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AHOTANIA
O6pi3an Bonogumup Iroposuu. KBamigikamiiina HaykoBa mpaiis Ha paBax
pykomnucy — JlucepTarrist Ha 3M00yTTSI HAYKOBOTO CTYIIEHS KaHIMIaTa TEXHITHIX
HayK (TokTopa ¢inocodii) 3a cneuianbHicTio 05.13.05 «koMm'toTepHI cucTeMu Ta
KOMIOHEHTH». — XapKiBChKUM HAIlIOHATBLHUN YHIBEPCUTET Pali0CICKTPOHIKH,

MinicTepcTBO OCBITH 1 HAyKH Y Kpainu, Xapkis, 2017.

Meta pociigkeHHsi — CYTT€BE 3MEHIIEHHS Yacy MPOEKTYBaHHS
00YHCIIIOBAJIbHUX apXITEKTYp 1 MIABUILEHHS SKOCTI HU(PPOBUX BUPOOIB ILIAXOM
MYJITIBEPCHOTO CHUHTE3Y CTPYKTYpU LH(PPOBOro BUPOOM Ha OCHOBI 3a/aHOi
crienudikamnii B cepemoBumi SystemC (C++) 1 aBToMaTUyHOMY MigOOpi
(GYHKI[IOHATPHUX KOMIIOHEHTIB 32 paXyHOK HapajesibHOTO CHUHTE3y 1 Bepuikarii
apXITEeKTypHUX pIlIEHb CHUCTEMHOTO PIBHSA BIAMOBIIHO JO 3alpONOHOBAHOI
METPHUKH.

3anaui:

1. O iIcHYrOUMX MOJENEH, METOAIB, aITOPUTMIB 1 MPOrpPaMHUX 3ac001B
CTBOpEHHS IIU(PPOBUX CHUCTEM Ha KpHCTaJax.

2. Po3pobOka CTpyKTyp AaHUX ISl ONMHCY (PYHKIIIOHAIBHUX MPHUMITHBIB
CHUCTEMHOTO PiBHS, OPIEHTOBAaHUX HA BUKOPHUCTAHHS CEMAaHTHYHUX 1 CHHTAKCUIHHUX
KOHCTpyKUid MoBU C ++ 1 SystemC 3 meroro 3a0e3meueHHs NapajieabHOro
cUHTE3y 1 Bepu(ikalli apXiTeKTypHHUX PIllICHb.

3. Po3pobka Meromy cuHTE3y I1HTEpPEMCHUX CTPYKTYp 1 MNPOTOKOJIB
BUKOHAHHS TpaH3akiii RT-piBHS Ha ocHOBI aHamizy cnerudikamii SoC-
apXITEKTYpU CUCTEMHOIO PIBHS, SIka BUKOPUCTOBYE CTaHIapTHY muHy Wishbone
00OMiHY JaHUMHU MK (YHKIIIOHATbHUMU MOIYJISIMHU.

4. Po3pobka merony cuntedy RTL-moneneit ¢hyHKIIIOHATBHOCTEH IUISIXOM
nepetBopeHHss C++ 1 SystemC-omnuciB 1udpoBux OJOKIB CHCTEMHOTO PIBHS B
AITOPUTMH 1 CTPYKTYypu JaHUX aBTOMaTHOi Mojeni Mypa, mo 3axaHa

CHUHTE30BaHOIO MAMHOXHMHOI MOBHUX KOHCTpYKIii VHDL.
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5. Po3poOka mMeTomy MyJIbTUBEPCHOTO CHHTE3Y KEPYIOUHMX 1 ONepamiifHux
aBTOMATIB, OPIEHTOBAHUX HAa apXITEKTYPHI PIIIEHHS B METPHII, 0 MIHIMI3Y€E Yyac
BUKOHAHHS (YHKIIIOHAJIBHOCTI 3a PaxyHOK poO3MapayiesIloBaHHs omepaliid Mnpu
oOMeXeHHI1 Ha anapaTHi BUTPaTH.

6. Ilporpamna peanizaiiss MoJeled 1 METOMIB MYJbTUBEPCHOI PO3POOKHU
onepaliiHuX NOPUCTPOIB B paMKax IHTETPOBAHOI CHUCTEMH MPOEKTYBaHHS
byHKIIOHATBPHUX 1 apXiTeKTypHux pimieHb SoC Ha OCHOBI BUKOPHUCTaHHS
POYKTIB Bepudikaiii Ta cunrely komnaniii Aldec i1 Xilinx.

Cymuicmb  pUHKOBO-OPIEHMOBAHO20 HAYKOBO-MEXHIUHO20 OO0CHIOHNCEHHS
MOJISITa€ B MYJBTIBEPCHOMY IMPOEKTYBaHHI apXITEKTypu LU(pPOBOro BUpOOYy Ha
OCHOBI 3ajaHoi cnenudikarii B cepeaopuil SystemC (C++) 1 aBTOMaTU4HOMY
BUOOP1 CHHTE30BAHNX (PYHKIIIOHATHHUX CTPYKTYP 3 METOIO ICTOTHOTO 3MEHIIIEHHS
4yacy CTBOPEHHs MPOEKTY 1 MiJIBUIIEHHI BUXOAY MPHUAATHOI IPOIYKIi 32 paXyHOK
napayieIbHOTO CHHTE3y Ta BepHdiKallii apXiTeKTYpHUX PIIIEHbh CUCTEMHOTO PiBHS
BIIMOBIHO 7O 3ampornoHoBaHoi MeTpukd. OCHOBHA iHHOBaIliliHa i7es —
napajelbHUid aBTOMAaTUYHUN CHUHTE3 KBa310MNTHUMAJIbHOI apXITEKTYpH BiANOBIAHO
JI0 3aIllpOTOHOBaHO1 crienuikaiii 1 METpUKA HA OCHOBI MiIOOPY CHHTE30BaHUX
(GYHKIIIOHATBHUX CTPYKTYP.

HaykoBa HOBH3HA OTPUMAaHUX pe3yJabTaTiB.

1. Boepuie 3ampornoHOBaHO METOJl CHUHTE3Yy I1HTEp(PEHCHUX CTPYKTYp 1
MPOTOKOIIB BUKOHAHHS TpaH3akUid RT-piBHA Ha OCHOBI aHamizy cnenuikaiii
SoC-apxiTeKTypu CHCTEMHOTO pIBHA, SIKUUA XapaKTEepPHU3Ye€ThCS BUKOPHUCTAHHSIM
NBOOIYHO1 cTaHmapTHOI muHu Wishbone oOMiHy gaHuMH Mk (YHKI[IOHATLHUMHU
MOJYJISIMH, IO JO3BOJIAE€ 3AIMCHIOBATH MYJBTUBEPCHE CTBOPEHHS KOMIIOHEHTIB
(G pPOBHUX CUCTEM Ha KpUCTaJaX.

2. Bunepuue 3aIpOINIOHOBAHO METO]T CHUHTE3Y RTL-monenen
(GYHKI[IOHATBHOCTEH, SIKUN XapaKTepU3YEThCSI OJHO3HAYHUM MepeTBOpeHHsIM C++
1 SystemC-onuciB 1uppoBUX OJIOKIB CHCTEMHOTO PIBHS B aJITOPUTMU 1 CTPYKTYpH

JAaHUX aBTOMaTHOI Mojeni Mypa, 3a1aHOi CHHTE30BaHOO IMiIMHOKMHOK) MOBHHX
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koHcTpykiin VHDL, mo nae MOXIHMBICTH ICTOTHO 3MEHIIUTH Yac BUKOHAHHS
IPOLECiB TPOEKTYBaHHS, TECTyBaHH 1 Bepudikariii.

3. YI10CKOHA/IeHO CTPYKTYpU JaHUX JJIsI Omucy (YHKIIOHAJBHUX
IPUMITUBIB CUCTEMHOTO PiBHS, Kl BIIPI3HAIOTHCS OPIEHTAIIIEI0 HA BUKOPUCTAHHS
CEeMaHTUYHUX 1 CHHTAaKCUYHUX KOHCTPYKIA MoBu C ++ 1 SystemC, 1m0 103BoJIsIE
3IACHIOBATH MapaJieIbHUM CUHTE3 1 BEpU(IKaLiI0 apXiTEeKTYPHHUX PIILICHb.

4. YaockoHaJleHO METOJ MYJbTUBEPCHOTO CHHTE3Y KEpyHuHuX 1
onepanifHuX aBTOMATiB, OPIEHTOBAHUX HA apXITEKTYpHI PIIIEHHS B METPHII], sIKa
BIJIPI3HSIETHCS MIHIMAJIBHHM YacOM BUKOHAHHS (DYHKIIIOHAJIBHOCTI 32 PaxyHOK
po3mnapaientoBaHHsl omepaliil npu OOMEXKEHHI Ha amapaTHli BUTpaTH, MLIO
JO3BOJIWIIO 30UIBIINTH €(EKTUBHICTh 3aC00IB aBTOMATH30BAHOTO MPOEKTYBaHHS
1upoBUX BUPOOIB.

IIpakTHYHA 3HAYYIIICTHL OTPUMAHHUX Pe3yJIbTaTiB.

1. Po3pobneno mporpamHi 3aco0W I peaiizaimii MOeNeil 1 METOIIB
MYJBTUBEPCHOIO CTBOPEHHS OIEpallifHUX MPUCTPOIB B paMKax I1HTErpPOBAHOI
CHUCTEMHM MPOEKTYBaHHS (PYyHKIIIOHAIBHUX 1 apXITEKTypHUX pimieHb SOC Ha OCHOBI
BUKOPHUCTAHHA MPOAYKTIB Bepudikarii Ta cunre3y komnaniii Aldec 1 Xilinx.

2. IlpoBeneHo TecTtyBaHHsS 1 Bepuikaiito MNPOrpaMHUX MOJYIIB
MYJIBTUBEPCHOI PO3POOKH OMepalifHuX MPUCTPOIB B paMKax IHTETPOBAHOI
CUCTEMHU MPOEKTYBAHHS (PYHKIIIOHAJIBHUX 1 apXITEeKTYpHUX pimenb SoC Ha aecatu
MPUKIIaJIax peanizailii IpoOMHUCIOBO-OPI€EHTOBAHUX (PYHKIIIOHAIBHUX OJIOKIB.

[IpakTuna peanizaiis moJsira€ B Ppo3poOIll JIOKAJbHUX 1 CEpBEPHHUX
nmporpamM, po3MillleHHX Ha XMapHuX cepBicax Amazon Web Services. Cucrtema
BUKOHAHAa 3a  MIKPOCEPBICHOI  apXITeKTypow, SKa Ma€  BJIAaCTUBOCTI
MacIITabOBaHOCTI, HAJINHOCTI, MOXJIUBICTh PO3POOJISATH Ta OHOBIIIOBATH MOJYII
CHUCTEMHM HE3aJIeKHO OJMH BiJl 0AHOTO. KIliEHTChKY MporpaMy peaaizoBaHO Ha MOBI
C++, BoHa Mae rpadiuHuil iHTepdeiic KopucTyBaua 3 TMiACBIUYBaHHSIM
cuHTakcucy. Jlani exkcnepuMeHTy Oynu oTpuMaHi B pe3yiapTaTi podotu 10
1HKEHEPIB HaJ OJHUM MpoeKToM. OILIHIOBAIUCS TaKl XapaKTepPUCTUKHU: YacOBI

BUTpAaTU Ha MPOEKTYBAHHS, HIBUAKOISA, EHEPrOCIOKUBAHHS, TUIOIA Ha KPUCTAJIL.



byno BuOpano Tpu HalmomwMpeHinn peati3amii: MOCIIJOBHA, MapaleibHa,
KOHBelepHa. Pe3ynpTaToM eKCrepuMeHTy OTPUMAaHO, 1110 B pa3l aJUTHUBHOI OLIHIII
aBTOMaTHMYHMN MeTon kpamie B 1,3 pa3. [lpu MyJIbTUILTMKATUBHIN OIIHII
aBTOMAaTUYHUM MeTon kpaumie B 133,2 pa3y. B poOoTi mokazaHo, 110 3HauY€HHS
PYYHOTO METOJly NpPaKTUYHO HAOMMKAIOThCS 1O HYyJsd, B TOM 4Yac SK B
aBTOMAaTUYHOMY METOJ1 3HAu€HHs HaOMMXKaroThCs 10 1, 110 JOBOAUTH TE€, IO
MYJBTUBEPCHUM METOI A1MICHO e(eKTHBHIIIIE.

PesynbTaTu auceprariitHoi poOOTH BijIoOpakeH1 y 36 IPYKOBAHMX Mpalisix:
16 crateit, cepen sxux 13 y HaykoBUX JXypHajaX, 1o Bxoaatb 1o «llepemikiB
HAayKOBUX (axoBUX BUJaHb YKpaiHmw» (3 HuUX 12 - y MDKHapOJHHUX
HAayKOMETpUYHUX 0a3zax), 3 cTaTTi B MDKHApOAHUX HAyKOBHUX JKypHalIax 3a
KOPJIOHOM (3 HUX 2 — B MDKHApOAHIN HayKOMeTpuuHiiA 6a3i Scopus); a Takox 20
nyOJiKalii y MDKHApOJIHUX HAayKOBUX KOH(EpeHIisx (3 HuX 8§ 3a kopaoHoM, 11
BXOJISITh 70 HAyKOMETpuuHOI 0a3u Scopus). 3mo0yBau mae 15 myOmikarii, 1o
BXOJISITh 10 HAYKOMETpU4YHOT 06a3u Scopus, Ta Mae iHaexc Xipmra h=2.

CITMCOK OITYBJIIKOBAHMX POBIT 3A TEMOIO JIUCEPTALIII

Cnucok nybnixayii 3000y8aua, 6 SKUX ONYONIKOBAHI OCHOBHI HAYKOBI
pe3yrbmamu oucepmayii-

1.XaxanoB B.M. TexHonoruss MoJIeTMpOBAHUS U CUHTE3a TECTOB JJIS CIIOXK-
HeIX 1u¢pposbix cucrem / B.M. Xaxanos, K.B. Konecuukos, A.H. I[lapdentnii,
N.B. Xaxanora, B.1. O6puzan, O.B. MenbHukoBa // Panuosnekrponruka u uHQpo-
pmatuka. — 2003. — Nel. — C. 70-78. (Bxoautb 10 MIKHAPOIHUX HAYKOMETPUUHUX
0a3 Index Copernicus, Google Scholar, OECSP, OAJI, Scholar Steer, SIS, Cyber-
leninka, CiteFactor, TIU Hannover, I120R).

2.Hahanov V. Advanced Software Tools For Fault Simulation And Test
Generation / V. Hahanov, A. Egorov, O. Melnikova, V. Obrizan, E. Kamenuka, O.
Krapchunova, O. Guz // Paquosnektponuka u uapopmatuka. — 2003. — Ne3. — C.
77-81. (Bxomuth g0 MiKHapogHMX HaykoMmerpuuHux 0a3 Index Copernicus,
Google Scholar, OECSP, OAJI, Scholar Steer, SIS, Cyberleninka, CiteFactor, TIU
Hannover, 120R).
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3.0brizan V. A Method of High-Level Synthesis and Verification with Sys-
temC Language / V. Obrizan // Paguoanekrponuka u nadopmaruka. — 2010. — Ne4.
— C. 47-50. (BxoauTh 10 MbKHApOAHMX HaykoMmeTpuuHux 0a3 Index Copernicus,
Google Scholar, OECSP, OAJI, Scholar Steer, SIS, Cyberleninka, CiteFactor, TIU
Hannover, 120R).

4.0brizan V. Matrix-Model for Diagnosing SoC HDL-Code / V. Obrizan, I.
Yemelyanov, V. Hahanov, E. Litvinova // Radioelektroniks and informatics. —
2013. — Nel. — P.12-19. (BxoauTh 10 MIKHApOIHUX HayKoMeTpuuHuX 0a3 Index
Copernicus, Google Scholar, OECSP, OAJI, Scholar Steer, SIS, Cyberleninka,
CiteFactor, TIU Hannover, 120R).

5.060puzan B.M. Merpuka mis ananuza Big Data / B.M. O6pusan, A.C.
Mumenko, B.W. Xaxanos, Tamer Bani Amer // Paguosnexkrponuka u nadpopmartu-
ka. — 2014. — Ne 2. — C. 26-29. (BxoauTh 10 Mi>KHAPOJHUX HAYKOMETPHUYHHX 0a3
Index Copernicus, Google Scholar, OECSP, OAJI, Scholar Steer, SIS, Cyberlenin-
ka, CiteFactor, TIU Hannover, 120R).

6.06pu3an B.U. Kubepduzuueckue cucTeMbl Kak TEXHOJIOTUU KUOEpympaB-
nenust (anamutudeckuit 0030p) / B.M. O6puzan, A.C. Mumenko, B.1. XaxaHoB,
N.B. ®ununnenko // Pagunosnektponrka u uapopmaruka. — 2014, — Ne 1. — C. 39-
45. (BxoauTh 10 MibKHaApoaHHUX HaykoMmerpuuHux 0a3 Index Copernicus, Google
Scholar, OECSP, OAJI, Scholar Steer, SIS, Cyberleninka, CiteFactor, TIU Hanno-
ver, I120R).

7.06puzan B.U. Undpactpykrypa npoektupoBanuss SOC nns merona my-
apTUBepcHOro cunre3a / B.M. Obpuszan // Pagnosnektponrka u uHdopmMaTuka. —
2016. — Ne2. — C. 48-60. (Bxoauth 10 Mi>KHApOAHMX HayKOMeTpHuHUX 0a3 Index
Copernicus, Google Scholar, OECSP, OAJI, Scholar Steer, SIS, Cyberleninka,
CiteFactor, TIU Hannover, 120R).

8.Hahanov V. High Performance Fault Simulation For Digital Systems / V.
Hahanov, G. Krivoulya, |I. Hahanova, O. Melnikova, V. Obrizan // International
Scientific Journal of Computing. — 2003. — Vol. 2, Issue 2. — P. 114-121. (BxoauTh
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10 MDKHApOoJAHMX HaykomeTpwdHux 6a3 Index Copernicus, Norwegian Social Sci-
ence Data Services (NSD), Google Scholar, Vernadsky National Library of
Ukraine).

9.Hahanov V. Algebra-logical diagnosis model for SoC F-IP / V. Hahanov,
V. Obrizan, E. Litvinova, Man K.L. // WSEAS Transactions on Circuits and Sys-
tems. — 2008. — No 7. — P. 708-717. (BxoauTh 10 Mi>KHapOJHUX HAYKOMETPUIHUX
6a3 Scopus, Elsevier, Google Scholar).

10.Hahanov V. Embedded method of SoC diagnosis / V. Hahanov, E.
Litvinova, V. Obrizan, W. Gharibi // Elektronika ir Elektrotechnika. — 2008. —
No08. — P. 3-8. (BxoauTh 10 Mi>KHapOIHUX HAyKOMETpUUYHHUX 0a3 Scopus, Thomson
Reuters (ISI), Web of Knowledge Citation Databases, Science Citation Index
Expanded (SCIE); Journal Citation Reports (JCR); INSPEC; VINITI;, EBSCO
Publishing).

11.XaxanoB B.. O630p MeXIyHApOAHOTO PBIHKA AJIEKTPOHHBIX TEXHOJIO-
ruit / B.W. Xaxanos, B.1. O6puzan, O.B. Mensaukosa // Bectauk HTY «XIT».
— Cepus: Undopmatuka u mogenupoanue. — 2004, — Beim. 46. — C.111-115.

12.Xaxanos B.W. Assert-meron Bepuduxaimu u@poBbIX CUCTEM Ha OCHOBE
crangapta |IEEE 1500 SECT / B.M. Xaxanos, B.B. Enucees, B.11. O6pu3zan //
ACY u npubopsl aBromatuku. — 2005. — Beim. 132. — C. 93-105. (Bxoauts 10
MiKHapoaHUX HaykoMmeTpuuHNX 0a3 Google Scholar, Cyberleninka).

13.XaxanoB B.1. Nepapxudeckoe TeCTUpOBAHUE TPOTPAMMHO-TEXHUUECKUX
komiuiekcoB / B.M. Xaxanos, B.B. Enucees, B.1. O6pu3an // ACY u npubops aB-
TOMaTuKu. — XapbkoB, 2006. — Bein. 134. — C. 93-102. (BxoauTh 10 Mi>KHApO/I-
HuX HaykomeTpuunux 0a3 Google Scholar, Cyberleninka).

14 Muxtontok C.B. ApxurekTtypHas MOJAENIb MacIITA0UPYEeMOM CHCTEMBI
ACHHXPOHHOM 00paboTku Oonbimx o0beMoB naHHbIX / C.B. Muxrtonwk, P.C.
XBaHn, B.. O6puzan // ACY u npubopsl aBromatuku. — 2008. — Bein. 142. — C.
13-17. (Bxomuth 10 MikHapogHux HaykoMmerpuuHux 0a3 Google Scholar,
Cyberleninka).
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15.XaxanoB B.11. MQT-aBromar misa aHanuza 6onbiux gaHaeix / B.A. Xa-
xaHoB, B.1. O6pu3zan, C.A. 3aituenko, 1.B. Xaxanos / ACY u npubops! aBToMa-
tuku. — 2014, — Bein. 168. — C. 64-72. (Bxoauth 10 MI>KHaApOJHUX HAYKOMETPUY-
uux 0a3 Google Scholar, Cyberleninka).

Pesynomamu, axi 3aceiouyroms anpobayiro mamepianie oucepmayii:

16.Hahanov V.I. Sigetest — fault simulation and test generation for digital
designs / V.lI. Hahanov, D.M. Gorbunov, Y.V. Miroshnychenko, O.V. Melnikova,
V.1. Obrizan, E.A. Kamenuka // CoBpeMeHHbIE TEXHOJOTUN MPOCKTHPOBAHUS CHUC-
TEM Ha MHUKpOCXEMax Iporpammupyemoit joruku. — 23 centsops 2003. — Xapb-
koB. — C. 50-53.

17.Hahanov V. High performance Fault Simulation for Digital Systems / V.
Hahanov, O. Melnikova, V. Obrizan, I. Hahanova // Proc. of the Euromicro Sym-
posium on Digital Systems Design. — Turkey. Belek-Antalya. — 2003. — P. 15-16.
(BxomuTh 10 MikHapoJHUX HaykoMeTpuaHuX 0a3 Scopus, IEEE Xplore).

18.Mupomnnuenko f.B. Cucrema MonenupoBaHUsi HEHCHPABHOCTEH IS
JTUCKPETHBIX ycTpoicTB / S.B. Mupomnuuenko, O.B. Menbaukosa, B.. O6puzan
/ Marepuanbsl 7-ro MonoAexxHOTO (popyma «PammosnekTpoHWKa U MOJOAECXKb B
XXI Beke». — Ykpanna, XapskoB: XHYPO. — 2003. — C. 463.

19.Hahanov V.I. New Features of Deductive Fault Simulation / V.I. Ha-
hanov, V.l. Obrizan, A.V. Kiyaszhenko, I.A. Pobezhenko // Proc. of the 2nd East-
West Design and Test Workshop 2004. — September 23-26, 2004. — Alushta. —
2004. — P. 274-280.

20.1Ta6anoB-Kymnapenko HO.I1. [Tapannenusm Mo3ronogoOHBIX BBIUMCIIC-
Huii / FO.I1. [lla6anoB-Kymnapenko, B.M. O6puzan // Matepuansl 5-ro Mexmy-
HapOJHOTO HAyYHO-MPAKTUYECKOr0 ceMuHapa «BbICOKONMPOU3BOAU-TEIIbHBIC Ma-
pajuleNibHbIE BBIYUCIICHUSA Ha KJIACTEPHBIX cUCTeMax». — 22-25 Hosops 2005. —
Xapskos. — C. 196- 203.

21.Hahanov V.l. High-performance deductive fault simulation method / V.I.
Hahanov, I. Hahanova, V.I. Obrizan // Proc. of the 10th IEEE European Test Sym-



9

posium. — May 22-25, 2005. — Estonia. — Tallinn, 2005. — P. 91-96. (BxoauTs 110
MDKHApOJIHUX HaykoMeTpuuHux 0a3 Scopus, IEEE Xplore).

22.Hahanov V. Hierarchical Testing of Complex Digital Systems / V. Ha-
hanov, V. Obrizan, V. Yeliseev, W. Ghribi // Proc. of the International Conference
“Modern Problems of Radio Engineering, Telecommunications and Computer Sci-
ence (TCSET'2006)”. — February 28 — March 4, 2006. — Slavske, Lviv, Ukraine.
2006. — P. 426-429. (BxoauTh 10 MDKHApPOAHHX HAYKOMETPHUYHHUX 0a3 SCOpUS,
IEEE Xplore).

23.Hahanov V. Verification of digital system by a new asserting mechanism
based on IEEE 1500 SECT standard / V. Hahanov, V. Obrizan, I. Hahanova, E.
Fomina // Proc. of the International Conference MIXDES 2006. — June 22-24,
2006. — Gdunia, Poland. — 2006. — P. 544-548. (BxoauTh 10 Mi>KHApOAHHUX HAYKO-
meTpuuHuX 6a3 Scopus, IEEE Xplore).

24 Xaxano B.1. SIGETEST — cucrema MoaenIMpoBaHUsI TECTOB MPOBEPKU
HeucrnpaBHocTel udpoBeix ycrpoiicts / B.M. Xaxanos, B.1. O6pu3zasn, 5.B. Mu-
pomHnueHko, O.B. MensHukoBa // Katanor anHoTanuii u pa3paboToK 10 MaTepu-
aJylaM TIEpPBOTO YKpaMHCKO-KuTaickoro gopyma «Hayka — mpousBoicTBO». — Xapb-
koB: XHYPD, 2007. — C. 25-26.

25.Hahanov V. Hardware Simulation and Verification Technologies / V.
Hahanov, A. Hahanova, V. Obrizan, W. Ghribi // Proc. of the IEEE East-West De-
sign and Test Symposium. — September 7-10, 2007. — Yerevan, Armenia. — Yere-
van, 2007. — P. 739-744.

26.Hahanov V. Technologies for hardware simulation and verification / V.
Hahanov, A. Hahanova, V. Obrizan, K. Zaharov // Proc. of the International Con-
ference Modern Problems of Radio Engineering, Telecommunications and Com-
puter Science. — TCSET'2008. — February 19-23, 2008. — Slavske, Lviv, Ukraine. —
2008. — P. 560-564. (BxoauTh 10 MDKHApOAHMX HAYKOMETPHUHHX Oa3 SCOpUS,
IEEE Xplore).

27.Hahanov V. Testing challenges of SoC hardware-software components /
V. Hahanov, V. Obrizan, S. Miroshnichenko, A. Gorobets // Proc. of the IEEE
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East-West Design and Test International Symposium. — October 9-12, 2008. —
Lviv, Ukraine. — 2008. — P. 149-154. (BxoauTh 0 MKHAPOAHUX HAYKOMETPHUY-
Hux 6a3 Scopus, IEEE Xplore).

28.0brizan V. A method for automatic generation of an RTL-interface from
a C++ description / V. Obrizan // Proc. of the East-West Design & Test Symposi-
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ABSTRACT

Obrizan Vladimir Igorevich. Multi population-inverted parallel synthesis of digital
structures based on SystemC specification. — Manuscript. PhD thesis (candidate de-
gree of technical sciences) in speciality 05.13.05 — Computer Systems and Compo-
nents. — Kharkiv National University of Radio Electronics, Ministry of
Education and Science of Ukraine, Kharkiv, 2017

The purpose of the research — a significant reduction time in design of compu-
ting architectures and increasing quality of digital products by multi population-
inverted synthesis structure of the digital products based on a predetermined speci-
fication in SystemC environments (C ++) and automatic selection of functional
components by parallel synthesis and verification of system-level architectural de-
cisions in accordance the proposed metric.

The main results:

1) For the first time proposed a method for the synthesis of interface structures
and protocols perform transactions RT-level on the basis of the analysis of SoC-
architecture system-level specification, which is characterized by the use of bi-
directional standard Wishbone bus communication between functional modules.

2) For the first time proposed a method of synthesizing the RTL-model func-
tionality, which is characterized by the transformation uniquely C ++ - and Sys-
temC-system level descriptions of digital blocks in algorithms and data structures
automaton model given Moore synthesizable subset of VHDL language constructs.

3) Obtained improved data structure for describing the functional primitive
system-level, oriented to usage of semantic and syntax of C ++ and the SystemC,
which differ in terms of providing for parallel synthesis and verification of archi-
tectural solutions.

4) Improved method multi population-inverted synthesis of control and operat-

ing machines, focused on the architectural solutions in the metric, which is charac-
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terized by minimal runtime functionality by parallelizing operations while limiting
on hardware costs.

Analysis was carried out automatic and manual method by experiment, where
an automatic method — a method derived in this paper. The experimental data were
obtained in the investigation work of 10 engineers on a project. Evaluated the fol-
lowing characteristics: time spent on design, performance, power consumption, an
area on the chip. the three most common implementation were selected: sequential,
parallel, pipelined. Experimental results are obtained in the case of additive evalua-
tion of an automatic method for better times 1.301292012.
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BCTYII

CrtBOpeHHs LU(POBUX CUCTEM HAa KPUCTANIaX Ma€ KIIOYOBY pOJIb I PO-
3BUTKY KOMI'IOTEPHUX TEXHOJIOT1M, M0 BUKOPUCTOBYIOTHCS B EKOHOMIII],
COITIOJIOT1i, MEUITMHI, O13HECi, MPOMHCIOBOCTI, OCBITI, 5IKi (HOPMYIOTH KiOEpeKo-
CUCTEMY IUIAHETH: PO3MOJIIJIEHI IeHTpU Bedukux naanux, Internet of Things,
Internet of Everything, kibepdisuuni cucremu, cloud-mobile computing, service
computing.

BaxxnuBo BiJI3HAUYUTH E€KCIOHEHIlIANIbHE 3POCTAHHS HE TUIBKH MPOAYKTHUB-
HOCTI KOMITFOTEPHHUX CHUCTEM, aJie 1 MPOAYKTUBHOCTI 1H)KEHEPIB, 3aBSKH CTBOPCH-
HIO XMAapHUX CEPBICIB MPOEKTYBAHHS anapaTHUX 1 IPOrpaMHUX JI0AATKIB, IHTETpo-
BaHMUX B MOHSATTS KOMM'IOTUHT (puc. 1). Komn'toTuHr — mpouec AocArHeHHs mo-
CTaBJICHOT METH IUJISTXOM BUKOPUCTAHHS PECYpCIB, MEXaHI3MIB yMPAaBIIiHHS Ta BU-
KOHAHHS B IIUKJIIYHO 3aMKHYTIM CHUCTEMI 3 3aJJaHUMH BIJIHOCUHAMU 1 PE3yJIbTYIO-
YOI TPOAYKIIE€I0, CUTHAJTAMH MOHITOPUHTY Ta akToarlii. Po3BUTOK XMapHUX
CEpBICIB HE Ma€ HA METI CKOPOTUTH POOO0Ul MICIIA, a HAJAATH 1HXKEHEPaM 1HCTPY-
MEHTapii JJi1 BUKOHAHHS BUCOKOTEXHOJIOTTYHUX POOIT B OyJb-sKiil TOYIl 3€MHOI
KyJl 31 CTBOPEHHsI SIKICHUX MPOTPaMHO-alapaTHUX OJATKIB, M0 MIHIMI3y€E 4ac

BUXOJY IPUAATHOI IPOIYKIIIi HA PUHOK.

Commands \ States
Control

.

Computing

A-sygnals

Execution
Sources Results

[Virical Continuum]
M-sygnals

[Virical Continu umJ

Puc. 1. Komn'totunr ajist ctBopeHHs ITUGPOBUX CUCTEM Ha KpUCTajaax

TexHos0r1i XMapHUX CEPBICIB 110 CTBOPEHHIO IIU(POBUX CUCTEM HA KPUCTa-
JaX CHUCTEMHOTO PIBHSA JO3BOJISIIOTH CTBOPIOBATH BHUKOHYBaHI crernudikamii —

OIKC MPOEKTY Ha (PYHKILIOHATIBHOMY PIBHI, IKM MOKHA BEpU(IKYBaTH Yy Bijaalie-
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HoMy online-pexxumi. Ha ¢yHkuioHansHOMY piBHI crienu@ikaiis BigoOpaxkae mu-
TaHHS «II0 POOUTH?», a HE K POOUTH, TAKUM YMHOM BOHA HE MICTUTh BUMOT JIO
CTPYKTypH a00 apXiTeKTypH MiIboBOI miardopmu. [lpu 1npoMy KOMIOHEHTaMU
CTBOpEHHS J1edKoi U(POBOi CUCTEMH BUCTYIAIOTh BXKE CEpPBiCH, a HE (YHKIIIO-
HaJIbHI eJIeMEeHTH. Taka 3aMiHa Jla€ CyTTEBUU BUTpAIl Y Yaci MPOEKTyBaHHsI, SKUN
BU3HAYAETHCS IIBUIKOMAIEI0 MpOLEAYp Bepu(ikalii Ta TECTyBaHHS, 3a PaxyHOK
BapitoBaHHs mapamerpamu cucreMHoro, RT 1 BEeHTWIBHOTO PiBHIB, JOMAararounch
KpallluX XapaKTepUCTUK peaizailii udpoBoro BUpoOy Ha KpUCTATI.

[IpobGnemMu mpoeKTyBaHHS, TeCTyBaHHA 1 Bepudikarii mudpoBUX CUCTEM Ha
KpUCTallax OINWCcaHI B myOmkaiisx BYeHux: Y. Zorian, M.Abramovichi, J.
Bergeron, Z. Navabi, A. Jerraya, DB Armstrong, P. Prinetto, J. Abraham, H.
Fujiwara, T. Nishida, X. Wang, A.l. Tlerpenko, P. ¥Y6ap, A. Ivanov, A.M. Poman-
keBud, [[.B. Cnepancekuii, [LI1. ITapxomenko, }0.B. Manumenko, B.H. fpmonik,
B. II. Yinymnic, J.P.Roth, A.FO.MatpocoBa, Camsen Illykypsn, FO.A. Cko61oB,
M.®. Kopogaii, B.C. Xapuenxo, JI.B. /lepOynosiu, P. Illeitnayckac, H. €BTymen-
ko, P. bazunesuy, A. MarpocoBa, B. MeniksH. 3HauH1I1 BHECOK Y PO3BUTOK TEOPIi
MIPOCKTYBaHHS KOMITIOTEpHUX cepBiciB 3poounu BYeHi Camapiii bapanos, Cepriii
Maiiopos, I'ennaniit HosikoB, Biktop ['nmymikos, Jenien ["aiicbkum, Pobept KyH,
Anekc Opaiinorny, Paem I'ynra, Axmen xepaiis, SAnuk beprepon, Xigeo @ya-
xuBapa, Aiipim [Tomepann, Paitmynn Y6ap, B'ssuecinap Xapuenko.

3B's130K po00TH 3 HAYKOBHMMM NPOrpaMaMu, IJiaHaMu, TeMamu. Po3poOka
PO3IUIIB AMCepTallii 3aiiicHIOBaIacs BianoBiaHo a0 rradiB HJIP 1 morosopis, 110
BukonyBanuca Ha kadeapi AIIOT XapkiBCbKOro HalliOHAJIBHOTO YHIBEPCUTETY
pazaioenekTpoHiku B nepiof 3 2011 poky:

1) HoroBip mpo apyx0y 1 cmiBpobiTHuITBO Mik XHYPE Ta xopmnopartiero
«Aldec Inc.» (USA) Ne 04 Big 01.11.2011 poky;

2) Hepxoromkerna HJIP «Teopiss ¥ mnpoekTyBaHHS eHeprozoepirarodix
muGpoBUX OOUYMCIIOBAIBHUX CHCTEM Ha KpUCTalax, 4YTO MOJENIIOITh U

HiJCHIIOITh (PYHKIIIOHATBHI MOXJIHMBOCTI Jroamau, /60 Ne 232, 2009, NeJIP

0109U001646;
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3) JHepx6romkerna HJIP «MynpTumnpouecopia cucremMa  IOMIYKY,
pO3Mi3HABaHHA Ta NPUUHATTA pilieHb Ui 1H(QOPMAILIHOT KOMITHOTEpHOI
exocuctemm», 1/6 Ne 269 (2011-2013), NoJIP 0111U002956;

4) JlepxOroKeTHa HAYKOBO-AOCHiIHA (yHIaMeHTalbHa poboTta Ne268
«IlepcoHanpHui BipTyadbHUM KiOepKOMIT'IOTEp Ta 1H(QpACTPyKTypa aHajizy
kibepmpoctopy» 01.01.2012-31.12.2014, Ne JIP 0112U000209;

5) JepxOropkeTHa HayKOBO-IOCHiAHA (yHIAMEHTadbHa pobota Ne297
"Kibepdizuuna cucrema — «Po3ymHe xmapHe ynpasiiaas TpaHcroptom (Cyber
Physical System — Smart Cloud Traffic Control)» 01.01.2015-31.12.2017 Ne
0115U-000712 Bix 04.03.2015.

6) IIpoekr 530785-TEMPUS-1-2012-1-PL-TEMPUS-JPCR  «Curricula
Development for New Specialization: Master of Engineering in Microsystems
Design (MastMEMS)» cymicHo 3 yHiBepcuteToM «JIBBIBChKA TOMITEXHIKA,
KuiBCchKMM HalllOHAJIbHIM YHIBEPCITETOM, TEXHIYHUM YyHiBepciteToM M. Jloa3p
(ITonwmma), Jlioncekim yHiBepciteroM (Dpaniis), YHiBepciterom M. [npMeHay
(Himeuuuna), Yuisepcitetom M. I[1aBis (Itamis) va 2012 - 2016 pp.

7) Educating the Next generation experts in Cyber Security: the new EU-
recognized Master's program (ENGENSEC) 544455-TEMPUS-1-2013-1-SE-
TEMPUS-JPCR (01 Dec 2013 - 30 Nov 2016).

ABTOp nmuceprallli Mpu BUKOHAHHI 3a3HAYEHUX JOTOBOPIB 1 mMporpam Opas
y4acTb, SK PO3POOHUK CHUCTEMHOrO PIBHS apXiTEKTypH LU(PPOBUX BHUPOOIB HA
KpHUCTajax 1 MporpamicT, MpU CTBOPEHHI Mojemnel (yHKIIOHATLHUX MPUMITHBIB 1
MeToiB Bepudikamii. Bin Takox € BukoHaBiemM B C ++ i Verilog-koxyBanHi
porpaMHO-arapaTHUX KOMIOHEHTIB cucteMu Bepudikaiii HDL-koniB Ha OCHOBI
IEEE ctanmapTiB, iHTErpOBaHUX 3 IPOrpaMHUM 3a0e3neucHHsIM kommanii Aldec.

CyTHICTh PUHKOBO-OPIEHTOBAHOTO HAYKOBO-TEXHIYHOTO  JTOCHIIKEHHS
MOJIATAE Y MYJBTUBEPCHOMY IMPOCKTYBaHHI apXiTEKTypH IUGpoBoro BUpoOy Ha
OCHOBI 3amanoi crerudikarii B cepemopuit SystemC (C++) i aBToMaTHYHOMY
BUOOPI CHHTE30BAHUX (PYHKIIOHATBHUX CTPYKTYpP 3 METOIO ICTOTHOT'O 3MEHILEHHS

4acy CTBOPEHHS MPOEKTY 1 MiJABUIIECHHI BUXOY MPUAATHOI MIPOIYKIIIi 32 paxyHOK
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napajebHOr0 CUHTE3Y Ta Bepuikallii apXiTEeKTypHUX PIIIEHb CUCTEMHOTO PIBHS
BIJIMOBITHO JI0 3alpoTOHOBaHOiI MeTpuku. (OCHOBHA I1HHOBaIliiHA imed —
napajelbHU aBTOMATUYHUN CHHTE3 KBa310NTHUMAaJIbHOI apXiTEKTYypH BIJMOBIIHO
710 3aIpONOHOBaHOI crierudikaiii 1 METPUKH, PETYyJI0Y0i Miadip CHHTE30BaHUX
(GYHKIIIOHATBHUX CTPYKTYP.

Meta pgochipkeHHS — CYTT€BE 3MEHIIEHHS 4Yacy MpPOEKTyBaHHS
0OUYMCITIOBAILHUX apXITEKTYpP 1 MiJBHUINECHHS SKOCTI MU(PPOBUX BUPOOIB MUIIXOM
MYJIBTUBEPCHOTO CHUHTE3y CTPYKTypu LHGPPOBOTO BUPOOY Ha OCHOBI 3aJIaHOi
cnenudikamii B cepemoBumli SystemC (C++) 1 aBTOMaTMYHOMY TiIOOpI
(GyHKI10HATBHUX KOMIIOHEHTIB 32 PaXyHOK MapajelIbHOro CUHTE3y 1 BepHudikallii
apXITeKTYpHUX PIIIEHb CUCTEMHOTO PIBHS BIJIMOBIIHO [0 3alPOIIOHOBAHOT
METPUKH.

OO0'eKT IOCHIKEHHST — TMPOIECH MapajielbHOrO CHUHTE3y 1 Bepuikaiii
U(GPOBUX CTPYKTYP.

[IpeameT nmocHiKEHHS — MOJAENI, METOAW Ta IHPPACTPYKTypa IS
MYJIBTUBEPCHOTO MapaiebHOTO CHHTE3Y U(GPOBUX CTPYKTYp Ha OCHOBI SystemC
crienuikarii.

3amaui:

1. Orasa icCHyrOUHMX MOJENE, METO/IIB, aJITOPUTMIB 1 MPOTPAMHUX 3acO0IB
CTBOpEHHS IIU(PPOBUX CUCTEM Ha KpHUCTaJax.

2. Po3pobOka CTpyKTyp AaHUX ISl ONHUCY (PYHKIIOHAIBHUX MPUMITHBIB
CUCTEMHOTI'O PiBHS, OPIEHTOBAaHUX HA BUKOPUCTAHHS CEMAaHTHUUYHUX 1 CHHTAKCUYHHUX
KoHCTpykIid moBu C ++ 1 SystemC 3 meToro 3a0e3nedyeHHs MapanesibHOro
cuHTE3y 1 Bepu(iKalii apXITeKTypHHUX PIILICHb.

3. Po3poOka meTony cuHTE3y IHTEpPEHCHUX CTPYKTYp 1 MPOTOKOJIB
BUKOHAHHS TpaH3akiii RT-piBHS Ha ocHOBI aHamizy cnernudikamii SoC-
apXiTeKTypHu CHCTEMHOTO PiBHs, SIKa BUKOPHCTOBYE CTaHAapTHY ImHy Wishbone
0OMiHY JaHUMHU MK (QYHKI1IOHATbHUMU MOIYJISIMHU.

4. Po3pobka merony cuntedy RTL-mozneneit ¢hyHKIIOHATBHOCTEH IUISIXOM

nepetBopeHHs C++ 1 SystemC-omnuciB 1uppoBux OJOKIB CHCTEMHOTO PIBHS B
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AITOPUTMH 1 CTPYKTypHM JaHUX aBTOMaTHOi Mojeni Mypa, 1o 3axaHa
CHUHTE30BaHOIO MIIMHOKHHOI0 MOBHUX KOHCTpYKIiit VHDL.

5. Po3pobka meTomy MyJbTHUBEPCHOI'O CHHTE3Y KEpPYIOUHX 1 OmepariiHux
aBTOMATIB, OPIEHTOBAHUX HA apXITEKTYPHI PIIIEHHS B METPHII, 10 MIHIMI3YE Yac
BUKOHAHHS (YHKI[IOHAJIBHOCTI 3a PaxyHOK poO3MapasiesIloBaHHS omepaliid Mnpu
oOMe)KeHHI1 Ha anapaTHi BUTPATH.

6. Ilporpamua peamizaiisi MOJENEH 1 METOAIB MYJIbTUBEPCHOI PO3POOKU
OnepaliiHUX NPUCTPOIB B paMKaX IHTEPOBAHOI CUCTEMU MPOEKTYBaHHS
byHKIIOHATBPHUX 1 apXiTeKTypHux pimieHb SoC Ha OCHOBI BUKOPHUCTaHHS
NpOyKTiB Bepudikaiii Ta cunre3y kommnaniil Aldec 1 Xilinx.

HayxoBa HOBH3HA OTpUMaHUX PE3YJIbTATIB.

1. Bmepie 3anmpornoHOBaHO METOJA CHHTE3Y I1HTEpPEHCHUX CTPYKTYp 1
MPOTOKOIIB BUKOHAHHS TpaH3akUid RT-piBHA Ha OCHOBI aHamizy cnenuikaiii
S0C-apXiTeKTypyu CHUCTEMHOTO PIiBHS, SKUM XapaKTEPU3YEThCS BUKOPUCTAHHSIM
nBoOI1uHOI ctanAapTHOi miMHU Wishbone oOMiHy JaHUMH MK (DyHKIIOHATBHUMU
MOJYJISIMH, IIIO JO3BOJIAE€ 3AIMCHIOBATH MYJIBTUBEPCHE CTBOPEHHS KOMIIOHEHTIB
(G pPOBUX CUCTEM Ha KpHUCTajax.

2. Briepiie 3aIpOINIOHOBAHO METO]I CHUHTE3Y RTL-monenen
(bYHKI[IOHATbHOCTEH, SIKUH XapaKTePU3YEThCSI OJHO3HAYHUM TepeTBOpeHHsIM C++
1 SystemC-onuciB 1uppoBUX OJIOKIB CHCTEMHOTO PIBHS B aJITOPUTMU 1 CTPYKTYpH
JAHUX aBTOMaTHOI Mojeni Mypa, 3a/1aHOi CHHTE30BaHOK IM1IMHOKMHOK) MOBHHX
koHcTpykiin VHDL, mo mae MOXIMBICTH 1CTOTHO 3MEHIIUTH Yac BUKOHAHHS
IPOLIECIB NPOEKTYBAaHHS, TECTYBaHHS 1 Bepudikarii.

3. VYIIOCKOHQJIEHO CTPYKTYpH JaHUX IS ONUCY (DYHKIIOHAIBHUX
MPUMITUBIB CUCTEMHOTO PIBHS, SIKiI BIIPI3HSIIOTHCS OPIEHTAIIEI0 HA BUKOPUCTAHHS
CEeMAHTUYHUX 1 CHHTAaKCUYHUX KOHCTPYKIA MoBH C ++ 1 SystemC, 110 103BoJIsIE
3M1MCHIOBATH MapaieIbHUM CUHTE3 1 BepHUQIKAIlII0 apXITEKTYPHUX PIIlICHb.

4. VYIOCKOHAJ€HO METOJ| MYJIbTUBEPCHOTO CHHTE3Y KEpyruux i
ONepalifHUX aBTOMATIB, OPIEHTOBAHUX HA apXITEKTYpHI PIIIEHHS B METPHII], sIKa

BIJIPI3HSIETHCS MIHIMAJIBHUM YacOM BHUKOHAHHS (DYHKITIOHAJIBHOCTI 3a PaxyHOK
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po3mapaienioBaHHs omepanidi mpu OOMEXEeHHI Ha amnapaTHl BUTpPATH, IIO
JI03BOJIMJIO 30UTBIIUTH €(EeKTUBHICTh 3aC00IB aBTOMATH30BAHOTO TNPOECKTYBAHHSA
udpoBux BUPOOIB.

[IpakTH4Ha 3HaYYLIICTh OTPUMAHUX PE3YJIbTATIB.

1. Po3pobneno mporpamHi 3acoOu i peaiizaliii Mojened 1 MeTOAIB
MYJBTUBEPCHOIO CTBOPEHHS OIEpallifHUX MPUCTPOIB B paMKax I1HTErpPOBAHOI
CUCTEMU MPOCKTYBaHHS (PYHKI[IOHATHHUX 1 apXiTEKTypHUX pieHb SoOC Ha OCHOBI
BUKOPHUCTaHHA NMPOAYKTIB Bepudikarllii Ta cuHTe3y komnaniid Aldec 1 Xilinx.

2. [IlpoBemeHo TecTyBaHHS 1 Bepu(ikaiiro MOPOTPAMHUX MOIYJIIB
MYJIbTUBEPCHOI pO3pOOKH OMNEpalliifHUX MPUCTPOIB B pamMKax IHTETPOBAHOI
CUCTEMHU MPOEKTYBaHHS (PYHKIIOHAIBHUX 1 apXITEKTYpHUX pimieHb SOC Ha JecsiTh
MPUKJIaJax peani3allii MpOMHICIOBO-OPIEHTOBAHUX (PYHKITIOHATHHUX OJIOKIB.

OcoOuctuii BHecok 3a00yBada. Bcl HaykoBi 1 NpakTU4HI pe3yibTaTH
OTpUMaHi aBTOPOM OcCOOUCTO. Y poboTax, OmMyOJIKOBaHMX 31 CIIBaBTOpPaMH,
3m00yBaueBl Hanmexarh: [1] — CTpyKTypw naHuX Uisi Onmucy (DYHKITIOHAIBHHUX
MPUMITHBIB CUCTEMHOTO PiBHS; [2] — po3poOKa MpOrpaMHUX MOJYJIB CUCTEMHU
SIGETEST nns wmopnenmtoBaHHS HECTHpaBHOCTEW Ta reHeparii TtecrtiB; [4] —
nporpamMHa peamsaunis wmetony Bepudikauii HDL-xomy; [5] — npuxnanu
3aCTOCYBaHHA MeETpuku aHamizy Big Data ang npuxkinagHux apxiTeKTypHHX
piteHp; [6] — orisin 3aCTOCYBaHHS XMapHUX CEpBICIB B Kibep(izuuHiii cucremi
yHOpaBIiHHS pecypcamu; [8] — mporpaMHa peaizamis AeIyKTHUBHO-IApaieIbHOIO
METO/y MOJICTIOBAHHS HECTpaBHOCTEH; [9] — mpukiiag BUKOPHUCTaHHS anredpo-
JIOT1YHOI MoJieJli BOYJIOBAaHOTO J1arHOCTYBaHHs HecrpaBHocTtel; [10] — mporpama
peanizaii aredpo-JIoriyHOro METOAy AlarHocTyBaHHs; [11] — oruyisim TEXHOJOTi
MIPOEKTYBaHHS CUCTEM Ha KpucTaiax; [12] — 3acrocyBaHHs MeTomy Bepudikalii
uuppoBux cucreM Ha ocHoBl ctanaapty IEEE 1500 SECT; [13] — iepapxiune
TECTyBaHHS MPOTPAMHO-TEXHIYHUX KOMIUIEKCIB; [14] — pedrnexkcuBHa MOmEINb
noganHsa nanmx; [15] — MQT-aBTomaT misg aHamizy BeIUKUX maHuX; [16] —
sigetest-fault mopjemoBaHHS Ta BUNPOOYBAaHHS IOKOJIHHS I IUGPOBUX

npucTpoiB; [17] — BHCOKa NPOIYKTUBHICTh MOJICTIOBAHHS HECHPABHOCTEH s
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muppoBux cuctem; [18] — cucremMa MOJENIOBaHHS HECHPABHOCTEH IS
JTUCKPETHUX TMPHUCTPOiB; [19] — HOBI MOXIMBOCTI JEMYKTUBHOTO MOJCITIOBAHHS
HecnipaBHocTel; [20] — mapanenisM  Mo3KomoaiOHMX o0uucieHb;, [21] -
BHCOKONPOJYKTUBHUN JEAYKTUBHUN METOJ MOJICTIOBAHHS HECpaBHOCTEH; [22] —
lepapxiuyHe TeCTYBaHHS CKJIaJAHUX HUPPOBUX cucteM; [23] — mepeBipka 1udpoBoi
CUCTEMHU 3a JIOMOMOrol HoBoro MexaHismy Ha ocHoBl IEEE 1500; [24] -
SIGETEST-cuctema MojientoBaHHS TECTIB MEPEBIPKHM HECIPABHOCTEW HUPPOBUX
NPUCTPOIB; [25] — amapatHi 3aco0M MOJICITIOBaHHS 1 Bepudikallii TexHoorii; [26] —
TEXHOJIOT1i Il amapaTHOrOo MOJENIOBaHHS Ta Bepudikaiii; [27] — TecTyBaHHS
npobsemu SoC amapaTHO-TIPOTPaMHUX KOMITOHEHTIB; [28] — ¢moci®6 aBTOMaTUYHO1
redepanii RTL-iTepdeiicy 3 omucom C++; [29] — TpaHzakuiiiHa MoOjelb
MIKpOITpoIecopa isi BEKTOpHO-j1oriuHoro anamsy; [30] — MeTpuka as oOpoOKu
BEJIUKUX JaHuX; [31] — MynbTiapeHaH1 XMapHi cepicu; [32] — 6araroBapiaHTHICTh
napajielbHOTO CHHTE3y IUGPOBUX CTPYKTYp Ha OCHOBI crenmdikamii SystemC;
[33] — TectyBanus chepuunoro mynsrunpoiiecopy PRUS st Bupitienns OyrieBux
pieasHb; [34] — PRUS-cdepuuni mynbrumnporiecopu uisi 00YHMCICHb OyJIeBUX
piBHsIHB; [35] — mpoliecopHa CTPyKTypa s peanizarii mudpoBoi cxemu; [36] —
MaTeMaTU4YH1 MOJIEN1 OMKUCY 00'€KTIB ra30TPaAHCIIOPTHOT TPOMHUCIOBOCTI.
Anpobariis pe3ysbTaTiB quceprailii. Pesynbrat poOoTu Oyiu npeacTaBieH1
ta obrosopeni Ha 20 kongepenmisx: 1) IEEE East-West Design and Test
Symposium, 2004 (Anymra, Ykpaina), 2007, 2016 (€peBan, Bipmenis), 2008
(JIeBiB, Ykpaina), 2010 poky (Canxr-IletepOypr, Pocis), 2013 (PoctoB-na-/lony,
P®); 2) CoBpeMeHHBIC TEXHOJIOTHH IMPOCKTUPOBAHMS CHCTEM Ha MHUKpPOCXEMax
nporpammupyemort  joruku, 2003, (XapkiB, VYkpaina); 3) Mononikaui
pamioenekTpoHHuit Gopym «Pamioenektponika Ta Mojoab y XXI cropiuui», 2003,
2015 (XapkiB, VYkpaina); 4) MiKHapoAHUI HayKOBO-IPAKTUYHUN CceMiHap
«BBICOKOTIPOM3BOIUTENBHBIE — MAapajUICIbHBIE  BBIYMCICHHS Ha  KJIACTEPHBIX
cuctemax», 2005, (XapkiB, Ykpaina); 5) MikHapoaHuii pagioeneKTpoHHUN hopyM
«IIpuknagna pamgioenektpoHikay, 2005, (XapkiB, Ykpaina); 6) Advanced Compact

Modeling Workshop, 2005 (Porto, Portugal); 7) Euromicro Symposium on Digital
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Systems Design, 2003 (benek-Antamis, Typeuunmna); 8) The Experience of
designing and Application of CAD Systems in Microelectronics, International
Conference, 2005, 2015 (ITonsHa, Ykpaina); 9) International Conference Mixdes
Design of Integrated Circuits and Systems, 2006 (Gdynia, Poland); 10) 10th IEEE
European Test Symposium, 2005, (Tallinn, Estonia); 11) YkpaiHcbko-KuTalCbKUN
dopym «Hayka — BupobuunTBo», 2007, (Xapkis, Ykpaina); 12) Modern Problems
of Radio Engineering, Telecommunications and Computer Science, 2006, 2008
(Slavske, Lviv, Ukraine).

[Ty6mixarii. Pesynbratn TUcepTaIliiHol  poOoTH BimoOpakeHi y
36 apykoBaHux mpaisx: 16 crarei, cepen sikux 13 y HAYKOBUX >KypHasax, IO
BxoiTh 110 «IlepenikiB HAyKoBUX (axoBUX BUJAHb YKpainm» (3 Hux 12 — vy
MDKHApPOJIHUX HAYKOMETPUYHUX O0a3ax), 3 cTarTi B MIDKHAPOJHUX HAYKOBHX
KypHajax 3a KOpPAOHOM (3 HUX 2 — B MDKHApOJHIM HayKOMETpHU4YHIM 0a3i
Scopus); a Takox 20 myOuikamid y MibKHApOJIHUX HAYKOBUX KOH(EpEeHIisx (3 HUX
8 3a KopaoHOM, 11 BXOAATH 10 HAyKOMETPUUHOI 06a3u Scopus). 3100yBau mMae 15
nmyOJTiKallii, 1Mo BXOASITh A0 HAYKOMETPUYHOI 0a3u Scopus, Ta Mae iHAEKC Xipiia
h=2.
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42.06puzan B.M. KubGepduszudecknue cucTteMbl Kak TEXHOJOTHH Kube-
pynpasienus (aHanutuueckuit 063op) / B.U. O6puszan, A.C. Mumenko, B.1. Xa-
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10 MDKHapoJHHX HaykomeTpmdHux 6a3 Index Copernicus, Norwegian Social Sci-
ence Data Services (NSD), Google Scholar, Vernadsky National Library of
Ukraine).

45.Hahanov V. Algebra-logical diagnosis model for SoC F-IP / V. Hahanov,
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PO3JILI 1
PO3BUTOK I CYUACHUM CTAH 3ACOBIB
ABTOMATHU30BAHOI'O MMPOEKTYBAHHS

Meta — nmoka3aTu pO3BUTOK MOjENEeil, METO/IIB, alTOPUTMIB 1 MPOTPaAMHHUX
3ac001B CTBOPEHHS ITU(PPOBUX CUCTEM Ha KpUCTajax B yaci 1 mpoctopi. Buznauntu
BY3bKl MICIIA 1 TIEpeBaru HaMIIKaBIIIUX MOJENEH 1 METOMiB, OMyOJiKOBaHUX B
CHeliaNbHIN JiTepaTypi: MaTepianu KoHpepeHuii 1 xxypHaiu. ChopMytoBaTu mMe-
Ty 1 3aBJaHHS JOCTIHPKEHHs, OPIEHTOBAHI HAa YCYHEHHS BY3bKUX MICIb 1 BUKOPH-
CTaHHs HAaHOUIbII e(DEeKTUBHUX ICHYIOUUX PIIIEHB JIJIsI PO3POOKH TEOPETUUHUX OC-
HOB 1 MPaKTUYHUX 3aCO0IB CHCTEMHO-OPIEHTOBAHOTO MPOEKTYBAHHS OOYHCIIIO-

BAJIbHUX IIPUCTPOIB.
1.1. PerpocnekTHBa aBTOMATH3ALIl NIPOEKTYBAHHA €JICKTPOHIKH

[lepmri MOBiIOMIIEHHST TIPO ABTOMATHU3AII0 TPOEKTYBAHHS EIIEKTPOHIKH
BITHOCATHCA 710 1956 poky, kKomu OyB BUKOPHUCTAHUN aHAJIOTOBUN KOMI'IOTEP IS
MozentoBaHHs udpoBoro ¢uibtpa [1]. ¥V 1957 poui, B yHiBepcuTeTi LimiHoiica Oy-
Jla BUKOpPHUCTaHa KOMI'TOTEpHA MporpaMa sl po3paxyHKiB XapaKTepUCTUK TPUTE-
pa Ha ocHOBI TpaH3uctopiB [2]. ¥V [3] moBigomisieThes, mo B 1958 pori Oyia po-
3po0JieHa mporpama, sika CUHTe3yBajia (p13MYHI XapaKTEPUCTUKU JIOTIYHOT CXEMH,
IIPU IIbOMY PE3YJIBTATH, SIKI PAHIIEe BUXOIUIIU 32 MICSIh PYYHUX O0UHUCIICHb, OyIIN
OTpUMaH1 MPOTATOM JIHSI 3 BUKOPUCTAHHSIM KoMmIT'toTepa. ¥ 1963 pori po3poOieHa
1 BunpoOyBaHa KOMITHOTEpPHA MporpamMa i CUHTE3y MiHIMaJIbHUX JBOPIBHEBHUX
OararoBuxooBux Joriuanx Qyukmiin [4]. CkianHicTh TecToBOiI cxemu — 4
3MiHHMX, 5 (yHkIid, 20 TepmiB JJTHD — oOMexyeTbesl JOCTYITHOKO OMEPATUBHOIO
naM'aTTIO 1 YaCOM Ha Po3B’s30K. HaromomryeTbest Takoxk, 0 MPU PyYHOMY TPOESK-
TyBaHHI 1HXXEHEp OTpUMaB pillieHHS Ha 4% oNTUMaJIbHINIE KOMII'IOTepHOro. B
ILOMY K POI PO3pOOJICHI KOMIILIATOpH OyJIeBUX PIBHSIHB [5, 6], ki aBTOMAaTHYHO

OHTI/IMiSYBaJ'H/I qaC MOJCIIOBAHHA CXCMMU.
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VY 1964 pomi B CIIIA OyB cTBOpeHU KOMITET 3 aBTOMAaTH3aIlll MPOCKTyBaH-
H [7]. Bin OyB cTBOpeHMIl ypsIOBUMH, OCBITHIMU Ta KOMEpLIHHUMHU Op-
raHizaisMi 3 METOI CHIJILHOTO BHUpPIIICHHS MpobiieM, 0OMiHY iHpopMarli€, po-
3BUTKOM 1€l B HOBIM ramy3i — aBTOMaTu3alii NPOEKTYyBaHHS EJIEKTPOHIKH.
[Ilopiuni 300pu ILOTO KOMITETY Mi3HIIIE OTpUMaIM Ha3BY KOH(EpEeHIlii mo aBTo-
MmaTu3alii npoektyBanHs. Ha nepuriit 3yctpidi Oysio miJKpeciaeHO BaKJIUBUN €KO-
HOMIuHMI edekT ranysi [8, 9]: ckopodeHHsT TepMiHIB pO3POOKH, a TAKOX BapTOCTI
BUPOOHUIITBA, 3HUKEHHS] PU3UKIB.

VY 1965 pori Oynm 3acTocoBaHi MepIii MPOCTI MOBU JIJISi OMTUCY 1 MOJIEIIO-
BaHHS JIOTIYHUX CXEM, SIK1 JIO3BOJIMJIM ICTOTHO CKOPOTHTH 4ac iX aHaII3y: 3aMiCTh
JEKUIbKOX TIKHIB JJA0OPATOPHUX TECTIB JOCHTh OYJO JBOX-TPhOX XBHWJIUH
KoMIT'FoTepHOTo MojenoBanHs [10, 11]. MoxnIuBOCTI mporpaMu aHallizy CXeMU He
nepeBulryBaid 100 quckpeTHUX eleMeHTiB. Y oMy Xk poll, B [12] Ypix onu-
CY€ aJlTOPUTM IO/I1€BOI0 MHTEPIPETATUBHOTO MOJEIIOBAHHS Ul HU(POBUX CXEM
3 ypaxyBaHHSM YacCOBHX 3aTPUMOK, L0 € Ba)JIMBUM KPOKOM O MiJABHUILEHHS
aJICKBaTHOCTI pe3ynbTariB aHami3y. B [13] Bia3HavaeThbcs, M0 3 BUKOPHCTAHHAM
mporpaM aBTOMATH3aIlli MPOEKTYBaHHS BapTICTh PO3POOKH CKOPOTHIIACS OLIBII
HIK Ha MOJIOBUHY, 1 3pOcia TOYHICTh 1 HaA1HICTh BUPOOY.

Y 1965 poui Topmon Myp, Oynyuu chiBpoOiTHUKOM Deipuaidina
CemikoHAaKTOp, cHOPMYBaB EMIIPUYHUIN 3aKOH PO3BUTKY IHTETPAIBHUX TEXHO-
JIOT1M, SIKMHM Mmi3Hime oTpuman oro iMm's [14]. MypoMm Oyro 3pob6sieHO criocTepe-
YKEHHS 32 KIJIbKa POKIB, IO KUIBKICTh €JIEMEHTIB IHTETPAIIbHOI CXEMHU TI0JIBOIOETh-

cst IpuOJM3HO KOXH1 ABa pokH (puc. 1.1). YygoBo Te, 110 3aKOH MPaLIOE 1 10CI.
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Puc. 1.1. ImocTpariist 3akony Mypa (penakiist 1965 r.) — KUIbKICTh TPaH3UCTOPIB

Ha KpucTaii Oy/e MmoABOIOBATUCS MPUOIU3HO KOXKHI JBa POKU

VY 1966 poui 6yna BUKOpUCTaHA KOMIT'FOTEpHA MporpaMa Jajisi pO3MILIEHHS 1
TpacyBaHHS JIOTIYHUX €JEMEHTIB Ha ApykoBaHuX muiatax [15], [Ipu upomy vacosi
Butpatu ckianm 20 xBuiuH 11 50 enemMeHTiB 1 ogHa roguHa st 100 eneMeHTiB.
Y 1966 pormi 3ycTpidaeThes mepina 3rajgka [16] mpo BUKOPHCTaHHS CJIIEMEHTIB
MITYYHOT'O 1HTEJNEKTY (€BOJIIOIIMHUX aJrOPUTMIB) IS aBTOMATH3AIlli: MiHIMI3aIlis
JIOBKMHU CIIOJIyYHHUX MTPOBOJIB, @ TAKOXK MOOY/I0Ba TOBEIIHKOBOT MOJIE IO 3aja-
HUM BX1JTHUM 1 BUX1JHUM 3HAYEHHSM JIOTTYHOT (PYHKITI].

Y 1971 poui Bumymienuit mikpormnporecop Iaren 4004, mo mictuts 2300
TPaH3UCTOPIB.

VY 1983 pori ony6J1ikOBaH1 pe3yJbTaTh amepukancbkoi nporpamu VHSIC -
Very High Speed Integrated Circtuits [17]. Byno 3anponoHOBaHO BUKOPHCTAHHS
moBu VHDL six MoBH omnucy amapatypu. [lepia Bepcia cranaapTy Oyiia npuitHsTa
cycninectBoM IEEE y 1987 pomi mix Homepom 1076. Buxomunu Takox Bepcii

cTaHaapTy 3 ictoTHUMHU 3MiHaMu y 1993 1 2008 pokax. [Iporpama Oyna HacTiIbKU
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BJasa, 1110 MoBa omnucy anaparypu VHDL 1o cboroaHimHbOro THS KOPUCTYETHCS
HOIYJISIPHICTIO.

B3umky 1983-1984 poki @11 Mypb6a 1 [Ipabxy ['oen po3poOuiau MOBY OIu-
cy amaparypu Verilog. IlouaTkoBi nmpaBa Ha BuHaxij Hanexanu ¢ipmi Gateway
Design Automation, motiMm B 1990 pomi Oynu kymieni ¢gipmoro Cadence Design
Automation. Y 1995 pomi ToBapuctso IEEE 3arBepamio crangapt uiei moBu. Hosi
Bepcii cTanaapTiB Takox 3aTBepkyBanucs B 2001 1 2005 pokax.

[ToBeniHkOBHIT onuc MOke OyTH 3poOJieHHI Ha JEeKIIbKoX piBHsAX [18, 19,
20]: stk aaropuT™M Ha MOBI BHCOKOTO DiBHS, SIK HaOIp IHCTPYKIIH /IS MIKPOITpOIie-
copa, Ha PiBHI PEriCTPOBUX MEpenay MIKpOapXITEeKTypu abo sK cucTteMa OyJIeBHX
piBHsIHB. CTPYKTYpHHM OMKC TaKOX MOKe OyTH BUKOHAHO Ha P13HUX PIBHSX, B 3a-
JISKHOCTI BiJ] CKJIAAHOCTI KOMIOHEHTIB: B3a€EMOJisl Tpollecopa 1 mam'sTi Ha CH-
CTEMHOMY piBHI1, peecTpoBi ¢ainu, AJIY, JTIUYUIBHUKY 1 IIMHU HA MIKpOapXITeK-
TYpHOMY DPiBHI, BEHTHJII 1 TPUTE€pPH HA JIOTIYHOMY PiBHI, 1 TPAH3UCTOPU, KOHTAKTH 1

MPOBIIHUKY Ha PiBHI TOMOJOTIi Kpuctamia (puc. 1.2).

Structural Functional
representation representation

Processor
memory switch Systems

Register transfer Algorithmic

Circuit Boolean expressions

-Mask geometries
<=Cells

<= Layout planning

\ 4
Geometrical
representation

Puc. 1.2. Y-niarpama Iaiickoro-KyHa BigoOpakae TpUCTOPOHHE MPEICTaBICHHS

MPOEKTY 1 PI3HUX PiBHIB a0CTpaKiii
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Ha cucremHOMy piBHI NpPOEKTYBaHHS BHUKOPHUCTOBYIOTHCS TpaH3aKIl -
BUKJIMKK (DYHKIIIi, 0O 3MOJICTIOBATH B3aeMOJIiI0 M Onokamu cuctemu [21], Ha
BIIMIHY BiJl MOJieJiel piBHS PEECTPOBUX Iepesiay, /e BUKOPUCTOBYIOTHCSI CUTHAIIU
1 mmHu. Mojienb Ha piBHI TpaH3aKIid BUKOHYETbCSA B KUIbKa pa3iB MIBUJALIE, HIXK
Ha PIBHI PETiCTPOBUX mepenad. Hanmpukian, ajs Toro mob 3Mo1eII0BaTH YUTaHHS
3 MaM'sTi Ha CUCTEMHOMY pIBHI JIOCUTh BUKJIMKAaTH OJHY (YHKIII}O, a Ha piBHI
pETICTPOBUX Tepeaad MOTPIOHO TepenaTu MOCHiIOBHICTh pi3HUX curHamiB. Cu-
CTEMHI MOJIeJll Ha piBHI TpaH3aKUId 3HAWIUIM HIMPOKE 3aCTOCYBaHHS B Be-

pudikarii mMpoeKTiB.
1.2. Orasja BUCOKOPiBHEBUX MOB MPOEKTYBAHHS

Jlist po3poOky BOyJ0OBaHUX MPOrpaMHO-anapaTHUX CHUCTEM HEOOXiTHI HOBI
MOBH onucy, BinMiHHi Bij Tpaauniianx MOA VHDL i Verilog. 3 BukopucranHsm
tunoBux MOA mojin Ha IporpaMHy 1 amapatHy MiJICUCTEMH POOUTHCS HA paHHIX
eTanax MpOeKTYBaHHS, TOMY IO Il YaCTUHU PO3POOJISIOTHCS HE3aJICKHO OJUH BiJ
onHoro. Ili3Hiiie 3MiHa B 11€ PillICHHS MOXKHA BHECTH 3 BEJIMKUMHU YaCOBUMU 1 Ma-
TepiaTbHUMHU BHUTpaTaMu Ha mepepoOKy. BukopuctaHHs €auHOI BHCOKOPIBHEBOI
MOBH, 3aCHOBaHOi Ha MOB1 C++, 103BOJIUTh YHUKHYTH II1€1 MPOOJIEMHU.

Ha choronHimHiil 1eHb € BeJMKa KIJIbKICTh BUCOKOPIBHEBUX MOB OIHUCY CH-
crem. Cepen nux: C++, SystemC, SpecC, Handel-C, HardwareC [22]. PosrisiHemo
111 MOBH O1JIbIII JOKJIAIHO.

C ++ — MoBa mporpaMmyBaHHs 3arajbHOTO MPU3HAYEHHS, 3aCHOBaHA HA MOBI
C [23, 24]. Ha Biaminy Big C, moBa C ++ miaTpuMye OUIbII CKIAAHI TUIHU JaHUX,
KJIacH, 11a0J0HHU, MPOCTOPY IMEH, 110 BOYAOBYIOThCS (YHKIIT, epeBaHTaKEHHS
orepaTopiB, MepeBaHTaXKEHHA (YHKIIIH, MOCUIIaHHS, CTaHAApTHY 010110TEeKy m1ab-
JoHiB. MoBa miATpUMYy€e 00'€KTHO-OPIEHTOBAHY MOJIE]Ib MPOrPaMyBaHHs, 110 103-
BOJISIE€ OMY 3 JOTIOMOTOI0 KJIAaCiB OMHUCYBATH MPEAMETHU 3 OyAb-sIKOi 001acTi 3HAH-
HS, HalpHuKiIaa, 3 HU(POBOi €IEKTPOHIKU: JIOTIYHE 3HAUYEHHS, CUTHAJ, PETiCTp,

muHa, Moaym. IcHye nBa nuisixu 3actocyBaHHss MoBU C ++ i1 MOJEIIOBaHHS
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amapatypu: posmupenHs cuatakcucy (HardwareC, SpecC, Streamlt [25]) i BuKoO-
puctanHs gomatkoux Oi6miorek kiaciB (SystemC, TIPSY [26]). ¥V mepmiomy
BUMAJKY, HEOOX1IHa Po3poOKa 0JATKOBUX KOMIIJISATOPIB 1 IporpaM CHUHTE3Y, SKI
PO3MI3HAIOTh HOBUM CHHTAKCHUC. Y JIPYyroMy BHUMAJKY, HEOOXITHO BBOAUTH J0OJAT-
KOBI KJIaCH, SIK1 peaii3yloTh MOHATTS 3 mpeameTHoi oonacTi [27]. Mosa C ++ He
Mae BOYJJOBaHMX MOKJIMBOCTEH JIJIs1 MOJICIIOBAaHHS MapajieIbHOIO BUKOHAHHS 1 Yya-
COBHX 3aTPUMOK.

SystemC (4uTaeThCSI «CUCTEM Ci») — MOBa MPOEKTYBaHHs 1 Bepudikariii Mo-
Jieiel CUCTEeMHOTO PiBHS, peani3oBaHuil y BUTIsAL 610mi0Teku C ++ 3 BIIKpUTUM
BUXITHUM KojioM [28, 29]. BiGmioTeka BKIIto4ae B cede sApo MOMIEBOTO MOJIEIIO-
BaHHS, 110 J03BOJISIE OTPUMATH BUKOHYBaHY creludikailito MpoeKTOBaHOI CHUCTe-
Mu. MoBa 3acTOCOBY€ThCS JUIsl OOYAOBH TPAH3aKIIMHUX 1 MOBEIIHKOBUX MOJIe-
Jiei, a TaKOX JJIsl BUCOKOPIBHEBOTO CUHTE3Y. SystemC BUKOPUCTOBYE Psi/i IOHSTD,
K1 pOOJIATh WOTO CXOXKHUM 3 TPaauIliiHUMU MoBaMu omwmcy amaparypu VHDL 1
Verilog: inTepdeiicu, mporecu, CUrHalM, HAOBHEHOCTI, i€papxis MOyJiB. MoBa
SystemC He BHOCUTH 0OMEKeHb Ha BUKOpUCTaHHS MoBH C ++ 1uis omucy moje-
aeii. Takum YMHOM, MOXHA WOrO BUKOPHCTOBYBATH OJIHOYACHO 3 IHIIHUMHU
010J110TeKaMM, HAMPUKIIAJ, JUIsl poOOTH 3 rpadiuHuM iHTepdeiicoM KopHucTyBaya.
bibmioreka SystemC € po3BUTKOM IpoekTy Scenic dipmu Synopsys [30].

Ha puc. 1.3 moka3zana 3arasibHa apxitektypa moBu SystemC [31]. dynna-
MeHT 610mioTeku SystemC — crangapt moBu C ++. Ha #ioro ocHOBiI o0y 10BaHO
spo MoBH SystemC, sike MpeCTaBICHO JeKIIbKoMa a0CTpakIisiMu: MOYJb, TOPT,
npoiiec, iHTepdeiic, kanai, noais. BepxHi mapu peaizoBaHi 3a JOMOMOTOK HHUX-
HIX mapiB. Y CBOIO YEpry, HWXKHI IIapy IPH HEOOXITHOCTI MOXKYTh OyTH BUKOpPH-

cTaHil 0€3 BepXHiX IIapiB.



41

Pazau4ynbie moJbnL30BaTeIbCKHE OMOJIHOTEKH

JJieMeHTAPHbIE KAHAJIbI
Curnan, Taiimep, MproTekc, cemadop, FIFO

SAnpo s3bIKa TuNbI JaAHHBIX

Monynu Jlormueckuit Tan (01XZ)
[TopTsI Jloruueckuii BEKTOp
ITpoueccsr buTbl 1 OUTOBBIN BEKTOP
Hutepodeiicot Ienbie THIBI

Kanansr MIPOU3BOJIHHOM TOYHOCTH
CoObiTust

Cranpapr sa3pika C++

Puc. 1.3. baraTomapoBa apxiTektypa 610mioteku SystemC

Knac sc_module peamizye Moayiab — OCHOBHHME Kiac OiOMIOTEKH, €
OyniBenbHUM O10KOM i npoekty Ha SystemC. ¥V mosi VHDL #tomy Biamnosinae
noHsATTs entity, a 8 mosi Verilog monsarts module. Bei Moy mpoekTy MOBHHHI
OyTH ycmajakoBaHi BiJl IIbOTO kiacy. KoxeH MOIyinb MICTUTh JEKiIbKa MPOIIECIB,
SIK1 BUKOHYIOThCS mapanenbHo. [Iporiec moBuHEH OyTH 3apeecTpOBaHUA B SIpi MO-
nemoBanHsa. Moa C ++ He Mae BOy10BaHUX 3aCcO01B /I peatizallii mapajiebHOro
BUKOHAHHS, TOMY CIIbHE BHKOHAHHS TPOIIECIB JOCATAETHCS 3a PaxXyHOK sapa
1oJ11€BOTO MojemoBaHHsa Oi0mioreku SystemC. J[s mpolecy BU3HAYAETHCS CIH-
COK YYTJIMBOCTI — CIMCOK CHUTHAJIB, IPU 3MIHI 3HAYEHHS SKUX, Ma€ aKTUBOBAHO
mporiec.

bibmioTeka Hamae pi3HI TUMM JTaHUX, BIACTUBI MOJEISM CUTHAIIIB B arapa-
Typi. Kitac sc_logic € onun 0it, sikuii Mae 4oTupH 3HaueHHs: "0" — JIOTIYHHIA HYJIb,
'1' — noriyna oguHUIY, 'X' — HEBU3HAYCHUH CTaH, 'Z' — CTaH BUCOKOTO IMIIEAHCY.
Knac sc_Iv € moriunuii BeKTOp, €JIEMEHTaMHU SKOTO € 3HaueHHs Kiacy SC_logic. ¥
01010TEIl BU3HAYEHO 3BUYAiiHuI OiTOBHI THI SC_Dit, 1110 Mae aBa 3HayeHHs: "0" 1

"1", TakoK BU3HAYEHO OITOBHIT BEKTOp SC_hV.
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Jliis cMHXpOoHI3allii poOOTH mapajebHUX MPOLIECIB peali3oBaHl Pi3HI KiIacu
eIEMEHTApHMX KaHaiB: SC_Mmutex, sc_semaphore, sc_fifo. sc_mutex — kanan, sxwuii
peamizye M'orekc (anria. mutex, sim mutual exclusion — oGomiibHUI BHHSATOK).
OO6'exT KIIacy SC_MUteX 103BOJISIE PI3HUM TTPOIIECOM 3a0€3NMEYUTH CUHXPOHHUH J0-
CTyI 10 pecypcy. BukopucTtaHHs LIbOTrO KJIacy rapaHTye, 10 TIAbKU OUH IIPOLEC
MaTHUME JOCTYyM 10 OyAb-IKOT0 pecypcy B OAMH 4Yac. [[is M 1oTekca TOCTYIHI Me-
TONN «3a0JIOKyBaTH», «IEPEBIPUTH OJIOKYBaHHSI», «po30J0KyBaTu». THUIOBE BH-
KOPUCTaHHS M’IOTEKCa MpHU MPOEKTYBaHHI CUCTEMM — apOiTp IIMHU JAAHUX, SIKAN
KOHTPOJIIOE AOCTYI ACKIIBKOX MPUCTPOIB 70 OAHIET muHi; SC_Semaphore — kaHai,
skuil peanizye cemadop. O0'ext kiacy SC_Semaphore, Ha BigMmiHy Bij M’IOTEKca,
JI03BOJIsIE€ 3a0€3MEeUUTH OJTHOYACHUHN JOCTYI 10 3araJbHOTO PECypCy Hamepen 3a-
JaHIi KIJTKOCTI TIPOIIECiB.

Moga SystemC 3HaX0IUTh HIUPOKE 3aCTOCYBAHHS B PI3HUX 3aBJAaHHSIX IPO-
ekTyBaHHs U(ppoBUX cucTeM. B poboTi [32] moBigoMisiEThCSA MPO TOCBiM MMO-
BeqliHkoBoro cuHte3y mozem muHu PCI Ha MoBi SystemC 3a g0MOMOTOO TPO-
rpaMHUX MPOAYKTIB (ipmMu Synopsys. BkasyeTbcss oOMEXEHHS Ha CHUHTE30BaHY
niaMHOKKMHY MoBH. [lintpumyrotees tumu  SystemC: Sc_bit, sc_bv, sc_int,
sc_bigint, sc_biguint, i Turiu moBu C ++: bool, int, long, short. ITiaTpumyerbes
TUTBKH Tpoliec Ty SC_Cthread, B skoMy CIIMCOK 4yTJIMBOCTI HE MICTHTh HisSIKHX
IHIIUX CUTHAJIB, KPIM TJ00aIbHOTO TAaKTOBOTrO curHamy. B po6oTi [33] mokasano
BUKOpUCTaHHA MOBU SystemC 151 MmepeBIpKU KOPEKTHOCTI BHXIJTHOT MOJIENI CH-
CTEMH 3a JIOIOMOIOI0 KiHIIEBUX aBTOMaTiB. B poGoti [34] moBimoMIsieThCsi Tpo
BukopuctanHa SystemC 171 aHami3y 3MaraHHs CUTHaJIIB B LHUPPOBHUX cxeMax. B
po6ori [35] omucana moxens mmHu AMBA [36] Ha MoBi SystemC. Po3po0ieno
HeoOX1/1H1 1HTepdeiicH, SKI IPUXOBYIOTh B cOO1 JIeTanl NpOTOKOIY Jjisi OOMIHY Ja-
HUX Ha IIMHI. 3 BUKOPUCTAHHIM TaKOl MOJETi MO>XHA JOMOTTHCS MOJEIIOBAHHS
MOCJIJOBHOTO YUTaHHs abo 3amucy 4epe3 IIMHY 33 OJAMH TaKT, 3aMICTh JCCSITKIB
TaKTIB, AKIIO MOJEIIOBATH Ha PiBHI curHamiB. B po6oTi [37] onucyeThest CUHTE30-
BaHl KJIacu — po3lupeHHs 10 icHyrouux B SystemC. Ilpu cunTe31 BiiOyBaeThCs

BiIoOpaXkeHHs TOJIB o00'ekTa B OiTOBUiM BekTOp. JlocTym 10 Takux TMOJiB
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3JIACHIOETHCS 32 IOMIOMOTOIO TOCTYITY JI0 Jiana3oHy Iboro BekTopa. KoHcTpykTO-
pH, GYHKIII-UJICHH 1 JECTPYKTOPH MEPETBOPIOIOTHCA B 3BHUaHI (PyHKIIIT, sIK1 Ome-
pYIOTh HajJ OITOBUMH BEKTOpaMHU BiAMOBITHUX 00'€kTiB. CXOXKHM MiaXid 3aCTOCO-
ByeTbcss B [38], 3 Ti€r0 BiMIHHICTIO, IO TPU CUHTE31 MiATPUMYIOTHCS TUIBKU
00'eKTH.

VY mictuary 1.1 moka3zaHud BHUXIZHMM KOJ MOJENI CyMaTopa Ha MOBI
SystemC. Mogens Mae aBa BXoau a 1 b Tumy int, BUxig sum Tumy int. Y KOHCTPYK-
Topl MOIyNs (KJ1acy) BIIOYBA€ThCS PEECTpallis MpPOoIeCy, acoliiOBAHOIO 3 UM
Moxaysem, B siapi monemtoBanHs SystemC. IIpoiiec BukoHye HEOOXiTHY JIOTIKY:
CyMy JBOX BXIJHHX 3Hau€Hb. TakoX B KOHCTPYKTOP1 PEECTpAIlisi CIIUCKY YyTIUBO-

cti miporiecy void do add ().

Jicmune. 1.1. Opueinanvruti mexcm cymamopa ua mogi SystemC

1. // nmingkJioueHHS 3arojioBku O6ibiioTexm SystemC
2. #include "systemc.h"

3.

4. // BU3HauUeHHA MOIyJd (Kjacy)

5. SC_MODULE (adder)

6. A

7. // mopTu

8. sc_in <int> a, b;

9. sc_out <int> sum;

10.

11. // mpouec
12. void do_add O

13. {

14. sum = a + b;

15. }

16.

17. // KOHCTPYKTOP MOIYJIS

18. SC_CTOR (adder)

19. {

20. // peectpauis npouecy do_add B smpi momemoBanHs
21. SC_METHOD (do_add);

22.

23. // cnucok uyTimsBocTi npouecy do add
24. sensitive << a << b;

25. }

26.  };

Po3po6eHo Kijgbka YOPHOBUX BEpCidl CTaHAAPTy HAa CHMHTE30BaHY ITiJIMHO-

*knHy MoBH SystemC. Ha MOMEHT HamucaHHs qucepTallii octaHHs Bepcis 1,3 Bif
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27 cepnas 2009 roma [39]. KpiM cuHTE30BaHOI MiIMHOXHHH, 1€ CTaHAApT
BHU3HAYAa€ BUMOTH JI0 HAMMCAHHS CUHTE30BAaHOTO KOJy. B CHHTE30BaHy MiIMHOXH-
HY BXOJUTH:

—MoOMyJi, nexiapoBaHi 3 BukopuctanHaMm Makpo SC_MODULE, a takox
npsiMe ycrajaKyBaHHs Bia kimacy SC_module aGo Bim kiacy, mo Mae B IpeaKax
sc_module (Motysib MOXE MaTH TiIJIbKU OJMH KOHCTPYKTOD);

—mopTtu: SC_in, SC_out, SC_inout;

—interpanphi Tanu ganux C ++: bool, unsigned char, signed char, char,
unsigned short, signed short, unsigned int, signed int, unsigned long, signed long,
unsigned long long, signed long long (6iToBa mupuHa HUX TUIIB BHU3HAYAETHCS
BIAOBIAHO 10 momysspHuX C ++ KOMIIHIIATOPIB);

—IIIATPUMKA CTATUYHUX MACHBIB;

—TATPUMKA CTATUYHUX MMOKAKYHKIB,;

—IOCUJIaHHS;

—TIepepaxyBaHHs.

CraHgapToM HE TPUMAETHCA

—YHcIia 3 TUIABAI0Y0I0 TOUKOIO;

—TMHAMIYH1 TTOKKYHUKH, a TAKOXK omepallii 3 MoKaK4YuKaMu;

—(yHKIIi1 main 1 sc_main He cCuHTE3yI0Thcsa. DyHKISA SC_main MoKe BUKO-
PUCTOBYBATHUCS U1 BU3HAYEHHS TapaMeTpiB 11a0J0HIB 800 KOHCTPYKTOPIB;

—new, delete, new [], delete [];

—BUKIIFOUCHHS 1 X 00po0OKa.

HactynHi KOHCTpYKIli MOBHMHHI PO3IMI3HABATUCA CHUCTEMOIO CHUHTE3Y, aje
ITHOPYBaTHUCSL:

—CcTBOpeHHs 00'ekTa TUIy sc_trace file;

—BUKJIMK (QYHKIIIT SC_trace;

—BUKIIUK (QYHKITT printf;

—BHMKOPHUCTAHH omeparopa << Jjid IIOTOKY cout.
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Takum 4YMHOM, CTaHAApT BU3HAYa€ HEOOXITHUN MIHIMYM, SIKI MOBHHHI
HiATPUMYBATH BC1 IPOrpaMHi MPOIYKTH, sIKI TPETEHYIOTh Ha 3BaHHS CUCTEM CHH-
te3y SystemC. IIpote, BUpOOHUKH B MpaBi CaMOCTIMHO PO3LIMPIOBATH CUHTE30BaHi
M1IMHOXKHHHY 32 PAMKH, 3a3HA4Y€HI B CTAHIAPTI.

Moga SpecC [40] (UuTaeTbcsi «crek-ci») - po3mupenHs a0 mosu C, 3a go-
IIOMOT'OI0 SIKOTO MO’KHAa OIKCYBAaTH MpOrpaMHo-anapaTHi cuctemMu. Mosa SpecC
Ma€ CHUHTAaKCHYHI KOHCTPYKIIii, SIKI MIATPUMYIOTh CTPYKTYpPHY i€papxito, mapa-
Jiei3M, OOMIH MOBIAOMIJICHHSIMA, CHHXPOHI3aIlit0, 3MIHy CTaHIB aBTOMara, 00poo-
Ky BUHSTKIB 1 BUMIp 4acy.

Omuc mozeni Ha mMoBl HardwareC ckitamaeTbcs 3 MHOKUHU B3a€MOJIIFOUNX
npotieciB. Bei mponiecu BUKOHYIOThCS napanenbHo. KoxkeH npoltec nounHae pooo-
Ty 3aHOBO IICIIA 3aBeplieHHs poboTu. BcepemuHi mporiecy MOKHA OMMCATH
MOCJIIZIOBHI 1 IMapalieibHi ornepaiiii. MoBa Mae CUHTaKcUC, Mo10Hu 10 MoBU C, He

Ma€ MOKaK4IMKIB [41].
1.3. 3aco0u BUCOKOPIBHEBOI0 CHHTE3Y

dipma Cadence npononye pimenns C-to-Silicon Compiler [42], sike 103Bo-
JIsle aBTOMAaTUYHO Te€HEpyBaTH KoJ Ha MOB1 Verilog Ha piBHI pericTpoBUX rnepeaay
3 C/ C ++/ SystemC onucis. [Iporpama peanizye KiJibka TEXHOJIOT1i: ONMTUMI3aIis
KEpYyIYOoro 1 OmepaiiifHOro aBTOMATIB, 1HKPEMEHTaIbHUN CHUHTE3, MOXKJIHMBICTH
anmapaTHOro MPUCKOpPEHHs Bepudikallli, BU3HAYEHHS YaCOBUX 3aTPUMOK 1 HE0O0-
xigHOl mronm Ha kpuctanmi. Cuctema miATpuMye 06a3y MaHHUX 3 BEPCISIMU TIPOCKTY
3a  MIpO0 pO3poOKH, IO TO3BOJSE 1HXKEHEPY POOUTH EKCIIEPUMEHTH, 3 MOXK-
JIUBICTIO BIAKOTUTHCS Ha MOIMEPEIHIO0 MPUIATHY BEPCil0, B pa3l HEBAAJIOIO MPO-
eKTHOro pimeHHs. [Iporpama 30epirae BUXigHI TEKCTH MOJCICH 1 OOMEKESHHS Ha
peaizaiilo OKpeMo, 110 J03BOJISI€ HEOJHOPA30BO BHUKOPHUCTOBYBATH BXKE T'OTOBI
MOJIEI1 B IHIIUX IMPOEKTAX, 3MIHUBIIIH OOMEKCHHS.

®dipma Synopsys pospobuinia mporpamy System Studio [43], sika g03BOJISIE

MPOEKTYBaTH MPOrpaMHO-anapaTHI CUCTEMU Ha BHCOKOMY piBHI abctpakiii. €



46

MIATPUMKA BEIMKOI 0107110TeKH, 1o BKIO4Yae B cebe Outbime 2000 momenent mis
J0JIaTKIB 00poOKHU cUTrHamiB. € MOXKIMBICTD 1HTErpalii 3 QyHKIISIMU, HATUCAHUMHU
Ha moBax C / C ++. [Iporpama g03BOJIsi€ OTPUMYBATH MOJIEJIi, HATMCaHI HA MOBI
SystemC. € miaTpumMKa CiJIbHOTO MOJCIIOBAaHHA 3 MojensiMu Ha MoBax VHDL 1
Verilog. Obmexenns Ha cuHTe3 C ++ 1 SystemC KoJy: OroJIOIIEHHS KJIaciB,
yCIIaJIKyBaHHA KJIaciB, poOOTa 3 IMHAMIYHOIO MaM'aTTio (omepaTopu new, delete),
00poOKa BHUKIIIOYEHb, PEKYPCUBHUN BUKIUK (DYHKIII1, IepeBaHTaXEeHHS (YHKIIIH,
BOynoBani C ++ QyHKIIii, BipTyanbHi QYHKII], CTATUYHI YWICHH, IEPEBAHTAXKEHHS
onepatopiB, mabdgonu. Tunu C ++ 1 SystemC, ki He NpUAATHI A CUHTE3Y: YHC-
na 3 miaBatoyoro Toukoro (float, double), sc_fixed, sc_ufixed, sc_fix, sc_ufix, no-
KaK4UKH, (hailil, TOTOKU BBEJICHHS / BUBOY.

dipma Mentor Graphics npomnonye nporpamy Catapult C Synthesis [44], sika
00po06sisie Bxiguuil daitn Ha MoBi ANSI C ++, cuHTe3y€e 3 HHOTO OMUC Ha PiBHI
perictpoBux mepenad y 20 pasziB mBHIIIE, HDK TPaguIlidHI pydHi mMeToau. €
miaTpUMKa 00'€KTHO-OPIEHTOBAHOTO MPOrpaMyBaHHS 1 IMIA0JIOHIB, IO JO3BOJISE
HEOJTHOPA30BE€ BUKOPHUCTAHHS TMapaMeTpi3yeMux Mojenell mpuctpoiB. Cucrtema
Mae CBO1 BIacHI BOYJIOBaHI THMH JJis peai3allli MUIOYUCETbHUX 1 PEUOBUX THUIIIB
nanux. Lle 3po6sieHo 3 MeToro onTUMi3alii NMpy peaizalli IHTerpaJbHOl CXeMHU, B
TUX BUIAJKAX, KOJIM BUKOPUCTaHHS 64- 1 32-po3psAHUX pPEricTpiB 1 IIMH €
HaaMmipHOwO. LI TUmM paHWX € TapaMeTpu3yeEMHUMH, 1 TIporpamMa CHUHTE3Y
MiJIAIITOBYE PO3PSAHICTD ISl KOKHOTO KOHKPETHOTO BHIAIKy. [Iporpama aBTo-
MaTUYHO CUHTE3Y€ 1HTepdelicu s criolydeHHs Mojeni Ha MoBi C ++ 3 moensaMu
Ha MOA VHDL a6o Verilog. [Iporpama Takox J103BOJIsIE BUKOPHUCTOBYBATH €/1H-
HUW TECT, SIK JJIsl BUXIAHOTO airopuTMy Ha MoBi C ++, Tak 1 1Ji1 CHHTE30BaHOI
RTL-monemni, mo ckopouye yac Ha Bepudikaiiito. /(s onTumizaiiii mpoeKTiB BUKO-
PUCTOBYIOThCS TaKi METOIU: PO3rOopTKa 1 KOHBEMepU3allisl [IUKJIIIB, 3IUTTS IIUKIIIB,
po3aiIeHHS 1 3MuTTs MoaymiB mam'siTi. [Iporpama Catapult C Oyna ycminiHo BUKO-
puctana st 6itbin Hixk 200 3amoBieHux mikpocxem i1 TTJIIC [45].

dipma Y Explorations, Inc. npomonye mnporpamy eXCite [46]. Bximaum

dbopmarom mis uiei nporpamu € moBa ANSI C. TIporpama 31ilicCHIOE CUHTE3 TPO-
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€KTiB, 3aCTOCOBYIOUU 3TOPTKY 0araTOBUMIPHUX IMKJIIB 1 KOHBEHEPU3AIIIIO ITHKIIB
(3a 10ITOMOTrOI0 AMPEKTHB) 1 BCHOTO MPHUCTPOIO LIS KPaIUX YaCOBUX XapaKTEPH-
ctuk. [Iporpama Takoxx 103BOJIsIE BKa3aTH OOMEKEHHS Ha MPOMYCKHY 3/IaTHICTb 1
MPOIYKTUBHICTE. KoprcTyBay 3a JOMOMOTOI0 JUPEKTUB MOKE BKa3aTH YMCIIO BH-
KOPHUCTOBYBAaHUX OIT /i1 BOYIOBaHUX THUIIIB JJaHUX MOBHU C, 1100 OTpUMAaTH OINTH-
ManbHUN pe3ynbTar cuHtedy. eXCite Professional 103Bosisle BUKOPHUCTOBYBATH TO-
TOBI JIOT1YHI OJIOKM B MPOEKTI, M0 ICTOTHO CKOPOYYE Yac Ha PO3POOKY 1 3HUKYE
PHU3HKH.

®dipma Forte Design Systems mpomonye pimenas Cynthesizer nns Buco-
KopiBHeBoro cunresy [47]. Ilporpama 3abesrneuye MpOAyKTHUBHICTH 1HXKEHEpa B
JIBa MUTbMOHU JIOTIYHMX BEHTUJIIB Ha PiK, y nopiBHsHHI Big 200 000 BeHTUIIB Ha
pIK, POEKTYIOYM Ha PiBHI pericTpoBux mnepenad. [Iporpama mpuiiMae Ha BXOAI
Moeni, onucadi Ha MoB1 C ++ 0e3 4acOoBUX XapaKTEPUCTHUK, a HA BUXO/11 BUPOOJIsIE
OTIMIC MOJIEJIl Ha PIBHI PETiCTPOBUX Tepeaad. € MOXKIMBICTh TeHepaIlii iHTepQeiciB
no moxaeneir Ha MOA mns croinbHOi Bepudikarii. Cynthesizer Takox H03BOJISIE
CUHTE3yBaTU MOJIENI Ha piBHI TpaH3akuiil. [Iporpama inTerpoBana 3 610J10TEKOIO
JoriyHuX OJIOKIB Ha ToBeAiHKOBOMY piBHI (behavioral IP), BukopucTanHs SKux
ICTOTHO CKOPOYYE Yac Ha po3poOKy npoekty 1 Bepudikaiito. Cynthesizer Mmoxe iH-
TerpyBatucs 3 mnporpamoro SystemCoDesigner, po3poOjieHOi B YyHIBEPCUTETI
HropuOepra (Himeuunna) [48]. Ls mporpama g03BOJIsIE CHHTE3yBaTH HAOIp PI3HUX
MPOCKTHUX PIIICHb JIJISl PI3HOI €JIEMEHTHOI 0a3u, HANpUKIad, 3 PI3HUMU THUIIAMU
IIMHU, €JIEMEHTIB maM'aTi abo mporiecopiB. Jlami 1HXEHEp, OLIHUBIIN KOMIIPOMIC
MDK PI3HUMH MapaMeTpaMu — MIBUAKO/AIEI0, BAPTICTIO, HA/IIMHICTIO, EHEPTOCIIOXKHU-
BaHHSM — BUOHMpae ONTHUMAJIbHHUI BapilaHT peanii3alli NporpaMHO-anapaTHoi CH-
ctemu Ha Kpuctaii. SystemCoDesigner TakoX 103BOJIsIE POOUTH MPOTOTUIU HA
FPGA-kpucTaii, 0 3Ha4HO CKOpPOUye yac Bepudikairii IpoeKTy i MiIBHIIYE aTeK-
BaTHICTh OTPUMAHUX PE3YJIbTATIB. ABTOPH MOBIAOMIISIOTH TIPO ICTOTHE (B KiJIbKa
pasiB) CKOpPOUYEHHS BUTPAT 4Yacy Ha pO3pOOKYy MPOEKTY, a TaKOX 301IbIICHHS

MIBUIKOIII.
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dipma SystemCrafter npomonye nporpamy cunresy SystemCrafter SC [49],
sKa TEPETBOPIOE MOJENb, OMUCAHy 3a JOMOMOro MiAMHOXUHM MoB C ++ /
SystemC B cunte3oBanuit VHDL a6o Verilog koa. PedoBi Tumnu ganux He MiaATpHU-
MYIOThCS Uepe3 KOIITOBHY anapaTHy peajizaiiio. Po3noain cucteMu Ha mporpaMHi
1 armapaTHi YaCTUHU 3J1MCHIOETHCS B PYYHOMY peXuMi. SIK 1 B 1HIIUX Iporpamax
BHUCOKOpIBHEBOrO CUHTE3y, SystemCrafter 103Bosisie TOBTOPHO BUKOPHUCTOBYBATU
TECTH Ha BCIX PIBHAX MPOEKTYBaHHS.

Cucrema SPARK [50], po3po6iiena B KaidopHificbkoMy YHIBEpCHTETI, BU-
KOPUCTOBYETHCS JIJII BUCOKOPIBHEBOTO cMHTE3Yy. Bona 00po0:sie BxigHui (haiin Ha
MoBi C, 1 mepeTBoproe ioro B VHDL mozens Ha piBHI pericTpoBux nepeaad. [Ipo-
rpaMa BUKOHYE JIesIKI MEPETBOPEHHS BUXIJTHOTO KOIY: PO3TOPTKY IUKJIIB, O0YHC-
JICHHSI KOHCTAHT B Tl ITUKJTy, BUHECCHHsI 1HBapiaHTIB MUKITy. OOMEXKEHHS CUCTe-
MU: HEMa€e KOHBeWepu3allii, HeMa€e MiATPUMKH MMOKAKUYMKIB, HEMA€E MIATPUMKH pe-
KypcUBHUX (yHKIIIH, HEMae MIATPUMKH OaraTOBUMIPHUX MACHBIB, HEMae
MIATPUMKA KOPUCTYBAJIBHUIIBKUX THUIIIB JAaHUX (KJIacu), HEMae MIATPUMKH Tep-
HapHOTO oreparopa a?b: C.

®ipma NEC nmpononye cuctemy CyberWorkBench [51, 52], sika npu3naueHa
s epextrBHOro npoektyBanHs HBIC. [Ins nporo npoekTy mMOBHHHI OyTH OMU-
cani Ha MoBI1 C, C ++, SystemC. Cuctema Hajae 3aco0u 1Jisd MOBEIIHKOBOI'O CHUH-
Te3y, MPOTPaMHO-aapaTHOTO MOJIEIOBaHHA, popManbHOI Bepudikaririi. [I[porpama
noBeAiHkoBoro cunredy reiepye VHDL a6o Verilog Mozenb Ha piBHI pericTpoBUX
nepeaay, sika Moxe OyTH Jaji BUKOPUCTaHA JJisl IEPETBOPEHHS B MOJIEIIb Ha PiBHI
BeHTWIiB. CucTteMa TakoK CHUHTe3ye iHTepdeiicu n0 muH, Hanpukiaa, AMBA-
AHB. € moxnuBicte kouBepTyBaTH RTL-Moneni 3 VHDL a6o Verilog nazan B C
++ 1 SystemC, 106 301IbIINTH MBUAKICTH MOJIeTIOBaHHS. Iy Banmigarii mpoekTy
BUKOPUCTOBYIOTbCA MeTOoaM (OpMalibHOI BepHdikailii, sKi MepeBipAOTh €KBIBa-
JIEHTHICTh BUXIJHOTO MOBeIIHKOBOTO onucy Ha MoB1 C / C ++ 1 orpumanoro RTL-
piIICHHS.

Cucrema ROCCC (riverside optimizing configurable computing compiler),

po3pobiiena B KamidopniiickkoMmy yHiBepcuteTi (PiBepcaiin, CILIA [53]), — om-
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tuMizytounii kommissitop C ++ 1 @optpana B VHDL Ha piBHI pericTpoBux mnepe-
nad. BigminHicTh 1Mi€l cuctemu Bif ctanaaptHoro kommiisaropa C abo doprpana
MOJIsiTa€ B TOMY, 110 KPIM MOTOKY 1HCTPYKIII, BOHA TEHEPYE apXiTEKTypy 3aMOB-
HOTro Mikpormporecopa. Ha erani ontumi3zanii BUpOOJISIOTECS 3TOPTKU 1 PO3TOPTKU
IUKIIB, KOHBEWepHU3allisd [MUKIIB 3 METOH IMiJABUIIEHHS IIBUIAKOIIL 1 MiHIMI3ZaIli
BUKOPHCTOBYBaHUX pecypciB. Ha erami JOriYHOrO CHHTE3y € MOXKIIUBICTD
KOH(DIrypyBatu po3Mipu IIMH JaHUX MK OJIOKAaMH MIKPOIPOIecopa, KUTbKICTh
pericTpiB, KUIbKICTh CTYNEHIB KOHBEEPA, & TAKOXK 3reHEepyBaTH HECTAaHIApTHI BU-
koHaBui Onoku. Cucrema mpusHaveHa g reHepanii mpoektiB ans [IJIIC. ITlo-
BIJIOMJIIETHCS, 1110 OTPUMaHI MPOTpaMHO-arapaTHi peajizallii MpamrTh Bij Je-
CATKIB JI0 THUCSY pa3iB MIBUJIIE, HIXK pealizalii Ha TPaJUIIHHUX MIKpOIPOIIECO-
pax. Y BUXITHOMY KOJi 3a00pOHEHO BHKOPHUCTOBYBATH IMOKKYUKH, OIEPATOPU
break i continue. Kpim Toro, Bci agpecu nam'siti TOBUHHI OyTU OOYUCITIOBAHUMHU HA
MOMEHT KOMIIUJIALIIT, 1[0 1ICTOTHO 3HWXKY€ MHOKUHY NMPUAATHUX BUX1THUX (ailiiB.
dipma Xwroner-ITakapa po3poduia cucremy Iliko-H [54, 55]. Cucrema Bu-
KOPHCTOBY€ETHCS JJII aBTOMAaTH3aIlil BUCOKOPIBHEBOTO CHHTE3Y HEMPOrpPaMOBaHUX
amapaTHUX MPUCKOPIOBAYiB — (YHKIIOHATBLHUX OJOKIB 3 )KOPCTKOIO JIoTiKo0. CH-
crtema o0poOJsie BKIaZeH1 Uk Ha MoBi C 1 reHepye anapaTHy MoJielb Ha MOBI
VHDL y Burisiiii CUCTOJIIYHOIO MacUBY 3 BUCOKUM CTYIEHEM Mapajeni3My, a Ta-
KOX Kepyrouuii aBTomart, intepdeiic 1o O3V 1 no nepudepiiinux npuctpois. Bu-
KOPUCTOBYEThCS CHEllajbHa IiJICUCTEMA, sIKa BUOMpAE ONTUMAJIbHUN BapiaHT 3
MPOCTOPY MPOEKTHHUX pillleHb. BoHAa Bapitoe HACTYMHUMHU MapaMeTpaMu, sIKi MO-
KyTb OyTH OOMEXEH1 1HXKEHEPOM: KIJIbKICTh MPOLECOpPIB B MACHBI, TOMOJOTIA
3B'I3KIB, MPOITYCKHA 3/JaTHICTh IIMHM JaHuX. [Ipoliec TpaHCHAIii CKJIaJaeThes 3
HACTYMHUX €TalliB: aHaJli3 BUX1IHOTO KOy, MPU3HAUCHHS 1Tepalliii Ha MpoIecopH,
TpaHcdopmallisi Ta ONTUMI3alisl UMKy, ONTUMI3allis MOTOKY Omepariii 1 po3mip-
HOCTI JIaHMX, CHHTE3 IIpoIlecopa, CHHTE3 CHCTeMH, reHeparis BuxigHoi VHDL-
MOJIeJIi 1 OllIHKa BUTpAT anapaTypu. OOMeKeHHS Ha BX1IHYl MOJEIb: MEX1 UKy

MOBUHHI OyTH KOHCTAHTHUMHU, MOCWJIAHHS Ha MaM'siTh TOBUHHI OyTH 3B'SI3KOBUMH,
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3aJIe)KHOCTI 3MIHHMX MDX ITe€pallisiMi MOBUHHI OYTH OJAHOPIIHUMHU — MaTH MOCTIi-
HY BIJICTaHb, HE3AJICXKHY BiJl pO3MIPY MacHUBY.

dipma CebaTech po3pooduna komminsarop C2R [56], sxuii TpaHCIOe BUXiI-
Huil onuc Ha ANSI C B kox Ha Bepisiori piBHS peecTpoBUX INepeaad, NpuaaTHUNA
JUIsL CUHTE3Y. Y KOJIl MOKJIMBE BUKOPUCTAHHS CHEIlalbHUX JUPEKTUB KOMIILISATO-
Py, SIKl TO3BOJISIFOTH T€HEPYBaTH Pi3HI MIKpOapXITEeKTypHI pimeHHs. KomminsaTop
HIATPUMYE CTPYKTYpPU, MACHBH, TTOKAXYHUKH, pi3HI ipoekTh: sk ais [IJIIC, xopcT-
KOi JIOTIKH 1 CUCTeM Ha KpucTaiax. Hemoniku koMouisiTopa: HeMae miITPUMKH MO-
Bu C ++ 1 616mioTexkn SystemC.

PosrnsHeMo, SKMM YUHOM CIIOKMBayi MPOSIBISUIN iHTEpeC 10 3aC00iB BUCO-
KopiBHeBoro cuHTedy. Ha puc. 1.4 mokazani oOcsSru mpoJiak MPOrpamMHUX IPo-
OyKTiB Juisi cuHTe3y 3a mepion 1994-2007 poky [57]. MoxHa YITKO BUAUIUTH
HACTYIHI Nepi0x PO3BUTKY:

a) 10 1994 poky anropuTMIYHHI 1 TOBETIHKOBUN CUHTE3 ICHYBaB Y BUTJISII
HAYKOBO-/IOCIIIHUX PO3POOOK 1 HE MaB ICTOTHOTO KOMEPLIHHOTO YCHIXY;

0) B nepiog 3 1994 no 1996 pik cnocrepiranocs He3HAYHE 3POCTAHHA MPO-
JIaX1B JIOCTIITHUX 3Pa3KiB,;

B) 3 1997 no 1999 pik Ha punky nominye Synopsys Behavioral Compier,
Cadence, Mentor Graphics, ane NpoAyKTH HE BUIPABAAIM OYIKYyBaHb KOPHUCTY-
BayiB, 1110 IIPU3BEJIO JI0 3HIKCHHS 00CSTIB IMPOJIaXKiB;

r) 3 2001 mo 2003 pik crnocTepiraeTbes perecis 1 Hel0BIpa KOPUCTYBAUiB J0
IporpaM BUCOKOPIBHEBOT'O CUHTE3Y;

r) 3 2004 poxky Ha PUHKY 3'SIBUIMCS KOMIIUIATOPU HOBOTO TMOKOJIHHS, SIKI
MOBEPHYJIM 1HTEpPEC KOPHUCTYBadiB 10 BHCOKOpiBHeBOro cuHTe3dy. Y 2008 pori
minepamu pulky € ¢pipmu Mentor Graphics i Forte Design Systems.

3a nporro3zamu aHamiTHKIB [58], 10 2013 poky oOCsT pUHKY IPOrpaM BUCO-

KOPIBHEBOT'O CUHTE3y MOXke nocArTd 100 MUIBIOHIB 101apiB.



o1

O6opoT MporpamMm BEICOKOYPOBHEBOTO CHHTe3a, MJTH 1o, CIIIA

29,5

94 95 96 97 98 99 2000 01 02 03 04 05 06 07 08

Puc. 1.4 Cratuctrka nmpojaxkiB mporpam BUCOKOPiBHEBOTO cuHTE3y [59, 60]

1.4, XapaxkTepuCTHMKA CHCTEMHOI0 PiBHSI MPOEKTYBAHHS

CucreMHuil piBeHb IPOEKTYBaHHS XapaKTEPU3YEThCS CIATHUM MiAXOI0M,
KOJIM Ha MEPIIUX eTarnaxX CTBOPIOETHCS Ta HANArOMKYETHCS MOJIETb HA JJOCUTh BH-
COKOMY piBHI abcTpakilii (crenudikaliii, airOpuTMH), a IOTIM OKpeMi KOMITOHEHTH
B1100pa)karoThCs Ha OUIbII HU3BKUI piBEHb a0CTpaKIlii, axk A0 (Hi3U4HOT peasizarii
(Tomonoris kpuctana). CUCTEMHUM pIBEHBb MPEIACTABISIETHCSA CYKYITHICTh 00'€KTIB,
AK1 B CBOIO YEepry € CUCTeMaMHU. [HIIMMH cloBaMH, Ha CHCTEMHOMY PiBHI Hac IiKa-
BUTH uTaHHs «I1lo mpoekT poOuTh?», a He «SK MPOeKT (PI3UUHO peanizoBaHU»?

Cucremy S MOXHA BUPA3UTH HACTYIHOIO TPIAKOIO:

S =< XY, Z >,

e X — MHOKMHA BXIJHHX 3MIHHUX, Y — MHOKHMHA BUXIJHHUX 3MIHHUX, 7 —
MHO’KMHA BHYTPIIIHIX (QYHKITIH.

BiaminHI pricu CHCTEMHOTO PiBHSI MPOEKTYBAHHS:

—BHUCOKAa MPOJAYKTUBHICT iHXeHepiB [61];

—BHWKOPHUCTAHHS MOB BUCOKOTO PiBHS JJI OITUCY cUCTEMH [62];
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—CIHiJIbHE MPOEKTYBAHHS MPOrPaMHUX 1 allapaTHUX MOJYJIIB;

—BHWKOPUCTAHHS TOTOBHX MPOTECTOBaHMX Joriyaux OiokiB (IP core) [63,
64, 101] 3 MHOXXWHH, 1110 HATAETHCS PI3SHUMU BUPOOHUKAMU;

—a0cTpaKilis BiJl TeXHOJIOTIT peaizarii cuctemu [102].

VY Tabsn. 1.1 mokazaHi piBHI OMUCY CUCTEMHU 1 BIAMOBIIHI iM LIJTLOBI apXiTEK-
Typu. Tomosoris Kpucrajga — HaWHWKYUNA pPIBEHb, CUCTEMHHMH pPIBEHb — CaMHi
BepxHIi. TyT MOXXHA MPOCTEKUTH, K 3pOCTAE BiJ HU3Y JO BEPXY THYUYKICTh IMPO-
eKTY 1 MPOJyKTUBHICTh 1HXKeHepa. Hanpukiaa, mpoekT, mpencTaBiIeHU y BUTIISAI1
TOMOJIOTIi KpHUCTaia, MPUAATHUIN 0 peaiizallii TIIbKM Ha MIKPOCXeM1 KOHKPETHOL
TEXHOJIOT1i. SIKII0 TEXHOJIOTIsl 3MIHIOETHCS, TO MOBTOPHO BUKOPUCTOBYBATU TaKUU
MPOEKT HEMOXKJIUBO. [IpoeKkT Ha BEHTWJIBHOMY piBHI (cucTeMa OyJeBUX (YHKIIIH)
HIBUIIE PO3POOJATH 1 Bepu(iKyBaTH, HI)K TOMOJOTII0 KpHUCTalla, 1 HOro MoKHa
MOBTOPHO BHUKOPHUCTOBYBATHU JIJII MIKPOCXEM PI13HUX TEXHOJIOTIN. | TUIbKK crCTeM-
HUN pIBEHBb Ja€ MOXKIIUBICTD JIJISl CIILJIBHOTO MPOrpaMHO-anapaTHOTO MPOCKTYBaH-

HS JIJIs1 PI3HUX IUIaTQOPM.

Tabnuys 1.1 Bionogionicme pisHs onucy ma yilb080i apximekmypu

PiBenns onucy HisiiboBa apxiTekTypa
Cucremuuii pierb onucy (SystemC, C ++) Mikpomnporiecop, FPGA, ASIC
Mosga nporpamysanus (C ++) MIKpOTIPOIIECOP

PiBens peectpoBux nepenau (VHDL, Verilog) FPGA, ASIC pi3HUX TeXHOJIOT1i
BEHTWJILHUN PIBEHb ASIC pi3HUX TEXHOJOTIN
TPaH3UCTOPHUH PIBEHBb ASIC pi3HUX TEXHOJOTIN
TOTIOJIOTIsI KpHCTaNa ASIC KOHKpeTHOI TEXHOJIOT1{

CucreMHuil piBeHb NMPOEKTYBAaHHS 3HW)KYE PU3UKH BHPOOHHUIITBA 3a paxy-
HOK BUKOPHUCTAHHS IPOTECTOBAHUX KOMITIOHEHTIB 1 Bepudikallii Ha paHHIM cTaii.
Buninsiore Kinbka eTamiB BUCOKOPIBHEBOTO MpoeKTyBaHHs. [lepimii — eramn

dbyukiionanpHoi cnernudikamii [65]. Ha npomy erami 1ie HEBIIOMO, K Oyje pe-
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aJli30BaHa Ta Y 1HIIA MiJACHCTEMA, Y BUTJIAI IPOrpaMHOro KOy abo amapaTrypwu.
Cucrema ONMCYETHCSI B BUTJISAI MHOKUHU TMPOLIECIB, SIK1 MOB'A3aH1 M)XK CO00I0 Ka-
HajaMu abo curHaiamu [66]. SKiio cucteMa OMHMCYEThCS 3a JOMOMOTOI MOBHU
C++, To Taka crenugikailisi Mo>ke OyTH BUKOHaHa 1 Bepu(ikoBaHa Mepes nepexo-
JIOM Ha HACTYITHUM eTal MPOEKTYBAHHS.

Ha erami xoMmuismii 3A1MCHIOETbCS aBTOMAaTUYHE NEPETBOPEHHS CIEIH-
dikarii cucremu Ha MmoBax C++ 1 SystemC y BHYTpIIIHI MOJIENi, TPUIATHI JIJIs1 BU-
KOHaHHS HACTYITHUX €TarliB.

Jis moOynoBH BHYTPIIIHBOI MOJENI TMPUCTPOIO 3aCTOCOBYIOTH KiJbKa
onuciB: rpa¢ notokiB nanux (DFG, data flow graph) 1 rpad kepyroyoi noriku
(CFG, control flow graph). Moxe 3acTOCOBYBaTHCS TaKOX 3MiIIaHUH rpad maHUX
1 kepytrovoi soriku (CDFG, control and data flow graph).

B [67] noBimoMIsieThCsl PO BUKOPUCTAHHS aHOTOBaHWUX Mepex [lerpi st
MPOMIKHOTO TIpeAcTaBieHHs: SystemC-Mozeni.

Tperiif eTan BUCOKOPIBHEBOTO MPOEKTYBAHHS — II€ PO3MOJII CUCTEMHU Ha
porpamMHy 1 arapaTHy YaCTUHH, B pE3yJIbTaTl AKOTO BUXOAUTh apXITEKTypHa cIie-
nudikamig. Pazom 31 cnenudikaiiero CUCTEMH HAIXOISTh BUMOTH Ha MPOIYK-
TUBHICTH 1 BapTiCTh KiHLleBoro BupoOy. Haiuactime, 100% nporpaMmue pimieHHs
BUSIBIISIETHCS 3aHAATO MOBUIHLHUM, a 100% amapatHa peanizailis — HaMIPHO J10PO-
roto [68]. [IpakTka mokasye, mo B OUIBIIOCTI BUMAJKIB TIJIBKA CYMIII TIPOTpaM-
HUX 1 amapaTHUX OJIOKIB 3aJI0BOJIbHSIE YMOBaM BapTOCTI 1 MPOJYKTUBHOCTI (pHUC.

1.5).
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[Ipon3BOAUTENBHOCTD
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100%
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Puc. 1.5. Kommpowmic mix 100% nporpamuaum 1 100% anapaTHUM pilICHHSIMHU:

3MillIaHa CHCTEMa, SKa 3aJ0BOJIbHSIE OOMEKCHHSM [X BHIIIE]

Hacnpapzi, npoekt mMae Habarato OuIbIIe ajgbTEPHATHUB, HIK MOKIJIUBICTH
peaitizaiiii okpeMoro 0JI0Ky B IporpaMHoMy abo amapatHomy 3abe3neuenHi [103].
Cepen mapameTpiB peaiizaiii MOKHA BUIUIMTH HACTYIIHI: JIOT14HA KOHQIryparis
MPOEKTY, JIOT1YHA OpraHizailis OJIOKy, TUI 1HPPACTPYKTYypH Ha KpHUCTaJl, TEXHO-
JIOTis peani3allii CHCTeMH.

Jlociuna xoughicypayiss npoekmy BHU3HAUa€, B SKOMY BUIIIAAI Oyjae mpen-
CTaBJICHUU OJIOK: MporpamMHOMy abo amapaTHoMy. KinbkicTe KoH}irypamiit k ams
IPOEKTY 3 N OJIOKIB AOpiBHIOE k = 2.

KosxeH noriunuii 6J10K XapakTepu3y€eThCs SIK MIHIMYM JBOMa MapameTpamu:
MIBUAKOJIEI0 1 00CSITOM BUTPAYEHHUX PECypcCiB (IUIOMIAa HA KpUCTall abo mam'sThb
nporiecopa). Jloeiuna opeanizayis 610Ky BU3HAUYAE, 3 SKOIO METOI0 OJIOK OYB CIIpoO-
€KTOBAaHUW: MaKCUMAaJIbHOI IIBHIKOJII, SKa 3a3BUYAi CYIMPOBOIKYETHCS CTPYK-
TYpPHOIO HaJIMIpHICTIO, 200 MIHIMAJILHOIO 3aTPATOI0 PECYPCIB.

Tun ingppacmpyxmypu Ha Kpucmaii BU3Ha4Ya€ BUKOPUCTOBYBaHY IIUHY a00
TOTOJIOTII0 MepeXi Ha KPUCTalll, a TAaKOXX THUIH BUKOPUCTOBYBAHUX BOYIOBaHUX
nporiecopiB 1 6yiokiB mam'siTi. [1luna abo Mepexa XapakTepu3y€eThCsl POITYCKHOIO
3naTHicTIO. [Iporiecopu XapakTepu3ylOThCs BapTICTIO, IIBUIKOJIEI0, KIIBKICTIO

3aliMaHUX PeCcypcCiB Ha KPUCTAJi.
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Texnonoeia peanizayii BASHAYAETHCS TUIIOM BUKOPUCTOBYBAHOI allapaTypu:
[IJIIC abo kpucTayiu »)OpCTKOI JOTiKU. TeXHONOTrii XapakTepu3yloThCsl BapTICTIO,
IIBUJIKOJIIEI0, €MHICTIO, €HEPrOCIIOKMUBAHHSIM, CKJIQJHICTIO BHUTOTOBJICHHS Ta
HanaropkeHns [104].

llpocmip npoexmuux piutenb — MHOKUHA BCIX JIOCTYITHUX aJbTEPHATUB pe-
anmizamii npoekty. KoxHa To4yka I[bOro mMpocTopy Ma€ 3HAUYECHHS XapaKTEPUCTHK

peamizaiiii mpoekty (puc. 1.6).
[Ipon3BOaUTENBHOCTD

Pucku CTouMOCTb

HanexHocTh < » Bpewmst pa3zpaboTku

Pexondurypupoemocts 3aHuMaeMbIe pecypcChl

\ 4
TecTonpurogHoOCTh

------------ [IpoekTHOE pemienne A
— — — IIpoekTHoe pemenune b

Puc. 1.6. Po3a xapakrepuctuk — rpadiyHuii crnocid aHamizy

JIBOX MPOEKTHUX PIllIeHb

B pobGoti [69] po3risiaeThcsi afanTUBHANA MapIIpyT NPOEKTyBaHHS BOYI0-
BaHOi cuctemu. Ilepen po3poOHUKAMU CTOSIIO 3aBAAHHS: SIK CKOPOTHUTH BapTICTh
1upoBOro BUPOOY 3a paxyHOK 3MIHHM JIOTI4yHOI KoHiryparii mpoekty? Ckia-

JAETHCSl CIIMCOK BCIX OJIOKIB, SIKMM MOJUISIETHCS HA TPU TPYIU: a) OJOKH, AKI MO-
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XKyTb OyTH peani3oBaHl TUIbKU B amaparypi; 0) OJIOKH, sIK1 MOXKYTb OyTH peaii3o-
BaHI TUIBKH B MPOTpaMHOMY 3a0e3MedeHHi; B) OJIOKH, SKI MOXYTh OyTH peati3o-
BaH1 sSIK IporpaMHoO, Tak 1 amapaTHo. IlepenbadaeThcs, 0 BapTICTh peasizarii
OJIOKYy TpPOrpaMHUM CIIOCOOOM JOPIBHIOE HYJIO, @ BapTiCTh amapaTHOro OJIOKY -
roro cobiBaprocTi. dipMa-BUPOOHHK BIJICTEKYE CUTYAIIII0O HA PUHKY, 1 HA KOXKHIN
iTepalii 3MiHIOE KOHPITYypalliio IPOEKTy: MEePEeBOUTh anapaTHi OJOKH B MpOrpam-
Hi. B pe3ynbTaTi 3HWKYETHCS BapTICTh KIHIIEBOTO BUPOOY. Y poOOTI HE pO3IIis-
JAETBCS. KOMIIPOMIC MDK BapTICTIO peamizaiii Ta 1HIIMMHU XapaKTepUCTUKAMH,
HAIPUKJIIA], MPOTYKTUBHICTIO KOMITOHEHTA.

VY 3B's13Ky 3 TUM, 1110 HEOOX1/THO 3A1MCHIOBATH B3a€EMO/III0 MIXK MPOTPAMHUMU
1 anapaTHUMH OJIOKaMH, BBOJUTHCS YOTUPU MOJiel po3noAiry [70].

Mojaeapb i3 3arajibHOI0 OJHONMOPTOBOKW NaM'ATTIO. Y Iiii Mojeni BCi
3MIHHI PO3MIIYIOTHCS B 3arajibHiii OJTHONOPTOBINA Mam'siTi, BCl MPOLIECH OTPUMY-
I0Th JTOCTYII Yepe3 €IUHY 3arajibHy ITUHY.

Mogeb 3 JIOKAJbHOK NaM'ATTIO i 3araJIbHOK0 OJHONOPTOBOK NaM'AT-
TH. Y 11 MOJIeJTl BC1 JIOKaJIbHI 3MIHHI PO3MIIIYIOThCS B JIOKAJIbHIN MaM'aTi, a TJIo-
OanpH1 3MiHHI — B 3arajibHii. [Iporiecu oTpuMyIoTh JOCTYM 10 JIOKaJbHUX 3MIHHHX
yepes BIJMOBIIHI JJOKaJIbHI IIIMHU, a J0 3arajJbHUX — Yepe3 €UHY 3arajibHy IIUHY.
[licns Takoro po3mojily KUIbKICTh IIMH B CUCTEMI JOPIBHIOE p + 1, 1€ p — KiJib-
KICTh MiJICHCTEM.

Mogeap 3 JIOKAJBHOKW MNaM'ATTI0 i 3arajJbHOK 0araTonopToBOI0
naM'aTTI. Y 11iii MOZIeINi BCE JIOKAIbHI 3MIHHI PO3MIIITYIOTHCS B JIOKAIBbHIHN T1aM's-
Ti, T7100aJIBHI 3MIHHI — B IJ100a)IbHIN Mmam'siTi. [Ipoliecu oTpuMyrOTh TOCTYII J10 JIO-
KaJIbHOI maMm'aTl 3a BIAMOBIAHMMHM IITMHAM, a TAaKOX JO TIJI00adbHOI MmaM'sTl 110
BUJIUICHUM IIMHAM. MakcuMalibHa KIJIBKICTh IIUH JOPIBHIOE P + p X p, ne p —
KUIBKICTD IIJICHCTEM.

Mojenab 3 JOKAJBbHO NaM'ATTIO i iHTepdeiicoM 10 MUHU JaHUX. Y IIIH
MOJIEJIi BC1 3MiHHI PO3MIIIYIOTHCA 3 JTOKaabHOI mamM'ati. [Iporiecu oTpumyroTh 10C-
TyN JI0 JIOKQJIBHHUX 3MIHHUX TIO BiAMOBIMHUM IWHaM. [Ipoiiec MOBHHEH BUKOPHC-

TOBYBaTH 1HTEpQENC A0 MUHU JaHMX, SKIIO HEOOXIAHO OTPUMATH TOCTYII J0 JIO-
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KaJIbHOI 3MIHHOI, SIKa pO3MIIllEHa B JIOKAJbHIN MaM'aTi 1HIIOI MiJcucTeMu. Makcu-
MaJjbHa KUIbKICTh IIMH MICIS PO3MOJLTY NOPiBHIOE 2 X p + 1, 1€ P — KUIBKICTD Ti-
JICUCTEM TIICIISl PO3MOALTY.

B pob6orti [71] onucyeThcss MOAENb B3a€MO/IIi MPOTpaMHUX 1 anapaTHUX Mif-
cUCTeM, 3acHOBaHa Ha HeopieHtoBaHomy rpadi G = (V,E), V= {vy,...,v,},s,h:
V,1c:E. s(v;) (abo s;) i h(v;) (abo h;) Bu3HaAUaIOTh BapTICTh MPOTPaAMHOrO abo
amapaTHOTO PINICHHS By3Ja BIAMOBIAHO, a (a00 BH3HAYa€ BapPTICTh OOMIHY TOBI-
JOMJICHHSIMU MK BY3JIaMH, SIKIIIO BOHH 3HAXOMAATHCS B Pi3HUX KOHTEKCTaX.

[Ticns eramy po3moALTy 3MIACHIOETHCS CHHTE3 1HTEP(EHCIB MK Mporpam-
HUMH 1 anapaTHUMHU 4acTuHamu [72]. 3aBiaHHs BU3HAYAETHCS HACTYITHUM YHHOM:
CTBOPUTH 1HTEep(eiic MiXK JBOMA MPOIIECAMH, K1 MalOTh NIEBHI, ajie Pi3HI MPOTOKO-
mm [73] (puc. 1.7). B [74] Bupimyerbcs 3aBIaHHs 1)1 ABOX PI3HUX KOMITOHCHTIB,
JUTS IKMX JaHa TUMYacoBa giarpama. [IpoBOIUThCS TakoX ONTUMI3allis bOTO 1H-
Tepdeiicy. Ao po3polaseThes iHTEpdeiic 10 anapatHoro OJOKy, TO BiH Oyxae
NIPEICTaBICHUNA Y BUTJISAL JIOTTYHOT CXEMH, SIKa aJanTy€e OJAWH MPOTOKOJ J0 1HIIO-
ro. SAxmo po3poOisieTbes iHTepdeiic 10 nmporpaMHoro OJOKy, TO BiH Oyjae mpea-

CTaBJICHUH y BUTJIS/I CIEIIaILHOTO ApaiBepa.

VYnpapnsomne CUrHaJIbI

Y

A .
»
»| UnTepdeiic |

A

[Ipomecc A [Iponecc b

n
< o >

[ 4
JlaHHBIE

Puc. 1.7. briok-iaTepdeiic moroaxye mpoTOKOJIU MiXK BOMA MPOILIECaMU

IcHytoTh pi3Hi piBHI iHTepdeliciB [75]: eaeKTpUUHUK, JIOTTYHUMN, TOCIIIO0B-
HU, 9aCOBHH, TpaH3aKIiWHUHN, MAKeTHUH, piBeHb MOBiIOMIIEHb. Y [76] po3ris-
Ja€TbCS METOJI, 3AaCHOBaHMM Ha BUCOKOPIBHEBHX JpaiiBepax, siKi IPUXOBYIOTh Je-

Tajl peanizaiii MUHUA BiJ] PO3MOAUICHOTO MPOrpaMHOro 3a0e3rnedeHHs y BOyI0-
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BaHiil cuctemi. TyT ApaliBep Mae iepapXiyHy CTPYKTYpY, 1 MOXKe OyTH BU3HAUCHUI
Ha creliaibHIi MoB1 Pia, SKui [03BOJSI€ BU3HAYUTH KOMIIOHEHTH, SIK KOJIEKIIIO
inTepdeticiB, inTepdericu, sIK KOJICKINIO MOPTIB, MOPTH, curHaiu. B poboTi [77]
MOBIIOMIISIETbCA PO CHelialibHIA (OpMI 3allKMCU MPOTOKOIY, Ha OCHOBI SIKOTO
CHUHTE3Yy€ThCs anapatHuil inTepdeiic. Ha puc. 1.8 mokazaHo omuc mpoTokoiy po-
00TH cymaTopa: Ha TEPIIOMY TaKTi poOOTH 3HAUYCHHS a 1 b epeaaroThCs Ha BXOIU

CyMaropa, a Ha YeTBEPTOMY TaKTl 3HaYEHHs C MOKe OyTH JIIU€HO 3 HOro BUXO/IIB.

tapp = ((?all?b) =3 I¢)

Puc. 1.8. IIporokos poboTu cymaropa

B [78] moka3zaHuii mMeTon cHHTE3y iHTEep(EiCciB, 3aCHOBAaHHN Ha MOJEISAX
upPOBUX aBTOMATIB, 32 TOMIOMOTOIO SIKUX OMMCAHO MPOTOKOJ Mepeaadi naHux. B
[79] 3anpononoBana nporpama Ilossipic, sika reHepye inTepdericn Mik anapaTHHU-
MU OJIOKaMH Ha MOBI OITUCY amapaTypH.

Ha mpomy ertami cuHTe3y iHTEp(ENUCIB TakoX BiIOYBAa€ThCS CIUIBHE IPO-
rpaMHO-anapaTHe MOJEIIOBAHHSA /Ui 3a0e3MeueHHs PaBUIbHOCTI POOOTH MOJETI.

Tperiit eTan BUCOKOPIBHEBOTO MPOEKTYBaHHS — CUHTE3 mifcucreM. Ha erami
CHUHTE3Y 3JIIMCHIOEThCS CUHTE3 KEPYIOYOTO 1 OMepallifHoro aBTomMariB, BUOip 6a3o-
BUX JIOTTYHUX OJIOKIB, IUIAHYBAaHHS BUKOHAHHS OIEparliil.

UeproBuii eram — omnTUMI3aIlis, 3aCTOCOBYEThCS [JII OTPUMAHHS OUIBII
BUT1JIHUX allapaTHHUX 1 MPOrPaMHUX peaTi3alliii.

JUis ontuMizaimii LMKIIB BUKOPUCTOBYETHCA KUIbKA METOJIB: 3TOpPTKa
IIUKJIIB, PO3rOpTKa IMKJI1B, KOHBEHEpHU3allisl [IUKJIiB, OOYMCICHHS 1HBapiaHTIB ITUK-
1y, 3pyuieHHs itepanii mukry [80].

Memoo 3cysy imepayiil yukiy TIONSITaE B TIEPEMIIICHH] ASIKUX ONEpaTopiB
Ha [MOYaTKy TiJIa UKy OJHIET iTepallii B KIHEI[b TiJla UKy MOMEPeaHbOI iTepaltii.
B pesynbrati Takoi TpaHcopmarlii BUXOAUTh ONTUMAaIbHE IJIAHYBAHHS PECypCiB

anapartypH, 1110 Ja€ BUTpall y MIBUAKO/II MPUCTPOIO.
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[Ipy BUKOpPHCTaHHI METOJy PO3TOPTKH LHUKIY KUIBKICTH 1Tepalliil cKopo-
gyeThCs B  pasiB. [Ipu nipomMy B T HUKITY HEOOXITHO BUKOHATH 1TEpallii, KpaTHI
i=01,..n—1 (puc. 1.9). [Ipu mporpamuiii peamizarii 1eii METOA T03BOJISIE CKO-
POTUTH YaC BUKOHAHHS 32 PaXyHOK CKOPOUYEHHS KUIBKOCTI HAKJIAJHUX 1HCTPYKLIN
Ha opranizaiito nukiy. [Ipu amapatHiil peanizaiii el MeTo; MOKe OYyTU BUKOPHU-
CTaHUU U1 po3mapalieIoBaHHs OOYMCIICHHS omeparid Tijna mukiny. Posroptka
IUKJIIB 3aCTOCOBYETHCS IIPU MOIIYKY KOMIPOMICY MK 3aiiMaHUMH pecypcami, siKi
MiHIMaJIbHI1, KOJM LUK MTOBHICTIO 3rOPHYTO, 1 MAaKCUMaJIbH1, KOJIH IIUKJ ITOBHICTIO
PO3TOpHYTO. AJle B EPIIOMY BUMIAAKY OOUHUCICHHS 3/1HCHIOIOTHCS MOCIIOBHO, a
B JpyrOMYy BUIIAJKy MOXKJIBE TapayieibHe 1 KOHBeHepHEe 00YHCIICHHS, 0 iICTOTHO

301JIbIIIY€ TIBUJIKICTh BUKOHAHHS.

Alil k
a) for (int 1 = 0; 1 < m; i++)
sum += A[1] * k; “um
sum
Alil k Ali+1]
for (int 1 = 0; 1 <m; 1 += 2) Q e
{
o\ e ol
sum += A[i+1] * k;
} (&
sum

Puc. 1.9. MeToa po3ropTKy MUKIIIB: a — BUXITHUM [UKJIT; O — POTOPHYTHUM ITUKJII
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B [81] posrnsgaroTbest MOIET pO3paxyHKY MEpioay CUTHAITY IPU PO3TOPTII
OUKJIIB Ha pi3Hy KUIbKicTh iTepaiiil. IloBimomiserscs mpo Ounbin HiK 25%
BUTpaIlll B MPOAYKTUBHOCTI.

[lepBara BUKOpUCTaHHS MOB BHCOKOTO PIBHS MPHU OMKCI CHCTEM IOJIATAE B
TOMY, III0 MOKHA IIBUJKO PO3POOUTH 1 HAJIATOJAUTH aJITOPUTM a00 MPOTOTUI CH-
ctemu. TyT MOke BUHMKHYTH NpoOiema TpaHcismii onucy Ha C ++ / SytemC B
cuntezoBannii VHDL / Verilog xon (puc. 1.10). Uepes BiacyTHICTb 3ac001B BUCO-
KOPIBHEBOI'O CHMHTE3Y IIeil mepexij MOBMHEH OyTH BUKOHAHUN BpPY4YHY. Y LBOMY
BUIIAJIKY MOTPIOHI ICTOTHI BUTPATH Yacy: BiJ JABOX JIO MIECTH MICSIiB. 3a3BHYaid,
IpY PYYHOMY MEPEKOyBaHHI BUKOHYIOTHCSI HACTYIHI etanu [82]: oTpumaHHs iH-
dbopmartiiifHoro Ta Kepyrodoro rpadis 3 BHXiAHOro omucy Ha C++, ontumizaliis
(BOynmoByBaHHS (DYHKITIH, pO3rOpTKa ITUKIIIB, OOYMCIICHHS KOHCTAHTHHX BHUPA3iB),
KOHBeMepu3allisi, BUIICHHS aapaTHUX PeCypciB, IJIaHyBaHHS BUKOHaHHA. Takuii
poliec MiJIaHU PU3UKaM: TEPMIH 1 SIKICTb PyYHOTO MepeKIIaay 3a3aalieriap TOU-
HO TIepe0auYnTH HE MOYKHA.

[TpuurHM, sIKI epelIKoAXKa0Th aBToMaTUYHOI Tpancisuii 3 C ++ / SystemC
B VHDL a6o Verilog-kox:

—BI1JICYTHICTh JIHIBICTUYHUX aHaii3aTopiB MoBH C ++, Opi€eHTOBaHUX Ha
BHUCOKOPIBHEBHI CUHTE3;

—BI1JICYTHICTb MIATPUMKHU O010mioTekn SystemC;

—HEJOCTaTHbO TMOTYKHA MHOXHHA CHHTE30BAHUX KOHCTPYKIIH, sKa
HIATPUMYETHCS TUM 200 1HIIKUM [IPOrPaMHUM MPOTYKTOM;

—BHKOPUCTAHHS O10T10TE€K KJaciB 1 (PyHKIIIH, SIKI HE MalOTh CUHTE30BaHUX
aHaJIoT1B;

—HE3/JaTHICTh MPOrpaMu CUHTE3y PO3AUIMUTH CUCTEMY Ha amapaTHi (CUHTe-
30BaHi1) 1 mporpaMHi (KOMIJIbOBaH1) MOJTYI;

—BEJIMKI BUTPATHU Yacy 1 OMEpPaTHBHOI MaM'ATi Ha BUKOHAHHS aJTOPUTMIB

CUHTE3Y.
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» Coszmanue MoJen

v

HcxonHbie TEKCThI

(C++/SystemC)

Bepudukauus
Mozenn

Mozens BepHa?

Ortuer 00 Her
ommoKax

| Pyunas Tpancnsmus
ONHUCAHUS

v

Moienb Ha si3bIKax

VHDL/Verilog

—1 -

Bepuduxarys
MOZEIH

Mozens BepHa?

Ortuer 00 Her
ommroKax

HmnnemenTauus

Puc. 1.10. IIporec mpoeKkTyBaHHS 3 PYYHOIO TPAHCIIAIIEIO OMUCY

1.5. BucHoBkH 10 po3aiay 1

CucreMu aBTOMaTH30BaHOTO MPOCKTYBAHHS MIKPOEICKTPOHIKU T03BOJISIOTh
1H)KeHepaM CTBOPIOBATH HAJCKIIAJIHI PIIICHHS 3a JIy’Ke KOPOTKUH TEPMiH 1 3 BUCO-
KOIO TOYHICTIO. 3HaYHE CKOPOYCHHSI 4acy BUXOJY MPOAYKTY Ha PUHOK 1 Horo Bap-
TOCTI1 JJOCATAETHCS 3@ PaXYHOK HACTYIMHUX YMHHHKIB:

—saukopuctanis CAIIP MiKpoeneKTpOHIKM Ha KOXKHOMY KpOIll MpPOEKTY-
BaHHS: BBEJICHHS, MOJICTIIOBAaHHSI, BepU(iKallisl, CAHTE3, TECTYBaHHS;

—BUKOPHUCTAHHS BUCOKOPIBHEBOI MOBH MpOEKTyBaHHS SystemC 3 MIUPOKH-
MU BUPa3HUMH MOXKIUBOCTAMHU C ++;

— MOBTOPHE BUKOPUCTAHHS TOTOBHX 1 MPOTECTOBAHUX JIOTIYHUX OJIOKIB MpHU

IPOEKTYBaHH1 MOJIEJi IPUCTPOIO;
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— BHCOKA MIBUJAKICTH 1 TOYHICTh METOJIIB, PEaJi30BAaHUX B MPOTPAMHOMY
3a0e3MeYeHHI.

Mo>xHa BUAUIMTH HACTYIIHI aKTyallbH1 MPOOIeMHU:

— BIJICYTHICTh CHHTE30BaHHUX MOJIEJIEH CHCTEMHOTO PIiBHS;

— CKJIQJIHICTh JIOT1YHOTO CUHTE3Y 3 BUCOKOPIBHEBOTO onucy Ha MoBax C ++
/ SystemC B MoJieb piIBHS PEECTPOBUX Mepeay;

— BEJIMKI BUTPATH 4yacy Ha pydyHoMy nepekoayBaHHl 3 C ++ / SystemC B
VHDL / Verilog moneni;

— BIJICYTHICTb KOIIITIB aHAJI3y MPOCTOPY MPOCKTHUX PIIICHB ISl TPOTpaM-
HO-arapaTHo1 peai3allii IpUCTPOIo.

TakuMm YMHOM, MOKHA BU3HAYUTHU TOJAJIBIIUN PO3BUTOK MOJIEIEH 1 METO/1B
aBTOMATHU30BAHOTO MTPOCKTYBaHHS.

@DyHKI[I1 METH IPU aBTOMATU30BAHOMY ITPOEKTYBaHH1 IU(PPOBUX MPUCTPOIB
3BOJIUTHCS JI0 MIHIMI3AIll PI3HUII MMapaMeTpiB MOJENI 1 TapaMeTpiB, 3asBICHUX Y

BUMOTax J10 MPUCTPOIO:

PS ={pg, P s Py e P
PA ={pg.pr . P1 PA T
Ap; =p; —pf;

N

> Ap; —>0.

i=0

Tyt PS — MHOXMHA TTapaMeTpiB IPHUCTPOIO, 3asBiIeHUX B crienupikartii, PA
— MHOXKMHA TIapaMeTpiB MPHUCTPOI0, OTPUMAHUX B PE3YJIbTaTi aBTOMATH30BaHOTO

CUHTE3Y, Api — pi3HHULIS 1-TOr0O NapameTpa crenndikaiii i MOJENl NPUCTPOIO.
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1.6 IloctanoBKa MeTH i 3aBJaHb HAYKOBOT'0 JOCJIIIKEHHS

AHaJTITUYHUN OTJISA IPOEKTYyBaHHs, TECTyBaHHs 1 Bepudikamii unudpoBux cu-
CTeM Ha KpHUCTaJlax OpIEHTOBAaHUN Ha BU3HAYECHHS BY3bKHX MICIb 1 TiepeBar
HAWIIKaBIITUX MOJEJNEH 1 METO/IIB, OMyOJIIKOBAHUX B CICIIAIBbHIN JiTepaTypi: Ma-
Tepianu KoH(pEpeHIii 1 )XypHaiau. 3a pe3yiabTaTaMH OTJsAy Oysio cpopMyIbOBaHO
CYTHICTh, METa 1 3aBJAHHS JOCIIKCHHSI.

CyTHICTh PUHKOBO-OPIEHTOBAHOTO HAYKOBO-TEXHIYHOTO  JIOCIII>KCHHS
MoJIsiTa€ B MYJIbTIBEPCHOMY MPOCKTYBaHHI apXITEKTypu HUGPOBOTO BUPOOY Ha
OCHOBI 3amaHoi cnenudikarii B cepepopumii SystemC (C++) i aBTOMaTUYHOMY
BUOOP1 CUHTE30BaHUX (PYHKIIOHAIIBHUX CTPYKTYP 3 METOIO 1CTOTHOT'O 3MEHIIICHHS
Yyacy CTBOPEHHS MPOEKTY 1 MiJIBUIEHHI BUXOAY MPUAATHOI MPOIYKIIi 32 paXyHOK
napajielbHOTO CUHTE3Y Ta BepudiKallii apXiTeKTYpHUX PIIIEHbh CUCTEMHOTO PiBHS
BIIMOBITHO JI0 3amporoHoBaHoi MeTpukud. OCHOBHA iHHOBaIliiHA i7es —
napajiebHUA aBTOMAaTUYHUN CHUHTE3 KBa310MTUMAILHOI apXITEKTYpPH BiIAMOBIIHO
JI0 3aIllpOTOHOBaHO1 crienuikaiii 1 METpUKA Ha OCHOBI MiIO0PY CHHTE30BaHUX
(GYHKIIIOHATBHUX CTPYKTYP.

Mera QOCHiPKEHHS — CYTTE€BE 3MEHIICHHS 4Yacy MPOEKTYBaHHS
O0OYHMCITIOBAJIBHUX apXITEKTYp 1 MiJBUILEHHS SKOCTI HU(PPOBUX BUPOOIB HUIIXOM
MYJIbTUBEPCHOTO CHUHTE3y CTPYKTypu LHMGPPOBOTO BUPOOY Ha OCHOBI 3aJlaHOi
cnenudikamii B cepemoBuill SystemC (C++) 1 aBTOMaTM4yHOMY MiIOOpI
(GyHKI10HAJTBHUX KOMIIOHEHTIB 32 PaXyHOK MapajelibHOro CUHTE3Y 1 BepudiKalii
apXITeKTYpHUX PIIIEHh CUCTEMHOTO PIBHS BIJMOBIIHO JO 3alPOIIOHOBAHOT
METPHKH.

3agaut:

1. Ornsn icHyrOUHMX MOJIENEH, METO/IIB, aJITOPUTMIB 1 MPOTPAMHUX 3acO0IB
CTBOpEHHS IIU(PPOBUX CHCTEM Ha KpHCTaJax.

2. Po3pobka cTpykTyp AaHUX IJsi Oomucy (YHKIIIOHAIBHUX TPHUMITHBIB

CHCTCMHOI'O piBHH, OpiCHTOBaHI/IX Ha BUKOPUCTAHHSA CCMAaHTUYHHUX 1 CHHTaKCUYHHX
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KOHCTpyKUiH MoBu C ++ 1 SystemC 3 meroro 3abe3neueHHs NapajeiabHOro
cUHTEe3y 1 Bepudikallii apXiTeKTYpHHUX PIllICHb.

3. Po3poOka wmetomy cuHTe3y IHTEpPEHCHUX CTPYKTYp 1 MPOTOKOJIIB
BUKOHAHHS TpaH3akiiii RT-piBHa Ha ocHOBI aHamizy crnenudikamii SoC-
apXITEKTypH CUCTEMHOTO PIBHS, SIKa BUKOPHUCTOBYE CTaHAapTHY muHy Wishbone
OOMIHY TaHUMHU MK (QYHKIIOHAIBHUMHU MOJTYJISIMU.

4. Po3pobka metony cuatedy RTL-moneneit QpyHKITIOHAIBHOCTEN NIISIXOM
nepetBopeHHss C++ 1 SystemC-onuciB 1uppoBux OJOKIB CHCTEMHOTO PIBHS B
QITOPUTMH 1 CTPYKTypuM JaHUX aBTOMaTHOi Mojeni Mypa, mo 3axaHa
CUHTE30BaHOIO IM1IMHOKMHOI0 MOBHUX KOHCTpYKLi VHDL.

5. Po3pobka mMeToy MyJIbTUBEPCHOIO CHUHTE3Y KEpYIOUHUX 1 onepariiHux
aBTOMATIB, OPIEHTOBAHUX HA apXITEKTYPHI PIIIEHHS B METPHIIi, III0 MIHIMI3y€E Yac
BUKOHAHHS (DYHKIIOHAJBHOCTI 3a paxyHOK po3MapalieNlioBaHHS omepaliil npu
oOME>KEHHI Ha anapaTHi BUTPaTH.

6. Ilporpamna peanizaifisi MOJeNe 1 METOIIB MYJIbTUBEPCHOI PO3POOKH
omnepauiifHUX MPUCTPOIB B paMKaxX IHTETPOBAHOI CHUCTEMU MPOEKTYBaHHS
GbyHKIIOHATBEHUX 1 apXiTeKTypHuX pimieHb SoC Ha OCHOBI BUKOPUCTaHHS
npoaykTiB Bepudikaiii Ta cuaTe3y komnaHii Aldec 1 Xilinx.

ExoHoMiunuii eekT Bia peanizaiii AUCEPTALIHHOTO JOCIIIKEHHS TOJIsIrae
B ITIIBUIICHH] MIBUAKO/I1 IPOTrPaMHUX 1 alapaTHUX 3aco01B CHHTE3Y 1 Bepudikartii
U(PpPoBUX MPUCTPOIB 32 PaXyHOK MYJBTIBEPCHOCTI ab0 ormocepearkoBaHoOro 30i-
JBIICHHS TPOTPaMHO-aNapaTHOI HaMIPHOCTI BUKOPHCTOBYBAHOI B IPOIIECi Mpoe-

KTYBaHHSI O0UMCIIIOBAIbHUX BUPOO1B:

E =F(L,T,H),

Z= min[L,T]‘ (H<0,05F; Y >95%)-

Y=(01-P)";

L=1-Y®& K =1_q-p)n@-k).
S a

_I_:(l-k)xH . H

HS+H2 © HS+HY
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ne L — mapaMeTp BUXOAY IpUIATHOI MPOAYKINi Y, 1110 3aJI€KUTh BiJl IKOCTI MpoOIe-
cy npoekTyBaHHs K, iiMOBIpHOCTI P icHyBaHHS HEKOPEKTHHUX PIIICHb 1 YKCIIa He-
cUHTe30BaHuX OJoKiB N. Yac cuHTe3y 1 Bepudikalii 3aJeXUTh BiJ] SKOCTI MOBHHUX
KOMIIOHEHTIB apXiTeKTypH K, TOMHOKEHOT Ha YUCIIO OJIOKIB, MOIICHOI Ha 3arajib-
HY KUIBKICTh (YHKIIOHAJIbHMX MPUMITHBIB crneuudikaiii. MynpTUBEpCcHa
HaaMIpHICTH H 1711 CTBOPEHHS MPUCTPOIO 3aJICKUTH BiJl YMCIIa TTIOBTOPEHb MIPOESK-
Ty, MOJUIEHIN Ha 3arajibHy anapaTHy CKJIaJHICTb.

OcHOBHI pe3ysbTaTH po3/iay omyosaikoBano B nparsx [101-104, 106, 111].
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PO3JILJI 2
METO/JA CUCTEMHOTI'O I APXITEKTYPHOI'O CUHTE3Y

VY po3ain npeacTaBieHl METOAM CHUCTEMHOIO 1 apXiTEKTYpPHOTO CHHTE3Y
KOMIIOHEHTIB IU(POBUX CUCTEM Ha KpHUCTajax 1 iHTepdeiicHux OJOKIB, mporpam-
HO-amapaTHOI JEKOMMO3uIlii. Y UK TpoekTyBaHHSI SOC BOXKIIMBUM € CUCTEMHUN
MiIX1d, SIKAA TIOJSATa€e B: YITKOI opraHizarlis iHGOpMAIIMHUX TOTOKIB, MOBHIN
BIIMMOBIAHOCTI MIXKHApogHUM mpomucioBuM cragmaptaMm IEEE, ISO Ta iHmmx
npodinbHUX opranizauiidi. Bukopucrtanus crannaptis IEEE 1500, 1149 neoOxigHO
JUTSl YCHINTHOT 1HTETparlii 3 mporpaMaMu MPOyKTaMU MOJIEIIOBaHHS, Bepudikaiiii,

JIOTIYHOTO CUHTE3Y, TpacyBaHHS i po3mimieHHs [111].
2.1 IlocTaHOBKA 3aBJAHHS CUHTE3Y

Mema — po3poOKa METO/IIB CUHTE3y 1HTEPPEHCHUX CTPYKTYp 1 IPOTOKOIB
BUKOHaHHS TpaH3akuid RTL-piBus, a Takoxk RTL-monem ¢yHKIioHampHOCTI
nuiixoM BukopuctanHs HDL-ommcy mudpoBux On0KiB, M MOJATBIIOTO
MYJIBTUBEPCHOTO CTBOPEHHS KOMIIOHEHTIB IU(POBUX CUCTEM Ha KpUCTAIAX.

3aeodanns:

1. Po3poOka MeTonqy CHUHTE3Y IHTEpPEHCHUX CTPYKTYp 1 MPOTOKOJIB
BUKOHAHHS TpaH3akiii RT-piBHS Ha ocHOBI aHamizy cnenudikamii SoC-
apXITEKTYpU CHCTEMHOTO PIBHsI, sSIka BUKOPUCTOBYE cTaHIapTHY muHy Wishbone
OOMIHY JaHUMHU MK (QYHKIIOHATbHUMU MOAYJISIMU.

2. Po3pob6ka metony cuatedy RTL-mMoneneit pyHKITIOHAIBHOCTEN NLIIXOM
nepetBopeHHss C++ 1 SystemC-omnuciB 1udpoBux OJOKIB CHCTEMHOTO PIBHS B
AITOPUTMH 1 CTPYKTypHd JaHUX aBTOMaTHOi Mojeni Mypa, mo 3axaHa
CHUHTE30BaHOIO MIIMHOKHHOIO MOBHUX KOHCTpYKIliii VHDL.

3. CtBopeHHs 1H(PACTPYKTYpH MPOEKTYBaHHS 1 Bepu(ikalli KOMIIOHEHTIB
nu(pOBUX CHUCTEM Ha KpHUCTajaxX 3 METOI0 MEPEBIPKH aIrOPUTMIB MEPETBOPEHHS

cneruikarii 3 CHCTeMHOT0 piBHsI Ha piBeHb RTL-omucy.
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4. CuHTe3 pI3HOMAHITHUX BapiaHTIB TpaHC(HOPMYBaHHS THUIIOBUX MOBHHX
KOHCTPYKIi B mojem RT-piBHs 1 momanbina iX OIfiHKA 3 MO3MUIIIT IMIBUAKOAIT Ta
arapaTHUX BUTpaT.

[Ipomiec cunTe3y — 1€ BigoOpakeHHs crerudikalii Ha MHOXUHY 3aJaHUX
MPUMITHBIB, TTOB'SI3aHUX M1 CO0010 y 4aci 1 mpoctopi. [Ipu cuHTe31 BigOyBaeThCs
MIEPETBOPEHHS OMKUCY 3 OUIBIII BUCOKOTO PiBHS HA O1IBIT HU3bKHIA.

Hexait S = {S1, S2, ..., Si, ... Sn} — MHOXHHA (QYHKIIOHATBHUX 1 HE
(GYHKI[IOHATLHUX BUMOT, BU3HaueHHX y crenudikarnii, P = {P1, P2, ..., P}, ..., Pk}
— MHOXHWHaA 010i0OTeUHHX MPUMITHBIB. Ha mMX MHOXMHAX BH3HAYA€THCS BIIHO-

menns M c P xS rake, mo m; e M i m; e{0,1}. Ile BinHomenns npescTaBneHo B

TabIM4HIN Popmi:

S S S
P | My My, My,
P, My, M,, .. M,, (2.1)

IDk Mkl I\/Ik2 Mkn

TakuM 4YMHOM, OJWHWIIS HA TEPETHHI CTOBIIIA 1 Ta PAIKY j O3HAUYAE, IO
010moTeunuit mpumiTuB Pj 3a10BOJIbHSIE BUMOTY crierudikarii Si.
Tyt 3aBganHs cuHTe3y 3BOAMTHCS A0 MOKpUTTA 100% Bumor crenmdikarii

MIHIMAJIBHOIO KIJIBKICTIO 010J110TE€YHUX TTPUMITUBIB.
2.3 Cunres inTepdeiicHux 0J10KIB

Mogenb cUCTEMHOro PiBHS MOXE HE MaTdh OJHO3HAYHOro iHTepdeicy Ha
JoriyHOMY piBHI. BaknuBe 3aBIaHHS BHCOKOPIBHEBOTO CHUHTE3y — BH3HAUCHHS
(meramzamis) iHTEepdeicy Moaeni, moob ii MokHa OyJI0 OJTHO3HAYHO MPEICTaBUTU
Ha Jioriunomy pieHi [105, 106].

Hexait F — ¢yHKuis, BU3HAUe€Ha 3a JOMOMOTOI0 BHCOKOPIBHEBOTO CTHIIIO

omnucy, X = (x1, x2, ..., xi) — BekTop aprymenriB ¢yukiii, Y = (yl, y2, ..., yk) —
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BEKTOp 3HaueHb QyHKII. To/l B 3aralbHOMY BHUIIAJKy CHUHTE30BaHa (PYHKIIiSI Ma€e

BUI'JIAO.
Y = F (X). (2.2)

3a3Buyail BUCOKOPIBHEBI MOJIEIl HE MalOTh MOHSTTS MOJIEIBHOIO Yacy: BCl
oOumCclieHHs1 B1IOYBAalOThCS HAa OJHOMY YMOBHOMY TakTi poOoTu. Mojem x Ha
JIOTIYHOMY PiBHI MpAIOIOTh 32 TakTaMHU. TaKuM YUHOM, MOKHA BUJUIATU JIBi
mif3ajadi: a) BU3HAUEHHS BIAMOBITHOCTI apryMeHTIB (YHKIII Ha CHCTEMHOMY
piBHI 1 CUTHAJIIB Ha JIOTIYHOMY PiBHi; 0) BU3HAYEHHS MPOTOKOJIY B3a€MOJIT 3 CHH-
Te30BaHOI0 (yHKIl€. TyT MPOTOKOJ — 11€ OCTIA0BHICTh 3MiHU 1H(POPMAIIHHUX 1
KEePYIOUHUX CHUTHANIB CXEMH, sKa TMPU3BOAUTH [0 BHUKOHAHHA CHHTE30BaHOI
byHKITI.

BukonyBana koHcosmpHa mporpama Ha C++ Mae OgHYy TOUYKYy BXOAY —
(GyHKIIIFO main, sika 3a CTaHAAPTOM Ma€ TiIbKK ABa npoTotund: iNt main () ta int
main (int argc, char * argv []), ne argc — KijapKicTh apryMeHTIB KOMaHIHOTO Psiji-
Ka, argv — MacuB apryMeHTIB. ApryMeHTH NEpPeNaloThCs y BUIISIAL PSAKA CHUM-
BOJIIB. 3MIHUTHU KUIBKICTh 1 THIl apryMEHTIB HE MO>KHA, TOMY IPOINOHY€ETHCS BBA-
ATl MOJYJISIMH BEPXHBOTO PIBHS Ti (YHKIIIT, SKi BUKIMKAIOTHCS 3 QyHKIIT main
a00 (¢yHKIi, 3a3HaYCHI KOpHCTyBadeM. Y IIbOMY BHIAAKYy (GYHKIIiS Main Moxe
BUKOPUCTOBYBATHUCS JII TECTYBAHHS PO3POOIIOBAHUX MOJYJIIB: MOAABAaTH BXIJIHI
TECTH 1 KOHTPOJIFOBATH MIOBEPHEH1 3HAUCHHS.

VY BuxigHoi moxeni Ha MoBi C++ iHTepdelic Moxke OyTH 3aJlaHui JTEKITbKO-
ma criocobamu [107]:

— mpoToTUN GYyHKIIIT,

— Moysb SystemC;

— IHIIHK crociO, BIAMIHHUH BiJl TONEPEIHIX.

[Tix mporoTnoM QyHKIIIT pO3yMIETHCS BUpa3 BUILY:

return_type function_name (argument_list);
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ne return_type — tun 3Ha4eHHs, MO moBepTaeThes, function_name — im's dynkmii,
argument_list — cimcok aprymeHTiB, 1110 BKJIOYAE TUI 1 iM's apryMeHTy. DyHKITis
MOX€ MaTH TaKl TUIH 3HAYEHHS, 1110 MOBEPTAEThCs: BOyaoBaH1 Tunu B C ++, a Ta-
KO MOCUJIaHHS a00 MOKa)XXYWKH Ha BOYOBaHI1 1 MpU3HAYEHI JJIsi KOPUCTyBaya TH-
ny. SIKIIo T 3HaYeHHs — VOId, TO MaeThCsA HAa yBa3i BIJICYTHICTh 3HAYCHHS, IO
MOBEPTAETHCS.

VY tabin. 2.1 moka3aHo BiANOBIAHICTh M BOyoBaHUMHU TUnamu C++ 1 CHH-
Te3oBaHMMU Tunamu MoBu VHDL. Po3mipHICTE BEKTOpIB 0OpaHa TaKUM YHUHOM,
1100 MaTH CyMicHICTh 3 monyssipuumu C++ kommuistopamu: Microsoft Visual
Studio C++ Compiler, Intel C++ Compiler, g ++. Lle 3po0iieHo ais Toro, moo 3a-
0e3MeYnTH KOPEKTHI pe3yJbTaTh MpU BepUPiKallii — CyMICHICTh pe3yibTaTiB MO-
AeNoBaHHs A0 1 micis cuHtedy. Crij 3BepHyTH yBary (IuB. Tabm. 2.1) Ha mepe-
JidyBasbHUM THN DOOI, sikmii Moke mpuiiMaTH JBa 3HadeHHs: true (icruHa) abo
false (mempaBma). Uepe3 0coOMMBOCTI apxXiTeKTypu X86-CyMICHHUX MIKpOITpOIle-
COpiB, y Bcix kommiistopax tun bool 3aiimae omun OailT mam'srti. Bynb-sike Hy-

JbOBE 3HAYEHHS IHTEPIPETYETHCS, SIK «ICTUHA», & HYJIbOBE — SIK «HEIPaBIa».

Tabnuys 2.1. Bionosionicme C ++ i VHDL munie

Tun C ++ Po3wmip, OiT Tun VHDL
char 8 std_logic_vector (7 downto 0)
unsigned char 8 std_logic_vector (7 downto 0)
signed char 8 std_logic_vector (7 downto 0)
bool 8 std_logic_vector (7 downto 0)
unsigned int 32 std_logic_vector (31 downto 0)
int 32 std_logic_vector (31 downto 0)
unsigned short int 16 std_logic_vector (15 downto 0)
unsigned long int 32 std_logic_vector (31 downto 0)
long int 32 std_logic_vector (31 downto 0)
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short int 16 std_logic_vector (15 downto 0)

wehar t - HEMa€ BIJMOBITHOCTI (HE CHUHTE3YETh-
- csl)

float 16 std_logic_vector (15 downto 0)

double 32 std_logic_vector (31 downto 0)

long long 64 std_logic_vector (63 downto 0)

long double 64 std_logic_vector (63 downto 0)

void - HEMA€E BiIMOBIAHOCTI

* T (moKakuuK Ha 32 std_logic_vector (31 downto 0)

T)

Takum 9rHOM, y PO3MOPSIKEHHI MPOTPaMH CUHTE3Y € THUIH IIHPUHOIO §,
16, 32 1 64 Oita 6e3 mpomixkHUX BapiaHTiB. I{I Tunmm OyayTh CHHTE30BaHI B
pericTpu 1 MIMHU BIANOBITHOTO po3Mmipy. Lle Moxke mpuBecTH 10 HEBUIPABIAHOI
BUTPATH alapaTHUX PECYpPCIB B TOMY BHUIAJKY, SKIIO 00JaCTh BUKOPHCTOBYBAHHX
3Ha4YeHb 3MIHHOI 3HAYHO BY’)KU€, HIXK MOMJIMBICTh pericTpa. Hampukian, sKio mo-
TpiOHO 3akoayBatu 10 3HAa4YCHB, TO MOKHa BUKOPHUCTOBYBATH 3MiHHY THITy Char,
sKa 3aiiMae 8 01T 1 Moke npuiMaT 256 3HaueHb. Aje i KogyBaHHs 10 3HaYeHb
JIOCTaTHBO BCHOTO Jinie 4 0ita. OTxe, MOJOBHUHA PEricTpa BUKOPHUCTOBYBATHCS HE
Oyne. Y 3araabHOMY BHMAJKY, SKIIO MOTPIOHO 3aKOAYBATH N 3HAYEHBb, TO KiJIb-

KICTh HEOOX1THUX OIT k JOpiBHIOBATUME:

k=[log,n]. (2.2)

Jlns Bupimenns uiei npobiemu B SystemC mpencTaBieHi BI MHOXXHHU
TUITB JIJIs1 poOOTH 3 apu(METUUHUMU JJAHUMHU 3 JOBIJILHOIO TOUHICTIO: BiJ 1 110 64
Oita, i Big 64 Oira i Bume. Kimacu sc_int (integer, 3HakoBud Tum) i sc_uint
(unsigned integer, 6€33HAaKOBUI THUIT) JO3BOJIIIOTh MOJIEITIOBATH LIl apuPMETHUH]
naHi B aiana3oHi 1-64 6it. i Tunu qaHux peKoMEeHAY€EThCS 3aCTOCOBYBATH TiJIbKH

IpU CHUHTE31, e HEOOX1HA OJHO3HAUHICTh PE3YyJIbTaTiB MOJEIIOBAHHS 1 CUHTE3Y.
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BuKITFOUHO 111 MOJICTTIOBaHHS Kpallle BUKOPUCTOBYBaTH BOymoBanuii tun C++ int,
KM MOJIEITIOEThCS icToTHO tBHamie. Kimacu SC_bigint i sc_biguint 3actocoByroTs-
Csl JUI MOJICIIOBAHHS BEJIMKHUX YHCEN, HDK BOymoBaHi Thmu i SC_int / sc_uint.
Henosik mux TUMIB — BOHU MArOTh OUIBII CKIIAJHY OpTaHi3allifo, I HUX MOTPIOHO
OinbIIe Yacy Ha MojeMoBaHHs. [ JaHUX, MIUpUHA AKUX MeHIe 64 01T, Kpaile
BUKOPHCTOBYBaTH SC_INt.

IcHye kinbKka croco0iB mepenadi apryMeHTiB Ha (YHKIIO: 32 3HAYCHHSIM,
gyepe3 MOoKak4duK, 3a nmocuianHsaM. Dyakmis C++ Moke TOBEPHYTH TiNBKHA OJTHE
3HAUCHHA Yepe3 omepartop return. Ipore, pyHKIlis MOXKe 3MIHUTH 00'€KTH, 5IK1 OY-
JIY TIepejiaHl 3a MOCWIAHHSM a00 Yepe3 MOKaKUKK.

[ToHATTAM «(pYHKIIS, 0 BUKIMKAE) 1 «BUKIMKaeMa (PYHKIIsS» B anaparypi
BI/IMIOBIIAIOTh TMOHATTS «BEAYyYHUd MOIYJb» 1 «BemeHuit moaynb» [108]. Bexyuwnit
MOJIyJIb TOTY€ apryMEHTH I Tiepeaadl y BeICHUN MOJTyJib, 1HIIIIO€ KePYIOUl CHUT-
HaJM 1 YeKae CHOBIMIAIBHUA CUTHAI MPO 3aBepIlieHHs. BemaeHuit MOgynb OUiKye
KEpYIOUYU CUTHAN «TI0OYAaTOK OOYUCIIEHBY, 3UYUTY€E apTyMEHTH, POOUTH 00UNCICHHS
1 OMoBiIIa€e BeACHUN MOAYJb TIpo 3aBepiieHHs. UML-aiarpama mociigoBHOCTI Ta-

KOI'0 MPOTOKOJTy ITOKa3aHa Ha puc. 2.1.



72

Benomeblii MOAVIIE

Beaymuii MOIyJib

Hauaso BerauciaeHui

1
I
I
I
> IToAroToBKa apryMeHTOB |
I
I
I

Brruncienue
Curnan o 3aBeplIeHUH

Q
W
=~
=
Z
o]
1)
jas
=~
(¢}
=
(¢}
W
<
=
o
=
)
=
o

Puc. 2.1. UML-niarpama mociiJoBHOCTI B3a€EMO/Iii BEIy4Oro 1 BiJOMOTO MOJYJIiB

[Tpu nepenavi apryMeHTy 3a 3HAYCHHSIM, Ta UM 1HIIA 3MiHHA KOMIIOETHCS Ha
CTEK, III0 BUKJIIMKAEThCS. B amaparypi me o3Havae, 110 apryMEHTH 3YUTYIOTBCS 3
BX1JIHUX CHUTHAJIB MOJIENI 1 B ICSIKUX BHUITAKaX MOXYTb 30epiratucs y BHYTPIIIHIX
perictpax. lle HeoOXigHO B TUX BHMAAKaxX, KOJW 3HAYEHHS BXIAHUX 3MIHHUX MO-
KYTh 3MIHUTHCS mia yac oOuucieHb. Ha puc. 2.2 nokazanuii inTepderic Qpynkuii
find_gcf — momyk HaiiGiIbIIOro 3aragbHOro KpatHoro. s GpyHKIis npuiimae 1Ba

32-0iTHHX aprymeHTH i oBepTae 32-6iToBe 3HaueHHs [109].

int find_gcf(int a, int b);
32 32
a —+~4 —~— value
32
b—— |} ready
ClK --=e--- find_gcf
reset --------
enable --------

Puc. 2.2. IIporotun ¢ynkmii find_gcf i Binmosigauii inTepdeiic Mmomymns
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[lepenaya aprymeHTy depe3 MOKaXYMK O3HA4Ya€, L0 3aMICTh 3HAUYCHHS
00'ekTa mepenaeThCsa WOro ajgpeca B 3arajibHINA maM'sti. Moayiro HeoOXiHO 34H-
TaTU 3Ha4eHHs 00'ekTa 3 mam'saTi. B iHTepdetici Moayns Ha puc. 2.2 HEMae HEeoO-
X1IHUX 1H(QOPMALIMHUX Ta KEPYHUUX MOPTIB IS JOCTYIy IO OIEpaTHUBHOI
nam'sti [110]. 1106 BupimuTy 1110 IpoOIIeMy, iHTepdeiic MOICII TOBUHEH MICTHTH
HACTYIIHI OPTH (IuB. puc. 2.1):

—BXIJ{HA TIMHA TaHUX JJIA TIepeaadi agpecu o0'exra (a);

—BXiJlHa 1 BUXIJHA IIWHUA JaHUX JUIS JocTynmy g0 mnam'sti (data in,
data_out);

—BUXiHA IKHA pe3yibTaty (value);

—suxigHi curaanu (read / write).

Ha puc. 2.3 nokazanuii iHTepdeiic Moaeni s BIAMOBIAHOTO MPOTOTHITY
¢bynkuii. ¥ 3aragbHOMY BUIAJKY KUIBKICTh BXIJHUX IIMH MOBUHHA BIJIMOBIIATH
KUIBKOCT1 TEepelaHnX TapaMmeTpiB, a IMHUPUHA — PO3MIPHOCTI MepeAaHuX apry-
MeHTiB. Y mpototuni ¢yHkuii f1 sBHO 3a3HaveHi TUIbKK BXIIHHUI CUTHAJT @ — apry-
MEHT QYHKIIT, IKAH € TOKKIUKOM, 1 BUXiTHUI curHai value — 3HadeHHsI, 110 IMo-
BepTaeThes. Pemta curnaniB (1mo3HayeH1 MyHKTUPHUMH JIIHISIMHU) € JOTIOMDKHUMU,
1 1onaroThes B iHTepdeiic moaeni npu cunaresi. [lluau data_in i data_out migkiiro-
YaroThCA 70 30BHINIHBOI MaricTpaii abo 6e3mocepenubo 10 Omoky mam'sti. Pos-
PSIHICTh IIMHM JOPIiBHIOE 8 OiTam, TOMY IO BHKOpHCTOBYeThcsi C++ Tun char.
[Muna addr migkIrOYa€eTHCS 0 BIAMOBITHOTO aApECHOTO BXOAYy 00Ky mam'sti. Ye-
pe3 1m0 muHy Moaeib aapecye enxementu mam'sti. ClIK, reset, enable, read / write,

ready — BiIOBI/IHI CTy»KOOBI Ta KEPYyIOUi CUTHAJIH.



74

int f1 (char *a);

32 32

a —#4— —~— value
8 8

data_in ---s<--- --s--- (data_out
32
clk -------- fl -3 addr
reset--------|  feeseee- read/write
enable -------{ e ready

Puc. 2.3. IIporotun ¢yukuii f1 1 BiamoBigauil iHTepderic Moy

Sk moxe OyTH CHHTE30BAaHMU BUKJIMK (PYHKII B amapaTypHi e€IeMEHTH?
Axmo dyHKIig € KOMOIHAIIHHOW, TOOTO Ha OJIHI U Ti K apryMeHTH (QYHKIIIS T0-
BEepTa€ OJHI 1 TI X 3Ha4YeHHs (MaremarnyHa (yHKIisS, Pure-QyHKIis B MOBI
VHDL), To Taka ¢yHKIsS MOXe OyTH MpelcTaBicHa KOMOIHAIIMHUM OIeparlii-
HUM OsiokoM. Yac obunciieHHs Takoi PyHKIIIi Mae OyTH MeHIIe, HiXK TIepioj] OJHO-
ro TakTy poOOTH OMepaliiHOro MpUCTPOr0. SKIIO0 (QYHKIII0 HEMOXKIHBO YSIBUTH
KOMOIHAI[IHHUM OJIOKOM, TO BOHA TOBMHHA OYTH CHHTE30BaHa SIK IOCJIJOBHA,
TOOTO Oyne OOYMCIIIOBATUCS 3a KUTbKA TaKTiB. Y JMESIKWX BHUITAJIKaX KUTHKICTH
TaKTiB, 32 IKe (DYHKLIA 3aBEPUIUTHh CBOIO POOOTY, HEBIAOMO. {5l BUpIIICHHS 1Ii€i
npoOJsieMH MOTPIOHO PO3POOUTH MPOTOKOJ BUKJIUKY TaKOi MOCIITOBHOI (PYHKIIIT.
Ha puc. 2.4 nokazana ['CA Bukinky ¢QyHKIIi. AITOPUTM CKIIAJA€THCSA 3 HACTYI-
HUX KPOKIB.

1.ITinrotyBat mapameTpu (PyHKIi — BUCTaBUTU 3HAYEHHS PETICTPIB, IO
0e3nocepeIHbO NPUIISITAIOTh 10 IHTEpEHCY MOIYIIA.

2.BcranoButu curuan enable Moaysst B O JUHUIIIO.

3.YekaTu, 10 TUX Mip, MOKU (PyHKIISA HE 3aBEPLIUTH CBOI POOOTY (CHUTHAI
ready = 1).

4.BcranoButu curnai enable Moyiis B HyJIb.

5.BBakatu BuxinHi 3HaueHHs (QYHKIIIT B 30BHILIHI PEriCTpH.
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IToaroroBka
napameTpoB

f.enable = true;

A 4

ready

1

f.enable = false;

\ 4
CyuTtsiBaHue
3HAaUYeHUN

Puc. 2.4. 3mictoBHa 'CA Bukinuky QyHKIii

J7is miATPUMKH [IbOTO MPOTOKOIY NOTpioHO 3MiHK B 'CA Ha cTOpoH1 MOTy-
JI51, IKUHW TpeACcTaBisie (PYHKIIO, M0 BUKIUKAETHCA. AJTOPUTM POOOTH TIPUCTPOIO
[IOKa3aHUN HUXKYE.

1. BBaxkatu curHai enable. SIkmo BiH TOPiBHIOE OJUHHUII, TO TIEPEHTH JIO TI.

2. SIKmio BiH AOPIBHIOE HYJIIO, TO TOBTOPHUTH II. 1.

2. OOYMCIUTH 3HAYEHHS (PYHKIIII.

3. 3anucatv 3HaYeHHS (PYHKIII B BUXITHUHN PETICTP.

4. BucraButh curHai ready B OJJMHHMIIIO HA OJMH TaKT.

5. CkunyTtu curHan ready B HyJIb.

Ha puc. 2.5 nokazana 3mictoBHa ['CA 1151 MATPUMKH TIPOTOKOITY.
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a enable =0 Breruuciaenne
0 ' byHKIMN
enable = 1 -
dg )( dj \
«, 7
1 1
| Bancrenme .
BIYHCIIEHUE * _
I pyscun | & e &
_ — —_——
I ready = 1 CoxpaHeHue
pe3ysbTaTta
Coxpanenue
3HAYEHUS B < a
BBIXOTHOM 2 0)
perucrpe
ready =1 >< as

Gl X

a)

Puc. 2.5. 3mictoBaa 'CA (a) 1 rpa¢ nepexonai aBromata Mypa (0) miaTpumMku

MPOTOKOJTY 3 OOKY MOYJIs, o peami3ye ¢pyHkirito f1

B pe3ynbTari CTpyKTYpHOTO CHHTE3y BUXOJUTH KOMOIHAIlIS ONEpaIiifHoro 1
KEepPYIUOTo aBTOMaTIB, K TOKa3aHO Ha puc. 2.6. Bci curHamm MokHa yMOBHO
PO3IUTUTH Ha HACTYIIHI TPYTIH:

—CIHOBIIIAJbHI, SKI TMepefaroTh JaHi B MPHUCTPi 1 3 Hboro: a, b,
output_value (Bci po3psanicTio 32 6iTa);

—Tn00alibHI KepyIodi CUrHaNM: CUrHan cuHxpoHizamii clock i curnan cku-
aHHA reset;

—TPOTOKOJI — CUTHAJIU, creudiuHi i1 KOHKPETHOTO MpoTOoKoiTy: enable —

N03BiJ paxyHKy, ready — curHajizye mpo 3aBeplieHHsS paxyHKy. [Ipm peamizartii
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PI3HUX MPOTOKOJIB OOMIHY JaHUMH, KUIBKICTh 1 3HAUEHHS LUX CHUTHAIIB MOXeE
BIJIPI3HSITHCS;

—Kepyr4l CUTHAJIM, sIKI BU3BHAYAIOTh aKTUBAIIIIO0 TUX YM 1HIIMX MHUKPOOIIE-
paruii B onepariitnoMmy aBromarti: Y1, y2, ..., yn;

—iH(pOPMYIOY1 CUTHAIH, SIK1 CIOBIIIAIOTH KEPYIOUH aBTOMAT MPO CTaH THUX

YM HIIUX YMOB B olepauiiHoMy aBTomari: x1, x2, ..., xm.

(nrbopmarmoHHBIE) 32 32
a A A output_value
32 (ME(pOpPMALIMOHHBII)
b A OrnepaioHHbIH
aBTOMAarT
clock *
reset T——
(ynpasnsitoniue) A A A

(ocBemOMHUTENBHEIE)
Yi[Y2|Ys| Xi|X2
(ympasistromiue)

ready

(mporokou)

enable YrpaBnsromuii
(mporokou) aBTOMAT

Puc. 2.6. Kommosuiiisi Kepyro4oro i onepaiiiiHix aBTOMaTiB

Ha puc. 2.6 moka3ana gacoBa aiarpama oOMiHy JaHUMU (3HAYEHHS BX1THUX 1
BUXIJIHUX IIMH 00paHi BUMaAKoBO). Ha mepuromMy TakTi mpoBiAHUM MOAYINb (SIKUN
1HII1F0€ BUKJIMK (DYHKI[IT) BUCTABIISIE HA BXOAaX BIIOMOTO MOJyJs (sSiKuii 00po0Isie
BUKIUK (QyHKII{) HeoOXiaH1 apryMeHTd. Ha 1npoMy >k TakTi MPOBIAHUNA MOIYJb
BCTAHOBJIFOE CUTHAJ enable B OMWHMINO, CUTHATI3YIOUU TPO T, IO apryMEHTH
BaJIITHICTh 1 BITy4YH MOYJIb MOXKE TTOUMHATH o04ucieHHs. Ha qpyromy TakTi Be-
JICHU MOJYyJIb BBaXKa€ apryMEHTH 3 BXOJIB, 1 MouHe oOuucieHHs. Ha mocromy
TakTi poOOTH BEJACHHMI MOJIYJb BHCTAaBUTh 3HaueHHs (pyHkmii Ha mmHy value i

BCTAHOBHUTH CUTHAJ ready B OMHMINO, CUTHATI3YIOYH TIPO T, M0 OOYKMCIICHHS 3a-
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BEpILIEHI 1 BeIy4Ynid MOAYJIb MOXE 3YUTYBaTH iX 3 BUXOJIB MoAyis. Ha cboMomy
TakTi poOOTH MPOBIIHUIT MOJIYNb CKMHE cuUTHaN enable, BeneHuit Moaynb ckuHe

curnai ready. Cucrema roToBa JIo HACTYITHOTO ITUKITY BUKIMKY (YHKIIII.

S ipigipliningininlin

fa[31:0] | ¥ 0x8A14 Y

fenable | | ~ | ‘
f.ready |j |

fvalue310] _ malid X 0dzs4 |

Puc. 2.7. YacoBa aiarpama BUKJIHUKY (yHKIIT

Yac Ha BUKIMK (PYHKIIT MOKe OyTH ONTHMI30BAaHO 3a OMIOMOTOIO TEBHOI
Tpancdopmariii BuxigHoro kona C++ nporpamu. Taka TpanchopMmalliss HA3UBAETh-
cs BOynoByBaHHsAM (yHKIT (function inlining): Tu10 GyHKIIT MiACTaBISETHCS Ha
Micie ii BUKJIUKY, THM CAMHM CKOPOUY€ETHCSA KIIBKICTh TaKTIB Ha CHHXPOHI3aIII0
[112].

3acToCyBaHHsI TaKOro CIHelialli3oBaHOro iHTepdency Mae psiia HEHOJIKIB.
[To-mepiie, 3 KUIBKICTIO MapamMeTpiB (YHKINT 301IbIIYETHCS KIJIBKICTH IHTEp-
¢ericaux moprie. Tak, s QyHKIIT 3 I'sIThMa apaMeTpaMu THITy INt Oyzae moTpio-
HO 5*32=160 Bxiguux curHaiiB. Ctannaptom C++ He 0OMEXKY€ETHCS KUIBKICTH TIe-
pemaHuX apryMeHTIB 1 iX pO3MipH. [HIMTUM BaKIWBUM HEIOIIKOM € T€, M0 JJIS
GbyHKIIH 3 pi3HUM HabopoMm mapameTpiB iHTepdenc Moayns Oynae pi3HUM, IO
ICTOTHO YCKJIAJIHIO€ 1HTErpalilo TakuxX (yHKIIHA B CUCTeMy Ha Kpucrtaii. Pimen-
HSIM IIUX MPOOJIEM € BUKOPHCTAHHS CTAaHAAPTHOI IIWHU JJIs 3'€JHAHHS MOMIYJIB B
CHCTEMI Ha KPUCTAJIL.

Posrnsnemo cunTe3 iHTepdEiCiB ISl MOMyIIPHOTO CTaHIAPTY IIMHHU CH-
cteMu Ha kpuctaiai Wishbone [x83]. Lle#i ctangapT nepeadayae pi3Hi CHOJIYYSHHS

MOJYJIIB B CUCTEMI:
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—3'eJHaHHS «TOYKA-TOYKA;

—KOHBe€EpHE 3'€THaHHSA ()11 00pOOKHU MOTOKY JAaHUX ),

—3'eqHaHHS «baraTo 70 6araTboX» uepes 3arajibHy HINHY;

—3'eqHaHHS «Oarato 10 6araTbox» Yepe3 KOMyTaTop;

—3'eJHAaHHS B CKJIa (i Mepexi Ha kpucrai [84].

[Tepepaxyemo mepeBaru cranmapty Wishbone. Ilepmr 3a Bce, 1e BiakpuTa
cnenudikaiis, o He nepeadayae rpoUIOBUX BiApaxyBaHb MPABOBIACHUKY 3a ii
BUKOPHUCTAHHA. 3aBISKHA I[IbOMY, IIMHA OTpUMaja TOLIUPEHHS Cepea MPOCKTIB
UG POBHUX CHCTEM 3 BIIKPUTUM BUX1THUM KoaoM (open source hardware) [113].

Ha puc. 2.8 mokazani iHTepdeiicu Beaydoro i BEJECHOTO MOJYJIB IIMHU

Wishbone, a Takoxk X MI>K3’ € JTHAHHS.

SysCon
RST I e » RST_|I
CLK_| [« » CLK_I
ADR_O() » ADR_I()
5 DATI( 4—><—> DAT_I() °
2 =
S DAT_O() DAT_O() ©
2 WEDO > WE_| g
2 SEL_O() >SELI) £
g2 sBo » STB_| <
ACK_| |« ACK_O
CYC O » CYC_|
TAGN_ O User P> TAGN_I
TAGN_I |« Defined |— TAGN_O

Puc. 2.8. Iatepdeiicu Bemxydoro (3miBa) i BeAEHOTO (ITpaBOpyd) MOYJIIB HA IITHHI

Wishbone

VY tab:. 2.2. na"o onuc iHTepercHUM curdanam npotokosry Wishbone.

VY pasi 00'efHaHHA MHOKMHU MOJYJIB B CUCTEMI Uepe3 3arajibHy MIUHY a0o
KOMYTaTop, HeOOXiHO BBECTH BiIOOpa)KEHHS apeCHOTO MPOCTOPY HA MHOKUHY
MOAayJiB B cuctemi. CucTeMHUN apOITp B 3aJ€KHOCTI BiJl MPIOPUTETY BEAYUOTO
IPUCTPOIO, & TAKOXK B 3aJIEKHOCTI BiJl apeCH, KOMYTY€ Mapy BEAYUYHX 1 BEJCHHUX
npuctpoiB. Ha puc. 2.9 cxeMaTn4HO MOKa3aHO OAHE 3 MOXMJIMBHX BiToOpakeHb

aapecHoro mpocropy. Beck aapecumii mpoctip Bin ampecu 000016 no FFFF16
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(6553510) posainenuit Mix pizHuMu Moxayisimu. Hampuknazn, 113Y mae agpecu
000016-0FFF16; O3Y wmae ampecu 100016-9FFF16; momyns 1 mae aapecu
A00016-AFFF16; ocranniit moaynp N mae anpecu F00016-FFFF16. ITporpama

CHUHTE3y CUCTEMH Ha KpUCTaJli aBTOMATUYHO MPU3HAYAE AJAPECH] MPOCTOPU PI3HUX

MOJIYJIIB B 3QJIEKHOCTI BiJ KUIBKOCTI aJJpeCOBAHUX OCEPEIKIB a00 pericTpis.

Tabnuys 2.2. Onuc cuenanis inmepgheticie mooynie ¢ cucmemi Wishbone

Curnan Onuc

CLK_I Curnan cuaxponizauii. Bei onepariii 3untyBaHHs JaHUX BiIOYBalOTh-
Cs1 TIO MePEeTHHOMY (PPOHTY IIHOTO CUTHAIY.

RST_I CkunmanHs. 3a BHCOKOTO DPIiBHS LIbOIO CHTHAJy JIOTiKa iHTepdeiciB
CKHMJIA€THCS B MOYATKOBUIN CTaH.

ADR_O | IIuna anppecu. Moxe 6ytu 8, 16, 32 abo 64 6iT. Po3psaHicTh BU3Ha-
YJAETHCST 00'€EMOM TIaM'sIT1, IO ATPECYETHCA.

DAT |, [[IvHn naHux, sSKi IPSAMYIOTh Yy JIBOX HAIpsIMKaXx: BiJ BEIy4Oro MOJy-

DAT_O | n1s no BeneHoro, i B 3BOPOTHOMY HamnpsMkKy. MoxyTts O0ytu 8, 16, 32
ab0 64 OIT.

WE_O Kepyrounii curian Benydoro MoayJis, iKWl BH3HAYa€ THUIT ONEparrii:
yuTaHHS (HU3bKUM piBeHb) a00 3anuc (BUCOKHUI).

SEL_O Kepyroua muHa, sika BU3HaA4ae, sIKMH 3 OalTIB MOBUHEH OyTH 34MTa-
HUW B MMHI JdaHuX. J[JIS 1IbOTO BUKOPUCTOBYETHCS MO3ULIIMHUN KOJI.
Tak, SKIIO IIMHA JaHUX Mae po3Mip 32 OiTa, ajie pO3MIPHICTh IIUHU
SEL O 6yne [3: 0]. Skmo nepenaerbcs TIIBKK OJUH OalT, HANpH-
kiaj, Tpetid, To SEL O matume 3nauenss "0100".

STB_O Ctpo6 omeparii. Begenuii iHTepdeiic BUKOHYe oneparlii TIIbKHA SKIIO
1Iell CUTHAJI BCTAHOBJICHUH B BUCOKUM PIBEHb.

ACK I, CrioBimanpHui curHaji. BctTaHOBUBIIM 11€H CUTHAJI B BUCOKUM PiBEHb,

ACK O |BemeHe mpuctpiii miATBepKye, IO AaHl OylM YCIIIIHO MPOYWTaHI
a00 3amucaHi.

CYC O CroBimansHuii curHaji. BcTaHOBHBINY 11€H CUTHAJI B BUCOKUM PiBEHb,
BEJly4YUid MPUCTPil MOBIAOMIISIE, 110 PO3MOYATO LUK 3aUCH abo 4u-
TaHHS 3 BEJICHUM IPUCTPOEM.

TAGN_O, | lonomixkH1 IIMHH, K1 MOXYTh BUKOPUCTOBYBATHUCS, HAPUKIIAI, IS

TAG_I nepesadi 3HaKkiB MAapHOCTI, a00 IHIIMX KEPYHOUMX KOMaHJ MIX Be-

Jy49HM 1 BeJICHUM NPUCTPOosiMu. HeoOOB's13K0B1 CUTHAIIH.
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Hluna Wishbone nepenbadae BUKOPUCTaHHS YacCTKOBOTO JeMIM(pyBaHHS
anpecH B iHTepdeiici BeAeHOro Moayisi. TakuM YMHOM, KOKEH MOAYJb Aemudpye
TUTBKH BUKOPUCTOBYBAaHUM J1ama3oH ajapec. Hampukiaza, sKio BeASHUNW MOIYJIb
BUKOPHUCTOBYE YOTHPU BHYTPIIIHIX aJPECOBAHUX pEricrpa, TO Jeu(pyBaTH Mo-
TpIOHO BCHOTO JIMIIE ABa aapecHux Oita. Lle mpu3BOAUTH 10 CYTTEBOI €KOHOMIL

amapaTHUX PECypciB, @ TAKOXK 0 OUTBIII BUCOKOIIBUAKICHUN Nemu@pyBaHHS ajl-

pecu.
0x0000  0x1000  OxAO000 0xB0O0O 0xF000
3y 03y Mozllym, Mogynb e Moilynb

Puc. 2.9. BinobpaxeHHs aJpeCHOro IpoCTOPy Ha MHOKUHU MOJYJIiB B CUCTEMI

[IInna Wishbone siBisie mMHy JaHUX, po3Mip sIKOi Moxke OyTu Bij 8 g0 64
01T, ajie 3aBXAM KpaTHUN ofHOMY OaiTy. TakuM 4YMHOM, JJIA Mepeiadi mapaMeTpiB
BUKOPHUCTOBYETHCS TIOCIIOBHE 3aBaHTQXXCHHS 3HAYCHb Yy BHYTPIIIHIO IaM'dTh
B1JIOMOT'0 MOAYJISA. [l IbOTO BUKOPUCTOBYETHCS CIEIllalibHA ajpecallis pericTpis,
K1 po3TalioBaHi B iHTepdeiici BeaeHoro moayisa. PosrisnemMo npukian QyHKIII,
sKa MmpuiimMae 1Ba nmapamerpu Tumy long (64 6ita), 1 moBepTae 3HaYCHHS THITy INt
(32 6iTa). Ha puc. 2.10 noka3aHo BioOpa)keHHS afpeCcHOTO MPOCTOPY MO, 1110
peanizye naaHy (yHKIII0, Ha BHYTpilmHI perictpu. Perictp R1 BukopucToByeThCS
11s 30epiranHs 3HaueHHs ¢QyHKiii. Bin mae po3mip 32 6ita 1 3aiimae aapecu 0-3.
Perictpu R2 1 R3 matots po3mip 64 6iTa KokeH 1 3aiiMaioTh aapecu 4-19. Axmo
IIMHA JAHUX Ma€ po3Mip MEHIIHM, HIXK aJpeCcy€eThCsl PEricTp, TO MOTPIOHO KJIbKa
UKJIB 3anucy. Tak, sSKIo po3Mip IMIMHU JaHUX JAOpiBHIOE 32 Oitam, To Oyzae mo-

TpiOHO J[Ba IUKJIM 3amucH aJis perictpa R2: 3a angpecamu 4 1 8.
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CmMelieHye OT Hadana aJI[PCCHOTO MMPOCTPAHCTBA MOAYJIA

0 4 8 12 16
int Iongflong Iongflong
R1 R2 R3

BuyTpennue peructpsl nntepdeiica

Puc. 2.10. Cxema BiioOpakeHHS aJIpeCHOT0 MPOCTOPY MOJTYJISI HA BHYTPIIITHI

perictpu

VY ToMy BHMajKy, SKIIO Po3Mip MUHU MeHIne 32 06iT, TO MOTpiOHO KiTbKa
IUKJIIB YUTAHHS pe3ynbTaTy 3 perictpa R1. MoskHa po3paxyBaTu KiJIbKICTh TaKTIB,
HEoOX1IHUX Ui mepenadi napamerpiB. Hexair Pi — Bektop mapamerpiB (yHKIIT,
iI=1..n, e n — KiJABKICTh MapameTpiB, nepenanux y ¢yukiiro; S(Pi) — po3mip mapa-
MeTpa Pi B 6aiitax; M — po3psaHICTh IIUHKU AaHUX B OaiiTax. ToJl KIJIbKICTh TaKTIB

1, HEOOX1AHUX 71 TIepeiayl mapaMeTpiB, Oyie JOPIBHIOE 3HAYEHHIO BUPA3Y:

|= ﬂmw (2.2)

izl M

VY 1npoMy BHMAAKYy MHependadaeThcs, M0 BCl MapaMeTpH MEepeaaroThes, L0
BUPIBHIOIOTHCS IO MEXIi IMUPUHU IIMHU JaHUX. Hampukman, sSKIo mupuHa IIHHA
naHnx M nopiBHIoe 16 61T, 1 mepenaeTbest 4oTupu napamerpu Tumy char (1 6air),
TO Oy/ne MOTPiOHO YOTHPHU TAKTy 3amucu. BuaHO, 10 3a 4OTHUpU TaKTy MOXHA Tie-
penatu BiciM Oaiit, ase 1o (akty nepenaerbes Jmiie 4oTupu. O0uucianmo edex-

THBHICTb € BUKOPUCTAHHA HIMHUA:

2.S(P)
e==L_ %100%. (2.3)

Ix M

VY namowmy npukianai n = 2, P1 = 8 6it, P2 = 8 6iT, M = 16 6ir, |1 = 2 Takry,
edexktuBHICTE € = 16/32 = 50%. MoxHa 3acTocyBaTu Crocid, mpu SKOMY mapa-

MeTpu OyayTh ymakoBaHi, T. E. 3a onuH TakT poOOTH mIMHUA OyAyTh NepeiaBaTucs
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KUTbKa mapameTpiB. ToJl KUIBKICTh TakTiB |, HEOOXiIHUX IJs Tepenadi napa-

METpIB, Oy/ie TOPIBHIOE 3HAUECHHIO:

- _
2.S(P)
=1

== | (2.4)

Ha puc. 2.11 mokazadi aaropuT™Mu poOOTH BEIy4Oro 1 BEAEHOIO 1HTEp-
¢eiiciB B cucremi Wishbone. Ha puc. 2.11,0 B crtani a3 moka3aHUid BHUKIHK
¢ynkii f1 3 mapamerpom par. BigmosigHo 1o miei 'CA obunciaeHHs GyHKIT 3aii-
Ma€e piBHO OJMH TakT pobotu aBromata. Lle mMoxke OyTH CripaBeUIHBO JIHIIE IS
BHCOKOPIBHEBHX MOjEJNel 0e3 BiICYyTHOCTI MojenbHOro vacy. Hampuknaza, B Mo-
neni Ha MoBi SystemC 3HaueHHS PYHKIIT OOUHMCITIOETHCS HA TOMY K JAeIbTa-IIUKII
MOJIEJIFOBAaHHs, KOJIM OYB 3/11ICHEHUN BUKIIUK. Y CHCTEMax Ha CTPYKTYPHOMY piBHI
OTIHUCY, TAKOTO MOYKHA JIOMOTTUCS TUIbKH JJ1s1 KOMOiHAIIHHNX GyHKIN. {15 aBTO-
MaTiB, SIKI MOTPEOYIOTh OUIBIIY KUIBKICTh CTaHIB JUIsl 3aBEpPIIEHHS, HEOOX1THO
smiautd ['CA 3 puc. 2.11,a mactynuum ynHoM. Ha wmicui crany a3 HEoOXigHO
niacraputn ['CA ¢yukuii f, mo Bukaukaerbess. Curnana ack ciiij BCTaHOBHTH B

OJIMHUIIIO B OCTaHHi# onepaTopHiit BepmmHi ['CA ¢ynkmii f1.
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a1 ( Hawamo ><a1

lock_o=1;
cyc_o=1;
sth_o=1;
we 0=0; &
adr_ 0=0;
dat_ 0 =a;
1 Y Y
— par[adr_i] = dat_i; dat_o = f1(par);
gg{—g ; tl)f as ack_o=1; % ack_o=1; Xa
H 1 ack_ 0=0; X as
we_0=0; a

] "
<> )
1

lock_o =0;
stb_ 0=0;
cyc_o=0;
res = dat_i;

G
a)

Puc. 2.11. Anroputmu podotu Beay4oro (a) i BeaeHoro (0) intepdeticiB B cucteMi

Wishbone

ABtomaTi Mypa juist anroputmiB (quB. puc. 2.11) nokasani Ha puc. 2.12.

cyc i &&sth i
&& we

cyc_i && sth i
&& 'we

Puc. 2.12. ABromat Mypa jist airopuT™iB Beaydoro (a) i BexeHoro (0) Moyt

Jlns aBTOMATiB, TpejAcCTaBieHUX Ha puc. 2.13, MOXyTb OyTH OTpHMaHI
CTPYKTYpHI €KBiBaJleHTH. TakuM YWHOM, 3aBIaHHS OTPUMAHHS CTPYKTYPHOI Op-

raHizanii iHTepdenciB Beay4oro 1 BeJIeHoro MoAyJiB BupimeHa. Ha puc. 2.9 noka-
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3aHa 4yacoBa JiarpaMa BHUKJIMKY (PYHKIII 3HAXO/KEHHsS HAMOLIBIIOrO CIHIJILHOTO
ninpHUKA. [lepenbavyaerbes, MO aApecHUi MPOCTIP MOAYIISI TOYMHAETHCS 3 aApecu
0xA000. 3a anpecoro 0xA001 mepenaerbcs 3HaueHHs 100, 3a agpecoro 0xA002
nepenaetbest 3HaueHHs 15. Ilpu umrtanHi 3HaueHHs 3a aapecotro 0xA000 orpu-

MYEMO pe3yJIbTaT poOOTH QYHKIIII: 5.

P inipipigigininlin

we | [
adr[31:0] | {_0xA001 X 0xA002 X 0xA000 X
data_in[31:0] invalid {5 )

data_out[31:0] { X__100 X 15 ¥

ack [ s N

I
sth ] [
lock 1 [
cyc | [

Puc. 2.13. Yacosa aiarpama poO0Yoro 1K1y BUKIUKY (DYHKITIT

Le#t poboumit UK MOXKe OYTH CKOPOUYECHUHN Ha KUJIbKA TaKTiB pOOOTH, SIKIIO
NOYMHATH OOYMCITIOBATH 3HaUeHHs (YHKIIT HE MMiJ] Yac YMUTaHHS 3HAYEHHS 3 MOJY-

Js1, T Yac 3amucy napameTpis.
2.4 CuHre3 pi3HUX KOHCTPYKUii moBu C ++

PosrnsHeMo cuHTE3 pi3HUX CHHTAKCUYHUX KOHCTPYKIii MoBu C ++, sKi 3a-
IPOTIOHOBaHI B cTaHAapTi cunTe3y SystemC, sik cunTe3oBaHi. Ciija 3a3HAYNTH, 11O
CTaHJIapT Ja€ BKa3iBKH, 1110 Mae OyTH CHHTE30BaHO, a IO Hi, ajie 11e He Ja€ Oyib-
SAKUX METOJAMYHUX BKa31BOK, PO T€ IKUM YMHOM MOBHHEH 3/1MCHIOBATUCS CUHTE3,
a TaKOX 110 Ma€ BUNTH B Pe3yibTaTi.

Cunme3 cmamuunux 06'ekmis. Jlo cTaTUYHUX HayexkaThb 00'€KTH, PO3MIp
SKUX BIJJOMUH Ha MOMEHT KOMIIUIAIIT BUXIAHOTO TeKcTy mporpamu. [Ipuxmanu

CTaTUYHUX 00'€KTIB: 3MIHHI, TOKKUYUKH, KOHCTAHTH, PSJIKH, CTATUYHI MAaCHUBHU.
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CratuuHi 00'€eKTH MOXXYTh OyTH PO3MIILIEHI B €JI€MEHTaX JUHaMidHOi a0o
cratuuHoi mam'sti (pericrtpax) [114, 115]. Tyt ciig po3riissHyTH KOMIIPOMIC MiX
BUTPAUYCHUMH amlapaTHUMM pecypcaMi 1 mBuaKoAiero. [[ns peanizaiiii peecTpoBoi
nam'siTi MoTpiOHO Oisiblle BUTpAT amapaTypH, HIXK Ui peasizalii OJ0KiB TuHaMIY-
HO1 maM'ati. 3 1HIIOro 00Ky, CTaTUYHA MaM'ATh MPAIIO€ MIBUAIIC, HDK JUHAMIYHA,
o psaxy npuuuH. [lo-niepie, yac peaxiiii craTUYHOT mam'siTi BUIIE, HIK Yac peaKiii
nuHamiuHoi. [lo-npyre, 1o OI0Ky CTaTUYHOI mam'aATi MOKHA OpraHi3yBaTH Tapa-
JenpHul poctyn. Jlo 6J10Ky IMHAMIYHOI MaM'siTi MOKHA OpraHi3yBaTH JIMIIE OTHO-
YaCHUU JTOCTYII JIWIIIE 10 ICTOTHO OOMEXKEHIM KUIBKOCTI OcepeiKiB. Takum YuHOM,
o0'ektn C ++ ciig BigoOpaxaTH B OJIOKM CTaTUYHOI MaM'sTi, SIKIO MOTpiOHA pe-
aizailisi aIrOpUTMIB, Jie Oyjie BUKOPUCTOBYBATHCS MapayiesibHa 00poOKa JaHuX.

Cunmes noxasicuuxie. IlIokaXUnMK — 11e 3MIHHA, SKa MICTUTHh B c0O01 agpecy
1HIIO1 3MIHHOI B namM'sTi. Po3Mip nokaxkuuka p B 0iTax MO>KHa BUPA3UTH Yepe3 3a-

JISKHICTB BiJ 00cary mam'siti N O6aifT, e po3TaioByOTECSA 00'€KTH:

p= [log, N]. (2.4)

[Tokaxkunk Moke OyTH CHMHTE30BaHUM, SK 1HJACKCHHUM PEricTp, 10 MICTUTh
azpecy 3MIHHOI, pericTp maHux 1 0ok mam'ati. Oneparrist «po3iMEHyBaHHSD» MOXKE
OyTH CHUHTE30BaHa, K PETiCTp JaHUX, PO3MIpP SIKOTO, BIAMOBIAAE pO3MIpy 00'€KTa.
Ha puc. 2.14 nokaszaHa CTpyKTypHa MOJIEJIb IPUCTPOIO, BIJATMIOBITHOTO BKAa31BHUKY
C++ [116].

Tyt IP — iHgexkcuuii perictp, PJI — perictp nanux. MyJIbTHIUIEKCOP MOXKE
IpaloBaTH B IBOX peXUMax: a) 3aBaHTaKeHHs 3HaueHHs 3 O3Y B pericTp AaHUX;
0) 3aBaHTaXEHHS 3HAUEHHS 3 1HIIOrO Jpkepena. AJIY BUKOpPHCTOBYeTbCs IS 3a-
BaHTaXeHHs aapecu 00'exta 3 O3V, a TakoX 111 BUKOHAHHS apU(PMETUYHUX OIIe-
parliif 3 moKa>X4uKoM (1110 BXKe BUXOAUTH 3a paMKH CTaHJApTy Ha cuHTe3 SystemC,

THM CaMHM PO3IIMPIOI0YN CHHTE3Y€EThCs MiaMHOX)HHa MoBu C ++) [117].
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> » A DO |9
—> 1P 1P
D 03y
—>
D
PJl
D

Puc. 2.14. CtpykTypHa MOJI€Nb, 110 BiANOBIAHA BKa31BHUKY C ++

Cunme3 ymoenux onepamopie. Y MOBI JOCTYIHI TPU THUIA YMOBHUX KOH-
CTPYKIIIH:

a) condition? exprl: expr2 — TepHapHuii onepaTop;

0) if-then-else omeparop;

B) switch-case oneparop.

BinMinHicTe TepHapHOro omepatopa Bin if-then-else omeparopa mosnsrae B
TOMY, III0 TIEPIIUI MMOBEPTAE BUPA3, a 3HAYUTH, PE3yIbTaT MOKEe OyTH BUKOpPHUCTA-
HUii B iHmuX Bupaszax. |f-then-else xoncrpykiis — oneparop i He MOke OyTH BUKO-
pHucTaHa, SIK apryMeHT BUpasy. BigminuicTs SWitch-case oneparopa B ToMy, 110 BiH
HiATpUMY€ OLbIIe ABOX ajJbTepHATUB. Y JICTUHTY 2.1 moka3aHHil mpUKIIa] yMOB-

Horo oreparopa if-then-else na mogi C ++.

Jicmune 2.1. Ymosnuii onepamop if-then-else na mosi C ++.

if (Condition)
statementl ();
else
statement2 ();

A WN P

[{pomy pparmeHTy KOy BIANOBIAA€ 3MICTOBHA Tpad-cxeMa alropuTMmy, mo-

Ka3aHa Ha puc. 2.15. Takuii yMOBHMII OnepaToOp CUHTE3YETHCA B MYJIbTUILUIEKCOD,
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AKUI aKTUBYE Ty YM 1HIIY MIKpOKOMaHAy (HaOip MiKpoormepaiiii), B 3aJ€XKHOCTI

BiJl 3HaUCHHS curHaiy condition.

Hauaimo

Her [a

Y Y

statement2(); statementl();

Puc. 2.15. 3micropHa 'CA ymoBHOr0 orneparopa

Cunme3s yuxnig. 1lukiam 3 BIJOMOIO KUTBKICTIO 1Tepalliii HA MOMEHT KOMITLIISI-
11i MOXKYTh OyTH JIETKO 3aMIHEHI TapajesibHOI CTPYKTYpOIO, sika BKIIIOYAE B cele
CTUIBKHU €K3EeMIUIIPIB Tija LUKITY, CKUTBKHA OYJ0 iTepaliii B OpUTiHAIbHOMY LUK
[118]. Taka Tpancdopmallisi Ha3UBAETHCS MTOBHOK PO3TOPTKOIO IUKITY. AJie OJHI-
€10 3 TPOOJIEM Cy4acHHUX MPOTpaM BUCOKOPIBHEBOI'O CHHTE3y € CHHTE3 IUKIIB 3
HEBIJJOMOIO KUIBKICTIO iTepauiid. JIerko moka3aTu, 10 MOAIOHI KOHCTPYKIII MO-
KYThb OyTH CHHTE30BaHi 3 BHKOPHCTAaHHSIM NPUKIanHOI Teopii uudpoBUX aBTO-
maTiB [119].

Ha puc. 2.16 noka3aHo BianoBigHICTh M mabioHOM koxy nukiny While Ha
C++ 1 I'CA. Buano, 3naueHds condition Oyme oOuuciieHo xoua O OAWH pa3 Ha
BXO/I1 B IUKJI. T110 % UKy MOXe OyTH HEe BUKOHAHO >KOJHOTO pa3y. Takuid LUK

Ha3HUBAKOTh «IUKII 3 YMOBOIO BXOAY».
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KOJI IO LIUKJIa

/ N—
// xonm nmo uumxia v
while (condition) BrruucieHnue
{ condition
// Terno uuxia
}
// xorn nocie LUUKIAa
0 L= ===
| Teno nukia |
a) 0)

Puc. 2.16. lllabmon nukiry While (a) i Bigmosigaa I'CA (0)

Ha puc. 2.16 mokaszaHo BiAMOBIAHICTH MK Ima0ioHoM Iukiay do-while na
MoBi C++ 1 'CA. Tloka3aHo, 10 B HE3aJSKHOCTI BiJl yMoBH cOndition Tijto mukiy

BHKOHYETBCA X04a § OJIUH pas. Takuit IMUKJI HA3UBAKOTh «IHUKJI 3 YMOBOIO BUXOAY».

KOJ, 10 ITHKJIa

s

// xonm mo uuxIia l__j___‘
do | Teno nukna I
{ e — |

// Tesno uukia f
ks
while (condition) Borancnenne
// xopm nocrne uMKia condition

0 1

a) 0)
Puc. 2.17. lla6mon nukiry do-while (a) i Bimmosigaa 'CA (0)

PosrasiueMo npukian nporpaMu (IUB. JICTUHT 2.2), 110 BUKOPUCTOBYE LUK

while. [ukn Bupinrye 3aBnaHHs NPUBEIACHHS BCIX 3HAKIB B TEKCTi O BEPXHBOTO
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perictpy. IIporpama nepebupae BCi CUMBOJIU B PSJIKY. Y MOBOIO BUXOJy 3 TaKOTrO

IIUKITY € T€, 110 YEPTOBUN CUMBOJI PAIKY JOPIBHIOE HYJIIO.

Jicmune 2.2. C ++ npoepama 0ns nepexnady mekcmy 8 8epXHill pe2icmp

5. int main O

6. A

7. char str [] = "Where do you want to go today?";
8. char * s = str;

9. while (* s)

10. {

11. if (*s>="a" && * s <= "z7)
12. * S - = 32;

13. S ++;

14. 3}

15. return O;

16. }

Buznaunmo HeoOXiJHI pecypcH orepaiifHoro aBToMara JJisi BUKOHAHHS
oOuncnenb. Ham HeoOxinHuii iHaekcHuit perictp IR, sxuit Oyae mMicTUTH MOKax-
gk s, perictp aanux DR. Ilepenik mikpoonepariiii Y, iX MHEMOHIKH, a TaKOX

OTHUCYy, MOKa3aHi B Ta0. 2.4.

Tabnuys 2.4. Cnucok mukpoonepayuii

Y | MuemMmoHika Onuc

UuTanHs MaHUX 3 TaM'aTi 32 aApecolo, M0 MICTUTHCS B

yl | Mov DR, [IR] perictpi IR, B perictp DR.

3anuc paHux 3 perictpa DR B mam'saTh 3a aapecoro, IO

y2 | MoV [IR], DR : ey
MICTUTBCS B perictpl [R.

y3 | SUB DR, 32 3menHmuTH BMICT perictpa DR Ha 32.

y4 | INC IR 301npimTH BMICT perictpa IR Ha 1.

Ockinbkn  MoBa C++ €  aJIropuTMIYHOIO MOBOIO, SKHH BH3HAuae
MOCIIIOBHICTD 1, 3HAUUTh, OY/Ib-sIKy MpOrpaMy Ha I[iii MOB1 MOXHa MPEACTaBUTU
y BUTJISII1 3MICTOBHOI rpad-cxemu anroputmy. 3mictoBHa ['CA mnst nmictunry 2.4

nokazaHa Ha puc. 2.18.
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Xa

subDR, 32 X a;

A 4
mov [IR], DR X a

WA A

inc IR X as

Puc. 2.18. 3micropHa 'CA mjis mictunry 2.1

[Ticast po3mitku aBTomMaT Mypa Mae m'sath ctaHiB: al, a2, a3, a4, a5 (Oynu

BiJI3HAYEHI IMOYATKOBA 1 KiHIIEBa BEPIIMHU, a TaKOX BCl omeparriiini). I'pad aBTo-

mata Mypa mist I'CA nHa puc. 2.15 nokaszanuii Ha puc. 2.19. OyHkIii yMOBHUX

BEpILMH BU3HAYEHI, SIK TOKa3aHO B TabO. 2.95.

Tabauya 2.5. Cnucox 102iuHux ymos

Jloriuna ymoBa

Onuc

x1

*S ==0

CuMBOJI psijika JOPIBHIOE HYIIO.

X2

* S> = "a" && * s <=

V4

CuMBOII — Masia JiTepa JaTHHCHKOTO anaBiTy.
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Puc. 2.19. I'pad aBromaTta Mypa mis ['CA puc. 2.15

CrpykTypHa TaOJIHIsT MIKpOIPOTpaMHOT0 aBToMara Juis puc. 2.19 nokazana
B Ta0s. 2.7. Tyt a;, — MOYATKOBUH CTaH; a; — CTaH nepexony; Y (as) — BUXITHHIA
curHai B ctadi as; K (ay,) — koa BuxigHoro crany; K (as) — ko crany nmepexoay; X
(@m, @s) — BXiIHUH CHTHAI Ha Tepexoi (am, as). A 3pyanocti oneparopu C ++

BaKO,Z[OBaHi BI/IXiI[HI/IMI/I CUTHaJIaMH Y1 ... Y4.

Tabnuya 2.7. Cmpykmypna mabauys mikponpocpamnozo asmomama Mypa

am | K(am) | as, Y (as) | K(as) | X (am, as)

a2 | 010 as, () 001 | x1

al | 001 az,yl 010 1
ad> | 100 1

a2 | 010 a3, y3 011 I X1x2

a3 | 011 a4, y2 100 1

a2 | 010 as, y4 101 I X11' X2
a4 | 100 1

JUJi CTPYKTYpHOTO CUHTE3y BHUKOPUCTOBYETHCSI KAHOHIUHE 300pa)KCHHsI aB-

ToMara: OJIOK MaM'sITi, SIKUM MICTUTh 3HAYEHHS MMOTOYHOIO CTaHy, 1 KOMOiHaIliliHa
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cxema, ska BUpOOJIsie 3HaueHHs (PyHKIi 30y/DKeHHs mam'siTi aBToMara 1 3HA4eHb

BXOMIB Y.

X
\ 4 i
KoMmOunammonnas
ITamsathe
cxeMa
A l
Y

Puc. 2.20. CtpykTypa Kepyrouoro apromara

[Ticast oTpuMaHHs TaOIMIb MEPEXO/IIB aBTOMAaTa 1 BUXITHUX (QYHKLINA HEOO-
X1IHO 3re€HepyBaTH TPbOX-IIPOLIECHUI I1a0JIOH aBTOMAaTa Ha MOBax ONUCY arapa-
Typu VHDL a6o Verilog. Takuii m1a610H MICTUTh B cO01 TPH MPOLIECH:

—Ipoliec, KUl peanizye QyHKII0 mepexo/iiB (BUpOOIEHHS KOy HACTYII-
HOT'O CTaHy);

—IIpOLIEC, IKUH peani3ye BUXIAHY QYHKIIIO;

—IIpoLEC, SIKUH peaii3ye naM'aTb aBTomMara.

Taka MOA-Mozeab TpbOX-TIPOLIECHOTO MIA0JOHY MpHAAaTHA ISl Mporpam
JIOT1YHOTO cUHTE3y, Hanpukiaa: Synplicity Synplify, Xilinx ISE, Alter Quartus.

Ha puc. 2.21 noka3zana 00'ekTHa CTPYKTYpPHO-TIOBEIIHKOBA MOJIEINb IU(PPO-
BOro npuctporo. Bepmmna iepapxii — kinac CurcuitObject, sikuii ciy>kuth adbcTpak-
HI€10 AJ1s OY/Ib-SIKOTO KJ1acy B MOJIENI.

Kinac Module mipeacrasiisie aOCTpaxiiiro MOHATTS «MOAYJIbY 1 MICTUTh B COO1:
IM'sl, CIUCOK 30BHILIHIX MOPTIB (Kiac Port), CIMCOK CTPYKTYpHUX €JIEMEHTIB MO-
nyns (knac StructureElement), crircok nexmapartii.

Knac StructureElement npencrapiisie aOCTpakiit0 MOHATTA «CTPYKTYPHHIA
ereMeHT». Bi 11poro Kitacy ycnaJakoBYIOThCS TaKi KJIacu:

—-Process — nporiec, sikuit XapaKTepU3y€eTbCsl CIIUCKOM YYTIMBOCTI, @ TAKOXK

TijoM mporiecy (kiaac ProcessBody);
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—DataFlow — GesnepepBHHII MOTIK AaHUX, SKHA XapaKTEPH3YEThCS IMPH-
3HAYAEThCS CUTHAIIOM 1 (pyHKITi€ro moToky [120];

—Instance — ex3eMIUIAp MOIyNs, SKUWA XapaKTEPHU3YEThCA 1M SIM MOIYJIS,
1M’ SIM €K3eMIUISIpa, a TAKOXK BiJIOOPAKEHHSIM CUTHAIIB CXEMH Ha MOPTH MOJTYJIA.

Knac Function — abctpakiisi HOHATTA «(QyHKLISD, KA XapaKTepPU3yeThCs
CIIMCKOM apryMeHTIB 1 TUIOM omepaiii (mepeiik apupMeTUyHUX abo JIOTTYHHX
orepariii).

Takum yuHOM, pO3pOOJIEHA MOJEIh JT03BOJSIE BIOOPA3UTH SK CTPYKTYPHI

ocobmmBocTi cxemu (kinacu Module 1 Instance), Tak 1 moBeainkoBi (kiacu Process 1

DataFlow) [121].

CircuitObject <} Aggregate
Function -comment -type
-signals
-operation +GetComment() Q\ Constant -width: int
-arguments +SetComment()
1..%
Module o Signal
StructureElement| 0..* -name D —name
<>— -ports 0 *: -mode -type
-elements -
-declarations
Scalar Vector
Process DataFlow Instance eftindex: it

-sensetivityList -target: Signal -hame -rightindex: int

-body -function: Function -moduleName
-module

l -portMap

ProcessBody

Puc. 2.21. O6’exTHa CTPYKTYpHO-TIOBEIIHKOBA MOJIEIH ITU(POBOTO MPUCTPOIO
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2.5 BucHoBKH 10 po3ainy 2

1. Po3po01eHo CTPpYKTYpH AaHUX 1 METOJ] CUHTE3Y 1HTEpPEHCHUX CTPYKTYP 1
MPOTOKOJIIB BUKOHAHHA TpaH3akiiii RT-piBHS Ha OCHOBI aHamizy crenudikari
S0C-apxiTeKTypu CHUCTEMHOTO pIBHs, sIKa BUKOPHUCTOBYE CTaHJAPTHY IIUHY
Wishbone o6miny ganumu Mixk GyHKIIOHATBHUME MOJTYJISIMU.

2. Po3pobneno cTpykTypu pAaHux 1 MeTton cuHTedy RTL-moneneit
¢dbyHKIioHanpHOCTEN HUIIXOM mnepeTBopeHHs C++ 1 SystemC-onuciB uudpoBux
OJIOKIB CUCTEMHOTO PIBHS B aJTOPUTMH 1 CTPYKTYPH JaHHX aBTOMATHOI MOJENi
Mypa, 1110 3a/1aHa CHHTE€30BaHOIO MiAMHOKUHOI0 MOBHUX KOHCTpyKIi VHDL.

3. CtBopeHO 1H(MPACTPYKTYpy HPOEKTyBaHHS 1 Bepudikailii KOMIIOHEHTIB
nM(POBUX CHUCTEM Ha KpUCTajJax 3 METOI0 MEPEBIPKU aJTOPUTMIB MEPETBOPEHHS
cnenugikamii 3 CUCTEMHOro piBHS Ha piBeHb RTL-omucy sika nae MOXJIUBICTbH
ICTOTHO 3MEHIIMTH Yac BUKOHAHHS BCIX MPOIIECIB MPOEKTYyBaHHS, TECTyBaHHS 1
Bepuikarii.

4. [TIlpeacraBieHl pe3yabTaTH CHHTE3y THUIIOBUX CTPYKTYP MOBHHX
KOHCTPYKIIIH B mMoneni RT-piBHS 1 mojanbina iX OIliHKa 3 MO3MWIlT IMIBUJIKOII Ta
anapaTHUX BUTpPAT, SIKI BUKOPUCTOBYIOThCA K O10710T€UHI OMUCH Jisi BUOOpY
ONTUMAJIbHUX PIIICHb B MPOIEC] CTBOPEHHS OOYNCITIOBATILHUX MMPUCTPOIB.

5. 3pificHeHO TecTyBaHHS 1 Bepu(ikalis KOHCTPYKTHUBHUX pIIIECHb
MPUMITUBIB, BHUKOPHCTOBYBAHHMX JUISI TPOCKTYyBaHHSA IU(MPOBUX CHUCTEM Ha
KpHUCTallax Ha OCHOBI IpOMHCIOBUX cucTeM monearoBanus Aldec Active-HDL,
Riviera, Xilinx Web Pack.

OcHOBHI pe3yJbTaTd po3ainy omybmikoBano B mparix [102, 105-115, 117,
119-121].
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PO3JILI 3
MOJIEJII JOTTYHUX BJOKIB CAHCTEMHOI'O PIBHS

B nanomy po3nauti BUPINIYIOTHCS 3aBJaHHS PO3POOKH MOJEJEH 1 CTPYKTYp
JaHUX OMHUCY JIOTIYHUX OJIOKIB CHCTEMHOTO PIBHs, 3aCHOBaHI Ha BUKOPHCTAHHI
MoB onmucy amapatypu System-C, VHDL, Verilog, siki MokyTh OyTH BUKOPHCTaHI
ak Oi0mioTeyHi mnpuMiTUBH Ayig cTBOpeHHs [P-core mmdpoBux cucrem Ha
KpHCTajax.

Mema po3maiy — CTBOpPEHHS KBa3iONTHMAaIbHUX CHHTE30BAHUX MOJETCH
GyHKIIOHATPHUX MOJYJIB 1 1X mojanbiie iMmiieMeHtaiis B RTL-konm,
BUKOPUCTOBYBAaHUX Jajl TMpu CHUHTe3l (yHKIIOHANIbHO-cKiIagHux |IP-core
M(POBUX CUCTEM Ha KpHUCTAJax.

3asoanns.

1. Po3pobuTtu CTPyKTypH JaHUX JJIsi ONMUCY (PYHKIIOHAIBHUX MPHUMITHBIB
CUCTEMHOTO PiBHS, OPIEHTOBAHUX HA BUKOPUCTAHHS CEMAaHTUYHUX 1 CHHTAKCUYHHUX
KoHCTpYKIid MoBu C++ 1 SystemC 3 meToro 3a0e3nedeHHs mapajieTbHOTO CUHTE3Y
1 BepudiKalli apXiTeKTypHHUX PILLIEHb.

2. Tlporpamna peainizallisi MOJEI€ 1 METOJIB MYJIbTUBEPCHOI PO3POOKH
omnepauifHUX NOPUCTPOIB B paMKaxX IHTETPOBAHOI CHUCTEMHU MPOEKTYBaHHS
GyHKIIIOHAMPHUX 1 apxXiTeKTypHuX pimeHb SOC Ha OCHOBI BHUKOPHCTaHHS
npoaykTiB Bepudikarii ta cuaTe3y kommnanii Aldec ta Xilinx.

[TigBumyr04M TPOAYKTUBHICTh 1HXKEHEPIB, MOKHA JIOMOITHCS 1CTOTHOIO
CKOPOYEHHS BUTPAT 1 4acy Ha JOBEJCHHS MPOEKTY 10 BUKOPUCTAaHHS HOTo Ha pUH-
Ky C€JICKTPOHHUX TEXHOJOTiM. IcCHye nekinbka crocoOiB MiBUILEHHS MPOIYKTHB-
HOCTI Mpalli 1HXXEeHepa-MPOeKTyBaJIbHUKA B MPOIIECI CTBOPEHHS OOYMCITIOBAIBHUX
IIPUCTPOIB.

[Mepmmii crioci6 [122] — BUKOpUCTaHHS MOB OIKCY CHCTEM BHCOKOTO PiBHH,
takoro sik C++ 1 SystemC. Taki MOBM MalOTh BUCOKHUI piBEHb a0CTpaKilii, o A03-
BOJISIE IIBUJIKO OIKMCYBAaTU O0’€KTH PI3HOI MpHUpOJu. BUKOpuCTaHHA NPUHOMIB

00'€KTHO-OpPIEHTOBAHOTO MPOEKTYBaHHS J03BOJISIE CTBOPIOBATH CKJIAJIHI, MacCIlITa-
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OoBaH1 1 THPa)KOBaH1 CUCTEMHU B KOPOTKUNA TEPMIH 3 BEITUKOIO MUTOMOIO KUIBKICTIO
JIOTIYHUX BEHTUJIIB HAa OJIUH PSAAOK Koay. BinOyBaeTbcs TakoX MiABUILEHHS PIBHA
a0CTpakiiii MOJeJIeH: BiJl aHAJIOTOBUX 3 Oe3MepepBHUMHM 3HAYCHHSIMHU HAMPYTH 0
uGpoBUX MOJENeH Ha BEHTWJIBHOMY PIBHI 3 MOJISIMU MEPEMHKAHHS JIOTIYHHX
CUTHAJIB, Jalli — JI0 MOJieJied Ha PiBHI PETICTPOBUX Iepenad, Je orepallii BiKe
BiIOYBAIOTHCS 3 NMUIMMH MAIIMHHUME ciioBamu. OCTaHHIN JOCTYMHUN piBEHb a0-
CTpAaKIIil CUTHATY — 1€ TpaH3aKlii 3amucy / YUTaHHS MK By3JaMHu IIU(PPOBOI CH-
ctemMu Ha kpuctami. OgHa Taka TpaH3akilis MOXe BKJIOYaTH B cebe poOoTy
JEKUTBKOX IIMH 1 KePYIOUHMX CHUTHANTIB, a TAKOX JECATKH TAKTIB MOJCIIIOBAHHS Ha
NBIiKOBOMY piBHi. [Ipu 11bOMy BHUrpami B IIBUIKOCTI MOJIEIIOBAHHS CTAHOBUTH Jie-
CSATKH pasiB.

Jpyruit cmoci6 [123] — BHKOpPHCTAaHHS CydaCHHX IHCTPYMEHTAJIbHHUX 3a-
co01B: KOMIUIATOPIB, FTEHEPATOPIB TECTIB, (hopManbHUX BepudikaTopiB. Kommimns-
TOpPU BUKOPUCTOBYIOTh BHYTPIIIIHI ONTHUMI3allii JJI1 OTPUMAHHS KPalUuX YaCOBUX
XapaKTepUCTHK 1 MIHIMaJIbHUX BUTPAT PECypCiB KpUCTasla (MAa€eThCs HA yBa3l IIIO-
ma Kpucrtajga abo KUIbKICTh BUKOPHCTOBYBAaHHUX JIOTIYHUX OJ0KiB). I[lpukiamgom
TaKUX ONTHUMI3allli MOXE CIYKUTH aBTOMaTHYHAa KOHBeiepu3alis, pO3rOpTKU
(3ropTku) ab0 po3mnapayiesIFoBaHHS IUKJIIB, MPU SKOMY BUXOIUTH OUIBII IIBHUIKA
peanizaiiis nuppoBOT CUCTEMH.

Tpertiit cioci6 [124] — BUKOpHCTaHHS METOAMYHOTO 3abe3neycHHs. Po3poo-
JIEHO CYKYITHICTh IIA0JIOHIB MPOEKTIB — MIJAXO/IB J0 BUPIIIEHHS TOTO YU IHIIIOTO
3aB/IaHHA B IEBHOMY KOHTEKCTI yMOB. P03po0iieHO CYyKyIHICTh CTaHAAPTIB MPOEK-
TyBaHHS Ha apudmeTrnuHi omepailii, iHTepdercru, CUHTE30BaHl MiIMHOKHUHA MOB
OTIHCY amapaTypH.

Yereptuii cnoci6 [125] — Bukopucranus 6i0miorex (IP-Core) Momeneit, ski
MICTSITh TOTOB1 MPOTECTOBAHI PIIICHHS: AITOPUTMHU, CTPYKTYPH JaHUX BUCOKOTO
piBHs. B TenepimHiit yac 610/110TEKH BKIIOYAIOTH SK MPOCTI MOJIENI: TUIH JAaHUX,
apudMeTrKa, maM’ Th, TaK 1 CKJIaJHI: ay/io / BiJle0 KOMIIOHEHTH, CUTHAJIbHI TIPO-
IIECOPH, KOHTPOJIEPH, MPOIECOPH 3araJbHOrO MpH3HAYeHHsA. BukopucroByroun

010;110T€YH1 KOMIIOHEHTH, MO-TIEpPIIe, CKOPOUYEThCS Yac Ha MPOEKTYBaHHS, a, TO-
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Jpyre, CKOPOUYYEThCSl Yac Ha BepHU(]IKaIlil0 MPOEKTYy, TOMY [0 O10/i0TeuHI eje-
MEHTH MPOTECTOBaHI 3a3/ajeriib 1 HeOJHOPa30BO OyJM BIIPOBAKEHI B MPOMHU-
cioB1 IpoekTH. TakuM yuHOM, 610J110TE€UHI KOMITIOHEHTH MOXKYTh 3aitmaTtu 10 90%
IOl OJIEPXKYBAHOTO KpucTania, iHmi 10% — Bu3HaueHa KopucTyBadem Jiorika. Ha
puc. 3.1 nmokazana TumoBa cucrtema Ha kpuctam, g1e ADC — ananoro-mudposuii
neperBoproBad, PCI — intepdeiic 1o mmuu PCI, SRAM - cratuuna O3Y, CPU —
HeHTpaibHui mporiecop, DSP — mudpoBuit curnansuuii npomecop, ROM — 113V,
MPEG - Bineokonek, DRAM — nunamiuna O3V, UDL (user defined logic) —

JIOTiKa, BU3HAYEHA KOPUCTYBAUEM.

ADC PCI SRAM
CPU DSP ROM
=
5
MPEG UDL a
Cucrema Ha kpuctanne

Puc. 3.1. Pi3HOMaHITTSl KOMIIOHEHTIB B CUCTEM1 Ha KpUCTai

[cHYIOTH pI3HI THUIHM KOMITOHEHTIB, SIKI MOXXHa KJacu(iKyBaTH 3a MpU3HA-
YEHHSM 1 3a peanizaiiero. KomnoHeHTH 3a mpu3HauYeHHSIM:

—¢yukuionaneHi (Functional IP);

—ingpactpykrypHi (Infrastructure IP) [x85];

—xomyHikariiai (Communication IP).

KomnonenTu 3a peanizari€ro:
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—soft cores — mpexcraBieHi y BUTIISAAI CHHTE30BAaHUX MOJIEICH Ha MOBax
VHDL, Verilog, i abctpakTHi BiJ TEXHOJIOTIT peatizaiii,

—hard cores — tonoutorii kpucTana, OpieHTOBaHI Ha KOHKPETHY apXiTEKTy-
py.

OyHKIIOHATbHI KOMIOHEHTH B CYKYIHOCTI BUKOHYIOTh HEOOXIJH1 3aB/aH-
Hsl, TIOB'SI3aH1 3 IIIbOBUM BUKOPHUCTaHHSIM MIKpocxemu. Po3pi3HsoTh HU@POBI 1
aHanorosi komnoneHTH [126]. [llupoko po3moBCIOKEHI ITU(PPOBI KOMITOHEHTH:

—MaTeMaTU4HiI oreparii: IHKpEeMEHT, IEKPEMEHT, JA0JaBaHHsI, BiTHIMAHHSI,
MHOYKEHHSI, IJICHHsI, KBaIpPaTHUM KOPiHb, 3CYB, a0COJIOTHE 3HAYCHHS;

—ay/i0 / BiIc0O KOMIIOHEHTH: KOJyBaHHs / J€KOTyBaHHs 300paKeHb, BiJI€O,
3BYKY, pO3Ii3HaBaHHs MOBHU, IEPETBOPEHHA (DOPMATIB;

—CHUTHaJIbHI IPOLECOPHU: ayi0, Bieo, GLIbTpH, TpaHchopMallii;

—1amM'sTi: peecTpoBl (ailim, Kem-mam'sTi, CTaTU4HI, JWHAMIYHI, el
[13Y, FIFO / LIFO;

—CTaHJapTHI ocepenku: Oydepu, JOTiYHI eIEMEHTH, eJIeMEHTapHI apuQpme-
TUYHI1 oreparii;

—TaKTOBI F'€HepaTopH, TaltMepu;

—KOHTpPOJIEpHU: apOITpH IIMHY, BBEICHHS / BUBEACHHS, JUCKOBI, KaBlaTy-
pu, maMm'siti, mepexeni, USB;

—MIKPOKOHTPOJIEPH;

—Ipo1ecoOpH / CIIBIPOLIECOPH;

—inudpyBaHHs / AemudpyBaHHS.

[HdpacTpykTypHi KOMMOHEHTH 3a0€3MeuyloTh BCl HEOOXIiMHI Mdii, AKI He
MOB’s3aH1 3 I[IJTbOBUM BUKOPUCTAHHSM MIKpOCXeMHU. [0 Takux il HaJeKUTh BOY-
JIOBAaHE CAMOTECTYBaHHS, CaMOJ11arHOCTHKA, BIIHOBIICHHS Tparie3aTHocTi. [Hdpa-
CTPYKTYPHI KOMIIOHEHTH € arapaTHO HAAMIPHICTIO. AJie 3a paXyHOK IIMX KOMIIO-
HEHTIB MO>XHa ICTOTHO 30UIBIIUTH BUX1J NPUAATHUX BUPOOIB MIPU BUTOTOBJICHHI 1

MIJBUIIUTH HAJIMHICT, MpH eKcIutyartamrii. IcHyroTh MeToau peamiszarnii iH(pa-
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CTpYKTypHUX KoMIoHeHTiB Ha BOymoBaniii [1TJIIC [86]. Lli KOMIIOHEHTH MOXYTh
OyTH BUKJIIOUEHI 3 KOHPIrypalii MiKpOCXEMH IICIs BCIX €TaliB TECTYBaHHS.

KomyHikaiiiiini KOMIIOHEHTH 3aCTOCOBYIOTLCS JJIsl OpraHi3allii pi3HUX TOTO-
JIOTiH 1 MPOTOKOJIIB Mepek Ha KpucTai [87].

Jns migrpumku Tpancisii C++ 1 SystemC onuciB B cunTe3oBanuit VHDL
abo Verilog ko HE0OX1AHO PO3POOUTH CTPYKTYPHI MOJIEI CUCTEMHOIO PIBHS JJIs
pi3HMX TUTIB JaHuX 1 cTpyktyp. Ctangaptra 6i6mioreka madmioni (STL, Standard
Template Library) € HeBiJg’ €MHOIO 4YacTUHOK cTaHaapty moBu C++. Ilpomyk-
TUBHICTh 1H)KEHEpIB Oyje 1CTOTHO 3HWKEHA, SKIO BOHM HE OYyIyTh BUKOPHUCTO-
BYBAaTH KOHTECHHEPH 1 aITOPUTMHU 31 CTaHAapTHOT Oi0mioTeku mabionis C++ [127].

Konteithep — 1ie crpykrypa, sika o0’e€anye 00’exkTd oaHoro tumy. CraH-
napTHa Oi0mioTeka peanidye HAcTynmHI KOHTEHHEpPH: OJHOBUMIPDHUW MacuB
(vector), 1Bo3B’si3HMM crincok (list), yepra enemMeHTiB (queue), yepra eJIeMEHTIB 3
nBoMa KiHmsiMu (deque), cTek eneMeHTiB (stack), acomiaTUBHHI MacHB €JIEMEHTIB
(map), HaOip eneMeHTIB (set), HaOip OyineBux enemeHtiB (bitset). BcraBka 1 Buga-
JIEHHS 00’€KTa — 1€ MiHIMaJIbHUI HaOIp omeparlii s OyJIb-IKOro KOHTEHepa.
KonTeitHepu yHiBepcaibHi BIIHOCHO 30€peKyBaHOTO THITY JaHUX, SKHUI 3a7a€ThCs
1] Yac KOHCTPYIOBAHHS KOHTEIHEpa.

KoHnrelinep «BekTOp» pealizye aOCTpaKIil0 HaJ 3BUYANHOIO MOJIEIUIIO
nam’siTi, B SKIA PO3MIPHICTh IIUHU JaHUX € (hiKCOBaHOIO (Hampukian, 8, 16, 32
abo 64 6ita), 3a3BUUail KpaTHOIO § OiTam. AJpecallisi BUPOOJSE€ThCS TUIBKU 3a J0-
MOMOTOI0 LIJTUX YHCeN. 3a JOMOMOIOI0 KOHTEHHEpa «BEKTOpP» MOXHa CTBOPHUTHU
OJTHOMIpH1 MAaCHUBH JJIsI IOBUIbHUX THUIIIB JIAHUX.

Jlanmi mpomnoHyeTbesl aHami3, MPOEKTYBaHHS 1 BepUQIKallis JOT1YHOT MOJENI
KOHTEHHEpa «BEKTOPY, sIKa aHAJIOTIYHA 3a MOBEIIHKOIO 3 peali3alieo B CTaHaapT-

Hi# 010mortem C++.
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3.1 Po3poOka moje i KOHTeHHEepPa «BEKTOP» CUCTEMHOI0 PiBHA

Jlsi1 KOHTelHepa «BEKTOp» JOCTYIHI omeparii, HaBeAeHl B Taba. 3.1 (TyT 1

JaJli BAKOPUCTOBYETHCS CHHTaKCHC MOBU C++).

Tabauya 3.1. Onepayii 3 konmetinepom «8eKmMop»

Omnepauis

Onuc

reference operator []
(size_type n)

JlocTymm 110 ejleMeHTy MacuBy 3a I1HJEKCOM O0e3 Tie-
PEBIPKH BUXOY 32 MOTO MEXKI.

reference at (size_type

n)

JlocTym 10 eIeMEHTY MacHBY 3a 1HJIEKCOM 3 MEePEBiIPKOIO
BUXOJTy 33 MEXI.

reference front ()

JlocTyn 10 nepuioro eIeMeHTy.

reference back ()

I[OCTYH J0 OCTaHHBOI'O CJIICMCHTA.

push_back (const T &
X)

JlonaBaHHsI eJleMeHTa X B KiHEIlb MAaCHUBY.

pop_back ()

BupaneHHs 0CTaHHBOIO €J1€MEHTA B MACHBI.

size_type size () const

[ToBepTae KiJIbKICTh €JIEMEHTIB B MACHBI.

size_type max_size ()
const

[ToBepTae MakcUMaNbHY KIJIBKICTh €JIEMEHTIB Y BEKTOPI.

bool empty () const

[ToBepTae «ICTUHYY, SKIIO BEKTOP MOPOKHIH.

Ha nepmomy erami notpiono ¢opmanizyBatu intepdeiic SystemC-momyns

JUIs KOHTeiHepa «BekTtop». Ha puc. 3.2 noka3ana cucrema, 110 MICTUTh BCl HEOO-

X1IHI KOMITOHEHTH CUCTEMHOT0 piBHs [128].

Clock

TCCTOB

I'eneparop Eﬂ :) HoL

L 2H Eﬂ :> Konrelinep

KBEKTOP»

Puc. 3.2. [ToBHUIT KOMIJIEKT MOJYIIB 1 TPAH3aKTOP ISl PO3POOKU CUCTEMHOT MO-

7eIli KOHTeHepa «BEKTOp»
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Clock — me reneparop TakToBUX IMIyibCiB. KOHTeHEp «BEKTOp» — CHH-
XPOHHHI MPHUCTpPIH, y SIKOTO BCl omeparii 3A1HCHIOIOTbCA 3a MepeIHIM (GPOHTOM
CUTHAJTy CHHXPOHI3aIlii.

['enepaTop TecTiB — 116 BUCOKOPIBHEBUM MOJYJIb, IKUA MICTUTh T€HEPATOP
TECTIB JIJI1 KOHTEHHepa 1 aHaji3aTop BIAMOBIIHMX peakiiii. Ileit reneparop Oyne
MOBTOPHO BUKOPHUCTAHUMU AJi Bepudikallii MOeNi Ha JIOTTYHOMY PiBHI.

H2L (high level to low level) — 1ie TpaH3akTOp, SIKKI MEPETBOPIOE BUCO-
KOPIBHEB1 BUKJIMKHM (PYHKIIA KOHTEWHepa A0 MPOTOKOJY HA PIBHI MEPEeMHKaHHS
JIOTIYHUX CUTHAJIIB.

L2H (low level to high level) — ie Tpan3akTop, sKuii 3/1iiiCHIOE TIEPETBOPEH-
Hs, 3BOpoTHE HZL — mpoTOKON piBHS JIOTIYHUX CHUTHAJIB JI0 BUCOKOPIBHEBHX
BUKJIMKaM (YHKIIIA KOHTeHHEpa «BekTop». Ha puc. 3.3 mokazanuii qeTanbHUN 1H-
tepdeiic Tpanzakrop L2H. Llei xe iHTepdeiic MmaTume MalOyTHS amapartHa pe-

ar3anis.

clk data_out[width-1:0]
reset empty
index[size-1:0] L2H

data_in[width-1:0]

command[3:0]

Puc. 3.3. Intepdeiic noriuHorO piBHI MOEINI KOHTEITHEPA «BEKTOP»

VY nmictunary 3.1 mokasaHuii BUCOKOPIBHEBHM 1HTEpdeiic KOHTEeHHepa «BEK-

TOP».
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Jlicmune 3.1. Bucokopisnesa inmepghetic konmelnepa « eKmop»

17. template <class T>

18. class vector_if: public sc_interface {
19. public:

20. virtual T & operator [] (size_t n) = 0;
21. virtual T & at (size_t n) = 0;

22. virtual T & front (Q = 0;

23. virtual T & back () = 0;

24. virtual void push _back (const T & x) = O;
25. virtual void pop_back () = 0;

26. virtual size_ t size () const = 0;

27. virtual size_t max_size () const = 0;
28. virtual vector () = O;

29. virtual vector (size_t n) = 0;

30.  };

3.3 IIpoexkTyBaHHS MO/1eJIi KOHTEHHEPA «BEKTOP»

Jloriyna Momeah KOHTEHHEpPA «BEKTOp» peali3oBaHa 3a JOIMOMOTOI0
MPUMITHBIB 0JI0KOBOT Mmam’sTi kpucTaia Xilinx Virtex-5. OauH 6710k 1aM’aTi Kpu-
cTana po3paxoBaHui Ha 36 KOIT JaHWX 1 MOXe OyTH HaNamTOBaHWN ab0 K JBa
HEe3aJIeKHUX MOAYJs mam Tl o 18 k61T, abo K oAMH MOAYJb €MHICTIO 36 KOIT.
MoxHa KOpUCTYBaTUCA HAcCTymHUMU KoHOiryparismu nam'sti: 32K mo ogHomy
oity, 16K mo 2, 8K mo 4, 4K o 9, 2K o 18 a6o 1K 1o 36 0ir.

Bub6ip kpucrani Xilinx Virtex Bu3HavaeTbcsi HaCTymHUMHU dakTopamu. L1
KPUCTAJIM TOCTYIHI Ha PUHKY B HU3bKHX MapTisX 3a NPUUHATHI UIHU. TyT BOHHU
ICTOTHO BUTPAIOTh Mepej] KPUCTAIAMU KOPCTKOT JIOTIKH, IS SIKAX TUIBKH MIATO-
TOBUI BUTpPATH HA BUTOTOBJICHHS MackKh 1 MNPOOHY CEpil0 MOXYTh JOCSTaTH
MmitbioHiB goiapis. IIJIIC Virtex mae MOXIHMBICTH 6araTopa3oBOro nepemnporpa-
MYBaHHS, 1110 JO3BOJISIE€ BIAUYBAaTH Pi3HI KOHQIrypallii IPpOEKTOBAHOTO MPUCTPOIO,
a TaKO>X BHIIPABIIATHU JIOT1YHI AePeKTU B poekTi. KpucTtaim xopcTKoi JOTIKH Ta-
KOi MOKJIMBOCTI HE MaIOTh.

Kpucranu Xilinx Virtex Takok MaroTh HEOOX1HI pecypcu Juisl peasizaiii

KOHTEIHepa «BEKTOP»: €JIEMEHTH OJIOKOBOT Mam ' ATi.
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brnokoBa mam'sTh MIATPUMYy€ CHHXPOHHI Omepauii 3amucy / 4MTaHHsS, JBa
HOPTHU JIOCTYITY MOBHICTIO CUMETPUYHI 1 MPALIOIOTh HE3AJEKHO OJUH BiJl OJHOTO,

PO3IUIAIOYM AaHi B mam’sTi. [HTepderic Moeni maM’aTi moka3aHui Ha puc. 3.4.

CASCADEOUTLATA  CASCADEOQUTLATB
CASCADEOUTREGA  CASCADEOQUTREGE

T T 36-Kbit Block RAM w T

—— DIA
—<—={ DIPA
——=| ADDRA Port A

—<— WEA
—| ENA
——| SSRA DOA ———
—>CLKA DOPA |——+
——»| REGCEA 36 Kb

Memory
Array

—<— DIB DOB F——
—<— | DIPB DOPB [——
——={ ADDRB
——= WEB

— | ENB PortB
—— | SSRB

— 1> CLKB
—— | REGCEB

CASCADEINLATA  CASCADEINLATB
CASCADEINREGA  CASCADEINREGB

Puc. 3.4. Intepdeiic 6ioky mam’sati Xilinx Virtex-5

OOMexeHHS JIOTTYHOT MOJIETI:

—KOHTEeHHep 3aliMae BCIO MaM'sTh, Ky Hajae 0a30BHM e€JIeMEHT OJOKOBOI
nam’sTi, BAKOPUCTAHUH B peasizarlii;

—MaKCUMaJIbHy KIJTBKICTh €JIEMEHTIB BEKTOPa BH3HAYAETHCS PO3MIPOM OJI-
HOTO €JI€MEHTa 1 00CITroM eJeMEHTIB MaM siTi, BUKOPUCTAHUM B peanizalii. Moxe
Oytu obuucieHo 3a gopmynoro V =w X k, 1e w — po3mip enementa B OiTax, k —
KIJBKICTB €JIEMEHTIB, V — 00cAT 3aiiMaHOil maM'sITi.

Jlns ycmimHoi peanizaiiii MoJiesll KOHTeHHepa «BEKTOp» HEOOXiTHO po3po-
OUTH OJATKOBY JIOTIKY, peai3yloTh HEOOXiJHI omepallii, Jjisl €JIEMEHTIB Mmam'siTi
(muB. puc. 3.4).

[To3naurmo BekTop OykBOIO M, e M (i) — I-#t exemeHT BekTopa. 3minHa IP

30epirae iHaeKc nepmoro BuibHOTO enementa. Crnovarky [P = 0. Ilpu nonaBanHi
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YeproBoOro €JIeMeHTa B KiHELb BEKTOpa, 3HaueHHs [P 30u1blIyeThCs HA OAMHMUIIIO.

3minHa V — 3anucyBaHe ab0 3YMTyBaHE 3HAYCHHS.

3.3.1 Ilpoexmysanns xoncmpykmopa. KOHTEHHEP «BEKTOP» HAJa€ MOBHUU

HaOlp KOHCTPYKTOPIB, JECTPYKTOPIB 1 omeparliii KOmiroBaHHS. [CHYIOTh HACTYIHI

CIIOCOOM CTBOPUTH KOHTECHHED:

—vector () CTBOPIOE TOPOKHIN KOHTEHHED;

—Vvector (Size_type n) cTBOproe KOHTEHHEP 00CSITOM N €JIEMEHTIB;

—vector (size_type n, const T & t) 3 n komisiMu 00’ €KTa t;

—vector (const vector &) — KOHCTPYKTOP KOIiFOBaHHSI.

3.3.2 Jlewugppamop xomano.Jlns peanizailii CyKymHOCTI1 omnepariiii BUKOpHU-

CTOBYETBHCS JlemudpaTop KOMaH I, IKH MIEPEBOUTH 3 JIBIMKOBOTO KOMY 1HCTPYKITIT

B TO3MUIIIHHUN KOJM, SIKWHA aKTUBYE CHUTHAIHM KOHTeHHepa. Y TaOm. 3.2 HaBeleHi

JIBIKOBI KOAH 1 BIIMIOBIIHI IM KOMaH/IH.

Tabmumg 3.2. Kogu komans

Kon | Komanna Kepyroui curnanu
0000 | reference operator [] (size_type n), V=M (n)
YUTaHHA
0001 | reference at (size type n), YUTaHHS V =M (n)
0010 | reference front () V=M (0)
0011 | reference back () V =M (IP)
0100 | push_back (const T & X) M (IP) =V; IP ++
0101 | pop_back () IP=1P—-1
0110 | size type size () const
0111 |size type max_size () const
1000 | vector ()
1001 | vector (size_type n) IP=n—-1
1010 | vector (size_type n, const T & t) VM@{) =ti=0..n—1
1011 | reference operator [] (size_type n), M(n)=V
3alimuc
1100 | reference at (size type n), 3ammc M (n)=V

InTepdetic noriunoi Moaeni nmokazanuii Ha puc. 3.3. Monenb Mae HaCTYIIHI

napameTpH:




106

— DATA_WIDTH Busznauae mupuny muHu gaHux. Lleil mapamerp 3aine-
XKUTh Bl TOTO, JJI AKOTO TUITY JaHUX CTBOPEHHUI KOHTEHHep «BekTop». Hampu-
KJIaJl, AKIIO KOHTEHHep CTBOpeHMi Juist Ty INt MoBu C++, TO MIMpUHA IIIMHU Ja-
HUX Oyze mopiBHIOE 32 GiTam;

— CMD_WIDTH Busnauae mupuHy muHu Komaua. Lleit mapamerp BuOuU-
PAETHCS 3aJIEAKHO BiJI MAKCUMAJIbHOI KIJTBKOCTI JOCTYIMHUX KOMAaHM, YUCJIO SKUX
nopisrioe 2CMD-WIDHT.

— SIZE Bu3Hauvae mypuHy muHU aapecu. el mapamerp BIUIMBaE Ha Mak-
CUMaJIbHY KiJIbKiCTh aJpecOBaHNX KOMipOK KOHTeHHepa i nopisHIoe 2512,

JloriuHa MoJieNib KOHTEMHEpa «BEKTOP» Mae 1HTep(dECcCHI CUrHaIu:

— riobaybHU CUHXpoUMITYJIbC ClK;

— CKUJaHHs eSet, mpu BUCOKOMY piBHI SIKOTO BiIOYyBa€ThCs CKUIAHHS €1e-
MEHTIB TIaM’Ti B HYJII, 1110 BIJIMOBIa€ OYUIIIEHHIO KOHTEHHEDPA;

— miHa ajapecu index, po3mipHicTio [SIZE-1: 0], sika BUKOPUCTOBYETHCS
JUIS BKa31BKU MOPSJIKOBOIO HOMEpa €JIeMEHTa y BEKTOpi Mij yac 3amucy abo 4u-
TaHHI;

— mHa ganux data_in, posmipnictio [DATA_ WIDTH-1: 0], sika Bukopu-
CTOBYETbHCS JUIsl 3aIIUCY JAHUX B BEKTOD;

— mmHA KoMaHa command, posmipaictio [CMD_ WIDTH-1: 0], sika Buko-
PUCTOBYETHCS JIJIsl YIIPABIIIHHS KOHTEHHEPOM;

— mmHa ganux data_out, posmipnictio [DATA WIDTH-1: 0], sika Bukopu-
CTOBYETbHCS JIJIsl YNTAHHS TaHUX 3 BEKTOPA;

— curHay empty, BUCOKHI piBE€Hb SIKOTO CUTHAJI3Ye MPO TE, L0 BEKTOP IO-

POKHIM.

Jicmune. 3.2. Inmepgheiic nociunoi mooeni IP-core mogoio VHDL

31. entity stl_vector is

32. generic(

33. DATA _WIDTH: NATURAL: = 32;
34.

35. - [upMHa WMHY KOMMAaHINM

36. CMD_WIDTH: NATURAL: = 4;
37.



38.
39.
40.
41.
42.
43.
44 .
45.
46.
47.
48.
49.
50.
51.
52.
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- llmpmHa wWMHM anpecu
SIZE: NATURAL: = 12);
port (
- inputs
clk: In STD_LOGIC;
reset: in STD _LOGIC;
index: in STD_LOGIC_VECTOR (SIZE - 1 downto 0);
data_in: in STD_LOGIC VECTOR (DATA WIDTH - 1 downto 0);
command: in STD_LOGIC_VECTOR (CMD_WIDTH - 1 downto 0);

- outputs
data_out: out STD_LOGIC_VECTOR (DATA WIDTH - 1 downto 0);
empty: out STD _LOGIC);

end entity stl_vector;

CtpykTypHa MOJieib KOHTEWHEpa «BEKTOp» Moka3zaHa Ha puc. 3.5. Tyt ne-

mmdparop koman 1 dC IepeTBOPIOE IBIHKOBUIT KO/ B KEPYIOUi CUTHAIIH.

data_in
index
reset

clk

command

| ool ey
L
pointer
data_memory
‘I>°_:D7inc ptr_index_inc []
ptr_index

dec L— data_in
addr
de 00...0 ———— — we

| P

data_out

Puc. 3.5. CrpykTypHa MOAENb KOHTEUHEPA «BEKTOP»

Baok pointer MicTuTh Ba pericTpu: ajpeca OCTaAHHLOIO €JIeMeHTa (IS T0-

POKHBOTO BEKTOpa BIH JOPIBHIOE -1) 1 ajjpeca Mepuioro BUIBHOIO elleMeHTa (IIs

MOPOKHBOTO BEKTOpA JOPIBHIOE HYII0). Ha BXO/1 GJIOKY € TpU KEpyrouux CUTHA-

au: reset, inc, dec. Ilpu BucokoMy piBHI curHaiy incC i mepeaHboMy (GPOHTI CHH-

XPOUMITYJIbCa BHYTPILIHI PEricTpu 30UIbIIYIOThCS Ha OauHULIO. [Ipu BUCOKOMY

piBHI curHanmy Oec i mepeaHbOMY (POHTI CHHXPOIMITYJIbCY BHYTPIIIHI PEricTpH

SMCHIIYIOTBHCS Ha OAVUHUIILO.

MynbTUIIIEKCOP 1HACKCY YIPaBISE€ThCS IIUHOIO 3 IBOX CUTHAJIB. Y PekKUMI

YUTAaHHA / 3alMCY OCEPENIKY 3a 1HJEKCOM CUTHAJIM MOBUHHI OyTH BcTaHoBIeHl B 00,

B pexxumi push_back () curnaim nosunHi OyTr BcTanosieHi B 01, B pesxumi back ()
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CUTHAJIM TIOBMHHI OyTH BcTaHoBieHi B 10, B pexxumi front () curaamu nosunHI Oy-

TH BCTaHOBJIEHI B 11 .

3.3 AHaJIi3 Ta NPOEKTYBAHHS KOHTEHEePa «CIMHMCOK»

Ilepenix — e MHOXKHHA elleMeHTiB A = {ay,ay, ..., a;, ..., ap}, KOKEH 3 SIKUX
Moyke OyTH npenactaBienuit Tpiiikoro (V, N, P), ne V — 3HaueHHS ejeMeHTa CIHCKY,
N € A - nocunaHHs Ha HACTYIMHUU eJIeMEHT, P € A — mocuiaHHs Ha MONepeaHii
enemeHT. i nepiioro enemenTta (al) 3HaueHHs P nopiBHIOE HYJIIO, a JIJIsl OCTaH-
HBOTO ejeMeHTa (an) 3HaueHHs N gopiBHIOE Hym0. CTpyKTypHa opraHizailis KOH-

TellHepa «CIHUCOK» MoKa3aHa Ha puc. 3.6.

ar a az aj an
Vi Vs V3 Vi Vi
Ny > n, > ns — — > n; — — > N,
P1 < P2 < P3 < — Pi < — — Pn

Puc. 3.6. CtpykTypHa oprasizailis KOHTeHHEpa «CIIHCOK»

PosrisinemMo TUMOBI omeparllii, 110 BUKOHYIOTbCS KOHTEHHEPOM «BEKTOP»

(rabu. 3.3). Y miit Tabmmmi X — e yMoBa, 110 30y/IKy€ Ty YH iHITY OTIePAaIlifo.

Tabnuys 3.3. Tunogi KOMaHOu KOHMeUHepa « CNUCOK»

X Komanpga Onuc xoMmauau

x1 | begin () [TocunaHHs Ha MEPIIN €JIEMEHT CITUCKY
X2 end () [TocumanHs Ha OCTAHHINA €JIEMEHT CITUCKY
- bool empty () TIOBEpTAE true, SKII0 KOHTAKTIB HEMae

x3 push_front () Jlomae HOBHUH €JIEMEHT B IIOYATOK

x4 | push_back () Jlojae HOBHUI €JIEMEHT B KiHEIlb

x5 | pop_front () Bujassie eJ1eMeHT 3 IOYaTKy CIIHCKY
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X6 | pop_back () Bunassie e1eMeHT 3 KiHIIS CITHCKY

X7 insert ()

Jlonae enemMeHT nepen NOTOYHUM

x8 | erase () Bunainse noTouHuii e1eMeHT
x9 next () [TocunanHs Ha HACTYITHUHN €JIEMEHT
x10 | prev () [TocunaHHs Ha IMONEPEIHIN eTeMEHT

Jlns ycnimHoi peanizalii MojeNl KOHTeHMHepa «CIUCOK» HEOOXiTHO po3po-

OUTH JOJAaTKOBY JIOTIKYy, IO peanizye HeoOXiaHi omepainii. CkiagemMo MepetiK

pericTpiB, HEOOXITHUX JJIs1 pOOOTH KOHTEHHEPA.

Tabnuys 3.4. Cnucok pezicmpie KOHmMeUHepa « CHUCOKY

MuemoHika Mera perictpy
HAY [naexcHui perictp, MiCTUTh aApecy NEPIIOTo eJIeMEHTa B CITUCKY
KOH [HnekcHMit pericTp, MICTUTh aJgpecy OCTaHHBOTO €JIEMEHTa B
CIIUCKY
TEK [HnexcHwmit pericTp, MICTUTh aApecy MOTOYHOTO €JIEMEHTa B CIIHC-
Ky
CBBI [naexcHuit perictp, MICTUTh aApecy NEPIIOTO BUILHOTO eleMEHTa
PII1 Perictp naHux, ssKuii MICTUTh OJIUH €JIEMEHT CITUCKY ai
P12 Perictp nanux, sskuif MiCTUTh OJITH €JIEMEHT CITUCKY ai
PNl .3HAU JlocTym 70 3HAYEHHS Vi €JIEMEHTa CHHCKY al (4acTKOBUHM JOCTYI
) 1o perictpy PJ11)
PII1 . CJIE JlocTyn 10 3HAYEHHS Ni €JIeMEHTa CIHCKY al (4acTKOBUM AOCTYyM
) 1o perictpy PJ11)
PII1 .IPEN JlocTyn 10 3HAYEHHA Pl €JIeMEHTa CHHUCKY ai (YJaCTKOBHM OCTYI
) no perictpy PJI1)
PII2 . 3HAU JlocTym 70 3HAYEHHS Vi €JIEMEHTa CHHCKY al (JacTKOBUH JOCTYI
) 1o perictpy PJ12)
PII2.CJIE] JlocTym 10 3HAYEHHS Ni €JIeMEHTa CIHUCKY ai (YJaCTKOBHH JOCTYI
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1o perictpy P/12)

PI2 .TIPEI

JlocTyn 70 3HAYEHHS Pi €JIEMEHTa CHHCKY al (4acTKOBUU JOCTYI
1o perictpy P/12)

Ha miacraBi THIIOBUX omeparltiid, nepepaxoBaHux B Ta0j. 3.3, HABEJAEMO CITH-

COK Mikpoornepartliii B Tadn. 3.5. Mikpoorepariiis — eneMeHTapHa, HETOAIIbHA Jis

M(POBOro NPUCTPOIO, HATTPUKJIIAA, YATAHHS 3 MaM'sTl, apudMeTHdHa oneparis.

Tabnuys 3.5. Mixpoonepayii konmeiinepa « CNHuCOK»

Y MHuemoHika Onuc
yl | uT pi, [HAY] qI/ITaI:IHH MEPIIOTo €EMEHTA B CIHCKY 33 apecoio,
o mictutbes B perictpl HAY, B perictp nannx PJ[1
UuTaHHA OCTAaHHBOIO €JEMEHTA B CIIMCKY 3a ajpe-
y2 | 4T POl, [KOH] | coro, mo mictutbes B perictpt HAY, B perictp nanux
P/I1
3 3I1 IP1, 3anucaty B 1HAekcHui perictp [Pl 3HadyeHHs
y PO1.CJELN perictpa P/{1.CJIE]]
4 4gT PIO1, UuTaHHs HACTYITHOTO €JIEMEHTA B CIIUCKY
Y* | [po1.cnem)
5 4gT PIO1, YuTaHHA NONEPETHBOTO EJIEMEHTA B CIIUCKY
Yo | [pn1.mpER]
y6 | vB CBEI 30UIbIIMTH 3HAYEHHS 1HJAeKcHOTO perictpa CBB/I Ha
OJIMHUIIIO
7 31 [CBBL], 3amucatu BMicT perictpa P/I1 B mam'siTh 3a aapecoro,
y PI1 10 MICTUThCS B 1HAEKCHOMY perictpi CBB/I
y8 | 31 KOH, CBEI SaanaTHU 3HAYCHHs 1H/IEKCHOTO PEricTpa CBB/l B
inaekcHui perictp KOH
y9 | 30 HAY, CcBERN 33HI/IC&THU 3HAYEHHS IH/IEKCHOTO PEricTpa CBB/] B
iHpexcHuil perictp HAY
10 311 PIO1.IPE]I, 3anucatd 3HAYEHHS 1HAEKCHOI'O periCTpa TEK B
y TEK perictp PI1.IIPE/L
yll | 301 PO1.CJIE], 3anucatu 3HaueHHA iHAekcHoro perictpa TEK B
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TEK

perictp P/I1.CJIE/]

30 POL1.IPEL,

3anucatu 3HaueHHs iHAekcHoro perictpa CBB/l B

yl2 CBBI perictp PJI1.ITPEJ]
13 311 PO1.CJIEI, 3anucatu 3HaueHHs iHAekcHoro perictpa CBBJl B
Y15 | cBER perictp PJI1.CJIE]T
yl4 | 3T KOH, TEK 3aHI/Ica’£I/I 3HAYEHHS IHIEKCHOTO pericTpa TEK B in-
nekcHuii perictp KOH
y15 | 30 HAU, TEK 33HI/IC&"£I/I 3HaY€HHs IHJIEKCHOTO PEricTpa TEK B 1H-
nexkcHuu perictp HAY
3anucaTy 3HAYEHHA 3 IIMHU JIaHUX MPUCTPOIO B
yl6 | SII PAL.SHAM perictp P/11.3HAY
y17 301 PO1.CJIEL, O6unynuTu 3HaueHHs perictpa PII1.CJIE]]
0]
y18 31 PO1.IIPEX, OO6nynutu 3Hauenns perictpa PJ[1.1TPE]]
0]
y19 | 30 [TEK], Phl 3aHI/Ica.TI/I 3HAYEHHS PericTpa P/I1 B mam'ssTh 3a anpe-
coro 3 1IHaeKkcHoro perictpa TEK
y20 | 311 PO2, POl 3anucartu 3HadeHHs perictpa P/[1 B perictp P12
21 31 PIO1.IIPE], 3amucatu 3HaueHHs perictpa PJI2.IIPEJl B perictp
Yol | pm2 . mpER P/1.TIPE]T
99 31 PIO1.CJEQL, 3amucatu 3HaueHHs perictpa PJI2.CJIE]] B perictp
Yec | pno.cnEn PJT1.CJIE]T
23 311 PIO2.CJIEq, 3anucatd 3HAYEHHS 1HAEKCHOI'O periCTpa TEK B
Yes | ek perictp PII2.CJIE]]
24 uT PI1, YUuranHa eneMeHTa 3 Oam'sti 3a aZpecoro, 110
y [PI2.IIPEL] mictuthes B perictpt PA2.ITPEJL, B perictp P/I1
o5 31 PI2.IIPE], 3anucatu 3HaueHHA iHAekcHoro perictpa TEK B
y TEK perictp PI2.ITPE/L
[IpounTtat 3HAYEHHS 3 IIMHU JIaHUX TPHUCTPOIO B
y26 | 4T PL2.SHAM perictp P/11.3HAY
97 311 [CBBA], 3anucatu 3HaueHHs perictpa PJ[2 B mam'ath 3a aape-
y PII2 CO¥0, 1110 MICTUTKCA B iHIeKCHOMY perictpi CBB/]
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Hanpukman, onepartis push_back () — 3amuc enmemeHTa B KiHEIb CITHCKY

CKJIQ/IA€THCS 3 MUKPOOIIEpAlINid, TOKa3aHUX B JICTUHTY 3.9.

Jlicmune 3.5. Mixkpoonepayii ons onepayii push_back ()

53. YT PI1, [KOH]; mpoumMTaTy OCTAHHIM eJIEMEeHT

54. 311 KOH, CBB]Jl; 3MI1HMUTM NOKaXuMK Ha OCTAHHIM eJleMeHT

55. 301 PO1.T1PE], TEK; S3MIiIHUTM NOKaXUMK Ha M[OMNEpenHil eJIeMeHT
56. 31 PIO1.3HAU; 3anmcaTM SHaAUeHHA eJjieMeHTa 31 Bxonmy

57. 3 [CBBI], PIl; manmucaTu eJIEMeHT 3a B1lJIbHOMIO aIpecoi

58. YB CBB]I; 30iapmmMTy HNOKAXUMK Ha BIlJIBHUM eJIEMEeHT

Onmneparis pop_back () — BumaneHHs] OCTAaHHBOTO €JIEMEHTa 31 CITUCKY CKJIa-

JA€ThCS 3 MIKpOOIIepallii, MoKa3aHUX B JICTUHTY 3.6.

Jicmune 3.6. Muxpoonepayuu ons onepayii pop_back ()

59. 4yT PIO1, [KOH]; mpoumMTaTM OCTAHHIM eJileMeHT

60. 4T PI1, [PH1.IPEI]; mpouMTaTyM MHOMNEPEenHil eJieMeHT

61. 301 PO1.CJEO, 0; B3MiHMTM NOKaAXUMK Ha HACTYIHUNM eJIeMEeHT
62. 310 KOH, TEK; 3MIiHUTM NOKaXuMK Ha OCTAHHIM eJjyieMeHT

63. 31 [TEK], PIl; OHOBMUTM I[OTOUHMI eJIeMeHT B nam'4ari

Oneparnis push_front () — 3amuc ejxemMeHTa B TOYATOK CIUCKY CKIIATAETHCS 3

MIKpOOIepalnii, TOKa3aHuX B JICTUHTY 3.7.

Jicmune 3.7. Mixpoonepayii onsa onepayii push_front ()

64. YT PI1, [HAU]; mpoumMTaTu MNEepUUid eJIeMEeHT

65. 3 HAU, CBB]J; 3MIiHUTM NOKaXUMK Ha [EPHIUM eJIEMEeHT

66. 310 PO1.CJEI, TEK; 3MIiHMTM NOKaXuMK Ha HACTYIHUN €JIEMEHT
67. 310 PI1.3HAU; samnmMcaTM BHAUEHHA eJIeMeHTa 31 Bxonoy

68. 3 [CBBIO], PIl; manmucaTu e€JIEMeHT 3a B1JIbHOKL aIpecol

69. YB CBBE]; 30iapmmMTy HOKAXUMK Ha BIlJILHUM eJIEMEeHT

Omnepanis pop_front () — BugaseHHs elleMeHTa 3 MOYATKy CIHUCKY CKJIa-

JA€ThCS 3 MIKpOOIIEepallii, MoKa3aHUX B JICTUHTY 3.8,
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Jicmune 3.8. Mixpoonepayii onsa onepayii pop_front ()

70. UT PIO1, [HAU]; npoumMTaTH [NEPUMUN €JIEMEHT

71. yT PI1, [PHO1.CJIEO]; NPOYMTATM HACTYIHMUM E€JIEMEHT

72. 301 PO1.TIPEN, 0; 3MiHMTU MOKaXUMK Ha I[ONEPEemHiN eJIeMeHT
73. 31 HAY, TEK; 3M1HMTM NOKaXuMk Ha IIepuuil eJIEeMEeTOB

74. 31 [TEK], PIl; OHOBUTM IMNOTOUHMIN eJIeMeHT B mnam'gari

Omnepariist erase () — BUAAJICHHS MIOTOYHOTO €JIEMEHTA 31 CIIMCKY CKJIAJIa€Th-

cs 3 MiKpoorneparllii, mokazaHux B JicTHUHTY 3.9.

Jlicmune 3.9. Mixpoonepayii ons onepayii erase ()

75. 31 PO2, PIl; xomnioBaTu INOTOUHMI e€JIEMEeHT

76. UT PO1, [PO1.CJEI]; uUuMTaTM HACTYIIHMUIM €JIEMEHT

77. 30 PO1.IPEX, PO2.IPE]; 3MIiIHMUTM NOKaXuMK Ha IIOINepelHiV eJIeMeHT
78. 31 [TEK], PIl; OHOBUTM IOTOUHMI eJIEeMEeHT B Hnam'sari

79. YT PI1, [PHO1.IPEI]; NOpoUuMTaTKM MNOMNEPemHilM eJiIeMeHT

80. 310 PO1.CJEI, PI2.CJEI; 3MIHMTKM NOKAaX4YMK Ha HACTYIHUM eJIEMeHT
81. 310 [TEK], PIl; OHOBUTKM eJIeMEeHT B nam'sari

Omnepariis insert () — BcTaBka eJeMeHTa CITUCKY Mepe]l TOTOYHUM CKJIAIa€Th-

sl 3 MUKPOOTIEpAIHii, moka3zanux B mictuary 3.10.

Jlicmune 3.10. Mixpoonepayii ona onepayii insert ()

82. 3I1 PO2, PIOl; xonioBaTy MNOTOYHMI E€JIEMEHT

83. 30 PI1.IIPEI, CBBI; 3MiHMTM NOKaX4yMK Ha MNONEPEeNHiM eJIeMeHT
84. 31 [TEK], PIl; OHOBUTKM IOTOYHMI EJIEMEHT

85. 3 PIO2.CJIEL, TEK; BUOPaBUTHU IOKAXUMK Ha HACTYIIHUMN e€JIEMEHT
86. YT PI1, [PHO2.MIPEI]; NOpOUYMTaTKM MNOMNEPEemHlNM eJiIeMeHT

87. 31 PO1.CJEJI, CBBI; 3MiHMTM ykasaTejb Ha HACTYIHUN €JIEMEHT
88. 31 [TEK], PIl; OHOBUTM IIOTOUHMI e€JIEMEHT

89. 301 PO2.TPEL, TEK; BMIPaBUTM MNOKAXUMUK HA NEepAMUOYIIiN eJieMeHT
90. YT PJI2.3HAY; HOpPOUMTATHM SHAUEHHS

91. 31 [CBBI], PI2; sammMcaTy HOBMI eJIeMEeHT B IaM'AThb

92. YB CBBI; 301iJpWMTM HOKAXYMK HAa B1lJIBHMI €JIEMEHT

Maroun crucok BCiX MIKpoOmepalii 1 30BHIIIHIX 3MIHHUX, MOXHA MOOYIy-
BaTU 3MICTOBHY Ipad-cxemMy alfOpUTMY MJisi KOHTEHHEpa «CIHUCOK» (AMB. PHC.

3.7). Y miit 'CA noka3aHi TUIBKH YMOBH 1 BEPIIHHH 3 OIEPALIiSIMH.
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Hauaso

—  begin() pop_back()
- end() insert()
— push_front() erase() —
— push_back() next() —
—  pop_front() prev() —

Puc. 3.7. 3mictoBHa ['CA 17151 KOHTEHEpa «CITMCOK»
3.4 Bepudikauis jgoriuaux mojaesei

Jlns Bepudikalii oTpuMaHUX Mojelied OyJd BUKOPHUCTaHI TECTH, IO Iie-
peBipsaoTh 100% pexumiB poOoTH mpucTporo. BuxigHi eTasonu Oynu oTpuMaHi 3
nporpamu Ha C++,

Busznavennsi 3.1. Bepugixayis — mpoliec aHajizy CHUCTeMHU ab0 KOMIIO-
HEHTIB ISl BU3HAYEHHS KOPEKTHOCTI MEPETBOPEHb BXITHOTO OMHCY Ha YeproBii
crajii mpoekryBaHHs [88].

Busnauenns 3.2. Bazioayis — mporiec BU3HAYCHHS MPAIe3aTHOCTI CHCTe-
MU 1 1i KOMIIOHEHTIB IUISIXOM NEPEBIPKH BIAMOBITHOCTI OCHOBHHUM BHUMOTaM CIie-
nudikarii mciasi BAKOHAHHS KOXKHOI CTajii MpoeKTyBaHHs. Bamigalis Moxke 3acTo-

COBYBATHCS IIOJI0 BUX1THOI crierudikartii 1 KIHIEBOTO MPOIYKTY MPOEKTYBaHHSI.
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Busnauenns 3.3. Ceprudikamis — nucbMoBa rapaHTisl TOTO, IO CHCTEMa
a00 11 KOMIIOHEHTH MOBHICTIO 3a/I0BOJIbHAIOTh BUMOTaM crerudikaiii i npuiHATHI
U1l BAKOPUCTAHHS 32 TIPU3HAYCHHSIM.

IcHye kinmpka TUMIB TECTIB: (PYHKLIOHAJIbHI, HABaHTaXXyBaJbHi, 11arHOCTUY-
HI, CTPECOBl, TeCTU Ha Oe3mneky. Y I[bOMY PO3ILIlI PO3MISAAIOTECA TUIBKU
(GYHKI[IOHATBbHI TECTH — MEpeBIpKa MPAaBHIBHOCTI (DYHKIIOHYBaHHS MOJENI, 1
HABAHTAXXYBaJbHI TECTH — BUMIPH MPOTYKTUBHOCTI 1 YACOBUX XaPAKTEPUCTHK MO-
Jel.

Ha puc. 3.8 mokazana cxema nporiecy Bepudikaiii JorigHOT MOIEI.

S
baza TecToB

B3siTe ouepennoit
TeCcT

A

Cunres Komnumnsnus
\ 4 \ 4
MopenupoBanue Brinonnenne
\ 4 \ 4
Pesynbrar Pesynbrar
MO/JICJINPOBaHUSA BBIITOJIHEHUS

— T -  —T1

Ortuer 00 ommoke Her

Cosnanaror?

Ja

Ectb emié
TECTHI?

Puc. 3.8. Cxema Bepudikarii Joriunoi Mozeni



116

CrtBoproeTbest Habip TecTiB Ha C++, B AKMX BUKOPUCTOBYIOTHCS KOHTEHHEp
«BEKTOp». Y IHX TeCTaxX MPUCYTHI BUKIUKU BCIX METOIB, Kl MIATPUMY€E KOHTEMH-
Hep. Ha HacTynmHOMYy eTari TeCTH KOMITUTFOIOThCS 3BUYaiiHUM C++ KOMIISATOPOM
JUIs OTpUMaHHs BUKOHyBaHoro ¢aiuty. IIpu BukOHaHHI 1Li€i mporpamu B ¢aiin
30epiraroThes pe3ybTaTH poOOTH KOHTEHHEpA.

3 iHmoro 60Ky, BiI0yBa€TbCcs CUHTE3 BUXIIHUX TEKCTIB. B pe3ynbpTaTi cuH-
T€3y BUXOJUTH MOJIENIb CUCTEMHOTO PiBHS, III0 MICTUTh KOHTEHHEP «BEKTOP», OMH-
canuii Ha MOA VHDL. [ani 311iCHIOETbCST MOJICNIFOBAHHS 3a JOIOMOTOI0 TIPO-
rpamu Aldec Active-HDL nmns otpumannst pesynbTaTiB. LI pe3ynbraté mopis-
HIOIOTBCS 3 pe3yNibTaTaMH, OTPUMAaHUMHU B pe3yJbTaTi poOOTH 3BUYAWHOI Mporpa-
mu. Jloriuna Mo/ienh CKJIaIeHa BIpHO, SIKIIO PE3yJIbTaTH MOJETIOBAHHS 1 BUKOHAH-
Hs 301raroThCsl.

Posrnsnemo mpoctuii npuknan tecty (auB. gictuHr 3.10). ¥V nmpuknani B
KOHTEWHEp TOCHIIOBHO 3aBaHTAXYIOThCcs 3HaueHHs 1, 2, 3, 3, 4, 5, mortim,
HOCIIZIOBHO OyIyTh BUAQJIEHI 3HHU3Y, MICIA KOXXHOTO BHUIAJIEHHS 3YHUTYETHCA
OCTaHHIH eleMeHT y BeKTopl. TakuM 4MHOM, Y BUCHOBKY MOBHUHHI B1100Opa3uTUCs

enementu: 4, 3, 3,2, 1.

Jicmine 3.10. [Ipuxnao suxopucmanus KOHmMeUHepa «BeKmMopy

93. int main O

94 . {

95. std :: vector <int> vec;
96. vec.push_back (1);

97. vec.push_back (2);

98. vec.push_back (3);

99. vec.push_back (3);

100. vec.push_back (4);

101. vec.push_back (5);

102. vec.pop_back ();

103. std :: cout << vec.back (;
104. vec.pop_back ;

105. std :: cout << vec.back ();
106. vec.pop_back ();

107. std :: cout << vec.back ();
108. vec.pop_back ;

109. std :: cout << vec.back ;
110. return O;

111.  }
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HaBenemo npukiaau pi3HUX peXHUMIB poOOTH KOHTeWHepa «BekTop». Ha

puc. 3.9 nokazaHna iHimiam3ailis KoHteinepa Ha mosnauili 0-100 He. Jlam moka3ana

poboTta komanu push_back () — moc1i10BHO B KOHTCHHEP 3aBaHTAXKYIOThCS YHC/Ia
0,1,23,3,4,5.

clk

L] ]

reset

]

index 000

data_in 00000000  X00000001 00000002  X00000003 X00000004  X00000005
command 0 X

data_out { X Xoooooooo Xoooooooi — Xo00o0002  X00000003 X00000004

Puc 3.9. CkunanHs 1 3aBaHTa)XKeHHSI KOHTETHEpa

Ha puc. 3.10 mokazana po6ota komanau back () (kox komanmu 3), ska moka-

3y€ 3HAYCHHS OCTAaHHLOIO CJIEMEHTAa y BEKTOpI, a TakoXk koMaHau Pop_back ()

(kog xomaHIu S5), sika BUJAAJIAE OCTaHHIM ejJeMeHT y BekTopi. Ha Buxoji MoxHa

BBA)XKaTH eJIeMeHTH: 5, 4, 3, 3.

clk

reset

index

data_in

command

D(OOOOOOOS

)8 )3 )8 23 )8 23 )8

data_out

EXOOOOOOOA X00000005 ~ X00000001 00000004  X00000001  X00000003  X00000001  X00000003  X00000001

Puc. 3.10. Po6ora xomanz back () i pop_back ()

Ha puc. 3.11 nokazana po6oTa KOMaH/J| 3alUCy 1 YATAHHS JaHUX 3a 1HICK-

coMm (koau komana 11 1 0 BianmoBigHO). CriodaTky BiI0yBa€eThes 3anuc 3Ha4eHb 10,

11,12, 13, 14 3a agpecamu 1, 2, 3, 4, 5, a moTiM uuTaHHg 3a aapecamu 1, 2, 3, 4, 5.



clk T e N [
reset —‘

index :(ooo Xoo1 X002 Xoos Xoo4 Xoos Xoo1 Xoo2 Xoo3 Xoo4 Xoo!
data_in ;(oooooooo Xoooo000A ¥oooo000 ¥oooooooc X0000000D  X0000000E _ X0000000A _¥0000000B__ X0000000C 00000000 _ X00¢
command ;(0 XB Xo

data_out D(:Xoooooooo Xooo0000A ¥ooo00008_¥ooooo00oc_ X0000000D  X0000000E_ 00000004 X0000000B__ X0000000C Y00

empty

Puc. 3.11. PoGoTa koMaH1 3amucy 1 YUTaHHS 3@ 1HJIEKCOM

HactynuuMm eranom Bepudikaiii € mepeBipka BIAMOBITHOCTI (PYHKIIIOHATb-
HO1 MOJIEJII 1 MOJIeJI 3 YACOBUMHM 3aTpuMKaMu. B dhyHKITIOHATBHIN MOJEI BIACYT-
Hs iH(OpMallis Ipo Yac MOLIUPEHHS CUTHANY BiJl BXOJIB €JIEMEHTIB /10 BUXO/IIB.
MaeTtbcst Ha yBasi, 1[0 CUTHAJ MOMIMPIOETHCS MUTTEBO a0 3a OJUH JAENbTa-IIMKII
MozentoBanHs [89]. ITporpama J0oTi4HOrO0 CUHTE3Y, TPACyBaHHS 1 PO3MIIICHHS Te-
HEpye crerianbHuii (ailn 3aTpUMOK MOUIMPEHHS CUTHATY JUIsl 00paHoi apXiTeKTy-
pu. Lleit ¢aiin moxe Oytu 3aBantaxkeHuit B CAIIP Aldec Active-HDL nns moOy-
JIOBU 4aCOBOI MOJIEJII.

OcTaHHIM eTarnoM TEeCTYBaHHSI € IEPEBIpKa MOJIEN, peaai30BaHOi B TOMY YU
iHmomy kpuctaii. B po6oti o6pana apxitekrypa I[IJIIC Xlinix — memeBa 1 BUCO-
KOITPOIYKTUBHA MIKPOCXEMa 3 MOXJIMBICTIO 0araTopa3oBOro mepenporpaMmyBaHHS.
TakuM 4MHOM, BECh LIMKJI MEPEBIPKU Ta 3aTBEPJHKEHHS JIOTTYHOT MOJENI MoKa3a-

HUM Ha puc. 3.12.
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Puc. 3.12. BianoBiiHICTh €TalliB NEPEBIPKH Ta 3aTBEPIXKCHHS

3.5 BucHoBknu

Takum uyuMHOM, B PO3ILII PO3IJIAHYTI Ta BUPIMIEHI MUTAHHA CTBOPEHHS
KBa310NTUMAJIbHUX CHUHTE30BAaHUX MOJeseld (YHKIIOHATBHUX MOIYJiB B (GopMi
BEKTOPHHUX 1 OOJIIKOBUX KOHTEHHEpIB 1 iX mojgaiblia iMruieMeHTallist B RTL-kox,
BUKOPDUCTOBYBaHUX Jajl MpH CHHTe3l (yHKUIOHAJIbHO-cKiIagHux |P-core
U(POBUX CUCTEM Ha KpHUCTajax.

[Tpu uboMy BUpIIIEHI TaKi 3aBAAHHS:

1. Po3po0:eno 1 anmpoOoBaHO CTPYKTYpHU JaHUX JUIsl OMUCY (PYHKIIIOHATBHUX
IPUMITUBIB CUCTEMHOT'O PIBHS, OPIEHTOBAHUX HA BUKOPHUCTAHHS CEMAHTHYHHX 1
CUHTAaKCHUYHUX KOHCTPYKIiH MoBu C++ 1 SystemC 3 mMeror 3a0e3neueHHs
napajieIbHOTO CUHTE3Y 1 BepudiKallli apXiTeKTYpHHUX PILLIECHb.

2. Po3po6iieHo 1 MpOTEeCTOBaHO MPOrpaMHi MOy, IO peasli3ytoTh BEKTOPHI
1 CIIUCKOBI MOJIeJIl OnuCy (PYHKI[IOHATHHUX MPUMITUBIB, a TAKOX 1H(PpacTpyKTypa
JUIsl peanizalii METOAIB MYJIbTIBEPCHOI pO3pOOKH OmNepaliiiHuX MPUCTPOiB B

pamMKax 1HTETpOBaHOI CHCTEMH MPOCKTYBaHHS (YHKIIOHATBHUX 1 apXITEKTYpPHUX
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pimenb SoC Ha OCHOBI BHUKOPHCTaHHA MPONYKTIB Bepu(ikaiii Ta CHHTE3Y
komranii Aldec 1 Xilinx.

3. [IlpoBeaeHo Bepudikaiis TPOrPaMHO-CTPYKTYPHUX pIllI€Hb, IO
BUHUKAIOTh B IIpolLecl CHUHTE3y (YHKLUIOHAIbHUX NPHUMITHBIB Ha OCHOBI
BUKOPHUCTAHHS TECTOBHUX IMOCIITOBHOCTEH, B3ATHX 3 BiAkpuTtux 010110TeK ISCAS-
89, opencores.com.

OCHOBHI pe3yJIbTaTH PO3iay OnmyOsIiKoBaHO B mparsax [122-127].
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PO3ILII 4
CUCTEMA ABTOMATHU30OBAHOI'O IMTPOEKTYBAHHSA

VY po3nuii npecTaBieHi MporpaMHo-anapaTHa peaizallis MoJesie, MEeTOI1B
1 CTPYKTYp JAaHUX JJI MPOCKTYBAHHS [U(PPOBUX CUCTEM Ha KpHUCTaaX, sIKE BKIIO-
4ae Mpoleaypu CTBOpPEHHs crienudikallii, CHHTEe3y, TECTyBaHHS, MOJICTIOBAaHHS Ta
BepHdiKkallii Ha OCHOBI 3alIPOIIOHOBAHOI 1HPACTPYKTYPH, 110 MICTUTh TPOMHUCIIOBI
3acobu kommanii Aldec 1 Xilinx. Po3risiHyTi TakoX NUTaHHS TECTYyBaHHS MpO-
TpaMHUX TPOAYKTIB Ha pealbHUX HUQPpoBUX mMpoekTax cTBopeHHs [P-Core sk
MPUMITHBIB JIs1 peami3aliii mupoBrUX CUCTEM Ha KpUCTAJIaX.

Mema — po3pobka 1 TecTyBaHHs IHPPACTPYKTYpU MPOEKTYBaHHS UPPOBUX
CHUCTEM Ha KpHUCTaJax, SKa XapaKTepU3y€eThCs MapajeTbHIM BUKOHAHHSIM MYJIbTH-
BEPCHOIO CHHTE3Y (YHKIIOHAJIBHOCTI, 1110 3a0e3Meuye 1CTOTHE 3MEHIICHHS 4acy
CTBOpEHHS MPOEKTY B yMOBaX 0OMEKEHHS Ha anapaTHi BUTPaTH.

3asoanns:

1. Po3poOka mMeToy MyJIBTHUBEPCHOTO CHHTE3Y KEpPYIOUUX 1 OmepariiiHux
aBTOMATIB B 3aJaHii 1H(PACTPYKTypl MPOEKTYBaHHS, OPIEHTOBAHUX Ha apXITEK-
TYypHI pIIIEHHS B METPHIIl, 10 MIHIMI3y€ Yac BHUKOHAHHS (DYHKIIIOHAJIBHOCTI 3a
PaxyHOK po3MapaeslfoBaHHs omepalliil mpu oOMeKeHH1 Ha arapaTHl BUTPATH.

2. Ilporpamna peamizailis MOJAEJIE€H 1 METOAIB MYJbTUBEPCHOI PO3POOKHU
olnepaliiHUX NOPUCTPOIB B paMKax IHTEPOBAHOI CHUCTEMH IPOEKTYBaHHS
(GyHKLIOHATIBHUX 1 apXITEKTYypHUX pimeHb SoC Ha OCHOBI BUKOPUCTAaHHS IPO-
IOyKTiB Bepudikamii Ta cunresy komnaniit Aldec 1 Xilinx.

3. TectyBaHH4 1 BepudiKkallisi IPOrpaMHUX MOJYJIIB 1HOPACTYPKTYPH MPOEK-
TyBaHHS HU(QPOBUX CUCTEM Ha KPUCTANAX, & TAKOK BU3HAUYCHHS €()EKTUBHOCTI 3a-
MIPOTIOHOBAHUX MOJIEJICH, METOMIB 1 CTPYKTYp JAHUX IMPHU CTBOPEHHI PEaTbHUX

KOMITOHEHTIB HU(PPOBUX BUPOOIB.
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4.1 Oprani3anisi CHCTEeMH ABTOMATH30BAHOI'0 NIPOEKTYBAHHS

3a cBo€ro cyTTiO nporpama cunredy C++ B VHDL € MammHo0 10 TpaHc-
dbopmailii BUX1IHOTO OMKCY B pe3yiabTytounil. Takux TpaHcopmarliii Bi10yBa€Th-
cs kibka [129]. Bxigna mozaens npencraBieHa Ha MoBi C++. Lle anropurmidnuii
OIHC, SIKUI BUPIIIY€E MOCTaBJICHE MEepel IHKEHEPOM 3aBIaHHs.

[lepuuii eranm mepeTBOpEeHHsI — cuHmaxcuynuil ananiz. Ha npomy erami y
BX1JIHOMY OMMKCI 3 TOTOKY CHMBOJIB BUAUISIOTHCS JIEKCHUYHI €JIEMEHTH: KJIIOYOBI
CJIOBa, OMEpaTopH 1 JekceMu. B pe3ynpTaTi HbOro eTamy BUXOJIUTh CHHTAKCHYHA
MOJIEJTb BUX1JTHOTO aJITOPUTMIYHOTO OTIHCY.

Jlpyruii eran nepeTBOpeHHs — 1€ mpancgopmayii Ha pi6Hi CUHMAKCUYHOT
MmoOeni. BOHM 3aCTOCOBYIOTHCS ISl OTPUMAHHS MOJIEJEH 3 MEHIIOK KiIbKICTIO
CTaHiB 1 3aliMalOTh MEHILE anapaTHUX pecypciB. Jlo Takux Tpancdopmariid BigHO-
CATBhCS: OOYHUCIICHHS KOHCTaHT, BUAAJICHHS HEIOCSYKHOTO KONIYy, BOYIOBYBaHHS
byHKLHA, onepallii HaJ UUKJIaMH (PO3TOPTKHU, 3TOPTKH, pO3MapaietoBaHH,).

Tperiit eTan nepeTBOpeHb — noOYOdo8a epag-cxemu areopummy. Y i Mo-
JIeJIl allTOPUTM TPEACTaBICHUN BUTJISIAL BIIHOCUH BEPIIWH JIBOX THIIIB: OIEparlii
(apupmeTryHMX, JOTTYHUX 200 BBEACHHS / BUBOY) 1 PO3TallyKEHb.

YerBepTuii eTam NEPEeTBOPEHb — nobOydosa asmomamuoi mooeni. BoHa
IPEICTaBIICHA y BUTJIAJII BEPLIUH 3 ONIEPALISIMU 1 IEPEXO/1B MK HUMHU.

[I'aTnii eTan nMepeTBOPEHD — L€ CUHME3 ONepayiuno20 i Kepyruo2o asmo-
mamie. B pe3ynpTaTi UOTO €Taly BUXOAUTH CTPYKTYpHa MOJEJb, BU3HAUEHA Ha
MHOXXHMH1 JIOTIYHUX €JIEMEHTIB, PEriCTPiB, apuU(PMETUYHO-JOTIYHUX MPUCTPOIB 1
CJIEMEHTIB TIaM'SITI.

[IlocTuii eTan nepeTBOPEHb — 1€ 30epediceHHss MOOei OnepayitiHoco i Kepy-
1ouo2o aemomama 6 VHDL-xo0. Pe3ynbTaTOM LBOrO €Tamy € Hadlp BUXIIHHUX
daiiniB Ha MmoBi VHDL, siki onmuCyIOTh MPUCTPI HA PIBHI PETICTPOBUX TEpenad.
[1s VHDL-Mozenp peanidye BUXIIHUWA aIrOPUTM, CIIOYATKy CKJIaJ€HHA Ha MOBI

C++.
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4.2 TecTyBaHHSI CHCTEMH

TecTyBaHHS CUCTEMU CKIIATAETHCS 3 JEKUTBKOX €TAlliB:

— pO3po0OKa CXEMHU TECTYBaHHS KOMILIATOPA;

— MIATOTOBKA TECTIB;

— MIATOTOBKA €TAJIOHIB;

— BUKOHAHHS TECTIB 1 aHANI3 Pe3yIbTAaTIB.

Bynu miarorosieHi TecTH s PI3HUX YACTHH KOMIMIISATOPA: CUHTAKCUYHHMA
aHani3arop; OyAiBHUK rpad-cxemMu ajaropurmy; OyAiBHUK IU(POBOTO aBTOMATa;
oyniBauk VHDL-mMoneni cHHTE30BaHOTO MPUCTPOIO.

[Ipu miATOTOBIN TECTIB O CHHTAKCMYHOTO aHAJI3aTOPy BPaxOBYBAIHCS
HACTYMH1 0COOJMBOCTI KOMIUISATOPA:

— poboTa npemnpouecopa;

— mATpUMKa 0a30BUX THIIB MOBU C++;

— NIATpUMKA 0a30BUX KOHCTPYKILiil MoBU C++,

Tect mns koMmmiisTopa — 1€ BUXIAHUN TeKCT Ha MoBl C++. IlpumiTuBHUM
TecT nokazaHuit B nuct. 4.1. Hanpukian, nieii Tect mepesips€e yCHIIIHY JIeKia-
pariro 1 iHimianizanito o0’ekTiB THITy INt, Kekmaparito GyHKI1, apuPMETUIHY OIle-

pattiro «ckiaamanss» [130].

Jlicmune 4.1. [Ipumimusnuii mecm 0151 KOMRIAAMOPA

112. int f1 O

113. {

114. int a=2, b =3;
115. return a + b;
116. }

[Ipu BUKOHaHHI TecTy 30epiraeThcsi MOBEpHEHE 3HAa4YeHHS (PyHKLIT B Qaiin
JUTS. TIOJJANTBIIIOTO TIOPIBHSHHSA 3 €TaioHOM. ETanonu Oynu miaroToBlieHi 3 BUKOPH-
ctaHHsM kommiasitopa Microsoft Visual Studio 2008. byno npunyiieHo, mo 1en

KOMIUIATOP HE MICTUTh IIOMHUJIOK.
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CHHTaKCHYECKUI
aHaJIN3

Y
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MOJIeNN

Y
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Visual Studio
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Puc. 4.1. Cxema TecTyBaHHS Pi3HUX BHYTPILIHIX MOJENEH KOMIUIATOpA
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Y
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4.3 IlopiBHSIHHSA 3 AHAJIOTAMM

B amepukancekomy natenti Ne 6 226 776 «System for Converting Hardware
Designs in High-Level Programming Language to Hardware Implementations»
[90] mpomoHyeThcsi crcTeMa aBTOMATH30BAaHOTO MPOCKTYBAHHS, SKa KOHBEPTYE
anroputMiuauid onuc Ha MoBi ANSI C B anapatni peanizauii Ha [IJIIC ab6o kpu-
cTajax MOPCTKO1 JIOT1KH. Y MaTeHTI 3alpONOHOBAHI YHCJICHHI MPUKIAAN MePETBO-
peHb anroputMiB 3 MoBu C++ B cHHTEe30BaHi miaMHOKUHK MoBH Verilog. Posris-

HEMO TPHUKIIAJ, IOKa3aHUi B JIUCT. 4.2.

Jlicmune 4.2. Buxionuii aneopumm na mosi C++
117. int suml (int n)

118. {

119. int i, sum = O;

120. for (i = 0; 1 <n; i1 ++)

121. sum + = 1i;

122. return sum;

123. }

124.

125. int sum2 (int array [], int size)
126. {

127. int i, sum = 0;

128. for (i = 0; 1 <size; 1 ++)
129. sum + = array [i];

130. return sum;

131. }

132.

133. int f1 O

134. {

135. int i;

136. int array [10];

137. int size = sizeof (array) / sizeof (* array);
138. for (i = 0; 1 <size; 1 ++)
139. array [i] =1 * 2;

140. return suml (size) + sum2 (array, size);
141. }

[Iporpama BHCOKOPIBHEBOTO CHHTE3Y, 3alpONIOHOBaHA B Il JucepTallii,

3pobmia ontumizoBany I'CA, sik moka3aHo Ha puc. 4.2.
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1 s1 sum +=sl i
sl i++;
0
1 s2_t = array[s2_il; _ .
$2 i++ » S2_sum +=S2 _t;
0

res =sl sum +s2_sum;

Kouen

@:

Puc. 4.2. CI'CA, orpumana B pe3yibTaTi CHHTE3Y

[Tpu xomminsauii npukaaxy Oyau 3poOsieHl HACTYIHI ONTUMI3alii: BOYIO-
ByBaHHs (DYHKIIIH, BUSIBJICHHS IMapajesi3My Ha piBHI Mukpoonepaiuid. Takum du-
HOM, MICJs CUHTE3Y 3/100yTa MOJelb aBToMara Muli 3 7-10 cTaHaMH. Y TaTEHTI
[90] noka3zano, 1o B pe3ysbTaTi KOHBEPTAIIil I[LOTO MPUKJIAY BUXOAUTH 16 CTaHIB

aBTOMara.
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4.4 IlpoekTyBaHHSI CHCTEMH Ha KPUCTAJI

PosrnsHemo cucreMy Ha KpucTaii, HaBeJeHy Ha puc. 4.3.

Benyuee Benymee
Mukpo- . N
YCTPOHCTBO YCTPOWCTBO
MIpoLECCOp 1 2
A A A
A 4 \ 4 \ 4
ApOuTtp > Iuna Wishbone
A A A
A 4 \ 4 \ 4
Benomoe Benomoe
o3y YCTPOMCTBO YCTpPOMICTBO
1 2

Puc. 4.3. ApxiTekTypa TECTOBOT CUCTEMH Ha KpUCTaJl

VY naniif TeCTOBIM CHUCTEMI Ha KPHUCTaji BUKOPHUCTOBYETHCA MIKPOIPOLIECOP
OpenRISC 1200 [91]. Le 32-po3psanuii RISC-miporiecop 3 BiAKPUTHUM BUX1IHAM
Koz10M. Mozienb Iporiecopa MOIUPIOETHCS Ha MPpaBax BiJIBHOT JiIEH311, 0 J103BO-
Jsie Ioro BHUBYATH, MOJIEIIOBATH, PO3BUBATH 1 BUKOPUCTOBYBATH B KOMEPIIHHUX
cucreMax 0e3 CIuTaTé aBTOPChKUX BigpaxyBaHb. OpenRISC 3poGnenuii Ha OCHOBI
rapBapAChKOi apXiTeKTypH, A€ mependavyaeTsecsi po3aiabHe 30epiranHs 1HCTPYKIIN
1 nanux. Mikpormnpoiiecop Mae NEATUCTYMIHYACTHI KOHBEEP, TUM HE MEHIIE, 011b-
IIICTh IHCTPYKIIIA MOXYTh OYTH BUKOHAHI1 32 OJUH TaKT.

V 1iit cucteMi BUKOpUCTOBY€eThes mHa Wishbone.

JInst KOMIUIALIT MOYaTKOBOTO MPOTrpamMHOro koay Ha MoBi C BHUKOPHUCTO-
BY€ETBCSI KOMITLISATOP JCC.

[Ipu 3amycky cucTeMu MiKpOIPOLIECOp MOYUHAE YUTATH IHCTPYKIIIT 3a ajipe-

COI0 256.
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4.5 3arajbHa opraizaunisi CMCTeMHU NMPOEKTYBAHHA

Ha puc. 4.4 noka3aHa cTpykTypa Ipolecy NpOEKTYBaHHs 3 BUKOPUCTAHHAM
npocTopy npoekTHux pimeHb [131]. Ha mowyaTtkoBHX eTamax 3miHCHIOETHCS BBE-
JeHHs cnenudikaiiii TpoeKTy Ha CUCTEMHOMY PiBHI 3 BUKOPUCTaHHSIM MOB C++ i
SystemC. BBenenHs Mojenei 37iHCHIOETbCS SIK B TEKCTOBOMY BWTJISI, Tak 1 B
rpa¢iyHOMY 3 BUKOPHUCTAHHSAM OJIOKOBHX JlarpaM 1 3MICTOBHHMX rpad-cxeMm ajro-
putMmiB. [Ipu Bu3HaueHHI cnenudikaiii BKa3yroTbCsl PyHKIIOHAIbHI 1 He(QYHKIIIO-
HasbH1 BUMOTH. [lepiii onucyoTh 3aK0oH (PyHKIIOHYBaHHS MOJIENI, a TAKOX BXI1JHI
BIJIMBY Ha CHUCTEMY 1 OYiKyBaH1 BiAMOBiAHI peakili. Cepeln QpyHKI[IOHAIBHUX BH-
MOT MO>KHA BUAUINTH HACTYIIHI:

— 0oOMEXEeHHsI Ha OJEep>KyBaHl MPOEKTHI pIIIEHHS: BapTICTh peajizallii,
HIBUIKOAIS, MPOJYKTUBHICTh, anapaTHi BUTPATH, BUTPATH ONEPATHBHOI MaM'ATI,
€HEeproCroXKUBaHHS;

— JOCTYIIHI apXITEKTYpHU: TUIIH IHTETPAIbHUX CXEM, €JIEMEHTHY 0asy, a Ta-
KOX 1X XapaKTepUCTUKHU; TUIIHA BOYAOBAaHUX MIKPOIPOLIECOPIB.

Buxigai TekcTH BXiIHUX crieru@ikalii MOBUHHI BIMOBIIaTH MI>XKHAPOIHUM
cragapram C++ [92] 1 SystemC [93].

Ha nactynmHomy erami 31MCHIOETbCS CUHTAKCUYHMM aHasi3 BUXIJHOI MO-
nem. Y pasi BUSBJIEHHS IOMUJIOK, CTBOPIOETHCS 3BIT, HA MIJCTaBl AKOTO 1HXEHEP
MOX€ BUIPABUTH MOMUJIKH 1 IOBTOPUTH TPAHCIALIIO0 MOJENi. K0 BUXIAHI TEK-
CTH MOJIEJI HE MICTATh MTOMUJIOK, TO OyIY€ThCS CHHTAKCHMYHA MOJIETh MPOEKTOBA-
HOi cuctemu [132].

CuHTakcM4YHa MOJIeNb NpUAaTHA AJIA IUPOKOTO KIIacy 3a/1ady aBTOMAaTU30Ba-
HOro npoekTyBaHHA. Cepell HUX: JEKOMIIO3UIIIs MPOEKTY Ha MpOrpaMHy 1 amapat-
HY YaCTUHH, BUCOKOPIBHEBA ONTUMI3ALlisl, JJIOTTYHUI CUHTE3 1 KOMOUIALIS, TO0Y10-

Ba MEPEBIPSAIOUNX TECTIB.
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( Hauaio )
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Puc. 4.4. Ctpykrypa npouecy npoekTyBaHHs [94] 3 BUKOPUCTAHHSM [IPOCTOPY

MPOEKTHUX PILICHb
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Puc. 4.5. Tlpotiec moOym0BH TPOCTOPY MPOCSKTHUX PIIIIEHB
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4.6 CTpyKTYypHa 1€KOMIIO3ULIS MPOEKTY

Jlis yeminHoi peaniszalii NpoeKTy, He0O0Xi1IHO BUPILIUTH 3a/1a4y CTPYKTYp-
HO1 JICKOMITIO3HUIIIT MPOEKTY Ha MpOrpaMHy 1 amapaTHy 4acTUHU. BBememo Kiibka
BH3HAUYCHb, SIKI IIIMPOKO BUKOPUCTOBYIOTHCS B MOBI SystemC [133].

Buznauenuss 4.1. Monymp — wmac CH++, ycmaagkoBaHUW Bia Kiacy
sc_module, orosnomenoro B 6i0miorem SystemC. YV moBi VHDL moHsTTIO MOTYyIIs
BijIMOBI1a€ mapa entity i architecture. Monyns Mae neBHHI iHTEp(ENCc — MHOKHHY
BXIJTHUX 1 BUXITHUX CUTHAJIIB NIEBHOTO THITY, & TAKOK MHOXKWHY TIapaJIeIbHO B3a€-
MOJIIFOUMX TPOIIECIB 3 BIAMOBITHUMH CIUCKaMH 4yTIUBOCTI. [Iponec B SystemC
aHaJOTiYHUN KOHCTPYKIii process B moi VHDL a6o always B mogi Verilog.

Busznavenns 4.2. lepapxis MOAYJiB — MHOXHMHA €K3EMIUISPIB MOIYJIB,
cTBOpeHUX mpu komnuamii SystemC moxemi. Ha it MHOXUHI BU3HAYE€H]1 BIIHO-
CUHH «A € nouipHiil MOayJb by, «A € 6aTbkiBChkH MOAYIb by.

Busnavenns 4.3. Moaysb BEpXHBOTO PIBHS — €K3EMIUISIP MOAYJIS, IKUN HE
BCTAHOBJICHO Hi B OJIMH IHINUN MOAYJb. Y pasi HE3B A3aHOI iepapXii MOTYIIIB MOXKE
OyTH KiJIbKa MOJYJIiB BEPXHBOT'O PIBHSI.

PosrnsiHemMo Gyi0KOBY Jiarpamy MmpoekTy SC_Main, mokasaHoro Ha puc. 4.6
(BuxiaHMM TeKCT Mojeni Ha MoBl SystemC Moxe OyTu 3HaineHnid B 1oAaTKy [95]).
briokoBa pgiarpama BijioOpaXkae 1€papxil0 MOAYJIB, a TaKOX BITHOCHHHU MOJYJIIB
Mk coboro. Tyr momyai m_producer i m_consumer € AOYipHIMH 10 MOIYJIS
testbench, sikuii B cBOIO Uepry € govipHiM 10 MOIyJIs SC_Main.

[Tpoekt nudpoBoi cucremu, onrcanuii Ha MoBi SystemC, 3py4dHO mpeacTa-
BUTH Y BUTJISAJII KOPEHEBOTO JIEpEBa, BUBHAUYEHOTO HAa MHOXHMHI 1€papXii MOAYJIiB
npoekTy. Lle nepeBo BigoOpakae cTaBieHHsl «OyTH BCTaHOBIIEHUM B». KopiHb je-
peBa — MOAYJIb BEPXHBOTO PiBHS, B SKOMY BCTAHOBJIEHI BCl 1HIII €K3EMILISIPU MO-
nyJiB HUXKYMX piBHIB. Ha puc. 4.7 moka3zaHo KOpEHEBE NEPEBO ISl MPOEKTY

sC_main.
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SC_main
clock m_clk testbench
L] m_producer L m_consumer
m_ready
m_reset
m_valid
m_value

Puc. 4.6. brioxoBa niarpama npoexTy SC_main

sC_main

testbench
clock

m_producer m_consumer

Puc. 4.7. Tlonanns iepapxii MOJIy/TiB y BUTJIS1I KOPEHEBOTO JIepeBa

Jnis peanizaiiii KO>KHOTO MOJYJIS € JB1 albTepHATHBH: arlapaTHa peajizalis i
nporpamua. Kinbkicte koH(irypariii 3a Takoi ymoBu aopiBaioe k = 2", ne n —
KUIBKICTh MOJYJIIB B i€papxii. LI KiIbKiCTh MOXeE OyTH CKOpOYEeHa 32 paxyHOK TO-
ro, 1m0 HE BCl MOJYJI MOXYTh OyTH JIOTIYHO CHHTE30BaHI B amapaTypHi CTPYK-
TypHi Mojeni. TakuM YMHOM, KIJTBKICTh KOH(]Iryparii Moxke OyTH BU3Ha4Y€HO K =
HOK = 2™ ,m < n, 1e m — KUIBKICTh MOJYIIB, JJIs SKHX MOXJIHMBO IMOOYIyBaTH

KOpEKTHY arapaTHy mozeinb 3 SystemC onwucy. Hanpuknan, nias Mojeni Ha puc.

2.4k = 32.
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4.7 MeToau CTPYKTYPHHX i aJITOPUTMIYHUX TPaHCcPopManiii

IcHye KOMITpOMIC Mi’K 00CSITOM anmapaTHUX PecypciB 1 4aCOM BUKOHAHHS TO-
ro 4Yd IHIIOTO 3aBJaHHs. AmapaTypa Mae€ BEJIMYE3HI MOKJIMBOCTI B IUIaHI BUKO-
HaHHS QYHKIIA 3 BEJIMKUM piBHEM TmapanenisMmy. [lpu posmapanentoBaHHs
¢yHKIisS MOXke OyTH BUKOHAHa IIBHJLIE, aje ISl bOTo MOTpiOHI AOJATKOBI ama-
paTypHi BUTPATH.

Meroau CTPYKTYpHOI ONTHMI3aIii MOJSITalOTh B 3aCTOCYBaHHI PI3HUX
TpaHcdopMmariiii Mozaenet abo OmuciB, SKI TPU3BOJAATH JO IOJIIIISHHS YaCOBHUX
a00 amapaTHUX XapaKTEPUCTHK MPUCTPOIO.

MeTtoau MOXyTh OyTH 3aCTOCOBaHI Ha Pi3HUX PiBHAX aOcTpakuii. Ha anro-
PUTMIYHOMY PiBHI 00’€KTOM ONTHMI3allil CTa€ aJrOpuTM poOOTH mpucTpor. Ha
MIKPOApXITEKTYpPHOMY PiBHI 00’€KTOM ONTUMI3AIlll BUCTYNA€E CTPYKTYpHA MOJEIb
OTIEpaIliifHOTO aBTOMAaTa, a TaKoX Tpad Kepyrwodoro aBTomara. ba3omi BiomMoOCTi
Opo MiHIMI3alli YMOBHMX 1 OINEpPAaTOPHUX BEPIIMH ABTOMATIB MOXYTh OYyTH
3Haiigeni B poootax C. I. bapanosa [96].

Bexmopusayusa — taka Tpanchopmanis HUKITy, IpU SKIM HUKIIYHI J1i BUKO-
HYIOTBCS BiJIpa3y HaJl MHOXKUHOIO OIEpaHJIB, a HE HaJ OAHUM. Y Kiacudikaii
dninna Takoi opranizamii o0unciacHb BimmoBigae wmomenar SIMD - Single
Instruction, Multiple Data — oxHa omepariisi, CyKyIHICTb OIEPaH/IiB.

[{uknmu — TUMoBa rapsya TO4Yka B MoAaTtkKy. HaBiTh miBHaka omepaiiis ado
byHKIIis,, BUKOHAHA MUIBHOH pasiB, CIOBUILHUTE poO0TYy cucteMu. KpiMm KOprCHO-
ro HaBaHTAKEHHS: Tila IUKIY, € 1 HAKJIaJHI BUTpaTH Ha OpPraHi3aiiio IUKITY:
JIYWIBHUK 1TEpariii (pericTp), omepailisi IHKPEMEHT / JEKPEMEHT, PO3Taly>KeHHSI.
[Tpu BekTOpHM3allii MKy BUKOPUCTOBYETHCS OTEpallis «po3ropTka IUKIy». Orme-
paHu 00’€THYIOThCS Y BEKTOPU 3 TIEBHUM UYHCJIOM €JIEMEHTIB, SIKMI HAa3MBAETHCS
cmynine 6ekmopu3sayii yukay. SIK IpaBUio, onepailisi BUKOHY€EThCS 3a OJUH TaKT
HaJI yciMa eleMeHTaMu BekTopa [134].

Posrasnemo nipukiaz, mokasanuit B gictuary 4.2. Tyt #ije mociioBHE M-

CYMOBYBaHHSI €JIEMEHTIB ABOX BEKTOPIB, PE3YJIbTAT 3aIIUCY€ETHCS B TPETI BEKTOP.
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Jicmune 4.2. Ilocnioosna 06pooxa enemenmie Macusy 6 Yukii

142. for (int i = 0; 1 <N; i ++)
143. c [i]1 = a [i] + b [i];

Ha puc. 4.8 cxemaTHuHO MOKa3aHO BHUKOHAHHS apu(METUYHHUX Omepaliil B
OpUTIHAIBPHOMY IUKII (a), 1 B BEKTOPU30BaHUX IMKIax (0, B). Y mepIiioMy BUIa-
Ky 3a OJIHY 1Tepallito BUKOHYEThCS i HaJ OJIHIEIO MMapOk0 OMEPAH/IIB, & B IPYTOMY

1 TPEThOMY BHUIIJIKaX — HAJl IBOMA 1 4OTHPMA TIapaMH OTIepaH/IiB.

Ureparuun Urepanuu Urepanuu
0 1 2 3 0 1 0
a[0] | |a[1]| | a[2] | |a[3] a[0] [a[1] | | a[2] | a[3] a[0] [ a[1] | a[2] | a[3]
+ + + + + + + + + + + +
b[O] | | b[1]| | b[2]| |Db[3] b[O] [ b[1] | | b[2] | b[3] b[O] [ b[1] | b[2] | b[3]
c[O]| |cl1]]| | c[2]| |c[3] c[O] (c[1]] | c[2] | c[3] c[0] {c[1] | c[2] | c[3]

a) 0) B)

Puc. 4.8. Bukonanns onepariiii: a — 3a Y4OTUPH iTepallii B OpUTiHAILHOMY LUK, O
— 3a JIB1 ITepaIlii B UK 31 CTYIIEHEM BEKTOpH3aIlii 2; B — 3a OJIHY IT€paIliio B

IIMKJII 31 CTYTIEHEM BeKTopu3allii 4

Ha puc. 4.9 naBenena 3micropHa ['CA niist 1iporo npukiiany. TakuM 4MHOM,
IIUKJI MICTUTh YOTUPHU CTaHMU aBTOMaTa. JIJis BUKOHAHHS TIPOTPaMH IT1JICYMOBYBaH-
Hs1 BeKTOpiB 3 N enemeHTiB moTpioHO Kk = 4 X N TakTiB pobOTH MpUCTpOr0. Ama-
patHi BuTpatu: 4 perictpa (al, bl, cl, 1), 2 cymaropa, QpyHKIIiS MOPIBHAHHSA «MEH-

mic».
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Hauvamno

i=0;
y
0 .
1
al =a[i];
v
bl =Db[i];
v
cl=al+Dbl;
v
c[i] =c1;
i=i+1;
L

Puc. 4.9. CI'CA nnsa npuknany B JicTUHTY 4.2

Posrnsmemo mpukian, mokaszanuii B JictuHTy 4.3. 3milicHeHo TpaHcdop-

Mallisl «BeKTOopu3allis UMKIy». TyT Ha OJHOMY BUTKY IIUKITy BUKOHYETHCS JIB1 OTIE-

pauii nonaBanHs. BaxnuBa ymoBa — N MOBMHHO OyTH KpAaTHO CTYNEHIO BEKTOPH-

3arri.

144.
145.
146.
147.

Jlicmune 4.3. Bekmopuzosanuti yukn 3 aicmuney 4.1

for (int 1 = 0; 1 <N; i + =2) {
c [i1 =AT[i] + b [i];
ci+1]=al[[i+1] +b [1 + 1];
}

Ha puc. 4.10 nokazana CI'CA nnsa npuknany 3 gictury 4.3. Lluki Bkitodae

B ce0e 7 cTaHiB aBTOMaTa. J{Js1 BUKOHAHHS MPOTpaMH MiJICYMOBYBAaHHS BEKTOPIB 3

: : 7XN : :
N enemeHTIB, MOTpiOHO k = —, TaKTiB poOoTH mpucTporo. AnapatHi BUTpatu: 7

perictpiB (al, a2, bl, b2, cl, ¢3, 1), 3 cymaropa, GyHKIlis MOPIBHIHHSI «MEHIIIEY.
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VY upoMy mpHKiIaal BUAHO, IO B TUTI HUKIY IPUCYTHI YOTHPHU Omepaiii 4u-
TaHHS 3 MaMm’ATi 1 Bl omepaii 3amucy B MaM siTh, SKI TOBUHHI BUKOHYBAaTHCA
nociaioBHO. [[Bi omepariii 1o1aBaHHS MOXKYTh OyTH BUKOHAaHI mapajieibHO. Mox-
HAa MiJIpaxyBaTH, M0 [UKJI 31 CTyIIeHeM BeKTopu3allii |, B IKoMy MICTUTBCS S OIle-
pariii (sIKi BUKOHYIOTBCS MOCJIIOBHO) 1 p omeparii (K1 BUKOHYIOThCS Tapajieib-

HO), MOKe OyTH BUKOHAHMM 3a K TakTiB, 1110 BU3HAYAETHCS HOPMYJIOi;

k:@+DxN

—. (4.1)

BN R—
al =a[i]; cl=al+bl;
c2=a2+ h2;
v
bl = bl[i]; v
v cli] =c1;
a2 = a[i+1]; J
Y cli+1] =c2;
b2 = b[i+1]; i=i+2;
L | I

Puc. 4.10. CI'CA nyst mpukiiany 3 tictuary 4.3

PosrnsHeMo pi3Hi omTtmMmizaiii Ha MIKPOAPXITEKTYpPHOMY piBHI. 3numms
(06’ eonanns) mixkpoonepayii — taka tpancopmartis ['CA, npu skiii Mikpooriepa-

1ii B pI3HUX omepaiiitnux 6sokax (auB. puc. 4.11, a), 00'eqHYIOTHCS B OJMH OIIE-
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patiitauii 6110k (nuB. puc. 4.11, 6). Taka Tpancdopmarlisi MOXKINBA, SIKIIO MIKpPO-
omepaiii yl 1 y2 MOXyTh BUKOHYBATHUCS TIapaJIeTbHO 1 X OJHOYACHE BUKOHAHHS
MPU3BOJAUTE J0 TOTO X pe3ysbTaTy, 110 1 MOociigoBHE. JlonmyckaeTbcss 00'e1HaAHHS
JOBUIBHOT KUIBKOCTI Mikpooriepatliii Ha miniiHii guisanl [CA. [pu takiit TpaHc-
dbopmailii CKOpouyeThCsl KUTBKICTh ONEPATOPHUX BEPIIIUH, 110 MPU3BOAUTH JI0 CKO-
pPOYEHHS KUIBKOCTI CTaHIB KEpyl4oro aBTomara Mypa Ta CKOpOUEHHS KUIbKOCTI

TakKTiB B UK. L{g Tpanchopmairis He BIUIMBAE Ha amapaTHi BUTPATH.

Yiy2 >< ar

a) 6)

Puc. 4.11. 3nutTs Mikpoorieparliii: a — BuxigHui niarpad, 6 — tpancpopmoBanuit

niarpad

VY Tomy BUMaAKy, SKIIO MK IBOMa OTNIEpAIifHUMU BEpPIITMHAMU € BXiIHA Ty-
ra (auB. puc. 4.12, a), To 3AUTTA onepailiii BiIOYBaeThCs 32 TAKUMH ITPaBUIIAMH.
Heo06xigHo 06’ennatu oneparttii yl 1 y2 B ctan al 3a npaBuiamMu, 3a3Ha4YC€HUM BH-
me. Mikpoornepaitito y2 ciiiJi BHECTH B JIAHITIOT 10 30iranHs ayr (quB. puc. 4.12,
0). Take nepeTBOpEeHHs HE MPU3BOIUTH 10 3MIHU KIJIBKOCTI CTaHIB B aBTOMaTI, 1 HE
BIUIMBA€E Ha amapaTypHi BUTpaTU. Burpain nossrae B CKOPOYEHHI KIJTBKOCTI TaKTiB

B IIMKIJII.
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yiy2 >< aj

6)

Puc. 4.12. 3auTTst MUKpoOOTIepalyii: a — BUXiqHui miarpad, 6 — panchopmoBanuit

miarpad

PosrnsHemo O1bI cKIagHUN BUTIAIOK 00'€THAHHS OMepaTopiB. Y BUXIAHO-

My miarpadi Ha puc. 4.13, a, mikpoonepariii yl 1 y2 MoxyTh OyTH BUKOHaHI mapa-

JenpHO. Y JIaHII031 MK cTaHamMu al 1 a2 mpucyTHI YMOBHMM onepatop 1 po3ra-

Jy)KEeHHS. Y TOMY BUNAJKY, sKIIO y1 1 y2 OyayTh 00’eqHaHi B cTaHi al, To B ome-

paTopl aJbTEPHATUBHOI TITKM HEOOXIJHO TOMICTHUTH Mikpoormeparito y2’ (uu-

TA€ThCS «IrPeK JIBa MITPUX»), IKa Ma€ 3BOPOTHY 110 10 MiKpoormeparlii y2.

Y1

a

Y2 az

Y3

a)

a

Yiy2

6)

a

Y2'Ys a

Puc. 4.13. Cknaguuii Bumagok 06’ € JHaHHS OTIEPaTOPIB:

a — BuXinHui miarpad; 6 — rpancopmoBanuii marpad
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Obuucnennss koHcmanwm — Taka TpaHchopMmarllis OMEepaliifHOr0 aBTOMATa,
IpU SKiil BHOCUTBCS amapaTHa HaJMIPHICTh, 0 OOYUCIIOE KOHCTAHTHY (YHKIIIIO
BiJ1 3MiHHOI. [Ipu Takiii TpancdopMallii CKOpOUy€eThCsl KUIBKICTh CTaHIB aBTOMATa,
a TaKOX JIOBXKHMHA IUKITy B TakTax. [Ipy 1[bOMy 3pocTae yac MOIMUPEHHS CUTHAITY

B1JI pEriCTPy /10 BUXO/IIB.

l~ Peructp DR
add DR,k Y a l
A 4
mov [IR], DR+k><a1 KoMOunanuonsas
Y cxema
mov [IR], DR X a, l
l =y l |
DR+k DR

S

a) 6) B)
Puc. 4.14. OGuuciieHHs] KOHCTAHT: a — BUX1IHUH miarpad; 6 — TpaHcpopMoBaHuit

niarpad; B — CTpyKTypHa peaiizarlis

Ha puc. 4.15 nokasana ontumizoBana ['CA, B sikiif 00’ eaHaHI MiKpoomeparii
1 00YMCIIEHO KOHCTaHTHHI BHUpa3. KilbKicTh CcTaHIB ckopodeHo 3 5 mo 3. Haiiko-

POTIIHI IIUKJI a2 CTAHOBUTH OJIMH TaKT, HAWJOBIIUHN a2a3 — Ba TaKTYy.

1 Hauano ><a1

<

4
mov DR, [IR]
inc IR

az

mov [IR-1], DR-32 a3

I

Puc. 4.15. OntumizoBauna [ CA
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Puc. 4.16. OntumizoBanwuii rpad nepexomin
4.8 IlepeTBOpeHHS HECUHTE30BAHUX KOHCTPYKIIM

Cuntakcuc moBu C++ Haa3BHYalHO pPi3HOMaHITHUM. ICHye Beluka KiJib-
KIiCTh 010110TeK, a TaKOK MPHUIIOMIB mporpamyBaHHs Ha C ++, ikl HE MOXYTbh OyTH
MEPETBOPEHI B CXEMy Ha PIBHI PETiCTPOBUX Iiepenady Ha MOTOYHHA MOMEHT.
Hanpuxnaa, nmonmyisipHUMU € (QYHKIIII 1 KJIacH BBEJICHHS-BUBEACHHS 1H(OpMAIIii:
scanf, printf, std :: cin, std :: cout, a Takox omeparii 3 (aitiamu, SKi HE MarOTh
OpsSMOro BiIoOpakeHHS B JIOTiYHY cxemy. Ha qaHuii MOMEHT mporpamu CUHTE3Y
BUSIBIISIIOTH TaKl KOHCTPYKIII Ha paHHIX CTaisfAX KOMOUIALII BUXIAHMX (paiiniB, a
noTiM abo ITHOPYIOTH 11 (PyHKLT, a00 MOBIAOMIISIOTH PO MPUCYTHICTh HECHUHTE-
30BaHUX KOHCTPYKIIIH 1 3yIUHAIOTH Iporec cuHTe3y [135].

VY neskux BUIAJKax TOLUIBHO MIATOTYBaTH 3aMiHy TaKOi HECHHTE30BaHOI
KOHCTPYKIIii, II00 MPOJOBKUTH BepUdiKaIlilo MOJIeI, MOKKU He OyJie TOTOBa CHUH-
Te3oBaHas 3amiHa. Ha puc. 4.17 nokazanuii rpadik npoexTy, B SIKOMy Bepudikalis
HE MOe OyTH po3MoyaTo A0 THX Mip, MOKU HE OyIyTh MiArOTOBJIEHI CHHTE30BaHI

3aMIHM HECUHTE30BAaHUX KOHCTPYKIIIH.

Paspaborka C++-monenn ~ @=—————9

Pa3paboTka cCUHTE3UpyEeMBIX .' *
KOHCTPYKLUHI |
|
Bepudukanus *r—0
Bpems

Puc. 4.17. I'padik npoeKTyBaHHS IPUCTPOIO

Icnye pimenHs 1i€ei mpoOieMu, siK€ MOJATa€ y BUKOPUCTAHHI BIPTYalIbHHUX

npototumniB Ha MoBl SystemC. BipryanpHuii SystemC-npoToTum — 1¢ Mojieiab Ha
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MoBi SystemC, iHTepdeiic SKOi CTPOro BIANOBITAE MPOEKTOBAHOTO MPHUCTPOIO, a
apxiTEeKTypa BUKOHaHa Ha BUCOKOMY piBH1 onucy. 3a3Buuai, SystemC-npoToTumnu
HE CHHTE3YIOThCS, & BUKOPHUCTOBYIOThCS ISl Bepu(ikailii CUCTEeMH B IIJIOMY Ha
paHHIX eTanax MpOeKTyBaHHS.

Ha puc. 4.18 nokazanuii rpadik OpoekTy, B IKOMy HECHHTE30BaHHMX KOH-
CTpyKuii 3amiHeH1 SystemC-npoToTunamMu. 3a paxyHOK IIBHJKOTO MEPEXOIy Bif
C++ mo SystemC wmomeni, Bepudikaiis Bciel mUPpPoOBOi CUCTEMU MOXKe OyTH

po3Moyaro paHiiie, Hix Oy/ie 3akiHUeHa po3po0Ka CHUHTE30BaHUX 3aMiH.

Paspabotka C++-monenu @@

PaspaboTtka SystemC-mozaenu f-’
|
Lo
Bepudukanus | @
| |
Pa3paboTka cHHTE3UpyEeMbIX 6 o
KOHCTPYKIIMI
Bpewms "

Puc. 4.18. I'padix mpoekTyBaHHS IPUCTPOIO 3 BUKOPUCTAHHAM SystemC-

MPOTOTHIIIB

OCHOBHI eTanu NepeTBOPEHHS HACTYIIHI.

1. BusHauuTH QparMeHt Koy, IKUid He MOKe OyTH CUHTE30BaHUH.

2. BuznaunTu iHpopmariiiiii 3ajIe’)KHOCTI I[bOTO (parMeHTa BiJl CYMI>KHOTO
KOZY.

3. Buainutu uei pparmeHT Koy B okpemy C ++ dyHKIIITO.

4, Po3pobutu SystemC-mipoToTun Ha ocHOBI 11i€i C ++ QyHKIIII.

5. Buxonaru cunre3 C ++ moneni B ctpyktypny VHDL monens.

6. [nterpyBatu SystemC moznens B ctpykrypny VHDL monens.

B pe3ynpTaTi nepeTBopeHHsI BUXOAUTh CUCTEMa, SIK MMOKa3aHo Ha puc. 4.19.
Ha erami Bepudikamii 6yne Bukopucrtana SystemC-monaens (puc. 4.19,a). Ilicns
TOTO, K Oy/le TOTOBUU CTPYKTYpHHU €KBIBaJeHT, TO Oyne BukopuctaHa VHDL-

MoieNib KoMIioHeHTa (puc. 4.19,0).
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Cucrema Cucrema
VHDL monens VHDL monens
SystemC VHDL
MOJIEIE MOJIEIIH
a) 0)

Puc. 4.19. lepapxist CTpyKTypHOiI MOJieIi: a — 3 BUKOpUCTaHHAM SystemC-mopeni

KOMIOHEHTa; 0 — 3 BukopuctanHsiMm VHDL-Mozen koMrnonenta

PosrnsHemo nmpukiian, nmokaszaHuii B JicTuHTY 4.4, YV 1IbOMY TPUKIIAJII CTBO-
PIOETBCS 00’ €KT CTaTUYHOI mam’ siTi, oocsiroM 1024 ocepenku, siKi 1HIIIATI3YIOTHCS
TICEBAOBHITAIKOBUMHU 3HaueHHsMU [136]. [Mpumyctumo, mo ¢yskiis rand () HE

Ma€ CTPYKTYPHOTO €KBIBaJICHTA HA 11eld MOMEHT.

Jicmune 4.4. Tlpuknaa nmporpaMu 3 HECHHTE30BaHOKO KOHCTPYKITIEIO

148. int main O

149. {

150. const int size = 1024;

151. int mem [size];

152. for (Int i = 0; 1 <size; i ++)

153. mem [i] = rand Q;
154. return O;
155. }

BBeaemo kinbka BU3HAYCHbD.

Busnauenns 4.4. Tpanzakyis — MoJenbHA TOJNIS BHUCOKOTO pIBHS, SKa
BKJIIOUa€ B ce0e MHOXXHMHY MO HIKYOro PiBHS. Y TpaH3akIlli JOTPUMYEThCS
CTpOTa IMOCIIIOBHICTh 1 YacOB1 1HTEPBAIM MK MOIIAMU. 3a3BUYail, TpaH3aKIIis —
1€ LIUTICHA OTepallisi, HalpuKIaa, YATaHHS a00 3anucy JaHux. CHUHTaKCUYHO TpaH-
3aKIIisl BUTJISAAE, SIK BUKJIUK (QYHKINT @00 METOy KJIacy.

Busnauenns 4.5. Tpawusaxyiiina modenp — Taka MOJAENb CUCTEMH, JIe BCl

oAl MK eJleMeHTaMH B110YBarOThCS Ha PIBHI TPaH3aKIIi.
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Busznavenns 4.6.7Tpanzaxmop — €IeMEHT CUCTEMH, SIKUIl IEPETBOPIOE TPAH-
3aKIIO 10 CYKYMHOCTI MO MOJIEISIMU HU3bKOTO PIBHSI, HAPUKJIIA, PETICTPOBO-
ro a00 BEHTWJIbHOTO. TpaH3aKTOp TaKOK BUKOHY€E 3BOPOTHE MEPETBOPEHHS — 3 pe-
TICTPOBOTO 1 BEHTHJIBHOTO PiBHIB Ha piBEHb TpaH3aKlii. TpaH3akTop peanizyeTbes
3a JOIIOMOTOI0 KJIacy, 110 Ma€ JBa iHTepdercu: BUCOKOTO PiBHS 1 PiBHS pericTpo-
BUX Iepeaay abo HaBITh BEHTHJILHOTO.

Tyt 1 manmi Oyae BUKOPUCTOBYBATHUCS HOTAIIS JIJIST MOJEJICH CHCTEMHOTO PiB-
Hs, K TToKa3aHo Ha puc. 4.20. Horanis B3sta 3 [97]. [nTepdeiic cuctemHoro piBHs
BIJIMOBI/Ia€ MOHATTIO iHTEepdericy MoBu C ++ — CyKymHICTh a0CTpaKTHUX METOJIIB,

K1 peajizye MOIYJb.

E SystemC-niopt, uaTepdElic JJOTHIECKOTO YPOBHS
@ SystemC-niopt, uHTEpdEic CUCTEMHOTO YPOBHS
@ HuTepdeiic CHCTEMHOTO YPOBHS

Kanan

Puc. 4.20. Horaris Mozeneil CHCTEMHOTO piBHS

300pa3uMo 1110 TIporpaMy y BHIJIAA1I TpaH3akiiiHoi mozaem [98] Ha MoBI
SystemC, sx mokazaHo Ha puc. 4.21. HeoOximHO 3poOUTH TEKOMMO3UIIIIO Ha JBA
moayiist: a — Main, ocHoBHUH, e BiOyBarOThCs Bei o0unciaeHHs; 6 — Rand, xe Oy-
ne npoBoauTucs obuncineHHs ¢yskiii rand (). Moayns Main maTume OAWH MOPT

abctpaktHoro tumy rand if (auB. micTuHr 4.4).
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Main Rand

Puc. 4.21. Cucrema 3 ABOX MOJIyIiB

CrtBopeHHs1 abCTpakTHOTrO 1HTepdeiicy HEoOXITHO JJIsi TOro, 1mod MOXKHA

OyJ10 CTBOPIOBATH Pi3HI MOy, SIK1 YCIIaJAKOBYIOTh OJIUH 1 TOU e 1HTepdeiic.

Jicmune 4.5. Abcmpaxmuuii inmepghetic ons mooyns rand

156. struct rand_if: public sc_interface {
157. virtual int rand_f () = 0;
158. };

MopaudikoBanuii Moayiabr Main nokazanuii B jicTuHry 4.6. TyT cTBOpeHO

KJ1Iac-o0roptka MoBoro SystemC.

Jlicmune 4.6. Mooynv Main

159. SC_MODULE (Main) {

160. sc_port <rand_if> rand_m;

161. SC_CTOR (Main) {

162. SC_THREAD (process);

163. }

164. void process () {

165. for (int 1 = 0; 1 <size; 1 ++)
166. // nincrasoeka sBamicTe dyHKUii rand ()
167. mem [i] = rand_m-> rand_f ;
168. sc_stop ;

169. }

170. private:

171. const int size = 1024;

172. int mem [size];

173. };

Peanizanis monyns Rand noka3ana B jlicTuHTY 4.7.

Jlicmune 4.7. Peanizayis mooyns Rand

174. SC_MODULE (Rand), public rand_if {
175. virtual int rand_f O {

176. return rand ;

177. }

178. };
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Jlig yeminHoi iHTerpauii BipTyaabHOTO MPOTOTHUILY B CUCTEMY HAa BEHTUIIb-
HOMY piBH1, HEOOX1AHO JeTani3yBaTu iHTepdeiicu cuctemMu. /st iporo Mixk MoTy-
assMu Main 1 Rand nHeoOximHo nmomictutu ABa Tpanszaktopu: a) H2L (High Level
To Low Level), sixuii mepeTBoproe BUCOKOpiBHEBUH iHTepdeiic rand if mo mpoto-
KoJIy Ha piBHi Jioriynux curHaiis; 6) L2H (Low Level to High Level) — tpan3ak-
Top, 3BopotHHit H2L. 3a cBoeto cytTio, Rand — 11e renepaTop BUNIAAKOBUX YHUCET,
SIKMM TEHEPY€E YEPTOBE YMCIIO 3a 3aIUTOM. /{11 IbOr0 B CUCTEMY BBEJICHUN MOYJIb
Clock — renepaTtop cHXpOIMITYJIbCIB. TakKMM YHMHOM, MPH JAeTaji3allli CUCTEMHU B
HI 3’SBHJIOCS TOHSATTS 4Yacy. MU OTpMMaly 4YacoBY TPAHCAKI[IOHHY MOJEIb 3

0e34acoBOi TpaH3aKIIHOT MOETI.

Clock

Main EBF—@ H2L L2H B—@ Rand

Puc. 4.22. JletamizoBaHa cucTteMa

lepapxia knaciB Ha moBi UML mnoxasana Ha puc. 4.23. 3 giarpamu KJjacis
BUHO, 1m0 moayii Rand 1 H2L marote imentuunmii intepdetic rand if. Ile mae

MO>KJIUBICTh BIJTLHO IMAKJIFOYATH OyAb-SIKAW 3 HUX J0 MOPTY MOayist Main.



«datatype»
sc_module

T T

«interface»
sc_interface

T

«interface»
rand_if
+rand_f() : int

I N

Rand

H2L
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Puc. 4.23. Iepapxis ki1aciB: MHOKHHHE yCIaAKyBaHHS Bia kiacy SC_module i in-

tepdeticy rand_if

[ToOynyemo 3MICTOBHY Trpad-cXemy aJropuTMy JJIsi OCHOBHOTO MPOIIECY

MoxayJis Main (puc. 4.24).

A

( ) 1
Konen

r = rand_m->rand_f();

meml[i] =r,
i=i+1;

Puc. 4.24. CI'CA nys mporiecy process Moayist Main
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VY nictunry 4.8 nmoka3ana peanizaiis Tpan3aktopy [99] L2H. Jlorika po6oTu
TpaH3aKTOPY HACTYITHA: TPAH3AKTOP pearye Ha nepenid GpoHt cuaxponizaii clk,
1 SIKIIIO CHUTHAJ J03BOJY €N BCTAHOBJICHWW B OJWHUINIO, TO BUCTABUTH Ha BUXi[
output 3unauenns ¢ynkuii rand_f () momayns, migkmodeHoro mo mopty rand_m.
BaxnuBo BigzHauMTH Te, 0 iHTEepdeiic Tpan3aktop (curHamu clk, enable, output)
BXKE MIHATHCS He OyayTh. Ll sk curHanm OyAayTh BUKOPHCTaHI IIPU YCTAHOBLI pe-
AIBHOTO CHHTE30BaHOTO Moayssi Rand, konmu Takuii Moayns Oyne mocTymHuid. Te

K caMe CTOCYETHCS 1 TPOTOKOIY POOOTH LIbOTO TPAH3AKTOPY.

Jlicmune 4.8. Peanizayiss mpanzaxmopy L2H

179.  SC_MODULE (L2H) {

180. sc_port <rand_if> rand_m;
181. sc_in <bool> clk;
182. sc_in <en> enable;

183. sc_out <int> output;

184. SC_CTOR (L2H) {

185. SC_METHOD (process);

186. sensitive << clk.posedge (;
187. }

188. void process ) {

189. it (en)

190. output = rand_m-> rand_f Q;
191. }

192. };

Ha puc. 4.25 nokazana yacoBa aiarpama poOoTu Tpan3aktopy L2H.

S ipipipiningininlin

output

enable | | | ‘

Puc. 4.25. Yacosa niarpama po6otu Tpanzaktopy H2L

HactynHum etanom iHTerpaiiii BipTyajJbHOTO MPOTOTHUITY € anapaTHUN CUH-
Te3 MOyl Main 1 Horo 3nutTs 3 Tpanzakropom H2L. Ilicist mporo Kpoxky cucte-
Ma HaOyjie BUTJISY, SIK MOKazaHo Ha puc. 4.26. Moayns Main-HW sBrnse co6oro

amapaTHy peaiizaiiro Moy Main (smictunr 4.6).
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- QL

Main-HW L2H B—@ Rand

Puc. 4.26. 3nutTs Tpanzakropy H2L 1 moaynst Main B Mmoaysne Main-HW

CI'CA ana uporo MoIyis 3 YMOBOIO MIAKIIOUEHHS A0 TpaHzaktopy L2H
nokas3aHa Ha puc. 4.27. MaeTbcs Ha yBa3i, 110 CUTHAJIX €N 1 OUtput — 1ie BiAMOBIIHI

CUTHaJM TpaH3akTopy L2H.

1 Hauaio D

mem[i] =r;
i=i+1;
en=1;

r = output;
en=0;

Y

Puc. 4.27. MoaudikoBana CI'CA s moayns Main-HW

4.9 Pe3yibTaTl NPAKTHYHOI0 CHHTE3Y MYJbTHBEPCHOI0 METOAY NMPOEK-

TYBaHHS

Byno npoBeneHO MOPIBHSIHHS NPOAYKTUBHOCTI pO3pOOJIEHOI amapaTHOi
MOJIeJI1 1 MpOrpaMHOi peatizailii Ha MpoLecopl eKCIepUMEHTAIbHUM IIIsIXoM. J{aHi
oTpuMaHi B pe3yabTaTi podoTu 10 iHkeHepiB HaJ OJHUM IpoekToM. OLiHIOBAIHUCA
TaKl XapaKTePUCTHUKHU: YACOBI BUTPATH HA MPOEKTYBAHHS, IIBUJIKOIisl, EHEPTOCIIO-

YKUBaHHS, TIJIOIA HA KPUCTaJI.
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byno BuOpano Tpu HaimommpeHinn peajizauii: MOCTiIOBHA, MapaleibHa,
xonBeepHa [100].

Ilocniooenorw Ha3UBAETHCs peai3allis B AKiA BCl MIKpooIiepallii BIIOPSIKO-
BaHi 3a yacoM. [lepeBara 3acTocyBaHHS Takoi peajizailii B TOMY, 110 BUKOPUCTO-
BYETHCSI MEHIIIA IJIOIIA HA KPUCTAJll, MEHILIE €HEePTrOCIOKUBAHHS, ajle HU3bKa MPOo-
TyKTUBHICTbD.

llapanenvnoro Ha3MBAETHCA peallizallisi, B SKIA MapajebHO BUKOHYIOTHCS
JB1 1 OLIbIIIE MIKpoOoTMepallii 32 OJJMH TakT poOOTH. OCcOOIMBOCTI: BUCOKE €HEProC-
MOKUBAHHS, IPOYKTUBHICTH 1 IUIOIIA HAa KPUCTAJI.

Koneeepnorw HazuBaeTbcs peanizailis, B sKid 3a OJUH TakT poOOTH BUKO-
HY€EThCS JIB1 1 OlIbIIe MIKpOONeparllii Ha pi3HOMY eTani BUKOHaHHA. OcoOIMBOCTI:
BHUCOKA MPOAYKTUBHICTh, 3aiiMa€ O1IbIEe MICIST HA KPUCTAIl 1 BUCOKE €HEProCIo-
YKUBaHHSI.

Jist anuTuBHOI (MYJIBTHUILTIKATUBHOI) OIIHKK €()EeKTUBHOCTI METOMIB BCi
3Ha4yeHHs OyJu iHTerpanbHO ouiHeHl. [lpu 1HTerpanbHiil omiHIl HalieeKTUBHIIIE
3HAQYCHHS MPUUMAJIOC 3a OJMHUIIO, a 1HII BHPAXOBYBAJIUCH 3a Takow Gopmy-

JO10:

Vi = , (4.2)

J€ Xmax — Halle(eKTUBHIIIE 3HAYEHHSI, X; — 3HAYCHHS, sIKe OyJIO OTPUMAaHO B XOJi
eKCIIEPUMEHTY.

L5 ominka nobpe nmokaszana, B siKiil peamizalii sKuif MeTo1 epeKTUBHIIIUI. Y
MOCIOBHINA peanizallii 3a BciMa KpUTEpIIMU €()EKTUBHUM € aBTOMAaTUYHUN Me-
ToA. Y mapanenbHIM peamizallii 3a IJIONICI0 Ha KpucTali €(EeKTUBHIIIE MpaItoe
pYYHUH METOJ, a 3a BCIMa IHIIMMH KPUTEPISIMU BUTPA€ aBTOMATHUYHUN METOH. Y
KOHBEEPHOI peatizallii pydHuil METOJI BUTPAE 32 €HEPrOCIOKUBAHHSAM, B YChOMY

1HIIOMY e(DeKTUBHIIIE aBTOMAaTHYHUN METO/I.
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[Ticast yoro Oyma 3poGieHa aguTUBHA (MYJBTUIUTIKATUBHA) OIIHKA e(dek-
TUBHOCTI KOKHOI OKpeMO peajizalii, 1 3arajibHa aJuTUBHA (MYJIbTHILIIKATHBHA)

OIliHKa €()eKTUBHOCT1 METOY.
3aranbHUN BUTJIS aIMTUBHOI MOJIENI HACTYTHUM:
—_ n
Vi = di=1Xi (4.3)

e y; — Koedili€eHT KOXHOTO i1HXKeHepa JUIsi aJUTHUBHOI OIIHKH, X; —

KOeQIIIE€HT 32 KOKHUM KPUTEPIeM, N — KUIBKICTh KPUTEPIiB.
3arajabHUM BUTIISL MYJIbTUTUIIKATUBHOI MOJIEI MA€ BUI:
— n
YI - i=1 Xi! (44)

1e y; — Koe(ilieHT KOXKHOTO 1HXKEeHepa JJIsi MYyJIbTUILTIKATUBHOI OIIIHKH, X;

— KOE(IIIIEHT 32 KOKHUM KPHUTEPIeEM, N — KUTbKICTh KPUTEPIIB.

Ha puc. 4.28 — 4.30 npencrapieHi pe3yiabTaTd aJlUTUBHOI OIIHKU KOXKHOI

peaiizari.

AfaWTMBHAA oL eHKa 3¢ $eKTMBHOCTM NOCNEA0BaTENbHOCTHOM peanmsaLmm

3:5 ‘-\\/—\/ & —

2,5

15
1 2 3 4 5 6 7 8 9 10

=@=pYy4YHOI MEeTo, =@=aBTOMaTHYEeCKUIA MeTog

Puc 4.28. AautuBHa o11iHKa €()eKTUBHOCTI MOCIII0BHOT peanizarii
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ALAWTMBHAA OUeHKa 3¢ G eKTMBHOCTM NapannenbHoi peanmsaymm

3,5 \ _ /\\/‘\.—-—“

F -

3

\ . M
2,5
2

1 2 3 4 5 6 7 8 9 10

== DYYHOA METO, =@=aBTOMAaTHMYECKHMA MeTop,
Puc 4.29. AnutuBHa oniHKa epeKTUBHOCTI MapajeabHOol peatizaiii
AAnWTHUBHAaA oueHKa 3¢ deKTMBHOCTM KOHEEHEPHOK peanMsaLmm

4,5
4
3,5

= —
2’ 5 W

1 2 3 4 5 6 7 8 9 10

=§= DYy4YHOW METOL, =@=aBTOMaTMYECKMIA MEeTog

Puc 4.30. AnutuBHA OlliHKA €(PEKTUBHOCTI KOHBEEPHOI peatizallii

Ha puc.4.31- 4.33 npencraBneHi pe3ylIbTaTd MyJIbTHIUIMKATUBHOMN OIIIHKA

KOKHOI peatizaiii.



MynsTMNAMKaTUBHAA OLeHKa 3¢ G EeKTMBHOCTM NOCNE[0BaTENbHOCTHOM

peanusaumm
0,7
0,6
0,5
0,4
0,3
0,2

0,1 '\o—o\'/.\'\'/"\-.__.
0

1 2 3 4 5 6 7 8 9 10

=@=pYYHON MEeTO, =@8= aETOMAaTHMYECKMI METop,
Puc. 4.31. MynpTumuiikatuBHa oiiHKa €()eKTUBHOCTI IMOCIT0BHOT
peanizari
MynsTMNAWKaTMBHAA oueHKa 3¢ EeKTMBHOCTU NapannencHoW peanusauum

0,8
0,7
0,6
0,5
0,4
0,3
0,2

0,1 ~— o /“\("\r——'
0

1 2 3 L 3 6 7 8 9 10

=§= DYYHOH METOL, =@= aBTOMATHMYECKHMIA MeTopg,

Puc. 4.32. MynpTuIuiikaTiBHa o1liHka e()eKTUBHOCTI MapalieJIbHOI peaizalii
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MyneTMNAWMKaTUBHAA OUEeHKa 3¢ EKTMEHOCTM KOHBEMEPHOM peanmsaLm M

0,9
0,8
0,7
0,6
0,5
0,4
0,3

0,2

1 2 3 4 5 6 7 8 9 10

=@=pYy4YHOH METOf, =8=aBTOMaTHYECKMi MeTop,

Puc. 4.33. MynbTumiikaTuBHa OIliHKa €()eKTUBHOCTI KOHBEEPHOI peanizallii

B pesynbrari mocmipkeHHs OTpUMANH, 10 MPU aTUTHUBHIN OI[HII aBTOMa-

THYHHMIA MeTo Kpaiie B 1,301292012 pasis (puc. 4.34).

ApAWUTUBHAA oueHKa 3¢ deKTMBHOCTH

1 2 3 4 5 6 7 8 9 10
=@=pYy4YHO METOL =@=aBTOMaTU4YECKU MmeTog

Puc. 4.34. AnutuBHa O111IHKA €(PEKTUBHOCTI
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[Ipy MyJIbTUIIMKATUBHIA OIHII ABTOMATUYHUI METOA Kpame B
133,2182966 pa3. Ha puc. 4.35 BuaHO, 110 3HAYEHHSI PyYHOTO METOAY MPAKTUYHO
HaOKAIOTHCS 10 HYJIsl, B TOM Yac sIK B aBTOMAaTUYHOMY METO/Ii 3HaYeHHs HaOIu-
xatoTecsi 10 1. Ile cBiguuTh mpo Te, 110 aBTOMATHYHUNA METOJ MIHCHO edek-

TUBHILLIE.

MynsTMNAMKaTMBHAA oueHKa 3¢ deKTMBHOCTH

0,35
0,3
0,25
0,2
0,15
01

0,05

=8=py4HOW MeTo, =8=aBTOMaTHMYECKUIA MeTog

Puc. 4.35 MynpTUIulikaTuBHA OI[IHKA €()eKTUBHOCTI

Ha puc. 4.36 HaBemeHO apXiTEKTypy MHMCEPTAIIMHOTO IOCHIKEHHS, SKa
MICTHTh KOMIIOHEHTH, BiTOOpaKEH1 Y BUTJISAII MOJIeNIel, METOIIB 1 aJITOPUTMIB:

1) Bu3HaueHHs crienudikalii CucTeMu;

2) mapcepinr onucy 3 MoBu SystemC y moBy VHDL;

3) mapanensHuii onuc npoekty moamu VHDL, Verilog;

4) nuBepcudikariisi IpOEKTyBaHHS MU(PPOBOI CUCTEMHU Ha KPHUCTaJi;

5) TectyBanus Ta Bepudikaiiss HDL-koxy;

6) po3MillieHHs, TpaCyBaHHS Ta BUPOOHHUITBO S0C;
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7) 6i6mioreku IP-cores /s mapanenbHOTO Ta MOCHIIOBHOCTHOTO MPOEKTY-
BaHHS;

8) IMIUIeMeHTAllisl ApXITEKTYypH Ta METOJIIB Y XMapHUM CEpBRiC.

SystemC Specification of SoC Cloud Service

r & 2 Pattern Library

Parsering: SystemC - HDL ¢— SystemC - HDL

g ¢ J (VHDL, Verilog)
[ VHDL, Verilog Project ]

i h'
RTL-Lib: parallel IP-cores] [RTL-Lib: sequential IP-cores

. J

v v

Testing & Verification of HDL-code

v

[ Place&Route, Manufacturing of SoC

Puc. 4.36. ApxitekTypa npoektyBanHs SOC
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4.10 Apxitektypu aias System-C-driven Design Computing

Apxitektypu s design and test computing noBuHHI OyTH Opi€HTOBaHI Ha
BukopuctanHsa cranaaptis IEEE 11.49, 1500, 1687, sxi miaTpuMyrOTh BHYTPIIIHI
dbopmaTu CTPYKTYyp JaHUX, crenudikaiii iICHylOYuX MOB OIHUCY amapaTrypu, Me-
TOJIIB CUHTE3y, TeCTyBaHHs, Bepudikallii, aHali3y, A1arHOCTyBaHHS, BUPOOHUIITBA
Ta BIJHOBJICHHSI Tpale3JaTHOCTI B PEXKUMI PeaJbHOTO 4Yacy MPHU BiJIMOBI KOMIIO-
HeHTiB. KpiM Toro, HeoOXiJHO OpIEHTYBAaTH PE3yJIbTaTH HAyKOBUX JOCIIIKEHb Ha
texnosorii SOC design and test Bix mpoBiguux Kommnadii mianetu: Synopsys, Ca-
dence, Mentor, Aldec, ARM, ski 3a1al0Th KOMIT FOTHHIOBY MOJY 1 IOKa3ylOTh
BUYCHUM aKTyalbHi HeBupimeHi nmpodiemu [98-100].

JloMiHyro4o10 apxiTektyporo s TLM Design € 3aMKkHyTa B LMK CHCTEMA,
3aCHOBaHa Ha BHUKOpPUCTaHHI O010JI0TEK HOBMX Ta ICHYHOYHUX pIlIeHb, IO
CTBOPIOIOTH (PYHKIIIOHAJIBHO 1 timing-KopekTHi pimeHHs (puc. 4.37). B mpomy
BUIAJKy MOXHa BUKOPHUCTOBYBATH TEXHOJIOTIIO, SIKA YKIAAAEThCS B YOTUPH PiBHI
Bepudikailii mpoexty mudpoBoro BUpPoOy, MeTa SKOi — YCYHYTH BCI MOKJIMBI
MOMUJIKM Ha paHHIX cTaaisx cuHTedy (puc. 4.38). bigbm ykpymHEeHO cxema
nporiecy Bepudikarmii Moxke OyTH TMpeacTaBieHa Tpadom, SKUH CTBOPIOE
NPUYMHHO-HACTIIKOBUM 3B'I30K MK CTaJisIMU MPOXOJDKEHHS MPOEKTY, a TaKOX
BHU3Haya€ OCHOBHI BIAMIHHOCTI MK Bepudikalliero 1 Baniaiiero (puc. 4.39).

System definition

fmmmmm e > (Apphca’uon) ( Platform ) -~
DeS|gn mapping DeS|gn
debug S g R optimization

I

: Component TLM generation
, models

I

|

I

(Functlonal TLM) C Tlmed TLM )—--

Puc. 4.37. Apxitektypa TLM Design
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Matlab
C++
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pesynsraTos Verilog Testbench e a
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o

Bepudpumkauuma

&

Puc. 4.39. I'padu Baninauii ta Bepudikamii TLM Design

. : ..
=
| g

Banwpaunsa

@

Bepudounkauns
hyHKUMOHaANBHOK
Mogenu

Bepudumkayus
CUCTEMHOTO
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Bepudmkaumns
RTL-ypoBH#s
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C annapaTHbIM
YCKOpeHWem

r

MNpoekTupoeaHue

Koppekuua
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Crniji 3ayBaKUTH, 10 TEXHOJIOTi MPOEKTYBaHHS CTAalOTh BCE OUIBII CUMET-

PUYHUMH IIOAO IMIUIEMEHTAIlli B amapatHi abo mporpamHi pimeHHs (puc. 4.40).

[IutanHs nossirae Nuiue B TOMY, SIKUH MPOAYKT Oaka€ OTPUMATH 3aMOBHHK 11100

IPOAYKTUBHOCTI, PEMOHTOIPUAATHOCTI 1 SIKOCTI BUpoOy. OpHaK 3aBXIU Bpaxo-

ByeThCsl mapamerp time-to-market, sixkuii € momiHyOYMM NpW BHU3HAYECHHI €KO-

HoMiuHOT cTpaTerii Design Computing (puc. 4.41).
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Transaction Graph Design For Testability
Testability Assessment for Transaction Graph Nodes
SoC/SiP Design
Prototype HDL Model
Fault Simulation Assertion Based Simulation
IEEE 1500 SECT Assertion Engine
Design Testing Verification| | Develop
HDL code
| LB
Hardware Software
Infrastructure IP Verification Infrastructure
Repair Correction
Embedded Diagnosis

Puc. 4.40. Apxitextypa ais HW / SW TLM Design

: 1,0 ]
{Yield | =1

MTestability

Assessment

Time-to-Markef

Assessment

i
|
1| |
Fallts [ ] :
' : Time-to:Market | |
. Dlg .-....al._.;...._.;__....-._._a.. I
0 Monitoring Points 0,1 0 Monitoring Points 0,1

HWISW_Add

Puc. 4.41. Time-to-market nngs HW / SW TLM Design

3rifiHo 3 iICHYIOUMMH cTaHaapTamu Oyab-ska Computing Design apxiTekTy-
pa TIOBHHHA MICTUTH KOMIIIJIITOPH 3 MOB OMHKCY amaparypu, BKIIOYarouu SyStem
C, System Verilog, C++ (puc.4.42). Ile nae MOXIMBICTh AMBEPCU(IKYBATH TIPOIIEC
CTBOpEHHS LU(pPOBOi CHUCTEMHM, a TaKOX MIJABUIIUTH SKICTb HPOLECY
MPOCKTYBaHHS 3a PAaXyHOK TMapajieIbHOrO0 aHamidy 1 CHHTE3y JEKUIBKOX

MPOTOTHUIIIB 1 MOAAIBIIOTO METPUYHOTO BUOOPY Kparioro 3 HuX (puc. 4.43).
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ExoHOMIKa TEXHOJOTIM MPOEKTYBaHHS ChOTOJHI 3MYIIY€E BCiX BEHJIOPIB

BIJIMOBIISITUCS BiJ TAKETIB JUCKET ab0 (uiem-mam'saTi 1 MPUXOAUTH TUIBKH 0

pIlIEHh XMapHOr0 KOMM'IOTUHTY, SIKUWA CTa€ MOTEHIIHHO JOCTYMHUM BCIM

xutensMm 1iaHeTd (puc. 4.44). KpiMm TOro, CTBOpPEHHS HOBOTO MiKpOcCepBica

KOMITBIOTIHTOBOTO MPOEKTYyBaHH 3a0e3mnedye oro mpocyBaHHs B ramy3i SoC de-

sign and test, BKJIIOYAIOUM TOKYMNKY JI@HOTO CEPBICY, SKIIO BIH I[IKaBUU

MPOBITHIMH KOMIIAHISIM.

Takum 4MHOM, XMapHUM cepBiC-KOMI'IOTUHT (puc. 4.45) mjis BUpIIICHHS

3aBJlaHb CHHTE3y Ta aHajidy, TecTyBaHHS 1 Bepudikarlii, sk online-gocTynHa i

C€KOHOMIYHO BWTiJIHa TEXHOJIOTiS € HaWOUIBbIII KOHKYPEHTOCIPOMOXHOIO Kibep-

YKJIQJIOM, SIKUH OyJie TOMIHYBaTH B CBIT1 B HaOmmxk4l 10 pokiB.
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3aBJaHHs BUCHUX B HOBHX HE3QJICKHUX JEprKaBaX — OMaHyBaTH ICHYIOUY Ki-

oepkyabTypy SOC design and test Bix mpoBiIHUX KOMITaHIH MJIAHETH 3 METOIO I10-

JAJIBIIOT MPOMO3HUIIT 1HHOBAIIMHUX TEXHOJIOTIYHUX PIlIEHb B MEXaX ICHYIOUHMX

CTaHAapTIB 3a OMHMCOM IPOEKTIB 3acobamu MOB, BKItoyatoun System C, System

Verilog. Bcee, 1m0 cTOCyeThCsl XMapHO-IIPOTPaMHOT IMITJIEMEHTAIiT 1HHOBAIIHHUX

171ed, MoJiesiel, METO/IIB 1 aJITOPUTMIB, TO II 00JIACTh € JOCTYIHOIO JJIsl KOYKHOTO

BUCHOI'0 Y KpaiHu.
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4.11 BucHoBKkH 10 po3ainy 4

Po3po6iieni mporpaMHo-anaparHi peajizaiii Mojenei, MEeTOIIB 1 CTPYKTYp
JaHUX JJI1 IPOEKTYyBaHHS MU(PPOBUX CUCTEM Ha KPUCTANAX, SKi BKIIOYAIOTh MPO-
1elypy CTBOPEHHS crienudikaiii, CAHTE3y, TeCTYBaHHs, MOJICJIIOBaHHs Ta BepUQi-
Kallii Ha OCHOBI 3aMpPONOHOBAHOI 1HYPACTPYKTYpH, 110 MICTATH MPOMHUCIOBI 3aCO-
ou xommaniit Aldec i Xilinx. Po3riissHyTi nmutaHHs TecTyBaHHS pO3POOJICHUX IPO-
rpaMHUX TPOIYKTIB Ha peanbHuX HudpoBux mpoekrax crBopeHHs [P-Core sk
MPUMITHBIB JIJIs peajizallii IuppoBUX CUCTEM Ha KpHUCTaIaX.

[Ipu upomy nocarHyTa MeTa — pO3pOOUTH i mojaaTu BepidikoBaHi iHOpa-
CTPYKTYPHI1 MOJYJIi MPOEKTYBaHHS U(POBUX CHUCTEM Ha KpUCTaJlax, Kl XapaKTe-
PU3YIOTHCS TapaJieTbHUM BUKOHAHHSM MYJIBTUBEPCHOTO CHHTE3Y (PYHKITIOHAJIb-
HOCTI, 10 3abe3mneuye iCTOTHE 3MEHIICHHsI Yacy CTBOPEHHS MPOEKTY B yMOBax
oOMeXEeHHsI Ha anapaTHi BUTPATH.

Bupimeni HacTymnHi 3aBJIaHHS:

1. Po3pobiieHo i onrcaHo METOJ] MyJbTHBEPCHOTO CHHTE3Y KEPYIOUHX 1 Orle-
paliiiHuX aBTOMATIB B 3aJaHiil 1HPpPaCTPyKTypi MPOEKTyBaHHS, OPIEHTOBAHUX Ha
apXITEKTYpHI PilIEHHS B METPUII], 1110 MiHIMI3y€ Yac BUKOHAHHS (yHKIIOHAIBHOCTI
3a PaxyHOK po3mnapajieroBaHHs ornepalliii mpu 0OMeKeHHI Ha armapaTHi BUTPATH.

2. BukoHnaHa nporpamHa peaiizaiiisi MojeNieil 1 MeTO/IIB MyJIbTIBEPCHOI po-
3p0o0KH OTepariiHuX MPUCTPOIB B paMKax IHTETPOBAHOI CHCTEMH MPOEKTYBaHHS
(GYHKI[IOHATBPHUX 1 apXiTeKTypHHX pimeHb SO0C Ha OCHOBI BHKOPUCTaHHS IPO-
TyKTIB Bepu(ikarii Ta cunTe3y kommaniii Aldec 1 Xilinx.

3. 3niiicHeHO TecTyBaHHs 1 Bepu(ikallis mporpaMHUX MOAYIIB 1H(PaACTypK-
TypHU MPOEKTYBAaHHA MU(PPOBUX CUCTEM Ha KPUCTAJIaX, a TAKOXX BU3HAUCHHS e(dek-
TUBHOCTI 3alpOTNIOHOBAaHUX MOJENEH, METOMIB 1 CTPYKTYp JaHUX MpPH CTBOPEHHI
pealbHUX KOMIIOHEHTIB U(GPOBUX BUPOOiB.

4. Tlpuknaau peam3anii MUdPOBUX OJIOKIB, a TAKOXK KOJU MPOTPAMHUX MO-
OyJniB 1HPPACTPYKTYpH CUHTE3Y 1 Bepu(iKallii KOMIIOHEHTIB TU(POBUX CUCTEM Ha
KpHUCTallax MpeACcTaBiIeH] B 10AaTKy B.

OCHOBHI pe3yJibTaTH Po3.iay onyoiaikoBaHo B npamsx [107, 129-136].
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BUCHOBOK

B pe3ynbrari BUKOHAHHS JOCIIKEHb 3a TEMOIO JUCepTalliifHoi poboTu Oy-
JM OTPUMaHI HACTYIIHI OCHOBHI Pe3yJIbTaTH.

Cymuicmb  pUHKOBO-OPIEHMOBAHO20 HAYKOBO-MEXHIUHO20 —O0CIIONCEHHS
BU3HAUEHA SIK MYJbTIBEPCHE MPOEKTYBAaHHA apXITEKTypu HU(POBOro BUPOOYy Ha
ocHOBI 3amanoi crnenudikarii B cepenoBuill SystemC (C ++) 1 aBTOMaTUYHOMY
BUOOP1 CUHTE30BAHUX (PYHKIIOHATBHUX CTPYKTYpP 3 METOIO ICTOTHOT'O 3MEHILIEHHS
4acy CTBOPEHHS MPOEKTY 1 MABUIICHHS BUXOAY MPUIATHOT MPOAYKIIIT 32 paXyHOK
napajielbHOr0 CUHTE3y 1 BepuQiKalii apXITeKTypHUX pIllIEHb CUCTEMHOIO PiBHA
BIJIMOBITHO /10 3alPOIIOHOBAHOTI METPUKHU.

JlocarHyTa Mema 0ocniodceHHss — 1CTOTHE 3MEHILEHHS Yacy MPOEKTyBaHHS
O0OYHMCITIOBAIBHUX apXITEKTYp 1 MIJBUILEHHS SKOCTI LHU(PPOBUX BUPOOIB ULIAXOM
MYJIBTIBEPCHOTO CHUHTE3Y CTPYKTYpH HH(GPOBOro BHPOOY HA OCHOBI 3aJlaHOl
cnerudikamii B cepemoBumni  SystemC (C++) 1 aBroMatuyHOMY TiIOOpi
(GYHKILI10HATBHUX KOMIIOHEHTIB 3d paxyHOK NapalieNbHOTO CUHTE3Y 1 BepHudiKallii
apXITeKTYpHUX pIllIEeHb CHCTEMHOTO pIBHS BIAMOBITHO 13 3aIPOIOHOBAHOIO
METPUKOIO.

[IpoBeneHi HayKOBO-TEXHOJIOTIUHI JOCII/DKEHHS B paMKax JUCEpTaIliiHOi
poOOTH XapaKTEPU3YIOThCS YCIIIIHAM BUPIMICHHSIM aKTyaJlbHOI HAyKOBO-
NPaKTUYHOI 3a/layl MYJIbTUBEPCHOTO MPOEKTYBAHHSA AapXITEKTYypUu LHUPPOBOIrO
BUpoOy Ha OCHOBI 3amaHoi crnenudikamii B cepepoBumii SystemC (C++) 1
aBTOMaTUYHOIO BUOOPY CHHTE30BAaHUX (YHKIIOHAIBHUX CTPYKTYp 3 METOIO
ICTOTHOTO 3MEHIIIEHHS Yacy CTBOPEHHS MPOEKTY 1 MIJBUIIICHHS BUXOY MPUAATHOT
MPOIYKIlI 3a paxyHOK MapajieIbHOTO CHUHTE3y Ta BepHQiKalli apXiTeKTypHHX
pILIEHb CUCTEMHOTO PIBHS BIAMNOBIIHO 10 3alIpONOHOBaHOI METpUKU. OCHOBHA
IHHOBAIlIiHA 171 — TIapajeJbHUd aBTOMATHYHHN CHHTE3 KBa3l0NTHUMAaJIbHOI
apXITEKTYpH BIAMOBIIHO JI0 3amponoHOBaHOi crernudikaiii i MeTpuKu Ha OCHOBI

nia00py CUHTE30BaHUX (PYHKIIOHATBHUX CTPYKTYP.
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ABTOpPOM 0JIep>KaHO TaKl HAYKOBI Ta MPAKTUYHI pe3yIbTaTHU:

1. HoBuii meToj cuHTE3Y 1IHTEPPEHCHUX CTPYKTYP 1 MPOTOKOJIIB BUKOHAHHS
Tpanzakiiii RT-piBHS Ha ocHOBI aHami3zy cnenudikamii SoC-apXiTeKTypH
CUCTEMHOTO pIBHS, SKHH XapaKTepU3YETbCS BUKOPUCTAHHSM  JABOOIYHOI
ctaHapTHOi mH Wishbone oOMiHY JaHUMHU M1k (PYHKIIIOHAIbBHUMHU MOJTYJISIMHU.
3n1iCHEHO CHHTE3 TUIIOBUX CTPYKTYp MOBHUX KOHCTPYKIIi B monem RT-piBHA 1
iX OIIIHKY 3 MO3MINi MIBUIKOII Ta arapaTHUX BUTPAT, SIKI BUKOPUCTOBYIOTHCS SIK
010J110T€e4H1 OmUcH JJIsi BUOOPY ONTUMANbHUX pIIIEHb B MPOIECI CTBOPEHHS
00YHCITIOBAJIBHUX TPUCTPOIB.

2. HoBuii Merox cuntesy RTL-Mozeneit ¢yHKIIOHATBHOCTEH, KUK
XapaKTepU3yeThbCcsl OJHA3HAUHUM nepeTBopeHHs M C++ 1 SystemC-omucis
1 pOBUX OJIOKIB CHCTEMHOTO PIBHS B aJITOPUTMU 1 CTPYKTYPH JTaHUX aBTOMATHOI
Mozeni Mypa, 1o 3ajaHa CHHTE30BaHOIO IMIJIMHOKHMHOI MOBHHMX KOHCTPYKIIIH
VHDL. CtBopeHno iHppacTpyKTypy MPOEKTyBaHHS 1 Bepudikaiii KOMIIOHEHTIB
M(POBUX CHUCTEM Ha KpUCTajJaxX 3 METOI0 MEPEBIPKU aITOPUTMIB MEPETBOPEHHS
cnenu@ikamii 3 cucTeMHOro piBHS Ha piBeHb RTL-omucy ska Jae MOXJIMBICTDH
ICTOTHO 3MEHUIMTH 4YaC BHUKOHAHHS BCIX IPOLECIB MPOEKTYBaHHS, TECTYBaHHSA 1
BepuQikari.

3. YaockoHaJieHi CTPYKTYpH JaHWX /I onucy (yHKIIOHATBHHUX
MPUMITUBIB CUCTEMHOTO PIBHS, OPIEHTOBAHUX HA BUKOPHUCTAHHS CEMAHTUYHHX 1
CUHTAaKCUYHUX KOHCTpyKUid wmoBu C++ 1 SystemC, ski BIIPI3HIIOTHCA
3a0€3MeYeHHsIM YMOB Il BHUKOHAHHS IMapajelIbHOr0 CHUHTE3Y 1 Bepudikarrii
apXITeKTYpHUX pilieHb. P0o3po0iieH0 1 MpOTECTOBAaHO MPOrpamMHi MOAYMTl, IO
peanizyloTb BEKTOPHI 1 CIIMCKOBI MOJENl ONMUCY (PYHKIIOHAIBHUX MPUMITHBIB, a
TaKOX 1HQPACTPYKTypa HJis peajizaiii MeTOAIB MYJbTIBEPCHOI PO3pOOKU
OmepalliiHuX TPHUCTPOIB B paMKax IHTETPOBAHOI CHUCTEMH MPOEKTYBaHHS
byHKIIOHATBHUX 1 apXiTeKTypHuXx pimieHb SoC Ha OCHOBI BUKOPHUCTaHHS
POYKTIB Bepudikaiii Ta cunre3y kommadiit Aldec 1 Xilinx.

4. YnockoHajleHMii MeTOJ MYJIbTUBEPCHOIO CHHTE3Y KEpylouux 1

OTiepalliifHNX aBTOMATIB B 3aJlaHill 1HPPACTPYKTYpl MPOEKTYBAHHS, OPIEHTOBAHUX
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Ha AapXITeKTypHI PpIIIEHHS B METPHULI, 10 MiHIMI3ye Yac BHUKOHAHHS
(YHKIIIOHATBFHOCTI 32 PaxXyHOK pO3MapalieloBaHHs onepauiid npu oOMexeHH1 Ha
amapaTHi BUTpaTd. BuKoHaHa mporpamMHa peainizaiis MoOJeJIe 1 MEeTOIiB
MYJBTIBEPCHOI PO3pOOKH OMepalifHuX MNPUCTPOIB B paMKax 1HTErpOBaHOI
CHUCTEMHM MPOCKTYBaHHS (PYHKIIIOHAIBHUX 1 apXITEKTypHHUX piieHb SOC Ha OCHOBI
BUKOPHUCTAHHA MPOJYKTIB Bepudikarii Ta cunre3y komnaniii Aldec 1 Xilinx.
IIpakTuuHa peaji3zauisa mnoysirae B Po3poOIll JIOKAJbHUX 1 CEPBEPHUX
nporpam, po3MIlIEHUX Ha XMapHUX cepBicax Amazon Web Services. Cucrema
BUKOHaHa 3a MIKPOCEPBICHOIO  apXIiTEKTyporo, sSKa Ma€  BIJIACTUBOCTI
MacmTabOBaHOCTI, HAAIMHOCTI, MOXKJIMBICTh PO3POOJISATH Ta OHOBIIIOBATH MOJYJII
CHUCTEMH HE3JIC)KHO OJUH Bija oHOr0. KiTieHTChKUi 10AaTOK peanizoBaHO Ha MOBI
C++, BiH Mmae rpadiuHuil iHTEpdeEiic KopucTyBaya 3 MiJCBIYyBaHHSM CHHTAKCHCY.
Jlan1 excriepuMeHTy Oynau OTpuMaHl B pe3ynbTari pobotu 10 iHXKeHepiB Haj
onMHUM TpoeKkToM. OIHIOBAIMCA TaKl XapaKTePUCTHUKU: YacOBl BUTpaTH Ha
OPOEKTYBaHHS, ILIBUAKOMIS, E€HEProclOoXMBaHHs, IUIOIMIAa Ha Kpucrtail. byno
BUOpaHO TpHU HAWMOIIMPEHIIII peasi3allii: Mocai0oBHa, napajiejbHa, KOHBeepHa. B
pE3yNbTaTi EKCIIEPUMEHTY OTPUMAIIH, 10 B pa3i aAUTUBHOI OI[IHKM aBTOMATHYHUMA
Metoj kpaie B 1,3 pasu. [Ipu MyabTUIUIMKATUBHIN OIIHIII aBTOMAaTUYHUN METO]
kpame B 133,2 pasu. B poOoTi mokazaHo, IO 3HAYEHHS PYYHOIO METOAY
IPAKTUYHO HAOJIMKAIOTHCS 10 HyJs, B TOW Yac sIK B aBTOMaTHYHOMY METO]iI
3Ha4YeHHs1 HaOmmxKaThes 10 1. Lle 7oBOAUTH, 10 MYJBTUBEPCHUNA METOJ JIIMCHO

e eKTUBHIIIIE.
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JTOJAATOK T
BUXIJTHUN KOJ C++ KOMIILJISITOPA

#include "gsabuilder.h”
#include "begin.h"
#include "gsa.h"
#include "gsahelper.h"
#include "gsaobject.h"
#include "constant.h"
#include "decision.h"
#include "function.h”
#include "group.h"
#include "join.h"
#include "operation.h"
#include "variable.h"
#include "terminal.h"
#include "uop.h”
#include "truejoin.h"

#include "falsejoin.h”

M

#include <boost/config.hpp>

#include <boost/graph/adjacency_list.hpp>
#include <boost/graph/depth_first_search.hpp>
#include <boost/graph/reverse_graph.hpp>
#include <boost/property_map/property_map.hpp>
#include <assert.h>

#include <iostream>

#include <utility>

#include <stdlib.h>

HHHTHHTTT T T T

GSA::GSABuilder::GSABuilder()
{

current = 0;

functionld = 0;

generalStack = new std::vector<std::vector<GSAODbject *> *>;

retVar = 0;
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begin = 0;

terminal = 0;

PushStack();
}

T T e T o

GSA::GSABuilder::~GSABuilder()

{
PopStack();

if (current)

{

delete current;

current = 0;

}
}

T T T T T T o

void GSA::GSABuilder::PushStack()
{

/I Allocate new object stack and push it to the general stack
generalStack->push_back(new std::vector<GSAObject *>);

/I Set current stack to the newly created stack
stack = generalStack->back();

}

I T T T e T o

std::vector<GSA::GSAObject *> *GSA::GSABuilder::PopStack()

{

/I Popped stack can not be empty. All objects must be processed before.

assert(!stack->size());

std::vector<GSAObject *> *st = generalStack->back();

/I Delete old unused stack
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delete st;

generalStack->pop_back();

/I Set current stack to the last one on the general stack

stack = generalStack->back();

return stack;

}

HHHTHHTHHTH T T T

GSA::GSA *GSA::GSABuilder::GetGSA()
{

return current;

}

I T T T T T T o

void GSA::GSABuilder::Start()
{

current = new GSA();

graph = current->GetGraph();
vertexMap = current->GetVertexMap();
idMap = current->GetldMap();

}

I T T T T o

void GSA::GSABuilder::End()

{
}

T T T

void GSA::GSABuilder::Compound()
{

/I 1. Allocate new objects stack
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PushStack();
}

I T e T o

void GSA::GSABuilder::CompoundEnd()
{
/I Build new group vertex, depending on the stack's objects

Group *group = CreateGroup();

/I Append end join
stack->push_back(group->GetEndJoin());

/I Create edge between begin vertex and the first vertex
std::vector<GSAODbject *>::iterator it = stack->begin();

if (it = stack->end())

{

Vertex *v = dynamic_cast<Vertex *>(*it);
AddEdge(group->GetBeginJoin(), v);

}

/I Iterate through all objects on the stack (except the last one)
for(; it I= stack->end() - 1; it++)

{

Vertex *v = dynamic_cast<Vertex *>(*it);

Vertex *v2 = dynamic_cast<Vertex *>(*(it + 1));

AddEdge(v, v2);

}

/I Expand all group vertices

for (std::vector<GSAODbject *>::iterator yt = stack->begin(); yt != stack->end(); yt++)
{

Vertex *v = dynamic_cast<Vertex *>(*yt);

if (v->GetVertexType() == GSA_VT_GROUP)

{

Group *g = dynamic_cast<Group *>(v);

ExpandGroup(g, group);

}

}

/I Remove processed objects from the stack

stack->erase(stack->begin(), stack->end());

/I Pop object stack
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PopStack();

/I Push itself to the stack
stack->push_back(group);

}

I T e i T o

void GSA::GSABuilder::Function(const char *id)
{
functionld = id;

}

T T T T T T T

void GSA::GSABuilder::FunctionEnd()

{

/I TODO:

/I 1. Add processing of function interface.
/I Proposed sequence of objects on stack:

/I Argl, Arg2, ..., ArgN, return type, function id, compound object

/l Pop group vertex
GSAObject *obj = stack->back();
stack->pop_back();

ObjectType ot = obj->GetObjectType();

Group *group = dynamic_cast<Group *>(obj);

if (group)

{

AddEdge(GetBeginVertex(), group->GetBeginJoin());
AddEdge(group->GetReturnJoin(), GetTerminalVertex());
}

else

/I TODO: report fatal error: non-group vertex on the stack

assert(0);

OptimizeJoins();
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clear_vertex(group->GetTag(), *graph);
/lIremove_vertex(group->GetTag(), *graph);

/lgsa->RemoveVertex(group);

}

T T e T o

void GSA::GSABuilder::DeclaratorEnd(bool haslnit)

{

if (haslInit)

{

/I'If the declarator has an initializer, then we will create operation
GSAObiject *init = stack->back();

stack->pop_back();

Variable *var = static_cast<Variable *>(stack->back());
stack->pop_back();

/Istack->push_back(CreateOperation(new uOp(var, init)));

}

else

{

/I Declared object has no initializer, has no meaning for GSA
/I Throw away the identifier

Variable *var = static_cast<Variable *>(stack->back());
delete var;

stack->pop_back();

}

}

T T T

void GSA::GSABuilder::Literal(const char * strLiteral, SCCSyntax::ConstantType cType)
{

/I 1. Decode ConstantType

ConstantType ct;

switch (cType)

{

case SCCSyntax::CONST_INT:ct = GSA_CT_INTEGER;break;

case SCCSyntax::CONST_FLOAT:ct = GSA_CT_FLOAT;break;

case SCCSyntax::CONST_CHAR:ct = GSA_CT_CHAR;break;

case SCCSyntax::CONST_STRING:ct = GSA_CT_STRING;break;



default:

ct= GSA_CT_STRING;

break;

}

/I 2. Push the constant to the object stack

stack->push_back(new Constant(ct, strLiteral));

}

T T T T T o

void GSA::GSABuilder::BinaryEnd(SCCSyntax::BinaryOperator b)

{

/I Get two objects from stack
GSAObiject *arg2 = stack->back();
stack->pop_back();

GSAObiject *argl = stack->back();
stack->pop_back();

/I Decode binary operator

OperatorType op;

switch(b)
{

case SCCSyntax::
case SCCSyntax::
case SCCSyntax::
case SCCSyntax::
case SCCSyntax::
case SCCSyntax::
case SCCSyntax::
case SCCSyntax::
case SCCSyntax::
case SCCSyntax::
case SCCSyntax::
case SCCSyntax::
case SCCSyntax::
case SCCSyntax::
case SCCSyntax::
case SCCSyntax::
case SCCSyntax::
case SCCSyntax::

case SCCSyntax::OP_COMMA:op = GSA_OP_COMMA;break;

OP_MUL:op = GSA_OP_MUL;break;

OP_DIV:op = GSA_OP_DIV;break;

OP_REM:op = GSA_OP_REM;break;

OP_ADD:op = GSA_OP_ADD;break;

OP_SUB:op = GSA_OP_SUB;break;

OP_LSH:op = GSA_OP_LSH;break;

OP_RSH:op = GSA_OP_RSH;break;
OP_LESS:op = GSA_OP_LESS;break;
OP_GREAT:0p = GSA_OP_GREAT;break;
OP_LESS_EQ:op = GSA_OP_LESS_EQ;break;
OP_GREAT_EQ:0p = GSA_OP_GREAT_EQ;break;
OP_EQ:0op = GSA_OP_EQ;break;

OP_NEQ:0op = GSA_OP_NEQ;break;

OP_AND:op = GSA_OP_AND;break;

OP_OR:op = GSA_OP_OR;break;

OP_XOR:0p = GSA_OP_XOR;break;
OP_LOGICAND:op = GSA_OP_LOGICAND;break;
OP_LOGICOR:0p = GSA_OP_LOGICOR;break;
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default:
assert(0);

}

/I Create new objects and push it to the stack
/Istack->push_back(new ::GSA::Function(argl, arg2, op));
}

HTHHTHTH T T T T T

void GSA::GSABuilder::ReturnStmnt(bool hasExpr)
{

if (hasExpr)

{

/I Get the expression

GSAObiject *obj = stack->back();
stack->pop_back();

Group *group = CreateGroup();

/I 2. Push uop

/Ivalue = f1;

Operation *op;// = CreateOperation(new uOp(GetReturnVariable(), obj));
AddEdge(group->GetBeginJoin(), op);

AddEdge(op, group->GetReturnJoin());
stack->push_back(group);

}

else

{

/I From begin join right to return join

Group *group = CreateGroup();
AddEdge(group->GetBeginJoin(), group->GetReturnJoin());
stack->push_back(group);

}

}

T T o

void GSA::GSABuilder::PlusPlus()
{

/I TODO: Process ++ operator



assert(0);

}

T T T T o

void GSA::GSABuilder::Assignment()
{

/I Get right side of the assignment
GSAObiject *o = stack->back();
stack->pop_back();

/I Get left side of the assignment
Variable *var = static_cast<Variable *>(stack->back());
stack->pop_back();

/Istack->push_back(CreateOperation(new uOp(var, 0)));

}

T T T T o

void GSA::GSABuilder::ldentifier(const char *id)
{

stack->push_back(new Variable(id));

}

T T T

void GSA::GSABuilder::OnEmptyObject()

{
stack->push_back(0);

}

I T T T T

GSA::Variable * GSA::GSABuilder::GetReturnVariable()

{
if ('retVar)

retVar = new Variable("/vall");
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return retVar;

}

HHHHTHHTHH T T T T T T

GSA:: Terminal * GSA::GSABuilder::GetTerminalVertex()
{

if (Iterminal)

terminal = CreateTerminal();

return terminal;

}

T T T T T

GSA::Begin * GSA::GSABuilder::GetBeginVertex()

{
if (begin)
begin = CreateBegin();

return begin;

}

T T T T T

void GSA::GSABuilder::IfStmnt(bool hasElse)
{

/I Pop else branch object if present
GSAObiject *elseObj = 0;

if (hasElse)

{

elseObj = stack->back();

stack->pop_back();

}

/I Pop true branch object
GSAObject *trueObj = stack->back();
stack->pop_back();



/I Pop condition object
GSAObiject *condObj = stack->back();
stack->pop_back();

/I Create new group vertex
/I We will store all elements of if-then-else in this group vertex
Group *group = CreateGroup();

/I Create new decision block
Decision *decision = CreateDecision();

const char *decld = decision->GetConditionld();

/I Append calculation of the conditional variable and the decision vertex

//Operation *condEval = CreateOperation(new uOp(new Variable(decld), condObj));

/IAddEdge(group->GetBeginJoin(), condEval);
/IAddEdge(condEval, decision);

AddEdge(group->GetBeginJoin(), decision);

/I Process true-branch

Vertex *trueVertex = dynamic_cast<Vertex *>(trueObj);
if (trueVertex)

{

AddEdge(decision->GetTrueJoin(), trueVertex);
AddEdge(trueVertex, group->GetEndJoin());

if (trueVertex->GetVertexType() == GSA_VT_GROUP)
{

Group *g = dynamic_cast<Group *>(trueVertex);
ExpandGroup(g, group);

}

}

else

{

/I TODO: report fatal error: non vertex on the stack
assert(0);

}

/I Process false-branch

if (elseObyj)

{

/I Else branch is present, we can cast it to the Vertex class
Vertex *falseVertex = dynamic_cast<Vertex *>(elseObj);

if (falseVertex)
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{

/I Cast succeeded
AddEdge(decision->GetFalseJoin(), falseVertex);
AddEdge(falseVertex, group->GetEndJoin());

if (falseVertex->GetVertexType() == GSA_VT_GROUP)
{

Group *g = dynamic_cast<Group *>(falseVertex);
ExpandGroup(g, group);

}

}

else

{

/I TODO: report fatal error: non vertex on the stack
assert(0);

}

}

else

{

/I Apply end join to the decision block if false-branch is not present
AddEdge(decision->GetFalseJoin(), group->GetEndJoin());

}

/I Push newly created group vertex
stack->push_back(group);
}

T T

void GSA::GSABuilder::WhileEnd()

{

/I Get body & condition from the stack
GSAObiject *bodyObj = stack->back();
stack->pop_back();

GSAObject *condObj = stack->back();
stack->pop_back();

/I Create new group vertex

Group *group = CreateGroup();

/I Create new decision vertex
Decision *decision = CreateDecision();

const char *decld = decision->GetConditionld();
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/I Create new operation vertex to handle condition evaluation

//Operation *conditionEval = CreateOperation(new uOp(new Variable(decld), condObj));
/IAddEdge(group->GetBeginJoin(), conditionEval);

//AddEdge(conditionEval, decision);

/IAddEdge(decision->GetFalseJoin(), group->GetEndJoin());

AddEdge(group->GetBeginJoin(), decision);
AddEdge(decision->GetFalseJoin(), group->GetEndJoin());

/I Cast body object to the Vertex class

Vertex *body = dynamic_cast<Vertex *>(bodyObj);
if (body)

{

AddEdge(decision->GetTrueJoin(), body);
AddEdge(body, decision);

if (body->GetVertexType() == GSA_VT_GROUP)
{

Group *g = dynamic_cast<Group *>(body);
ExpandGroup(g, group);

}
}

else

{

// TODO: report fatal error: non-vertex on the stack

assert(0);

}

/I Push newly created compound block
stack->push_back(group);

}

T T T

void GSA::GSABuilder::ForEnd()
{

/I Get body, expression, condition, initializer
GSAObiject *bodyObj = stack->back();
stack->pop_back();

GSAObiject *exprObj = stack->back();
stack->pop_back();

GSAObiject *condObj = stack->back();
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stack->pop_back();

GSAObiject *initObject = stack->back();
stack->pop_back();

/I Create new group vertex
Group *group = CreateGroup();

/I Pointer to the lates added vertex

Vertex *curr = group->GetBeginJoin();

/I 'Init object is present
if (initObject)

{

/I Cast to operation

Operation *initOp = dynamic_cast<Operation *>(initObject);

if (initOp)

{

AddEdge(curr, initOp);
curr = initOp;

}

else

// TODO: report error
assert(0);

}

/I Pointer to the condition evaluation (alias)
Vertex *condEvalAlias = 0;
Decision *decisionAlias = 0;

/I Condition is present

if (condObj)

{

/I Create new decision vertex

Decision *decision = CreateDecision();
decisionAlias = decision;

const char *decld = decision->GetConditionld();

/I Create new operation vertex to handle condition evaluation
Operation *conditionEval;// = CreateOperation(new uOp(new Variable(decld), condObj));

condEvalAlias = conditionEval;

AddEdge(curr, conditionEval);
AddEdge(conditionEval, decision);
AddEdge(decision->GetFalseJoin(), group->GetEndJoin());

}
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/I Body is present

if (bodyObj)

{

/I Cast body object to the Vertex class

Vertex *body = dynamic_cast<Vertex *>(bodyObj);
if (body)

{

/'If decision is present, then join with true branch
if (decisionAlias)
AddEdge(decisionAlias->GetTrueJoin(), body);
else

AddEdge(curr, body);

curr = body;

if (body->GetVertexType() == GSA_VT_GROUP)
{

Group *g = dynamic_cast<Group *>(body);
ExpandGroup(g, group);

}

}

else
// TODO: report error
assert(0);

}

/I Expression is present

if (exprObj)

{

/I Cast expression object ot the Operation class
Operation *exprOp = dynamic_cast<Operation *>(exprObj);
if (exprOp)

{

AddEdge(curr, exprOp);

curr = exprOp;

}

else

/l TODO: report error

assert(0);

}

/I Close the loop with decision
AddEdge(curr, condEvalAlias);

stack->push_back(group);
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void GSA::GSABuilder::0OnSizeOf(unsigned int _size)

{
if (_size > 0)

{
char buffer[33];

_itoa(_size, buffer, 10);
/I 2. Push the constant to the object stack
stack->push_back(new Constant(GSA_CT_INTEGER, buffer));

M T T T T ]

GSA::Operation * GSA::GSABuilder::CreateOperation(uOp *u)
{

Operation *op = Operation::CreateOperation(u);
AddVertex(op);

return op;

}

I T T T T

GSA::Terminal * GSA::GSABuilder::CreateTerminal()
{

Terminal *term = Terminal::CreateTerminal();
AddVertex(term);

return term;

}

T T T T T T T T

GSA::Begin * GSA::GSABuilder::CreateBegin()



{
Begin *b = Begin::CreateBegin();
AddVertex(b);

return b;

}

T T T

GSA::Join * GSA::GSABuilder::CreateJoin()
{

Join *j = Join::CreateJoin();
AddVertex(j);

return j;

}

I T T T T T o

GSA::Group * GSA::GSABuilder::CreateGroup()
{

Join *b = CreateJoin();
Join *e = CreateJoin();

Join *r = CreateJoin();

Group *g = Group::CreateGroup(b, e, r);
AddVertex(g);

return g;

}

T T o

GSA::Decision * GSA::GSABuilder::CreateDecision()

{

TrueJoin *tj = CreateTrueJoin();

FalseJoin *fj = CreateFalseJoin();

Decision *d = Decision::CreateDecision(tj, fj);
AddVertex(d);
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AddEdge(d, tj);
AddEdge(d, fj);

return d;

}

T T T T T T

void GSA::GSABuilder::AddEdge(Vertex *src, Vertex *dest)
{

/I 1t is unable to add something after terminal vertex
if(src->GetVertexType() != GSA_VT_TERMINAL)

{

VertexDescriptor srcTag = src->GetTag();
VertexDescriptor destTag = dest->GetTag();
add_edge(srcTag, destTag, *graph);

}

}

T T T T

void GSA::GSABuilder::AddVertex(Vertex *v)
{

/IVertexDescriptor tag = add_vertex(v, *graph);

VertexDescriptor tag = add_vertex(*graph);
put(boost::vertex_index, *graph, tag, v->GetVertexID());
v->SetTag(tag);

vertexMap->insert(std::make_pair(tag, v));
idMap->insert(std::make_pair(tag, v->GetVertexID()));
}

T T T T o

GSA::TrueJoin * GSA::GSABuilder::CreateTrueJoin()
{

TrueJoin *tj = TrueJoin::CreateTrueJoin();
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AddVertex(t));

return tj;

}

T T e i o

GSA::FalseJoin * GSA::GSABuilder::CreateFalseJoin()
{

FalseJoin *fj = FalseJoin::CreateFalseJoin();
AddVertex(f));

return fj;

}

T T T

void GSA::GSABuilder::ExpandGroup(Group *group, Group *parent)

{

typedef boost::graph_traits<GSAGraph>::in_edge_iterator in_edge_iterator;
typedef boost::graph_traits<GSAGraph>::out_edge_iterator out_edge_iterator;
typedef boost::graph_traits<GSAGraph>::vertex_descriptor v_d;

typedef boost::graph_traits<GSAGraph>::edge_descriptor e_d;

std::pair<in_edge_iterator, in_edge_iterator> p_in;

std::pair<out_edge_iterator, out_edge_iterator> p_out;

/I Get list of incoming edges

/I Bind all incoming vertices with group begin join

for (p_in = boost::in_edges(group->GetTag(), *graph); p_in.first 1= p_in.second; p_in.first++)
{

e_d e =*p_in.first;

v_d v = boost::source(e, *graph);

/I Add edge (source vertex, begin join vertex)
boost::add_edge(v, group->GetBeginJoin()->GetTag(), *graph);
}

/I Get list of outgoing edges
/I Bind group end join with all outgoing vertices

for (p_out = boost::out_edges(group->GetTag(), *graph); p_out.first I= p_out.second; p_out. first++)

{
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e_d e =*p_out.first;

v_d v = boost::target(e, *graph);
boost::add_edge(group->GetEndJoin()->GetTag(), v, *graph);
}

/I Bind return edges
AddEdge(group->GetReturnJoin(), parent->GetReturnJoin());

/I destroy group vertex
gsa->RemoveVertex(group);
/Iboost::clear_vertex(group->GetTag(), *graph);
/Iboost::remove_vertex(group->GetTag(), *graph);

}

T T T

void GSA::GSABuilder::OptimizeJoins()

{

return;

std::pair<Vertexlter, Vertexlter> vp;

for (vp = boost::vertices(*graph); vp.first = vp.second; )
{

[IVertex *v = (*graph)[*vp.first];

VertexDescriptor vd = *vp.first;

Vertex *v = (*vertexMap)[vd];

++vp.first;

switch (v->GetVertexType())

{

case GSA_VT_JOIN:

{

/I Get outgoing vertex (only the first one, two outgoing edges only in decision)
std::pair<OutEdgelter, OutEdgelter> p_out;
p_out = boost::out_edges(v->GetTag(), *graph);
if (p_out.first != p_out.second)

{

EdgeDescriptor e = *p_out.first;

VertexDescriptor outVertex = boost::target(e, *graph);

/I Get list of ingoing vertices

std::pair<inEdgelter, InEdgelter> p_in;

for (p_in = boost::in_edges(v->GetTag(), *graph); p_in.first I= p_in.second; p_in.first++)
{

EdgeDescriptor inEdge = *p_in.first;



&loops)

VertexDescriptor inVertex = boost::source(inEdge, *graph);

/l Create transit edge
boost::add_edge(inVertex, outVertex, *graph);
}

}

/I Clean and remove join vertex
gsa->RemoveVertex(v);
/Iboost::clear_vertex(v->GetTag(), *graph);
/Iboost::remove_vertex(v->GetTag(), *graph);
}

default:

continue;

}

}

}

T T T T T T T

void GSA::GSABuilder::Optimize()
{

std::list<MyVertexList> *loops = new std::list<MyVertexList>;

FindLoops(begin->GetTag(), *graph, *loops);

/I Debug output

for(std::list<MyVertexList>::iterator it = loops->begin(); it = loops->end(); it++)

{
MyVertexList list = *it;
std::cout << list.size();

}

M T T T
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void GSA::GSABuilder::FindLoops(VertexDescriptor entry, const GSAGraph &g, std:list<MyVertexList>

{

boost::function_requires<boost::BidirectionalGraphConcept<GSAGraph> >();

std::vector<EdgeDescriptor> back_edges;

std::vector<boost::default_color_type> color_map(boost::num_vertices(g));
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std::pair<Vertexlter, Vertexlter> vp;

unsigned inti = 0;

for (vp = boost::vertices(*graph); vp.first = vp.second; )
{

VertexDescriptor vd = *vp.first;

put(boost::vertex_index, *graph, vd, i);

++vp.first;
++i;

}

/I Find all back-edges in the graph
depth_first_visit(g, entry,
make_back_edge_recorder(std::back_inserter(back_edges)),

make_iterator_property_map(color_map.begin(), get(boost::vertex_index, g)));

/I Find out all vertices of each loop

for (std::vector<EdgeDescriptor>::size_type i = 0; i < back_edges.size(); ++i)
{

loops.push_back(std::list<MyVertexList>::value_type());
ComputeLoopExtent(back_edges]i], g, loops.back());

}

return;

T T T

void GSA::GSABuilder::ComputeLoopExtent(EdgeDescriptor back_edge, const GSAGraph &g, MyVertexList
&loop_set)

{

boost::function_requires<boost::BidirectionalGraphConcept<GSAGraph> >();

typedef boost::color_traits<boost::default_color_type> Color;

VertexDescriptor loop_head, loop_tail;

loop_tail = source(back_edge, g);

loop_head = target(back_edge, g);

Vertex *targetVertex = (*vertexMap)[loop_head];

/I ~"EOIEU, , HIE™ "Elit: %OOUEEEI" EA 010,
std::vector<boost::default_color_type> reachable_from_head(num_vertices(g), Color::white());
depth_first_visit(g, loop_head, boost::default_dfs_visitor(),

make_iterator_property _map(reachable_from_head.begin(), get(boost::vertex_index, g)));
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/I ~"EOIEU, [ 1$IE™ "Elit: %OOUEEEI" 1,00U0

std::vector<boost::default_color_type> reachable_to_tail(num_vertices(g));
boost::reverse_graph<GSAGraph> reverse_g(Q);

depth_first_visit(reverse_g, loop_tall, boost::default_dfs_visitor(),

make_iterator_property _map(reachable_to_tail.begin(), get(boost::vertex_index, g)));

/1 =EOIEU, ,01IE™ "Elif: OACAOAAIEA 11-000, %OOUEEEIOOUE
Vertexlter vi, vi_end;

for(boost::tie(vi, vi_end) = vertices(g); vi != vi_end; ++vi)
if(reachable_from_head[get(boost::vertex_index, *graph, *vi)] != Color::white()
&& reachable_to_tail[get(boost::vertex_index, *graph, *vi)] != Color::white())
loop_set.push_back(*vi);

}

HHHHTHTHHTH T T T
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