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NMporpammupyemblie nornyeckme nHterpanbHblie cxembl MNJINC FPGA
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Mporpammupyemblie nornyeckme nHterpanbHblie cxembl MNJINC FPGA

a) Island type FPGA architecture c) Basic architecture of a CLB
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[MTpeanocbinkm nosasaeHus MNJINC

(1)

OCHOBHbIMM ~ KOMMOHEHTaMu1  LMPPOBOro
BbIYNC/INTE/IbHOIO YCTPOWUCTBA (LBY)
AB/IAKOTCA NPOLLeCccop, NamMaTb U nepudepun-
Hble YCTPOUCTBA.

[1lpoueccop 7 namaATb AB/IAKOTCA
CTAaHAAPTHbIMM 3/IeMeHTaMM, U3roTaB/n-
BAaeMbIMU He AN51 KOHKPETHOro YCTPOWMCTBA
(cuctembl) N0  cneunanbHOMY  3aKasy,
a CEPUMNHBIMU N3AENTNAMMN.

Hapagy co ctaHgapTtHbiMm BC B cucteme
NPUCYTCTBYIOT U HeCcTaHAAPTHble YacTy,
cneumpuuHble ANA AaHHOU pa3paboTku.
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[Mpeanocbinku noasaeHusa MNJINC

(2)

BbinonHeHMe HecTaHAapTHOM YacTu B BuAe 3akasHon BUC
(ASIC - Application-Specific Integrated Circuit) cBfA3aHo
c 6onbwon  cTtoumocTbld K HonbwWKUM  BpeMeHeMm
npoekTupoBaHms. CTOMMOCTb MOArOTOBKWM MNPOM3BOACTBA
HoBbIXx ASIC wumeeT yCTOUYMBYIO TeHAEHUMIO K POCTY,
M NPOEKTUPOBATb UX MUMEEeT CMbIC/I TONbKO B TOM C/y4yae,
ec/im naaHupyoTca bonbwmne obvemMbl NPON3BOACTBA.

JTO NpPOTUBOpEYMEe Halo pa3speleHne B BUAe pa3paboTku
BUC ¢ nporpammupyemon ©n  penporpaMmmuvpyemMou

CTPYKTYpOW, obbegnHsAEMbIX obuwmm Ha3BaHWEM
«NporpaMmMupyemMbie JIOrM4yeckme WHTerpasjibHble CXeMbl»
(MNC).

Moa NporpaMMmMpyemMocCTbiO 34eCb U HUXe CaeayeT NoHMMaTb
BO3MOXHOCTb NpOrpamMmMmpoBaHuUs MUKPOCXeMbl
nonb3oBaTenem.
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Jlornyeckaa emkoctb NJINC

ObuwenpnHATOM  OLEHKOM  JIOrUYEeCKOuU
€MKOCTH N/INC ABAsAeTCH 4NCNOo
3KBMUBAJIEHTHbIX BEHTWU/IEN, ONpeaensiemMoe
Kak cpeaHee uyucno BeHTuaen «2U-HEy,
HE0bX0ANMbIX ANns peannsaynm
3KBMBAJIEHTHOro  npoekta  Ha  [UJIAC
n 6asoBom maTpuyHoMm kpuctanne (BMK).

JTa oOueHKa BeCbMa YC/IOBHA, MNOCKO/bKY
NINC He copepxaTt BeHTUnen «2U-HE»
B 4YMNCTOM BUAE, OAHAKO AN\ NpoBeAeHUS
CPaBHUTENIbHOIO aHaM3a Pa3/INYHbIX
APXUTEKTYP OHa BMOJIHE NPUrOHa.
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[Npenmywectsa MNJINC

Taknum  obpasom, [JINC npeactasnsioT  cobou
CTaHAapTHble BUNC/CBUC, npeaHa3HavyeHHble
ANA  peweHna cneuuasn3npoBaHHbIX 3ajay  MyTEM
NporpaMMmUpoBaHunA NO1b30BaTe/IEM.

MNJINC sBnalOTCS CTaHZAPTHOW MNPOAYKUUEN SNeKTPOHHOM
NMPOMBIWNEHHOCTU CO BCEMM BbITEKAOWMMKU U3  3TOro
NONIOXUTENbHLIMU CNEeACTBUAMM:

° MacCcoBOe NPOU3BOACTBO,
° CHUXEeHMe CTOUMMOCTUN MUKPOCXEM,
° CHWXeHMe CPOKOB pa3paboTkm u

° COKpauweHune CpoKOB BbiXO4a Ha PbIHOK MOpogyKuuu
Ha X OCHOBEe.
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Knaccudpukayma MANC

OcHoBHble KnaccudurkaumoHHble npusHakm MJINC:

° YpPOBEHb MWHTErpauMm W CBsI3aHHas C HUM JIOrUYecKkas
C/IOXHOCTb;

° apxuTekTypa (TN  QYHKUMOHaNbHbIX ©ONOKOB, xapakTep
CUCTEMbI MEXCOeANHEHNN);

° YUCNO AONYCTUMBIX LLUKNOB NPOrpamMMUPOBAHNS;
° TUN NaMATU KOHPUrypaLum («TeHeBOM» NaMATL);

° CTeneHb 3aBMCMMOCTM 33aJepXeK CUrHanoB OT nyTew
UX pacnpoCcTpaHeHns;

° CUCTEMHblE CBOUCTBY;
> cxemotexHosorua (KMOIMM, TT/IW v ap.);

° OAHOPOAHOCTb  WMAM  TUOPUAHOCTL  (MPU3HAK  HANMYUA
WAU OTCYTCTBUS B MUKpocCxeme obnactenm C pasnyHbIMU
No MeToAaM MpPoeKTUpPOBaHWA cxemamu, Takmmu kak MJNC,
BMK, cxeMmbl Ha CTaHAAPTHBIX AYENKaX).
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Knaccudpukauymsa NANC no
apxuTeKType

B knaccndpukaumm no apxutektype MJINC pasaeneHbl
Ha 4 OCHOBHbIX K/1acca:

s SPLD;
o CPLD;
> FPGA;
> MJINC KOMBUHMPOBAHHOM apXUTEKTYPbI.
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Knaccudpukauyma MNJAUAC no ypoBHKO
MHTerpaumm (1)

Knaccmpumkauma no ypoBHIO MHTerpauum
OTpaXKaeT TeHAeHUMO OypHOro pocta

ypoBHA mHTerpauumn MNJINC v BblgeneHne
M3 HUX KNACCa «CUCTeMbl Ha KpUCcTanner.

B cnny cBsi3u Mexay YpoBHEM MHTerpaumm
7 apXUTEKTYpOU, Knaccmpukaums
He SABASIeTCA CTPOron, M B HEW MMEEeTCs
HEeKOTOpOe CMeLleHme 4BYX NPU3HAKOB.
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Knaccudpukaumsa NJINC no ypoBHio
MHTEerpayum (2)

nac

Rocncrenmro “CUcTems)
YPOBHA Ha KpucTanne”

Oanopoansie Bnounpie I

FPGA +agpa ASIC + acTpoenHbie
ASIC FPGA
Ges rapa C napom
npoueccopa npoueccopa
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Knaccuopukaymsa MNINC no yposHIO

MHTEerpauum (3)

NJINC ¢ wnMpoknMm gmanasoHOM U3MEHeHUs
YPOBHA UHTerpaumm (0T NpoCTbIX A0 COAep-
XKALWMX COTHWU TbICAY BEHTW/IEN) OTHECEHDI
K «40CUCTEMHbIM» B TOM CMbIC/I€, YTO A1 HUX
He paccMaTpuBaauUCb BOMPOCbI CO34aHUSA
LLe/1bIX CUCTEeM Ha OAHOM KpUCTaNNe.

Knacc cuctem Ha kpuctaane (SOC) aenntcs
Ha NOAKNACCbl 00HOPOOHbLIX U 6/104HBIX.

B oaHopogHbix SOC pa3inyHble 610kK
CUCTEMbl Peasn3ylTcss OAHUMU U TEMU XKe
annapaTHbIMM  cpeacTBamu,  baarogaps
NPOrpaMMMUPYEMOCTM STUX CPEACTB.
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Knaccuopukayusa MNMNJINC no ypoBHIO
MHTEerpaunm (4)

Bnrounble SOC nmetoT annapamssie Adpa, T. e. cneynanu-
3MpoBaHHble  06n1acTM  KpUCTanna,  BblAENEHHbIe
AN onpeaenéHHblx GyHkumn. B 3atmx obnactax
CO34at0TCA 6n0ku HeM3MeHHOM CTPYKTYPpbI,
cnpoekTupoBaHHble no metogonorun ASIC (kak obnactu
Tuna BMK wnam cxem co cTaHAapTHbIMU fYerKamu),
ONTUMU3MPOBAHHbIE ANS 3a4aHHOM byHKU MM
1 He MMeloLme CpeaCcTB e€ NporpaMMmMpPOBaHUS.

Peannsayus PYyHKL NN cneumanmn3vpoBaHHbIMK
annapaTHbiMM sgpamu TpebyeT 3HaUUTEeNbHO MeHbLUen
naowaan Kpuctanna B CPaBHEHUM C peanvsaumaMm Ha
eAVHbIX MNPOrpaMMMUpyeMbiX CpPeacTBaX W  yayylwaer
APYyrve XapakTepuUCTUMKM CXembl, B MEPBYKD O4vepesb,
bbicTpoaencTeme 6/10KOB, HO YMEHbLIAET YHUBEP-
canbHocTb MNJINC.
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Knaccudpukaums MNMNJINC no
KPATHOCTU NPOrpamMMmnpoBaHmsa (1)

nnuc

Oaroxpato OnepaTiano
NPOTpaMMK DYEMbIE PENpOrpaMMMpyEMbIE

PenporpaMMipyembie
B CNEUNANGHLIX PEXHMAX
C penporpammuposaHves | |
nepe3arpyxon
C AMHAMHYECKHM =
PENPOIPAMMUPOBANMEM
C nnasarowmmn
B nTmopaww C nnasaioupmn
Ges crupanun sapAaal | 3aTBOpaMM
U YNbTPAMONETORbIM
— C nepembrykamH CTHpaH1eM
Mnaskumu C NN3BAKOLIMN
L] 3aTROpaAMM U
n INEKTPMHECKHM
pobueaemeimi

LNDOPOBAA CXEMOTEXHUKA 14




ApxutekTtypa SPLD

SPLD (Simple Programmable Logic Devices) - npocTtble
NporpaMMmupyemble I0rnyeckme yCTpPoncTBa.

o apxutekType 31 NJINC genartca Ha 2 nogknacca:

° nporpammupyemble norudeckme wmatpuubl MJIM  (PLA,
Programmable Logic Arrays)

° nporpammupyemas  maTpuyHas soruka M (PAL,
Programmable Arrays Logic, nan GAL, Generic Array Logic).

Oba 3™m  nogknacca  MUKPOCXeM peannsyor  AHO
nepekaoYaTeNbHbIX PYHKL UK.

OcHoBHbIMK 61okamu SPLD siBastoTcs ABe MaTpuLbl:
° MaTtpuua ssnemeHTos U;
° maTtpuua anemeHtos U1,
BK/IIOYEHHbIE NOC/1Ie40BaTe/IbHO.
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ApxutekTtypa NJIM (1)

MNepsbie MJIM nossuanck B 1980-X roaax.

OcHoBOM MJIM AB/IAETCSH nocneA0BaTe/IbHOCTb
nporpamMMumpyembix matpuy, 3s1emMeHToB «V» n «UJ1N»,
a Takxke ©O10KM BXOAHbIX U BbIXOAHbIX OydepHbIx
Kackaaos (BBx n bBbix).
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ApxutekTypa [NJIM (3)

OcHoBHble napameTpbl [1/1M:

* Yucno BxoaoB m;

* Yucno tepmos [;

* Yucno BbIXOAOB N;

MaTpuua N — KOHbIOHKTOPbI.
MaTpuua NI — AnU3bIOHKTOPBbI.

Yncno dopmupyembix TEPMOB PABHO YMC/Y KOHbBIOHK-
TopoB (3n-Tbl U). Yucno ausvioHkTOpoB (3a-Tbl UJ1A)
pPaBHO Yncay BblpabaTbiBaeMbiX QYHKLLMA N.

M/IM  peannsyer AHO® BoCnpom3BOAUMBIX QYHKLUN
(ABYXypOBHeBYIO noruky). Kakve nmeHHo Tepmbl byayT
BblpaboTaHbl 1 Kakne KOMOMHaAL MM 3TUX TEPMOB COCTABAT
BbIXOAHble  YHKUMMK, onpejensieTca MNporpaMMmpo-
BaHuem [1/IM.
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ApxutekTtypa INJIM. INpumep. (1)

Peanusyem cneayioutyto cuctemy GyHKLUN:
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ApxutekTtypa [NJIM. INpumep. (2)
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ApxutekTypa NMJI

HeaocTtaTok apxuTtekTypbl MN/IM —cnaboe ncnonbsoBaHme pecypcos
nporpammupyemou matpuubl 1N, nosTomy gancHenwwee passutune
NONY4YUIN MUKPOCXEMbI, NMOCTPOeHHbIe No apxutekType NMJ1 (PAL,
GAL).

[MM/1 umetoT NnporpaMMmupyemyio MaTpuLy anemeHTos U n pukcumpo-
BaHHYIO maTtpuuy sanemeHtos UJ1N.
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ba3oBble MaTPUYHbIE KPUCTa bl (1)

Ba3oBbi maTpuuHbin Kpuctann (BMK) npeacrasnset cobowm
YHUBEpCa/ibHOe YCTPOUCTBO A5 peann3aumm B UHTErpasibHOM
MCNONHEHUN Pa3NNYHBIX LUOPOBBLIX U LUPPO-aHANOrOBbIX
CXeM.

BMK asnstoTca npeawecrseHHkamm FPGA 1 nmetot ¢ Humm
PS4 POACTBEHHbIX YepT.

PyHkumoHmpoBaHue BMK npucnocabamsaerca k Tpebosa-
HMAM 3aKa3ymKka Ha 3aKNYUTENIbHbIX 3Tanax NMPOuU3BOACTBA,
a nonypabpukaTbl NPOM3BOAATCA B MAaCCOBOM KonuyecTse be3
OpPUeHTaALUUM Ha KOHKPETHOro 3akasyuka. IJTo obxoauTtcs
3HAUUTEeNbHO JeweBne U TpebyeT MeHble BpemMeHwU
Ha npoekTupoBaHue. Takme BVC Ha3biBaOT NONy3aKa3HbIMM.

Passutne BMK npuBeno k nosiBAeHUI0 NX pa3HOBUAHOCTEN:
KaHanbHble, beckaHaNbHble N 6N10YHbIE APXUTEKTYPBI.
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ba3oBble MaTPU4YHbIE KPUCTAJl/lbl

(2)

AdoctonHcTea BMK:

3HauMTenbHO 6onee BbICOKAA HAAEXHOCTb B cpaBHeHun ¢ [MJINC
M MMKPOMPOLeccCopaMm B YCI0BUAX BO34eUCTBUA cnelPakTopos;

npumeHeHne BWUC Ha ocHoBe BMK rapaHTUpyeT 3HauyuTenbHoe
cokpalieHne  cpokoB  pa3paboTkm  annapaTypbl,  CHUXeHue
TPYAOEMKOCTMU NPOEKTHbIX paborT;

B page caydyaes BMK nossonsetr peanmsoBatb Kak uudposble,
TakK U IMHEMHbIE CXeMbl;

BMK wumeloT manyto MowHocTb noTtpebnenunsn, obecneuynsator
BO3MOXHOCTb MOCTPOEHMA annapaTypbl C MaabiIMM BECOBbIMU
1 rabapnTHbIMKU XapakTepUCTUKaMu;

BaXKHoe NpenmyLLecTBo BMK OTHOCKUTCH kK  obnactu
KBaNMPUKALMOHHBIX  UCMbITaHUK. [lpoBeAEHHbIE NPU  OCBOEHUM

NpPoOM3BOACTBA BMK KBaAnPrKaLMoHHbIe UCMbITaHUA
PacnNpoOCTPaHAOTCA HAa BCE MUKPOCXEMbI, U3roTOB/IEHHbIE HA OCHOBE
3Toro BMK.
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KaHanbHble BMK

KaHnanbHble BMK npeactaBnsioTr cobon COBOKYNMHOCTb
PeryasipHO PacrnosioXeHHbIX Ha Kpuctaane 6a30BbIX
aueek (BA), mexay koTopbiMu umeroTcs cBobogHbIE
ANA CO3aHNA COeAMHEHUIN KaHabI.

KaHanbl — BEPTUKAJ/IbHbIE N TOPU30OHTAJIbHbIE. MOI'YT
ObITb TONLKO BEPTUKA/IbHbIE KaHA/lbl.

KaHanbHble BMK MMeloT HU3KYHO MIOTHOCTb YMNakoBKM,
T.K. N10Wazb TPAaTUTCA HA MEXCOoe A UHEHUS.

Kanaam 114 TpaccHpOBKH
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Mporpammupyembie normyeckue UHTerpasibHble cXembl
NINC FPGA

Input/Output

Block \I
Logic
Block I

Configurable
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beckaHanbHble BMK

BeckaHanbHble BMK He nmeroT GUKCMPOBAHHbLIX KaHA/10B.
Jltobasn o61acTb MoxeT ObITb MCMONb30BaHA Kak A1 CO34aHUSA
NIOrMYECKOWN CXeMbl, TaK U AN CO3AAHUA MEXCOeANHEHUM.
XapakTtepHbl gna KMOTT-cxeMmoTexHUKM.

BaxcHou xapakTepuctukon BMK siBnseTcs
YUC/I0 C/IOEB MEXCoeaAUHEHUM (2—-6).

B cnyyae ABYXCNONHOM TPACCUPOBKMU

Ha HUXKHEM YPOBHE COeUHATCA N
371eMeHTbl BHYTpu BA 1 cBA3K

No BEPTUKA/IbHbIM KaHanam. Bropou
C/1I0M AQET Pa3BOAKY FrOPU3OHTA/IbHbIX -
TPacC N IMHUWN NUTAHUSA, 3eMAU,
CUHXPOHMU3ALUMN.

B 4-X ChoMHOM KpuCTane: 1-1 €10V — CBA3M BHYTPU BA; 2-11 -
BEPTMKa/IbHble TPacChl; 3- 1 — FOPU30HTa/IbHble TPACChl; 4-U
cnaou — obcayxuBatowme coeguHeHUs.

[
]

hs

LNDOPOBAA CXEMOTEXHUKA 26




bnouHble BMK

bnaouHble  BMK  ynpowatwT  nocTtpoeHue
KOMOMHMPOBAHHbLIX  YCTPOUCTB, COAEPXXaLynx
Kak 6710kn 0bpaboTkM AaHHbIX, Tak WU NaMATb
M Apyrue cneuuanmsnpoBaHHble 610KN.

MaTtpuuya 6azosbix
aveek

o3y

MaTtpuua 6a3sosbix
aueek

n3y
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NINC tuna CPLD (2)

MNJINC c apxutektypon CPLD — npogonxeHue
NMHUN I'IM}T[.) ” ¥

CPLD cocToaT 13 LeHTpanbHOU KOMMYTaLMOHHOW
MaTpuLbl, MHOXeCcTBa ¢YHKLMOHaNbHbIX 610KOB
(MMeHyeMbIX TakXe MakposiyerMkamu, MaKpo-
3/1eMeHTaMu) " 6,/10K0B BBO/la-BbIBOAA
Ha nepudepun KpucTanna.

LileHTpanbHaa  KOMMYyTaUMOHHAs  MaTpuua -
nporpammumpyemas matpuua coeguHeHuu (MMQC).

OyHKUMOHanbHble 6a0okm (PB) no apxutekType
noao6bHbl PLD.

B CPLD NCNoNb3yeTcs HenpepbIBHas
MW OAHOMEPHO HerpepbiBHAaA CUCTEMa CBA3EW,
NPUYEM BCe CBA3U MAEHTUYHbI, YTO AAET XOPOLUYHO
npeAcKkasyemocCTb 3a/iepXXeK CUrHaioB.

LNDOPOBAA CXEMOTEXHUKA 28




NINC tuna CPLD (2)

KorTtpoaiep
nopt
ITAG JTAG
[IMC (PIA)
BBB | OF k | oB _| bBB
< Db = @b
o . : 10
Db k= = @b -
< OB = Ob >
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NJINC tTuna FPGA

Ycrponcteo FPGA cxoaHo ¢ BMK.

BHYTpu pa3smeliaeTca MHOXECTBO pery/IipHO PacnooXeHHbIX UAEHTUYHbIX
KOHOUrypupyemblx nornyeckux 6aokos (KJ/16), Mexay KOTOpbIMW NPOXOAAT
TPacCMPOBOYHbIE KaHabl, @ HA nepudepun KpucTanna pacnonoxeHnl 610ku
BBoAa/BbiBoAa (BBB 1nun IOB — Input/Output Block).

B kauectBe KJ/Ib NCcnonb3yloT pa3nnyHble CTPYKTYPbI:
1. TpaH3uctopHsblie napsl, anemeHTol N-HE, NJIN-HE n T.n.
2. J/lornyeckmne Moaynm Ha OCHOBE MY/1IbTUMN/IEKCOPOB.

3. J/lornyeckue moay v Ha ocHose nporpammupyemsbix MN3Y, asasowmxca
6nokamu TabanyHoro tuna LUTs (Look-Up Tables). Habop aprymeHTOB
ABNSAETCA aApPecoM TOM SYEerMKW, B KOTOPOWU XPaHATCA 3HaYeHun
byHKUMN).
BaxxHon xapakTepuctukon KJ/1b aBnseTca nx 3epHUCTOCTb — T.e. HACKONbKO
«MenkKnumMm» ByayT Te 4acTu, N3 KOTOPbIX MOXHO COBpaTh HYXHbIe CXeMbl.
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NJINC Tuna FPGA (2)

X1l Uee X2 Uce
I'___ XIH T
| | |
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N/INC Tuna FPGA (3)

MA0 —(™~
(1)A1 —
,l/r’ : .
SA(0) F=abVc
0)BO
WS = S
(a) Bl — l
SB() |

S0(c) S1(0)
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NJIAC tuna FPGA (4)

Obnactb npumeHeHnsa FPGA: peanmsauus
anroputmos LIOC (undpposon obpaboTku
CUrHanNoB),  OCHOBHbIMWM  Onepaumnamu
B KOTOPbIX $BAAIOTCA: NEepeMHOXeHUe,
YMHOX€eHMe Ha KOHCTaHTY, CYMMUPOBaHMe,
3a4epPXXKN CUTHANOB.

LNDOPOBAA CXEMOTEXHUKA 33




[MpoekTnposaHue MNJIAC.
[TocTaHOBKaA 3a4a4u

OcHoBHble TpyaHOCTM npu passutum ugen MNJINC kak ngen csobogHoro
NPOEKTUPOBaAHNUA WU  WM3roToB/NEHUA pa3paboTymMkoM  NPOU3BONBLHOrO
UMPPOBOro YCTPOWUCTBA 3aK/NI0Ya/IMCb B HEBO3MOXHOCTU WMCMNO/Ib30BaHUA
NPOCTOr0 WHXEHepPHOro noaxoda W HeobXoAMMOCTU CO3AaHUA HOBbIX
MaTeMaTU4YeCKUX MEeTOAOB CUHTe3a UUPPOBbIX CTPYKTYpP B HEKOTOPOM
3nemMeHTHOM Ha3nce Ha OCHOBE ONUCAHWUA LEeNeBOM Nornyeckomn GyHKLnK.

TpE6OBaﬂ0Cb BO B3aMMOCBA3U PEWNTDb CZiedyOWne 3a4a4n:

onpeaenutb anemeHTHbIM 6a3uc MNJINC — 40CTaTOYHO pPasBUTbIN, YTOObI
peann3oBaTb Heobxogumblie GyHKLMM LeneBbix YCTPOWUCTB, U A0CTAaTOYHO
NpocToun, YTobbl BpeMsi Pac4YETOB HA MHCTPYMEHTA/IbHOM KOMNbOTEpe Npum
CUHTEe3e He bblN0 Ype3MepHbIM;

paspaboratb  MaremaTMyeckMe = MeTOAbl  CMHTE3a  YCTPOWCTB
(8 BblbpaHHOM 6asuce), 4EKOMMNO3ULUKM, KOMNUAALUMK, MEX3/eMEHTHOM
TPAacCMpPOBKK, PYHKLMUOHANBHONO  MOAE/NUPOBAHUA W BPEMEHHOro
aHanusa;

CO3/aTb MHTErpUPOBaHHYIO CUCTEMY MpPOEeKTUPOBaHUA LMDPOBbLIX
ycTponcTs Ha MJINC.,
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Pa3BuTtune cnocobos
KoHPurypuposaHusa MNJINC

MNporpammupoBanune MNJINC nepsoro nokoneHus — mukpocxem Ttuna PLA
(npoepammupyemsie no2uyeckue mampuys! — [1/IM) ocywecTBASNOCH B KOAAX
yepes 3anonHeHue TabanLbl MICTUHHOCTM.

Mo3xe nossuance mukpocxembl Tuna PAL n ctanm npumeHATbCA A3bIKKU
nporpaMmupoBaHus accembnepHoro Tmna, kak Hanpumep PALASM.

B HacToswee Bpems BUC nporpammupyemMon NOrMkM WMEKT CTeneHb
WHTerpauumM A0 HECKONbKUX MWIIMOHOB 3KBUBANEHTHbIX BEHTU/IEN,
beicTpoaencTBme (BBOAR-BbIBOAA) A0 500 MIy 1 bonee.

B kauecTBe CpeacTB ONUCAHUA NPOEKTOB NPUMEHAKOTCA:

a3blkn  Bbicokoro ypoBHs Tuna HDL (Hardware Description
Language), Hanpumep, AlteraHDL (AHDL), VHDL, Verilog HDL n

dBTOMaTU3NpoOBaHHbIE CpeACTBa CXEMHOTIO BBOJa.
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HA3blKM ONUCaAHUA annapaTypbl

A3bikn onucaHma annapartypbl (Hardware Description Language) cayxart
Ans GOPManbHOro OMUCAHUA AUCKPETHBLIX YCTPOUCTB BblYUC/IUTENIbHOM
TEXHUKM W MOryT ObiTb MCNOAb30BaHbl Ha BCex 3Tanax pa3paboTku
UMPPOBbLIX 3/1€KTPOHHBIX CUCTEM.

Hanbonee pacnpocTpaHEHHbIE A3bIKWM ONUCaHMA annapaTypbi:

- AHDL (Altera HDL) - 43bik onucaHus  annapaTypbl,
npegHasHayeHHblt ana [JINC dupmbl Altera; nopaepxuBaercs
B CAINP 3Ton ¢pupmbl.

VHDL (Very-High-Speed Hardware Description Language) -
YHUBEPCaANbHbIM  CTAHAAPTHbLIM  A3bIK  ONUCaAHWA  annapaTypbl;
noaaepxusaetca CAMNP pa3anyHbix Npon3BOAUTENEN.

Verilog — yHuBepcasbHbIV CTAaHAAPTHbLIW A3bIK ONMCAHWA annapaTypsl;
noaaepxusaetcs CAlNP pasanyHbix nponsBoguTenemn.
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JTanbl NPOEKTUPOBAHUA CUCTEM
Ha 6a3e MNJINC

MpoekTupoBaHWe AUCKPETHbLIX YNPaBAAOWMX U BbIYUCAUTENbHBIX CUCTEM
W yCTPOMUCTB 06bI4HO pa3buBaeTcs cneaytowme KpynHbie STanbi:

anropuTMUYECKUNA;
NOTUYECKUA;
CXeMOTEeXHUYECKUN;
TOMONOrUYECKUN.

Ha HayanbHOM — anNropuTMMYECcKoM — 3Tane npoeKTUpOBaHUA
OCYLeCTBAAGTCA MOAENINPOBaHME UCXOAHOrO (POPManbHOro  3ajaHus
Ha NPOeKTUpPOBaHME CMCTEMbl, HanNMCaHHOrO Ha A3blKe BbICOKOrO YPOBHS,
BepuduMKaumnsa 1 nepexos OT UCXOAHOrO OonucaHusa K PyHKLMOHA/bHOMY
onucaHuto. QopmanbHoe 3ajaHne Ha NPOeKTUPOBaHME YacTO Ha3biBaloT
NPOEKTOM.

Ha cneayowem  3tane  NOrMYECKOro  NpoOeKTUPOBaHUA  MPOEKT
AETaN3UPYETCA — PELLaoTCA 334341 CUHTE3a /IOTUYEeCKUX CXEM B 3a4aHHbIX
TexHonornyeckmx  6asmcax, NpoBOAUTCA  MOAENUPOBAHWE  CXeM
Ha 10rnMyeckom (o, 1) YypoBHe, CTPOATCA TECThI.
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JTanbl NPOEKTUPOBAHUSA CUCTEM
Ha 6a3e MNJINC (2)

Mocneaytoume 3Tanbl NPOeKTUPOBAHUS
onpeAensitoTca  d/1eMeHTHbIM  basucom: ecam
yCTPOUCTBO peanusyetcsa B Buge otgenoHoun BUC
(bonbwon wuHTerpasnbHom cxembl) wuam  CBUC
(cBepxb60NbLWION UHTErpasibHOM CXeMmbl), TO peLua-
IOTCA 334a4M CXeMOTEXHMUYeCKoro 1 TOmnonoru-
YeCKOro npOeKTUPOBAHUA KPWUCTANIOB, €C/IN XKe
YCTPOMUCTBO peanun3yeTcsa Ha CTAaHAAPTHbIX, YyXe
BbIMyCKaeMbIX MPOMbILWAEHHOCTBIO MUKPOCXeMaXx,
TO A,0MNONHUTENBHO pelatoTcs 3a4auu
NPOEKTUPOBAHMA NeYaTHbIX NAAT U T. 4.
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Cxema 3TanoB NPOeKTUPOBAHUA

ANTrOpUTMHYECKOE
NPOEKTUPOBAHHE

l VHDL

Jloruueckoe
[MPOCKTHPOBAHUE

3

CxeMOTEXHHYECKOE
NPOEKTHPOBAHHE
JleTanuzauus .y 'L
NPOEKTHOM Tononoruueckoe
uH(popMaLmH v MPOCKTHPOBAHHE
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OcobeHHOCTM NpoeKTUpPOBaHUA

Ncnonb3osanue MJINC, BbinonHeHHbix B Buae CBUC, Tpebyet pewenus
cneynduyeckux 3ajad  «TPAHCAALUMY  UCXOAHBIX  a/NrOPUTMUYECKMX
ONUCaHUIM (ONUCAHUIM NOrNYECKUX CXeM) B TeXHoNornyeckmnn dopmar dpanna
NporpaMMmMpoBaHMA MUKpocxembl ambo dopmat danna onucaHus
koHurypayumm NANC.

Ecan yndposasa cuctema He moxeT BbiTb peasnmsoaHa Ha ogHon [MJINC,
TO MNPUXOAUTCA pelwaTb 3azady pas3bueHuns (aekomnosmuymm) npoekTa
Ha ceTb B3anmocsasaHHbix MNJINC.

HavyanbHble 3Tanbl a/IOPUTMUYECKOIro U NOrM4ecKoro npoexkTupoBaHUA
ABNAKOTCA ONpeAENAIOWNMMA. NMeHHO Ha AaHHbIX 3Tanax onpeaenarTCca
OCHOBHbIE XapPaKTeEPUCTUKU CUCTEM U YCTPOﬁCTB:

CNIOXHOCTb,
bbicTpOAencTBUE,
TeCTONPUroAHOCTb.

LNDOPOBAA CXEMOTEXHUKA 40
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INPUT/OE1
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I/O pins
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I/O pins
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Apxutektypa INJINC cemenctea kpucrtansos
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LndppoBasa cxemoTexHUKa

Cnacubo 3a BHUMAHUe

4Y MO «CounanbHO-TEXHONOTMYECKUIN KONNeOK»

MpenopaBaTtens: bopucos Anekce AnbbeptoBuy
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