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CUCTEMA HA KPUCTAJII, OBYUCIIIOBAJIbBHA CHUCTEMA,
CHELUOIKALLA, VHDL, APXITEKTYPA, METO/I.

Mertoto poOOTH € aHali3 METOJIIB CTBOPEHHS apXITEKTYPHHUX crienudikariiii
00YMCITIOBAJILHUX KOMILIEKCIB Ha 6a31 SoC.

VY Xoal BUKOHaHHS KBaI(IKaLIHOI MPOBEICHO aHali3 ICHYIOUMX METO/IIB
CTBOPEHHsSI apXITEKTypHUX crernudikaiiii o0YnCIIOBAIbHUX KOMILIEKCIB Ha 0asi
SoC; TakoX TPOBEACHO TOPIBHAHHSA pi3HUX (OpMATIB  apXiTEKTypPHUX
cnequdikamii  SoC. Po3pobien MeTon  CTBOpPEHHS Ta  BUKOPUCTaHHS

apXITeKTYpPHUX crenuQikaiii 00UrCIOBATLHIX KOMILUIEKCIB Ha 6a31 SOC.



ABSTRACT

Master’s thesis: 56 pages, 15 figures, 1 appendices, 20 sources.

SYSTEM ON CRYSTAL, COMPUTING SYSTEM, SPECIFICATION,
VHDL, ARCHITECTURE, METHOD.

The major goal is to analyze the methods of creating architectural
specifications of SoC-based computing complexes. In the course of the
qualification.

In order to analysis of existing methods of creating architectural
specifications of SoC-based computing complexes was carried out; a comparison
of different SoC architecture specification formats is also made. A method of

creating and using architectural specifications of SoC-based computing complexes
has been developed.
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ITEPEJIIK YMOBHUX IIO3HAYEHDL, CUMBO/JIIB, OAMHNLb, CKOPOUYEHb
I TEPMIHIB

RTL — piBeHb pericTpoBux mnepeaay

UML — yHidikoBaHa MOBa MOJICTIOBAHHS
HBIC — nanTo Benuka iHTerpajibHa cxema
OC — oOuncroBaIbHA CUCTEMA

CHK — cucrema Ha kpuctaii (SOC)



BCTVII

[TepuiiM KpoKOoM po3pOOKH METOJIB CTBOPEHHS crerudikariii mae OyTu
BUOip (opMaTiB JaHMX, SKI BHKOPHUCTOBYBATUMYTHCS y MeXaxX IUX METO/IIB.
Kputepii Bubopy Ttakux (opmariB cepea 0e3midi BUKOPUCTOBYIOThCS Ha paHHIX
eTanax npoektyBaHHs cucteMu Ha kpuctain (CHK) marore OyTu BuBezeHi 3 1ijiei
Ta 3aBJaHb, IOCTABJICHUX Yy PoOOTi. 3aBAaHHS MIABUIIEHHS SIKOCTI crierudikariini
nependayae, o odpani GopmaTH MOBUHHI HAJaBaTU MOKJIMBICTh HAMMOBHIIIOTO,
HECYNEPEeUwIMBOTO Ta HEJBO3ZHAYHOTO BUKIIAMy AaHuX. [Ipyu 1boMy HECynepeyHICTh
(1 4aCTKOBO MOBHOTA) MOX€E OYTH IOCSATHYTA 3a JOIMOMOrOK MEXaHI3My PaHHBOI
Bepuddikari crienudikaiii CHCTEMHU.

BaxxnuBuM JOMOBHEHHSM JI0 MEPIIOTO 3aBJaHHS, MOCTABICHOTO Y poOOTI, €
BUMOTA BIJICYTHOCTI CYTTEBUX JOJATKOBUX 3yCHJIb apXITEKTOPIB PO3POOKHU
cnenudikaiii. 3 HbOr0 BUIUIMBAIOTH BiJIpa3y JBI OCHOBHI BUMOTH 10 (pOopMartiB
TaHUX:

- 3 BHUKOpPHUCTaHHSAM 1HuX (opmaTiB Mae OyTH 3pydyHO CTBOPIOBATH
nokyMmeHTanio. He3Baxaroun Ha CyO'€KTHBHICTh OLIHKHM LIbOTO KPHUTEPIIO, BIH €
OJIHUM 13 TOJIOBHHX Y Mponeci MailOyTHboro anainizy. He noBuHHO OyTH 3HaYHOTO
Oap'epy nns moyarky poOoTu 3 BuOpanumu ¢opmaramu. lle o3Haudae
noHaliMeHie, mo (opMaru MawTh OyTH MIMPOKO 3aCTOCOBHI Yy MpoIeci
MPOCKTYBAHHS apXITEKTYPU OOYUCITIOBAILHUX CUCTEM Ta 3HAHOMI apXiTEKTOpaMm;

- JIETKICTb PO3YMIHHA crenudikamiii yciMa CHOXHBa4aMH — TaKOX
nependavyae BIACYTHICTH Oap'epiB  SIK  HEOOXITHOCTI ISl TMPOEKTYBaJIbHUKIB
BHBYATH HOBI MOBH, IO POOHUTH IIe¢ OiIbIN BaXKJIMBHUM 3aCTOCOBHICTH OOpaHHX
dbopmari y nporieci po3pooku HBIC.

- HasBHICTh aBTOMATHMYHOI MOKJIMBOCTI TpaHCISIii Ha (opMajibHI MOBHU
CJIIy€ aHAJIOTTYHUIN KpUTEPi BUOOpY (hopmaTiB: JUIsl KOKHOTO 3 HUX Y JIITepaTypi
MOBUHHI OyTH ONMMCaHi 3acO00M JIJIsl TaKoi TpaHCsAlli. BapTo 3a3HaunTH, 1110 4acTO

nomiOHI KOIITH HE € TOBHICTIO ABTOMATHYHUMM: HAMPUKIAA, JJIS YCIIIIHOT



TPaHCHALIT KOPUCTyBad IMOBHUHEH KpiM crenudikaiii HajaTh J0JaTKOB1 JaHi:
CJIOBHUKH, TAOJIMIN BIAMOBIIHOCTI CTPYKTYp JAHUX, CIIMCKH MpPaBWJ TOIIO Jai.
Sxuio 11st sitkorock GopMaTy BiIOMI JIMIIIE TaKi TPAHCIATOPU, TO OyI€MO BBaXKaTH,
[0 BIH YaCTKOBO 3aJI0BOJILHSE KPHUTEPII0 MOXIUBOCTI TpaHcuamii. [lepeniyueni
KpUTEpii BUMIMBAIOTH 13 L1JI€H, MOCTaBiIeHUX y poOoTi. OlHaK MOKHA HA3BATH IIIE
OJIMH KpUTEpii BHOOPY (opMaTiB, BKpal BaKIWUBUN, aji¢ HE HACTYITHUU 3 IIUICH
poboTH, a MaeTbcsd Ha yBa3l HesIBHO. Tak sK po3riisnaioThecs BCi GopMartu, IO
BUKOPHCTOBYIOTHCS TIPU MPOCKTYBaHHI amapaTHO-MPOTPAMHUX KOMIUICKCIB, a
HalIlp METOJIB PO3POOJSETHCS CIEHiali30BaHO 11 CHCTEM Ha KPHUCTall,
HEOOXIJTHO TakoX, MO0 i dopMaTH AOOpe MIAXOIUIN IS OMHCY SIK MIHIMyM
KUTbKOX acnekTiB apxiTektypu CHK.

Mertoto poOOTH € aHalli3 METOJIIB CTBOPEHHSI apXITEKTYpPHUX crienudikaiiii
00YHCITIOBAILHUX KOMITIEKCIB Ha 6a31 SOC.

O0’ekTOM NOCHKEHHS € MeToau 3al0e3nedyeHHs (yHKIIOHYBaHHSA
O00YHUCITIOBAILHUX KOMIUIEKCIB Ha SOC.

3aBIaHHA:

- TIPOBEACHHS aHaJi3y ICHYIOUMX METOJIB CTBOPEHHS apXITEKTYpPHUX
cnenugikaniii 00YMCIIOBAILHUX KOMIUIEKCIB Ha 0a3i SoC;

- TPOBEACHHS MOPIBHSIHHS PI3HUX (POpPMATIB apXITEKTYpHUX crerudikarii
SoC;

- po3poOka METOMy CTBOPEHHS Ta BHUKOPHUCTAaHHS apXITEKTyPHHX

crenudikariii 00UMCIIOBaILHUX KOMIUIEKCIB Ha 6a31 SoC.
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1 CIIELIU®IKA ITPOEKTYBAHHA SOC

1.1 3aranapHi BIIOMOCTI

CKJIagHICTh CyYyaCHHX CHCTEM Ha KPUCTaJll MPU3BOAUTH 10 Oe3iui mpoliem
B Mpolieci iX MNpoekTyBaHHsA. HesBakaroun Ha Te, IO TPATUIIMHUI IpoIec
po3po6ku HBIC B 3actocyBanni 1o CHK B ocTanHI AECATIIITTS 3a3HaB i1CTOTHUX
3MiH, KOMIIAHIi-BUPOOHUKMA  MpOTpaMMHOANNApaTHUX  KOMIUIEKCIB  JIOC1
CTUKAIOTHCS 3 CEPHO3HUMU TPYAHOLIAMU MPHU po3podini Takux cuctem. OcoOauBoi
yBaru 3acilyroByloTh HpoOsiemu nepmux eraniB npoexkryBanHs PHK, nos's3ani 3
po3po0Kor0 crienndikaliii, MPOEKTYBaHHSIM apXITEKTypHHX MOJIEJeH 1 paHHbOI
Bepudikaliero cucteM. MeTolw JaHOi YaCTUHU pPOOOTU € BHSBICHHS TaKUX
npo0OseM Ha paHHIX eTanax npoektyBanHa CHK.

CHK — oOuucnioBajibHa cUCTEMa, Ha €IMHOMY KpPHCTaJll SKOi 1HTETpOBaHi
BC1 OCHOBHI HEOOXI1IHI €JIEMEHTH, CIIMCOK SKUX 3a3BHYai BKIIro4Yae B cede [1]:

- 00uYMCIIOBAJNIbHI ~ €NIEMEHTH, SIKI MOXYTh  SIBISITA  CO0OI0  SIK
MIKpOTIPOLIECOPH  3araJIbHOTO  TMPHU3HAYEHHS, TaK 1 BY3bKOCHEI[1a130BaH1
00YMCITIOBAJIbHI €JIEMEHTH,

- MOJIyJIl OTIEPAaTUBHOI MaM'sITi;

- WIMHU: UEHTpalbHA (151 BUCOKOIIBUAKICHOTO OOMIHY 1H(GOPMAIIIEI0 MIX
MPOIICCOPOM, OIIEPATHBHOIO MaM'SATTIO 1 1HIMMMH OJIOKaMH, SKi TPaIioTh Ha
BHUCOKHX 49acToTax) 1 mepudepiitHa (111 0OMiHy 3 1HIITUMU TIPUCTPOSIMU);

- KOHTpOJIEp TIepepUBaHb,

- KOHTpOJIEPHU BBEJICHHS 1 BUBEACHHS 1H(hOpMAIIii.

CxeMa THUMNOBOI CHCTEMHM Ha KpUCTall JUisi MOOUIBHOTO CETMEHTY,

WonderMedia PRIZM WMS8950 [2], npencrasneHa Ha pucysky 1.1.
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Pucynox 1.1 — Cucrema Ha KpucTaii it MOOUIBHOTO CETMEHTY

CyyacHi cUCTEMHU Ha KpUCTaJi BKJIIOYAIOTh B ce0e MecATKH Tak 3BaHUX |P-
OJIOKIB, TOTOBUX CKJIAJIHUX (PYHKI[IOHAJIHHUX KOMIIOHEHTIB /I TPOEKTYBaHHS
MikpocxeM. [lepeBaroto cyuacHoro migxoay g0 npoektyBanHs CHK € moxiuBicTh
nepeBuKopucTaT pi3Hi IP-010ku B pamkax pizHux miaatdopm. [Ipu Bu3HaueHH1
NOHSTTA «CHUCTEMa Ha KpHUCTaN» MOTPIOHO BIJ3HAYUTH 1€ OJHY BaXJIUBY
ocobmuBicte CHK: mnpuHIIMIOBY pojib MOporpaMHO-aniapaTHUX 3aco0iB B iX
KoHCTpyKuii. Lle mosicHioeTbest 1BoMa mpuunHamu. [lo-niepine, GyHKIIOHAIBHICTD
Cy4YaCHUX CHCTEM 3aHAaJITO IIUPOKA, 1 MOKPUTH BCl (PYHKINI CHCTEMH amapaTHOl
peanizaiiero JA0CUTh ckiaaHo. [lo-apyre, y 3B'SI3Ky 3 MIHJIMBICTIO BHMOT [0

CUCTEeMH TIIpH TMPOEKTYBaHHI dYacTo OyBa€ TMpPOCTIIIE BHUKOPUCTOBYBATU
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nporpaMoBaHi amapaTHi OJIOKH, sKi B pasl 3MiH B IPOEKTI IMepenporpamyBaTh
HabaraTo TPOCTIIIEe, HIK CTBOPUTH HOBY amapaTHy 4YacTUHY. Po30uTTs
(GYHKIIIOHATBFHOCTI CHCTEMHU Ha amapaTHy 1 MpOTrpamMHy MPOBOJIUTHCS 3a3BUYail 3
MipKyBaHb TPOAYKTUBHOCTI: YHM BHUIIE BUMOTH JO MPOIYKTUBHOCTI IEBHHUX
gactud CHK, Tum kparie peanizyBatu iX y BUTJISAI anapaTHUX, @ HE MPOTPaMHHUX
onokiB. PosrisiHemMo Temep TpaAuIiiHMI MpOIEC MPOCKTYBAHHS 1HTETPAJbHUX

CXeM 1 HOTO 3MiHH, 10 BIAOYJIUCS B 3B'SI3KY 3 CYTTEBUM YCKJIATHEHHSIM IIPOCKTIB.

1.2 Knacuunwmii miaxia 10 po3pooku CHK

Panime mpotsrom aecsatuwnith npoexktyBanHs HBIC Benocs nmo knacuuHii
kackanHiii moxpem [1]. Krnacuunwmii mporec mNpOEKTyBaHHS OOYHMCIIOBAILHOT
cucteMr Moxe OyTu ¢opmanabHO PO3IAUICHUNA HaA KiJbKa CTaAll: MUIaHyBaHHS,
po3poOka cnenu@ikamli apXiTeKTypH, po3poOKa MIKpOapXITEKTYpH, OMUC CUCTEMU
Ha piBHI perictpoBux nepeaad (RTL), a takox noriynuit 1 Qi3MYHUNA CUHTES.
Cranis TIaHyBaHHS BIJIHOCUTHCS OUIBIIOD MIPOKO JO 3arajibHOi cTpaTerii
KOMITaHii, HDXK JI0 KOHKpeTHOro mpoekTy. Ha miil cramii po3poOistoThes 1
BU3HAYAIOTHCA OCHOBHI TEXHOJOrIi, $Ki OyAyThb BHKOPHUCTOBYBATUCS IpPHU
MPOEKTYBaHHI OOYUCITIOBAIBHUX CHCTEM, 1 BUPIIIYETHCS, Kl KIHIEBI MPOLYKTH
OyIyTh PO3pOOIIATHCS.

Ha cranii po3poOku crnemnudikailii apXiTeKTypyd BH3HAYalOThCS OCHOBHI
BUMOTH IO CHUCTeMHM, ii MalOyTHI XapaKTEpUCTUKH 1 OCHOBHI (PYHKITIOHAJIbHI
omoxku. Ha cramii mpoekTyBaHHS MIKPOAPXITEKTYpHU PO3POOIIAIOTECS OCHOBHI
€JIEMEHTH KOXKHOTO (PYHKIIOHAJIBHOTO OJIOKY 3 ypaxyBaHHSIM BHUMOI JI0 IUIOIII
KpHUCTaja, CHEProCIOXKMBAHHIO 1 1HIIINX.

Ha nactynHomy erami ctBoproeTbesi RTL-ko anmapaTHuX OJIOKIB CUCTEMU
Ha MOBax ommcy amapaTypu, Takux sk Verilog abo VHDL. RTL-kox meranbHO
OMKCY€ TOTOKW CHUTHAJIB MiX arapaTHUMHU PEriCTpaMH 1 JIOT14HI omepariii Haj
nanumu. Ilicns po3poOku RTL-komy B KJIaCMYHOMY MpPOLECT MOYUHAETHCS

¢dbyHKIiOHaTBHA BepUDiKaIis CUCTEMHU.
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[Tomanpmn eranu BKIOYAIOTh B ce0€ IUIaHYyBaHHS TONOJIOTI KpHUCTala,
JOTIYHUNA CHHTE3, PE3YJbTAaTOM SIKOTO € OIMUC CUCTEMH HAa BEHTUJIHLHOMY pIiBHI Y
BUTJIAJIl CIIUCKY JIAHLIIOTIB, MPOEKTYBAaHHS CHUCTEM XapuyBaHHS 1 CHHXpOHI3arlii,
THUMYacOBY BepHU(QIKaIlil0 CHUCTEMHU, a TaKOX (HI3UYHUN CHHTE3 - PO3MINICHHS
€JIEMEHTIB Ha CXeMI 1 TpacyBaHHs 3B’ A3KiB MK HUMH. [licnsg ¢izuyHOro cuHTE3Y 1
HACTYIHOI 3a HUM (Pi3u4HOi Bepudikarii ciiJ CTBOPEHHA (I3MYHOTO MPOTOTHILY
HBIC i #ioro TectyBaHHs.

3aranpHa cxema TpaJMLIHHOTO KackagHoro mpouecy po3pooku CHK
npuBeFeHa Ha pUCYHKY 1.2. 3 yckinaaHeHHsM pospoOmoBannx HBIC Bunukia
npobsieMa: TpaJuUiIHHUN KacKaJHUN NpoLEeC He MOXe 3a0e3MeuYuTH JOCTaTHIN
piBeHb TOKpUTTS Bepu@ikauli cucremu. lle MosCHIOETbCS TUM, IO B paMKax
TPaJMIIIITHOTO TIPOIIECY NPOEKTYBaHHS OUIBIICTh i 3 Badijgaiii CUCTEM
IIPOBOJMIMCS BXKe Micist ctBopeHHs RTL-kony.

OpHi€ro0 3 TOJIOBHUX MPUYMH LOTO OyJia BIACYTHICTh IOBHUX 1 3aBEPIICHUX
MoOJieJIel HaBITh OKPEMHUX AaCHEKTIB CTPYKTYpH 1 MOBeIIHKH cuctemu [3]. OgHak
ONKC Ha PIBHI PETICTPOBUX MEpeaay € 3aHaATO HU3bKOPIBHEBUM JJI TOTO, 1100 B
KOPOTKI TEpPMIHM TIPOBECTH TOBHY BaJliJIaIlil0 CHUCTEMM, IO MICTUTh COTHI
MIJIBHOHIB eleMeHTIB. ToMy 3 yCKIaAHEHHSM MPOEKTOBAHMX OOYUCIIOBAIILHUX
CUCTEM CTaJli MPUKIATATUCA CEPHO3HI 3YCHILIS JAJIsl TOro, I[00 NepeiTH Ha OUIbII
BHUCOKHI piBeHb a0CTpakKiii 1715l onucy 1 Bepu@ikallli CucTeM.

[ToTpiOHO OyJiI0 CTBOPUTH HOBI crocoOH (OPMAIBHOTO OIKCY CHUCTEMH,
HOBY METOJIOJIOT1F0 CTBOpPEHHS 1 Bepu(iKallli Takoro OMHCy Ha eTami CTBOPEHHS
cnenudikamiii apxXiTeKTypu Ta MIKpoapXiTekTypu cuctemMu. IlotpidbHO Oyio
3a0e3MeUnTH MOXJIMBICTh Bepu(iKaIlli apXiTeKTypyd CUCTEMHU Ha pPaHHIX eTamax ii
po3poOKU, aKe, SK BIAOMO, TIOMWJKH, JOMYyIIEHI Ha paHHIX eTamnax
NIPOCKTYBAHHS, «CTOSATH» KOMIIaHiipa3paboTUiKy Haitnopoxue [4-7].

Po3po6uuku HBIC 3iTkHynucs 3 npobieMor0 BUOOPY HOBUX MOB OMHCY
CUCTEMHOT'O PIBHSI 1 METOJOJIOTIi MPOEKTYBaHHS 1 BepUQIKallii 3 BUKOPUCTAHHAM

X MoB. bynb-momiOHa MOBa CHCTEMHOTO DPiBHS MOBHWHEH OYB BOJIOMITH JIBOMA
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OCHOBHHUMHM SIKOCTSIMU: MaTH MOMJIMBICTh OO'€THyBaTH O€3/114 PIZHOPITHUX
MOJIesIeH 1 mpalffoBaTH Ha BUCOKOMY pPiBHI abcTpakiiii. B ocTaHH1 ABaIIATh POKIB
6araTto MOKJIMBOCTEH Oy 3aIIpOIIOHOBAHI ISl BUPIIICHHS TAHOTO 3aBaaHHs [3]:

- BHUKOPUCTAHHS MOB ONHUCY amaparypu 3 ACSKUMH JIONOBHEHHSAMH, SK,
HaIpuKIad, po3mupennas MmoBu Verilog no SystemVerilog;

- ajamnTallis MOB IporpaMyBaHHs BUCOKOTO piBHA (C/C++, Java) miis onmcy
apXITEeKTypHUX crenudikariii cucteM Ha KpUCTalli;

- CTBOPEHHS NPHUHIIMIIOBO HOBHUX MOB CHCTEMHOTO PIiBHS CICHIAILHO IS
MPOEKTYBaHHS CUCTEM Ha KpUCTam. JlaHui miaxij Moke IPUBECTH A0 HAMKpaIIux
pe3yJbTaTiB, aje podboTa B IbOMY HAMPIMKY BUMArae BEJIMUYE3HUX 3YCHUJIb;

- PO3LIMPEHHS  MOXJIMBOCTEM  ICHYIOUMX  MOB  BHUCOKOPIBHEBOI'O
MOJICJIIOBAaHHS Ta 3aCTOCYBaHHS iX pa3oM 3 1HIIMMHU MOBaMU HMKYOTO PIBHS JJIS
OIHCY apXITEKTYPHUX CHEelH(IKALil CUCTEM.

VY cydacHiil mpaKkTHUIll CTBOPEHHSI BUCOKOPIBHEBUX MOJIENIEH HAHO1IbII YaCTO
3aCTOCOBYIOTBCSI MOBH, PO3p00JIeHI 3 BUKOPUCTAHHSM MEPIIUX ABOX MiAXO1B, TaKl
sk SystemC i SystemVerilog.

Jpyroro mnpoOaeMOI0 TPAJMIIIHHOTO MIAXOMy € Te, MO0 3 YCKIAaJIHCHHSIM
npoekToBanux OC cTajgo MPaKTUYHO HEMOXKIMBO 3 TIEPIIOTO pa3y OTPUMATH
AKICHY 1 O€3MOMHJIKOBY MOJIeJIb CHUCTEMH Ha KOXHOMY €Taml IpoIecy
MPOEKTYBaHHS [§8], 110 MPHU3BENO 10 HEOOXITHOCTI BUKOPUCTOBYBATH iTepallii Ha

KOXXHOMY TaKOMY eTari.

Po3po0Ka apXiTeKTypHOI [poexTyBanHs Hamcanns RTL-
[lnanyBanns = ———p L p— . .
cr[e]_[ﬂ(l)n(a]_ul MIKPOapXITEKTYpH KOy
OyHKIIOHATHLHA N Yacosa . N
. = Jloriynuii cuHTE3 "9 .. > OI3uYHUl CHHTE3
BepHikamis BepHiKkaris

Pucynoxk 1.2 — Tpanuuiitnuii nporec po3pooku 3BIC
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1.3 AktyanbHuil cTaH mpoOieMu

Ha mepmmx kpokax, SiK 1 B KJIaCHYHOMY MpOLEeCl pO3pOOKHU, BHUSBISIIOTHCS
BUMOTH JO MaMOYTHBOI CHCTEMH 1 CTBOPIOETHCS crerudikaiis MpoeKTy -
HedopMaIbHa MOJENb, [0 BKJIIOYAE B ce0e OMUC CTPYKTYpU CHUCTEMH, BUMOT O
Hel Ta anropuTmiB ii (QyHKUIOHYBaHHA. [pyruii Kpok y pi3HHUX Bapiamiiax
CY4YacHOI'0 MpOIleCy NMPOEKTYBAHHA NPEACTaBIeHUN no-pi3HOMY. [lepenbauaernces,
II0 Ha LbOMY eTamnl HEeOOXITHO CTBOPUTH BHCOKOPIBHEBY MOJENb CHUCTEMH Ha
dbopMallbHUX MOBaxX, MPOBECTU BepUPIKAIIiIO 11€] MOJIEI 1 32 JOTIOMOTOI0 aHaTI3y
MPOyKTUBHOCTI BU3HAUUTH, K1 KOMIIOHEHTH OYylyTh peasli3oBaHl Ha anapaTHOMY
piBHI, a sKI - Ha nOporpamHoMy. OJHaK NpPaKTHKa MOKa3ye, 110 MOBHICTIO
peanizyBaTy 1€l KpPOK 3a pO3yMHMH Yac MOXJIMBO TUIbKU JIsl HeBenukux CHK,
Hampukiag, y BOyaoBanux cucremax. Jma ckmagaux CHK  3aranbHOro
NPU3HAYEHHSI Ha JIPYrOoMy KpOLl BHU3HAYAETHCS TUIBKM PO30UTTS (PYyHKLIA MIXK
arlapaTHUM Ta MPOTPAMHUM 3a0€3MEUYECHHSM, a TOJalblle CTBOPEHHS MOJENEH 1 iX
Bepu(DiKallis MPOBOIUTHCS MAPAJIENBbHO 3 MOJANBIIUMH KPOKAMH PO3POOKH.

Ha npomy erari po3poOHUKH CHCTEMH, 3aCTOCOBYIOYM 1TEPATUBHUM ITIIX1/I,
OI[IHIOIOTh MPOAYKTUBHICTh CHUCTEMHM B PI3HMX CUTyallisIX 1 3HaXOHsTh
ONTUMAJIBHUM po3moAll (YHKIIM amapaTHOro 1 NPOrpaMHOro 3abe3neyeHHs.
Mopnens CHK, mo oTpumyerbcsi Ha IIbOMY e€Tami, € MO CyTi aOCTpaKTHOl
m1aTGOPMOIO 1 CKIAAAEThCS 3 aOCTPAKTHUX MOJEJNIEN arnapaTHOro 1 MporpamMHoro
3abe3neyeHHs. Hampuknan, monenb NpPOrpamMHOro 3a0e3ledYeHHs] MOXKE TOYHO
IMITyBaTH HaWOUIbLI YacTO BUKOPUCTOBYBAHY (PYHKIIOHAJIBHICTb, BUKOHAHHS
oreparliii BBeJCHHs / BUBOY 1 1HIII HAaWBaKJIUBIII Omepartii.

AOGcTpakTHa MOJIEeNh amapaTHOi YacTHHH IIaTHOPMHU MOXKe OyTH ommcaHa
Ha TIOBEAIHKOBOMY piBHI a00 Ha piBHI TpaH3akuid. Pe3yiabTaToM LBOro erary
MPOEKTYBaHHS € 30JI0Ta MOJIEIb ApXITEKTYpPH, B TOIAIBIIIOMY BUKOPUCTOBYETHCS B
poJii aOCOJIFOTHOTO CTAaHIAPTy, Ha BIJAMOBIHICTh SIKUM TEPEBIPSETHCA KOKEH
piBeHb onucy cucreMu. Ll 3o10Ta Monenb Moxke OyTH SK YCHAJKOBAHOK BiJl

icayrouoi CHK, Tak 1 ctBopena 3 Hyms. Ilicas Toro, sik B 3010THII Mojeni
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apXITEKTYpH BU3HAYEHO PO30OUTTS 3a7a4 MK anmaparHoi 1 IpOrpaMHOi YaCTUHAMU
CUCTEMHU, pO3po0OKa anmapaTHUX 1 IPOrpaMHUX OJIOKIB MOXKE WTH MapayiesbHo.

Kpim mporo, mapanenpHO 3 po3poOkoro IP-6iokiB #ige mporec (izuaHOTro
npoektyBaHHs MmailoyTHboi CHK. Ile mom's3aHo 3 TuM, 10 NMpU BUKOPUCTAHHI
CydaCHUX TEXHIUYHUX TIPOIECIB BKe Ha crajnii komyBanHa RTL HeoOXimHO MaTh
JesiKi BIJOMOCTI IIOJI0 BUKOPHCTOBYBAHOi TEXHOJIOTii, 6107I10TE€K, a TaKOX PO
NoMepeHbO1 TUTAaHYBaHHI KpHUcTana. HacTymHi Kpoku mpoliecy HpOeKTyBaHHS
MOKHAa yYMOBHO pPO30MTH Ha TpH MapajeibHl MPOIECH: po3po0Ka amapaTHUX
omokie CHK, po3pobka mporpamHo-amapaTHux 3aco0iB  Ta  (i3uyHe
npoekTyBaHHs [11].

He3Baxkaroun Ha mapajielbHe BHKOHAHHS I[MX  IPOIECIB, BOHU
B3a€MOIIOB'sI3aH1, 1 PE3yJIbTaTH TNEBHUX €TalliB OJHUX € BXIJIHUMH JaHUMHU [JIS
NesKuX eramiB 1HMUX. Po3poOka amapatHux OnokiB CHK mnouwnaeTscs 3
1€papX1YHOTO0 TUMYACOBOTO TUTAHYBAHHS, MICJS YOTO, MAaKO4YM OCTATOYHI JaHl IO
lepapxii amapaTHUX OJOKIB 1 BUMOTaM JI0 HMX, KOMaHJla PO3POOKU MPUCTYIMAE 10
ctBopeHHst RTL-koay nux OJ0KiB.

ITorim, micns roroBHOcTi RTL Komy, sK 1 B TpaaMIliiHOMY IIpoOIleCl
MIPOEKTYBaHHS, MPOBOJUTHCA oro Bepudikamisa. [Jns mpouecy, B sskomy 1o RTL
OyJna cTBOpEHa 30JI0Ta MOJENb CUCTEMHU, HABAXIMBIIIOK YACTUHOIO BepHUQiKallil
RTL-koxy € #oro mepeBipka Ha BIiAMOBIAHICTH I1i€i MOJEIi, B 3BOPOTHOMY
BUNAAKY 30J0THH Moaewno crtae caM RTL-koxn. Ilicns Bepudikamii RTL
MIPOBOJAUTHLCS JIOTIYHHIM CHHTE3, CTATUYHUN 4YacOBMM aHaii3, (Pi3MUHHMI CHUHTE3 1
Tak nani. Po3poOka mporpamuo-anaparaux 3aco0iB PHK 3a3Buuaii ckimamaeTnes 3
pO3pOOKM TIPOTOTUITY, MHOTO TECTyBaHHS Ha BUICYTHICTh TOMIJIOK 1 Ha
BIJIMOBITHICTh 30JI0TUM ApXITEKTYpHOI MOJENi, pO3pOOKH CamMoro MpoTrpaMHOTO
3a0e3MeUeHHs] Ta HOro MoJajibIIoro TecTyBaHHsA. Ilicis 3akiHUYEHHS MPOILIECiB
MPOCKTYBaHHS amapaTHUX 1 MpOrpaMHUX OJIOKIB HAacTa€ CTajis CUCTEMHOI
1HTerpallii, B X0 sIKOT 111 OJIOKH 3a JOTIOMOTO0 OMMCaHUX Ha (a3l MPOEeKTYBaHHS

apXiTeKTypu 1HTep(dENCiB 3'€HYIOTh 3 CHUCTEMOIO IOBIOMJICHHS OJIOKIB Ha
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KpUCTaIi, MICIAS YOro BiAOYyBa€ThCs MEpPeBIpKa KOPEKTHOCTI CHIIBLHOI poOOTH
po3po0IeHNX OJIOKIB.

Hapemti, mpomec (i3MUHOTO TPOEKTYBAHHS TMOYMHAETHCS 3 BHOOPY
TEXHOJIOT1i BUPOOHUIITBA IIJIaTH 1 BUOOpPY ab0 CTBOpPEHHs O10JIIOTEKH €JIEMEHTIB.
HacTtynHuMm etanom ¢i3MyHOTO MPOEKTYBAHHS € MOYATKOBE TUIAHYyBaHHS KpUCTaia
1 TUTaHyBaHHS JIAHLIOTIB XapuyyBaHH 1 JepeBa cuHxpoHizamii. [licas mporo, Komau
rotoBuii RTL-kKOI KOMIIOHEHTIB CHCTEMH, BUKOHYETHCS YTOUYHEHHS IIJIaHy
KpUCTalla 3 ypaxyBaHHAM HOBHUX AaHuX. Hapemiti, ocTaHHIM eTamoM (hi3HYHOTO
MPOEKTYBaHHS, IO BUKOHYEThCA Micas (DI3UYHOTO CHUHTE3Y, € (QiHaJIbHE
PO3MIIIIEHHA €JIEMEHTIB Ha KpHUCTajl 1 JeTallbHa TpacyBaHHsS. 3arajibHa CXema

cydacHoro mporecy po3pooku CHK npencraBiena Ha pucysky 1.3.

CTBOpEHHS apXiTeKTypHOT CrBopenHs : Bepudikarris
criermudiKarii mpoekTy BUKOHYBAHUX MOJIEJIEH apXITeKTyITI/I CHCTEMH
CTBOpEHHS CTPYKTYPHUX
crerubikamiit
. DiznuHe [IpoextyBanHs R IIpoexryBaHHs
Creopenns lzbo.BelI{IjKOBHX NPOEKTYBAHHS amapaTHHX OJIOKIB NPOrpaMHHX OIIOKIB
crienuikanii

Pucynox 1.3 — CyuacHuii iporiec po3pooku 3BIC

[Tpo6iemu cydacHoro mporecy po3pooku CuK

AmnapatHe i porpamHe
3a0e3I1eUeHHs] CUCTEMH Haifyacrime Iporiec  po3poOKH  BHKOHYBaHHX
PO3pOOISETHCS PI3HUMH KOMaHIaMU Mojeel apXiTeKTypH CKIaJHUX
3 By3bKOI  cmemiamisauiero, i IIpu  CTBOpPEHHi  apXiTEKTYpHHX  CHCTEM Ha KpPHMCTaji 3arajlbHOTO A e o
iHTerpanis iX IOYMHAEThCA TUIBKM  crenudikallii cucreMu HEOOXiTHO  mpu3HaueHHS MOB's13aH 31 R - —
Ha Mi3HIX eTamax M[POSKTYBaHHS CTPOr0 CTEKUTH 3a IHKANCYISLiEH  3HaYHUMU TPYAHOLIAMH, i . .
g . . . TIPUPOJHUX MOBaX, i M

CUCTEMHU. L[ﬂ curyauia BeAe 10 KOMIIOHEHTIB CHUCTEMH 1 INOBHHUM 1 JIOBOJIUTHCS IMOYMHATU pogpoGKy . . .

. Bk ! . . . . TIPUTAMaHHI BC1 HEJOTIKHU IIHX MOB.
HEMOXKJIMBOCTI CITUIBHOTO aHaNi3y  CTPOTHMM OIHCOM iX iHTepdeiiciB. KOMIIOHCHTIB CUCTEMHM 10
arapaTHHUX i HPOrpaMHHX TOTOBHOCTI apXiTEKTYPHOT MOZEIIL.

KOMIIOHEHTIB CHCTEMH Ha paHHIX
eranax IpoeKTyBaHHS.

Pucynoxk 1.4 — IIpoGaemu cygacHoro mnpoiiecy po3pooku SoC
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BaxnuBo BIA3HAUMTH, 11O ONHUCAHUN MPOLEC HA3ZUBAETHCS CHIPAIBHUM
yepes3 ITEPaTUBHOCTI KOKHOT'O €TaIly IPOEKTYBaHHS.

[Ipu cknagHoCTi, BnacTuBOi cydacHuM mnpoektam CHK, wnaazBuyaitHo
CKJIaJHO JOMOITHCA O€3MOMUJIKOBOTO BHMKOHAaHHS HaBITh OJHOIO €TaIly
NPOEKTYBaHHS, TOMY KOXKEH eTam a0o KuIbKa eTamiB MpOBOJATH B JACKIJIbKa
1ITepaiil uisi AOCATHEHHS MOTPIOHOrO pe3ysbrary. Po3mip Takux LUKIIB MOXeE

OyTH pI3HUM.

®opMaibHI
MOl

Jliarpamm Ta
TAOTHIT

Tekcr Ha
IIPUPOTHIIT
MOBI

g
=
w0
=
m
E
-
o

o

CKI1agHICTh CTBOPCHHS

Pucynok 1.5 — ®opmu npeacraBieHHs cnenuikamii

Hamnpuknazn, 3yctpiyatoTbes cutTyauii, Koiu micis po3podku RTL-kony i
MOMAJIBIIOTO TUUIAHYBaHHS PO3MIMIEHHS KOMIIOHEHTIB Ha KpPUCTall BUHHUKAE
HEOOXIHICTh 3MIHUTH CIIPOEKTOBaHI Ha0arato paHillle JaHIIora Xap4yyBaHHS 1
CHUHXpOHI3allii, a0o micias chpoOu 1HTerpamii JAEKUIBKOX OJOKIB MOTPIOHO
nepenucatd RTL-koj omHOrO 3 HUX 1 3aHOBO MPOBECTH I HHOTO JIOTTYHHUM 1
G13UYHMM CUHTE3.

Opnak Taki MacmTabu KOXKHOI iTepallli 3Ha4HO 30UIbIIYIOTh 3arajlbHUI yac
pO3pOOKHM MPOEKTY, 1 B OUIBIIOCTI BUMAJKIB HAMAararoThCsl YHUKATH TMOMUIIOK,

3/IaTHUX MPUBECTH JI0 TOSIBU TaKUX IIUKJIIB B Mpoiieci po3podku [1].
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1.4 TIpoGnemu cyuyacHoro mnpoiiecy po3pooku CHK

[Iporec po3poOKK BUKOHYBAaHUX MOJEINIEH apXITEKTypH CKIaJHUX CHCTEM Ha
KpUCTaJl 3arajbHOTO MPU3HAYEHHSA TOB'SI3aHE 31 3HAYHUMU TPYAHOILIAMH, 1
JIOBOJIUTHCSI TIOYMHATH PO3POOKY KOMIIOHEHTIB CHCTEMH JO TOTOBHOCTI
apXiTEeKTYpHOI MOJEIII.

ApxiTekTypHi cnernudikaiii B OUIBIIOCTI CBOIM HamMCaHI HAa MPUPOIHUX
MOBaX, 1 iM MpUTaMaHHi BC1 HEJTOJIKH LIUX MOB.

AmnapatHe 1 nporpamHe 3a0e3MeueHHs] CUCTEMH HaldacTille po3po0isieTbes
PI3HUMH KOMaHJaMHu 3 BY3bKOIO CIEIllai3alli€ro, 1 1HTerpamis iX MOYHMHAETHCS
TUIBKM Ha MI3HIX eTanax MpOoeKTyBaHHA cucTeMH. Ll cutyamis Bede a0
HEMOXJIUBOCTI CHIJIBHOTO aHaji3y amapaTHUX 1 MPOrpaMHUX KOMIIOHEHTIB
CHCTEMH Ha PaHHIX eTarax MPOCKTYBaHHS.

[Ipu CTBOpEHHI apXITEKTypHHX crienudikaniii cUCTEMH HEOOX1IHO CTPOro
CTEXXHUTH 32 1HKAIMCYJISIIE€H KOMIIOHEHTIB CUCTEMH 1 TIOBHUM 1 CTPOTUM OIMCOM 1X

1HTEpPEICIB.



20

2 OCOBJIMBOCTI ITPOEKTYBAHHA SOC TA MOBU OIINCY
AITAPATHUX 3ACOBIB

[Tpomec po3poOku cydacHUX MU(PPOBHUX Ta 3MIMIAHUX CHCTEM HEMOKIHBO
ysIBUTH  0€3  IIMPOKOTO0  3acCTOCYyBaHHS  IHCTPYMEHTAJbHUX  3aco0iB
aBromatu3zoBaHoro mnpoekryBanHs (CAIIP). MoBu omnucy amaparypu, sKi
BUKOPHUCTOBYIOThCSL B CAIIP enexkTpoHikM, MOXHA PO3AUIUTH HA JBI TPYIH:
yHiBepcanbHl crangaptuzoBani moBu (VHDL, Verilog, SystemC) 1 mpeameTHo-
opieHTOBaHI (sik npaBuiio, crienudivni 1y koxHoi CAIIP - Altera HDL 1 1.1.).

3poCTaHHs BEHTWJIBHOM 1 apXITEKTYpPHOI CKIIAJHOCTI pO3pOOIIOBAaHUX
CUCTEM, IIOBCIOJHE BHUKOPUCTAHHA TEXHOJIOIl TPOEKTYBAHHA «CHCTEM-Ha-
KpHUCTaJ» 1 ICTOTHUN PIBEHb IOYATKOBUX BKJIAAEHb Ipu po3podul ASIC-npoekTiB
BHUMArae rpoBeAeHHS BCEOIYHOTO 1 BEJIMKOT0 eTany (pyHKIIIOHAIBHOI 1 TAMYACOBO1
Bepudikartii. [Ipu mpomy po3poOka TeCTOBOro 3a0e3neueHHs, K IIPaBUIIO, IOCUTh
CEepii03HO OOMeXeHa B 4acl, II0 HakKJIaJa€e MNEeBHI BUMOTH 10 €(EKTHUBHOCTI
mpoiiecy MOJCNIOBaHHA. Y Oyab-SKOMYy BHUIIQJKy, HEOOXITHO BHUKOHYBATH
octarouHy Bepupikauito came RTL-kony Verilog abo VHDL-onucis, npu oMy
HEOOXITHO 3a0e3MeyuTd e(PEeKTHUBHE MOJICTIOBAHHS TPUBAJIMX TUMYACOBHX
1HTEepBaIB (BIJ ACKITLKOX MOJEIHLHUX CEKYH]I 10 XBUJIWH).

OpHuM 3 BaplaHTIB MIABUIIEHHS MIBHAKOJI mpouecy MoxaentoBaHHs HDL-
OMMKCIB € TapajieJbHE BUKOHAHHS OKPEMHX IMITAIlIfHUX MOJeNel Ha poOouux
CTaHIlIAX TiJ] KEpyBaHHAM €IUHOTO CEpBepa, SKUM 3IIHCHIOE CUHXPOHI3AIIIO

NPUBATHUX MOJIEJEH 1 momupeHHs iHdopMallii Ipo CUCTEMHI MO,

2.1 ®opmanbHI anapaty ySABIECHHS JUHAMIYHUX CUCTEM

JluHaMmiuHa cucTeMa 3arajbHOro BUIIIALY B KJIACUYHOMY pO3yMiHHI [l]

ABJIsIE COOOK CHCTEMY THUMY «BXIJI-BUXiJ», III0 BOJIOAIE BCHOIO JBOMa

BJIaCTUBOCTAMM.
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- 3Ha4YeHHS BUXITHOI BEJIMYMHU B OyIb-IKHMH MOMEHT Yacy 3aJeKUTh Bij
CTaHy CHCTEMH, MiJ SKMM MAa€ThCS Ha yBa3l Jeska JacTuHa iHdopMmallii mpo
TENEPIlIHif CTaH 1 MUHYJIE CUCTEMU;

- cHucTeMa IMOBMHHA OYTH MPUYMHHO-3B'SI3aHOI0 B TOMY CEHCI, 10 Oe3miy
MOMEHTIB 4acy ti BHOPSAKOBAHO Ta II0 MHUHYJE BIUIMBa€ Ha MallOyTHE, aje HE
HaBMaku (3HaHHSA cTaHy X(t1) 1 BXIZTHOTO BIUIMBY B iHTEepBam 4acy (t1, Bo] €
HEO0OX1THOIO 1 JIOCTaTHHOI YMOBOIO, 1110 JIO3BOJISIE BU3HAYUTH CTaH X(t2) KO t; <
t2).

Hunamiuyny cucreMy 3a kinacudikariero P.Kanmmana MokHa BU3HAYUTH

HACTYIHUM YMHOM ((popmyna 1.1):
>={T,X,U,QY,Ien!, (2.1)

ne T — BnopsiikoBaHa MHOXKMHA MOMEHTIB yacy, T € R;

X — MHOXHWHA CTaHIB (CTAaHOM JMHAMIYHOI CHCTEMH HA3HBAETHCS BEKTOP
3HAYEHb 3MIHHUX CHUCTEMH);

U — O6e3miy 3HaYeHb BX1JHHUX BILIMBIB;

Q= {w: T — U} — nabip QyHKIII! BXIAHUX BIUIUBIB,

Y — 0e3114 BUX1THUX BEJIUYNH;

I'={y: T— Y} —nabip QyHKIIII MOPOIKEHHS BUXITHUX BEIHUNH;

¢: TxTxXxQ— X—mnepexiiHa QyHKIIis CTaHy;

X (t) = ¢ (t; Xo, to, ®), 1€ X — CTaH CUCTEMU B MOMEHT t, SKIIO0 B MOYATKOBUH
MoMmeHT t0 BoHa nepelyBaia B IOYaTKOBOMY CTaH1 Xo 1 Oyja cXujbHa 0 BX1AHOTO
BITUBY ®;

n: T x X — Y — BuxigHa BigoOpakeHHS, [0 BU3HAYA€ IOTIK BHUXIJIHHUX
BEJTUYHH.

Binpizok BximHoro BBy ®(to,t1] € icTOpiero BXiTHMX CUTHATIB B MEPiof

(to, t1], to, t1 € T. Ilomiero cuctemMu X Ha3UBaA€Thcs mapa <t, x>. TpaekTopiero

Ha3UBa€eThCsl QyHKUIA ¢ B npoctopl nomaid T X X. YmpaBiaiHHSAM Ha3HBAETHCS

BX1IHHUH BIUIUB (.
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CyuacHe ysiBiieHHS [4] mpo AWHAMIYHY CHUCTEMY BHSBIISETHCS 1€ O1IBIIT
3arajbHUM 1 MOJSTa€ B TOMY, L0 AMHAMIYHY CHCTEMY YTBOPIOE Jesika MOJIEh
gacy 1 Oynb-sakuii HaOip TpaekTopi (0€3 YTOUHEHHS MHOKHH BXiTHUX, BUX1THHX 1
KEPYIOUHMX 3MIHHHX).

Knacudikaris, 3ampormonoBana P.Kaamanom B MmaTeMaTHYHOI TeOpii cUCcTEM
[1], Buminsie KIacu CTaIlOHAPHHUX, CKIHUEHHOBUMIPHUX, JUCKPETHUX, JTIHINHUX 1
IIAIKUX JUHAMIYHUX CHUCTEM B 3aJIEKHOCTI BiJl (popmu 1 Buay MHOXHH T, X, Q, Y,
' i kaciB QyHKIN @ 1 1.

JluHaMIYHy CUCTEMY BBa)KAalOTh CTalllOHAPHOI MPH BUKOHAHHI HACTYITHUX
YMOB:

- T € aguTHUBHOIO TPyIIOKO;

- 3aMKHYTO W00 OIEpPATOpa 3CYBY ZT: z% ® — @, IO BU3HAYACTHCH
CHIBBIAHOIIEHHSIM ®' (t) = (t+ 1), Vt, TE T;

- 1CHY€ TaKMW MOMEHT 4acy s, o ¢ (t; T, X, ®) = ¢ (t +s; T+ 8, X, 7S, ©);

- B1JIOOpaKEHHS M HE 3aJICKUTh Bif t.

JluHaMmiuHa cuUcTeMa € CHUCTEMOIO 3 Oe3MepepBHUM 4YacoM (3 JUCKPETHUM

gacom) sikmo T =R (T = Z).

2.2 ®opmanizaltist MOACIeH

[lin  Oe3nepepBHO-AUCKPETHUMHU  CHUCTEMAMH  NPUUHATO  PO3YMITH
napajiefibHl Ta PO3MOJICH] JMHAMIYHI CHUCTEMH, KI CKIAHAIOTHCA 3 BEJIMKOTO
Yyycja eJIEMEHTIB PI3HOI NPUPOAHM, 30KpeMa, 3 CJICMEHTIB, ITOBEIIHKA SKHX
OMUCYEThCSI O€3MEePEePBHUMH TMPOIECaMM, IO MalTh KIHIEBY TPUBAIICTh, 1
€JIEMEHTIB, MTOBEIHKA SKUX OMUCYETHCS JUCKPETHUMU MPOIIECaMu, Yac peakxilii Ha
MOJTii B IKUX HECYTTEBO TSI aHAJTI3Y CHCTEMH.

Xoya Oe3mepepBHO-IUCKPETHA CHCTEMa Mae 0arato CHiUIBHOTO 3
JTUCKPETHUMHU TapajieIbHUMHU 1 PO3MOJIIJICHUMU CHUCTEMaMH, TUM HE MEHII, BOHA
HE MOXKe OyTH 3BeJileHa TUIbKM 10 AUCKPETHHX MOJeNied, Tak SK JuHamika ii

Oe3mepepBHIUX KOMIIOHEHTIB € IOCUTh CKJIATHOIO. 3 1HIIIOTO OOKY, B TaKiid CHCTEMI
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MOXYTh BUHMKATH IO/I1i, B pe3yJIbTaTl IKMX 3MIHIOETHCS II100aJIbHE TIOBEIiHKA 200
CTPYKTypa CHUCTEMH, 110 ICTOTHO YCKJIQJHIOE OIMHKC ii B paMKaX KJIaCHYHOI Teopii
nuHaMiuHUX cucteM. [lpu 1poMy Taka Mol MOXeE MOpPOIKYBaTH HOBI, a cam
JUCKPETHUH TIPOIIEC, B PE3yjibTaTl SKOTO MOXeE BiJIOyBaTHCS BHUOIp HOBOIO
MOBEIHKH, OTIMCYETHCS CKJIAIHUM JUCKPETHUM aJITOPUTMOM, KU B 3araIbHOMY
BUITAJIKYy MOKHA YSIBUTH rpad)OM MUTTEBUX TIEPEXOIIB.

HemoxnmuBicTh ysBIeHHS Oe3MepepBHO-IUCKPETHOI CHUCTEMH a00 TUIBKH
JTUCKPETHUMH, a00 TIIbKH JAWHAMIYHUMH MOJCISIMU JO3BOJISIE BUIUIUTH ITi
CUCTEMHU B OKPEMHI KJac, SKUH MOXE OMUCYBATHCS y BUIJIS/AI HECKIHUCHHOI 1
BIIOPSIKOBAHOT Y Yacl IMOCIHIJIOBHOCTI Oe3nepepBHUX ab0 MUTTEBO-AUCKPETHUX
MTOBOJKEHb.

[TonsiTTSs arperaty pa3oM 3 PO3POOJICHUMH alrOpPUTMaMH MOJIEITIOBAHHS
BUKOPUCTOBYBAJIOCS JIJII CTBOPEHHS CHUCTEM  IMITAllIMHOTO MOJEIIOBaHHS
CKJIQJHUX CUCTEM yIPABIIIHHS.

ArperatoM Ha3WBAETHCS HACTYITHA MaTeMaTH4HA MoJIelb (popmya 2.2):

A=1{T,Z,X,I[,Y,H,G}, (2.2)

ae T=[0, Tr] € R — inTepBan MojaearoBaHHs (3a3BUYail KiHIIEBUI);

Z — MHOXWHa cTaHiB ((ha3oBUM MPOCTIp), IO CKIANAETHCA 3 HAOOPY
¢dazoBux koopauHar z = (z1, z2,..., Z1), ne z1,. . . zI - ¢pa3oBi KoopaUHATH;

{Z (1)} — dazoBi TpaekTopIi,

{Z (0)} — MHOXHMHA TTOYaTKOBUX CTaHiB;

X — muoxwuna Bxigaux curnanis (X =[x, ..., x), ne | — uncno BxigHux

KOHTAaKTiB, KOXKEH 3 SKUX NMPUMMaE CUTHAIN PI3HUX THUMIB. MOMEHTH MPUXOIY

BXiTHMX CHTHAJIB BH3HAYAIOTHCS Yepe3 TUMYacoBy mociigoBHicTh {tj}, tj € T.

[TocninoBHicTh moaiil < tj , Xj >, X; € X Ha3MBA€THCS MOCIIIOBHICTIO NpUOMY

BXIIHUX CUTHAIIB;
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I' — mHoxuHa kepyrounx curHanis (g = [g®, . . ., 9], ne r — kinbkicTs

BXIJTHUX CUTHaTIB). MOMEHTU MPUXOIY KEPYIOUUX CUTHAJIB BU3HAYAIOTHCS Yepe3

TUMYAcOBY TMOCHIAOBHICTh {Ti}, Ti € T. IlocmimoBHicTh momid < tj, ¢i >, gi € I’

Ha3UBAETHCS MOCIIIOBHICTIO MPUHAOMY CUTHAJIIB;

Y — 0e3my BUXIAHUX CHUTHATIB. MOMEHTH BHIA4l BUXIIHUX CHUTHAIIB

BU3HAYAIOTHCA Yepe3 THUMYACOBY MOCHINOBHICTH {&}, & € T, me ememeHt &

BIJINIOBIIa€ Yacy mepeTuHy (pa3oBoro Tpaektopiero z (t) Mex Aeskoro Oesnmidi 3

cucteMru MHOXHMH {Zy}, BU3HAU€HOI Ha MPOCTOpi CTaHiB Z 3aBIaHHAM HaOOpy

npeaukatiB Haa Z. IlochigoBHicth momit < &, Yk >, Vi € Y Ha3UBaeThCA

MTOCITLAOBHICTIO BHa4ul BUX1JHUX CUTHAIIB;

H — onepaTop nepexoiB, kUit BU3HAYa€ MMOTOYHHUM CTaH IO MEPeaicTopii,

G — omepaTop BHXOIB, IO IO3BOJISE OOUUCINTH 3HAYCHHS BUXITHUX JIHIN
y Burisial y (t) = G [z (0), t].

VY 3araJibHOMy BHIMAJIKy BCl MOCIIJOBHOCTI MO/IIM B arperari € peam3aiisaMu
BUMAJKOBUX TMOCTIOBHOCTEN 13 3aJlaHUMU 3aKOHAMU pPO3MoAiTy, omepatop H
TaKOX € BUIIQJKOBUM OMEpPaTopoM, TOOTO Oyab-sxoro z (0) BiamoBimae Oe3miy
3HAuYEeHb Z () 3 AESIKUM 3aKOHOM PO3IOALLY.

Cran arperaty B MOMEHT 3MIHM BXIJHHMX 1 KEPYIOUMX CUTHaIIB ab0 BHIayl
BUXIJTHOTO CUTHAITy IPUMHSATO HA3UBATH OCOOJIMBUM, TaK SIK B 1€l MOMEHT arperar
MO>Ke CTpUOKONO110HO 3MIHIOBATH CBIi CTaH.

Konnemniist arperaty moske OyT BUKOpUCTaHa abo /i1 MOJCIIOBAHHS BCI€i
Oe3mepepBHO-TUCKPETHOT CUCTEMHU a00 JUIsl OMUCY ii OKPEMHUX EJIEMEHTIB. Y
JIPYyroMy BHUIIQIKy MOJEIUpyeMas CHCTeMa II¢ MHOKHMHA arperaTiB 3
JIETEPMIHOBAaHUMH 1 HE3MIHHUMU KaHaJlaMU Tiepeiadl JaHuX (3B'SI3KaMu).

B.M.I'myumikoB BH3Hauae MaTeMaTUYHy MOJENb Oe3MepepBHO-IUCKPETHOI
CUCTeMH Ha 0a3l AUCKPETHOro MoiieBoro miaxomy. OcoOauBICTIO HOro Moje €
MOXJIUBICTh 3MIHH CTPYKTYpPH CHCTEMH IIUISXOM TIOPOJKEHHS, BHJIAJICHHS,
aKTUBI3aIlli 1 MAaCCUBM3ALMM OJIHUX E€JIEMEHTIB CHUCTEMH IHIIMMH B TIPOIIECT iX

napajCcJIbHOro0 BHWKOHAHHA. MOI[CJ'IIOBEIHH?[ HOBCI[iHKI/I CHUCTCMH 3I[iI>'ICHIO€TBC$I
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MOCTIJOBHOIO BHOIpKOIO 3 KaJeHAapsl 3allJlaHOBaHMX TMOMIA 3 MOXKJIMBICTIO
BUKOPHCTaHHS O€3MepePBHUX YUCEIbHUX METOIIB SIK ITiIPOrpaM HIKYOTO PiBHS.
Ha BiamiHy Bix arperatuBHOTO Tiaxoxdy, 3ampornoHoBaHoro H.I1.bycrenko,
anroput™ B.M.['mymikoBa 0a3yeThcsi Ha JUCKPETHO-TIOJIEBOMY TIIXOJM1 O
MOJIETIOBAHHS CKJIQTHUX CHCTEM.
besnepepBHO-IUCKPETHOI CHUCTEMOO 3 TOYkM 30py B.M.I'mymxosa

HA3MBAETHCSA HACTYIIHA MaTeMaTH4yHa MoJelb (hopmyia 2.3):

S={T,P,e,E,K,F} (2.3)

ne T = {ti}, ti € R — nuckpeTHa Mojemb yacy;

P — MHOXMHA KJIaCIB MPOILIECIB;

€ — MHOXKMHA KJIaciB MOJiH (MPUYUH 3MIHU MOBEAIHKU CUCTEMH);

E — MHOXMHA anropuTMIB KJaciB MOAIN (MIATOTOBUMX JUCKPETHUX AN MpH
nepexoi 10 HOBO1 MOBEIIHKU CUCTEMH).

Jlo eneMeHTapHUX [iIM BIAHOCATHCS 3alyCK 1 3YNMHUHKA MOPOJKEHHS 1
3HMINCHHS TPOIECiB, 3MiHA 3HAa4Y€Hb 3MIHHHUX IMPOIECY 1 3amuc B KajeHaap
IJIaHyBaHHS MO/ MO3HAYKH MPO MalOyTHIO MOIII0

K= {<tj, e > L} — xaiengap 1uraHyBaHHs MOIii, B KU 3alKCYIOThCS
MO3HAYKUA TPO MOJIi OKPEeMHMH 00'€KTaMHU 1 3a JOMOMOTOI0 SKOTO OIMHUCYEThCS
nuHaMika cucteMu. [lnmanyBaHHS MOJii Ha yBa3l sIBHE 3aBAaHHS MOMEHTY MOTO
HacTaHHs a0o 3aBjaHHs ymMoBH L Horo HacTaHHs 4epe3 mpeaukar (IiaHyBaHHS
1o/I1i 32 YMOBOIO).

F — cnucok piBHSIHB, 110 XapaKTePU3YIOTh JIOKAJIbHI MOBEIIHKH MPOIIECIB Y
THMYACOBHUX 1IHTEPBaIaxX MK IO IISIMHU.

CtpykTypa mpouecy 1 MOro TIOBEAIHKAa OIUCYETHCS  HACTYIHOIO

MaTeMaTUYHOI0 MojesLTio (hopmyia 2.4):

P={X,Y, Vs, V4, B}, (2.4)
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ne X, Y — KaHaJIi BXOJly 1 BUXO/AY BIATOBITHO;

V'S — MHOXXMHA CTaTUYHUX 3MIHHUX IPOIIECY, K1 33JIal0ThCA allreOpaidHuMU
BUpa3aMu 1 MOXYTb 3MIHIOBATUCS TUTbKH MTPH BUKOHAHHI aJITOPUTMIB MOJIN;

V4 — MHOXHHA «3MIHHUX-QYHKIII» — TMHAMIYHUX 3MIHHHUX, 5K 33J1al0ThCS
nudepeHiiaTbHUIMI PIBHAHHAMHU 3 MHOXKHHH F.

[Tim MomemoBaHHSAM MOBEIIHKH O€3MEePEPBHO-IUCKPETHOI CHCTEMH 3 TOUYKH
30py B.M.I'nmymikoBa po3yMieTbcsi moOya0Ba HAOOPY IMOCITOBHOCTEH MOMAIH, SIKI
MPUXOAATh JO 3MiHM ii MOBEIIHKH, 3apaxOBYIOYH IO TOJIi 1 CTaH MOYaTKOBOI
1Himamizamii cucremu. [loBeaiHKa CHCTEMH B IIJIOMY MOJIEIIOETHCS 32 JIOTIOMOT'OFO
CHelIaJIbBHOrO TIporecy (MOHITOpA), SIKUM 3MIHIOE CHCTEMHE MOJICNIbHE dac,
BUOMpAIOYM HACTYNHHU MOMEHT 4acy 3 KajJeHAaps 3alIaHOBAHMX MOJIIA abo
BIJIMOBIHO JI0 aHAJII3y Yacy HAaCTaHHS IMOJli, sIKe TUIaHY€EThCs 3a YMOBORO. IIpoiiec
MOJICITIOBAHHS 3aBEPIIYETHCS 32 YMOBH CITYCTOIICHHS KaJCHAAPS 3alUTaHOBAHMX
IO T1H.

Atopu A.Ilnyem, /[.Xapen, siki € 3aCHOBHHKaMH TaK 3BaHOT'O «Cy4acCHOTO
MiIXOMy» 0 MOJEIIOBaHHS Oe3MepepBHO-TUCKPETHUX CHCTEM, SIK MaTeMaTHYHA
MOJIEJIb TTPOTIOHYIOTh BUKOPUCTAHHS T10puaHOro aproMara. [Ipu npomy riopuaHuit
aBTOMAT BU3HAYAETHCA SIK HAOIp CTaHIB (BIAMOBIIHUX SIKIMCH IMIJIMHOKEHI CTaHIB
CUCTEMH, 1110 MOJICTIOETHCS) 1 MOJISAMH, 110 MPU3BOJATH 0 3MIHU IOBEIIHKU
(SIKUM BIJTOB1IalOTH IYTH CUCTEMH TEPEXO/IIB).

['iOpuaHa cucTeMa OIUCYETHCS HACTYITHOKO MOACILTIO (hopmyna 2.4):

H={S,X,E,F,o,y,A}, (2.4)

Ie S — KiHIleBa MHOKHHA JIOKALIil;

X — KiHIIeBa MHOKHHA 3MIHHHX

E — xiHIleBa MHOXXHMHA JyT, J€ Jyrol0 € KOPTEXK BUIAY € = < S, a, Pe, MSo),
So>< E, s, S0 € S — BuxijHa 1 1iJIb0BA JIOKAIIIT ISl AYTH €, a € X, e X — ajndasit
MITOK Iepexo/IiB (andasit noxii);

¢ — 0e3miy npeaAuKaTiB Hajl X, 110 OMUCYIOTh YMOBH Nepexoay o ayram E;
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A — 0€e3J114 ITOYaTKOBHMX 3HAUYEeHb 3MIHHUX O0e3iiul X I KO>KHOI JIOKalIil;

F — omeparop, 1110 3a/1a€ TUIT MOBEIIHKHA BCEPEAMHI KOYKHOI JIOKAIIIT;

Y — 6e3miu mpenukariB Haj X, IO OMUCYIOTh 00JIaCTh 3HaYEHb 3MIHHUX X B
JoKamisax s € S (iHBapiaHT B S).

[Ipu npoMy miJ CTaHOM T1IOPUAHOT CHCTEMH PO3YMIETHCS BEKTOpP 3HAYCHD
3MIHHUX X € X, 70 SKOTO JOJIA€ThCS JIOKAIlIS S € S, 10 sIKOT HAJCKHUTH 1€l BEKTOP

(TobT0 st kol @s(X) € icTmHOI0). TakuM 4YHMHOM, CTaH TIOPHIHOI CHCTEMH

BU3HAYAETHCS MApor0 < s, X >, TAe s € S, X € X,

MaremMaTH4HOI0 MOJACIUIIO, KA 3aJ1a€ (DYHKI[IOHYBAaHHS T1OPUIHOT CUCTEMH,

€ HaBeJIeHa cucTeMa nepexoiB (dhopmyna 1.6):

2:{T5Q5Q01QF1TR}! (26)

ae T = {ti} — ymopsimouena TuM4acoBa MOCTiAOBHICTD;

Q — mpocrtip craniB, mo Bkiaoyae Q0, QF — MHOXHHY MOYaTKOBHX 1
KIHIIEBUX CTaHIB, II[0 BUBHAYAIOTHCS CHEIIaAIbHUMU TIPeANKaTaMu HaJl X;

TR — MHOXXHMHA MPaBUJI MEPEXOIB MK CTaHAMH, B SKIM MOXHA BUIIIUTH
nepexoau JBOX THUIIIB: MepexiJ (3MiHA CTaHy) MpU (PIKCOBAHOMY 4acy (BIJIMOBIIAE
akTuBizamii mporeciB moxaent B.M.I'mymkoBa) Ta THMuacoBoi mepexin (3miHa
MOJICIBHOTO 4Yacy BCEpeAMHI JIOKalii 3 BIAMOBIIHOI 3MIHOI 3aJICKHHUX
0e3nepepBHUX 3MIHHUX ).

Ax mokazano B poOoti [3], Bci HaBeaeHI BHINE MOCHI Oe3mepepBHO-
JTUCKPETHUX CHUCTEM MOXKYyTh OYTH TpUBEICHI OJWMH JO OJHOTro. B cuy
TPOMI3IKOCTI JIaH1 JOKA3H B TEKCTI JaHOI pOOOTH HE HABOJATHCS.

[IpoBenenuili aHami3 METONIB MOJEIIOBAHHSA, $KI BHKOPHUCTOBYIOTHCA B
cyuacHux nporpamuux komiiekcax (TESS, Model Vision for Windows, Statemate
MAGNUM, i-Logic Rhapsody, HyTech), noka3ye, mo Ha chOrojHi icHye nBa
OCHOBHUX MIJXO0JIU JI0 AOCIIKEHHS 0€3MepEePBHO-TUCKPETHUX CUCTEM:

- YABJICHHS TOBEIIHKHA CHUCTEMH TOCJIJIOBHICTIO KJIACMYHUX JIUHAMIYHUX

CHCTEM;



28

- chpolleHHs Oe3nepepBHOi YacTuHU (a0o 3aMiHa i1 mapamMeTpU4eCKUMU
OIlIHKaMHU) 1 BUKOPHUCTAHHS METOJIIB MOJCIIOBAHHS Ta aHai3y JIUCKPETHUX
IIPOLIECIB.

Takum 4MHOM, Ha CHOTOJHI HE ICHY€ MIAXO0ay J0 MOJICTIOBaHHS Ta aHAJi3y
0e3nepepBHO-IUCKPETHUX CHCTEM, B SIKOMY O PIBHONPABHO CIIBICHYBAaJId METOIH
JOCTIPKEHHsI JUCKpEeTHOT 1 Oe3mepepBHOI KOMIIOHEHTU. I[CHyioui cucteMu
MOJICTTIOBAHHSI Pealli3yIoTh JIUIIIe OOMEKEHE PO3IIUpPEHHs 0a30BUX Oe3NepepBHUX

a00 JUCKPETHUX MOJIENCH 1 METO/IIB.

2.3 Bulip MOBH OIuCy anapaTHUX 3ac001B

Mosa VHDL, po3po06iena 3a inimiatuBoio miHicrepctBa oboponu CIIIA 1
CTaHAApTU30BaHUil [HCTUTYT 1HXXEHEPIB 3 eneKTpoTexHIKK Ta enekTpoHiku (IEEE)
B 1987 poui [10], cmoyaTky MICTUB 3aCO0M ONUCY Ta MOJEIIOBAHHS JAMCKPETHO-
nonaieBux cucreM. [Ipu npomy B pepakuiax 1987 1 1993 poky MokHa BiA3HAYUTH
CYTTEBI 3MIHM IIOJI0 BJIOCKOHAJICHHSI Ta TPHUBEICHHS 1O €IUHOTO CTUJIIO BCIX
CUHTAKCUYHUX €JICMCHTIB, BBEJACHHS I11JI01 HU3KHM HOBUX KOHIICIIIIH, PO3IINPEHHS
JIOCTYITHOTO TMEpeNiKy BHU3HAYEHUX aTpUOYTIB THUIMIB JaHUX, CUTHAIIB 1 1HIIUX
CTPYKTYpHHUX 00'eKTiB. Takox HEOOX1HO BiA3HAYUTH, 1110 MoBa VHDL Bosoie sik
BOYJIOBAaHUM THUIIOM JIaHMX real, Mpru3HaYeHOTOo IS BiOOpaKeHHS Oe31epepBHOTO
0e314i TIMCHUX 3HAYEHb Ha JUCKPETHE Oe31114 unced, sIKl MpeACcTaBieH] B Gopmari
MJIaBAIOYOI0 TOYKH, TAaK 1 IEBHUMHM OI€paTOpaMu JIJIsi pOOOTH 3 IIUM THIIOM JIaHUX.
VY ToOli xe yac omeparlii 3 peYOBUMHU JaHWMH TPU CHHTE31 HE MiIATPUMYIOTHCS
B1IMOBIAHO 10 BUMor ctanaapty Ha [EEE 1076.6.

Bci omeparopu moBu VHDL mominstoTbes Ha ABI Tpynu: mapaieibHi 1
IMOCJI1IOBHI.

[Topsimok BUKOHAHHS TMapajeIbHUX OTEPAaTOPIB HE 3aJICKUTH BiJl MOPSIIKY
pO3TalIlyBaHHs iX y TEKCTI MpOrpamMu 1 BHU3HAYAETHCS MOMEHTAMH 4acy 3MIHU
BHYTpIIIHIX YW 30BHIMIHIX cHUrHaiiB (moptiB). Jlo mapanenbHUX oOmnepaTopiB

BITHOCSTBCH:
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- Oomeparop MPU3HAYEHHS CUTHATY 3 MOXJIMBOCTAMHM OIUCY 4YacOBUX
napameTpiB MpU3HAYCHHS;

- omeparop  mporecy  (BUKOPHUCTOBYEThCS  JUIsl ~ BHCOKOPIBHEBHX
MOBE/IIHKOBO-AJITOPUTMIUYHUX OIHUCIB);

- ormepaTop KOHKpEeTH3allii KOMIIOHEHTa (BUKOPUCTOBYETHCS AJIsl TOOYI0BH
lEpapXiYHUX OMHKCIB, IO BKJIIOYAIOTh FOTOBI MOJYJMI SK OKpEMI CKJIAJO0B1 OLIbIII
CKJIQJHOTO TPOEKTY);

- omeparop OOKy (BUKOPHUCTOBYETBCS JJII  BHJAUICHHS  OKPEMHX
(YKHIIOHATBHOTO-CTPYKTYPHHUX YAaCTUH MPOEKTY 3 MOMJIMUBOCTSIMU OTOJIOIIEHHS
JIOKaJIbHUX 00'€KTIB);

- OIlepaTopH OMHUCY PEryJISPHUX MOBTOPIOBaHUX CTPYKTYp (for generate / if
generate);

- OIepaTopy BUKIUKY Hianporpam (QpyHKIiH abo mpouenyp);

- OIepaTopH BUBEJEHHS HAJaroHKyBaJIbHUX MOBIJOMIIEHD assert / report.

[TocnioBHI ~ omepaTopyd  HOBTOPIOIOTH ~ MHOXXHMHY  QITOPUTMIYHHMX
KOHCTPYKIIM OUIBIIOCTI MOB MPOTrpaMyBaHHS 1 BHUKOPUCTOBYIOTHCS BCEpEIUHI
mpoiieciB 1 mianporpam. Jlo Mocii0BHUM onepaTopaM MO>KHA BITHECTH:

- Oleparop NPUCBOIOBAHHS 3MIHHOI;

- omepaTop MPU3HAYEHHS CUTHAIY;

- OIlepaToOpPH PO3TAIYKEHbB 1 IIUKJIIB;

- OomepaTopu BUKIUKY mignporpam (QpyHKIii abo mpouenyp);

- OmepaTopy BHBEJCHHS HAJAaroJpKyBaJbHUX MOBIOMIICHB assert / report;

- oIepaTop MacCUBM3AIMH Mpoliecy wait.

binpmricte  cucteM  MOJENIOBaHHS ~Ta  aBTOMATH30BAHOTO  CHHTE3Y
HIATPUMYIOTH TUTbKH cTanaapty 1987 1 1993 pokis.

VY 1999 poui crangapt moBu VHDL OyB 1CTOTHO pO3LIMPEHUN 32 pPaXyHOK
npuitaatts miamaoxuan IEEE 1076.1 - VHDL AMS (Analog and Mixed
Systyems), mpu3HAUYEHOTO JIsi MOJEIIOBAHHS AHAJIOTOBHX 1 3MiMIaHuX IUdpo-

AaHaJIOT'OBHUX CHCTECM.
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JUist  AOCATHEHHsS 3aJaHuX 3aBJaHb BBEICHUHM psi  JIONOBHEHb, IO
JO3BOJISIIOTh BUKOPUCTOBYBATHU VHDL-AMS IS 0araToacnekTHOTO
MOJEMIOBaHHs  Oe3mepepBHUX  mporeciB.  Konmeniiss ~ 6araToacrekTHOTO
MOJICJIIOBAaHHS 3aCHOBAaHA HA QHAJIOTISAX KOMIIOHEHTHHUX 1 TOIOJIOTIYHHUX PIBHSHB,
IO CKJIAJAI0Th MAaTeMaTU4HI Mojiesi 00'eKTiB B 6araThoX MPEAMETHUX 00JacTsIX
Ha MakpopiBHi. [lpu w1poMy mig MakpopiBHEM MOJIETIOBAHHS PO3YMIETHCS
CYKYNHICTh MOJENEeH 3 30CEpePKCHUMH mapameTpaMu (TOOTO OIMUCYIOTHCS
CUCTEeMaMH 3BUYAWHUX JU(EpEHIIaIbHUX PIBHSIHb) 1 METOJMIB iX BHUPIIICHHS.
3ane)XHUMH 3MIHHUMH B IIMX MOJEIAX € ()a30Bl 3MiHHI, SIKI MOXYTh OyTH JBOX
THIIIB - 3SMIHHUMU TUITY MOTEHI1a]y a00 3MIHHUMH TUITY TTOTOKY.

Y VHDL-AMS nepiui 3 HUX Ha3UBAIOTHCS 3MIHHUMHM across quantity, Apyri
— through quantity. KoMmoHeHTHI piBHSHHSI BHPa)KalOTh 3B'S3KH MIXK across 1
through 3MiHHUMH B OKpeMHX €JIeMEHTaX MOJIeJIbOBaHUX OO'€KTIB, a TOIMOJOTIYHI
PIBHSHHS - MIXK OJJHOTUITHUMH (p)a30BUMH 3MIHHMMHM P13HUX eleMeHTiB. Tak, B pasi
CJIEKTPUYHUX CHUCTEM TMPUKIAJaMU KOMIIOHEHTHUX pIBHSHb MOXYTh OyTH

piBHSHHS 3aKkOoHY OMa, a TOMOJIOTTYHMX - pIBHSAHHSA 3aK0oHIB Kipxroda.
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3 METOJl CTBOPEHHS APXITEKTYPHUX CITELIU®IKAIIIN

Ha croroguimHiii aeHp crnernudikaiis MPOEKTy 3a3BUYall CKIATAEThCS 3
0e3iul TOKyMEHTIB, SIKi CHEHH(IKYIOTh OKpeMi acleKTh poOOTH MPOEKTOBAaHOI
cuctemu. L{i TOKyMEHTH CTBOPIOIOTHCS 3 BUKOPUCTAHHSIM Pi3HUX MOB 1 (hopmaris
ONKCY TIOBEJIHKA 1 XapakTepUCTUK CHUCTEMH, TaKHUX SIK TEKCTOBI OIHUCH
IPUPOTHBOI0 MOBOIO, IO MIAPO3AUIAIOTHCS HA HECTPYKTYPOBaHI 1 CTPYKTYpOBaHi,
pI3HI AlarpaMu MOCIAOBHOCTI Omepallii, TaOyuill, pUCYHKH, a TaKOX (opMalibHI

MOBH.

3.1 Bumorwu no dopmary ¢aiinis

PosrinsiHemMo Bcro 0e3niy (opMaTriB JTaHUX, 10 BUKOPUCTOBYIOTHCS IPH
MPOEKTYBaHHI apXITEKTypH OOUYUCITIOBAIILHUX cucTeM. Ha choropHimHii J1eHb
cnenu@ikamis MPoeKTy 3a3BUYAl CKJIalaeThes 3 0€3iul TOKYMEHTIB, crienudikye
OKpeMi acleKTHu poOOTH MPOEKTOBaHOI cucTeMu. Lli TOKyMEHTH CTBOPIOIOTHCS 3
BUKOPUCTAHHSAM pI3HUX MOB 1 (OpMaTiB ONUCY MOBEIIHKH 1 XapaKTEPHUCTHUK
CUCTEMHU, TaKUX SIK TEKCTOBI OMUCH MPUPOJHOK MOBOIO, IO MIAPO3AUIAIOTHCS Ha
HECTPYKTYpPOBaHI 1 CTPYKTypOBaHi, pI3HI JdiarpamMu TOCIIJOBHOCTI OIeparliu,
Ta0JIMII, MATIOHKY, a TakoX (opmasibHi MOBH. [Ipy IbOMy B mpolieci CTBOPEHHS
cnenudikaiii omucy JeSKUX XapaKTePUCTHUK CHUCTEMH TIPOXOJSTh TEBHY
MOCIIIOBHICTh Tpancopmariii [19]. Hanpukmnan, moyaTkoBi BUMOTH Oyiu
oOopMIICH] Y BUTJISAII TEKCTYy Ha MPUPOJHIA MOBI, MMOTIM Ha OCHOBI ITOTO TEKCTY
Oynmu ckiazeHi TaOiuIll, 3a JOMOMOTOI0 SKHUX Ha OCTAHHIX eTarax CTBOPCHHS
cnenudikarlii OyB HamMCaHUM KOJI HA OJIHIM 3 MOB MporpamyBaHHs. JJig aHamizy
BUOEpeMO HacTynmHUM HaO1p GpopMaTiB:

- TEKCTH Ha MPUPOJHIA MOBI. TeKCTH Ha TPHUPOAHINA MOBI € MPUKIAIOM
HaliMeHII (popMalli30BaHUX OMHCIB CUCTEMH Ta, BIAMOBIAHO, MAIOTh BC1 HEJOIKH,

NOB'SI3aHI 3 HETOYHICTIO, JIBO3HAYHICTIO 1 MOJKIIMBICTIO PI3HMX TpPAaKTYBaHb.
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He3Baxatouu Ha BCi 111 HEJOIIKU, TEKCTU Ha MPUPOJHUX MOBAX HA PaHHIX eTamax
poliecy MPOEKTYBaHHS 3a3BUYail CKJIAJIal0Th OCHOBHY Macy JaHUX MPO CHUCTEMI.
€ KiTbKa MPUYHUH TaKOTO IMIUPOKOTO MOIIMUPEHHS TEKCTIB HAa IPUPOTHOIO MOBOIO B
BHCOKOPIBHEBHUX CHEIU(IKaIisgX: MPOCTOTa CTBOPEHHS, BIJICYTHICTh CEMaHTHYHHUX
0OMeKeHb, IO JO03BOJSIOTH OMHUCYBAaTH 3 IX JOMOMOTOIO JIMIIE OKPEMi acleKTH
CHUCTEMH, a TaKOX BIJICYTHICTh HEOOX1THOCTI CEPHO3HOI MIATOTOBKH (HaxiBIIiB, IO
CTBOPIOIOTH JOKYMEHTAIIil0, TIOB'SA3aHy 3 OCBOEHHSM HEOOXITHUX 1HCTPYMEHTIB 1
MOB. [CTOTHIM HEIOMIKOM TEKCTIB Ha MPUPOAHIN MOBI € CKIIaJHICTh, a B OaraTbox
BUIAJIKAX 1 HEMOXJIMBICTH aBTOMATHYHOI TpaHcopmaiii iX B 1HII, OUIBII
dbopmamizoBani ¢opmu crenudikaiii, a TaKoX HEMOXJIUBICTh IEpPEBIPKU
KOPEKTHOCTI TaKMX TEKCTIB. cHucTeMi. € KiIbKa NPUYUH TaKOro IIHPOKOTO
MOIIUPEHHS TEKCTIB Ha MPUPOJHOI0O MOBOIO B BHCOKOPIBHEBHX CHEIU(IKAIIAX:
MPOCTOTa CTBOPEHHSI, BIJACYTHICTh CEMAaHTHYHUX OOMEXEHb, IO JO3BOJISIOTH
OMKCYBATH 3 1X JOIMOMOTIOIO JIMIIIE OKPEMI ACTIEKTH CHUCTEMHM, a TAKOXK BIJCYTHICTb
HEOOXITHOCTI CEepHO3HOT MIATOTOBKU (haxXiBIliB, IO CTBOPIOIOTH JOKYMEHTAIIIIO,
NOB'A3aHY 3 OCBOEHHSM HEOOXIAHMX IHCTPYMEHTIB 1 MOB. ICTOTHUM HEIOIIKOM
TEKCTIB Ha MPUPOIHIN MOBI € CKJIaIHICTh, @ B 0ararb0X BHUIIaJIKaX 1 HEMOXKIIUBICTh
aBTOMATUYHOI TpaHcdopmalii iX B 1HWI, OB (opmanizoBani (popmu
cnenu@ikaii, a Tak0>X HEMOXKJIMBICTh MEPEBIPKH KOPEKTHOCTI TAKUX TEKCTIB.

- Mozen Ha (opmanbHuX MoBax. PopmalibHI MOBHM HAJAIOTh MOXJIUBICTH
HaWOUIBII TOYHOTO, IMO30aBJIECHOTO MPOOJIEeM JIBO3HAYHOCTI OMHUCY CHCTEMHU.
3a3Buuail onucy Ha (OpMalbHI MOBI € CTPOTO OMHMCAaHI MPUBATHI MOJEINI, IO
BiJIOOpa)KaloTh TMEBHI ACMEKTH TOBEIIHKH MaWOyTHBOI cucTeMu. Taki Mojemi
3py4Hl TUM, L0 iX Bepudikaiis Moxe OyTH NpOBEIEeHAa aBTOMATUYHO, IO €
CEpHO3HOI0 IIepeBaror0 B pa3i, KOJW CKJIATHICTh CHCTEMH JOCHUTH BeJIHKa.
He3Baxatoun Ha nepeBaru crieuvikaiiii TOBEAIHKMA 1 XapaKTEPUCTUK CUCTEMH 3
BUKOPUCTAHHAM (OPMAJIbHUX MOB, SK TIPaBWIJIO, JIMIIE HEBEIMKA 4YacTHHA
cnenudikaliii omrcana 3 iX J0moMoror. Lle mosCHIOEThCS BUCOKOIO CKJIAIHICTIO
OCBOEHHS ITUX MOB 1 CTBOPEHHS 3 iX JIOMOMOTOK MOJIENeN CUCTEeMH, iX MOraHui

YUTAOCNBHICTIO, IO MPU3BOIUTH J0 HEMOXKJIMBOCTI IIBHIKOTO OOMIHY JaHUMU
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PO MalOyTHIO CUCTEMY MIX 3allIKaBJICHUMHU CTOPOHAMH, a TAKOK CEMaHTUYHUMHU
O0OMEKEHHSAMHM, 3HAYHO 3BYKYIOTh c(hepy 3acTocyBaHHsS (POPMATLHUX MOB.

- JlarpamMy € OJIHI€I0 3 HaWMONIMPEHIMUX 1 3pYy4YHUX (OPM CTBOPEHHS
cnerudikamii OC. 3 iX JAOMOMOToI0 MOXKHA OMMCATH 1 CTPYKTYpY MarOyTHBOT
cuctemy, 1 ii moBeninka. Hail0iapin mommpeHuM Bi3yallbHOIO MOBOIO CTBOPECHHS
niarpam B cepi po3podku crierudikarniii € YMJI (Unified Modelling Language)
[17], w0 cTaB MpakTUYHO CTAHJAPTOM JJI HAIMCAHHS crielu(ikaiiil mporpaMHux
CHCTEM.

3 merow ctBopeHHs crenudikaniii OC BUKOPUCTOBYETHCS KUIbKA THUIIIB
JiarpaMm: CTPYKTYpH1 JiarpamMul i omucy OyJOBHM CHUCTEMH, a TaKOX Pi3HI
JiarpaMu JIsUTbHOCTI Ta B3a€MOJI1 JJIsl ONUCY ii moBeAiHKY HailOuibil mommpeHum
MOBOIO CTBOpeHHsI cTpykTypHux niarpam € UML. Taki miarpamu mokasyrooTh Ha
BUCOKOMY piBHI aOCTpakilii CKJIaay CHUCTEMH 1 3B'A3Ky MK BXIJHUMH B HEl
omoxamu. Ha pucynky 3.1 npeacrasienuit npukiaag UML-miarpaMu KOMIIOHEHTIB,
sKa OIIUCY€ CTPYKTYpY NMPOCTUN MIPOrPaMHOI CUCTEMH €JIEKTPOHHOI kKomepii [20].

JiarpamMu AISUIBHOCTI CIY’KaTh JJI BI3yaJIbHOTO BIJOOpa)XKEHHSI CTPYKTYpPH
JITOPUTMIB  TOBEAIHKM MOJEJIbOBAaHOI cHUCTeMU. BoOHHM SBIAIOTH CO0OMO
MOKPOKOBUH OMHUC I1i (3MIH CTaHy CUCTEMH) 3 MIATPUMKOIO YMOBHHMX NEPEXOIB,
1Teparliil 1 napaneabHOr0 BUKOHAHHS.

Ha pucynky 3.3 npencraBnenuit npuxman UML-giarpamu  aisimbHOCTI,
OIKCY€E aNTOPUTM MPOXOKEHHSI CUTHAIY 10 HACTYITHOTO OJIOKY, IO mepeadayae
orpumanHs Bianoiai Big N 3 onmutanux M 6mokiB [21].

Ichye IHIIUA CXO0KUU Ha UML-ngiarpamu ISUTBHOCTI
BisyasbHa MoBa onmcy anroputmiB - BPMN (Bycinecc Process Model anp
Notation). OcunoBuuM 3aBmanHsM HoTtauii BPMN e rpadiunuii ommc 0i3Hec-
MPOLIECIB, JIETKUI B CTBOPEHHI 1 pO3YMIHHI PI3HUMU 3a1[1KaBIEHUMU CTOPOHAMHU. Y
npoirieci aHanmizy Mu ob'enqHaemo giarpamu gisuibHOcTi UML 1 HOoTamii BPMN B
OJIHY TpyIy.

Hiarpamu B3aemoii. Jliarpamu B3aeMo/li MOKa3yrOTh JJis HA00py OO0'€KTIiB

X JKUTTEBUH UK HA OC1 yacy (CTBOPEHHS, BAKOPUCTAHHS, 3HUILIEHHS ), a TAKOXK 1X
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B3aEMOJIIF0 3  BUKOPUCTaHHSAM  TOBigoMJIeHb. (OCHOBHUMH  CKJIQJJOBUMHU
eJIEMEHTaMHM IUX JiiarpaM € o0'€KTH, iX JIIHI1 )KUTTS, €JIEMEHTH, 110 Bi0OpakatoTh

¢byHKI1, 110 X 00'€KTaMU, a TAKOXK CIIOIYYCHHS MK 00'€KTaMHu.

Apache g e a
Struts University DB
<<framework>> <<datastore>>
[ IXML g]
O Customer JDBC
ICustomer <<requires>>"
= ———>0— q [
| |
| Persistence
Online @ : IXML i] IPersistence | <<infrastructure>>
Ordering === — — i O— Order — O
<<application>> | IOrder L
| (S <<component>>
' o
g] "Ip— .'_x h.f>0,_L IEncryption
| Shipping | ) O ] @
<<application>> | Delivery :\N‘urlq
| IDelivery IAccessControl | <<infrastructure>>
— = = = 30— <<component>>

Pucynox 3.1 — Ilpuxmag UML-giarpaMu KOMITOHEHTIB

)

fende  ° fsende 1 **®

Pucynok 3.2 — Ilpuknag UML-aiarpamMu KOMIOHEHTIB JIsUIBHOCTI

Kpim UML, omHuM BiOMHM Bi3yaJIbHOIO MOBOIO, TaK CaMO OITUCYE
B3a€EMO/Iit0 O0'€KTIB B CHUCTEMI, € JiarpaMu MociigoBHOCTI noBigomieHb (MSC,
Message Sequence Charts). Ha pucynky 3.3 mpeacTaBicHHI MPOCTHHA MPHKIAL
JiarpaMu TMOCIII0OBHOCTI moBigomiieHsb [23]. ¥V mporeci aHanizy Mu 00'€THaEMO

niarpamu B3aemoii UML 1 miarpamu mociiiIoBHOCTI MOBIOMJIEHb B OJHY TpyMy:
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P1 p2 P3 P4
Id
Id
Req
i Check
Ackl B
Inf
Interr F
Disconn N
Disconn |

Pucynox 3.3 — Ilpuxnan aiarpamMu OCiaiIOBHOCTI MOBITOMJICHb

- Tabnuui. Hapemri, 0CTaHHBOIO 3 PO3IMIAHYTUX HAMU I'PYIl MOB pO3pOOKH
cnernudikaiiii € Tadbmuii. Bouu 3a3Budail cimyaTh IS 1€TaTbHOTO OMUCY TTEBHUX
JIAHUX TPO CTPYKTYpPY cucTeMu. TaOauyH1 JaHi GopMai3yroThCsl 1 MOXKYTh OyTH
HiJAaHl aHaji3y Ta Baslijialii, KO 3aJlaHa CTPYKTypa KOKHOI TabuIll 1 11 3B'A30K
3 1HIIMMH JaHUMH, [0 MICTATheS B crenudikamii. OTke, BHOIP BIIMOBIIHUX

dbopmartiB OyJie MPOBOAUTHUCS 3 TAKUX:

TEKCT Ha IIPUPOJIHIA MOBI;

dbopmabHI MOBH,

CTPYKTYpHI Jiarpamu;

niarpamu aismibHOCTI (UML-miarpamu pisuibHOCTI 1 HOTaIii BPMN);
nmiarpamu  B3aemoxii  (UML-mgiarpamMu  moCHiOBHOCTI,  KOMYHIKaIlii,
TAMYACOBl JiarpaMu 1 OIJIAJIOBI JiarpaMyd B3a€MOJii, a TaKOX JlarpaMu

MOCJIJOBHOCTI TTOBIJIOMJIEHB);
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3.2 PesynbTaTu ananizy gopmarin

binpimicts  po3rasHyTHX (OpMATIB HIMPOKO BUKOPHCTOBYIOTHCS TPHU
CTBOpEHHI crenudikaiii oOYUCIIOBAIPHUX CHCTEM, 32 BHUHATKOM (OpMaIbHUX
MoB. OfHaK, iICHYIOTh MiJXOJU O CTBOPEHHS crenu@ikaiii i 3 BUKOPUCTAHHSIM
dbopMaTbHUX MOB.

CknagHICTh CTBOPEHHS crenudikamiii mnpsaMo IMPOoMopliiiHa CTYIEHIO
dbopmarizarii BUKOPUCTOBYBAHOI MOBH. 3 Ii€i NPUYMHU HEOOXITHO TNIyKaTH
KOMIIpOMIC MDK fKICTIO crernudikailii, Oe3nocepeiHbo 3ajiekarh Bl i
dbopmaiizanii, 1 CKIQAHICTIO ii CTBOPEHHS.

Mo>xiMBOCTI BepH(ikalii BIICYTHI TUIbKH y cnenu@ikanii, HalluCaHuX Ha
MPUPOTHUX MOBAX, I1I0 1 € OJIHIEIO 3 MPOOJIEeM, IO BUPINIYIOTHCA B JIaHiid poOOTI.
Bei iHmn ¢opmatd AaHMX TIATPUMYIOTh MOXJIMBICTH NEPEBIPKA KOPEKTHOCTI
naHux. Y pasl Tabauub, OJHAK, MOBHOI[IHHA Bepu(IiKallisi BUMAarae CTBOPEHHS
Ta0JHIIb 110 3a37aJIET1Ih 3aJaHUM T1a0JIOHOM.

MO>XJIMBOCTI TpaHCHAUIi Ha (OpMalibHI MOBM TaKOX BIJICYTHI TUIBKH Y
cnerugikaiii Ha TPUPOJAHUX MOBaX. Y pa3i TaOIUIlh JJIs TAaKOi TPAHCIALIT TaKOXK
HEOOX1THO 3a3/1aJIeTib 3HATH CTPYKTYPY TaOIHII].

JUist onucy CTPYKTYpHUX acrekTiB apxiTektypu CHK miaxoAsTs MpUpojiHi

MOBH, (hOpMaJIbHI MOBH Ta B MEHIIIII Mipl CTPYKTYpPHI1 JAlarpaMu.

3.3 MeTo1 cTBOpPEHHS Ta BUKOPUCTAHHS apXITEKTYpHUX crienudikaiiif

Po3pobka MeToAiB CTBOpEeHHS crienudikaliiidi cucTeM Ha KpucTtaii 1 poOboTH 3
HUMHU 0a3ye€ThCsl BUMOTaX J0 IIUX METO/IIB, 110 BKIFOUYAIOTh: — IMIIBUIICHHS SKOCTI
CTBOPIOBAaHUX crenudikaiiif, 1Mo HE BUMAarae iCTOTHUX JIOJATKOBUX 3YCHJIb
apXITEKTOPIB CUCTEMHU:

- TPUCKOPEHHS MPOIeCy NEPEBUKOPUCTAHHS crieTrdiKaIliii;

- aBTOMAaTu3allis IpoLecy TpaHCIALli cnenudikaiiil B GopMalibHI MOJEI.

bepyun n0 yBaru HEAOJIKM, YACTO MNpPUTAMaHHI AapXITEKTYpHUM
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crienudikarisam (HEemoBHOTA, HETOYHICTD, JIBO3HAYHICTb, a TaKOX
(GbparMeHTOBaHICTh), MOKHA BIJI3HAYUTH HACTYIHUM HAOIp METOJIB, HEOOXIIHMI
JUTSL BAKOHAHHS TIEPIOi MOCTaBICHOT 3aaui:

- BOHAa MOBHMHHA BKJIIOYATH B ce0€ aBTOMATUYHY MEPEBIPKY KOPEKTHOCTI
CTBOpeHHX crenudikaiiif, BHUpIIIaTbHy MNPOOJEMH HEMOBHOTH, HETOYHOCTI 1
JIBO3HAYHOCTI,

- BOHa I[IOBMHHA JIO3BOJIATU CTBOPIOBAaTH 3B'SI3KYy MK (parmeHTamu
cnenudikaii, 1Mo Bupilrye MOpodieMy (HparMeHTHPOBAHHOCTH crenudikarii.
[lepeBuUKOpUCTaHHS ICHYIOUMX cHerudikamii 3HA4YHO MPHUCKOPIOE PO3POOKY
apXITEKTypu CUCTEMH, a TaKOX JO3BOJISI€E YHUKHYTH MOMMJIOK IPH CTBOPEHHI
cnenudikarii.

Tax sk wacto s HOBUX MpoekTiB, ocoonuBo anss CHK, 3HauHa yactuHa
cnenu@ikamli CTBOPIOETHCS NMUIAXOM MEPEBUKOPUCTAHHS crieu(IKaii KOIHUIIHIX
MPOEKTIB, BaXJIWUBOI YACTHHOIO HOBOIO HA0Opy METOMIB sl poOOTH 3
apXITEeKTYpHUMHU crHenu@ikaiisMi € TpaHCHsmis crenudikamii 3 HalOLIbII
nomupeHux QopmariB gaHux B oOpaHi ¢opmaru. Hapemri aBToMaruzamis
mpoliecy TpaHcisamii  cnernudikamii B GopmanbHI MOjeni TOBUMHHA OyTH
peanizoBaHa Ha OCTAaHHBOMY Kpolll poOoTH 31 crenudikaiisMi, KOJIU BOHU BXKE
MalTh 3aKiH4eHy (GopMy 1 JOCUTH JeTanizoBaHl. CHUparOyuch Ha MPOLEC
MPOCKTYBaHHS CHUCTEM Ha KpPHUCTall B IJIOMY, HEBaXXKO YSIBUTH, K Oyjne
BUTJISIAATH MPOIEC CTBOPEHHS crieln(ikaiiiii 1 poOOTH 3 HUMH.

[Ticnst miArOTOBYMX KPOKIB, HA IKUX BU3HAYAETHCA CTPYKTypa crienudikaiiii,
CTBOPIOIOTHCS Pi3HIi i (pparMeHTH HA OCHOBI PO3POOJICHUX MOJENeH JaHuxX abo 3
HyJs, a00 3 BUKOPUCTAaHHSM JaHUX 3 ICHYIOUMX cheuu@ikamii 3 MHUHYJIHX
IpoeKkTiB. B OCTaHHbOMY BHIIAJKy 3aCTOCOBYETbCA (DYHKIIOHAJT MO TPAHCIALIT
JaHuUX 3 ICcHyrouux creuudikamii B po3poOneHi wmojeni gaHux. I[loTim
3aCTOCOBYETHCSI MEXaHI3M CTBOPEHHSI 3B'SI3KIB MK (parMeHTamMH CTBOPEHOT
cnieruikaiii i mpoBOJAUTHCS 0a30Ba MepeBipka KOPEKIlli OTpruMaHoi crerudikarii.
[licns uporo crneuudikailis HaOyBae BUIJISAY, TOTOBHM IS TOJAJBIIOTO

BUKOPHUCTAaHHA. 30KpeMa, OJIMH 13 IIJISX1B BUKOPUCTAHHSA crienu@ikaii, ikuii 0ye
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JIeTaJIbHO PO3IJITHYTO B JIaH1M POOOTI - TpaHCIALIS JaHUX 3 Hei B pi3HI (popMalibHi
MOJZIeNII 3 METOI0 MOJANBIIOr0 BUKOPUCTAHHS LMX MoOAeNed s Bepudikarlii
apXITEKTypH 1 Ha HACTYMHUX CTaJlIAX MPOCKTYBaHHS CUCTEMHU Ha KPUCTaI.

Bubip cnocoOy oTpumaHHsl JaHUX 3 Jllarpam 3ajJeXHUTh Bl iX Tumy. Y pasi
CTPYKTYpPHHUX JlilarpaM HalKpaliuMm BHOOPOM OyJie BUKOPHUCTAHHS JJISl BUPIIIICHHS
FOTO 3aBJaHHS AITOPUTMIB poboTH 3 rpadamu. Hampuxman, nns oTpumaHHS
1EPAPXIYHOI CTPYKTYPH JaHUX 3 CTPYKTYPHOI JlarpaMu MOXE€ BUKOPUCTOBYBATUCS
IPOCTHI MOMIYK B IIMPHUHY, MOYATKIBELb POOOTY 3 €JIEMEHTIB JlarpaMu BEPXHBOTO
piBHA. Y pa3l kK JiarpaMm AisUIbHOCTI a0o0 jiarpaM KOMYHIKAIli MOXYTh OyTH
BUKOPHUCTaHI aJITOPUTMH MPUBEIEHHS iX A0 BUy KIHIIEBOI'O aBTOMAaTa, MicCJis YOro
BIJIKpUBAIOTHCA IIMPOKI MOKIIMBOCTI JIJISl 3aCTOCYBaHHS arapaTy Teopii KIHIEBUX

aBTOMATIB.

[MonyaBTOMaTH4Hi
ATOPUTMH TPAHCISILII 3
BUKOPHCTaHHSM
CTPYKTYPYBaHHS TEKCTY

IpuponHi MoBH

ANropuTMHU BHITYyYCHHS
JAHMX 3 TaOIUIb

Tabnui

Crienndikanii B HeoOXiqHHX
JUISL METO0JIoTiT hopMaTax

I'padosi anropurmu a6o
aJITOPUTMHU POOOTH 3
KiHI[EBUMH aBTOMAaTaM{
IUTSE QHANI3y Jiarpam

Hiarpamu

ABTOMaTHYHI
TPaHCISATOPU

DopmanbHi MOBH

Pucynox 3.4 — Metoj cCTBOpEHHS Ta BUKOPUCTAHHSA apXITEKTYpHUX crierugikarii

CuK

JIist TpaHCHsmii JaHuX 3 pi3HUX (POPMaTbHUX MOB HEOOXITHO PO3POOIISTH

AJITOPUTMHU JIJIs1 KOSKHOTO Takoro MoBu. [Ipukiagom Takoro anroputmy mMoxe OyTH
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CUHTaKCUYHO KepoBaHMM rmepekiyan. Cxema TpaHCHAMIl JaHUX 3 I1CHYIOYHX
cnienudikariiii mpejcTaBiieHa Ha pUCYHKY 3.4.

CtBOpeHHs 3B'SA3KiB Mk (hparMeHTaMu crenu@ikamiii Moxke BiIOyBaTHCS
JekibkoMa nuisixamu. [lepinii 1 HAaMMPOCTIMIKKA 3 HUX Tlepeadadae Oe3rnocepeiHe
CTBOPEHHS KOXKHOTO TIOCHJIAaHHA MDK JIBOMa eJieMeHTaMu crenuikamii 3a
JIOTIOMOT'O0 THX K€ IHCTPYMEHTIB, sIKI BAKOPUCTOBYIOTHCS ISl 3aIIOBHCHHSI TAHUX
cnenudikarii. [ei musax moxxe OyTu peanizoBaHuii 1BoMa criocodamu. Iepmuii 3
HUX Tiepeadadae, Mo MOCUIAHHS € YaCTHHOK BUKOPHCTOBYBAHOI MOJIET JTaHUX.
Hampuknaz, npu BUKOpUCTaHHI TaOJIMYHOTO (pOopMaTy OJTHE 3 TTOJIIB TAOJIHIIl MOXKE
MICTUTHA TIOCWJIAHHS Ha IHIIYy TaOJuUIl0, a MPH BHUKOPUCTAHHI Jl1arpamMHOrO
dbopmaTy B CIUCOK MIPUMITHBIB JiarpaM Mo>Ke OyTH JOJIaHUI MIPUMITUB JIOTTYHOTO
3B'SI3KY MIXK €JIEMEHTaMHU.

Hpyruii cnoci6 nepeadavae 3anuc MOCUJIAHHS Yy BUIVIAIL psJiKa JaHUX B
Jesike ChemiaJbHe TMoje Ui TOoCWiIaHb. Hampukian, m0pu BUKOPUCTAHHI
JiarpaMHOro (¢opMmaTy 1€ IMojie Moxe nepeOyBaTH Yy BIIACTUBOCTSIX EJIEMEHTY
JlarpaMu, a MpyM BUKOPUCTAaHHI TaOJIMYHOTrO (pOpMaTy - y BJIACTUBOCTAX TAOJIHMIII.
pyruii 1UISIX CTBOPEHHS 3B'A3KIB MK (parmeHTamu crenudikaiii nependayae
CTBOPEHHS KJIaCiB MOCUJIaHb MK HUMU 3a TEBHOIO 03HAKOI0. Taki Kjacu MOXYTh
3aMKMCyBaTHCS B OAHOMY 31 CHellalbHUX (JOPMATIB, HAMPUKIIAJ, Y BUTJIAJIL KOy Ha
MOBI TIporpamyBaHHs a6o y Burisaai XMJI nokymenra.

KoxeH kiac Takux NOCHJIaHb MO’KE ONMCYBaTH BIIACTUBOCTI, HEOOXI1JIHI
KOXXHOMY 3 «KIHIIB» TocwiaHHdA. [lpu TakoMy miaxonai CTBOPEHHS KIaciB
NOCUJIaHb 1 CTBOPEHHSI 00'€KTIB-TIOCHJIaHb MOBUHHO BIJOYyBaTHCS B PI3HMI yac:
CIIOYATKy CKJIQIAIOThCS KJIACH MOCHIIaHb, MOTIM, MiCJIsl TOTOBHOCTI cnienudikariii,
QITOPUTM CTBOPEHHSI TIOCHJIAHBb MO 3aJIaHUX KJIACIB aBTOMAaTUYHO TEHEpPYye TakKi
nocunanug. [Ipu oMy B mpolieci reHepailii mocujianb Mo OMUCAHUM KJIACiB JIJIst
KOXKHOTO 3 HUX Oyjae 3HaiiieHo Oe3niu o00'ekTiB crnernudikaiiii, BiAMOBIIHE
KOXXHOMY «KIHIIS) TOCUJIaHHS. Y pasi SKIIo HEoOXiTHO BUAUINTU 3 IIUX MHOKUH
mapu TOB'S3aHUX €JIEMEHTIB, MOXXHa CKOPUCTATHCS, HANPUKIAA, TONIYKOM

BIMOBIAHOCTI MO KJIOYY. SIK MpUKIaJ BHUKOPUCTAHHS TaKOrO MIAXOAY MOXKHA
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HABECTH BWIIAJOK, KOJHM II0YAaTKOBI €JIEMEHTH BCiX [iarpam 3B'A3YIOThCS 3
HEepUIMMU 3alTucaMy TaOJIHIIb 3 IEBHOIO HA3BOIO.
Cxema mpoliecy CTBOPEHHSI MOCWJIaHb MiX (parMeHTamu crenuikariif

MpeCTaBlIeHa Ha PUCYHKY 3.5.

ITapamerpuune
CTBOPEHHS MOCUJIAHb

be3nocepenne cTBOpeHHs OCUTIAHb
KOpHUCTyBa4CM

Knacu mocunann

"

AJ'IFOpI/ITM TMOIIYKY MOCHUJIaHb I10
3a/laHUX IMapaMeTpax Kjiacy

Pucynoxk 3.5 — Cxema nporiecy CTBOPEHHS MOCUIIaHb MK ()parMeHTaMu

A 4

ITocunanus

cnenupikamii

[Tporiec mepeBipku KopekTHOCTI (pucyHok 3.6) cnernmdikariiii Moxxe OyTH
PO3AUICHHI HA TPHU €Taru:

[Tepmmii eTan — 6a3oBa mepeBipka cuHTakcuCy cnernudikaiii. Jpyruii etan
— TepeBipKa IUIICHOCTI 1 HeCcynepedyHocTi nAaHux. OCTaHHINA e eTan MepeBipKU
KOPEKTHOCTI crnenudikamii mnonsrae B Bepudikauii ¢GopMalbHOi MOJed,

noOy0BaHoi Ha i1 OCHOBI.
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ba3oBa nepeBipka CHHTAKCUCY
Ta crerudikaiiii oopaHuM
MOJIEJIAM JAaHUX

ITepeBipka MigiCHOCTI Ta
HECYTNEePEeWINBOCTI JaHUM

dopmanbHa Bepudikailis
MOJIeNl

Pucynox 3.6 — Ilporec nepeBipkr KOPEKTHOCTI crierudikaiiii

Merton ctBopeHHs crietiudikaiiiii (pucyHok 3.7) Ta poOOTH 3 HUMU BUTJISIA€
HACTYITHUM YHHOM:

BuzHaueHHs ckiaqy 1 CTPYKTypy MailOyTHBOI crienuQikarii.

- CTBOpeHHS1 abo BuUOIp mIAOJOHIB JaHUX JIs KOXKHOTrO (pparmeHTa
cnenu@ikamii Ha OCHOBI BUKOPUCTOBYBaHUX MOJEJICH JaHUX;

- CTBOpeHHS a00 BHOIp aJTOPUTMIB TPAHCIAIII JaHUX 3 ICHYIOUYHX (hopm
cnerudikaiii B BUKOPHCTOBYBaHI Mojeni gaHuX. Lleli Kpok HEOOOB'SI3KOBUH,
AKIIO crienudikaliis CTBOPIOETHCA 3 HYJIS;

- ONHUC KJIACIB 3B'S3KIB MDK eleMeHTamu crerudikaiii. [leit kpok moxe
BUKOHYBATHCS MapaJieibHO 31 CTBOPEHHAM crielM(iKarii;

- CTBOPEHHS I1HCTPYMEHTapil0 Il TMEPEeBIPKM JaHUX Ha MUICHICTh 1
HecyrnepewnBicTh. Llell Kpok Moke BHUKOHYBATHCS MapajielbHO 31 CTBOPEHHSIM

cnenudikarii;
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- CTBOpPEHHS a00 BUOIp aJrOpUTMIB TPAHCIIALIT JaHUX 3 BUKOPUCTOBYBAHUX
Mojiesielt Ha pi3H1 popManibHi MOBH. Llel Kpok MOke BUKOHYBATHCS TapaiebHO 31
CTBOPCHHSIM crienudikarii;

- TpaHCIAIIS JaHUX 3 ICHYHOUYHX crernudikaiiii B BUKOPHCTOBYBaHI
dopmartu. Lleii kpok HEOOOB'SI3KOBUH, KO crielU(iKallis CTBOPIOETHCS 3 HYJIS,

- CTBOpEHHS Pi3HUX (hPparMeHTiB crienudikaiii;

- 0a3oBa IepeBipKa CHHTAKCUCY crienudikarii;

- CTBOpEHHS 3B'SI3KiB MK (hparMeHTamMu crienndikarii;

- TepeBipKa MUTICHOCTI 1 HECyNepeYHOCT] JaHUX B crienudikarii;

- TpaHcAMis crenudikaiii B pi3Hi popManbHi MOJEII;

- Bepu(ikalis oTpuMaHuX (popMaIbHUX MOJEIEH.

BusnaueHHs cKiay i CTpyKTypH MaitlOyTHBOI crienndikarii. —» CTBOpeHHSI pi3HUX (parMeHTiB crienndikarii.

CrBopeHHs a00 BUOIp MIa0IOHIB JaHUX JUIS KOXKHOTO (hparMeHTa

A . . BazoBa nepeBipka cuHTakcucy crienudikari.
Cl'leLlVl(blKaLlll Ha OCHOB1 BUKOPHUCTOBYBaHUX MOJEJIEN NaHUX.

CrBopeHHst a00 BHOIp alropuTMiB TpaHCIALIT JAHMX 3 ICHYIOUMX
¢dopm cnemmdikaniii B BUKOPUCTOBYBaHii Moneni nanux. Lleit kpok
He00OB'A3KOBHI, SKIO crieidiKallis CTBOPIOETHCS 3 HyJISI.

CrBopeHHs 3B'S13KiB Mixk (pparmenTamu crienpdikarii.

Ommc kiaciB 3B'sI3kiB Mk enemenramu crerpdikauii. Ieit kpok
MOJKe BUKOHYBATHCS MTAPaJICNIbHO 31 CTBOPEHHSM crienudikarii.

Tpancmsuis crienudikarii B pi3Hi popManbHi Mojei

CTBOpEHHSI iHCTpyMEHTapio JUIs IepeBipKH JaHUX Ha LTCHICTD i
HecynepewnBicTb. Lleif KpOK MO)Ke BUKOHYBATHCS IapalelbHO 3i
CTBOPEHHsM creruikanii

Bepudixauis orpumannx popManbHUX MoJeeii.

CrBopenHst abo BuMOIp airOpuTMiB  TpaHCHAUil  JaHMX 3
BUKOPHCTOBYBAaHHX Mojeneil Ha pisHi dopmanbhi MoBu. Lleit kpok
MOYe BUKOHYBATHCSI TAPAIICIBHO 31 CTBOPEHHSM crienudikarii.

|: TlepeBipka misicHOCTI i HeCymepeYHOCT] aHUX B crienndikarii.

CrBOpeHHs pi3HuX (parmMeHTiB crienudikaii.

Tpaucnauis JaHux 3 icHylounx crenudikanidi B BUKOPHCTOBYBaHi
¢dopmaru. Lleit Kpok HEOOOB'SI3KOBHI, SIKIIO —cremudikaris CrBOpeHHS pi3HuX (parmMeHTiB crienudikarii.
CTBOPIOETBCS 3 HYIJISL.

L S L . S . S

Pucynok 3.7 — Po3poOrenuii meron

HeoOxigHo  Bigpa3dy  3a3Ha4yUTH  OOMEXKEHHS  Ha  3aCTOCYBaHHS
3alpOIOHOBAHOIO MiIX0y. MOXHa BUIUIUTH JIBI OCHOBHI YMOBH, IIPH SIKUX HOTO

3acTOCyBaHHs Oyjie Hee(DEKTHBHUM.
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Y pasi, konu CTBOpeHHs crenudikaiii BeIeTbCs BiApa3y B BHIJIAII
dbopMaapHUX MoOJeNied 1 TMPU [OMY OpraHi3alliiHUMH METOJIaMH BHPIIICHI
po0JIeMH, BIACTHUBI TAaKOMY MiAX0ay (CKJIATHICTh CTBOPCHHS crienudikariii 1 ix
MoraHa 4YuTa0eIbHICTh), 3aCTOCYBaHHS 3alPOIOHOBAHOTO MIIX0ay OyAe «KPOKOM
Ha3aJy, M0 3HWXKYE €PEKTUBHICTD MPOLECY PO3POOKHU apXITEKTYypH CUCTEMHU.

VY pasi, komu crnenudikaiisis HOBOI CHCTEMH Ha KpHUCTali 3/e01IbIIOro
CKJIaJlaeThcsl 3 crnenudikamiii roroBux (GyHKIIIOHATBHUX OJIOKIB, HAllMCAaHUX Ha
dbopmabHEX MOBax, abo moBTOproe ToToBI crenudikamnii CHK, mamsa skux takox
roToBi ¢GopMalibHI MOJIENIl, 3aCTOCYBAHHSI 3alPOMOHOBAHOTO M1X0y TAKOXK MOXKE
3HIKYBAaTU €(EKTUBHICTh MPOLIECY PO3POOKHU apXiTEeKTypH. ExcrnepumeHTanbHI
pe3yJbTaTh MOKa3ylOTh, 110 3aMpPONOHOBAHUM MiAXi CTae HeePEKTUBHOIO, KOJHU
K MIHIMYM € sIK MiHIMyM 75% roTtoBoi cnenudikaiiii, npeJacTaBiIeHOl y BUTIISAII
dbopmanibHUX Mozeneld. B 1HIMX BUNAJKax 3aCTOCYBaHHS ONUCAHOTO MIIXOIY
MOX€ 3HAYHO MIJIBUIIUTH SIKICTh crienu@ikaiiii 1 IpUCKOPUTH TMpoIec poOOTH 3

HHUMHU.

3.4 Tlporpamua peasizaiiisi po3po0JIEHOTO METOIY

VY 3B'a3ky 3 TuUM, 110 HAOIp METOMAIB PO3IJICHUNA HA JIBI YaCTHUHHU, OJHA 3
AKUX BHU3HAYa€ METOJMKY pOOOTH 3 TOBEIIHKOBUMH crernudikaiisamMa 1
BUKOPUCTOBYE B SKOCTI MOJENI JaHUX Jlarpamu, a Apyra BHU3HAYa€E METOIUKY
pOOOTH 31 CTPYKTYPHUMH cHICIU(DIKaIIIMA 1 BAKOPHUCTOBYE B IKOCTI MOJIEI TAaHUX
Ta0NHIll, OCHOBHUMH KOMIIOHEHTAMHU CHUCTEMHU € MOJYJIb CTBOPEHHS TAaOIUYHHX
cnenudikaniii i MOayIb CTBOPEHHS crienudikaiiil y dopmi aiarpam.

Moayni cucteMu peani3oBaHi y BUTISAAlI PO3MIUPEHBb JUIsI TMPOTPaAMHUX
npoayktiB  Microsoft Office. [Ins po3poOku TabnmuuHMX  cremudikarii
BUKOPHCTOBYEThCS posmmupenHs mias  Microsoft Excel, mo BukopucroBye
00'€KTHO-OPIEHTOBAHUMN MIAXIJ 10 CTBOPEHHS TaOJIMIlh, a JJIsi pO3pOOKH Jiarpam
MOCITIZIOBHOCTI OIepaliii BUKOPUCTOBYEThCS po3impeHHs s Microsoft Visio.

KpiM TOro, BaXJIMBOIO YAaCTMHOIO TMPOTpaMH JJs CTBOPEHHS SAKICHHX
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apXiTeKTypHUX crernudikaiiii € oro iHGpacTpyKTypHa CKJIaJI0oBa, BUPIIIAIbHE
3aBJaHHS 3a0€3MEUYCHHS IIIJIICHOCTI 1 KOPEKTHOCTI JaHUX, a TaKoX OpraHizarii
CHUIBHOT pOOOTH HAJl CHIEU(IKALISIMU.

Mopynb yrpaBiiHHS JlarpaMHUMU crienrdiKaIisgsMu, sIKUi peaiizye Habip
METOMIB POOOTH 3 TOBEAIHKOBHMH crienudikamismu, HOCUTh Ha3By IFlow i
BUKOPUCTOBYE OIHOWMEHHI Miarpamu, OMUCaHI MpH MOOYIOBI MOACHI JaHUX B
posznuii 3. Po3po6iieHa MoBa € MPOCTUM 1 3pyYHUM Yy BUBYCHHI 1 BUKOPUCTAHHI JIJIS
apxiTeKTOpiB. BaJMBO TakoX BIJ3HAUMTH, MO0 ceMmaHTHKa pgiarpam IFlow
nependavae iX BUKOPUCTAHHS I TpaHCsuii B (GopMaibHI Mojem Juis ix

MOJAJBIIOT Bepudikaliii.

Processorl Processor2 Error handler

Resd RSET_STAT
registar, which

indicates warm reset

|
CHECK_ERRORS — true
Handle dump crash
CHECK_ERRORS == fake
i i |
cache: R the
n

trﬁtializa strand-specific

state
Slowly unpark the

following enabled
virtual processor

Warm reset

SV

L\mﬁz\ize strand-specific state Initialize strand-specific s\ateJ

Initialize physical core state

|

Pucynox 3.8 — Jliarpama oiHOTO 31 ClIeHapIiB

CTBOpIOEMO pETICTp /I KOKHOTO yHIKambHOTO 3HaueHHs nonst "RegType"
B Ta0iuill. JJisi KOKHOTO 3amucy B TaOJHWIll CTBOPHOEMO OITOBE MOJie 3 1M'SIM,
BianoBiAHUM 3HadeHHAM mojs "FieldName" B perictpi 3 iM'sM, BIZIOBIIHUM
3HaueHHaM nofis "RegType". 3amaeMo XapaKTepuCTUKH KOKHOTO OITOBOTO TOJIS:

1oJie PO3MIpy 3amoBHIOEMO 3HaueHHsM mojis "BitWidth", mone xapakrepuctuku



45

JOCTYyNy — 3HaueHHsAM mojsg "ACCesS", moJjie BIACTYNy — 3HAYCHHSM TIOJIA
"BitOffset", mone 3HaueHHs miciaa ckumaHHS - 3HadeHHAM mmonsa "ResetVal" i tak

aunl.

Register
Field
Definitions

_ PSTATE |13 51 Reserved RO E
tet PSTATE |12 1 Trap on control transfer RW 0
- PSTATE | 10 2 Reserved RO 0
cle PSTATE |9 1 Current little endian RW 0
tle PSTATE |8 1 Trap little endian RW 0
- PSTATE |6 2 Reserved RO 0
- PSTATE |5 1 Reserved (was red) RO 0
pef PSTATE |4 1 Enable floating-paint RW 1
am PSTATE |3 1 Address mask RwW 0
priv PSTATE |2 1 Privileged mode RW 1
ie PSTATE |1 1 Interrupt enable RW 0
. PSTATE | 0 1 Reserved (was ag) RO 0

Pucynox 3.9 — Pesynbpratn po6otu

Register
Field
Definitions

TSTATE | 40 2 Global level at previous trap level ~RW PowerUp | 0
cer TSTATE 32 8 CCR at previous trap level RwW PowerUp | 0
asi TSTATE 24 8 As| at previous trap level RW PowerUp | O
pstate tct TSTATE | 20 1 PSTATE.tct at previous trap level ~ RW PowerUp | 0
pstate cle TSTATE |17 1 PSTATE.cle at previous trap level  RW PowerUp |0
pstate tle TSTATE | 16 1 PSTATE.tle at previous trap level RW PowerUp | 0
pstate pef TSTATE (12 1 PSTATE.pef at previous trap level RW PowerUp | 0
pstate am TSTATE |11 1 PSTATE.am at previous trap level ~RW PowerUp | 0
pstate priv. | TSTATE | 10 1 PSTATE.priv at previous trap level RW PowerUp | 0
pstate ie TSTATE |9 1 PSTATE.ie at previous trap level RW PowerUp | 0
cwp TSTATE |0 3 CWP from previous trap level RW PowerUp | 0
tet PSTATE | 12 1 Trap on control transfer RW PowerUp | 0
cle PSTATE |9 1 Current little endian RW PowerUp | 0
tle PSTATE |8 1 Trap little endian RW PowerUp | 0
pef PSTATE |4 1 Enable floating-point RW | Powerlp |1
am PSTATE 3 1 Address mask RW PowerUp o
priv PSTATE |2 1 Privileged mode ‘ RW PowerUp |1
ie PSTATE |1 1 Interrupt enable ‘ RW PowerUp |0

Pucynox 3.10 — Pe3ynbratu poboTn

[Ticnst 3acToCcyBaHHSI OMHUCAHOTO AITOPUTMY 3 I€l TAOJUINl TOTydaeTCs

HactynHuii RDL-ko.
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BHUCHOBKU

Y xoal miAroToBKHM KBamidiKaIiiHOi poOOTH MPOBEACHO aHai3 METOJIB
CTBOPEHHS apXiTEKTypHUX creurdikaiiii o0YnCIoBaAIbHUX KOMILUIEKCIB Ha 0asi
SoC. Jlns cmporieHHsT CTBOpEHHS BHUKOHYBaHUX Mojeineit SOC y Habip MeTomiB
BKJIIOUEHUM METOJI aBTOMAaTH3allli MepeBeJeHHs crenudikaiiil y BHUKOHYBaHI
Mozenal Ha ¢opMaTbHMX MOBaxX; a JJIsl PaHHBOTO CIUIBHOTO aHami3y pI3HHUX
KOMITOHEHTIB CHUCTEMHU Ta MPOTOKOIIB 1 (PYHKIIOHYBaHHS pPO3pOOJEHUMN MiAX1]
nepeadayae 3acTOCYBaHHS PI3HMX METOAIB Bepudikaiii JaHUX Ha CTafil
CTBOpeHHs cnenudikamii. KpiM Toro, po3poOjieHui MEeTOA TaKOX JI03BOJISE
M1JBUIIUTHU SKICTh CTBOPIOBAHUX crienudikaiiiii 6e3 CyTTeBUX TOJAATKOBUX 3YCHUIIh
apxITeKTOpIB ~ Ta  aBTOMAaTU3yBaTH  IEPEBUKOPHUCTAHHS  crenudikariii

00UYHMCITIOBAIBHUX CHUCTEM.



47

[TEPEJIIK JDKEPEJI IIOCUJIAHHA

1. EBrymenko H., Hemyapos B., CsipuoB HW. Metononorus
IMPOCKTUPOBAHUA CHUCTCM Ha KpHUCTAJIC. OcHOBHEIE INPpHUHOUIIBI, MCETO/bI,
nporpammubie cpeactBa // DJIEKTPOHUKA: Hayka, Texunonorusi, busnec. —
2003. — Ne. 6. — C. 7-11.

2. Cnemmudukanus cuctembl Ha kpuctawie WonderMedia PRIZM
WMS8950. [Dnektponnsiii pecypc] URL: http://www.wondermedia.com.tw/en/
products/platform/soc/wm8950

3. Riccobene E. et al. A SoC design methodology involving a UML 2.0
profile for SystemC // Proceedings of the conference on Design, Automation and
Test in Europe-Volume 2. — IEEE Computer Society, 2005. — P. 704-709.

4. Lee Y. et al. Customer Requirements Elicitation based on Social
Network Service // KSII Transactions on Internet & Information Systems. — 2011.
—T.5.—Ne. 10.

5. Keller T. Contextual requirements elicitation // Seminar in Requirements
Engineering, Spring 2011, Department of Informatics.

6. Dhungana D., Seyff N., Graf F. Research preview: Supporting end-user
requirements elicitation using product line variability models // International
Working Conference on Requirements Engineering: Foundation for Software
Quality. — Springer Berlin Heidelberg, 2011. — C. 66-71.

7. Kumari S. N., Pillai A. S. A survey on global requirements elicitation
issues and proposed research framework // Software Engineering and Service
Science (ICSESS), 2013 4th IEEE International Conference on. — IEEE, 2013. — P.
554-557.

8. Kanman P. Hapucu 3 marematuunoi Teopii cuctem [Tekct] / P. Kanman,
[1. ®anb6i, M. Ap6ub. - M: Csirt, 1971. - 294 c.

9. bycnenko M.II .: MopnentoBanns ckiaguux cucrtem [Tekct]| / H.IL

Bbycnenko. - M: Hayxka, 1978. - 488 c.



48

10. I'mymkoB B.M. IIporpamue 3abe3nedyeHHs] MOJEIIOBaHHS Oe3MepepBHO-
nuckpeTHux cucteM [Tekct] / mifg 3ar. pen. B. M. I'mymikoBa. - M: Hayka ", 1975. -
188 c.

11. KonmmoropoB A. Teopis cuctem. MaremMaTu4yHl METOJM 1 MOJICIIFOBaHHS
[Tekct] / A. Kommoropos, C. Hosikos; 36. Ctareii mix 3ar. pea. A.Kommoroposga. -
M: Cgir, 1989. - 314 c.

12. Tapiiickii  €.10. TlopiBHsUIbHMI aHami3 MaTeMaTHYHUX Mojened //
JudepeHnnianbHi piBHSIHHS Ta IpOIecH KepyBaHHs. - 1997, Nel. - ¢. 36-52.

13. Makcumeirt 1.B. Imitamivine mopemroBanHss Ha EOM [Tekcr] / LB.
Maxkcumeii. - M .: Paguo u cBs3b, 1988. - 230 c.

14. Internal Intermediate Representation (IIR) Specification Version 4.6
Including Digital VHDL & VHDL-AMS support [Texct] / IEEE computer society,
2000. - 364 pp.

15. IEEE 1076-93 Standard VHDL Language Reference Manual [Texct] /
IEEE Computer Society, 1993. - 146 pp.

16. IEEE 1076-2008 Standard VHDL Language Reference Manual [Texcr] /
IEEE Computer Society, 2008. - 254 pp.

17. Perry D.L. VHDL: Programming by Example [Texct] / Douglas L.Perry.
- McGraw-Hill, 2004. - 476 pp.

18. Black D.C. SystemC from the Ground Up [Tekcr] / D.C.Black,
J.Donovan. - Kluwer academic publishers, 2007. - 244pp.

19. Parr T. The definitive ANTLR reference [Texct] / T.Parr. - The
Pragmatic Programmers, 2009. - 396 pp

20. Issuenko B.O., Kopanenko A.A., MoiceeB JI.C. CrBopeHHs
apxiTeKTypHuX crnenudikanii Ha 060a31 cucrem Ha kpucrami // Ilpobrnemu
1H(dopMaTH3allii : 1ecaTa Mi>KHApOAHA HAYKOBO-TeXHIYHa KoH(pepeH1is. Yepkacu —

baky — benscbko-bsna — Xapkis, 2022, 1.2, ¢.95.



