3B0
€T WCIOJIb30BaTh MOJENH, pa3paObOTaHHbIE HE TOJBKO ISt
KOHKPETHOTO TPOrPaMMHO-UHCTPYMEHTAJIBHOTO CpPEICTBa
MMUTAIMOHHOTO MOJCITUPOBAHUSA, HO H JIUIS BCEX CPEICTB,
IO IICPIKUBAIOMIHX TPEITI0KECHHYIO CPELy.

Hcnonr3oBanne 0000meHHBIX ceTel [leTpu mo3Bosser
MPOBOJIUTh BEPUPHUKAIMIO Pa3pa0OTAHHBIX MOJEICH KOM-
moreHToB KC, mcronb3yst GopMaibHBIE METOIBI UCCIIEHO-
BaHus cereil [leTpu, 9TO IpUAAaeT YBEPEHHOCTH B KOPPEKT-
HOCTH MOJICIIH.

VYnpormerne noctpoeHus Monener komrorerToB KC cro-
CcOOCTBYET CYIIECTBEHHOMY CHIDKCHHIO 3aTpaT B HCCIIENO-
Baanu KC, Korza ucnosiap3yercss COBPEMEHHOE ceTeBoe 000-
pyaoBaHue U MPOTOKobl. C Opyroi CTOpOHBI, HHTEpOIepa-
OenbHasE cpefa HEOOXOMMa MPH Pa3pabOTKE HOBBIX MPOTO-
KOJIOB U 00OpYZOBaHHUS, MOCKOJBbKY ITO3BOJISIET IPOBECTH
UMHTALMIO PaboThl MOeeld HOBOTro OO0OpYJOBaHUS WIIU
MIPOTOKOJIA TI0J] HArPy3KOW, OJm3Koi K peanbroi KC.
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