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Abstract

Zaitsev D.A. Software for decomposition of bipartite directed graphs.
Software for decomposition of bipartite directed graphs (Petri nets) into
Junctional subnets was represented. Decomposition is aimed to speed-up of
large-scale Petri net models analysis. Basic operations of decomposition
algorithm were defined, the optimization of data structures for effective
implementation of basic operations was executed, detailed algorithm of
decomposition was represented. Variants of decomposition software module
integration into automated systems of Petri net models analysis and synthesis
were studied. Results of decomposition a host of nets allow the conclusion about
good enough partibility of real-life objects' models.

Beederue

M3BecTHble METOJBI HaxXOKIEHHs HHBapuaHTOB ceteill Ilerpu wumeroT
3KCNOHEHIHAJIBHYH) BBIUHCITHTENBHYIO CJIOXHOCTL [1-3], uTOo nmemaer wux
MPaKTHYECKH  HEMPHUMEHHMBIMH /I McciefoBaHus  cereid  Oonbluoi
pasmepHocTH. B paGotax [4,5] npeatoxkeHO HCNONB30BATh JEKOMIIO3HIIHIO
JIBY10JIBHBIX OPHEHTHPOBAHHEIX rpadoB Ha (QyHKUMOHANBHEIE MoaceTH [6,7]
IJisi YCKOpPEHHs HWHBapHaHTHOro asanusa wmonened Ilerpu. Kpome Toro,
NEKOMITO3HLIHA YCIEIUHO  IPHMEHEHA Uil  YCKOPEHHsS  pelleHHs
¢yHnamenTansHoro ypasHeHusi [8] cerel Ilerpu. Tlomy4yeHHBIE YCKOpEHHMS
BBIYMCIICHHH OLIEHHBAIOTCS OSKCIOHEHUHAIbHOM (yHKUHEH OT pasMEpHOCTH
cetH [4,5,8].

IIpencraBnenusii B [4,5] 000OLIEHHBIH aNrOPUTM AEKOMITO3HIHH Tpedyer
JOIOJIHHTENBHON JeTajM3aund B Hensx obecnedyeHusi ero 3QQeKTHBHOH
nporpaMMHOH peanusauud. Bosnukaer nmpobnema, cBizaHHas ¢ paspaboTkoi
CTPYKTYP JaHHBIX H QITOPHTMHYECKHX KOHCTPYKLHH, oOecneqyHBaroux
HAaHMEHBIIYI0 BPEMEHHYIO H EMKOCTHYIO CJOXKHOCTh. Kak mnpasuio, s
Mogaenek Iletpum peanbHeIX OOBEKTOB XapakTepHa OTHOCHTEIBHO HEBHICOKAs
I0THOCTE Jyr. Takum oOpasoMm, paboTa ¢ yNakOBaHHEIM IPE/ICTABJIEHHEM
rpagoB gBiAETCA OJHMM M3 OCHOBHBIX TpeOOBaHHH K IIPOrpaMMHOMY
obecneyeHHIo.

[lensro  Hacrosited pabotel  aBnsgerca  cosjaHue (GG EKTHBHOrO
NpOrpaMMHOro OOecnevyeHus A1 JeKOMMOo3uuuu Mojened [lerpu Gonbiioi
pa3sMEPHOCTH Ha QyHKLUHOHATBHBIE O/ICETH.



Crnemyer  OTMETHTb, YTO  JCKOMIO3HLHA  HAa  MHHHMAIbHbLIC
¢yHKUHOHANBHEIE ceTH [6,7] sBiserca  BCMOMOraTelNbHBIM — METOJOM,
npefHa3Ha4YeHHbIM JI YCKOPEHMS WHBADHAHTHOTO aHalk3a M rpouecca
peleHus QyHIaMeHTaNbHOro ypaBHeHus cereil [lerpu [4,5,8]. TMostomy B
KayecTBE OCHOBHOIO IPOrPaMMHOIO NPOJAYKTa NPEACTABIEH yHHBEPCATBHDI
BcTpauBaeMeld Mojysib DECO nexommosuunu cerel [letpu, peanusosanHblii
Ha s13bIke mporpamMupoBanks ANSI C.

Ha ocnose moayns DECO paspaborana nporpamma DEBORAH ¢
uHTEpdeHcoM KOMAHIHOH CTPOKH JUIS JEKOMIIO3HIIMH ceTed, 3aJaHHbIX
TEKCTOBBIMHM (aHnamH, Kkotopas peaniusoBaHa B cpeae OC Unix u Windows.
Kpome TOro, BEINOJHEHO BCTpaWBaHWe MoOAYIs ngexkoMmnosuuud DECO B
H3BECTHYIO MoOJenupyrouyro cdcremy Tina [9]; npu 2tom obecrneuena
noJUiepXKa Kak abCTpakTHOro, Tak u rpaduyeckoro GopMaToB NpeiCTaBIeHHs
cerelt, TPUHATHIX B cucTeMe Tina.

OcHogHEIe MOHSAMUS U onpedeneHus

Cemev I[lempu — 310 TpO¥ka N=(P,T,F), rae P={p} — KOHEYHOC
MHOXECTBO BEpIIMH, HA3BIBAEMBIX NO3HLUHAMH, T = {f} — KOHEYHOE MHOMKECTBO
BEpILHH, Ha3bIBAEMBIX NEpexoJaMH, OTHOLUEHHE CMEKHOCTH
BEpIIHH F c PxT YT x P — 3a1aéT MHOXECTBO AYr, COCHHHAKIIHX MO3ZHLUHH H
nepexonsl. Taxum obpaszom, cerb Iletpu npencrasaser coOoi IBYHOMbHBINH
opueHTHpoBaHHEIH rpad [10,11], ogHy HOMO BepIIHH KOTOPOrO COCTABJISIHOT
MO3HIIKH, & IPYTYIO — NEPEXO/Ibl.

BeenéMm cnenuansHble 0003HAYCHMS MHOMXECTB BXOJIHBIX, BBIXOJIHBIX H
CMEKHBIX BEPIUHH AJ15 TO3HLUHKHA H IIEPEX0/10B CETH:

‘p={t|3(,p)e F}, p" ={t|3(p.t}e F}, "p’'=pup’,

‘t={p|3ptyeF}, t'={p|3At,p)eF}, '="tur.

AHANTOrH4YHBIM DﬁpﬂSDM MOMXHO OIPEOClIHTE MHOXKECTBA BXOOHLIX,
BBRIXOMIHBIX H CMEXHBLIX BEPLUMH IUIA [MPOM3BOJIGHOIO MOJMHOMKECTBA NO3HLHHA
aubo nepexonor; TakMe obo3HavyeHMAa OyayT HCIONB30BaHbl B JalbHEHILEM
H3JIOMEHHH.

Cembvio ¢ 6x00HbIMU U BbIXOOHBIMU NO3Uyusmu OyneM Ha3bIBaTh TPOMKY
Z=(N,X,Y), rne N — cetb [letpy, X c P — e€ BXOAHBIC NO3HLMH, Y P — ¢t
BBIXO/HBIE MO3ULIMHM, NPHYEM MHOMECTBA BXOAHBIX H BBIXOAHBIX TMO3HIHH HE
nepecekaroTea: X nY=@. BxojaHble W BbIXOJAHBIE MNO3MIUHH C=XUY
HA3BIBAIOT KOHMAKMHBIMU, & TIO3HIHH Q= P\(X UY) — 6HympeHHUMU.

DyHkyuoHatbHou cemulo OyneM Ha3blBaTh CETb C BXOAHBIMH H
BBIXOHBIMH TO3HUHAMH Z =(N,X,Y), B KOTOPOH BXO/HBIE MO3HIHH HE UMEIOT
BXOASAIUMX JOYr, a BBIXOAHBIE TIO3HLHH — HCXOUAUMX: VpelX'p=0,
VpeY:p'=@. B coorBercTBMM ¢ TepMHHOJOrHeii Teopuu rpados [11]
BXOJIHEIE [O3HIIMH SABJAKOTCA HCTOYHHKAMH, @ BBIXOJHBIE CTOKaMH; TaKHM
o0pasoMm, mMpOM3BONBHYIO ceTh llerpy MOXHO paccMaTpuBaTh  Kak
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¢yHKUHOHANBHYI0. DYHKUHOH&NBHYHO CceTh Takke Oyaem ob0osnauarts
Z=(X,0,Y,T,F), yka3elBasd CTPYKTYPHBIE 3JIEMEHTEI ceTH [leTpu N.

Cern [lerpu N'=(P',T',F') ABNA€ICA noOcemvio ceTd N, eciu

PP T'enF e, T

ITodcemvio, nNOPONCOEHHOU YKA3AHHLIM MHONCECMBOM 6epuwiun B(P'.T')
Oynem HaseiBaTe monucers N'=(P.\T.F"), roe F' COHNEpXHT BCE JHYIH,
COCAHHAIOIIHE BEPIIMHEI P',T' B UCXOIHOH CETH:

F'={(p0)|peP,teT,(p,) e F}Y{(t,p)|pe P',teT'(t,p)e F}.

[Todcenvio, nOpoN*COEHHOU YKA3AHHBIM MHOJMCECBOM nepex0008 B(T")
Oynem Has3piBaTh NOAceTh B(P,T'),rAe P ={p|peP,3teT :(t,p)e Fv(pi)eF}.
HMHBIMH cllOBaMH BMECTE ¢ NepexofamMu 7' CEeTh COJEPHHT BCE CMEKHBIE MM
MO3HUHH H MOPOXKIAETCA STHMH BEPLIHHAMH.

Jlnsi kpaTkocTH B 00O3HAYEHHMAX OTHOLIEHHME CMEXHOCTH Oyjaem nanee
OIlyCKaThb, MOJApa3yMeBas HCXO/IHOE OTHOLIEHHE CMEKHOCTH F BEpILMH CETH.

IMoncers Z = B(R) = (X,0,Y,R) cetu Iletpu N Oynem HasblBath noaxou B N,
ecnv B N BeInonHsaeTcs X" c R, 'YcR, "0 cR.

DyHKIMOHAIBHY CeThZ =(N',X",Y') Oynem Ha3bIBaTh @HYHKYUOHAILHOU
nodcemvio ceTM N W obo3Hayark Z ¢ N, eclnid N'SBASETCH NMOJACEThIO N, H,
KpOM€ TOro, Z CBsi3aHa C OCTABLUEHCS YACTBIO CETH TOJBKO MOCPEACTBOM AVT,
MHIHIEHTHBIX KOHTAKTHLIM MO3HIMAM TaKkWM 00pa3om, YTO BXOJHBIE MO3HIHH
MOTYT UMETh TOJIbKO BXOASAIUME NYTH, a BEIXOIHBIE — TOJBKO HCXOOSIIHE:

VpeX':{(p,0)|teT\T'}=@, VpeY':{(t.p)|teT\T} =3,

VpeQ {(pD)|teT\T} =@ Al(t,p)|teT\T} =3

Cers, sBIAIOUIYIOCH pasHocmelo HexoxHod cerd [lerpu u ed
(byHKIHOHANBLHOH nojceTH Z"= N—Z', ONnpejie/iuM Cleayruum o0pasoM:

2 = PN Y O T

DOyHKUMOHANILHAS NTOACETh Z'¢ N ABIAETCS MUHUMAQIBbHOW TOTAA W TOJIBKO
TOTrJia, KOT/la OHAa HE CONEPXKHUT APYrYH QYHKUHOHAILHYIO MOACETH HCXOAHOMH
cetH Iletpu N .

Ceolicmea ¢hyHKYUOHaNbLHLIX nodcemel U an2opumm
dekomMmno3uyuu
[lepeuncniuM  OCHOBHBIC  CE0HCMEA  (DYHKYUOHQANBHBIX — hodcemel,
H3y4eHHble B [4-8]:
DyHKIHOHAJIbHAA IIOJCETh OPOKAAETCA MHOXKECTBOM CBOHX MEPEX0/10B.
1. MHOXECTBO MMHHMaIbHBIX (YHKLHOHAIBLHEIX MOACETEH  Onpeaenser
pasbueHune MHOXECTBA [1EPEX0JIOB Ha HeTnepeceKaloIH1ecs
MOAMHOKECTBA.
2. Tloncers, NOpoXIEHHAS MHOXKECTBOM TEpexo/loB MojaHa B ceTH [lerpw,

TOTrOa H TOJNBKO TOrA4d, KOrja OHa ARIAETCAH lb)"H KLUHOHAJILHOH MOACETRIO.
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3. OyHKUMOHANBHAA CETh ABIAETCH CyMMOH (0OBCAMHEHHEM) KOHEYHOIO
YHC/la MUHUMANBHBIX QYHKIIMOHATIBHBIX MOCETEH.

4. Kaxpas KOHTaKTHas MO3HMLUHS B AEKOMNO3WIHH cetH [lerpu umeer He
Oonee OAHOH BXOMAIIEH MHHUMANLHOH (YHKIHOHAILHOH MONCETH M He
Oonee ONHOH HCXOAALIEH MHHUMANBHOM (BYHKIHOHAILHOMN MO JICETH.

5. Cerb IleTpn HHBapMaHTHa TOIJA H TOJNBKO TOTIA, KOTa MHBAPHAHTHBI
BCE e€ MHHHMAJIBHEIC (DYHKIHOHATBHEIC TOACETH H CyLIECTBYET 0OLIHii
HEHYJIEBOH MHBAPHAHT KOHTAKTHBIX MO3HIIHH.

6. ®ynjaMeHTaIbHOE YpaBHEHUE ceTH IleTpH paspeimrmMo Torga M TOJIBKO
TOra, KOrja OHO paspemdMo Jias  BceX €€ MHHUMAaIbHBIX
(DYHKIHOHANBHBIX [OACETEH M CyluecTByeT oOfllee peledHe s
KOHTAKTHBIX TTO3ULIHH. :

Pucynoxk 1 - [Ipumep nekoMIo3uiuy Ha QYHKIIHOHATBHEIE TT0ICETH

ANTOPHTM AEKOMMO3HMUHMHM 327aHHOH cetd [lerpH Ha MHHHMMAasBHBIC
(GyHKUHOHANBHBIE 110JICETH NpeAcTaBieH B [6,7] W COCTOMT B BBINOJHEHHH
CIIEIYIOUIMX 111aroB:

Ilar 0. Beibepem npou3BoabHBIH nepexoln e T ceTh N M BKIIIOYHM €ro
BO MHOECTBO M30paHHBIX MEPeX0a0B R = {1} .

lar 1. Iloctpoum noacere Z, HOPOXAEHHYI0 MHOXECTBOM R:
Z=B(R)=(X,0,Y,R).

Hlar 2. Ecnu Z nonuas B N, To Z HckoMas nmoaceThb. OCTaHoB.

Ilar 3. PopMupyeM MHOKECTBO IOIIOINAEMBIX IEPEX0I0B:
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S={t|teX " antgRvte’Ynte Rvie'Q" AteR}.

IlIar 4. [Tonaraem R:=RYS ¥ nepexoAuM Ha war 1.

B [7] noxasano, 4To NoACETh Z MOCTPOEHHAS ONUCAHHBIM ANTOPUTMOM
ABJIACTCA MHHHMAIbHOH (GYHKUMOHAILHOH mofceTsio cetd [lerpu N; kpome
TOro, IrOPHTM  HMMEET MOJHHOMHMAIBHYI0 CI0XHOCTh HE IMPEBBIAOILYI0
o(n’), rae n — KOJMYECTBO BeplIMH ceTH. [IpuMep NEKOMNO3WLHMA Ha
by HKLHOHATBHEBIE CETH NPEACTABNIEH HA pUc. 1.

lMpozpamMmMHbIl MOOynb deKoMIo3uyuu

IlporpamMmHas peanu3auusi aaropuT™Ma ICKOMMO3HUKMKU Tpebyer BhibOpa
CTPYKTYp AaHHBIX, obecneynBaommx 3pdexTHHyio 06pabotky nupopMaHH.
TpapguunoHHBIM ABNSETCS MPEACTaBNEHHE CeTH [IeTpH ¢ MOMOIIBI0 MATDPHIIBI
MHLUIEHTHOCTH, U0, I/IA ceTeH ¢ NETNsIMH — Mapod MaTpHI, 3a/Jal0IHMH
OTHENBHO BXOMAIIME MW MCXOIAIHE AYTrH IepexofoB. JIeKOMIO3HIHA
npenHasHadena s obpaboTku cereil Oosblod pasmepHocTH. Kak mpasmio,
MAaTpHLBl HHIMAEHTHOCTH TAKHX CETEH ABJIAETCA paspek€HHbIMH. CTanjapTHoe
MpEJCTaBIEHHE  pa3speX€HHBIX MaTpHll HCMOJNB3YET MAacCHB  (CIHCOK)
HEHYJIEBBIX JJIEMEHTOB, COOTBETCTBYIOLUMH MHOXECTBY Ayr cerd [lerpu.
Hanpumep, Bo3MOXHO ONMCaHHe CETH JIBYMA MAacCHBAMH C 3/IEMEHTAaMH BHIA:

(np, nt), (nt, np),

ra¢ np — HOMEp MO3MLMM, @ nf — HOMED MEPEX0ja; 3HAYeHHE HEHYJIEBOIro
JJIEMEHTa HC YKa3bIBAE€TCsl, TAK KakK Ui ceTed Oe3 KpaTHBIX Jyr OHO paBHO
eIHHHLIE.
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PucyHok 2 - OCHOBHBIE CTPYKTYPBI JI2HHBIX

Paccmotpum onepauuud, Haubosiee 4acTO BBIIOJHSEMBIE AITOPHTMOM
JeKOMITO3HIIHH. [IpH nocTpoeHHH NOpOoXKAEHHOH MmoaceTH B(R) Ha mare 1 — 3To
MMOHCK BXONAIIHX M HCXOAALIMX MO3HUHH )11 NEpexoJ0B MHOXKECTBa R:
X={p|pE'RApER'}, ]”={p]pE'RanR'}, Q={plpE'RanR'}. IMpw
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GOpMHPOBAHHH MHOXECTBA TMOIJIOMAEMBIX TEPEXOJIOB Ha LAre 2 — 5TO NONCK
HCXOAAIMX, BXOJAIIMX M CMEKHBIX ICPEXONOB /JiS MHOXECTB X,V,0
'COOTBETCTBEHHO: X*, 'Y, "Q". Takum 00pa3soMm, OCHOBHBIMM OIMEpalHAIMH
IropMTMA ABJIAIOTCA OTIEPALHK HAXOX/IECHHA MHOXECTB °t, (*, *1*, "p, p*, "p".

[lpumeHenne yHopsAJA0YEHHBIX MAcCHBOB BXOASIUMX H HMCXOASLIMX JyT
TpebyeT JONOJHUTENBHBIE MACCHBBI YKasaTeneH, juia GbicTporo obpaleHns k
JIEMEHTaM, OIMCBHIBAIOMIMM JYTd, MHIHIAEHTHbIE BbIOpAaHHOH BeplUHHE.
[Toatomy, mns npencraBieHuss cetH IleTpu BhIOpaHBI CTPYKTYpHI OAaHHBIX,
npeacrapientbie Ha Puc. 2. Kaxipi M3 OByXx TumoB Trs u Pos sBnsercs
NOJHBIM MpezcTaBicHkeM cetd Iletpu, Ho THn Trs obecrnieyuBaer GLICTPLIi
JOCTYN K JOyraM, HHLUMACGHTHBIM MepexoiaMm, a THI Pos — K [Oyram,
HHLMIEHTHBIM MO3HIHMAM. Takoe HesHauuTeNsHOe XyOaupoBaHue HHbOpPMaLMH
OnpaB/iaHo, TaK Kak I1I03BOJIAET M30exarh BBIMOJHEHHS IOHCKa HHGOpPMaUKH
IpH pEaliH3allHH OCHOBHBIX Gnepauﬁﬁ JITOPHTMA.

PaccmotpuM Oonee mnogpobHo THn jgaHHBIX Trs. Maccus t
HHJIEKCHPYETCA HOMEPOM [IEPEX0a H COUEPXKHT YKa3areJId HAa BXOJHbIE X H
BBIXOJHEIE Y IIO3HLIIHH. HuuunenrHele IMMO3HIHH [Jisd BCEX [NEPEXONOB
pacrojiaraloTcs B MacCHBe at. l-[]}H ITOM ITO3HIIHH CIEAYHOT B TAKOM IIODAILKE:
CHa4ana BXOIOHEBEIE MO3HOHH IIEPBOIO IIEpPEXOMd, 3aTEM BBIXOJHBIE TIO3HMIIHH
HEPBOI'D IEpExoia, 3aTeM BXOJHLIE MO3HLHH BTOPOro MeEpexola H BbIXOJHEIC
[IO3HLUHH BTOPOro Inepexofa H Tak Jalce. Takum OﬁpEBDM, CIICOYHOLIHE
OnepaTopsl LUKJIOB

e tow (asbln ] oxr <t ii] Syrn e fp=atili] ;)
pel e E et 0] .y s gt iH ] cxpadEd ) {p=at (3] )
e for (=t iliony g liflliixy ++5 ) fp=ati[jil:}

obecrieuuBaior 00pabOTKy BXOMHBIX, BBIXOAHLIX H HHIUMJEHTHLIX MO3HUIMH
[Iepexoja ¢ HOMEpoM 1. AHalnOrM4yHbIM 00pasoM OpraHH30BaH THII JAHHBIX
Pos. 3aMeTHM, 4TO JUisi oDecrneyeHusi ONMUCAHHBIX CIIOCODOB MCMOML30BAHHA
THNOB Trs W Pos HeoOXoauma oHa GUKTHBHAA MOCJIEAHsASA 3alIMCh YKa3aTe/s
.

Bribepem cTpyKTypbl JaHHBIX [N [pEeACTaBIEHHS MHUHMMAIBHBIX
GyHKUMOHAIBHBIX TOAceTeH. [loCKOJBKY B COOTBETCTBMM CO CBOMCTBOM 2
MHOMXECTBO MHHHMAIbHBIX (YHKUMOHAILHBIX TojceTed 3amaér pasbuenue
MHOKECTBA [ECPEXOJ0B Ha HErnepecekallMecs IOJAMHOXKECTBA, B KayecTBe
OCHOBHOrO pesynbrata paborbl anropurma OylJeM paccMaTpHBATL HHJMKATOP
MOACETH, IPEICTABICHHBIH MaccHBOM SubNet HMMCIOIIMM pa3MEpHOCTh
MHOXECTBA nepexojoB. MaccuB 3anaér NpUHHALIEKHOCTE  [EPEX0J0B
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MHHHUMAJIBHBIM (DYHKIHOHAIBHBIM TOJACETAM TakuMm 00pasoM, YTO 3Ha4yeHHe
anemeHTa SubNet [i] paBHAETCS HOMEpPY MOACETH, K KOTOPOH NPHHAIEXHT
nepexon . IlogceTH HyMmepyloTcs HauyMHas C eIHHHUBL. B mporpamMmHO#H
pealn3au{yu NOIMOJHUTEeNbHas WH(pOpMalua O JAEKOMIIO3HLHH MpeJICTaBlIeHa
MaccuBaMH SX H SY, ABIAIOLIMMHCA HHAMKATOpaMH BXOIHBIX H BBIXOJHBIX
IIO3HULHH COOTBETCTBEHHO.

SubNet=0; iSubNet=1;

UMKN (DOCTDOEHME NogCeTeld)

i :

nna (1eT : SubNet[t]=0) nonomurs { K={f}; SubNet[t]=iSubNet }

UMEN (HoruomeHHe [Nepexclos)
tabuin

E MocTpoenre nopoxaSHHOM moaceTs B(R):
g X = Q =YY=

i A Bcex nosuumii pE P:

y pinp=pout=£false;

; nana mcex nepexomnoe [€R:

ecmv pE’!l To pinp=true;

[}
L}
i
i
i
i
i
1
1
1
1
i
1
1
i
Ll
i
L}
L]
L}
L}
L}
[]
L]

_____:E:.'.'_J';!-; pinp=true & pout=truero Q=0uU{p}
ecnu pinp=true 1o X =X U {p}
ecnu pout=true To Y =Yu{p}

I”DCTpDE'HHE' MHO¥ECTES MornfomaemMely NMepexoqos S:
S=
lpoBepks BEXOOHEX MepexofoB X:

anA_Bcex nosumumit pE X

INiA BCEX NepexomnoB [E P
ecnu € RAtgS 1o {§=Su{f}; SubNet[t]=iSubNet }

[lpopepka BXCOHEX Nepexolos Y:

ona Bcex nosuumit peY

INA BCEeX Nepexomce [E p
ecu tgRAteS ro (S=SU{t}; SubNet[t]=iSubNet }
lpoBepka MHLMASHTHEX NepexonoB Q:
nna Bcex nosuumii pE Q
OnA BEcCex nepexonoe (€ p
ecnn teRntesS TO 5= G
}

[

' R=RUS
TOBTOPATE nNoka & = &)

iSubNet++
HOBTOPATL NCOKa cylecTByeT nepexon [ €] Taxcit uro iSubNet[t]=0

e i i e
=
o
=
[
ot
rt
1]
-
[
=]
o
=
1]
rt

PucyHok 3 - JleTanM3upOBaHHEIH anrOpUTM JEKOMITO3HLHH
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Kpome TOro, Ha TeKylleM @pOXOJe anropurma Qopmupyemas
MHHUMaJIBHAs (QYHKIHOHANBHAS MOACeTh, NPENCTABIEHA MACCHBAMH R, X,
Q, Y, COOTBETCTBYIOIIHMH O3]IEMEHTaM OIpEAeIeHHs (YHKIHOHAIBHO
'MOJCETH. A MHOXECTBO IOIJIOIIAEMBIX IEPEXOI0B — MACCHBOM S.

JICTATH3HPOBAHHBIA  AIrOPHTM  JCKOMIIOSHUHUH,  peaiu3yeMbIi
nporpammubiM MoayineM DECO, npeacrasnen wa Puc. 3. Moaysie HamucaH Ha
si3bike ANSI C 1 nacunteiBaer oxono 200 crpok nexoxHoro tekcra. [Iposepena
paborocrniocobHoCcTs MOIYIA B cpenax Unix u Windows.

Unmezpayus Modysis GekoMno3uyuu

Tak xak JeKOMIO3HIIKA NpeqHasHaYeHa Uil YCKOPEHHs aHaIn3a Mojene
OONBLIOW pa3MEpPHOCTH, OCHOBHAs NporpammHas peanusanus DEBORAH
(www.geocities.com/zsoftua/softr.htm) ucnonssyer wunTepdeitc KoMaHgHON
CTPOKH H TEKCTOBbIE (DOPMATEI BXOIHBIX M BBIXOAHBIX (hailyos:

>DEBORAH InpFile OutFile

roe ¢ain InpFile COAEPXKUT HCXOOHOE onucaHde cerd [lerpu, a B
(haiin OutFile BBIBOUATCS Pe3ybTaThl JCKOMIIO3HIIHH.

T

OnpepeneHne Breigenenune
pasmepa ceti namaTu

Pucynok 4 - Anroputm pabotsl nporpammel DEBORAH

Lexkomnoanums BuiBo ;
DECO | nopceren |

| e e ]

O6o6uEnHbIH anroput™ pabotsl mporpaMmbsl DEBORAH mnpeacrasnex
Ha Puc. 4. Hcrnons3oBaHHE [AMHAMHYECKH paclpele/sieMOod  MaMsTH
obecrnieunBaeTcs IBYXIPOXOAHLIM CKAHHPOBAHHEM HCXOIHOTO (haiijia OmMCcaHus
cetd. Ha mepBoM mnpoxoie omnpeiensercs pa3Mep CETH, 3aTeM BhIIEIIETCH
MaMsTh JUIS TaHHEIX, 2 HA BTOPOM IPOX0/Ie OcyIIecTBIsieTcs (paKTHIECKHH BBO/I
CETH.

@opmar HexoaHoro daiia ocTaTo4HO NpocT. CTPOKH, HAYHHAKIIHECH C
TOYKH C 3amATOH, paccMAaTpHBAalOTCA Kak KomMMeHTapHH. Kaxpmas crpoka
JaHHBIX TIEPEHMCIINeT BXOAHBIE M BBIXOIHLIE IIO3HULHH OYEPEAHOro nepexoia,
NpH4EM HOMEpa BXOOHBIX MO3MIME YKa3bIBAKOTCS CO 3HaKOM MHHYC. [lepexomnsl
HYMEDYIOTCS B MOPAIKE MOCTYIUIEHHS CTPOK.

Taxo# pmocraTtodHO NpocTod (opmaT MpencTaBlIEHHs CETH M03BOMSET
Jerko uHrerpHposathk nporpamMy DEBORAH B M3BeCTHBIE MOJENHPYHOLLHE
cucremsl, Takue kak Tina [9], CPN Tools [12]. IIpu 3TOM 00CTATOYHO HANHCATh
KOHBEpPTOp, NMpeobpasyroiui ¢GopMar npeacraBleHHsl CETeH MOMEIHpYHoLIeH
cuctemsl B popmar DEBORAH. OnucaHHBlH TTOAXO0 NO3BOJISET HCIIOIb30BATH
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rpapuyYeckHid  pefakTop MOJENHPYIOUIEH CHCTEMBI Uil  BH3YalbHOIO
NpeACTaBIeHHs CETEH.

Konseprop mnsi ¢opmaroe cered monenupyroumed cucremsl Tina [9]
BKIIOUEH B cocTaB noclenHeil BepcdH nporpaMMmbel DEBORAH, Ttakum
obpaszoM, 4To nobaBieHHs NyHKTa Decomposition B MeHIO Tools H ero
HacTpoka Ha BbI30B nporpammel DEBORAH nossonsier MHTErpMpoBath
Aexomno3uiMio B cucrtemy Tina. 3amernM, yto Tina ucnone3yer Asa ¢opmara
npencrasneHus cered Ilerpu: abcrtpaktHbld (.net) u rpadudveckui (.ndr).
AbOcTpakTHbli opMaT OCHOBAaH Ha NMPENCTABIEHHH CETH NOCNEN0BATENEHOCThIO
OMHCAHWH NEepexod0B; OCHOBHOE OTJHWYHE COCTOMT B MCIOJL30BAHHH HMEH
DJIEMEHTOB  ceTd. ['paduyeckudt ¢opMar [ONONHHMTENEHO  COMAEPHHT
KOOpAMHATEI 3JIEMEHTOB CETH Ha IJIOCKOCTH.

CranpaprHbld TEKCTOBBIH (aiil pesylbTaToB JEKOMMO3HLHH COAEPHHT
MHIHMKATOphl MOACETH IS MEPEXOA0B, a TAKKe HWHIMKATODPHl BXOIHBIX H
BBIXOJIHBIX MO3HLMH. PaciupeHHbH GopMar npeanoaraeT OTAeIbHbIH BBIBOJ
MOAMHOXECTB X, Q, Y, R Ui KaXIO0H MNOACETH, H, KDOME TOro, MOCTPOEHHE H
BeIBOJA rpada nexomnosuidu [7]. JIONOJHHTENLHOH OMIHEH SBISETCH BBIBOI
nojcered B oThAenbHBIe (aiinbl. Mcnonk3oBaHHE TAKOH OMIWH COBMECTHO C
rpaduyeckum GopMaToM I1103BOJISET MOAYYUTh BH3YAIBHOE MpPEACTABICHHE
NOJCETEH.

ArHanuz onbima OdekoMno3uyussi Modesield  peasnibHbIX
o6Lekmoe

[Ipu ornagke u Tecruposanuu nporpammel DEBORAH Bhinmonssinack
JNEKOMITIO3HLIMA CpaBHMTENBHO Hebonplux cered [leTpH, OMMCAaHHBIX B
narepatype [13,14], HacyMTEIBAIOLIMX JECATKM 37eMeHTOB. [Ipumep
JAEKOMIIO3HIIMK NpeacTaBieH Ha Puce. 1.

XapakTepUCTHKH TporpaMMbl INpd pabore ¢ cersMu OoNbLIOH
Pa3MEpHOCTH HCCNEeO0BaHbl Ha CHEUHAILHO T[EHEPHUPOBAHHBIX CIy4alHBIX
ABYIONbHEIX oprpadax. Kpome Toro, BhINOJHEHAa AEKOMIIO3HLMS MOJEJeH
[Terpy Takux peanbHbIX OOBEKTOB Kak: TENEKOMMYHHKAIIHOHHBIC MPOTOKOJbI
[15,16] ECMA, TCP; xumuueckue peakuuu [17] amontosa, Merabonusma,
MIMKONM3a; [pouecckl 00paboTkk TpaHsakumd B cucreme Transit [18]
perMcTpaluuM OBH)KEHMS LIeHHOCcTeH B crpaHax Esponeiickoro cowsa H
Esponelickoro peruona ¢csoboaHo# Toprosau (EFTA).

Cnenyer OTMETHTB, 4TO cly4aiHble IBYAOJIbHBIE oprpadel GNH3KH K
HepasfieMMeIM [7], B TO Bpems, Kak MOJENH peanbHbIX 00BEKTOB COJepHaT
XOpOILO JIOKANH30BAHHBIE CBA3H H MO3BOJSIOT MOJYYHTH NEKOMIO3HIHMIO Ha
TNIOJICETH CO CpPeAHEH pa3MEPHOCTHIO OKOJIO JecsaTka BeplunH. TakuM obpasom,
MOJlyYeHHass [CKOMIO3MLMSA TO3BOJIAET 3aTeéM 3HAYMTENBHO YCKOPHTh
BLIYMCIICHHE HHBADHAHTOB H pelieHue QyHaaMeHTalIbHoro ypasueHus [4,5,8].
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BeimoniHesa IMporpaMMHas —peajH3alusd  alropHTMAa  JeKOMIO3MIIHH
ABYnOnBHEIX oprpacdos (cetel IleTpu) Ha (yHKUMOHATBHBIE [1OJICETH.
[Tporpamma  nexommosunimy  DEBORAH  moker  npuMeHsTbes  Kak
CAMOCTOSITEJIBHO, Tak H COBMECTHO C HM3BECTHBIMH  MOJIENHPYIOLIHMH
ciucreMamy, TakuMH Kak Tina, CPN Tools u npennasHadena ais yCKOpeHUs
HHBAapHaHTHOTO aHATH3a H MPOLECCOB PelIeHMA QyHIaMEHTAILHOIO YpaBHEHHS
cered IlerpHu.

Pe3yibrarhl  NEKOMIIOSHI[MH  MHOXECTBA  CeTel  MOATBEDKAAOT
NPEeNIONIOKEHHE O XOpOLIeH pasjenumoctd Mmogened [letpu  peainHbix
00BKTOB.
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