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A. T. Opnoe - CTyAeHT kadhepbl MHPOPMALMOHHBIX CUCTEM
A. 0. CbIujukoe — HayuHbI pyKOBOANUTESb

BbICOKOYPOBHEBbI CUMYNATOP MHOTOAAEPHbIX CUCTEM HA KPUCTANNE

B naHHOW ctaTbe paccmaTpuBaeTcs paspaboTaHHbI BbICOKOYPOBHEBLIA CUMYNSTOP MHOMOSAEPHbIX
CUCTEM Ha KpucTanne.

BbIcokoypoBHeBas CUMyNALMS — 3TO BaxHas YacTb npouecca pa3paboTku nporpammHoro obecneyeHns
ANs MHOrosizepHbIX cuctem Ha kpuctanne (CHK). OHa no3sonseT 3anyckatb NPOrpaMMbl ¥ BbIMOMHATL (yHK-
LiMOHanbHY0 OTNaAKy Ha BbICOKOYpoBHEBOW Mogenu CHK 6e3 yrnybneHus B getanu pasHopoaHbix saep CHK:
cneynduyeckom Habope KoMaHA, B3aMOLENCTBIE MPOLLECCOB, CneunudmkaLmm KOMMYHUKALMOHHBIX CUCTEM
nT.4.

B cBOEM HenpepbIBHOM PasBUTUM PbIHOK MUKPO3NEKTPOHMKA MOCTOSHHO BbIABUraeT BCe HOBble U 60-
nee xectkve TpeboBaHus K NoSBAAKLMMCS u3aenuam. MNotpebutens xo4eT nonyyaTb ObICTPOLEACTBYHIOLYIO,
HafeXHYK 1 B TO Xe Bpemst ManorabapuTHyto 1 Mano noTpebnstoLlylo NpoAYKLM0. ST NPOTUBOPEUMBbIE
TpeboBaHus ycyrybnsTcs TeM, YTO MUKPOSNEKTPOHHbIE MOKONEHNS 04eHb BbICTPO cTapetoT. MoaTomy oco-
0oe BHUMaHME yaenseTcs NOCTOSHHOMY COKPALLEHWIO BPEMEHH BbIXOA4A Ha PbIHOK HOBbIX M3LEnni, a OaHO-
BpemeHHas pa3paboTka annapaTHbIX W NPOrPaMMHbIX KOMMOHEHTOB HOBOTO MPOAYKTa SBASETCH CrnocoboMm
PELLMTb 3aaady ero COKpaLLeHs BPEMEHM BbIXOAA Ha PbIHOK.

BbICOKOYPOBHEBbI CUMYNATOP - 3TO MPOrpaMma, KoTopasi No3BONSAeT BbICTPO U C MUHUMANbHBIMU 3a-
TpaTamu M3y4uTb, HACTPOUTbL U MPOTECTUPOBATL NMPOrPaMMHO-TIOMMYECKYI0 MOAEMNb peanbHoi cuctembl 6e3
ee NMOCTPOEHUS,, a TaKkKe NPeaOCTaBNSOT NOb30BATEN0 BO3MOXHOCTb BbINOMHUTD TECTUPOBAHME W OTNAAKY
pa3paboTaHHOrO NPOrpaMMHOro 06ecrneyeHmns Ha Hel.

BbICOKOYypOBHEBBIN CUMYNATOP ANSt MHOTOSiAEPHbIX CHK JOMmKeH:

—  NpefocTaBnsTb BO3MOXHOCTb MOZENMPOBaTh BbINOMHEHUE BbICOKOYPOBHEBOMO MpeacTaBneHus
nporpammuoro obecneyveruns(M0O) Ha mogenu CHK ¢ Npon3BonbHOM KOHGUrypaLmen;

- MouenmposaTb XapaKTepuCTVKK annapaTHoi NnaTthopmbl:

3aepXKN NpU NEpechbinke 1 npueMe MakeToB C JaHHbIMM ANS KaAoro annapaTHOro
YCTPONCTBA;
: 3a[epXKn Npu nepeaade NakeToB C AaHHbIMM Yepe3 KaHanbl;
3a[epPXKn BbINOSTHEHWS NPOLECCOB Ha MPOLECCOPHbIX AIEMEHTaX;
3a0epXku npu obpaLleHny K OCHOBHOM NaMsATV U T.4.;

—  cobupaTb CTaTUCTUYECKYI0 MHChOPMALMIO O MPOLiecce MOAENUPOBaHNS;

—  NOKa3sblBaTb TEKCTOBYH U rpacpuyeckyto MHGhopMaLMio Nocne 3aBepLueHns npolecca MOAenmpo-
BaHuS.

BxogHbIMM JaHHbIMKM 4115t CUMYNSTOpPa SBNSOTCS (Painbl C ONUCaHWEM NPOrpaMMbl 1 C ONMCAHWEM an-
napatHomn nnatcopmbl Mogenupyemon CHK.

CUMyNSTOPHBIM ABUXKOM, KOTOPbIA Bbin BbIBpaH Ans BbICOKOypoBHEBOrO cumynsatopa CHK, sBnseTcs
npoekt DCNSimulator (Digital Communication Network Simulator) [1]. 370 kpoccnnathopmeHHas 6ubnnote-
Ka, NPeaoCTaBnsoLas BOIMOXKHOCTU ANA Au3aiiHa, MOAENMPOBaHUs W aHanu3a AUCKPeTHbIX cucteM. OHa
paspaboTtaHa Ha s13blke C++ 1 OCHOBaHa Ha CBOBOAHO pacnpocTpaHsieMbix bubnunotekax SystemC, Qt, Qwt.

Mporpamma anst CHK (puc. 1) HanucaHa Ha rpaduyeckom 06 BEKTHO-OpUEHTUPOBaHHOM s3blke VPL [2].
B nporpamme mMoryT HaxoguTbCs cnegyloLye TUnbl 06 bEKTOB:

—  onepaTtopbl;
—  [aHHble;

—  CBA3K,

—  CTPYKTypbl (NOANPOrpammbi);
—  CCbIfKN.
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Puc. 1. MNpumep BX0AHOM CxeMbl NporpamMmbl

Onepatopbl — 3T0 NpOrpaMMHble 0OBEKTLI, KOTOPbIE BBIMOMHAKT (PYHKUMM 06pabOTKM AaHHbIX. T
(DYHKLMM HaNUcaHbl C CNONb3oBaHWeM cneupnansHoro API Ha s3bikax nporpamMmmupoBanms C n C++.

O6beKTbl-AaHHble SBASAKTCA NACCUBHBIMMW, YaCTUYHO OOLLMMW XpaHunuwamu AaHHbIX. Mogenb s3bika
VPL He onpegensieT Aetanu peanusaumn 06beKTOB-AaHHbIX, @ ONpeaensieT ToMbKo npasuna ¢yHKLUMOHMPO-
BaHus. [103TOMY, B NpefCTaBMNEHHOM CUMYNATOPE OnpefenieHa cneayrowas npoueaypa B3anMoLencTaums ¢
obbekTamMu-gaHHbIMK: €CIIU OMepaTop XOYeT HavaTb paboTy ¢ 0OBEKTOM-AaHHbIM, TO, CNepBa, OH AOMKeH
OTMPaBUTb 3aMpOC Ha B3aUMOLENCTBIE C 0BBbEKTOM-AaHHbBIM UK NONYYUTb paspeLLeHre Ha 3anuchb.

OBbeKTbI-CBA3M CRyXaT 4515 ONUCaHWs COEANHEHMUS NPOrpaMMHbIX 06BEKTOB Mexay COBOM.

CTPYKTYpbI XpaHAT onucaHue nognporpammbl BHyTpU cebs. MognporpaMma HAYEM HE OTIMYaOTCA OT
nporpamMmbl, KpOMe TOro, YTO NOANPOrpaMMbl oaepxaT BHYTpU cebst 06BEKTbI-CChINKM, KOTOPbIE COEAUHAT
nx BMecTe. Kaxabi 0B6beKT-Cebirika XpaHuT B cebe YMCNOBOe 3HaYeHWe, KOTOpoe YkasblBaeT Ha HOMep nopTa
00beKTa-CTPYKTYPbI, HA KOTOPbIN OH CCbINaeTCs.

Mogenupyemas CHK MOXeT cOCTOSATb 3 NPOLECCOPHBIX ANEMEHTOB, POYTEPOB U KaHANOoB.

[MpOLECCOpPHbIA 3NEMEHT — 3TO OAHO3aL4auHbIN BbIYACIIMTENbHBIA 60K, HA KOTOPOM MOXET pacnona-
ratbCs 0OAWH M Bonee npouecc (3agava). MpoLecCopHbIN ANIEMEHT MOXET BbINOMHATL TOMNbKO OAHY 3adavy B
OOVH MOMEHT BPEMEHM, NMO3TOMY OH COAEPXUT OYepeab Ha BbiNONHeHWe 3agay. bonee Toro, nepekryeHne
3ajay He Mo3BONSETCH, T.€. ECNM 3aJa4a 3aHUMaeT NPOLECCOPHbIN ANIEMEHT BMMOTb O ee OKOHYaHus. [1po-
LieCCOPHbIA 3NEMEHT MOXET MOLENNPOBaThL CBOK 3aHATOCTb, HAaNpUMep, BPeMs 3aepXKn BbINOSIHEHUS 3a-
Aad. OH codepXUT BXOOHOW W BbIXO4HOW Oytepbl AaHHbIX, Yepes KoTopble OH OOMEHMBAETCS AaHHbIMU,
NpeacTaBreHHbIMI B BUAE MAKeTOB, C APYrMMM yCTpoicTBamu. MakeTbl npeacTasnsoT cobon dhopmaTtmpo-
BaHHble BSI0KM JaHHbIX, KOTOPble NepPeEMELLAOTCS N0 CeTu. Kaxabli nakeT coaepuT uHcopmaumm 06 obbek-
Te-0TnpaBuTene u obbekte-nonyyartene, a Takke gaHHble. [locne Toro, kKak NakeT ¢ AaHHbIMW MPUXOAUT Ha
BXOZHOM Bydep NpoLIeCCOPHOro afieMeHTa, OH pa3bupaeTcs, 1 AaHHble U3 HEro OTNPAaBNSOTCS Ha YKa3aHHbIN
B nakeTe npouecc. BbixogHon Bydep nMpoLeccopHOro anemeHTa NpeaHasHayYeH Ans XpaHeHUs BbIXOAHbIX
NaKeTOoB C JaHHbIMU, KOTOPbIE NPOLECCOPHbIA SNEMEHT He MOXET OTNPaBUTL B KaHan.

PoyTep — 3710 ceTeBOe YCTPOMCTBO, KOTOPOE MpeAHa3HavyeHo ANS YCTaHOBKM MapLUpyTOB MaKeToB C
AaHHLIMK Yepes CeTb. Kaxabl poyTep COAEPXUT CTOMBKO NOPTOB, CKOMBKO KaHANoB COeAMHEHbI C HUM. Kax-
Abli pOyTEP COAEPXMT Tabnuuy MapLUpyTM3aLMK C NPUBA3KON K MHGOpMaLmMmn O pacnonoxeHun 3agad. MNocne
TOrO, KaK poyTep NPUHUMAET NakeT C AaHHLIMU, OH CYATLIBAET MH(OPMALMIO O NYHKTE HA3HAYEHUs NakeTa v B
COOTBETCTBUM C Tabnuuen MapLipyTU3auuy oTnpaBnseT 3TOT NakeT Ha COOTBETCTBYHOLLMIA BbIXOAHON NOPT.

KaHanbl npegHasHayeHbl Ans COeAMHEHUS Pa3fuyHbIX annapaTHbIX YCTPOMCTB: MPOLECCOPHbIX dne-
MEHTOB C poyTepamn UMu HanpsMmyto ¢ ApYrMMU NPOLeCCOPHbIMM anemeHTamn. OguH kaHan npegHasHayeH
AN COEAMHEHNS ABYX YCTPONCTB Mexay CoBon, T.e. LUMPOKOBELLATENbHAA nepeaaya AaHHbIX OT MCTOYHMKA K
NpMeMHUKaM No HeMy 3anpeLleHa. KaHan xapakrepusyeTcs 4IMHOM U CKOPOCTbIO Nepesady AaHHbIX N0 HEMY.
Bnarogaps aTuM JaHHbIM MOAENUPYETCA CUMYNALMOHHAS 3afepXKKa BPEMEHW MK NMPOXOXOEHUM AaHHbIX
yepes kaHan. locne Toro, kak CUMynATOp NOMYYMn gannbl C NPOrpaMMon 1 onncaHnem koHdurypauum CHK,
OH HauMHaeT NOAroTOBKY K MoAenupoBaHuio. Crniepsa, CUMyNSTOp pasbupaeT aiin ¢ nporpaMmmon u cobupa-
eT WH(opmaumio 06 obbekTax, koTopble ByayT yyacTBoBaThL B MoAenvpoBaHuun. [nsa atux o6bekToB cosga-
toTCa npouecchl (3agaun). Mpouecc npeacraBnseT cobon anropuTM BbINMOHEHUS (YHKUMM ONpeaeneHHOro
TMna obbekTa.



Ha cnepytoLiem ware cumynsaTop pasbupaet gain ¢ KoHUrypaumen cMcTeMbl Ha KpuUcTanne, cosaaet
annapatHble YCTPOMCTBA, KOTOPbIE ONKUCaHbI B 3TOM (haiine, 1 COeaNHSET UX Mexay COOO0M.

3aTteM co3aaHHble NpoLecchl PAaBHOMEPHO pacnpeaensoTes No co3haHHbIM NPOLECCOPHbIM U CTPOST-
s Tabnuubl MapLUpyTU3aLmMn 41 pPOYTEPOB, €CMM TaKOBbIE NPUCYTCTBYIOT B CUCTEME.

lMocne oKOHYaHMS npoLecca MOAeNMpPOBaHNS NONb30BaTENt0 NpeaocTaBnseTcs cobpaHHas CTaTUCTL-
Jeckast MHopmauwms. MHgpopmaums MoXeT BbiTb NpeacTaBneHa B TEKCTOBOM (puUcC. 2,a) 1 rpadmyeckom Bu-

pax (puc. 2,6).
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for18 (Forl) has started on iteration [1]on PE3. Duration: 10

for18 (ForI) has finished on iteration [1]on PE3. Duration: 10

Copy 3 of queue 2 has started on iterstion [1]on PE3. Durstion: 1

Copy 4 of queue 2 has started on iteration [1]on PE4 . Duration: 1

Copy 1 of queue 2 has started on iteration [1 ] on PE6 . Duration: 1

Copy 2 of queue 2 has started on iteration [1]en PE2. Duration: 1

Copy 3 of queue 2 has finished | WRITE | from 17 . Duration: 1

Shared Data Object: Storage: 0/1000 Reserve: 1

Copy 4 of queue 2 has finished | WRITE | from 19 . Duration: 1

Shared Data Object: Storage: 0/1000 Reserve: 1

Copy1 of queue 2 has finished | WRITE | from 15 . Duration: 1

Shared Data Object: Storage: 0/1000 Reserve: 1

Copy 2 of queue 2 has finished | WRITE | from 16 . Duration: 1

Shared Data Object: Storage: 071000 Reserve: 1

Copy 3 of splitter 259 (Spl) has started on iteration [1]on PES . Duration: 10
Copy 4 of splitter 259 (Spl) has started on iteration [1]on PEL . Duration: 10

Puc. 2. Ctatuctnyeckas UHcopmaumst

PaccMOTpeHHbIN B JaHHOW CTaTbe BbICOKOYPOBHEBbIA CUMYNATOP MHOrosigepHblx CHK no3sonseT Bbl-
nonHaTb TectupoBaHue u otnaaky MO ana CHK ¢ npon3BonbHOM KOHGMrypaLuyei, a Takke aHanuampoBaTh
pasNYHbIE XapaKTePUCTUKN MOLENMPYEMON cucteMbl U paspabotaHHoro [10.
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