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YuebHOoe mocoOue OpPUEHTUPOBAHO HA HM3YyUYCHHE METOJOB MMHUTAIMOHHOTO
MOJECIUPOBAHUST HMH(POPMAIMOHHBIX, MPOW3BOJCTBEHHBIX W JPYTHUX CIOXKHBIX
cUCTeM ¢ mmoMoIbio komnonent Simulink, SimEvents u Stateflow nporpammuoii
cucrembl Matlab.Conepxut onucanue msaTu J1a00paTOPHBIX pabOT, MOCBSIIEHHBIX
OOIIMM MPHUHIIMIIAM COOBITHITHOTO MoaeaupoBanus B Matlab 2013.

[IpennaznadyeHo st MarucTpoB no crneruaibnoct 220400.68 — Yipasnenue
B TEXHUYECKUX CHCTEMaX IMPHU BBHITOJTHECHUH J1a00PaTOPHBIX padOT MO AUCIHUILINHE

«MartemaTudeckoe MOJICIIMPOBAHUU 00BEKTOB M CHCTEM YIIPABJICHUA .



JlabopaTtopHas paGora Ne 1.

MoaennpoBaHue cHCTEM MaccoBoro oocay:kuanus B Simulink+ SimEvents

1. CucTteMbl MacCcOBOT0 00CTY;KUBAHUS.

Jliist onricadusi 0ObEKTOB PEATbHOTO MHPA, (PYHKITMOHUPYIONTUX B YCIOBHUIX
NEUCTBUS CIydailHbIX (DAKTOPOB Ha MPAKTHKE, YacTO HCIOIb3YeTCs KIace
MaTEMaTUYECKUX MOJEJEN, HA3bIBAEMBIX CUCEMAMU MACCOB8020 OOCTYHCUBAHUSI
(CMO). ®OyHKUMOHMPOBAHHUE 3TUX OOBEKTOB HOCUT XapaKTep OOCITYKUBaHUS
MOCTYIAIOIINX B CUCTEMY 3asBOK WJIM KJIMEHTOB.

JInsi BBINOJHEHUS COBOKYITHOCTH JCHMCTBUM, BKIIIOYAEMBIX B IIOHSITHE
“o0ciyKMBaHHE”, cUCTeMa pacroyiaraeT HabopamMu 00OpyJOBaHUS, Ha3bIBAEMbIX
oocyxcusarowumMy Kaiaiamu wid auHuamu. Hampumep, B TeneOHHBIX ceTsx
3asiBKAMU  SBJISIFOTCA  BBI30BBI, BO3HHKamomue Ha ATC B MOMEHT CHATHA
aboHEeHTOM TelneOoHHOW TpyOKH, a T1Ooj OOCITY)KMBAHHEM IOHUMAETCS
npefocTaBieHue  a0OHEHTy  CBOOOJHOM  JMHWUM IS pas3roBopa; Ha
OEH303alpaBOYHON CTAaHIIMU B KaU€CTBE HOCUTENICH 3asBOK KJIMEHTOB BBICTYIAIOT
aBTOMOOWJIM, TMpUOBIBAIONIME Ha 3ampaBKy, a OOCIYXMBAIOIMIUMH KaHAJIaMH
SBJISIIOTCSL  3alPABOYHbBIC KOJIOHKH. AHAJOTHYHBIC CHUTYyallMM HaAONIOJAI0TCS B
CUCTEMAaX MOCAJKU CaMOJIETOB, Pa3rPy3KH Cy/I0B, B MAPUKMAaXEPCKUX, MarazuHax u
T.1. JIto00€ MpPOM3BOACTBO MOXKHO MPEJACTABUTh B BUJIE MOCIEAOBATEILHOCTH
CUCTEM OOCTY>KUBaHUS.

OOBIYHO MPE/TIOIATAETCS, YTO 3asIBKH Ha 00CITY)KUBaHHE 00Pa3yIOT HOMOK —
MOCJIEA0BATEILHOCTh 3asBOK CO CIEHHAIBHBIM YEpeIOBaHUEM MOMEHTOB HX
nosiBJICHUSI BO BpeMeHHU. O0111ee MOHITHE TTOTOKAa OCHOBAHO HA TPEIOIO0KEHUH,
YTO WHTEPECYIoIIee Hac COOBITHE OYyIEeT MPOUCXOAUTh B 3apaHee HEHU3BECTHHIC

MOMEHTHI BpeMeHH 1y, 1y, ... , ty (0OOBIYHO UX CUMTAIOT CITyYaliHBIMU).



MareMaTtnueckoe MOJEIUPOBAHUE CHCTEM MacCOBOTO OOCITYKHUBaHUS
CKJIQJIbIBACTCSI M3 MOJIEJIMPOBAHUSA IMOTOKA 3asBOK M MOJACIHPOBAHUS Ipollecca
(GYHKIMOHUPOBAHUS COBOKYITHOCTH O0CITYKMBAIOIIUX KAHAJIOB.

s ommcanuss CMO HeoOX0oauMO 3a1aTh:

1) Bxonsimuii MOTOK TpeOOBaHW MM 3agBOK, KOTOpbIE MOCTYIAIOT Ha
o0OcITy)KUBaHUE;

2) MOPSAOK MOCTAaHOBKH 3asBKU B OUepeh M BRIOOpA U3 HEE;

3) mpaBuIIO0, 1O KOTOPOMY OCYILECTBIISIETCA 00CITY)KUBAHUE;

Jlns ommucaHusi 6xoosaweco nomoka TPeOOBaHUM HEOOXOAUMO OMUCATH
MOMEHTHI BPEMEHU WX TOCTYIUICHUS B CHCTEMY M KOJHMYECTBO TpeOOBaHUH,
KOTOpOE€ TMOCTYNMHWJIO OJHOBPEMEHHO. 3aKOH TMOCTYIJICHUS MOXET OBITh
JETEPMUHUPOBAHHBIN (HampuMep, OJTHO TPeOOBaHUE MOCTYNAET KaXAble 5 MUH)
WM BEPOSTHOCTHBIN (TpeOOBaHHE MOXKET IMOSBUTHCS C PABHOM BEPOSTHOCTHIO B
uHTepBaie S5+2 wmuH). B o0mem ciyyae BXOIAIIMHA TOTOK TpeOOBaHUI
OMUCBHIBACTCS paCIpeICICHUEM BEPOATHOCTEH MHTEPBAJIOB BPEMEHU MEXKIY
COCEIHUMHU TPEOOBAHUSIMU.

lIpasuna obcnysxcuseanusi XapakTEPUIYIOTCS IIUTEIBHOCThIO O0CTYKHUBAHUS
(pacripeieieHueM BPEMEHH OOCITYKHUBaHMsI), KOJTUYECTBOM TPeOOBaHUM, KOTOPHIE
MOCTYIUIIU OJHOBPEMEHHO M JUCIUIUIMHON 0OCTy)XKuBaHus. [ XapaKTepuCTUKH
CBOMCTB JIMHUU 33]1a€TCS BEJIMUMHA T, — JUTUTEIILHOCTh 00CITY)KHMBAHUS 3asBKU WJIH
8pemMs 3aHAMOCMU JAuHUY, Kak cliydailHas BeJIMYMHA C 3aJaHHBIM 3aKOHOM
pacrpeieieHusl.

B oOmem cimydae oOcimyKuBaromiasi CUCTeMa MOKET COCTOSITh U3 N JIMHUM,
CITOCOOHBIX OJTHOBPEMEHHO M HE3aBHUCHUMO APYT OT JApyra oOCIy>KUBaTh 3asiBKU. B
J1000i1 MOMEHT BpEMEHU JIMHHUSI HAXOJUTCS B OJHOM U3 JBYX COCTOSIHHI:
CBOOOJHOM WJIH 3aHATOM. CHCTEMBI, OOCTYKMBA€MbI€ C MOMOIILIO OJTHON JIMHUH,
Ha3BIBAIOTCS 00HOKaHAnbHbiMU cucmemamu. CUCTEMbI C HECKOJIBKUMU JIMHUSIMU —
MHO2OKAHATIbHBIMU.

OTHOCHUTENIBHO nopsoKa NpuHAmMuUs 3aA60K B TOM Clydae, KOTJla B CUCTEME

HMCCTC OUCPCAb 3aABOK, UCIIOJIB3YIOTCA CICAYIOIIUC IIPaBUJIA.



1. 3asgBkM mNpUHUMAIOTCS K OOCITY)KMBAHHIO B TIOPSAKE OUYEPEIH.
OcBoOoaMBIIAsCA JIMHUSL TPUCTYMAET K OOCITY)KMBAHUIO TOW 3asiBKH, KOTOpas
paHee JIpyrux MOCTYyNMHWJa B CUCTeMYy. Takylo AUCHUIUIMHY Ha3bIBAIOT ‘“paHbIIE
MIOCTYIIWJI — PaHbIe 00cmyxuics” (B aHrinos3braHoi mureparype FIFO — First In -
First Out).

2. 3asBKU NPUHUMAIOTCS K OOCITYKMBaHUIO MO MHUHMMAJIBHOMY BpPEMEHHU
nosydyeHus: otkaza. OcBOOOIUBIIASICS JTUHUS MPUCTYMAET K OOCTYKHBAaHUIO TON
3asiBKH, KOTOpas B KpaTyaiiiiiee BpeMs MOXKET MOJTYyYUTh OTKA3.

3. 3asBKM TPUHUMAIOTCA K OOCTY)XMBAaHUIO B CIIy4allHOM TMOpSAKE B
COOTBETCTBHH C 3aJlaHHBIMH BeposTHOCTIMU (RANDOM).

PeanpHblii  mpolecc ~ MaccoBOoro  OOCIY)XMBaHHMSIL ~ COCTOMT W3
nocjeaoBaTeabHOCTH (a3 oOCIyXKUBaHMS,  BBINOJHIEMOM  pa3IMYHBIMU
ycrpoiictBamu. [lpu 3TOM ciegyromiee yCTpoHCTBO IpUCTyHAET K OOCTYKUBAHUIO
3asBKH TOI'/Ia, KOTJa paboTa MpeIblIyLIero ¢ JaHHOM 3asBKOM 3aBepIICHA.

IIpumep 1. MHoOTO(ha3HOE 00CITY’)KMBAaHUE TOKYIATENECH.

1. Bri6op ToBapa u ohopmiieHHE TOBAPHOTO YeKa

2. Omara B Kacce.

3. Tlomyuenue ToBapa.

IIpumep 2. TexXHOJIOTMYECKUN MpOLIECC.

Nznenue MokeT mocTynmuTh Ha 00paboTky crankom (N+1)-it ¢daser numib

TOT/1a, KOTJ1a ero o0paboTKa Ha cTaHKe N-if a3bl 3aKOHUYCHA.



CucremMa MaccoBOro o0CJIYKMBAHUSI — MaTEMaTHYECKUN (aOCTPaKTHBIN)
O0OBEKT, coJepXKalluid OAWMH WIM HECKoJbko mpubopoB II (kaHamoB),
OOCTY)KHBAIOIINX 3asgBKA 3, TOCTYMAlONIME B CHUCTEMYy, W Hakomuteiab H, B
KOTOpPOM HaxoJsATCA 3asiBKH, oOpazytoume ouepeabr O U oXugaromume
obciyxuBanus (puc.1.1).

Nmurannonnas moxeib CMQO — 310 Mojelb, OTpakarouias MOBEICHUE
CUCTEMBI U U3MEHEHUS €€ COCTOSIHUSI BO BpPEMEHHM IIPH 33JIaHHBIX MOTOKAX 3asBOK,
MOCTYMAMOIMIMX Ha BXOJbl CHCTEMBI. BBIXOTHBIMH TapaMeTpaMy SBIISIOTCS
BEJIMYMHBI, XapaKTEPU3YIOIMIME  KAa4eCTBO  (YHKIIMOHUPOBAHUSA  CHUCTEMBI,
HaIpuMep, TaKUe Kak

e K03 (DUITMEHTHI UCTIOJIH30BAHUS KAaHAJIOB O0CTYKHUBaHMUS;
® MaKcUMaJbHas U CPEJHSS IJIMHA OYEPE/ICi B CUCTEME;

¢ BPCMIA HAXOKICHHUA 3as4BOK B OUCPCIAX U KaHAJIaX O6CJIY)KI/IBaHI/IH.

; H(0)
> > 1
t 4 t 4
: : : :
IIpouecc: IIToctynnenne | Oxnpanue | O6¢cnyxkuBaHue |
: 3asBOK (3) : B ouepeau (O) : B mpudope :
| | (HakonuTene — H) | |
Onucanue: IToTok \ b 10 / [ToToxk
BXOJIAIIAX BBIXOIAIINAX
3aABOK [TpuopuTeTsl 3aABOK

Puc. 1.1. Cucrema MaccoBoro oocity>kBaHus



2. CucremMa JMCKPETHOr0 cOOBITHIHHOTO MoaeanpoBanus SimEvents.

JInst  peanu3anyiei  TUCKPETHO-COOBITHHHOTO MOJCITUPOBAHHUS B  CpPEIe
Simulink ucnons3yercs kommnonenTa SimEvents. C nomorisio SImEvents MoxHo
MOJICJIMPOBAaTh M IMPOCKTUPOBATh PACIPEACICHHBIC CHUCTEMBI YyIPaBJICHUS,
anmapaTHble KOH(HTypaluu, CeTH Tepeaadd W cOopa uWHGOpMAIUW IS
a9POKOCMHUYCCKUX, aBTOMOOWMIIBHBIX, OSJCKTPOHHBIX M JPYIHX HPUIOKCHUU.
MOXHO TaKXe MOJICIHUPOBaTh COOBITHHHO-YIIPABISIEMBIE IPOIECCHI, TaKHe
HampuMep, KaK CTaJud TPOU3BOICTBEHHOTO TIporecca [JIsl  ONpeAeTCHHS
noTpeOHOCTEH B pecypcax U OLIEHKU Y3KHX MECT MPOU3BOJICTBA.

SimEvents wu Simulink co3galoT HWHTErPHPOBaHHYIO  Cpeay IS
MOJICTTUPOBAHUS THOPHIHBIX JUHAMHYECKHX CHUCTEM, COJCPIKAIUX HETPEPHIBHBIC
KOMIIOHCHTBI M KOMIIOHEHTBI C JUCKPETHBIMH COOBITHSMH W JTUCKPETHBIM
BPEMCHEM.

Yro Takoe MOJEIMpOBaHHWE AUCKPETHBIX coObTHi? Ilpu MonenmupoBaHuu
JUCKPETHBIX COOBITUH WM MOJCIMPOBAHWA HAa OCHOBE COOBITUH COCTOSIHUS
CHUCTEMBl HM3MCHSIOTCS B PE3yJIbTaTe HACTYIUICHUS ACHHXPOHHBIX TUCKPETHBIX
WHITUICHTOB, KOTOPBIC HA3bIBAIOTCS COOBITUSAMU. B TIPOTHBOIIOIOXKHOCTH STOMY
MOJICJIMPOBAHUE, OCHOBAaHHOE HCKIIOUYHUTENIbHO Ha JIudPepeHHaTbHbIX WU
Pa3HOCTHBIX YPaBHEHHSIX, B KOTOPBIX BPEMS SIBJIICTCSI HE3aBHCHUMOM TIEPEMEHHOM,
— MOJICTTMPOBAHKUE Ha OCHOBE BPEMEHH, TIOTOMY YTO COCTOSIHUSI CHCTEMBI 3aBHUCST
ot BpeMenn. Simulink mpenHazHaveH [uisi MOJCTUPOBAHKS HA OCHOBE BPEMEHHU, B
TO BpeMs kak SImEvents co3aaBaics a1 MOACIMPOBAHUS TUCKPETHBIX COOBITHIA.
BB100p THITa MOJCIMPOBAHUS 3aBHUCUT KaK OT CAMOTO M3y4aeMOro SBJICHUS, TaK U
OT C1oco0a, KOTOPBIM €0 MPEIIToJIaracTcs U3y4arh.

[Ipy AMCKPETHO-COOBITUITHOM MOJICIIMPOBAHUH HCIIOB3YETCS TIOHSATHE
cywnocmu  (entity). CyIIHOCTH MOTYT IEpeMelIaThCsl dYepe3 CeTH ouepenei
(queues), cepBepoB (servers) u mepekiarouarenei (Switches), ympasisieMbIx

AUCKPCTHBIMUA CO6BITI/I$IMI/I, B IIpOoHeCcCce MOACIINPOBAHUS.



I'paduueckue 6moku SIMEvents moryt npeacTaBisiTh KOMIIOHEHT, KOTOPBIN
oOpabaTbIBaeT CYLUIHOCTH, HO CaMU CYIIHOCTM HE€ MMEIT TIpaduiecKoro
npezacrapiaeHus. [pumepsl cymHocTeil npuBeIeHbI B CIEAYIOUICH TabHIIe.

Ta6nuna 1. Ilpumeps! cyniHoCTEH.

[Ipunoxenue CymiHocTtb
Asponopt c ouepenpto Ha B3leTHOU | CamouieT, Kyl JOCTyna K B3JIETHOM
I10J10CE I10J10CE
BrruncnurenbHas ceTh [TakeTs, ¢GpeiiMbl W COOOIICHUS IS
nepenayn
Kongetiep aiist cOOpku arperaTtoB COopouHbIe €TUHUILIBI
Cobvimue (event) — 5To MTHOBEHHOE JHUCKPETHOE SIBJICHHE, KOTOPOE

U3MEHSET MEPEMEHHYIO COCTOSIHUS, BBIXOJ W/UIU SIBISAECTCA MPUYUHON MOSBICHUS
npyrux cooOwertuii. [Ipumepamu coObiTuii B Mogenu SimEvents sensitotcs:
® [iepeMelIeHUE CYITHOCTH OT OJIHOTO OJIOKA K JIPyroMYy;
® 3aBepllIeHHue 00CITy)KHMBaHUS CYIIIHOCTH B CEpPBEpE.
Jns otkpeiTus OuOmmotrek SimEvents Habepute B KOMaHIHOM CTPOKE

simeventslib.
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Puc.1.2. Oxno 6ubmuotexku SimEvents.

B nosBuBIIeMcst okHe 0TOOpa)K€Hbl MKOHKH, TIPEACTABIISIONINE BCE pa3Aciibl
OnOIMOTEeKH OJIOKOB Simevents.

BriOepeMm u3 pazaena Generators (mompasaen Entity Generators —
TeHEpaToOphl CYIIHOCTEH) 0ok Time-Based Entity Generator, u3s
pazaena Queues O0jok FIFO Queue, U3 pazaena Servers — 0ok Single
Server, U3 pazaena SimkEvents Sinks — 6sok Entity Sink m 60K

Signal Scope. B pe3ynbrate B OKHE MOJEIHN OYIeT 0TOOpaKaThCs CIASAYIOIIas

KapTHHA.



. fa,
in :i_,

Signal Scope
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Time-Based FIFO Queye Single 5 enver
E ity e ner ator Enitity Sirk

Puc. 1.3.

[IpeacTaBneHHas Ha PUCYHKE MOJIENb COACPKUT OJIOKH JJI BCEX KITFOUEBBIX
MPOIIECCOB  MOJICTIMPOBAHUS: TeHepanuu cymHocted (0moxk Time-Based
Entity Generator), XpaHeHHs CymHOCTeH B ouepenu (010K — FIFO
Queue), o0CIyXKUBaHUs CylHOCTEN (070K — Single Server) u 0TOOpaKeHUS
UH(pOpMAIIUU 0 X0/e MoJieupoBanus (00K — Signal Scope).

[Ipu nUCKPETHO-COOBITUMHOM MOJCIMPOBAHUU oOdepeau (QUEUES) XpaHST
CYIIHOCTH B TEUEHHE HEKOTOPOro WHTEpBaJla BPEMEHH, KOTOPBIA 3apaHee
HeusBecTeH. Ouepesb MbITaeTCA BBITYCTUTH CYITHOCTh KaK MOXHO OBICTpee, HO
yCTeX OTEpallMi 3aBUCUT OT BO3MOYKHOCTH CIIEIYIONIETO OJIOKa TMPHHSITH HOBYIO
CYITHOCTh. [lOBCEHEBHBIM MPUMEPOM OYEPENU SBISICTCS CUTYallUs, KOTJa BBI
CTOWTE B OYEPEIN B KacCy B Mara3wHe I OOCITY>)KHMBaHUS U HE MOXKETE 3apaHee
OTIPEICTUTH CKOJIBKO MPHUICTCS KIaTh 00CITY)KUBAHUS.

OTIMYUTENFHBIMU CBOMCTBAMU OUEPEIH SIBIISIIOTCS:

e ¢cMKOCTh (Capacity), To ecTb MaKCHMaJIbHOE KOJHUYECTBO CYIIHOCTEH,
KOTpPBIC OYepeb MOKET XPaHUTh OJHOBPEMEHHO;

® UCIUIUIMHA OYepeH, OMpEeestonas Kakas U3 CYIIHOCTeH MOKHWHET
o4epeab EPBOM, €CIIM OHA XPAHUT HECKOJIBKO CYII[HOCTEMN.

biioku ouepeneit HaxoAsATCs B pazjene Queues 6MOIMOTEKH SimEvents.

CepBep (Server) B JHCKPETHO COOBITHHHOM MOJCIMPOBAHUHN XPaHHUT

CYmIHOCTH B TCUCHHUC HCKOTOPOro NpOMECKYTKa BPEMCHH, HA3bIBACMOT'O BPEMCHEM



oOciry>kuBaHus (Service time) u 3areM mbITaeTCsl BBITYCTHTH CYIIHOCTh. Bo Bpems
nepuo/ia 00CITy)KMBaHUS TOBOPSIT, UTO OJIOK-CEpBEP OOCTYKUBAET CYIITHOCTb.
Bpemst o6ciykuBaHus SISl KaXI0W CYIIHOCTH BBIYMCIISIETCS B MOMEHT €€
npuObITUA B cepBep. B oTimume OoT 3TOro Bpemsi XpaHEHUsS OJIoKa B OYepeu
MPUHIIMIHAIBHO 3apaHee HUKOTJa Hen3BecTHO. OJIHAaKO, €Clid CIenyouui OJ0K
HE MPUHUMAET CYIIHOCTh, KOTOPYIO YK€ OOCIYKUII CepBEp, TO CEepBEp HOJKEH
XPaHUTh CYHTHOCTD JaJIblII€.
OTAMYUTENHEHBIMU CBOMCTBAMU CepBeEpa SIBISIOTCS:
® YNCIO CYIIHOCTEH, KOTOPhIE MOKHO OOCIIYKUTb OJHOBPEMEHHO. DTO
YHCIIO MOXKET OBITh KOHEYHBIM WJIA OECKOHEUHBIM;
® XapaKTepUCTUKaMM  WMJIM  METOJAaMU  BBIUMCJIEHHUS  BpPEMEH
00CITy’)KMBaHUs MOCTYIAIOLIUX CYIIIHOCTEH;
® pa3pemiaeT JU cepBep MPHUOBIBAIOIINM CYITHOCTSM 3aHUMaTh CEPBEP
OpU HaJWU4uW JAPYTUX CYIIHOCTEH, XpaHsmuxcs B cepBepe. llpu
OTCYTCTBHM 3TOTO CBOMCTBA CEpBEP C KOHEYHOM E€MKOCTbIO, €CIIM OH
MIOJIOH, HE MPUHUMAET K 00pabOTKE HOBbIE MPUOBIBAIOIINE CYIIHOCTH.
brnoku cepBepoB HaxomsATcs B pasgene Servers  OUOIMOTEKU

SimEvents.

3. Ilpumep.

Tpebyercst mpomonenupoBath palbOTy napukMmaxepckoil. HWHTepBaib
IpuxoJa KIMEHTOB B TNApUKMaxepcKyrd C OJHUM KpECIOM pPacHpeeicHbl
paBHOMEpPHO Ha HHTEpBaie |18+6MHMH. BpemMsa CTpWKKM Takke paclnpenesieHo
paBHOMEpPHO Ha HMHTepBaje 16+4mMuH. KiMeHTBH NpUXOIAT B MapUKMaXepCKylo,
CTPUTYTCSL B TMOPSAJIKE OUEPEAM: «IEPBBIM MPHUILET — MEPBBIM OOCITYKUICS.
[Tpomonenupyiite paboTy MapuKkMaxepckoi B TEUEHHE & YacoB.

Tpebyercst onpenenuTs mapaMeTpbl GYHKIIMOHUPOBAHUS TAPUKMaXEPCKOM:

e KOd(pPUIUEHT 3arpy3Ku TAPUKMaxepa;
® MaKCUMaJbHOE, CPEJHEE U TEKYIIEE YHCIIO TOCETUTEIIEH B OUepeIu;

® cpelHee BpeMsi 00CITyKUBaHUS.



IMocTpoenune moaenn. Ilopsaok GI0KOB B MOJIETIH COOTBETCTBYET MOPSIKY

(a3, B KOTOPBIX KIMEHT OKa3bIBAETCS MPH JBHKEHUU B peajbHON CUCTEME:

1) KJIMEHT NPUXOIUT;

2) ecniu HEOOXOIUMO, KJIET CBOEH OUepenH;
3) caguTcs B Kpecio mapuKMaxepa;

4) mapukMaxep 0OCITyKHBaeT KINCHTA;

5) KJIIMEHT yXOAHUT U3 MapPUKMaXEPCKOM.

Mopnenb npeacTaBieHa Ha pucyHke 1.4.

. ot i [,
B in ‘,J_, B in ‘,J_,
[ ' Terywaa onNMHA odepe o CpeaHes epema 0BoNyEMEaHHA
Evert-Bazed
R andom Humber . e . =
— in _',J_, B in ‘,J_,
CpeaHA a ANKHA 0¥ &pesd YTHAME AuKMA CepEepa
#n
&y ouT IN len t !
v 1
auT Q—L» util —I_
Time-Based FIFO Queus IN ouT M i
Entity & enerator -
Single Senver
Enfity Sink

Puc. 1.4. Monenb paboThl MapuKMaxepcoi.

B chnyuaiiHple MOMeHTHI BpeMeHH Onok Time-Based Entity
Generator TeHEpUPYET COOBITHS, MOJICIUPYIOIIME TMPUXOJ KIHEHTOB B
napukmMaxepckyr. B mapamerpax Osoka ykasaH Tun pacnpenenenus Uniform

(paBHOMEpHBIIT), mapameTpbl: Minimum — 12, Maximum 24.



biok FIFO Queue coxpaHseT 3asiBKU (KJIMEHTOB), KOTOPbIE MapuUKMaxep
HE MOXKET HEMEJICHHO BBIITOJIHATH. EMKOCTP OJI0Ka TIprHSTa OeCKOHEUHOM (inf).
biok Single Server  MOJECIHUPYET  OOCIyXHBaHUE  KJIMEHTa
MapuKMaxepoM. OITOT OJIOK MOXKET BBINIOJHUTHL HE OoJjiee OAHOW PpabOTHI
OJIHOBPEMEHHO, TEM CaMbIM OTrpaHU4MBasi 0O0paOOTKYy HOBBIX paboT. Bpemena

oOCITy>)KMBaHHS 3aJaf0TCsl Yepe3 CHrHalbHBIA mopT t (Service time from —

Signal ©port t) onmokoM Event Based Random Numbel,
TEHEPUPYIONIUM PaBHOMEPHO paclpe/eieHHble ClIydaiiHble dYHCIa — THI
pacnpeneicnus Uniform (paBHOMepHBI), mapamerpel: Minimum — 12,
Maximum 20.

Jluanm i nepenaun cymHoctel (entity connection line) mokaspiBaroT cBsI3b
MEXIy ABYyMsl OJloKaMu (WJIM MEXKIY WX BXOJHBIMH/BBIXOJAHBIMU TOPTAMU IS
CYILIHOCTEH) IyTEM OTOOPaKEHHS ITyTH, IO KOTOPOMY CYIIHOCTb MOXKET:

® TIOKUHYTh OJIUH U3 OJIOKOB;
® OJIHOBPEMEHHO NMPUOBITH B CIEIYIONTUHN OJIOK.

[Ipy MoaenWpoBaHWM  CYIIHOCTb, KOTOpas NoOKuWpaer mopt OUT
OJIHOBPEMEHHO MPUOBIBAET B OPT IN CIEAYIOIIETO CBA3aHHOTO OJIOKa.

JIvHUM U1 CBSI3M CYIIHOCTEM HENb3Sl Pa3BETBIATh. ECIM B NPUIIOKEHUU
TpedyeTcs, 4TOObI CYITHOCTh MPHUObLIA B HECKOJIBKO OJIOKOB, JIsi CO3/aHMS KON
CYIIHOCTEH MCIoNIb3yeTcs 010K Replicate.

biok Entity Sink mornomaer paboTsl, 00pab0OTKa KOTOPHIX 3aBEpILICHA.

Yacts OJI0KOB B paccMaTpUBAEMOW MOJIEIN MOTYT 00pa0aThiBaTh CUTHAIBI.
CurHansl IpeICTaBISIIOT COOOW YHMCIIEHHBIE BEJIMYMHBI, ONpPEIEIECHHbIE B JHO00M
MOMEHT BpPEMEHH B TEUEHHE MPOIecca MOACTUPOBAHUS (HE TOIBKO B JUCKPETHBIE
MOMEHTBI BpeMeHH). CUTHaJIbl MOSIBISIOTCS HA COCUHUTENIbHBIX JIMHUSAX MEXKIY
CUTHAJIBHBIMU TMOpPTaMU JBYX OiokoB. Hampumep, CUTHaJIBHBINA BBIXOJHOW MOPT
(signal output port) #n Omoka FIFO Queue Bs3aH C CHUTHAIBHBIM BXOIHBIM
noptoM (signal input port) in Omoka Tekymas muuHa odepenu (Signal

Scope) .



[Ipu MopenupoBaHUU COOBITUHHO-YMPABISIEMBIX CHUCTEM, HE COACPIKAIIUX
OJIOKOB ~ C  HENPEpPHIBHBIMH  COCTOSHUSIMH,  HEOOXOJUMO  HACTPOUTH
COOTBETCTBYIOIIUM O00pa3oM MapameTpbl MoJeIupoBaHus. Buibepure komanmy
Simulation->Configuration parameters->Solver. B pa3gene
Solver options B moiie Type BbIOepUTEe Variable-step U B Toje
Solver — Discrete. B mnoine Max step size (MakCUMaJbHBIN pa3mep
mara) BBeauTe inf (0ECKOHEYHOCTH).

Bpems monenupoBanus npuHaTo 480 MuHyT (8 4acoB).
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4. Onucanue UCNOJIb3yeMbIX 0JIOKOB.

Time-Based Entity Generator (Pasmen Generators/Entity
Generator.) — OJIOK TCHEPUPYET CYIIHOCTH B MOMCHTBHI BPEMCHHU,
OIpEeAENsIEMbIE BXOAHBIM CUTHAJIOM MJIM CTATUCTHYECKUM PACIIPEACICHUEM.

[Topsimok reHepupoBaHuUsl omnpezensercs 3HaueHueMm napamerpa Generate
entities upon:

Intergeneration time from dialog — MOMEHTBl BpPEMEHU
TEHEPALUHA ONPENEIAIOTCS B 3aBUCHMOCTH OT IIapaMETPOB B JUAJIOTOBBIX IOJIAX
0J10Ka;

Tun pacnpenesneHuss MOMEHTOB TE€HEpAallMA  ONPENEISAETCS  IOJIEM
Distribution. Bo3aMosxHbIe 3HAYEHUS:

e Constant  (HOCTOSHHOE) —  TMOCTOSSHHOE  BpeMs  MEXAY
TeHEPUPYEMBIMU COOBITUSIMHM 3aaeTcs B moJe Period.

e Uniform (paBHOMEpPHOE) — CIydyallHOE PaBHOMEPHOE paclpe/esIeHNe
3aJ1aeTcs auamna3oHoM B noiagx Minimum u Maximum.

e Exponential — 53KCIOHEHUMAJIbHOE pACHPENECICHUE 3a1aeTcs
napamerpoM Mean (cpennee).

[Ipu ycTaHOBKe mapameTpa pacnpeneieHus B 3HaueHuss Uniform wim
Exponential B AMaJOoroBOM OKHE HMMeeTcs Takxke mapamerp Initial seed,
ONpEAENSIONMN TeHEPUPYEMBI HAOOp ciaydalHbIX uuceln. /s uxcupoBaHHOTO
3HAYEHHs HITOr0 IapameTpa Ciy4yailHas MOCIEAOBATEIbHOCTh MPU CIEIYIOLIEM
3allyCKe MOJENU NOBTOPUTCA. THWIHUYHO, 3HAYEHHE HTOro  MapaMmeTpa
yCTaHaBJIMBAETCA B 00JIbIIOE (HApUMeEp, MATU3HAYHOE) HEUETHOE YUCIIO.

Intergeneration time from port t — MOMEHTBl BpPEMEHU
reHepaluyd ONPENESI0TCS Yepe3 CUTHAIBHBIN MOpT t, MHpOpMalLUs ¢ KOTOPOTO

CUUTBIBACTC:A IIPpU CTAPTC MOACIUPOBAHUA U B Ka)KI[BIﬁ MOMCHT I'CHCpallnH HOBOM



cymHocTH. CHUTHAN MOJDKEeH OBITh COOBITHIHBIM (event-based). Ecnu BricTaBieHo
3TO 3Ha4YE€HHE, TO y OJ0Ka MOSBISAETCS TOMOIHUTENbHBIA CUTHATBHBIN MOPT t.

Jliis cOopa CTaTUCTUKH OJI0Ka HY)KHO OTMETUTH TaJIOUKON HY)KHBIC CHTHAJIBI
Ha BKJIanke Statistics B manenu cBoiicTB 010ka. Eciin 0TME4YeH COOTBETCTBYIOIIHIA
MYHKT, TO y OJIOKa TIOSIBJIICTCS HOBBIN CUTHAJIBHBIN BBIXOJHOW TOPT, HA KOTOPHIH
BBIBOJIUTCS CJIEAYIONIAsl CTaTUCTUYECKask MH(GOpPMaIUs B COOTBETCTBUU:

#d — 4KCcI0 CyNIHOCTEN MOKMHYBIIKX OJIOK MOCIE Hayalla MOJICTHPOBAHUS;

W — CpellHee BpeMsl MEK]ly T'eHepalusiMU CyIIIHOCTEH.

FIFO Queue — OJOK OJHOBPEMEHHO XpaHUT A0 N CyIIHOCTEH, rae N —
3HaueHue mapamerpa Capacity (EMkocTs). Biiok mbITaeTcss BBITYCTUThH CYIIHOCTD
yepe3 BbIXOJHON mopT OUT, onHako eciu mopT OUT OJOKUpOBaH, TO CYIIHOCTb
octaercs B Oyioke. Eciau B OJ10Ke XpaHATCS HECKOJBKO CYIIHOCTEW, TO CYLIHOCTH
MOKUJAIOT OJIOK B COOTBETCTBUM C JUCLMIUIMHON NEPBBIA BOLIEN — MEPBBIN BBIIIEI
(first in — first out (FIFO)). Ecnu 010k y»e XpaHUT N CYIIHOCTEH, TO BXOJIHOMN
nopt IN OJoKa HE TOCTYIIEH.

Jiist coopa cTaTUCTUKU OJI0KA HY>KHO OTMETUTD raJIOUYKON HYKHBIE CUTHAJIBI
Ha BKJanke Statistics B manenu cBoicTB 010Ka. Eciin 0TMEYEH COOTBETCTBYIOMIHIA
MYHKT, TO y OJIOKA MOSIBIISIETCS HOBBIM CUTHAJIBHBIM BBIXOJHOM MOPT, HA KOTOPHIi
BBIBOJMTCS CJICIYIOIIAsi CTATUCTHYECKask HH(OpMAIs:

#d — uncno cymHocted nokunyBux 050K yepe3 nopt OUT mocne Havana
MO/JICIIUPOBAHUS,

#n — YMCI0 CYIIHOCTEN B OUEPEIH;

W — CpelHee BpeMs OXHJIaHus B 3TOM OJIOKE ISl BCEX CYLIHOCTEH,
MOKHWHYBIIUX OJIOK Yepes3 Jt000i nopT;

len — cpelHEe YMCIIO CYLIHOCTEH B OYEPEAH 110 BPEMEHHU, TO €CTh CPEIHUN

110 BPEMEHH CUTHAJI #1.



Single Server — OJIOK OOCTYXKHBAET OJJHOBPEMEHHO OJIHY CYITHOCTH 3a
HEKOTOPBI MHTEPBAJI BPEMEHU M 3aTE€M MBITAETCS BBITYCTUTH CYIIHOCTH YEPE3
BbIXOJHOM mopT OUT. Eciu mopt OUT OJIOKHPOBaH, TO CYIIHOCTh OCTaeTCs B

OJIOKE 10 TeX MOp MOKA BEIXOAHOM IOPT HE Pa30JIOKUPYETCSL.

Bpems oOcnyxuBanus (Service Time) onpenensieTcs 4yepe3 napameTpsl,
aTpuOyTHl WJIM CHTHAJBI B 3aBHCUMOCTH OT 3HaueHHs mapamerpa Service Time
From. biok omnpepensier Bpemsi 00CIIy>KMBaHUS CYITHOCTH MPU €€ MOCTYIUICHUH.
BpeMena o0city>kiMBaHUs ONPENEISAIOTCS B CEKyHAAX.

3HaveHus napamerpa Service Time From:

Dialog — 3Ha4eHHs] BpeMEHHU 00CITyKMBaHUS 3aJal0TCs B I0JIE IMapaMeTpa
Service Time;

Attribute — 3HaueHHUs BpEeMEHH OOCITY)XMBaHHS 3aJal0TCA aTpUOYyTOM,
UMs KOTOPOTO yKa3aHo B moJie mapamerpa Attribute name;

Signal port t — 3Ha4eHHs] BpEMEHHU OOCIy)KMBAHMS 3aJ1al0TCS depes
CUTHaJIBHBIN mopT t. CurHan JomkeH ObITh cOOBITUMHBIM (event-based). Ecnu
BBICTABJICHO 3TO 3HAYEHHE, TO Y OJIOKA MOSABISACTCS JONOJHUTENIbHbIN CUTHATBHBIN
nopr t.

Jiis cOopa CTaTUCTUKH OJI0KA HY>KHO OTMETUTh T'aJIOUKON HY>KHbIE CUTHAJIbI
Ha BKiagke Statistics B manesu cBoicTB 010Ka. Eciim oTMeueH COOTBETCTBYIOIINI
MYHKT, TO y OJIOKa MOSBIISETCA HOBBIM CUTHAJIBHBIM BBIXOJHOM MOPT, HA KOTOPHIM
BBIBOJIUTCS CJIEAYIOIasl CTaTUCTUYECKask MH(pOpMaLus:

#d — yucio cymHocTel NoKMHYyBIIKMX 00K yepe3 nopt OUT nocie Havana
MOJIEJINPOBAHMS;

#n — 4ucio cymHocrteit B cepeepe, 0 win 1;

W — CpedHee BpeMs OXHMJaHHUA B 3TOM OJIOKE AJii BCEX CYIIHOCTEW,

NOKUHYBIIUX OJIOK;



util — yrwimsanus cepBepa, TO €CTb JOJIsI BPEMEHU MOJEIUPOBAHMS,
WCIIOJIB30BaHHAs HA XPAHEHUE CYIIHOCTEN. B Havane MoaenupoBaHus yTuiau3anus

PaBHa 0 umm 1 B 3aBUCHUMOCTH OT TOT'O XPaHUT JIK CCPBCP CYHNIHOCTD.

Jl1st 3aBepIeHus MyTel CyIIHOCTE! UCTIoNb3yeTcs 0ok Entity Sink.

[TapameTps Os10Ka:

Input port available for entity arrivals — eciu BeIOpaH 3TOT mapamerp, TO
OJIOK MPUHUMAET MNPUOBIBAIOIIME CYIIHOCTH, B NPOTUBHOM ciydyae — OJIOK
CYIIHOCTH HE MPHHUMAET, a IpH TMOIMBITKE MNPUOBITUS CYIIHOCTH BBIAACTCS
cooO1eHue 06 ommoke.

Report number of entities arrived, #a — npu BeIOOpe mapamerpa y 0yioka
NOSIBJIIETCA CUTHAJBHBIA TOPT #a, Ha KOTOPOM IIOCHE KaXKJ0ro MpUOBITUS
CYIIHOCTH BBIAETCS MHPOPMAIUS O KOJUYECTBE MPUHATHIX OJIOKOM CYITHOCTEH.
HauanpHoe 3HaYeHHME CHWTHAJa IIOCJIE Hayala MOJEIHPOBAHUSA JIO TEPBOTO

oOHOBJIeHUSs 0J10Ka paBHO 0.

JIJist BBIBOJIa PE3YJIbTATOB MOJIETMPOBAHUS B BUIE TPA()UKOB UCIIOJIB3YETCS

0Jiok Signal Scope u3 pazaena oubauoreku SimEvents Sinks.

biok co3maer rpaduk, HCHONB3ysS AaHHBIE U3 COOBITUHHOIO CHTHAA.
JlaHHBIC, OTKIIABIBAEMBIC ITI0 BEPTUKAIIBHON OCH, OEpYyTCS M3 CUTHAIIA, CBSI3aHHOTO
C BXOJIHBIM CHUTHAJIBHBIM MOPTOM 1in.

[TapameTpsl Os10Ka:

Plot type — tun rpaduka:

Stair — cTyneH4YaTbly;



Continuous — HempepbiBHbIM. Tum rpaduka He MEHSET AMCKPETHBIN
CUTHAJ Ha HEMPEPBHIBHOM, a TOJIBKO OMPEIeAeT CIocod 0ToOpaXkeHus rpaduka.

JlaHHBIE JUTS TOPU3OHTAIBHOW OCH ompeaessrorcs mapamerpom X value
from: Event time — BBIBOAWTCS TpaduK JAaHHBIX C MOpPTAa in MO BPEMEHH
MoJeaupoBaHus; Index — BBIBOAUTCA IpadUK JaHHBIX C MOpTa in MO MX

WHJIEKCY, T.€. IEPBOE 3HAYEHUE UMEET UHIEKC |, BTOpoe — 2 U T.x.

5. 3ananue. MoaeupoBaHue padoThbl Mara3uHa.

Tpebyercs mpomonenupoBath pabOTy HEOOJBIIOrO Mara3uHa, KOTOPBIH
MMEEeT OJIMH KAacCOBBIM ammapaT W OJHOro IMpojaBla. M3BECTHBI cleayrolue
napaMeTpsl QyHKIIMOHUPOBAHUS Mara3uHa:

® [I0TOK IOKYyIareneH (3asBOK), IPUXOIALINX B Mara3suH 3a MOKyInKaMu,
PaBHOMEPHBIN;

® UHTEpBaJ BpeMEHU NPHUOBITUS OKYyMAaTelleld KoJieOneTcs B mpeienax
oT 8,7 MuHyThI 10 10,3 MUH. BKJIIFOUUTENIBHO, WK 9,5 + 0,8 MuH;

e BpeMs NpeObIBaHUS MOKYMAaTeNeld y KACCOBOr'0 anmnapara CoCTaBIsIeT
2,3 £0,7 mun. [Tocne 3TOoro nokynarTeau NoaxoAsaT K IPOAaBILy JJIs
[OJIyYEHHS TOBApa;

® BpeMsl, MOTPAUYEHHOE Ha OOCITYKMBAHKE MOKYIAaTeIel IpoJaBLOM,

coctapjsget 10 £ 1,4 muH.

TpeOyeTtcs onpenenuth napameTpbl PyHKIIMOHUPOBAHUS Mara3uHa:
e k03(hUITMEHT 3arpy3Ku Kaccupa;
e KOd(pPUIMEHT 3arpy3Ku MPOJIABIIA;
® MaKCUMaJbHOE, CPEIHEE U TEKYIEe YHCIIO TIOKYyMaTeNel B KaKI0i
ouepe.u;

® cpelHee BpeMsi 00CITyKUBaHUS B KaXKJIOM KaHaJIe 00CTy>KUBAHUS.



JlaGopaTopnasi padota Ne 2.

MoaennpoBanue cO00poYHOro yuyactka mexa B Simulink+ SimEvents

1. [TocTanoBKa 3a1a4H.

Ha cOopouHbIil y9acToOK mexa IpearpusThs TOCTYNAloT MapTHH, KaKIas U3
KOTOPBIX COCTOMT M3 Tpex aAeranedd. [lapTum mnoctynaioT uepe3 HHTEpBaJbI
BPEMCHU 7.

[lonoBrHa Bcex MOCTyHarOLUX JeTaneil mepea cOOpKOW JOHKHA MPOWUTH
peaBapuTeNibHyl0 00pabOTKy B TeYeHHWHM BpeMeHH 1t,. llpenBapurenbHas
00paboTKa cienyrole AeTalu OCYIIECTBISETCS MOCie 3aBepIIeHUs 00padOTKU
pEAbITYIIEN JETAH.

Ha cGopky omHoBpeMeHHO mojaroTcs oOpaboTtaHHas W He oOpaboTaHHas
neranu. [Iporecc cOopku 3aHUMaeT 1, €IMHUI] BpeMeHHU. B pesynbTate cOOpKU
nosnyvaercs uzaenue. Crenyrollee H3JeNHe COOMpaeTcs IOCIe 3aBEpLICHUs
cOopku mpeapIayiero u3aenus. B pesynsrate coOopku Bo3mMoxHO nosiBieHue 30%
OpakoBaHHBIX M3JEIUi. bpakoBaHHBIE H3ACIHS HMCKIIOYAIOTCA U3 JaIbHEUIIEro
npoiiecca.

N3nenus 6e3 Opaka OTHPaBISIOTCS Ha PETYIUPOBKY, MPOAOHKAIONIYIOCS B
TEUEHUU 1, €IuHULl BpeMmeHu. Creayrollee H3IENNe PEryJlIupyercss Mocie
3aBEpIICHUs PETYJUPOBKU Mpenbiaymero wusaenus. W3penuwe, mpoieaiee
PEryJIMPOBKY, CUUTAETCSI TOTOBOU IPOAYKIIUEH.

CiyvaiiHple BEIWYUHBI T, T, T,, T, MMEKT CIEIYIOIIEE pacIpeacICHUE:
PaBHOMepHOE 0 <X < 5.

TpeOyeTcst MmoenupoBaTh paboTy yyacTka Ha uHTepBaie BpemeHu 0 <t <

480 MuH.



B pesynbrare MmonaenupoBaHus TpeOyeTcs ONPENeauTh CIEAYIONIUE

XapaKTEePUCTUKU COOPKHU:

1.
2.
3.

KonuuecTBo 3asBOK, 3aBEPIIMBIINAX OOCTYKUBAHHE.
KonnuecTBo 3as1BOK, MOTYYHMBIINX OTKA3.

JmHBI ouepesien B cucTeMe.

PaCCManI/IBaeMaJI CUCTEMA PCAINU3YyCTCA Ha OCHOBC CHCTCM MACCOBOI'O

0OCITy>KHBaHUS CIEAYIOIUM 00pa3oM:

1.

3asBKOH ABIsIETCA Mapa JeTajei, KoTopble 00padaThIBAIOTCS, COOMPAOTCS B
u3JIeTue, KOTopoe Tudo monaaaeT B Opak, 1M00 peryiupyeTcs.

BxoaHo# MOTOK 3asiBOK B CUCTEMY OOCITY>KHBaHUSI TCHEPUPYETCS HA OCHOBE
MCXOJITHOTO MOTOKa NmapTuii Aetanei. Jlanee kaxaas mapTus pas3jensercs Ha
TpH JI€Talu.

COopouHBIi  y4acTOK Iiexa MpeAcTaBisieT Cco0Ol  OJHOKaHAJILHYIO
tpexdaznyto CMO. IlepBas ¢aza - npensaputenbHas oOpaboTka. Bropas
¢daza — coopka. TpeTbsa paza — peryaupoBka.

Kpome omgnokananeubix CMO, B (opmanbHyr0 cHCTEMY BXOAST OJOKH

dhopMUpOBaHUS BHYTPECHHUX TTOTOKOB 3asIBOK M JIOTHYECKHE OJIOKH.

[Iporecc oOcmy ) uBaHUsI 3asBOK MOJUUHSIIETCS CIEIYIONTUM TTPaBUIaM:

B kax10M U3 y4acTKOB B JIaHHBI MOMEHT BPEMEHH MOXKET O0O0CTY>KUBATHCS
TOJBKO OJHA 3asIBKa.

3asBKHM O0CITYKUBAIOTCS B TIOPSAJIKE MIOCTYIUICHHS B OYEPE/Ib.

3asBKa, monasiias B Opak, NoJydyaeT OTKa3.

[IpunnunuanbHas cxemMa CHUCTEMbI COOPOYHOTO TIPOM3BOJCTBA HMEET

CJICIYFOILIUN BUL:



bnox 1

bnox 2

» bioxk 3

> biok 4

>

bnoxk 5

biok 6

Pucynok 2.1 — ®opmanu3oBaHHas cxeMa UMUTALIHOHHOW MOJIEIN

brnox 1 — ¢opmupoBaHrne BXOJHOTO MAacCHMBa Map JeTajieid Ha OCHOBE

HCXOJHOT'O MaCCMBAa MOMCHTOB BPCMCHH ITOCTYILVICHUA HapTI/Iﬁ I[CT&J'ICﬁ.

bnok 2 — npeaBaputenbHas 00padoTKa 3asBKH.

biok 3 — cbopka uznenus.

bnox 4 — nmornueckuii 0JI0K OIIPpCACIICHUA Ka4CCTBA U3ACIINUA.

bnok 5 — perynupoBka uzaenus.

biok 6 — noruueckuit OJIOK, ONpENESAIONIMN TEPEeXo] K PacCMOTPECHHIO

oqepeszoﬁ 3a4BKU WU 3aBCPIICHUC IIPpOLCCCAa aHa/In3a O6pa6OTKI/I 3asi1BOK.

2. OnpenesieHue MyTe A5 CyIIHOCTEI.

[IyTh mjist CymIHOCTEM — 3TO CBSI3b ME¥XKIY BBIXOJHBIM MOPTOM W BXOJIHBIM

IIOPpTOM IJIA CYHIHOCTGI;'I, onpcaciriromas 3KBUBAJICHTHOCTb MCKAY BBIXOJIOM

CYIIHOCTH U3 OJHOTO 0JIOKa U €€ MpUObITHEM BO BTOPOM OJIOK.
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Hanpumep, Ha puCyHKe BbIlIe Jt00asi CYyIIHOCTh, MOKUAAIOIIAs BBIXOIHOM
(OUT) nmoprt 610oka FIFO Queue, 3KBUBaJEHTHO mpuObIBacT BO BxoaHOU (IN)
nopt Onoka Single Server. CyllecTBOBaHHE MyTH HE TapaHTUPYET, YTO
Kakas-m1u0o0 CYIIHOCTh JIEUCTBUTENILHO MCIIONB3YeT 3TOT myTh. Hampumep, Bpems
MOJICJIMPOBAHUS MOXET OBITh HACTOJIBKO KOPOTKHM, YTO HHUKAaKas W3 CYIIHOCTEH
He Oyner BooOIle creHepupoBaHa. Jlaxke eciM MyTh HCIOJNB3YeTCs, TO OH
UCIIONB3YETCSI TOJIBKO B JUCKPETHBIE MOMEHTHI BPEMEHH BO  BpeEMs
MOJEIUPOBAHUSL.

[IpoekTupoBanue myTed Ui CYIIHOCTEH IPOU3BOAUTCS IIYyTEM C
UCIIOJIB30BaHUEM OJIOKOB U3 paszesia Routing Oubnamoreku SimEvents. Dtu
OJIOKM UMEIOT JIONOJHUTEIbHBIE MOPTHI JJI CYIIHOCTEH, KOTOpbIE IO3BOJISIFOT
MEHSTH TOIOJIOTHIO MOJIEIH (TO €CTh HAOOp OJIOKOB U COETMHUTENIbHBIX JTUHUMN).

TuUnUYHBIMU PUYUHAMH, KOT/Ia TPeOYEeTCS MaHUITYJIMPOBAHUE Ty TSIMU:

e Jlng  omnucaHus — TMApajuIeNIbHOTO  TOBEJACHUST  OJIOKOB  MpH
MOJEIUPOBAHUU, HAIIPUMED, ISl OMUCAHUS KOMIIBIOTEPHOTO KIlacTepa
U3 JABYX KOMITBIOTEPOB, PA3JEIAIOIIMX BBIYMCIUTEIBHYIO Harpy3Kky. B
ATOM CUTYyallMM MOXHO HUCIOJIb30BaTh OJOK Output Switch ansa
MOCBHIJIKA BBIYUCIHUTENIBHBIX PadOT HAa OJHWH U3 JIBYX KOMIIBIOTEpOB.
MOKHO TaKe HCIOJIB30BaTh OJ0KM Path Combiner umm Input
Switch, ecnu BBIYMCIUTEIBHBIE PA0OTHI TOCIE TMPOXOXKICHUS Taphl
KOMIIBIOTEPOB CIIEYIOT B OJTHO MECTO.

o Jlns omucaHusl HEJIMHEWHBIX TOTOJOTHH, TaKUX KaK OOpaTHas CBS3b,
HalpuMep, NpU TMOBTOPE OIEpalnid, €CIu KpPUTEpUM KadecTBa
(HanpuMep, KauecTBO OOCITyKUBaHUs) HEe coOmoaaercs. B aTom ciyyae
MOXHO HCIIONB30BaTh OJOK Path Combiner s oObenuHeHUs
NyTe HOBBIX CYIIHOCTEW M CYIIHOCTEH, TPeOyIoIUX MOBTOPHOIO
00CITy)KHBaHUSI.

e Jlnsg BHEIpEHHs JIOTMUECKHUX PELIEHUS B IPOLIECC MOJEIMPOBAHMS,

HanlpuMcEp, AJid OINPEACTICHUSA CUHCHApPUCB JHUCIICTUMPOBAHMA. B sToMm



ciy4dya€e MOXKHO HCIIOJb30BaTh 0JIOK Input Switch pgua
onpeacacHus OJTHOM M3 HECKOJIBKHX oqepez[eﬁ oCJIe MPOXOXKIACHUA

cepBepa.

brok Output Switch mno3BoJsSET BHIOpaTh B MPOIIECCE MOACIUPOBAHUS
OJIMH U3 HECKOJBKUX BBIXOJHBIX MOPTOB M cymHoctel. [locine BriOOpa oaHOTO

N3 BBIXOJHBIX ITIOPTOB, OCTAJIbHBIC ITIOPTHI CTAHOBATCA HCAOCTYITHBIMMU.

auTi

o

A
BN + :I:ILITZ ol
OUTE B

KosinyecTBO BBIXOJTHBIX MOPTOB ompenensercs mnapamerpom Number of
entity output ports, BXoaHO# MOPT, KOTOPBIE BEIOUPACTCS IS TpUeMa CYIIHOCTEH
oIpeeNsieTcsl B cCOOTBETCTBHH ¢ mapamerpoM Switching Criteria:

Round robin — B Hayajne MojenupoBaHus BbiOupaercs nmopt OUTL. [Ipu
KaKJIOM CIIEYIONIEM MPUOBITUU CYIIIHOCTU BBIOUPAETCS CIECIYIOMUMN 1O MOPSIIAKY
Bx0/1HOM TopT. [Tociie BeIOOpa mociieiHero mopra CHoBa BeiOMpaercs nopt OUT L.

Equiprobable — B Hayaje MOJAEIUMPOBAHUS U TPHU KAKIOM YOBITUU
CYIITHOCTH OJIOK B CIIy4alHOM MOPSIKE OCYIIECTBIISET BHIOOp MOpPTa JJisi OTOBITHS
cieayromieil mpuObIBaroIeld CyIHOCTH. Bce BBIXOAHBIE MOPTHI IS CYITHOCTEH
OJIMHAKOBO JKejaTelbHBl i1 BbIOOpa. MHuIManuzamus mpolecca TeHepaluu
ciyyaiiHOro umciaa onpezensercs mapamerpoM Initial Seed (3HaucHwue
HEOTPULIATETLHOE 1IEJI0€ YHCIIO).

First port that 1is not blocked — npH NONBITKE IpUEMa
CYITHOCTH OJIOK TIBITAETCS JJIsi BBIMTyCKA CYIIHOCTH MCIOJIb30BaTh mopT OUT 1.
Ecau sToT mopt OJIOKMpOBaH, TO MPOU3BOIAUTCS MOMbBITKA HCIOJIB30BaTh OJIOK
OUT2 u 1.n. Ecin G710KMpOBaHBI BCE BBIXOJIHBIE TIOPTHI, TO BXOIHOM MOPT OJIOKa
CTAaHOBUTCS HEJIOCTYIHBIM.

From signal port p — mnpu BeIOOpe ATOro Iapamerpa Ha OJloKe
MOSABJISICTCS JIONOJHUTENBHBIA CUTHAIBHBIM TOPT p. CUrHam HA 3TOM MOPTY

AOJDKCH IIPMHHMMATh HOCJIOYUCICHHBIC 3HAYCHHA B JHMAIIA30HC OT 1 J0 3HA4YCHUA



napamerpa Number of entity output ports. Ilpu wu3MeHeHHWH 3HAYCHUS
CUTHAJIBHOTO TOpPTAa BBIOUPAETCS COOTBETCTBYIOIIMM BBIXOAHOM MOPT JJIst
CJIEIYIOUIUX MPUOBIBAIOIIUX CYHITHOCTEH.

From attribute — mnpuOBIBaroIas CYIMIHOCTh TOKHIAeT OJOK depes
BBIXOJTHOM MOPT, COOTBETCTBYIOIIMI 3HAYEHUIO aTprOyTa, UMsI KOTOPOTO YKa3aHO
B mapamerpe Attribute name. 3nauenme arpubyra JOMHKHO UMEThH
IeJIOYHCIICHHBIC 3HAYCHUS B Mana3zoHe oT 1 1o 3HayeHus napamerpa Number of
entity output ports. Ecnu yka3aHHBIH BBIXOJAHOMH MOPT OJIOKHPOBAH, TO OJIOK HE
MPUHUMAET CYIIHOCTH [0 Pa30JOKUPOBAHUS COOTBETCTBYIOMIETO BBIXOHOTO
1opTa.

Jlnst cbopa cTaTUCTUKU OJI0KAa HY>KHO OTMETHTH TaJIOUKOM HYKHBIE CUTHAJIBI
Ha BKIagke StatisticS B mnaHenu cBoiicTB Onoka. Ecinum  ormeueH
COOTBETCTBYIOIIUNA MYHKT, TO y OJIOKA MOSBISETCS HOBBIA CUTHAIBHBIN BBIXOTHOM
MOPT, HA KOTOPBIN BBIBOJIUTCSI COOTBETCTBYIOIIAS CTAaTUCTUUYECKast MH(popMaIus:

#d — 4YKCIIO CYITHOCTE MOKMHYBIIMX OJIOK IMOCJIE Havajaa MOJICTUPOBAHMS,

last — HWHAEKC BXOJHOIO IMOPTa, KOTOPHIA OBUT JOCTYIIEH B MOMEHT

HpI/I6I>ITI/IH HOCJIGI[HGﬁ CYIIHOCTH. HauansHoe 3nauecHue 0.

brok Input Switch mno3BoaseT BeIOpaTh B MpOLIECCE MOACIUPOBAHUS
OJIMH W3 HECKOJIbKMX BXOJHBIX MOPTOB [ cymHoctel. [locie BpiGopa oaHOrO U3

BXOJHBIX ITOPTOB, OCTAJIBHBIC ITOPTHI CTAHOBATCA HCAOCTYITHBIMU.
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KosimdyecTBO BXOJHBIX TOPTOB onpeaensercs mapamerpom Number of entity
input ports, BXOmHOH MOPT, KOTOpbIC BBIOMpAETCS i1 IMpHEeMa CYIHOCTEH
OIpeeIsieTcsl B COOTBETCTBHHM ¢ mapamerpoM Switching Criteria:

Round robin — B Hayaje MOJeIUpoBaHUs BbIOMpaeTcs mopT IN1. [lpum
KQKJIOM CJIEYIOIIEM MPUOBITHUH CYIIHOCTUA BBHIOMPAETCS CAEAYIOMIMM 10 MOPSAIKY

Bx0oHOM TopT. [Tociie BpIOOpa mociieiHero mopra CHoBa BeIOMpaeTcs mopT IN1.



Equiprobable — B Hauajse MOACIUMPOBAHUA U KaXJAOro NPUOBITHA
CYIIHOCTH OJIOK B CIy4ailHOM TIOPSJKE OCYIIECTBISCT BBIOOpP MOpTa JUIS
CIICAYIOIICH MPHUOBIBAIOIICH CYIIHOCTH. Bce BXOJHBIC TOPTHI JUIS CYIIHOCTEH
OJIMHAKOBO JKeNaTeJbHbI Ui BbIOOpa. MHMIMamu3amms mporecca TeHepariu
clydaiilHOro 4mcia ompezaensercs mapamerpom Initial Seed (3mauenue
HEOTPHIIATEIILHOE 110 YUCIIO).

From signal port p — mpu BBIOOpPE 3TOTO TapameTpa Ha OJOoKe
HOSIBJISICTCST  TOTIOJIHUTEIIbHBIA CUTHAIBHBIA MOPT p. CHrHal Ha 3TOM MOPTY
JO/DKEH TPUHUMATD IEJIOYMCICHHBIC 3HAYCHHS B IUAma3oHe OT 1 10 3HAYCHHS
napametpa Number of entity input ports. Ilpu u3MeHeHMHM 3HAYCHHS
CHTHAJILHOTO TIIOpTa BBIOMPAETCS COOTBETCTBYIOIIMN BXOJHOW IMOPT IS
CIICAYIOIIMX MPUOBIBAIOIINX CYIITHOCTEH.

Jlnis cOopa CTaTUCTHKK OJIOKA HY)KHO OTMETHUTB TaJOYKOW HYXKHBIC CUTHAJIBI
Ha BKJIaJKe StatisticS B MaHEIW CBOUCTB OJI0Ka:

#d — YHCIIO CYIIHOCTEW MOKMHYBIIMX OJIOK MOCJIC Havyajaa MOJICITMPOBAHNS;

last — HMHIEKC BXOJHOTO IOPTa, KOTOPBIA OBLI JAOCTYICH B MOMCHT

HpI/I6I>ITI/IH HOCJIGI[HGﬁ CYIIHOCTH. HauansHoe 3naucHue 0.

biiok Path Combiner mo3BoJigeT 00bEAUHNUTh HECKOIBKO ITyTEH B OUH.

B IHA
B|IH2 g  OUT o
B|IH2

byiok nmpUHUMAET CYIIHOCTH Y€pe3 OJIMH U3 HECKOJbKHUX BXOJHBIX MOPTOB U
BBIITYCKAET WX 4Yepe3 €JAMHCTBEHHBIM BBIXOJHOW mopT. KoimuecTBO BXOAHBIX
nopToB omnpenensercs mapamerpom Number of entity input ports.

st cOopa cTaTUCTUKH OJIOKa HY>KHO OTMETUTh TaJIOYKON HY>KHBIE CUTHAIIBI
Ha BKJIaJike StatisticS B maHenu cBOWCTB OJOKa:

#d — 4uKCOo CYIIHOCTEH MOKUHYBIIUX OJIOK MOCIIe Hauajla MOACIUPOBAHUS;

last — HWHAEKC BXOJHOTO TOpPTa, KOTOPBHIM OBUI JOCTYNEH B MOMEHT

npuObITUS TTocieHeN cyHocTH. HadanbHoe 3nauenue 0.



biiok Replicate BbIMyCKaeT Yepe3 CBOM BBIXOJHBIE MOPTHI KOIHUHU

MPUOBIBAIOIIECH B OJIOK CYIITHOCTH.
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KonmuuectBo komui, co3/1aBaeMbIX OJIOKOM, OIpEIeseTcsl napaMeTpom
Number of entity output ports.

Jnst cOopa cTaTUCTUKH OJIOKA HY>KHO OTMETUTh TaJIOUKON HY>KHBIE CUTHAJIBI
Ha BKJaJKe StatisticS B maHeanm CcBOMCTB Onoka. Eciam ormeuen
COOTBETCTBYIOIIHMH IYHKT, TO Y OJIOKA MOSBIISICTCS HOBBIM CUTHAJIBHBIN BBIXOHOM
MOPT, HA KOTOPBIN BBIBOJIUTCSI COOTBETCTBYIOIAS CTAaTUCTUUYECKast MH(popMaIus:

#a — 4HhcIo CyIHOCTeH MpUOBIBIINX B OJIOK MOCJIE HavYalla MOJISTUPOBAHNS;

#d — 4uKCIo CYIIHOCTEW MOKMHYBIIUX OJIOK MOCJIE Havajla MOJEIUPOBaHuS;

Jlist 0ObeIMHEHUST HECKOJIBKUX OJHOBPEMEHHO MPHUOBIBAIOIINX CYLUIHOCTEH
B OJHy wucnois3dyercs Onok Entity Combiner w3 pasgena Entity

Management.
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CylrHoCcTH, OJTHOBPEMEHHO MPUOBIBAIOIINE B OJIOK Yepe3 BXOJHBIC MOPTHI,
HA3bIBAIOTCS KOMIIOHEHTHBIE CYIIHOCTA. OHHU MOTYT HCHOJIb30BaThCSA JJIA
IIPEJICTABJICHUS PA3JIMYHBIX YaCTEN HEKOTOPOro arperara.

KosuuecTBo BXOJHBIX MOPTOB OJIoKa ompeaensercs mapamerpom Number
of entity input ports.

Jlnst cbopa cratucTUku OJI0Ka HY>)KHO OTMETHTH TaJIOUKOW HYKHBIE CUTHAJIBI
Ha BKJIAJIKE StatisticS B IIaHEIN CBOUCTB OJIOKA:

#d — 4YHCIIO CYITHOCTEH MOKUHYBIIHMX OJIOK IMOCTIE Hadajia MOICTUPOBAHMUS;



Jln 3aBepieHus myTeil CyImIHOCTEH uenonb3yercs 0ok Entity Sink.

[TapameTpsnl Os10Ka!

Input port available for entity arrivals — ecnau BelOpaH
ATOT MapaMeTp, TO OJIOK MPUHUMAET MPHUOBIBAIOIINE CYIIHOCTH, B IPOTHBHOM
ciydae — OJIOK CYIIHOCTH HE NMPUHUMAET, a TP TMOIBITKE MPHUOBITUS CYITHOCTH
BbIJIa€TCsl COO0IIEHUE 00 OmInoKe.

Report number of entities arrived, #a — npu BbIOOpE
napameTpa y OJIOKa TOSBISETCS CUTHAIBHBIA MOPT #a, HA KOTOPOM IIOCIIE
KQKJIOTO MPUOBITHS CYNTHOCTH BBITACTCS MHGOpPMAIHS O KOJIMYECTBE MPUHSATHIX
0JiokoM cyiHocTel. HayanbHOE 3HaueHHe curHaia nocjie Hayajla MOJIeIMPOBaHUS

710 TIepBOro 0OHOBIIEHU 0110Ka paBHO (.

3. MoaeaupoBaHue CJay4alHbIX COOBITHIA.

[Ipu pabGore cOOpPOYHOro ydacTKa TOCJIE€ COOPKH H3JeNIUs BO3MOXKHO
nosiBjicHue ¢ BeposiTHOCTBhIO 30% OpakoBaHHbIX wu3faenuid. OIEHKY KadecTBa
COOpaHHBIX M3ACIHMH  IeJecoo0pa3HO MPOM3BOJIUTH B  OJOKE  MOJIENH,
UMUTHPYIOIIEM CIIy4ailHOE COOBITHE.

JIJist MoienTMpoBaHus CIydYaiHbIX COOBITUI Ha KOMITBIOTEPAX HCTOIB3YIOTCS
MpOrpaMMHBIE TE€HEPATOpPhl CIy4YalHBIX 4Yucesl. Bce MeTroapl W NpueMsl
KOMIIBIOTEPHOTO  MOJICIUPOBAaHUSI  CJIy4aWHbIX  (AKTOPOB  OCHOBaHbI  Ha
WCIIOJIb30BAaHUN CIIYYalHBIX YMCEJI, pPABHOMEPHO PAaCIpEAECICHHBIX HA MHTEpBaJe
[0,1].

MopenvupoBaHue ciaydyalHOTO COOBITHSI A, BEpOSTHOCTH KOTOPOTO paBHA
P(A) = P, Jlns MomenupoBaHus CAYyYalHOTO COOBITHS A, BEPOSTHOCTH KOTOPOTO

paBHa P(A) = P, nmocrarouyHo c¢opMHpOBATh OJIHO YHCJIO I, PaBHOMEPHO



pactipenenennoe Ha waTepBane [0,1]. [Ipu monmamanum r B wmuTepBan [0, Pl
CUMTAIOT, YTO COOBITHE A HACTYNUJIO, B TPOTUBHOM CIy4yae — HE HACTYITUIIO.
JUig peanuzaluy 3TOr0 METOAAa MOXKHO MCIIONb30BaTh CIEAYIOUIYIO CXEMY

Simulink:

Dt Dtz
M—h =07 . ...@
Uniform Random Compare
Mumber To Constant
1
Cornstant

Puc. 2.3. Monens noncuctemsl Simulink ais oneHku Opaka.

B cxeme ucnonb3yrorces ciaeayronme 0J10Ku:

Uniform Random Number (paBHOMEPHO pacHpEeNICHHOE CcllydaiiHOe
4KCII0) M3 paszzena Sources, napameTpsl Minimum — 0, Maximim — 1.

Compare To Constant (paBHOMEpPHO pacHpeesICeHHOE CydaitHoe

yuciao) w3 pazaena Logic and Bit Operations, mapamerp Constant

Value - 0,7.

Mopenb, npeACcTaBICHHYIO Ha PUCYHKE 2.3, 11e7Ieco00pa3HO UCI0JIb30BaTh B
WMUTAIIMOHHON MoOJieu CcOOpOYHOr0 ydacTKa B BHJE TMOACUCTEeMbl. J[s
nmpeo0pa3oBaHus CXEMbI B MOACUCTEMbI HY)KHO BBIJICTTUTH BCE OJOKM Ha PHCYHKE
2.3, HaxaTh NPaBYK KHOIIKY MBIIIA W B MOSBUBIIEMCS KOHTEKCTHOM MEHIO
BbIOpaTh Create Subsystem from Selection (co3marh MOACHCTEMY U3

BBIOPAHHOTO)



Ocerka braka

Puc. 2.4. Tloncuctema 1isi OLICHKH Ka4eCTBAa COOMPAEMBbIX U3JICTUU.

Ha Breixome Outl moxacucreMbl mmojgaeTcd 1, eciyu W3JeiHe HE SBISETCS
OpaxoBanHbIM. Ha Beixoa Out2 mogaetcs 1, ecnu neranb OpakoBaHHAs, U 2 — €ClIU
JeTayb kKadyecTBeHHasi. CUTHaII ¢ BbIXOJIa 2 MOXKHO MCIOJI30BaTh JJISl YIIPABICHUS
MOTOKOM CYIIHOCTEN dYepe3 0ok Output Switch, KOTOpbId Monenupyer
paszelieHue OTOKa U3/IeNIMid Ha KaYeCTBEHHBIC U OpaKOBaHHBIE.

JIns cuHXpoHU3auu padOThl MOJACUCTEMbl OIICHKH KaueCcTBa C COOBITUIMHO
YOpaBIsIeMOM HWMHUTAIMOHHON MOJIENIbIO IIeJeco00pa3Ho O0GOPMUThL €€ B BHJIC
(GYHKIIHOHAIBHO BBI3BIBAEMOM moacucTeMbl (Function-Call Subsystem).
3aroroBka 198 Function-Call Subsystem HaxoguTCd B pasmeie
Ports&Subsystems oubmmorexu Simulink. PaGora

functioni])
Hin Ot 1 [»

FunctiorC all
Subsystem

Puc. 2.5. ®yHKIIMOHAIBHO BbI3bIBa€Mas MOJICUCTEMA.

CpabatpiBanne Function-Call TOACHCTEMBbl aHAJOTUYHO BBI3OBY
byHKIIMM B s3bIKax mporpammupoBanus. [loncucrema cpabGaThiBaeT B MOMEHT
NpUXOJa CIEUALHOTO yIpasistomiero curuaita (function call) Ha BXOA

function () DOACUCTEMBI:



o]

function

In1 Ot

[Ipy nBOTHOM MIETYKE MBINIBIO HA UKOHKE OJIOKA PacKpbhIBAE€TCs MOJE s
BBOJIa 0JI0KOB Simulink. [Ipu HEOOXOAMMOCTH B MOJACUCTEMY MOXHO 100aBISATh
T1000€ KOIMYeCTBO BX0A0B (0J10KM In pazaen Sources) u BRIXoAoB (070ku Out
pasaen Sinks).

Jns  reHepauMu  yOpaBISIONIMX CUTHAIOB WiId Function-Call
Subsystem MOXXHO HCIOJB30BaTh OJIOK Entity Departure Function-
Call Generator u3 paszgeina Generators/Function-Call

Generators 0uOguoTeKH SimEvents.

f |
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Ortot OJI0K BhIaeT Function—-Call curHaia Ha BeIxoa f1 mpu KaxIoM

yOBITUH CYIIHOCTH U3 OJIOKA.



4. Onucanue UCMOJIb3yeMbIX 0JIOKOB.

Time-Based Entity Generator (Pazmen Generators/Entity
Generator.) — OJOK TeHEpUPYET CYIIHOCTH B MOMCHTBHI BpPEMCHH,
OTpeJIeNsieMble BXOAHBIM CUTHAJIOM MJIM CTATUCTHUYECKUM PACTIPEICICHUEM.

[Topsmox reHepupoBaHHs OIpeAeNsieTcs 3HaueHueM mnapamerpa Generate
entities upon:

Intergeneration time from dialog — MOMEHTHl BpPEMEHU
TCHEPAINK OMPEACIAIOTCS B 3aBHCHMOCTH OT MAapaMETPOB B HUATOTOBBIX IMOJISIX
0J10Ka;

Tun pacmpeneneHuss MOMEHTOB TCHEpPAllUA  OMPEICISAETCS — TOJIeM
Distribution. Bo3aMosxHbIe 3HAYEHUS:

e Constant  (HOCTOSHHOE) —  TOCTOSSHHOE  BpeMs  MEXIy
TeHEePUPYEMbIMH COOBITUSIMU 3a/1aeTcs B moJie Period.

e Uniform (paBHOMEpPHOE) — Cily4ailHO€ paBHOMEPHOE pacIpesiesieHHe
3aaeTcd auana3oHoM B noiaax Minimum u Maximum.

e Exponential — JKCIOHEHIIMATIBHOE pACTPEICICHUE 3aTaeTcCs
napamerpoM Mean (cpennee).

[Ipu ycraHoBke mapameTpa pacmpeneieHuss B 3HadeHuss Uniform wim
Exponential B JMaJOroBOM OKHE HMMeeTcs Takxke mapamerp Initial seed,
OTIPEJICIISIIONTNN TeHEPUPYEMBIM HAOOp ciaydalHbIX yucen. s guxcupoBaHHOTO
3HAUCHUs ATOTO TapameTpa CiydaiiHas MOCIeAOBATeIIbHOCTh MPU CICIYIOIIEM
3allyCKe MOJIeTTd  TOBTOPUTCA. TWNWYHO, 3HAYEHHWE JTOro  TMapaMmerpa
yCTaHaBIMBAETCA B O0JIbIIOE (HApUMEp, MATU3HAYHOE) HEUETHOE YHCIIO.

Intergeneration time from port t — MOMEHTBl BpPEMEHU
TeHEpAlUA OTPEIETSIOTCS Yepe3 CUTHAIBHBIN MOPT t, HHpOpMAIHS ¢ KOTOPOTO
CUHMTBIBACTCS TIPH CTAPTE MOJCIMPOBAHUS U B KaXKIbIi MOMEHT TeHEepaIlii HOBOM
cymHocTH. CHUTHAN TOJDKEH OBITh COOBITHIHBIM (event-based). Ecnu BbicTaBieHo

ATO 3HAYEHHE, TO Y OJIOKA MOSABIAETCS JOMOJHUTEIbHBIM CUTHATBHBINA MOPT t.



Jliist coopa ctaTucTuku OJI0Ka HY>KHO OTMETUTD TajIOUYKON HYKHBIE CHUTHAJIBI
Ha BKJIagke Statistics B maHenu cBOWCTB O70Ka. Eciii oTMEUeH COOTBETCTBYOIINN
MYHKT, TO Y OJIOKa MOSBIISECTCS HOBBIM CUTHAJIBHBIM BBIXOJHOM MOPT, HA KOTOPBIN
BBIBOAMTCS CIICTYIOIIAs CTAaTUCTHYECKass HH(OPMAITUS B COOTBETCTBHUU:

#d — 4KCIIO CYIIHOCTEHW MOKMHYBIIUX OJIOK MOCJIE Havasla MOJISTUPOBAHNS,;

W — CpeHEE BpEMs MEXKY T'€HEPALUSIMU CYIITHOCTEM.

FIFO Queue — OJIOK OJHOBPEMEHHO XpaHWUT 10 N CymHocTeH, rae N —
3HaueHue mapamerpa Capacity (Emxocts). Biok mbITaeTcst BRITYCTUTH CYITHOCTD
yepe3 BbIXOJHOM mopT OUT, onHako eciu mopT OUT OJOKMpOBaH, TO CYIIHOCTb
octaeTcsi B 0yioke. Eciii B O10Ke XpaHSATCS HECKOJBKO CYIIHOCTEH, TO CYITHOCTH
MOKUJIAIOT OJIOK B COOTBETCTBUU C JUCIMILTMHOMN TIEPBBIA BOIIET — MEPBBINA BHIIIEI
(first in — first out (FIFO)). Ecau 6yiox y»e XpaHuT N CyHOIHOCTEH, TO BXOJIHOM
nopT IN O0Ka HE JOCTYIICH.

Jliist coopa cTaTUCTUKU OJI0OKA HY>KHO OTMETUTDH TaJIOUKOW HYKHBIE CUTHAJIBI
Ha BKJanke Statistics B manenu cBoiicTB 010ka. Eciin 0TMEUYEeH COOTBETCTBYIOIIHIA
MYHKT, TO y OJIOKA MOSIBIISIETCA HOBBIM CUTHAJIBHBIM BBIXOJHOM MOPT, HA KOTOPHI
BBIBOJIUTCSI CJIEIYIOIIAsI CTATUCTUUECKask HHPOpMAITU:

#d — uncno cymHocTed mokuHyBIMX 650K yepe3 mopt OUT nmocie Havana
MOJICJIUPOBAHYS;

#n — YMCI0 CYIIHOCTEN B OUEPEIH;

W — CcpelHee BpeMs OXHIaHUS B ITOM OJIOKE ISl BCEX CYIIHOCTEH,
NOKMHYBUIUX OJIOK uepes3 Jr000i nopT;

len — cpeHee YUCIIO CYIIHOCTEN B OYEPEIN IO BPEMEHH, TO €CTh CPEIHUM

110 BPEMEHH CUTHAJI #1.

Single Server — 0JIOK OOCITYXKHUBAET OJJHOBPEMEHHO OJIHY CYIITHOCTH 3a

HeKOTOpBIﬁ HHTCPBAJI BPECMCHU M 3aTCM IIbITACTCA BBIIIYCTUTb CYIIHOCTHL 4YCPEC3



BbIX0AHOM mopT OUT. Ecnmmu mopt OUT OIIOKMPOBAaH, TO CYIIHOCTh OCTaeTCs B

OJI0Ke 10 TeX MOp MOKa BEIXOAHON MOPT HE Pa30IOKUpyeTCs.

Bpewms oocnyxuBanus (Service Time) ompenensieTcs yepes3 napameTpsl,
aTpuOyThl WM CUTHAJBI B 3aBUCHMOCTH OT 3HAa4eHHUs mapamerpa Service Time
From. biok omnpenenser Bpemsi 0OCIyKMBaHUs CYLIHOCTU MPHU €€ MOCTYIJICHUH.
BpeMeHa o0ciTy>)kMBaHUs ONPEIEISIOTCS B CEKyHAAX.

3HaveHus napamerpa Service Time From:

Dialog — 3HaYeHUsl BPEMEHU OOCITYKMBaHHUS 3a/1al0TCs B MOJIE MapameTpa
Service Time;

Attribute — 3HaueHHUs BpEeMEHH OOCITY)XMBaHHS 3aJal0TCA aTpUOYyTOM,
UMs KOTOPOTO yKa3aHo B ToJie mapamerpa Attribute name;

Signal port t — 3Ha4eHHs] BpEMEHHU OOCIy)KMBAHMS 3aJlal0TCS depes
CUTHAJIbHBIA mopT t. CurHan AojokeH ObITh COOBITHHHBIM (event-based). Ecmu
BBICTABJICHO 3TO 3HAYEHHE, TO Y OJIOKA MOSABISAETCS JONOJHUTENIBbHBIN CUTHATbHBIN
nopr t.

Jliis cOopa CTaTUCTUKH OJI0KA HY>KHO OTMETUTh TaJIOUKOW HY>KHbBIE CUTHAJIbI
Ha BKJanke Statistics B manenu cBoicTB O10ka. Eciin 0TMEUYEH COOTBETCTBYIOIIHIA
MYHKT, TO y OJIOKa MOSBIISETCA HOBBIM CUTHAJIBHBIM BBIXOJHOM MOPT, HA KOTOPHIM
BBIBOJIUTCS CJIEAYIOIAsi CTaTUCTUYECKash HHPOpMaIus:

#d — uncno cymHocted nokunyBux 050K yepe3 nmopt OUT mocre Havana
MOJICJINPOBAHUS;

#n — ymucno cymHocTen B cepsepe, 0 v 1;

W — CpeaHee BpeMs OXHIaHUS B 3TOM OJIOKE JUid BCeX CYLIHOCTEH,
MOKWHYBUIUX OJIOK;

util — yTwiM3zanus cepBepa, TO €CTh JOJs BPEMEHU MOIECIMPOBAHUSA,
WCITOJIb30BAaHHAsl Ha XpaHEHUE CYIIHOCTEN. B Havane MoaenMpoBaHus yTHIM3ALUs

paBHa O wim 1 B 3aBUCHUMOCTH OT TOT'O XPaHUT JIM CEPBEP CYIIHOCTb.



Jltst 3aBepIieHUs MyTEeH CYITHOCTEH UCIIONBb3yeTcs 00K Entity Sink.

[TapameTps Os10Ka:

Input port available for entity arrivals — eciu BeIOpaH 3TOT mapamerp, TO
OJIOK TNPUHMMAET NPHUOBIBAIOIIAE CYIIHOCTH, B MPOTHBHOM cllydyae — OJIOK
CYIIIHOCTH HE MPHHHAMACT, a IPH IOMbITKE HPHUOBITUS CYIIHOCTH BBIAAETCS
coo01IeHne 00 OIINOKE.

Report number of entities arrived, #a — npu BeIOOpe mapamerpa y 0yioka
NOSIBIISICTCSI CUTHAIBHBIA TIOPT #a, Ha KOTOPOM IIOCIE KaKIOTO MPUOBITHS
CYIITHOCTH BBIIaeTcs MH(DOpPMAIHS O KOJUYECTBE MPUHATHIX OJIOKOM CYITHOCTEH.
HauanpHOe 3HAa4YeHHWE CHTHAJIa [IOCJIC Hayalla MOJCIHPOBAHUS JIO TEPBOTO

oOHOBJeHUSs 6J10Ka paBHO 0.

I[JBI BbIBOJIAa PE3YJIbTAaTOB MOJACIMPOBAHUA B BHUJIC FpanI/IKOB HCIIOJIB3YCTCA

0ok Signal Scope u3 pazaena oubauoreku SimEvents Sinks.

biok co3maer rpaduk, HCHONB3ysS AaHHBIE W3 COOBITUHHOIO CHTHAA.
JlanHble, OTKIIAABIBAEMbIC 110 BEPTUKAIBHOM OCH, O€pYyTCs U3 CUTHANA, CBI3aHHOTO
C BXOJIHBIM CHUTHAJIbHBIM TIOPTOM 1 1.

[TapameTpsl Gs10Ka:

Plot type — Tun rpaduka:

Stair — cTyneH4YaTbly;

Continuous — HemnpepbiBHbIA. Tum rpaguka HEe MeEHSET IUCKPETHBIN
CUTHAJI Ha HEMIPEPHIBHOM, a TOIBKO OMpPEACIIsIeT crnocod oToOpakeHus rpaduka.

JlaHHBIC 111 TOPU3OHTAILHOM OCH OIpeAestoTcs mapameTrpom X value

from: Event time — BBIBOAWUTCS TpauK JAHHBIX C MOPTAa in MO BPEMCHH



MOJEINpoBaHus; Index — BBIBOAUTCA TpaduK AaHHBIX C MOpTa in MO HX

WHJIEKCY, T.€. IEPBOE 3HAYEHUE UMEET UHIEKC |, BTOpoe — 2 U T.x.



JlaGopaTopnasi padota Ne 3.

MogaenupoBaHue CHCTEM MaccoBOro oociay;kuBanus B Stateflow

WNuctpymenTanbHoe  cpeactBo  SImEvents,  cymiecTBeHHO — oOierdast
IpoLEeIypy MOJCIUPOBAaHUA CHUCTEM MaccoBoro obcuyxuBanus (CMO) B
Simulink, He mMO3BOJIIET BBIXOAWTH 3a PAMKH MPEAMUCAHHBIX CO3JATEIISIMU
QITOPUTMOB PabOTHI OTACIBbHBIX OJOKOB. BoJblyt0 THOKOCTh MOKET 00ECIICUHUTh
pabora c¢ Ttakmmm cuctemamm B Stateflow. Kommonenra Stateflow Ttaroke
npeaHa3HayeHa g padoThl C JAUCKPETHO COOBITUMHBIMA CHCTEMAaMH, OJHAKO,
NO3BOJIIET SIBHO MOJEJIMPOBATH COCTOSIHUS OJIOKOB M CUCTEMBI U OIPENEIAThH
JIOTUYECKUE YCIIOBUA Ul TEPEXOJOB MEXKIY COCTOSHUSMU. PaccMoTpum Ha
npuMepax kak MoxxHo B Stateflow cozgaBate mogenu CMO u pOBOJIUTH ¢ HUMH
BBIYUCIIUTEIbHBIE SKCTIEPUMEHTHI.

Ipumep 1. CpoenmanusupoBaHHbli mocT auarHocTukm. Iloct
npeacrasisger cobor onHokananbHyto CMO. Yucno cTOSHOK AJii aBTOMOOUIIEH,
OKUJAOIIMX TMPOBEIAECHUS JHArHOCTUKHU, OTPAaHUYEHO M paBHO Tpem. Ecam Bce
CTOSIHKM 3aHSIThl, TO OYEpPEIHONW aBTOMOOWIIb, TMPHUOBIBIIUN Ha JUAarHOCTHKY, B
ouepeab Ha OOCITYXMBAaHUE HE CTAHOBUTCS M TNOKuAaeT cucremy. IloTok
aBTOMOOMJIEH, TPUOBIBAIOIIMX HA JUArHOCTUKY, pAacHpeiesieH MO 3aKOHY
[Tyaccona u umeetr unteHcuBHOCTH 0,85 aBTOMOOMIIA B yac. BpeMs nmuarHocTuku
aBTOMOOWUJISL paclpeiesieHO MO MOKa3aTeIbHOMY 3aKOHY U B CPEJHEM COCTABIISIET
1,05 4. (63 mun). TpebyeTcst onpenenuTb BEPOATHOCTHBIC XapaKTePUCTUKU MOCTA
JIMarHOCTUKH, pabOTAIOIIET0 B CTAlMOHAPHOM PEXHUME.

Statefow naMarpamMma UMHUTAllMOHHON MOJENU MPEACTaBICHA HA PUCYHKE
3.1. Mogenbs umeer aBa M(AND)-coctossnus wait u serv. IlepBoe u3 HHX
COOTBETCTBYET COCTOSIHMIO ouepenu aBromoowmnas u wumeer WIIM(OR) -
MOJICOCTOSIHUSL Zero, One, Two, Three, Refuse (cooTBercTtBeHHo, 0, 1, 2, 3
aBTOMOOMJISI B O4YepeIM U COCTOsSIHUE ‘B OOCIy:KMBaHMHU OTKazaHo). Bropoe

HAJICOCTOSTHUE Serv, OMNMHUCHIBalolee padoTy mocta auarHoctuku, umeetr WJIN-



MOJICOCTOSTHUSL Wait m Work (oKugaHue MPUOBITHS aBTOMOOWIS W paboTa 1o
nuarHoctuke). Ilepexom 1o yMOJT4aHUIO B COCTOSIHUE ZeroO TMPUBOJUT K

EUCTBUIM

tin = ml(‘poissrnd(70)’); tvl = t; %  reHepanus

HHTCpBAJIa BPCMCHH OKUIaHUA HpI/I6LITI/IH IICPBOTO aBTOMOOMIIS U 34IlyCK TaﬁMepa

Komanma ml (evalString, argl, arg2, ..) OCYWIECTBIAET BbI30B

komanael Matlab ¢ umenem evalString u aprymentamu argl, arg2,

Komanma  poissrnd(70) TEHEpUpPYET  CIIydyaillHble  4YuCla ¢
pacnpenenenueMm Ilyaccona u mapamerpoM A (MHTEHCHUBHOCTH TOTOKa

TpeOOBAHMIA).

CumBon t B Moxmemsx Stateflow o6o3nagaeTr aOcomoTHOE Bpems
MojienpoBanus, nonydennoe ot Simulink. Ecnu Bbl BBesere CBO#M 00BEKT ¢

HUMEHEM t, TO BaIlle OIMpCACIICHUC IICPCKPOCT BCTPOCHHOC.

[Ipn akTHMBalUU COCTOSIHUS ZerO BBINOJNHSETCA neictBue och = 0
(cmyxeOHOM  TmepeMeHHOW och  NpUCBaWBaeM  3HAYCHHE  HOJIb,  YTO

CBUJIETEIBCTBYET 00 OTCYTCTBUU aBTOMOOMIIEH, HY>KJAIOIINXCS B JUATHOCTHUKE).
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Puc. 3.1. Stateflow auarpamma nocra AMarHOCTUKU



OMHOBpPEMEHHO BO BTOPOM  HAJCOCTOSHUM  CTAHOBUTCS ~ AKTHBHBIM
nojcoctosiuue Wait. Ilpyu akTHBU3AIIMK 3TOTO COCTOSHUS BBITOIHACTCS ICHCTBHE
zagr = 0 (cayxeOHOM MEPEMEHHON zagr IMPHCBaMBACTCS 3HAYCHHUE HOJb, DTO
03HAYAET, YTO IMOCT JUATHOCTHKHU HE 3aHIT).

Ilepexox B HajmcocTosHuM wait u3 momcoctrosuus 1 (i = 0, 1, 2) B
0003HaYaeMoe KPY»KKOM KBa3UCOCTOSIHUE (TTOAKII0YaeMOE COSIMHEHNE HIIH TOYKa

MIPUHATHS PEIICHHS ) IPOUCXOIUT TP BHITIOJIHEHUH YCIIOBHS
[t - tvl >= tin]

Jlasiee BO3MOJKHBI JBa BApUAHTA: €CIIM CHPABEIJIMBO YCJIOBHUE [zagr ==
1], TO U3 DOAKIKOYAEMOI0 COCIMHEHUS MEPEXOAUM B COCTOSIHME 1+1, IPU dTOM

BBIITOJIHATOTCA ,Z[CﬁCTBPISI

tin = ml(‘poissrnd(70)’); tvl = t; pm++ % renepauus
WHTEpBaJIa BpPEMEHHU OXKUJIAHHUS MPUOBITHS CIASAYIONIEr0 aBTOMOOUIIS, TIepe3anycK

TaﬁMepa M YBCIIMYCHUC Ha I cueTumka MOCTYIIMBIINX MalllWH

Ecmu ycnoBue [zagr == 1] He CHpaBeIMBO, TO U3 IMOJKIOYAEMOTO
COCAWHEHUS BO3BpaIlacMcsd B COCTOAHHE 1, IIpU DOTOM JOIIOJHUTEIBHO
BBIIIOJIHAETCSA OEUCTBHE 1nwork = 1 (cosﬂaeM YCJIOBHE IS IIEpexolia Imocra
JUarHOCTUKH B COCTOsIHME Work). JlpyruMu clioBamMHu, TIPH TOCTYIUICHUU
OYEpPEIHON MAIMHBI OMPEAEISAEM, 3aHAT JIM MOCT AUarHocTuku. Ecim ma — To
ouepenb yBenmurBaercs Ha 1 mammny (pu 1= 0, 1, 2 B HeH ele ecTb CBOOOHOE
Mecto). Eciam HeT — TO ouepeAb HE YBEIUYUBAETCS, HO COCTOSIHUE IIOCTa
JUArHOCTUKHA MEHSIETCS Ha 3aHSTOE.

IIpu 1 = 3 HampsMyro momajzeM B cocTossHue Refuse (B 0OCITy)KHBaHUU
OTKa3aHO), a OTTyJla Ha CJICAYIOIIEM TaKTe B COCTOssHHME Three (TpU MaIIUHBI B
ouepeau). IlokazaHue cuUeTYMKa 4YHCJIa MalllMH, KOTOPhIM OTKa3aHO B

o0CTy’)KMBaHUH, yBEIMYUBaeTCs Ha 1 (meficTBue gohome++; ).



Ilepexon B HaACOCTOSHUM SerVv W3 MOACOCTOSIHUA Wait B moacocTosHue

Work IpOMCXOIWUT IPU BBIIMOJHEHUU YCIOBUS [1nwork == 1] WU BBI3BIBAET
EeUCTBUSI
tout = ml(‘exprnd(63)’); tv2 = t; % reHepauus BpeMeHHU

oOCITy>KMBaHUS aBTOMOOWJIS M 3aITyCK TaiiMepa.

[Ipy akTHBAaMK 3TOTO COCTOSHHUS BBINMOJNHSCTCS JCUCTBHE zagr = 1;
(cimy>keOHOM TIEPEMEHHOM zagr MPUCBAMBACTCS 3HA4YeHUE |, 3TO O3HAYaAEeT, YTO
IIOCT JUArHOCTHKH 3aHSAT) U TCHEPUPYETCs COOBITHE zagrl.

DOT0 COOBITHE TMPUBOTUT K TIEPEXOAy B HAACOCTOSHUM wait wu3
nojcocrosiausa i (I = 1, 2, 3) B moacocrostaue i-1. Ilepexoa B HAJACOCTOSHHUU
serv W3 MOACOCTOSHHUSI Work B KBa3HCOCTOSHHUE ‘TIOAKIIFOYaEMOE COenuHEHHE”

MIPOUCXOINUT TIPH BBHITIOJTHEHUH YCIIOBUS
[t - tv2 >= tout] (BpeMsa 00CIyKHUBaHUS UCTEKIIO).

Jlamee BO3MOXKHBI JBa BapUaHTa: €CJIM CHPABEJIUBO YCIOBUE [och ==
0], TO W3 NOAKIIYAEMOrO YCJIOBHS NEPEXOAUM B cocTosHME Wait. B
IIPOTUBHOM CJIy4a€ — BO3BpAIAEMCS B COCTOSIHUE WOk, IPHA 3TOM BBIIIOJIHSIOTCS

NEUCTBUS

/tout = ml (‘exprnd (63)’); tv2 = t; % reHepauusi BpeMEHU

o0cITy>KMBaHUSI aBTOMOOUJIS U TIepe3amnyck Taimepa.

Jpyrumu cioBamu, MpuU OCBOOOXKIECHUM IMOCTA JUATHOCTUKU OIpPENeIsieM,
€CTh JIM MalllMHbl B odepeau. Eciam ma — TO MOCT HauMHAET OOCITY>KUBATh
ouepeHyI0 MaiuHy. Eciu HeT — TO TMOCT OXHUAAeT MPHUOBITHUS CIEAYIOIIeH

MalInuHBI.

Baxnoe 3nauenme mnpu pabore Stateflow wammabl uUMeeT MOpPSIOK
00pabOTKK MapalICIbHBIX COCTOSTHUN Ha KaX/JIOM YPOBHE UEPAPXHUH U TIEPEXOI0B,

HAa4YMHAKIIUXCI B OJHOM U TOM K€ COCTOSHHUMH.



rChart:Chart = = ]

General ‘ Documentation |

Mame:  Chart
Machine: [(machine) untitled

Action Language: C

State Machine Type: [Classic -

Update method: |Inherited = | Sample Time:

["] Enable C-bit operations

User specified state/transition execution order

Export Chart Level Functions (Make Global)

I Use Strong Data Typing with Simulink I/O

[T Execute (enter) Chart At Initialization

[T] tnitialize Outputs Every Time Chart Wakes Up
[T Enable Super Step Semantics

Support variable-size arrays

Saturate on integer overflow

Create output port for monitoring child activity

Debugger breakpoint: [C] On chart entry

[C] Lock Editor

[ OK ][ Cancel H Help ] Apply

Puc. 3.2. CpoiicTBa quarpammel.

Jns TOro, 4TtoOBI ONMPEACIHUTH SIBHBIM TOPSIOK OOpaOOTKH NEPEXOJI0B M
COCTOSIHUMA HEO0OXOJMMO HakaTh MPABYI KHOMKY MBIIIA Ha CBOOOJHOM MECTE
JMarpaMMbl U B TIOSIBUBILIEMCSI MEHIO BBIOpaTh MyHKT Propeties. B mosBuBiemcs
Ha DKpaHE aUaoroBOM OKHEe (puc. 3.2) HeoOXoauMo OTMeTUTh myHKT User

specified syste/transition execution order.



[ Transition zagrl @1

Source: (state) untitled/Chart.wait. Two

Destination: (state) untitled/Chart.wait.One
Parent: (state) untitled/Chart.wait

Debugger breakpoints: [C] When Tested [ When Valid

Execution order: Il h

Label:

zZagrl

Description:

Document link:

[ oK H Cancel H Help I Apply

Puc. 3.3. CpoiicTBa nepexoaa.

Jlns 3agaHus mopsjka oOpaOOTKH IEepeXxo0/0B HYKHO BBIICIHUTH IMEPEXO/I,
HaXkKaTh €a HEM NIPABYIO KHOIIKY MBIIIN U M B TTOSBUBIIIEMCS MEHIO BEIOPATh MYHKT
Propeties. B mosiBuBIIEMCS Ha JKpaHe IUAIOrOBOM OKHE (puc. 3.3) MOpsmoK
onpeaensiercss B crnucke Execution Order. AHanorm4yHo 3amaeTcsd MNOPSIOK
00paboTKH MapaeabHbIX COCTOSHHUIA.

Ecniu  BbIOpaH  HESIBHBIM  TOPATOK  OOpaOOTKHM, TO  COCTOSIHUS
oOpabaThIBalOTCs B MOpsiiKe X co3nanus. [lepexoapl, HAUMHAIOIIMECS B OJTHOM U
TOM K€ COCTOSTHUH, 00pabaThIBAIOTCS B CIICIYIOIIEM TTOPSJIKE.

1. B nopsiike yMEHbIIIEHUSI HEPAPXHUU TIEPEXO/IA.



2. Ilepexoapl Ha OTHOM YPOBHE HMEpapXuu 00pabaTHIBAIOTCS B CIEAYIOIIEM
HOPSIZIKE:

a) Mepexo/ibl, yIpaBsieMble COOBITUSIMU U JIOTUYECKUMU YCIIOBUSIMU;

0) mepexoIbl, yIpaBIIIeMbIe COOBITUSIMU;

B) IEPEXO/bl, YIIPABIISIEMbIE JIOTUYECKUMU YCIOBUSMH;

r) 0€3yCIIOBHBIC MTEPEXO/IbI;

3. Ecnmu B COOTBETCTBUM C BBILIEYIIOMSHYTBIMH IpaBUIaMH NEPEXOAbI
UMEIOT OJIMHAKOBBIM MPUOPUTET, TO OHU OOpabATHIBAIOTCS B COOTBETCTBUHU C
HarpasJIeHuEM. HanMeHbpIIMN IPUOPUTET UMEET MEPEXO0J C HANPABICHUEM Ha 12
yacoB. Jlanee NpHOpUTET BO3PACTAET M0 HAIIPABICHHUIO YACOBOM CTPEJIKH.

B paccmoTrpeHHOM mnpuMepe NOpSAAOK OOpaOOTKM MapajuiebHBIX
CIeAYIONMI: cHayana oOpabaThiBaeTcsl ouepeanb (COCTOsHME wait), 3aTeM IMOCT
JIMAarHOCTUKU (cocTosiHue serv). [lo JBa mepexona HAYMHAIOTCS B COCTOSHHSIX
One, Two, Three. 3Hech CHadalla TMPOBEPSETCS YCIOBUE IIEPEXOJa,

ompenensseMoro coopITieM zagrl.
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Puc. 3.4. Simulink-moaens 1mocta IMarHOCTUKU

Ha pucynke 3.4 mokazana wmojenb Simulink ¢ pesyinbraramu
MojienupoBanus B TeueHue 50 000 MMH MOJIEIBHOTO BpPEMEHH. 3a 3TO BpeMs
NOCTYNUI0 Ha obOciyxuBanue 710 aBromoOuieil, u3 Hux 48 ObUIO OTKa3aHO B
obcnmyxuBaHuU. J{TUTENBHOCTHh MEPHOMA, KOT/IAa B OYEpelrd HaxXoauiaach OJHA
MaiuHa, paBHsercs 11 550 mun, aBe mamwuubel — 11 300 MuH, Tpu MallUHBI —
7 084 mMuH.

B mozmenu Simulink 6ok Pulse Generator MOACIUPYET U3MECHECHHE
MOJIEILHOTO BPEMEHU B UMUTAIIMOHHOM Mojenu. HacTpoliku Oyoka: aMIuIuTyaa —
1, mepuon — 1 cek.

B monenu onpezeneHo iBa COOBITHUSA:



JIOKaJIbHOE zagrl,

BXxoaHoe (Input From Simulink) tm , Tun Tpurrepa—Either.
BrixogHbie nepeMeHHbIe MOJIENIN: gohome, pm, tls, t2s, £3s.
OctanpHble TIepeMeHHble (inwork, och, t1, t2, t3, tin, tout, tvl,

tv2, zagr) — JOKaJbHbIC.

Ilpumep 2. B paccMOTpeHHOM BBINIE TPUMEPE B OYEPEIU BBIJEICHBI
COCTOSIHUSI, = COOTBETCTBYIOIIME  PA3JIMYHOMY  KOJHUYECTBY  OXHUAAIOIIUX
aBToMoOOuWJie. DTO  TO3BOJISIET  JETAIbHO  MCCIENOBAaTh  BEPOSITHOCTHBIC
XapaKkTepucTuku odepenu. Eciam B Takol neranu3anid HET HEOOXOJUMOCTH TO

o4epe/Ib MOKHO CYIIIECTBEHHO YIIPOCTUTH (puc.3.5).



wait/ /tin=ml(‘poissrnd(70)’); :
tvl=t; } zagrl

Jkoch==1]/koch--;

Zero/
entry: och=0;

NonEmpty/
entry: och=1; t1=t;
exit: t1s=tls+t-t1;

A A A A

[t —tvl >=tin] _
{ tin=ml(‘poissrnd(70)’); /gohome++;

tvl=t; pm++;}

O
~ % [koch<3]
> {koch++;}
T [zagr==1]

/koch++;

/inwork=1

[t —tvl >=tin]
! { tin=ml(‘poissrnd(70)’);
i tvl=t; pm++;}

i liowork==1} §

l tout=ml(‘exprnd(63)’);tv2=t;
Wait/ Work/
entry: zagr=0; entry: zagr=1; zagrl; t2=t; |
exit: t2s=t2s+t-12;

A 4

A A

[t - tv2 >=tout]

(N
[och==0}/inwork=0; T/tout=ml(‘exprnd(63)’);tV2=t;

Puc. 3.5 Stateflow nuarpamMmma Moau(pUIIMPOBAHHON MOJIETU

IIocTa AMaroHoCTUKH

B nmannoit moaenu nepeMeHHas t2s HMCHOJB3YETCS ISl pacuera BPEMEHU
JTMAarHOCTUKU aBTOMOOWJeH. BBemeHna momoiaHUTENbHAS JIOKadbHAs TEepEeMEHHas

koch mst moacuera yrcia aBTOMOOMIICH B 0Yeper Ha JUArHOCTHKY.



3apanme. [Iposenure MmoaenupoBaHue no npumepam 1 u 2

MogaenupoBanue cucrembl 00padoTkn uHpopmannu B Stateflow

Ilocmanoska 3adauu. Cuctema o00pabOTKU UHPOPMALIMK  COIACPIKHUT
MYJIbTUIIEKCHBIN KaHall U Tpu MUHUOBM. CUrHasibl OT TaTYMKOB MOCTYIAIOT Ha
BXOJI KaHaJIa yepe3 HHTEpBaIbl BpeMeHu 5-15 mkc. B kanane onu 0ydepusyrorcs u
npeaBapuTesbHO 00pabaThIBAIOTCS B T€UEHUHU 7-13 MKC. 3aTeM OHU MOCTYMAI0T Ha
o0pabotky B Ty MHHHOBM, Tme wmeeTcs HaWMEHbBINAs IO JJIMHE BXOJHAS
ouepenb. EMKOCTM BXOJHBIX HAKONHTENEHM BO BceX MUHMOBM paccuuTaHbl Ha
xpanenue BeauunH 10 curnanoB. Bpemst 00paboTku curnania B Jiro6oii Munun2BM
paBHO 33 MKC.

Lenv uccneoosanus: CmoaenupoBath mnpoiecc 00padotku 500 curHasnos,
MOCTYHAKIINX C AATYMKOB. ONpenenuTs CpeaAHue BpEMEHA 3aJ€P>KKA CUTHAJIOB B
KaHaje 1 MUHHOBM 1 BEpOSTHOCTH NEPENONHEHUS BXOAHBIX HAKONIUTEIIEH.

Ha IMPUBCACHHOM HHIKC PHCYHKC 4.1 IMpCaACTAaBJICHA CTPYKTypHAsA CXCMa

CUCTEMBI.
10 33
e e S 10 33 .
@— K1 K3 —1—o>
HaKOIHMTeIb: 10 33
OTHAS
e

Pucynok 4.1 — CTpyKTypHas cxema CUCTEMBI
NMurtanmonHas MoJeiab XapaKTepu3yercss HaOOpOM TNEpPEeMEHHBIX, C
NOMOIIBI0 KOTOPBIX YJAETCS YIPaBIsATh HM3y4yaeMbIM MPOILIECCOM, M HAOOpOM
HaYyaJIbHBIX YCIOBHM, KOT/Ia MOKHO M3MEHATH YCIOBUS NPOBEACHHUS MAIIMHHOTO

AKCIIEPHUMEHTA. st MOJTHOTO aHajiu3a  XapaKTepUCTHUK  Mpoliecca



(GYHKIIMOHUPOBAHUA  CHUCTEM  TMPUXOJUTCS  MHOTOKPAaTHO  BOCHPOU3BOIUTH
MMHTALIMOHHBIN 3KCIIEPUMEHT, BAPBUPYS HMCXOAHBIE NaHHbIE 3amadu. [Ipm sTom,
KaK CJIEJCTBUE, BO3HUKAET YBEIMUYEHHUE 3aTpaT MAaIIMHHOIO BpeMeHu. OO0mmii
aJITCOPUTM MOJICIIMPOBAHUS CUCTEMBI MIPEJICTABJICH Ha pUCYHKE 4.2.
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Pucynox 4.2 — O0muii aaropuT™ MOJSTUPOBAHUS CHCTEMBI

3apanue. [IpomoaenupyiiTe pacCMOTPEHHYIO BBIIIE CHUCTEMY OOpabOTKHU
unpopmanuu B cucteme Stateflow. broku cTpykTypHO#l CcXeMbl MojeH
Mo ieupyroTcs napamieabHeiMu (AND) 6imokamu (coctostausimu) Stateflow.
[lepeuyenn 6710KOB B IOpSAJIKE MX 0OPAOOTKH:
e 1 — OyIOK reHepaluu 3assBOK U OECKOHEUHAs! 04epe/ib;
e 2 —KaHaJN MpeABapUTENbHON 00pabOTKH 3asBOK;
e 3 — OJIOK pacnpe/iesieHUsl 3asBOK 0 3-M HaKOIUTEIISIM;

e 4,5 6—wmuau-9BM 1,2,3 06paboTKH 3a59BOK;

B Moaenn ucnonbs3yroTes cleayomnye nepeMeHHbIe.



Brytpennue nepeMeHHbIE:

bocher — 6eckoneunast ouepep;

kolzajv — komu4ecTBO CreHepHpPOBaHHBIX 3a5BOK;

oSV_kan — mepemeHHas ¢uiar, MOKa3bIBaloOIas COCTOSHUE KaHalla
peaBapuTelIbHOM 00paboTku (3aHAT-1/cB0O0eH-0);

Nl — mepeMeHHas, MOKa3bIBAIOIas KOJINYECTBO 3asiBOK B HAKOIIUTEIE
L

N2 — mepeMeHHas1, OKa3bIBAIOIIas KOJIMIECTBO 3assBOK B HAKOITUTEIC
2,

N3 — nmepeMeHHasi, MOKa3bIBAIOIAsl KOJIUYECTBO 3asSBOK B HAKOIMUTEE
3;

Tobs — Bpemst oOcCiTy:)kMBaHUS 3asBKH B KaHAJIE MPEIBAPUTEIHLHON
00paboTKu;

Tobsl — Bpems o6cnyxuBanus 3asBku B OBM 1;

Tobs2 — Bpems o6cnyxuBanus 3asBku B DBM 2;

Tobs3 — Bpems obcimyxuBanus 3assBku B OBM 3;

Tobssum — cymmapHOoe BpeMs, 3aTpadyeHHOE Ha OOCITy)KHBaHHE
3asiBOK KaHAJIOM IpeJIBApUTEIbHON 00paboTKH;

Tobslsum — cymmapHOe Bpems, 3aTpadyeHHOE Ha OOCIY)KHBaHHE
3asB0K OBM_1;

Tobs2sum — cymmapHOe BpeMmsi, 3aTpaueHHOE Ha OOCITy)KHBaHHE
3asBoK OBM_2;

Tobs3sum — cymmapHOe Bpewmsi, 3aTpaueHHOE Ha OOCITy)KHBaHHE
3asBoK OBM 3;

raspr — nepeMeHHas, ciry>kamas JJjIs 3alIOMAHAHWS paclIpeacICHus,

Brixognsie nepemenHble AJ1s1 cBsa3u ¢ Simulink:

Total_time — oGriiee BpeMst pabOThI CHCTEMBI,

VEr_per — BepOATHOCTh NEPENOTHECHUS BXOJHBIX HAKOTUTEIICH;



e kol otkaz — xonmnuecTBO 0TKA30B;

e Kkol_z1 — xonmmdecTBo 3asBOK 00cay)keHHbIX DBM 1;

e Kol_z2 — xonmmdecTBo 3asBOK 00cay)keHHbIX DBM 2;

e Kkol_z3 — komu4ecTBo 3asBOK 00CIyx)eHHbIX DBM 3;

e svzsevml — cpennee Bpems 3aaepkku curHanoB B OBM 1;

® SVZSeVM2 — cpeHee BpeMs 3aJepKKu cUrHaioB B OBM 2;

® SVZSevMm3 — cpeaHee BpeMsl 3aepKKU CUTHaiIoB B OBM 3;

e svzskan — cpeaHee BpeMs 3aJepKKU CUTHAJIOB B KaHAJIE;

e st — mepeMeHHas (rar, MOKa3bpIBaIOIIAsl, 4YTO TMPOIECC HYKHO

3aBepIInTh (3aBepiieHue-1/soimontenue-0);

OnpeneneHre BpeMEH IIOCTYIUIEHUS 3asBOK B CHUCTEMY M BpPEMEH
oOCIIy’)kKMBaHUsI B MYJbTHUIUIEKCHOM KaHaie M MuUHUOBM 1-3 mnpousBonutcs
aHanoruyHo padore Ne 3. JlomodHUTENbHbIE JOKAJIbHBIE NMEPEMEHHBIE BBEIUTE
CaMOCTOSITEIIBHO.

JUist MOJenvpoBaHus CIy4YalHBIX YUCEI PAaBHOMEPHO pacCHpeNeNICHHBIX B

UHTEpBaJIe [a,b] ucnons3dyerca komanaa Matlab
ml (‘round (unifrnd(a,b))’)

Simulink-MoJeas UMEET TOT e BHJI, UTO U B JabopatopHoi padoTe Ne 3.
B wmomenu Simulink 6mox Pulse Generator wMoAenupyeT H3MCHCHUE
MOJIEJIbHOTO BPEMEHU B UMUTAIMOHHOW Mojaenu. Hactpoitku 6ioka: aMIuinTyaa —

1, mepuon — 1 cexk.



MoaenupoBaHue pacnpeaejeHus 3asiBOK M0 TPeM 0JJ0KaMHU

i Vetvlenie/
|
| /kol_otkaz=0;
| n1=0; n2=0; n3=0;
| raspr=0;
Raspred/

<
<

<
<

Cl\[osv_kanzl]{osv_kan: .}

Y [(N1==10)&&(n2==10)&&(n3==1
/kol_otkaz++;

®7

[(n1<=n2)&&(n1<n3

n2<n1)&&(n2<=n3]

0)]

/n1++

[(N3<$n1)&&(N3<n?

;f\\
TN

[raspr<=1/3]

/n3++
. [raspr>2/3]

[(n1==n2)&&(n2==n3)]
/raspr=ml(‘unifrd(0,1)’);

N

[(rggw1/3)&<§Jraspr<=2/3)]



Stateflow Jguarpamma OJlOKa pBCOpENENEHUS 3aiBOK MO TPEM
HAKOIUTENSAM TpeAcTaBieHa Ha pucyHke 4.3. JlaHHbIA OJIOK aHaIU3UpyeT
COCTOsIHMsA Hakonurened nepen OBM u HampaBisieT 3asBKy B HAaKONMTENb C
HalMEHbLIEH oYepeIblo, a TaKKe (PUKCUpYeT HaJlM4Ke OTKa3a B Cllydae, Korja Bce

HaKOIINTCJIN 3aHATHI.

JUist 3aBeplueHusl Mpolecca MOJAEIMPOBAHUS MOXHO HCIOJB30BAaTh OJIOK

Stop Simulation u3 pa3zaena Oubarorekn Sinks:

Stop Simulation

biok 3aBCPIIACT IPOoHCCC MOACINPOBAHUA IIPU IMOAAYC HA €TO BXO JIF000TO

HCHYJICBOI'O CUT'HAJIA.

[Ipu moCTHXKEHMH KOJIMYECTBA 3asiBOK (IMepeMeHHas kolzajv) 3aJaHHOro
yucna (500) HeoOX0AMMO CreHepupoBaThb CHUTHaJ sSt=1, O3HAYaIOUUi, YTO
MOJICJIUPOBaHUE TPeOyeTCsl 3aBEPIINTh, U BBIUUCINUTh UTOTOBbIE XapaKTEPUCTUKU
CUCTEMBI.

CpenHue BpeMeHa 3aJepXKKU B KaHallaX MpeBApUTENIbHOW 00paboTKu u
Tpex MUHUOBM onpenensercs Kak OTHOUIEHUWE COOTBETCTBYIOIIUX CYMMApHOI'O
BpeMeHU 00pabOTKH B KaHaJle K KOJTUYECTBY 00paOOTaHHBIX 3asBOK.

BepoaTHOCTh IEepenonHeHnss BXOJAHBIX HAKONMMUTEIEH MOYKHO OLEHHUTHh KaK
OTHOILIEHUE KOJIMYECTBA OTKA30B K 001IeMY KOJMYECTBY MOCTYNUBIINX 3asBOK.

CoOOTBETCTBYIOUIME BBIYMCICHUS MOKHO BBIMOJHUTH B OJIOKE T€HEepaluu

3as1BOK.



JlabopaTtopHast paGora Ne 5.

CoBMecTHOE HCOb30BaHKe 0,10k0B SimEvents, Stateflow u Simulink B

606LITHﬁHO-praBJISIeMbIX MOaEJ/IAX.

CoBMecTHOE HCcIOJL30BaHue 0J10k0B SimEvents u Stateflow.

Jns mMonenupoBaHMs  IUCKPETHO-COOBITUMHBIX CHUCTEM  HCIOJNBb3YIOTCS
KOMIOHEHThl SimEvents U Stateflow. OgHako OpU MOJETUPOBAHUM OHU
UTparoT pa3sHbIC POJIU:

e bioku SimEvents HCHOJNB3YIOTCA I MOJACIUPOBAHUS JBUKCHHUS
CYIIHOCTEN YE€PE3 CUCTEMY U MO3BOJSIOT UCCIEAOBATH CBA3b JBHKCHUS
CYIIHOCTEHN ¢ QYHKIIMOHUPOBaHUEM cucTeMbl. CYIIIHOCTHU MPU ABUKEHUU
MOTYT nepemMemarh naHHbie. Kpome toro, Omoku SimEvents MOryT
TE€HEPUPOBATh COOBITHSI B MOMEHTBI BPEMEHHU, MOJIHOCThIO HE3aBUCUMBIC
OT BPEMEHHBIX IIAroB, OMNpPENESEMbIX MPOTPaMMHBIM OOecredeHueM
Simulink.

e Jlnarpammbl Stateflow HCHOJNB3YHOTCA JUISI  MOJEIMPOBAHHUS
cocTosiHUs OJoKa win cucteMbl. Ha nuarpammax mokasaHbl BO3MOKHBIE
3HAYEHUSI COCTOSIHUM M ONHCBIBAIOT YCIIOBHS, ONPEACIIONINE MEPEXOBI
MeXAy cocTossHusAMU. Busyanuzanus paboTel nuarpammbl Stateflow
MIOKa3bIBACT  IEPEXOABl MEXKJIY COCTOSIHUSIMU, HO HE IIOKa3bIBacT
IIepeMenieHue JaHHBIX.

Iloncucrema Stateflow MO3BONSET pEATH30BATH NEPEXOIABI MEXKIY
KOHEYHBIM YHUCJIOM COCTOSIHMM cepBepa. Eciu HeoOXoammo peann3oBaTh
MOJEIMpPOBaHUE Oojiee JABYX COCTOSIHHM, TO WCIIOJIb30BAaHUE JUArPaMMBbI
Stateflow Oonee yaoOHO M €CTECTBEHHO IO CPaBHEHHIO C KoMOWHalmen
o6mokoB Enabled Gate u normueckux OnokoB. [lmst obecrieueHus: peakiuu

0iokoB Stateflow Ha AaCHHXPOHHBIE W3MEHEHHUS COCTOSHUS MOKHO



UCIIONB30BaTh curHanel function call. [lnd reHepupoBaHHs CUTHAJIOB
function «call B OTBET Ha CHUTHAJIbHbIE COOBITHA WJIH NOCTYIUICHUS
CYLIHOCTEH MOXKHO HCIIOJIb30BaTh OJIOK M3 pa3nenoB Entity Generators m
Event Translation. Kpome Toro, 010k Stateflow MOXKET reHepupOBaTh
function call-cursan, KOTOpPBIM MOXET OTKPBITh BEHTHIIb, HEPE3ANyCTUTH
CUETUMK CYIIHOCTEH, WIA HWHHUIMUPOBATH N€HEPAIMI0O HOBOM CYIIHOCTU OJOKOM

Entity Generator.

IIpeoOpa3zoBanusi COOBITUIHBIX CUTHAJIOB.

[Ipu mHUCKpEeTHO-COOBITHITHOM MOICITUPOBAHUH, KaK MPABUIIO, UCIIOIB3YIOTCS
CUTHAJIbI, KOTOPBIE U3MEHSIOTCS MpU HACTYIUIEHHHM coObITHii. Hampumep, ducio
CYITHOCTEH B cepBepe SBISETCS CTATUCTUYECKUM BBIXOJHBIM CUTHAJIOM M3 OJlOoKa
cepBepa. 3HaYeHHE 3TOr0 CUTHAIA U3MEHSETCS NMPU MPUOBITUHU CYIIIHOCTH B CEPBEP
WK yOBITHH CYIIHOCTH U3 Hero. Cobuimutineiii cuenan (event-based signal) — ato
CUTHAJI, KOTOPBI MOXKET W3MEHUTHCSA TPH HEKOTOPOM JIHCKPETHOM COOBITHH.
BOJABIIMHCTBO  BBIXOJIHBIX CUTHAJIOB U3 OJ0OKOB SimEvents ABISIOTCA
COOBITUMHBIMH.

B otmnmume oT BpeMeHHBIX curHaioB (time-based signals) coObrTHiiHbIe
CUTHAJIBI:

® HE XapaKTepU3yIOTCS AUCKPETHOU BHIOOPKOW BPEMEH;

® MOTYT OOHOBJSATHCS B MOMEHTHI BpPEMEHU, HE COOTBETCTBYIOIIUE
1raraM BpeMEHH, ONPeIeTIIeMbIM BPEMEHHOM TMHAMUKON MOJIENH;

® MOTYT TIOJIBEpraThCsi MHOTOKPATHBIM HM3MEHEHUSM B OJWH MOMEHT
BpPEMCHH.

Hanpumep, paccMOTpuM CHUrHani, MPEACTABISIOIIMNA KOJIUYECTBO CYIIHOCTEN
B cepBepe. BbIuncCiIeHHE 3TOTO CHUTHAlA C TOCTOSHHBIM BPEMEHHBIM IIArOM
Oecrone3Ho, eCu HUKAKUE CYITHOCTH HE MPUOBIBAIOT M HE YOBIBAIOT B TECUCHHE
JUTUTEIIbHBIX TIEPUOJIOB BpEMEHHU. BHIYMCIICHHSI C TOCTOSSHHBIM BPEMEHHBIM 1aroM

HC TOYHBI, CCJIM CYIIHOCTH HpI/I6BIBaIOT 501041 Y6BIB8,IOT MCXKAY IMepuogaMu



KBAHTOBAHUSI CHUCTEMbI, TaK KaK IMPU BBIYUCICHUSIX OTU CYUIHOCTH OyayT
npomymieHsl.  OMHOBpEMEHHBIE  COOBITHSI  JCNAl0T  BPEMEHHOM  CHTHAJ
MHOTO3HauHbIM. Hampumep, ecnum CyImHOCTh 3aBepiiaeT oOCIyXHBaHUE U
MOKHUJIAET CEPBEP, UTO MO3BOJISIET APYrOM CYHUIHOCTU MPHUOBITH B CEPBEP B TOT Ke
MOMEHT BPEMEHH, TO KOJIMYECTBO CYIIHOCTEW B OJIMH U TOT € MOMEHT BPEMEHU
paBHo oaHoBpeMeHHO 0 u 1. Korjga Bbl ucrnonb3yere COOBITHMHBIA CUTHAN IS
yOpaBieHUs] JUHAMUKON MOJIEIMPOBAHUSI, TO TIOHUMAHUE TOTO, KOT/Ia U B KaKOM
MOCJIEIOBATEILHOCTH OJIOKM OOHOBIISIIOT CHUTHAJIBI, M KOrjga JApyrue OJOKH
pearupyroT Ha OOHOBIIsIEMbIE 3HaUEHUs, TPUOOpETaeT OOJBIIOE 3HAUCHHUE.

Takum 00pa3oMm, BPEMEHHbIC U COOBITHITHBIE CUTHAJIBI MMEIOT Pa3InyHbIC
XxapakTepuctuku.  PaccmoTrpuM  ciydyaw, TpU  KOTOPBIX  HEOOXOIUMO
peoOpa3oBbIBaTh BPEMEHHBIE CUTHAJIBI B COOBITUITHBIE U OOPATHO:

e Ecium HeoOXomuMo cBsi3aTh BPEMEHHOW CHUTHAJI CO BXOAOM OJiOKa
SimEvents, TO mepex BXOAHBIM TOPTOM HY>KHO BCTaBUTH OJIOK
npeoOpa3oBanus curHana. J[jis mpeodpa3zoBaHusi UCIOJIb3YIOTCS OJIOKH
Timed to Event Signal ajd CUTHAJOB C JaHHbBIMUA U Timed
to Event Function-Call jajisi CUTHaJOB BbI30Ba (DYHKIIMIA.

Ecnu HeoOXxoaumo HCMoIb30BaTh JaHHBIE W3 COOBITUMHOTO CUTHANIA JJis
BO3JICHCTBUSI HA BPEMEHHYIO IWHAMHUKY, TO TIepe] BXOJHBIM MOPTOM HYXHO
BCTaBUTH OJIOK TpeoOpazoBaHus curHana. J[jisi nmpeoOpa3oBaHUsI UCIHOIL3YIOTCS
ook Event to Timed Signal s CHTHAJIOB ¢ JaHHBIMH M Event to

Timed Function-Call jjsi CHTHAJIOB BbI30Ba ()YHKIIUH.

biok Event to Timed Signal u3paznena Gateways.

Event to
Timed Signal

brok mpeobpazyer COOBITHIHBIN CUTHAJI BO BPEMEHHOW. BBIXOHOWM cuUTrHAI

MPEANOJIaraeT TOYHO OJHO 3HAYEHUE B KaXIbld MOMEHT BpPEMEHHU. BBIXOHMHOMU

CUT'HAJ ITOYTH ITOJITHOCTBIO WJICHTUYCH BXOJHOMY 3d UCKIIFOUCHHUCM:



B BBIXOZHOM cHTHan€ MPOIMYIIEHbI CUTHAIBI HYJIEBOW JIMTEIHHOCTH
(eciu OHM UMEIOTCH).

e BpIXOAHOH CHTHaJI MMEET MOMEHTHI KBaHTOBAaHHWs IO BPEMEHU THIIA
“fixed in minor steps”. B pe3ynabTaTe BBIXOAHOM CHUTHAJI MOXKET
coJiepKaTh MOMEHTHI KBAaHTOBAHUSI, HE CBSI3aHHBIC C BXOHBIM CUTHAJIOM,
a ¢ IPYTMMH BPEMEHHBIMHA CUTHAJIAMHU MOJICIIH.

e BpIXOAHOW cHTHaM TOAXOMUT JUIsI MOJETUPOBAHUS BPEMEHHOM
nuHaMuku. CUTHAIT HE MOXKET CIIY)KUTh BXOJIOM 0JI0Ka, TpeOyromero
COOBITUIHBIC BXO/IHBIC CUTHAJIBI.

e HauanpHoe BBIXOJHOE 3HAUEHHE TAKOE K€ KaK M HayalbHOE BXOJIHOE
3HayeHue. OJHaKo, €Clii BXOJHOW CHUTHANl He ompenesneH mnpu =0, To
BBIXOJHOM cUTrHaJ 0JI0Ka MMeeT HavalbHOoe 3HaueHue 0.

O6paTtHOoe mpeoOpazoBaHUE BHINIONHAETCS OJOoKOM Timed to Event

Signal.

Timed to
Event Signal

biok Event to Timed Function-Call u3pa3nena Gateways.

Event to Timed
Funclion-Call

biox mpeoOpa3yeT cKaJasipHbIA COOBITUMHBINA CHUTHal BbI30Ba (DYHKLHMH BO
BPEMEHHOW. BBIXOJHOW CUTHAJI MOYTH IIOJHOCTHIO HJIEHTUYEH BXOJHOMY 3a
HCKJIFOYEHHWEM TOT0, YTO BBIXOJ MOXET CJIYKUTh BXOJHBIM CHUTHAJOM OJIOKa,
TpeOyIOIIero BpeMEHHOW CUTHAN BhI30Ba (DYHKITUU Ha BXOJIC.

O6paTHOe mpeoOpa3oBaHUE BHIIONHAETCS OJokoM Timed to Event

Function-Call



Timed to Bvent
Fundlion-Call

Ecnu HeoOXoAMMO BBITIOJHUTH BBIUUCIEHUSI C COOBITUMHBIM CUTHAJIOM, TO
IIPU 3TOM MO>KHO HCIOJIb30BaTh TOJIBKO OTPAaHUYEHHONW MHOXECTBO 0J0KOB. Bo-
NEPBBIX, HENb3sl UCIOJIb30BaTh OJOKHM C HEMpEPHIBHBIM BpeMeHeM. Bo-BTOphIX, B
Omokax HeoOXoauMoO 3agaTh MmapameTp Sample Time (BpeMs KBaHTOBaHH:)

paBHBIM -1 (HaciemyeTcst OT MPEABITYIHUX OJIOKOB).
Onpenesnenue aTpudyTOB CYHIHOCTEIA.

K CymHOCTSM MOXHO NpPHUCOEAWHATh JAHHBIE, WCIOJb3Ys OAUH WU
HECKOJIbKO ampuOymos cymHoCTH. Kaxaplii aTpuOyT MMEET UMS M YHUCICHHOE
3HayeHue. MOXKHO CUMTHIBATh WM W3MEHATHh 3HAa4eHHs aTpuOyTOB BO BpeMs
npouecca MOJEIUPOBAHMS. 3HAUEHUSMU aTpuOyTa MOTYT OBITh BELLECTBEHHBIC
WM KOMIUIEKCHBIE 4ymucna Ttuna double. Kpome TOro, MOXHO HCIHOJIb30BAThH
MaccuBBbl 4Hcenl 000l pa3mepHocTH. Bo Bpemsi mporecca MoJAeIMpOBaHUS
Pa3MEpPHOCTH JTOJKHBI ObITh (DUKCUPOBAHBI.

Hnst  ngoGaBnenus artpulyTra K CYIIHOCTH HCIONB3yeTcss Olok Set
Attribute. [Jlng cuuTbIBaHMS aTpuOyTa U3 CYIIHOCTH W (POPMUPOBAHUS
COOTBETCTBYIOIIIETO CHUTHaja MCIOJB3yeTcss OJIok Get Attribute. s
rpaguueckoro  OTOOpaK€HMsI  3HA4YeHUs  aTpubyTa  HCHoJb3yercs  OJoK
Attribute Scope, B mapamerpe Y attribute name xoroporo HyxHO yKa3aTh
uMs aTpuoyTa.

3HaueHust aTpuOyTOB MOXHO HMCHOJIb30BaTh AJI NEPEKIIOYEHUSI BBIXOJIOB

6mokoB Output Switch, 3amanus BpeMeH 00CTy)KUBaHUSI CEPBEPOB.

bnok Set Attribute uzpazgena Attributes.
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Set Attribute

Bbjok mpuHMMaeT CymHOCTh, INPHCBAaWBacT € JaHHBIC M BBITYCKAET
CYIIHOCTh Yepe3 BBIXOTHOW MOPT. IIpUCBOCHHBIC NaHHBIC XPaHATCS B aTpuOyTax
cymHocTd. Kaxneiid arpuOyT umeeT uMms (name) u 3HadeHnue (value). B xaxmon

CYILITHOCTH MO>KHO OTIPEIENUTh 10 32 aTpuOyTOB.

Block Parameters: Set Attribute — Iﬁ

Set Attribute

Set attribute values on each departing entity. An attribute is numeric data attached to an entity. Each entity attribute has a
unique name.

Select from a list of available attributes, or create new attributes. Available attributes are previously created attributes that
might exist on the incoming entity.

Set attribute values using data from the dialog or input signals to the block.

Set Attribute Statistics

Available Attributes Set Attribute
[x]
No attributes available Attribute Name Value From Value ieit_c;
1 Attributel |Dia|og - 1

Table specifying which attributes of th
entity will be set by this block.

Create attributes if not present

,..) 0K ][ Cancel ][ Help ][ Apply

Mmena aTprOyTOB MOXKHO 3aJaBaTh HEMOCPEACTBCHHO B KojoHKe Attribute
Name nranoroBoro okHa napameTpoB OJI0Ka WM BBIOUPATh U3 CIIUCKA TOCTYITHBIX
arpuOytoB (Available Attributes), xoropsiii hopmupyercs aBTOMaTHUECKH II0

BXOJISIIIIUM B OJIOK IIyTAM CYIIHOCTH MOJENN SimEvents.



B cronbue Value From onpeznensiercst 3a1ai0Tcs Jin 3HAYCHUsSI aTpUOyTa B
pexxume auanora (Dialog) B cronbme Value, mu6o B mporecce MoaeIupOBaHUs
yepe3 curHaibHbId mopt (Signal Port). B mocimemnem ciydae K OIOKY

n00aBIIIeTCS TONOJHUTEIBHBIN BXOAHOU MOPT C UMEHEM aTpuOyTa.
3aBepuieHue npouecca MOACTHPOBAHUS.

IIpu pacuere CTATUCTUYCCKUX XapaKTCPUCTHK MOJICIHPYEMOH CHCTEMBI
OYeHb BaXXHO 00ECTICUNTH 3aBEPIIICHUE TIPOIIECCa B MPABMIIBHOE BpeMs. TUITHYHBIC
KPUTEPHUH JIJIS 3aBEPIICHUS TUCKPETHO-COOBITHITHOTO MOJICTHPOBAHNS:

e JlocTrKeHHe 3aJaHHOT'O BPEMEHU MOJICITUPOBAHUS.

e JlocTmkeHne 3aJaHHOTO KOJMYECTBA 00CTYKEHHBIX MOJIb30BaTelIeH,

00pabOTaHHBIX JI€TAJICH U T.1I.
e JlocTrKeHHE B IIPOIIeCCe MOACITHPOBAHUS 3aIaHHOTO COCTOSTHUS,

HAIIpUMCP, IICPCIIOJIITHCHUA OYCPCAN WU ITIOJIOMKH MAalllKMHBI.

Bpemst oxoHuaHust mpoiiecca MOJCIHPOBAHMS 3adaeTcs mapamerpom Stop
Time B nuanoroBoM OKHE, BBI3BIBAEMOM KomaHaoi MeHro Simulation->Model

Configuration Parameters.

Jlist 3aBepiueHusi mporecca MOJAEIMPOBAHUS MOXHO HCIOJB30BaTh OJIOK

Stop Simulation u3 pazaena 6ubIMOTeKHn Sinks:

Stop Simulation

brnok 3aBepiiaer npoiecc MOAETUPOBAaHUS MIPH MOJa4€ Ha €ro BXOJ JIF00OTro
HEHYJIEBOI'O CUTHAJA.
JIyist 3aBepiieHus Tpolecca MOJSIHPOBAHUS TIO JOCTIKEHUU 3aJaHHOTO

qucia CyIHOCTEW MOYKHO MCIIOJIB30BaTh CICAYIONIUE ACHCTBHUS.



1. MHorue 0J0KM B KaueCTBE BBIXOJHOTO CUTHAJIA UCTIOIB3YIOT KOJIMYECTBO
MOKWHYBITUX OJIOK cymHOcTel. Pacuer curHama ompeaensercs mnapameTpoM
Number of Entity Departed. 3agaiite 3TOT BBIXOIHOH CHUTrHal OJ0Ka, OTMETHB
napametp Number of Entity Departed B mactpoiikax O611oka

2. CoenuHUTE BBIXOJAHOW CHUTHAJIBHBIM MOPT CO BXOAOM aTOMapHOMN
nojacucreMsl (Atomic Subsystem). Yagaiute W3 aroMapHOW MOJICHUCTEMBI
BBIXOHOH mopT (Out).

3. BxopHoii mopt mnoacucTeMbl coeAMHUTE C OjMokoM Compare To
Constant (CpaBHEHHE C KOHCTAHTOW).

4. B Hacroiikax 61oka Compare To Constant:

® 33J1aiiTe omeparop >=;
e 3ajaiite mapamerp Constant value xxenaeMmoMy 3HaYCHHIO
CYIIHOCTEW;

e 3ajaiiTe B mapameTpe Output data type mode 3nauenue Boolean;

5. Coenunute BBIX0J O70Ka Compare To Constant co BXojaoM 0JoKa

Stop Simulation.

Pesynprar umeer cneayromuii BU:

Moaenp BEpXHEro ypoBHS:
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ConeprxaHue MOJICUCTEMBI:
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Stop Srmuadon
AHAJIOTUYHO C MOMOIILI0 OJIOKa Stop Simulation MOXHO 3aBCpIIAaTh

MOJCJINPOBAHUC 10 JOCTHXKCHHNU HCKOTOPOro COCTOsAHMUA, JOCTHIKCHUA

CYILITHOCTBIO KOHIIAa HEKOTOPOIO IMyTH U T.I.
MopaeanpoBaHue 0TKa30B MAIIUH U 000PY/10BAHMS.

B HekoTophIx 3amadax HEOOXOJIUMO MOJEIUPOBATHh CUTYyallMM HapyLICHHS
pabotsl cepBepa. Hanmpumep, npubop MoKeT ObITH CIIOMaH U IMO3/JHEE MOYUHEH,
COCIMHEHNE B BBIUUCIUTEIHPHOM CETH MOXKET OBbITh HApyIIEHO U TMO3JHEE
BOCCTAaHOBJICHO. Takue CUTyallud yA0OHO MOJIETUPOBATh C MOMOIIBI0 COCTOSTHUI
U MePEX0JI0B MeX Ay HUMH. boku B pazziene Servers oubnuoreku SimEvents
HE UMEIOT BCTPOCHHBIX CPEICTB JJIsI MOJCITUPOBAHUSA COCTOSTHAN. OQHAKO MOKHO
MOJEIUPOBATH COCTOSHUSA CEPBEPOM C IOMOIIBIO APYIUX CPpeACTB Simulink u
Stateflow.

Jnss MonenupoBaHUsl COCTOSIHUS, IPEACTABIISIOMIEI0 HEBO3MOXKXHOCTh WU
OTKa3 cepBepa NPUHUMATH CYIIHOCTh JAXE B CIIyd4ae, €CIIM CEPBEP HE 3aHAT,
MO>XHO HCIIOJIb30BaTh BEHTWJIb — OJIOK Enabled Gate, mpeamecTBYOMUN
CepBepy.

biok Enabled Gate mnpemoTBpamaer OOCTyIl K CepBepy IIOKa
VIPABJSIIOIIMKA CUTHAJI HA BXOJHOM MOPTY €N PaBeH HYII0 WIM OTPULATEIICH.
Jloruka, QopMupyromas curHaia €n, ompeAessieT HaxOAUTCS JM CepBep B
COCTOSIHMM OTKa3a WJIM MOJIOMKH. TaKyro JIOTUKY MOYHO PE€aanu30BaTh C MOMOIIbIO
Osioka Matlab Function, HOACUCTEMBI, COAEPKAIICH JTOTUUECKUE OJIOKH, WU

rpada cocrosiHuit Stateflow.



IIpumep 1. OTka3 u BOCCTaHOBJIEHHE (TMIOYMHKA) cepBepa. B cienyromiem

npuMmepe 0ok Stateflow HCMONB30BaH ISl OMUCAHUS MAIIMHBI C JBYMS
cocrosiHusMu. CepBep nmbO0 oTKiIIOYeH (0TKa3), JauOO0 BKIIOUEH (padora).
CocrosiHME cepBepa OIpENeNsIeTcss BBIXOJHBIM cHTHaOM Omnoka Stateflow,
KOTOPBIN JUTSL BeHTWIA Enabled Gate,

HCIIOJIB3YCTCA OTKPBITHA

IPEALIECTBYIOLIETO CEPBEPY.

CYLWHOCTH, MOAENUPYIOLLME NONb30BaTeNel B cucTeme 0BCTyHUBaHUA
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CyWHOCTH, MOAENUPYHOLLWME OTHA3 U

MOYMHKY cepeepa

Mopenb COCTOMT M3 JIBYX MapajuIeNIbHBIX CUCTeM oOciyxuBaHus. HukHss
cucrtemMa OOCIyKMBAaHUSI MOJICIUPYET TMOTOK OTKa30B. ['€Hepaiusi CyHUIHOCTH B
ITOM TMOACUCTEME COOTBETCTBYET OTKa3zy B BEpXHEW cucTeMe OOCTy>KUBaHUSI.
OO6cnyXruBaHUE CYIIHOCTU-0TKa3a (MMOYMHKA) COOTBETCTBYET BPEMEHHU, B TEUCHHE
KOTOPOTO CE€pBEp B BEPXHEH CHUCTEME OTKIIOYEH. 3aBepIlieHHE OOCITyKHUBaHUS
CYITHOCTH-OTKa3a COOTBETCTBYET BO3BpaTy K (PYHKIIMOHHUPOBAHUIO BEPXHEH
CUCTEMBI.

Korna HmxHsIs cucTemMa T€HEpUPYET CYIIHOCTh, H3MEHEHUE €€ CEPBEPHOTO

curHaja #N BKIodaeTr OJIOK Stateflow, ompenensionuii COCTOSHHE BEepxXHEH



CHCTCMBbI 06CJ'IY)KI/IBEIHI/I$I. VBenuuenue cur"ajga #Nn IMPUBOANT K OTKIIFOYCHUIO

CEpBEPA, & YMEHBIIECHUE — K BKIIFOUEHUIO.

[narpamma Stateflow i JaHHOTO TIIpUMeEpa MOPEACTaBICHA Ha

CJIEIYIOLIEM PUCYHKE.
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Hcnoab3yemble 010kn SimEvents.

biok Enabled Gate u3 paznena Gates.

}EI‘I

OuUT k&
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Enabled Gate

BeHTriib m0o3BONISET MPOXOAUTH YEPE3 HETO CYIIHOCTSM IPH MOJ0KUTEITBHOM
CUTHaJIE Ha yIpaBJsiolieM Bxoje €n. Bxoa en ucnosib3yeTrcs AJisi COOBITUIHHOTO

YHPAaBJIAOIMICTO CUTHAJIA.



biok Initial Value u3pazngena Signal Management.

1
2 ilL p

Initial WValue

brok ycraHaBnuBaeT HayalbHOE 3HAYCHHE JJISI COOBITMHHOTO curHana. [lo
IIEPBOrO BPEMEHHOTO TaKTa (TO €CTh, 10 MEPBOrO OOHOBJICHHS CHTHAla) Ha
BXOJIHOM TOPTY OJIOKa BBIXOJHOW CUTHANl OJIOKA PaBEeH 3HAUCHHIO IMapamerpa
Value until first sample time hit. [Tocie mepBoro BpeMEHHOTO TaKTa BBIXOJIHOM
CHTHAJI PABCH BXOJIHOMY CUTHAITY.

bnok Signal-Based Function-Call Event Generator wu3

pasgena Generators/Function-Call Generators.

Signal-Based
Functicn-Call Gener ator

OtoT OJIOK Tmpeodpa3yeT cUrHajibHoe coObiTHe uiu function-call
curHan B OoaIvMH wid JBa function-call curHaiga, KOTOPBIE MOXHO
HCIIOJIB30BaTh JUIS BbI30Ba function-call moacucteM, OJIOKOB Stateflow
WM IPYTUX OJIOKOB, KOTOPBIE HCTIONB3YIOT function-call BXOJBI.

OCHOBHOM KpUTEpHUI, KOTOPBIA HCMOJB3YEeTCS OJIOKOM JJii TeHepaluu
function-call curHaina, 3agacetcs napamerpom Generate function-call upon
only:

Change in signal from port vc — KpUTEpUMl YIAOBIECTBOPSETCA
NPy YBEIMYCHUU WIM YMEHBIIEHUU COOBITMMHOTO CHUTHajJa Ha IMOPTy VC.
N3MeHeHne curHaia, KOTOpO€ MNPUBOAWT K TMOSIBICHUIO BBIXOJHOIO CHUTHAJIA,
omnpenensiercs mapamerpom Type of change in signal value: rising/falling/either

(mombem/cnian/mo0oit).



Trigger from port tr — KpUTEpPUM YAOBIETBOPSAETCS IPU NOSBICHUU
Ha NOPTY tr TPUITEPHOrO CHUTHaja. Tunm Tpurrepa onpenensercs napaMmeTpoM
Trigger type: rising/falling/either.

Sample time hit from port ts — KpUTEpUH yAOBIETBOPSETCS IPU
OOHOBJIEHUH CUTHAJa Ha MOPTy ts.

Function Call from port fcn — KpUTEpHUH YIOBIETBOPSETCS IPU

rnmogade Ha BxoJ fcn coOwsiTHiiHOrO function call cursana.

st renepanuu Broporo function-call curHana mpu KaxiaoM COOBITUU
BeIOepuTe Mmapametp Generate optional f2 function call. Eciu 6;10k reHepupyer
function-call curHamsl Ha JIByX BbIXomax fl u f£2, TO OH CHaydaia
reHepupyer curfHaax Ha Beixoge f1, a 3areM — Ha BbIXOJEe 2, Kak
IIOCJIEIOBATEIbHBIC YaCTH OJHOM U TOM K€ OIEepaLUu.

Bropuunesie xpurepum s reHepauuu  function-call CUTrHaJIOB
ompenaenstores mapamerpamu Suppress function call f1 if enable signal el is not
positive u Suppress function call f2 if enable signal e2 is not positive. Eciu
COOTBETCTBYIOIIMI MapaMeTp OTMEYEH, TO y OJI0Ka MOSIBISIOTCS JTOMOJTHUTEIbHBIC
YIOPABJISIFOIINE BXOJbI €1 W/WiK €2, MPHU MoJladye Ha KOTOPHIX HETOJOXKHUTEIIbHBIX
3HAYEHHU COOTBETCTBYIONMN function-call curnan noaasusaercs. [loptel el
U €2 JACUCTBYIOT HE3aBUCHUMO JPyr OT Jpyra, OMNPEeNesisisi JOMOJHUTEIbHbIC

YCJIOBHSA JUTA IOJAYU COOTBETCTBYIOIIMX function—call CUrHAIOB.



3aganue. BoimomHuTe MOJenUpoBaHUE PACCMOTPEHHOTO BhIIIE Mpumepa .
Moaudunupyiite Mojaenb mnyTeM a00aBiaeHUS ¢das3bl (COCTOSAHHS) IOATOTOBKHU
MAaIIMHBI 1ocie peMoHTa. Jl00aBbTE COOTBETCTBYIOIIEE COCTOSHUE B JAHArpamMmy
Stateflow.

biok Enabled Gate B BepxHel cHCTeMe OOCIYXKMBAHHS HE JOJDKEH
OTKpPBITBCA JI0 TE€X IMOp, MOKa HEe 3aBepuiarbcsi (pa3pl peMOHTAa W TOJTOTOBKH
cucteMbl . B HKHeN cucteme 00CITyKMBaHUsSI J100aBbTE JOMOJIHUTEIbHBIN 010K

AJ1 MOJCIIMPOBAHMA IIPOLECCa IMMOATOTOBKU MAIlIMHBI.
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