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Pabogas mporpamma cocrarsena Ha ocrose @I'OC BO - 6axanaspuar mo HAIIPABIEHHIO

nozarorosku 11.03.04 Dxextponnka u HAHOMCKTPOHKKA (puka3 MunoGpuaykn Poccun ot
19.09.2017 r. Ne 927)

Pabogas mporpamma paccMoTpeHa u 0100peHa Ha 3ace Ay kadenpsr DekTpoHuKH 1
MHKDPO3JIEKTPOHUKH
10.02.2021 r. mpotoxon Ne 6 7

3as. kadenpoit A CH JIykpsHOB

PaGouas mporpamma ono6pera metomaeckoit xomuccueit UDnAC

03.03.2021 r. mpoTokon Ne 5 y % .
Hpeﬂcenarend O B.P. Xpammmus
V4 7

Pabouas nporpamma cocrasnena:
nouedt kadenper UMD, kauy, TexH. HayK 72 ) H.B. IlIsuguenxo
Z

Penensenr:

upexrop CLT OO0 TEXHOATI MinkuHrpHHET , Kam, Te)?./@K
B E.C. Cycnuupm
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JIner akryaauszanuu padoueil mporpaMmbl

Pabouast mporpamMmma repecMoTpeHa, 00CyKaeHa U 0100peHa s peanuzaruu B 2022 - 2023
yueOHOM TOJly Ha 3aceaHuu KaQeapbl DIEKTPOHUKH U MUKPOIJIEKTPOHUKH

IIporokomor 20 1. Ne

3aB. kadeapoii C.H. nyLﬂHOB

PaGouast mporpamMma repecMoTpeHa, 00CyKaeHa u 0100peHa s peanuzamnuu B 2023 - 2024
yueOHOM TOJly Ha 3aceaHuy KaQeapbl DIEKTPOHUKH U MUKPOIJIEKTPOHUKH

IIporokomor 20 1. Ne

3aB. kadempoii C.H. nyLﬂHOB

Pabouas nmporpamma nepecMoTpeHa, o0cyxaeHa u ogodpena st peanmsanuu B 2024 - 2025
y4eOHOM rojy Ha 3aceaHuu Kadeapbl IJICKTPOHUKHA U MUKPOIJICKTPOHUKU

IIporokomor 20 1. Ne

3aB. kadeapoii C.N. JlykpsiHOB

Pabouas nmporpamma nepecMoTpeHa, o0cyxaeHa u ogodpena st peanmzanuu B 2025 - 2026
y4eOHOM rojIy Ha 3aceqaHuu Kapeapsl DJIEKTPOHUKU U MHKPOIIEKTPOHUKH

IIporokomor 20 1. Ne

3aB. kadeapoii C.N. JlykpsiHOB




1 Iles1u ocBOEHUS TN CHMILTUHBI (MOYJ151)

[lenssmu  ocBoeHUST  OUCHUIUIMHBI ~ «OCHOBBI ~ IPOCKTUPOBAHUS  DJIEKTPOHHOM
KOMIIOHEHTHOM 0a3bl»  SBISIOTCS M3YUYEHHE COBPEMEHHBIX METOJAOB U  MaplIpyTOB
MPOEKTUPOBAHUS HJIEKTPOHHOW KOMIIOHEHTHOM 0asbl, CpPelICTB M CHOCOOOB aBTOMATH3AlMU
npouecca IpOeKTUPOBAHMS.

2 MecTo THCHHMIIMHBI (MOYJISAA) B CTPYKTYpPe 00pa30BaTe/IbHOI MporpaMMal

Jucuumnnuaa OCHOBBI MPOEKTUPOBAHUS SJIEKTPOHHOM KOMIIOHEHTHOM 0a3bl BXOAWUT B
gacTh yd4eOHOro TuiaHa (OPMUPYEMYIO0 yYacTHHUKaMH O0O0pa30BaTENbHBIX  OTHOIICHHIA
00pa3oBaTeNbHOI TPOrPaMMBI.

Jns  wW3ydeHWs  JUCHUIUIMHBI ~ HEOOXOOUMBI  3HaHUS  (YMEHHs,  BIIAQJCHUSA),
c(hOpMUPOBAHHBIE B Pe3YyJIbTaTe U3yUCHUS TUCIUILINH/ PAKTUK:

JluckperHas MaTeMaTUKa

WNudopmarrka u nHpHopMalioHHbIE TEXHOJIOTUU

®u3rKa KOHIEHCUPOBAHHOTO COCTOSHUS

®dusuka

Maremaruka

OneMeHTH! HU(POBOM TEXHUKH

CxeMoTexHHUKa

3HaHus (YMEHHUs, BIAJEHUS), MOTYYCHHbIE IPU U3yYECHUH JAHHON AUCLHUILIIMHBI OyIyT
HEOOXOAUMBI JUIsl U3yUSHHS TUCIUTLTIH/TIPAKTHK:

CAIIP ycTpoiicTB NpOMBILIUIEHHOH 2JIEKTPOHUKU

OCHOBBI TEXHOJIOTUH NEKTPOHHONH KOMIIOHEHTHOM 0a3bl

3 Komnerenunu ody4yarouierocsi, popMupyemMbie B pe3yabTaTe 0CBOEHUsI

AUCHUILINHBI (MOAYJIS1) ¥ IJIAHUPYEMble Pe3yJIbTAThl 00y4eHus

B pesynprare OCBOEHHS JUCHMIUIMHBI  (Moaynsi) «OCHOBBI — IPOEKTUPOBAHMS
AIIEKTPOHHOM KOMIIOHEHTHOM ©0a3bl» oOydaromuiics J0oJDKeH o00jafaTh ClEeayIOIUMU
KOMIIETEHIVMSIMU:

KO,[[ HHJAUKATOpa I/IH,Z[I/IKaTOp JOCTHIXXCHHA KOMIICTCHIIMH

ITK-1 CnocoOeH pa3pabaTbiBaTh CTPYKTYPHBIE U (PYHKIIMOHAIBHBIE CXEMBI JIEKTPOHHBIX CUCTEM
Y KOMIUIEKCOB, TPUHIMIIAAIBHBIX CXEM YCTPOUCTB € UCIOJIB30BAHUEM CPEJICTB KOMIIBIOTEPHOTO
NPOEKTUPOBAHUS, IPOBEIECHUEM IPOEKTHBIX pPacyeToB U  TEXHUKO-3KOHOMHYECKUM
000CHOBaHHEM TPUHUMAEMBbIX PEIICHUN

IK-1.1 PazpabarbiBaeT SCKU3HBIN MPOEKT, BKIIOYAIOIIMUMA: BBIOOP CTPYKTYpHOM
CXEMBbl 3JIEKTPOHHOI'O YCTPOWCTBA WJIM CHUCTEMBI IIYTEM COIOCTaBJIEHUS
pa3IMYHBIX BAPUAHTOB M HMX OICHKA C TOYKH 3PEHHUS] TEXHUYECKUX U
SKOHOMMYECKUX TPeOOBaHU; paCCUUTHIBAECT BCe HEOOXOAMMBIE MTOKA3aTeNN
CTPYKTYPHOM CXEMBI AJIEKTPOHHOTO YCTPOWCTBA WJIM CUCTEMBI, B TOM YHCIIE

IIOKa3aTcJIin KadeCTBa, BBIGI/IpaeT n 000CHOBBIBAET CXCMbI
BCIIOMOTaTEIbHBIX VCTPOUCTB
IK-1.2 HpOI/I?)BOIII/IT TEXHHUKO-3KOHOMHUYECKOE 00OCHOBaHHUE MPUHATOr'O PCIICHU C

pacueTaMu ce0ecTOMMOCTH YCTPOWCTBA W CTOMMOCTH €ro 3KCIUTyaTalluu;
CPaBHHUBAET C aHAJIOTAMHU MO TEXHUKO-I)KOHOMHYECKUM XapaKTepUCTUKAM




4. CTpyKTypa, 00b€éM U coaep:KkaHue TUCHUIIMHBI (MOAYJIS)
OO0mas TpyI0€MKOCTh JUCIUIUIMHBI COCTAaBIsieT 3 3a4eTHBIX enuHuil 108 akaa. gacos, B TOM
qyuce:
— KoHTaKkTHas padota — 39,05 akan. 4acos:
— aynuTopHas — 38 akaJ. 4acoB;
— BHeaynutopHas — 1,05 akaj. 4acos;
— caMocTosTenbHast pabora — 68,95 akan. yacos;
— B (hopMe MpakTUYIeCKoi moaroToBku — 0 akaj. yac;,

®dopma aTTeCTalMu - 3a4ET

AynutopHast ) =
o | xouraxTHas pabora E 3 ®dopma TeKyILero
=
Pasnen/ Tema S (B axaz. gacax) g2 Bitn y HOHTPOIA Kon
g & © | caMOCTOATEIBHOMN | yCIIeBaEMOCTH M
JTACIUTUTAHBI 5 [ .. | xommeTenmn
3 o & paboThI TIPOMEKYTOYHOH
na6. |mpakr. [ € 8
Tlex. Z'g aTTecTaluu
3aH. | 3aH. | QU &
1. OCHOBBI TIPOCKTUPOBAHUS
11 CoBpeMeHHas
CamocrosTenpHOe
ANEKTPOHHASI .| Kourponbuas IK-1.1,
3 10 [u3yueHue yueOHOH
KOMITOHEHTHAS 6aza. cDATVDLL pabora TK-1.2
JHAT
Knaccugpukanus. OGnactb paryp
1.2 IIpoekrupoBanne
JIEKTPOHHOU CamocrosTenpHOe
KOMH(I))HGHTHOfI 0asbr: 4 10 [u3ydeHHe yueOHOMH KOHTPOIbHAA [K-11,
) v i pabora TIK-1.2
OCHOBHBIC 3Tallbl U YPOBHH JIUTEPATypPhI
POEKTHPOBAHUS
13 Cucrembt
ABTOMATU3UPOBAHHOI'O 7
npoektupoBanust  (CAIIP).
00630p CAIIP JULst CamocrosTensHoe
Pa3IHIHBIX ypoBHEH n3ydeHue yaeOHou
MPOEKTUPOBaHUA.  SI3bIKH 4 oni | 20 JIUTEPATYPBHI. Konrtponbnas IK-1.1,
OTIMCaHUS anmaparypsl [Moaroroska k pabota TIK-1.2
HDL. CkBo3HOE HPaKTUYECKUM
MPOEKTHPOBAHNE 3aHATHAM
IU(POBBIX YCTPOUCTB Ha
ocHose TIJIMC B CAIIP ISE
WebPACK Xilinx
Hroro no pazaeny 11 921 | 40
2. MoaenupoBaHue
2.1 Buapl MoIenupoBaHUsS
W TUIBI  MojeNeil Ha
Pas3sIMIHbIX oTanax
CamocrosTenpHOE
MPOEKTHUPOBAHUSL. JBvaeHIe VIeOHO
Henomsopanne VHLD- n y;me aZ bl KonTponbhas TK-1.1
SPICE-moneneii. 7 4 521 | 20 PATYPBL. p )
IlogroroBka k pabota TIK-1.2
MogenupoBanue  pabOTHI
IU(POBBIX  YCTPOWCTB ¢ MPAKTHICCKHM
3aHATHSIM
TMOMOIIBIO BCTPOCHHOI'O B
CAIIP ISE WebPACK
cumyisitopa Isim.




2.2 Pa3paboTka NpoeKTHOU
JIOKYMEHTALHH.

Kondurypuposanue IIITNC CaMOCTOHTeHbHO?
. n3ydeHue yueOHoH

¢ TIOMOIPIO_BCTPOCHHOM B JIUTEPaTyphl KonrponbHas MK-1.1

CATIP ISE  WebPACK 4 524 | 8,95 paTypel. 4 b
Ioaroroska pabota IK-1.2

MPOTPAMMBI Impact.
MPaKTHYECKHM

TecTupoBaHue TOTOBBIX

. 3aHITHSIM

YCTPOHCTB.

JTAG-unTtepdeiic.

HUroro no pazaeny 8 10/41 | 28,95

Hroro 3a cemecTp 19 19/61 | 68,95 3a4éT

HWTOro mo AMCHUILIHHE 19 19/61 | 68,95 3a4er




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

JlekiinoHHbIE 3aHATUS TO AUCHUIUIMHE «OCHOBBI MPOCKTUPOBAHUS 3JIECKTPOHHOU
KOMIIOHCHTHOW  0a3bl» TPOBOAATCS B  TPAAMIHOHHONW (opMe C  HCIOJIB30BaHUEM
MYJIbTUMEIMHHOTO oOopyaoBaHus. IIpakThyeckue 3aHATHS MPOXOIAT KaK B TPAJAMIIMOHHON
dbopMe, Tak ¥ B UHTEPAKTHBHOU (opMe, TJIe CTyICHTaM 3apaHee NpeIaracTcsi 03HAKOMUTHCS C
nHpopmaluen mo TeMe 3aHATHsI JJIA MOJATOTOBKH BOIIPOCOB IPEMOaBaTEI0, TAKUM 00pa3oMm,
MPAKTUYECKOE 3aHATHE MPOXOAUT MO THUIY «BOIPOCBI—OTBEThI-IMCKYyccHs». Ha Bcex
MPAKTUYECKUX 3aHATUSIX TaKKe IPUMEHSIOTCS SJEMEHThl 3aHATUS-BU3YyalM3allUM, 3a CYET
MPEJCTABICHUS YaCTU MaTepHUalla C MOMOIIBIO 3apaHee MOArOTOBIEHHBIX MPE3EHTALIUH, CIAI0B
C IIOMOIIBIO0 MYJIBTUMEIUHHOTO 000PYIOBaAHUS.

Teopernyeckuii Marepuasn, OCBOCHHBIN CTYAEHTAMH CAMOCTOSTEIbHO, 3aKPEIUIIETCS Ha
MPAKTUYECKUX 3aHATUAX, HA KOTOPBIX BBHIMOJHSAIOTCS WHAWBUIYAIbHBIE U TPYIIIOBBIC 3aJaHUS
[0 MOpOWAEHHON Teme. YacTh MPAKTUYECKUX 3aHATHH NPOBOJUTCS B BHUIE TPaAULHUOHHBIX
CEMHHApPOB C IIeJIbI0 Oosiee MIyOOKOro W MOJIHOTO YCBOEHHUS TEOPETHUECKOro MaTepuaia 1o
JlaHHOW Teme. J[JIg 3TOro CTyJIeHTam NpeiaraeTcsi rOTOBUTh JOKJIAJbl MO paccMaTpUBAEMOM
TeMe ¢ JambHEHIIUM 00CYKJCHHEM B XOJ€ MPAKTHUECKOro 3aHsATUs (yueOHbIX auckyccuii). Ha
MPAKTUYECKUX 3aHATUSAX TaKKe NPUMEHSIOTCS METOJ KOHTEKCTHOrO OOydeHHs, paboThl B
KOMaHjie ¥ MeToJ Case-Study, Mmo3BOJISIOIINE YCBOUTh YUeOHBIH MaTepuas MyTéM BbI-SIBICHUS
CBSI3€M MEXIYy KOHKPETHBIM 3HAaHHEM M €ro NPUMEHEHHEM, a TAaKXKE aHalh3a KOHKPETHBIX
CUTyalMi U IOMCKA PELICHUH B IPYIIIE CTYJEHTOB. 3alll1Ta PE3yJIbTaTOB NPAKTUUECKHUX 3aJaHUI
MIPOXOJIUT B BUJIE AUAJIOra IPENOAaBaTeNs U CTYICHTA, IPENOJAaBATENIEM 3aJaI0TCS KOHTPOJIbHBIE
BOIPOCHI C LENbI0 BBISICHEHHS TIIYOMHBI 3HAHUU CTyJEHTa MO JaH-HOMY pasfeny, Mpu 3TOM
npoOensl B 3HAHMSAX  CTYJIEHTa  BOCIOJHSIOTCS  JIONOJHHUTEIBHBIMUA  TOSICHEHUSIMH,
KOMMEHTApHUSIMU IIPENoaBaTelsl.

B kauecTBe OLIEHOYHBIX CPENICTB HA MPOTSHKEHUU CEMECTPA UCTIONb3YIOTCS KOHTPOJIbHBIE
pabotel. CamocTosaTenbHas paboTa CTYACHTOB 3aKJIIOYaeTCsi B MPOpabOTKe Marepualia Ipu
MOATrOTOBKE K MPAKTHYECKUM 3aHATHSIM.

6 YueOHO-MeTOAUYECKOE 00eciedeHHe CAMOCTOSITeJIbHOI padoThl 00y4aroImmMxcst
[Ipencrasneno B mpunoxxeHuu 1.

7 OuneHovnblie cpeacrea AJisd MIPpOBEICHUA HpOMe)KyTO‘IHOﬁ aTrrecranmumn
Hpe,[[CTaBJ'IeHLI B ITPUIIOKCHUHN 2.

8 YueOHO-MeTOoAMYecKOe U MH(POPMALMOHHOE o0ecnieyeHHe JHCIUIIIMHBI (MOYJIs1)

a) OcHoBHas1 IMTEpPaTypa:

1. MypcaeB, A. X. [lpaktukym no mnpoektupoBaHuio Ha s3bikax VerilogHDL u
SystemVerilog : yue6Hoe mocobue / A. X. Mypcaes, O. U. bypeneBa. — 2-e u3n., crep. —
Cankt-IlerepOypr : Jlamp, 2018. — 120 c¢. — ISBN 978-5-8114-2560-0. — Texkcr :
AIIEKTPOHHBIH // Jlanb : 3JIEKTPOHHO-OMOIMOTEeUHAs cucTema. — URL:
https://e.lanbook.com/book/103142 (mara obpamenus: 20.10.2020). — Pexxum poctyma: Juis
aBTOPH3. NOJIb30BATEIICH.

2. IlerpoB, M. H. MonenupoBaHue KOMIIOHEHTOB U 3JIEMEHTOB MHTETPAJIbHBIX CXEM :
yuebHoe nocodue / M. H. [lerpos, I'. B. I'ynkoB. — Caunkt-IlerepOypr : Jlanp, 2011. — 464 c. —
ISBN 978-5-8114-1075-0. — TexkcT : ameKkTpoHHBIN // JlaHb : 31eKTpOHHO-OMOIMOTEYHAs
cucrema. — URL: https://e.lanbook.com/book/661 (mata obpamenus: 20.10.2020). — Pexum

0) lonoJiHMTE ILHASA JIUTEpaTypa:
. llyka, A. A. Dnektponnka: Yuebnoe mocodue / lllyka A.A. - CI16:bXB-IletepOypr, 2008. -

751 c.ISBN 978-5-9775-0160-6. - Tekcr : anektpouHbii. - URL:


https://e.lanbook.com/book/103142

. [lyka, A. A. Dnektponuka: YueoHoe nocodue / l{yka A.A. - CI16:6XB-Ilerepoypr, 2008. - 751
c.ISBN 978-5-9775-0160-6. - Tekct : anekrponHsid. - URL:
https://znanium.com/catalog/product/350420 (nara obpamenus: 21.10.2020). — Pexxum moctyma:
10 TIO/IITUCKE.

B) MeTouueckue yKazaHus:
MeTtoaudeckue peKOMEHIAINH 110 BHIMOJTHCHHUIO MPAKTUYECKUX 3aJaHUN MTPEICTABICHBI
B IIPHJIOKCHUH 3.



r) [Iporpammuoe obecneuenue u UaTepHeT-pecypcebi:

IIporpammHoe o0ecnieuenmne

Haumenosanue I1O Ne morosopa Cpoxk neiicTBuUs TULEH3UU
MS Windows 7

Professional(mns  |[A-1227-18 ot 08.10.2018 11.10.2021
KJIACCOB)

MS Office 2007 |, 135 1 17.09.2007 GeccpoHo
Professional

IIpodeccuonanbablie 6a3bl JAHHBIX U HH()OPMALMOHHBIE CIPABOYHbIE CHCTEMbI
Hassanue xypca CchlIKa

IMTonckosas cucrema Akagemust Google (Google Scholar) [URL: https://scholar.google.ru/

9 MaTtepHaJbHO-TEXHHYECKOE o0ecneyeHne TUCIUTILIHHBI (MOLYJIs1)

MatepuraiabHO-TEXHUYECKOE 00eCIeYeHNE IUCIUIUIMHBI BKIIOYAET:

JlexunoHHasg aynuropus: MylbTUMEIMHBIE CpPEICTBA XpaHEHHWs, IepeJadud |
npecTaBiIeHus HHpopMaIum.

Kommnberorepueii  kmacc ©  IlepcoOHaJbHBIE  KOMIIBIOTEPBI € YCTAHOBJIEHHBIM
cnenuanusupoBannom 110 ms npoekTrpoBanus sneMmenTHoi 6a3sl (ISE WebPACK Xilinx).

Aynuropus Ais CaMOCTOATENbHOW paboThl: KOMIBIOTEpHBINM Kiacc IlepcoHanbHbie
KOMIIBIOTEPBI C YCTAHOBJIEHHBIM clienuanu3upoBadHoM [1O nis mpoeKTHpoBaHMs 3JIEMEHTHOU
6a3b1 (ISE WebPACK Xilinx).



[NPMJIOXEHUE 1

6 YueOHO-MeTOqMYECKOE OOecTIiedeHHe CAaMOCTOATEIbHOM padoThl CTYAeHTOB
[To muctummae «OCHOBBI TPOCKTUPOBAHMS DJIEKTPOHHON KOMIOHEHTHOM 0a3bl»
IpeayCMOTPEHA ayAUTOpHAs U BHEAYJAUTOPHAS CAMOCTOSsITEIbHAs paboTa 00yJaromuxcs.

Ay,HHTOpHaH CaMOCTOATCIIbHAA pa60Ta CTYACHTOB mnmpeamnojaaracTt

KOHTPOJIBHBIX 33/1a4 HA MPAKTUYCCKUX 3aHATHUSX.
[IpumepHBIC ayaAUTOpHBIE KOHTPOIbHBIE paboThl (AKP):

pelieHue

AKP Nel «CoBpemeHnHas 2J1eKTpoHHas KOMIIoHeHTHas 6a3a. Kimaccudukanms. O0mactsh

MMPUMCHCHU:

1.

BOoNOoOR~WN

0.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

Knaccugukarus 37eKTpOBaKyyMHBIX 3JIEKTPOHHBIX TPUOOPOB.
Cdepa mpuMeHeHMsI 2IEKTPOBAKYYMHBIX TPHOOPOB.
[TepcneKTHBBI MPUMEHEHUS SJIEKTPOBAKYYMHBIX TPUOOPOB.

Kakwue snemMeHThI BXOAST B MOZIeb TprOopa BaKyyMHOMN 3JIEKTPOHUKH.

Kakue 31eKkTpoHHO-1y4YeBble TPUOOPHI Bl 3HAaETE?

Yro Takoe MoylnpoBOIHUKOBBIN 3JIEKTPOHHBIN pubop?
Knaccugukanus moxynpoBOJHUKOBBIX TIPHOOPOB.

Cdepa mpuMeHeHHsI TOTYIPOBOIHUKOBBIX TPUOOPOB.
Kakue noaynpoBoJHIKOBEIE TPHOOPHI BB 3HAETE?
[TepcniekTHBBI NPUMEHEHUS MOITYIPOBOAHUKOBBIX IPUOOPOB.
OnemeHTHas 6a3a ONTOAIEKTPOHUKH.

Cdepa mpuMeHeHMs ONTOIEKTPOHUKH

Uro Takoe nHTErpaibHas cxema?

Knaccugukaius uHTErpaabHbIX cxem?

UTo 3HaYUT TEXHOJIOrMYECKasi HOpMa UHTETPaJIbHON CXeMBbI?
OneMeHTHast 6a3a MHTETPAJIbHBIX CXEM.

UYro Takoe 3akaznas C

Yro Takoe nosysakasnas MC?

Urto npeacrarisieT co00it 6a30BbIN MATPUUHBIN KPUCTAILIT?
Yro Takoe mporpaMMupyeMas JJOruueckas HHTerpajibHas cxema?
Uro Takoe «cucTeMa Ha KpUCTauie»?

Yro Takoe norudeckuii anement UC?

Uro Takoe noruveckas UC koMOMHAaIMOHHOTO THMA?

Yro Ttakoe norudeckas MC nocnenoBaTeIbHOCTHOTO TUMA?
Kakwue Tumpl nornyeckux siueex (JIOTMKH) Bbl 3HaeTe?

AKP Ne2 «IIpoexkTrpoBaHue 3JEKTPOHHON KOMIIOHEHTHOM 0a3bl: OCHOBHBIE 3Tallbl U

YPOBHU MPOEKTUPOBAHUSI:

b=

ITepeuncnure ocHOBHBIE ATanbl npoussBoacTea MC
Uro BrirO4aeT B cebs crierudukaus Ha pazpadareiaemyro MC
KakoBa nepapxus npoextuposanus CBUC.

Uro Takoe KpEeMHHUEBBIM YpOBEHb NpoeKkTHUpoBaHus. Kakwne

MMPUMCHAIOTCS HAa JTAHHOM YPOBHC.

Uro Takoe TpaH3WCTOPHBIM YPOBEHb MNpOeKTHpoBaHuA. Kakue

MMPUMCHAIOTCS Ha JTAHHOM YPOBHC.

Uro Takoe BEHTWIBHBIM ypOBEHb IpOeKTHpoBaHusA. Kakwue

MMPUMCHAIOTCS HAa JTAHHOM YPOBHC.

Yrto Takoe pPETHCTPOBBIM YpOBEHb NpOEKTHpoBaHWs. Kakue

MMPUMCHAIOTCS HAa JTAHHOM YPOBHC.

Yrto Takoe MpOIECCOPHBIN YpPOBEHb MpoeKTUpoBaHUA. Kakue

MNPUMCHAIOTCS Ha JTAHHOM YPOBHC.

Uto Takoe CHCTEMHBIM ypOBEHb NpoeKTUpoBaHus. Kakue

MMPUMCHAIOTCS HAa JTAHHOM YPOBHC.

IMPUMHUTHBBL

IIPUMHUTHUBBL

IMPUMHUTUBEBL

IMIPUMHUTHUBBL

IMIPUMHUTUBBL

IMPUMHUTHBBL

10



[NPMJIOXEHUE 1

10. B uém 3akirogyaeTcsi MPUHIIMIT YIIPABICHHUS CIOXKHOCTBIO (abcTparupoBaHue) MpU
pa3pabOTKe IEKTPOHUKH.

11. KakoBa coBpemenHast uH(ppacTpykTypa npousBojacrsa MC.

12. Yo npencraBistoT co00i KpeMHUEBBIE (haOPUKH.

13. Yro Takoe IP-610k.

14. Knaccudukanus [P-6110k0B

15. B uém orimmume nporpammubix [P-6510xoB ot anmapatabix [P-6510kx0B.

16. Yro npencrapistoT coboii Tonosiornaeckue [P-6moku.

17. Dranbl npoekTupoBanus 3akasHoi NUC.

18. Oranbl npoexktupoBanus MC Ha CTaHAAPTHBIX sYEHKaX.

19. Drans! npoekTupoBanus cxembl Ha 6aze [TJINC.

AKP Ne3 «Cucrembl aBToMatruzupoBanHoro npoektupoBanus (CAIIP). O63op CAIIP

JUISL pa3lIMYHbIX YPOBHEH MpOeKTHpoBaHus. SI3biku omucanus ammaparypsl HDL. CkBo3Hoe
npoektupoBanue udpobix ycrpoiicts Ha ocHoBe IIJIMC B CAIIP ISE WebPACK Xilinx»:

17.
18.

19.

20.

21.

22.

23.

24.

25.
26.

217.

Uro Takoe A3bIK onucanus annapatypst HDL.

KakoBbl mpeumymiectBa pa3paboTku cxembl Ha 60a3ze HDL mo cpaBHeHuio co
CXEMOTEXHUYECKUM CIIOCOOOM.

YTto Takoe JOrMYeCKHUil CHHTE3 CXEMBI.

Kakue CAIIP pa3pabotku MC Bbl 3HaeTe?

Kakue CAIIP ans pa3pabotku cxem Ha 6a3e [1IJIMC BbI 3HaeTe?

Jlornueckuii cunte3 C Ha cTaHIapTHBIX slUEHKax.

Jlornueckuii cunres3 cxem Ha [IJIMC.

Uro Takoe KpUTHYECKUH MyTh U(PPOBOM CXEMBI?

Kakwue si3pIkH OnucaHus anmnaparypsl Bbl 3HaeTe?

. UeM oTnmnyaroTCsa CUHTE3UpYeMble CTPYKTYpHI si3bika HDL ot HecuHTe3upyembix?

. Kakumu crioco6amu MOXHO MOBBICUTH OBICTpOIeiCTBHE U(POBON CXEMBI?

. B uéMm 3axmrouaeTcss KOMIPOMUCC TUIONIAAb KpUCTaIIa/ObIcTpoaeicTBIE?

. Uto Takoe cuHXpoHHas 1udpoBas cxema?

. Uro BrItOUaeT B cebs onucanue uHTepdeiica (entity declaration) B sizeixke VHDL.

. Kakue 3nauenus nogaepxusaet tum ganHbix STD _LOGIC B s3sike VHDL.

. Uem ormmuaercss tun nanaeix STD_LOGIC or STD_LOGIC_VECTOR B s3bIKE

VHDL.

B uém otimumne o0bekTa port or oobsekra signal B si3eike VHDL.

Kakue 3HaueHUs moIepKUBaeT T AaHHbIX unsigned B s3pike VHDL. SIBasiercs in
JTAHHBIA TUT CHHTE3UPYEMbIM?

Kakue 3HaueHUs MOIEPKUBACT TUN JaHHBIX integer B si3pike VHDL. SIBastercst mu
JTAHHBIA TUT CHHTE3UPYEMbIM?

SIBnsieTcst M BBHICOKOMMIIEJAHCHOE COCTOsIHWE Z CHHTe3upyeMbIM B s3bike VHDL?
Ecnu na, To Kakast cxeMa CHHTE3UpyeTcs?

KakoB CcHHTaKcWc CTPYKTYphl «IIpucBamBaHue 1o yciouio» (conditional signal
assignment) B sizpike VHDL. B Kakyro cxemy 1aHHasi CTpYKTypa CHHTE3UPyeTCs?
KakoB cunTakcuc crpykrypel «[IpucBamBanme mo BeIOOpY» (Selected signal
assignment) B sizpike VHDL. B Kakyto cxemy 1aHHasi CTpYKTypa CHHTE3UPyeTCs?
KakoB cunrakcuc omnepatopa if B s3pike VHDL. B Kakyro cxemy mgaHHas CTpyKTypa
CUHTE3UpyeTCs?

KakoB cunrtakcuc oneparopa case B si3pike VHDL. B Kakyro cxemy nanHast CTpyKTypa
CUHTE3UpyeTCs?

Jnst gero B s3pike VHDL ucnons3yercst cTpykTypa process?

Pa3paboTtaTe OIHOPa3pSIHYIO CXeMy CpaBHEHHsI Ha BEHTHWJIIBHOM YPOBHE Ha SI3BIKE
VHDL.

Pa3zpabotats Ha s3p1ke VHDL cxemy aemmdparopa 2 B 4.

11



[NPMJIOXEHUE 1

28. Pazpaborate Ha s3pike VHDL cxemy mnpeoOpa3oBartenss JIBOMYHOTO KOJIa B

CEMHUCETMEHTHBIN.

29. Pa3paborare moayns Ha VHDL, Beraucnsromuii 4eTripexBxo1oBy0 ¢yakimo XOR

(ucxmouatromee NJIN).

30. Pazpabotats Ha s3pike VHDL cxemy 4-x pa3psiiHOTo CUETUHKA.

31. Pa3pabotats Ha s3p1ke VHDL cxemy 4-x pa3psaHOro cyMMaropa 4uces Co 3HAaKOM.
32. Inst ywero nmpumensiercst generic B sizpike VHDL.

33. UTo 3HaYuT nmapameTpu3oBaHHas cxema?

34. Pa3pabotarts Ha s3pike VHDL cxemy 8-u pazpsigHOTO peructpa.

35. Pazpaborate Ha s3bike VHDL cxemy caBHroBOro perucrpa ¢ mapauieabHON

3arpy3Komu.

36. Pa3paborates Ha si3pike VHDL cxemy KOHEYHOro aBTOMaTa il JIETEKTHPOBAHHS

nepeaHero GpoHTa CUrHaa.

AKP Ne3 «Bunel MoaenupoBaHMsT W TUIBI MOJEIEM Ha pasIMYHBIX ATamnax

npoektupoBanus. McmonszoBanne VHLD- u SPICE-moneneii. MoaenupoBanue padbOTHI
1 (pOBBIX ycTpoicTB ¢ omoribto BcrpoenHoro B CAIIP ISE WebPACK cumyisitopa Isimy:

1.

2
3.
4.
5

~No

8.

9.

Yro takoe cpeaa tectupopanus (testbench).

Uto Takoe cpena TECTUPOBAHUS C CAMOITPOBEPKOIA?

Yro Takoe PyHKIHOHAILHOE MOICIUPOBaHUE?

Yporuu Bepudukanmu CBHUC.

Hasznayenue ¢yHKIHMOHATBHBIX OsokoB Stimulus, checker u monitor B cpene
TECTUPOBAHUSA?

Yro Takoe paHI0MHU3AIUSA TECTOBBIX Bo3aercTBHiA (Stimulus)

Uro takoe orpannucHHas (Constrained) panaoMu3aiius TeCTOBBIX BO3ACHCTBHIA

YeM OTIMYaeTCA KOJOBOE TOKPHITHE OT (YHKIMOHAIHLHOTO TOKPHITUS MPH
BEpU(PUKALIUU CXEMBI?

Yro Takoe METpHKa Mpu BeprdHKaiuu cxeMbl? Kakue METPUKH UCTIONB3YIOTCS?

10. Yto Takoe IMYJISAIUS CXEMBI?
11.Yto Ttakoe ¢QopmanbHas MpoBEpKa HSKBUBAIEHTHOCTH Ha JTale CHHTE3UPOBAHUS

CXEeMBI?

12. Yo Takoe BpeMEHHOE MOJICTHPOBAHUE CXEMBbI?
13. Hanmcatp testbench wa VHDL ¢ camompoBepkoil sl OXHOPA3psAHONW CXEMBI

CpaBHCHMU.

14. Hantucats testbench nva VHDL nns cxemsl permmdparopa 2 B 4.
15. Hanucats testbench ma VHDL mist cxembl mpeoOpasoBaresss IBOMYHOTO KOJa B

CEMHCETMEHTHBII.

16. Hariucats testbench ma VHDL ¢ camomnpoBepkoii st 4-x paspsanoit cxembl XOR

(uckmouatomee NJIN).

17. Hanmcats testbench na VHDL amst cxemsr 4-X pa3psiiHOTO CUETYHKA.
18. Hamtmcats testbench ma VHDL mms cxembl 4-X pa3psHOTO CyMMaTOpa YHCEN CO

3HaAKOM.

19. Hantucats testbench va VHDL aist cxembl 8-1 pa3psiiHOTO perucTpa.
20. Hancats testbench ma VHDL nanst cxeMbl CIBUTOBOTO PErHCTpa ¢ MapajuieIbHOMN

3arpy3Koil.

21. Hammucate testbench ma VHDL s cxembl AeTeKTHpOBaHHs TepenHero (poHTa

CHUI'HaJia.

AKP Ne5 «Pazpaborka mpoekTHoW pokymenTtanuu. Koudurypuposanue ITJIMC c

nomonipto BerpoeHnoit B CAIIP ISE WebPACK mnporpammer  Impact. TectupoBanue
rotoBbIX ycTpoicTB. JTAG-unTEpdericy:

1.

YT0 Takoe UMILUIEMEHTALINA?

12
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KakoBbI OCHOBHBIE pEKOMEHIAINY TI0 Pa3MEIICHUIO OJIOKOB Ha KpucTasuie?
Yrto Takoe ciaou metasunianuu B 1C?
UYrto Takoe TpaccupoBka?
[TprMeHeHre MaHX3TOHOBCKON T€OMETPUH ITPU TPACCUPOBKE.
Uro Takoe pusnueckas Bepupukamms MC?
Uto takoe DRC npoBepka?
Urto takoe ERC npoBepka?
Urto takoe LVS nposepka?

. Urto takoe GDSII ¢opmat?

. Uto takoe JTAG Tectupoanue?

. UTo Takoe 1ernoyka TeCTupOBaHMs?

. Uto Takoe BcTpoeHHOe camotectupoBanue BIST?

. BcTpoeHHOE caMOoTeCTUpOBAaHUE ITAMSATH.

. Urto Takoe nepudepuitHoe CkaHupOBaHUE?

. PeanuzoBath onHOpaspsaHyto cxemy cpaBHeHuss Ha ©Oaze I[IJIMC Spartan 3E.
Onpenenutb ObICTPOEHCTBUE CXEMBI U 3aTpaueHHble pecypebl IIJINC.

. PeanuzoBath cxemy aemmudpartopa 2 B 4 Ha O6aze [IJIMC Spartan 3E. Onpenenuth
ObICTpO/ICHCTBIE CXEeMBI U 3aTpadeHHbIe pecypcenl [IJINC.

. PeanuzoBath cxemy mpeoOpas3oBaressi JBOMYHOTO KOJIa B CEMUCETMEHTHBIM Ha 0aze
[IUINC Spartan 3E. OnpenenuTs OBICTPOACHCTBHE CXEMbI U 3aTpPayeHHBIE PECYPCHI
[JINC.

19. PeanmuzoBarp 4deThipexBxo70ByI0 (yHkmumio XOR (uckmowaromee WJIM) nHa 0Gaze

[IJIMC Spartan 3E. Onpenenutb ObICTPOJCHCTBHE CXEMBI U 3aTPavy€HHBIE PECYPCHI
[JINC.

20. PeanuzoBath cxemy 4-x paspsinHoro cuéturka Ha 6aze [IJIMC Spartan 3E. Onpenenuts

ObICTpO/ICHiCTBIE CXeMBI U 3aTpadeHHbIe pecypcenl [IJINC.

21. Peanu3oBaTh cxemy 4-X paspsHOTO cymMMaropa 4duces co 3HakoM Ha 6aze [IJIMC

Spartan 3E. Omnpenenuts ObICTpOAEHCTBHE CXeMBI U 3aTpadeHHbIe pecypcsl [IJINC.

22. PeanuzoBaTh cxeMy 8-u pa3psaHoro peructpa Ha 6aze [IJIMC Spartan 3E. Onpenenuth

OBICTpO/ICICTBHE CXeMBI U 3aTpadeHHbIe pecypcenl [IJINC.

23. Peann3oBaTh cXeMy CABHIOBOTIO PETHCTpa C MapajuieabHoH 3arpy3koil Ha 6aze ITJIMC

Spartan 3E. Omnpenenuts ObICTpOAEHCTBHE CXeMBI U 3aTpadeHHbie pecypesl [IJINC.

24. Peanu3oBaTh CXeMy JETEKTHPOBaHUS IepeaHero ¢poHTa curHaia Ha 6aze INIJIMC

Spartan 3E. Omnpenenuts ObICTpOACHCTBHE CXeMBI U 3aTpadeHHbie pecypcsl [IJINC.

BHeay,Z[I/ITOpHaH CaMOCTOATCIIbHAA pa60Ta 06yqafonmxc51 OCYHICCTBIIACTCA B BHUIC

HU3YUCHUA JIUTCPATYPBI IO COOTBETCTBYIOIIEMY PA3ACily C npopa60TI<0171 MaTrepuraia.
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[NPMJIOXEHUE 2

7 OneHo4YHbIe CPeACTBA 1JIsl IPOBeAeHHUS IPOMEKYTOYHOM aTTecTalnu
a) Ilnmanmpyembie pe3ynbTaThl OOyUeHHs M OICHOYHBIE CpEACTBA Ui MPOBEICHUS

HpOMGX(YTOqHOﬁ arrecranuu:

CtpyKTypHBII
JIEMEHT

KOMIICTCHII N

[Tnaaupyemblie pe3ynbTaThl
0o0y4eHus

OneHoYHbIEC CPEACTBA

OIIK-1 ctocoGHOCTH MPECTaBIATh aICKBaTHYIO COBPEMEHHOMY YPOBHIO 3HAHHI HAYYHYIO
KapTUHY MUPA HAa OCHOBE 3HAHUS OCHOBHBIX I10JIOKEHUH, 3aKOHOB U METOJIOB €CTECTBEHHBIX

HAayYK U MaTCMAaTHUKN

3HaTh

— KIaccupurayuio cospemeHHou
9NEeKMPOHHOU KOMNOHEHMHOU
oasvl;

— cghepy npumenenus co8peMeHHOU
INEKMPOHUKU,

— nepcneKkmugHvle HanpaeieHus
COBPEMEHHO IeKMPOHUKU,

— Knaccugpurxayus 21eKxmposaxyyMHuIx
2eKMPOHHBIX NPUOOPOS.

— Coepa npumenenus
2eKMPOBAKYYMHBIX NPUOOPOB.

— Ilepcnexmuebl npumernerus
2eKMPOBAKYYMHBIX NPUOOPOB.

— Kakue snemenmul 6xo0sm 6 mooens
npubopa 8axyymMHoOU 1eKMPOHUKL.

— Kaxue snexmponno-nyuesvie npubopul
6bi 3Haeme?

— Ymo makoe nonynpoeooHuKoswlii
NeKMPOHHBLU NPU6bOpP?

— Knaccugpurayus nonynposooHuUKo8vix
npubopos.

— Coepa npumenenus
NOAYNPOBOOHUKOBBIX NPUOOPOS.

— Kakue nonynposoonuxossie npudopul
6vl 3Haeme?

— Ilepcnexmugul npumenenus
HOLYNPOBOOHUKOBbIX NPUOOPOE.

— Onemenmuasn 6asa onmos3nieKmpoHuKi.

— Cepepa npumenenus onmosaneKmpoHuKU

— Ymo makoe unmezpanvhas cxema?

— Knaccugpuxayuss unmezpanvuoix cxem?

— Ymo 3nauum mexnono2uyeckas Hopma
UHMESPATILHOU cXembl?

— Dnemenmuas 6a3a uHMe2panbHbIX

cxem.
VYMerTnb: — Kaaccuguyuposams cxemvl u — Ymo maxoe 3axasznas UC
YCMPOUCMBa 6 COOMBEEMCMEUU C — Ymo maxoe nonysaxazuas UC?
cospemenol Kiaccugpurayuei — Ymo npedcmasnsem coboii 6az06biii
9NeKMPOHHOU KOMNOHEHMHOU MampuuHwli KpUcmann?
basou, — Ymo maxoe npoecpammupyemas
— ocyuecmensime 6bi00p INeMEHMHOL J02UYEeCKAs UHMe2PalbHas cxema?
basel npu npoekmuposanuu — Ymo maxoe «cucmema na
NEKMPOHHBIX NPUOOPOS, CXeM U Kpucmaniey?
ycmpm?cm@ € coomeemcmeuu co — Ymo maxoe nocuueckuii snemenm UC?
cepepoii npumenenus; — Ymo maxoe nocuuecxas UC
KOMOUHAYUOHHO20 muna?
— Ymo maxoe nocuueckas UC
nociedosamenbHoCmHo20 muna?
— Kaxue munvl 102uueckux sueex
(nocuxu) vl 3naeme?
Braners: — HagvlKAMu pabomul ¢ — Kaxux npouzgooumeneti cogpemennol

ungopmayuonnviMu 6a3amu
OAHHBIX COBPEMEHHOU
9NeKMPOHHOU KOMNOHEHMHOU
baswl, CNpasouHbLLIMU

INEKMPOHUKYU 6bl 3HAeme?

— Kaxux npouzsooumeneui IIVIMC 6v1
3Haeme?

— OCHOBHOU MUPOBOT NPOU360OUMEb
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mamepuaiamu,

npoyeccopuvix IP si0ep?

— Ymo maxoe OpenCores?

— Hazosume xkpynuetiwiux
npeocmasumerneu KpeMHUEBbIX
Gabpux?

— Kakux npoussooumeneti CAIIP
2eKMPOHUKU bl 3HAeme?

— Kaxux 3apybesicHbix u ome1uecmeeHHbix
npoussooumeineil 6aKyyMHoU
27eKMPOHUKU bl 3HAeme?

[TK-5 roTOBHOCTH BBINOJHATH pacdeT M MPOCKTHUPOBAHUE SJIEKTPOHHBIX MPUOOPOB, CXEM U
YCTPOMCTB Pa3IMYHOTO (PYHKIIMOHAIBHOTO HA3HAYCHHUS B COOTBETCTBHHM C TEXHUYECKUM
3aJIaHHEM C UCTIOJIb30BAHMEM CPEJCTB ABTOMATHU3aI[MU TPOECKTUPOBAHMS

3HATH — OCHOGHbLE IMANbL RPOEKMUPOBAHUA — Umo maxkoe A3bIK onucauus
NEKMPOHHBIX NPUOOPOS, cXeM U annapamypel HDL.
yempoticms. Konyenyuio — Kakoswl npeumywecmsa paspabomxu
CKB803H020 NPOEKMUPOBAHUSL, cxemvl Ha baze HDL no cpaguenuio
— anemenmmuylo 6a3y cospemMeHHou €O CXEMOMEXHUYECKUM CHOCOOOM.
anekmponuku. Ocnoguvie CAIIP — Ymo maxoe no2uyeckuii CUnmes cxemol.
CK603H020 NPOEKMUpO6arUsl — Kaxue CAIIP paspabomxu UC 6b
INEKMPOHHBIX NPUOOPOB, CXeM U 3naeme?
yempoticme; — Kaxue CAIIP ona paspabomku cxem Ha
— OCHOBHbLE MEMOObl npPoOeKmupoBaHus oaze I1JIVIC bl 3naeme?
ONEKMPOHHBIX CUCMEM — Jlocuueckuii cunmes UC na
(cxemomexnuueckoe CMAHOAPMHBIX AYEUKAX.
npoexmuposanue, na ocnose HDL, — Jlozuueckuii cunmes cxem na IIJIUC.
cucmemHoe npoeKmuposaHe); — Ymo maxoe kpumuueckuii nymo
yughposou cxemwl?

— Kaxkue azviku onucanus annapamypbi
6bi 3Haeme?

— Yem omnuuaromes cunmesupyemule
cmpykmypul a3vika HDL om
HecuHmesupyemuvix?

— Kakumu cnocobamu modicHo nogvicums
bvicmpoodeticmaue yupposou
cxemol?

— B uém 3axarouaemces komnpomucc
naouasb
Kpucmania/ovicmpooeticmsue?

— Ymo maxoe cunxponHas yugposas
cxema?

YMETH — QHATU3UPOBAMb MEXHUYECKOE — Paspabomams 0onopaspsonyio cxemy

3a0aHue, NoIb306aMbCs
NPOEKMHOU OOKYMeHmayuel,

— ocyujecmeisime 8blO0p dIeMeHmHOU

6a3vl npu NPOEKMUPOBAHUU
INEKMPOHHBIX NPUOOPOS, CXeM U
VCMPOUCME 8 COOMEEMCMEUU C
MEXHUYECKUM 3A0AHUEM.
Ocywecmensams b100p
neobxooumvix CAIIP;

— npoeKkmupoeanmv 31€KmpOHHblE

npubopsl cxemuvl U YCMPOUCmeda Ha
OCHOB€ PA3IUYHBIX MeMO0008
npoeKmupo8ans
(cxemomexunuueckoe, Ha OCHOGe
HDL, cucmemnoe
npoexkmuposauue) ¢
ucnonvzosanuem CAIIP;

CpasHeHUsi Ha BEHMUTLHOM YPOBHE
na azvike VHDL.

— Paszpabomamu na sizvike VHDL cxemy
Odewuppamopa 2 6 4.

— Paszpabomamy na sizvike VHDL cxemy
npeobpasosamenst 060UUHO20 KOOA
cemucezmeHmHbl.

— Paspabomame moodyne na VHDL,
BHIYUCTIIOUUL YeMbIPEXEX0008YI0
@ynxyuio XOR (uckmouarowee
Hjin).

— Paspabomams na sizeike VHDL cxemy
4-x paspsonoeo cuémuuxa.

— Paspabomamy na sizvike VHDL cxemy
4-x pazpsaonozo cymmamopa yucen co
3HAKOM.

— Paspabomamu na sizvike VHDL cxemy
8-u paspsonoeo pecucmpa.
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— Paspabomams na sizeike VHDL cxemy
€0811208020 pe2ucmpa ¢
napainienrbHoll 3a2py3Koll.

— Paspabomamu Ha sizbike VHDL cxemy
KOHEUHO20 A8momama Oisi
OemeKmupoBanust nepeorHezo
¢ponma cuenana.

BJIaACTH

— HasvlKamu pabomul ¢ NPOEKMHOU
OoKyMeHmayuetl,
uHpopmayuoruvIMu bazamu
OQHHBIX 00 OMeueCmeeHHbIX U
3apyOedNCHbIX KOMNOHEHMAX,

— HasvblKamu pabomul ¢ OCHOGHbIMU
CAIIP snekmpoHublx npubopos,
cxem u ycmpoucme,

— OCHOBHBIMU MEMOOAMU
NnpoeKmupo8anUs
(cxemomexHnuyeckoe, Ha OCHOGE
HDL, cucmemnoe
NpoeKmuposaHue);

— Peanuzosamv o0nopaspaouyro cxemy
cpasnenus na base IIJIUC Spartan
3E. Onpedenums 6vicmpooeticmaue
cXeMbl U 3ampayennvie pecypcol
ITIcC.

— Peanuzsosamo cxemy oewugppamopa 2 6
4 na 6asze IIJIUC Spartan 3E.
Onpedenums 6vicmpooeticmsue
cXembl U 3ampayerHbie pecypcol
IIc.

— Peanuzosamu cxemy npeodpazoeamens
080UUHO20 KOOA 8 CEMUCESMEHIMHBIIL
na 6ase ITJIUC Spartan 3E.
Onpedenums b6vicmpooeticmsue
cXeMbl U 3ampayentvie pecypcol
IIIcC.

— Peanuzosambs wembvipexexo006yio
@yuxyuro XOR (ucknrouaioujee
HIIN) na 6aze IVIUC Spartan 3E.
Onpedenums bvicmpooeticmaue
cXembl U 3ampayerHbie pecypcol
IIc.

— Peanuzosamo cxemy 4-x paspsonoco
cuémuuxa Ha 6aze I[IJIUC Spartan
3E. Onpedenums bvicmpooeticmaue
cXeMbl U 3ampayentvie pecypcol
IIIcC.

— Peanuzosamo cxemy 4-x paspsounoco
CYMMamopa yucen co 3HaKkom Ha base
TIVIHAC Spartan 3E. Onpedenumy
bvicmpodeticmeue cxemul u
sampauenuvie pecypcol IIVIHC.

— Peanuzosams cxemy 8-u pazpsonoco
peaucmpa Ha 6aze [IJIUC Spartan
3E. Onpedenums 6vicmpooeticmaue
cXeMbl U 3ampayentvie pecypcol
IIIc.

— Peanusosams cxemy c08uc08020
peaucmpa ¢ napanieabHoll 3a2py3Koil
na 6aze IIVIUC Spartan 3E.
Onpedenums dvicmpooeticmaue
cXembl U 3ampayennbie pecypcol
TJIIC.

— Peanuzoeams cxemy 0emexkmupo8aHusi
nepedHne2o (hponma cucHana Ha baze
IIVINC Spartan 3E. Onpedenumso
ovicmpodeticmeue cxemul u
sampauennvie pecypcol IIVIUC.

[TK-6 ciocoGHOCTh pa3zpabdaThIBaTh MPOEKTHYIO U TEXHUUYECKYIO JOKYMEHTAIUI0, 0(OPMIISAThH
3aKOHYEHHbIE TPOEKTHO-KOHCTPYKTOPCKHE pabOThI

3HaTb

— Ocnognvie (hopmvl npedcmaesnens
NPOEKMHOU OOKYMEHMAYUU 8
coomeemcmauu ¢ mpeoo8anusMu

ECKI:

— [lepeyucnume ocHogHbvle dmanbvl
npoussoocmea UC

— Ymo sexnmouaem 6 cebs cneyugurayus
Ha paspabamvieaemyro UC

16




[NPMJIOXEHUE 2

— Cmanoapmuvie onyuu CAIIP ons
opmuposanust npoOeKmHo
OOKYyMeHmayuu,

— Ilpasuna opeanusayuu
MHO20YPOBHEBOU NPOEKMHOU
OOKYMeHmMayuy 015 CIOHCHBIX
npoexmos;

— Kaxosa uepapxus npoexmuposanus
ChHC.

— Ymo makoe kpemnuegulii yposeHs
npoexmuposganus. Kaxue
NPUMUTNUGHL NPUMEHTIOMCA HA
OaHHOM YpO8He.

— Ymo makoe mpan3ucmopHulii ypogeHs
npoexmupogeanusi. Kaxue
NPUMUINUEL NPUMEHSIOMCA HA
OaHHOM YPOGHe.

— Ymo makoe 6enmubHblll yPOBEHD
npoexmupoéanus. Kaxue
NPUMUTNUGHL NPUMEHSIOMCS HA
OaHHOM YpOgHe.

— Ymo maxoe pecucmposulii yposeHs
npoexmuposganus. Kaxue
NPUMUTNUBSL NPUMEHSTIOMCA HA
OaHHOM YpOGHe.

— Ymo makoe npoyeccopHulii yposeHs
npoexmupogéanus. Kaxue
NPUMUMUEHL NPUMEHAIOMCL HA
OaHHOM YpOGHe.

— Ymo makoe cucmemuwiii ypogeHs
npoexmupoganus. Kaxue
NPUMUTNUBSL NPUMEHSTIOMCA HA
OaHHOM YpOGHe.

— B uém saxmouaemcs npunyun
YVRPABNEHUsL CLOAHCHOCHBIO
(abcmpazuposanue) npu
paspabomie 1eKmMpOHUKI.

— Kaxoea coepemennasn
uHgpacmpykmypa npouseoocmea
uc.

— Ymo maxkoe IP-610k.

— Knaccugurxayus IP-610ko06

— Ymo npeocmasnsitom cobot
mononozuueckue IP-6noku.

— Dmanvl npoeKmupo8anus 3akasHoll
uc.

— Omanwl npoexmuposanus UC na
CMAaHOAPMHBIX AUElKAX.

— Dmanvi npoeKMupoBanus Cxemvl Ha
basze IIJ/TUC.

yMEThb

— AHATU3UPOBAMb MEXHUYECKOE
3a0aHue Ha npoexkm,
NONb308AMBCS NPOEKMHOU
doxymenmayuetl,

— UCNONB308ANMb CMAHOAPMHbIE ONYUU
CAIIP ons ghopmuposanus
NPOEKMHOU OOKYMEeHMAYUul,

— paspabamviéams MHO20YPOGHEBYIO
NPOEKMHYI0 OOKYMEHMAayuro OJisl
CILOICHBIX NPOEKMOE C HOMOUBIO

CAIIP;

— Paspabomamw 08yxpa3spsaomnyio cxemy
CpasHeHusi Ha OCHO8e 08YX
IKBEMNIAPOB 0OHOPA3PAOHOU CXEMbl
cpasuenus. Mcnonv3osamo
KoMMenmapuu OJisk ONUCAHUSL KOOd.

— Paspabomamy na sizvike VHDL cxemy
Odewuppamopa 3 8 8 na ocnose
IKBEMNIAPOB CXeMbl deuudpamopa
2 ¢ 4. Hcnonvzosams komMmenmapuu
OJ1s1 ONUCAHUS KOOAL.

— Paspabomams na sizeike VHDL cxemy
16-u paspsionoeo cymmamopa uucen
CO 3HAKOM HA OCHOBE IK3EMNIAPOS
4-x paspsaonoeo cymmamopa.
Hcnonvsosamv kommenmapuu 0
ONUCAHUA KOOA.

— Paspabomamu na sizvike VHDL cxemy
8-u paspsonoeo pecucmpa.
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Hcnonvzoeams kommenmapuu s
ONUCAHUS KOOA.

— Paspabomamo Ha sizbike VHDL cxemy
KOHEUHO20 A8MoMama O
peanusayuu 3auumol om opebesea.
Hcnonvzoeams kommenmapuu 0ns
ONUCAHUA KOOd.

BJIaACTH

— HABLIKAMU PAbOMbL C NPOEKNMHOU
OoKyMeHmayue,

— cmanoapmuvimu onyusamu CAIIP ons
Gopmuposanusi npoekmuoll
OOKYyMeHmayuu,

— HABLIKAMU PabOmMbl ¢ PA3TUYHLIMU
CAIIP ons ocywecmenenust
O0OKYMEHmMOo0obopoma mesicoy
HUMU,

Ilo020moeums npoeKmHuyI0 OOKyMeHMAayuio:
RTL-k00 u ¢paiin oepanuuenuii
(mononozuueckux u 8pemenHblx) OJis
peanuzayuu npoexma xa dase IVIHC ons
CLeOYIoWUX NPOEKMO8:

— Bocomupaspsonas cxema cosuea ¢
VAPABTAIOWUM 6XO00M,
onpeoensiouwuUM HanpaeieHue
cosuea.

— Ipuopumemmnuolit wiugpamop 8 6 3

— Ilpeobpasosamens 060uuH020 KOOA 8
08OUYHO-0eCAMUYHDBIL

— 4-x paszpsaoubill cymmamop uucen ¢
naasarouerll moyKou.

— 8-u paspaonwuii FIFO 6ygep

— 4-x paspsonvui LLIUM

— Cmopooicesoti maiimep

— Cxema cmexka

— Apugpmemuxo-nocuvecxoe ycmpoucmeo

— Pecucmposwiii ¢aiin

— Cxema denenust

6) Ilopsmox
OIICHUBAHMS:

IMPOBCACHUA HpOMeXCYTOqHOﬁ aTTCCTAllMM, IIOKa3aTC/Ii W KPUTCPHUU

[TpomexyTouHas arrecTanys N0 JucuuIuInHe «OCHOBBI IPOEKTUPOBAHUS IJIEKTPOHHOM
KOMIIOHEHTHOI 0a3bl» BKIIIOUAET TEOPETUYECKUE BOIPOCHI, TO3BOJISIIOIINE OLICHUTh YPOBEHb
yCBOEHMsI OOy4aroIlMMHUCS 3HaHUM, M TNPAaKTUYECKUEe 3aJaHMsl, BBIABISAIOIIME CTENEHb
c(OpMUPOBAHHOCTH YMEHUH U BIAJCHUM, TpoBOAUTCA B (hopme 3auéTa.

[Tokazarenu u KpuTEepUN OLICHUBAHUSI 3aU€Ta:
Ha OLIEHKY «3a4TeH0» — 00yJaroIuics JeMOHCTPUPYET BBICOKUIM WM CpeHUM
yYpOBEHb C(HOPMUPOBAHHOCTH KOMIIETCHLIMH: OCHOBHBIE 3HAHMs, YMEHUs
OCBOEHBI, HO JIOIYCKalOTCsl HE3HAUUTEIbHbIE OIIMOKH, HETOYHOCTH, 3aTPYAHEHUS
IPU AHAIWTUYECKUX OIEpalusaX, MEPEeHOCE 3HAHMNM M yMEHUH Ha HOBBIE,

HECTAaHAAPTHBIC CUTYyalluH.

Ha OLCHKY «H€ 3a4YTCHO» — OGy‘-IS.IOH.[HﬁCH ACMOHCTPUPYCT 3HAHUA HC Ooiee
20% TECOPCTUYICCKOTO MaTCpHralia, JOIMYCKACT CYIIICCTBCHHLIC OIJ_II/I6KI/I, HEC MOXKCET
IMMOKa3aTbh MHTCJUICKTYAJIbHBIC HABBIKKW PCIICHUA ITPOCTHIX 3a41a4.
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MeToanyecKue yKasaHUA

BBeaeHue

TpagMUMOHHOE CXeMHOe TMNpPOEeKTUPOBaHME [JOCTUIIO B CBOEM pPa3BUTUM Mpegena U
MCNONb3yeTCs B HACTOALLEE BPEMA JINWb ANSA CPABHUTENIbHO MPOCTbIX NPOEKTOB pa3pabaTbiBaemol
3NEeKTPOHUKN. OCHOBHbIM HEAOCTAaTKOM CXEMHOFO OMWUCAHWUA MPOEKTOB C/AOMKHOW 3NEKTPOHUKM,
BK/tOYatoLLe 6ONbLUOe KOMYECTBO KOMMOHEHTOB M MOAY/NEN, ABAAETCA BbICOKAaA TPYL0EMKOCTb
OT/N1IaZKN. Ha cmeHy cxeMHOMY OMMUCaHMIO MPULAN A3bIKM ONUCAHUA annapaTypbl, Takne Kak VHLD wm
Verilog. B oTaMume OT TPagMUMOHHbLIX  A3bIKOB  MPOrPaMMUPOBAHUA,  OMMCbIBAOLLNX
nocnefoBaTeIbHOCTb BbINOJHAEMbIX KOMaHA, A3bIKM OMMCAHMA annapaTypbl ONMUCbIBAOT CTPYKTYPY U
CBA3M paspabaTbiBaemoro yctpoinctea. Takoe onmcaHue pa3pabaTbiBaeMoro ycTpoicTBa HasblBaeTcA
CTPYKTYpHbIM  (napannenbHbiM). BTopoli noaxos K  OMWCaHMIO  YCTPOMCTBA  HasbiBaeTcs
nosegeHYecKMM (nocnegoBatesibHbIM). [Py TaKOM NOAX0AE OMUCHIBAETCA HE CTPYKTYpPa YCTPOMCTBA,
a nopafoK ero ¢yHKUMOHMPOBaHMA (NoBefeHMe). A3bIKM OMMCAHWA annapaTypbl BKAKOYAT Kak
napannenbHble, Tak WU NocnefoBaTeNibHble QYHKUMKM, T.e. C MUX MOMOLLbO MOXKHO OMMCaTb Kak
CTPYKTYpY paspabaTbiBaeMoro yCTpoMCTBa, TaK M ero nosegeHuWe B 3aBUCMMOCTU OT BXOAHbIX
BO34eNCTBMN. 3aech cneayeT cAenaTb BaXKHOE 3ameYvaHue:

MocnepoBatenbHoe (noBegeH4YecKoe) onucaHWMe YCTPOWCTBA He Bcerga MoXKeT 6biTb
KOPPEKTHO CKOMMW/IMPOBAHO B CUHTE3MPyeMble KOHCTPYKLMU, T.e. CUHTE3UPOBAHHaA cxema
YCTpOICTBA MOXKeT paboTaTb He TaK, KaK 3aAymbiBan pa3pabotunk. B Toxke Bpemsa CTPyKTypHoe
(napannenbHoe) onucaHue 0AHO3HAYHO CUHTE3UPYETCA B ONUCAHHYIO CTPYKTYPY. Takum ob6pasom,
npu onucaHuu paspabaTbiBaemMoro yCTpoMcCTBa cC/lefyeT OTAaBaTb NpepnoyTeHue CTPYKTypHOMY
OMUCAHUIO UMK, KAaK FOBOPAT, UCNO/Ib30BaTb CUHTE3MpPYyeMble KOHCTPYKUuuuU. MocnepoBarenbHoe
(noBepeHueckoe) onucaHMe B cBOW ovepeab 3IGPEKTUBHO MUCNONAb3YeTCA Ha 3Tane
$YHKUMOHaNbHOTO MoOAEeNUpPOoBaHUA pPaboTbl pa3pabaTbiBaemMoro ycrpoictBa. Tem He MeHee,
MCnoNb30BaHME MOC/EeAO0BaTe/IbHbIX ONEPaTopoB A3bIKOB OMWCAHUA anmnapaTtypbl ANA CUMHTE3a
pa3pabaTtbiBaeMoOro ycTpoiicTBa A0MYCKaeTcA Npu yC/I0BUU KECTKOro cobniopeHua paga npasun
(paHHbIE NnpaBuna 6yayT paccMoOTPeHbl B COOTBETCTBYIOLLEN labopaTopHoii paboTe).

[aHHble MeToAMYEecCKMEe MpPU3BAH HayuMTb OCHOBAM MPOEKTUPOBAHMA 3NEKTPOHUKU C
NomMoLLbio A3blKka onucaHua annapaTypbl VHLD. Mpu 3TOM OCHOBHOM yrnop AenaeTca Ha pasBuTue
HaBbIKOB HaMUCaAHWA FPAaMOTHOMO M CaMOEe [N1aBHOE CUHTE3MPYEMOro KoAa, T.e. TaKOro Kopaa,
KOTOpbIA byAeT rapaHTMPOBAHHO CKOMMWAMPOBaAH B paboTatowyto cxemy. [loatomy BmecTo
nogpobHoro onucaHma cuHTakcnca VHLD M BCEBO3MOMKHbBIX KOHCTPYKLUMIA A3blKa NPaKTUKYM
orpaHmumBaetcs 0630pOM CpaBHUTENIbHO HebO/bWOro Habopa CUHTE3UPYEMbBIX KOHCTPYKUMIA,
NCNOb3YIOWMX [ECATOK TUNoBbiX wabnoHos VHDL-KoAda, CUHTE3MPyeMbIX B TUMOBbLIE CXEMbI.
[aHHble wWabnoHbl MOryT ObITb NETKO MHTErpupoBaHbl NPU MPOEKTUPOBAHUM BONBLUNX CAOMKHbIX
cucTem.

[na obecneyeHnsa npouecca CKBO3HOIO MPOEKTUPOBAHWA BMAOTb A0 FOTOBOrMO YCTPOMCTBA
6b110 pelweHo UCnoib3oBaTb Nporpammupyemyto noruky (MJINC), a umeHHo oTnagouHyto naaty NI
Digital Electronics FPGA Board Ha ocHoe [/IUC Xilinx Spartan-3E. B KayecTBe NporpamMmmHoOro
obecneyeHus ucnonbayetca CAMP ICE WebPACK ¢dunpmbl Xilinx.
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Onucanue iathl NI Digital Electronics FPGA

Mnata NI Digital Electronics FPGA sBnsetcA pe3ynbTaTOM COBMECTHOrO COTpyAHMYecTBa
komnanmini NI u Xilinx, ABnsoWMXCA KPYNHENWMMM B MUPE NPOM3BOAUTENAMMU NPOrPamMmMHOro
obecneyeHns M3IMEPUTE/IbHbIX CUCTEM M NPOrPaMMUPYEMbIX JIOTUHECKMX WMHTErpPasibHbIX CXeM
(NANC). BHewHui Bua nnatbl NI Digital Electronics FPGA npegctasneH Ha pucyHKke 1. NI Digital
Electronics FPGA Board cogep:uT WecTb KaHanoB 415 BBOAA aHA/IOr0BbIX BXOAHbIX cMrHanos AlO —
Al5, a Tak:Ke 32 undpoBsble BXogHbIe (BbIXOAHbIE) MHWUK 06LLero nonb3oBaHua — GPIO31.

OnucaHue curHanoB, MNOJaBaeMbIX Ha CUFHaNbHble 30HblI MaKeTupoBaHuA: BBl — 30Ha
MaKeTMpoBaHMA Jna nogkawodeHma K UAIM, AU, KHONKam, ABMMKKOBbIM MNepeKkaryaTenam,
BHELUHEMY CUHXPOCUIHaNy U AMHUAM 0bwero HaszHaveHuA MNJINC. BB2 - 30Ha makeTMpoBaHMA gns
NOAKMOYEHMA K NUHUMAM obuwero HasHayenHua MJINC M muctoyHMkam nuTtaHuAa. BB3 - 30Ha
MaKeTUpOBaHWA ONA  yNpas/iieHUA CeMUCErMeHTHbIM WHOMKATOPOM Ha [JABa 3HaKOMecCTa,
CBETOANOAAMM, MNOAKNOYEHUA K MUCTOYHMKam nutaHma BB4 - 30Ha MmakeTupoBsaHuA AanA
noakntoveHna K curHanam NI ELVIS, BKnwouyasa aHanorosble BXOAHble CUFHanbl, aHanorosble
BbIXOAHbIE  CUTHaAbl, GYHKLUMOHaNbHbIE  TEHEepaTopbl, MWUCTOYHUMKU  NUTaHuA, uubpoBble
BXOAHble/BbIXOAHbIE CUrHaNbl. BB5 — 30Ha MakeTMpoBaHMA 414 NoAKAoYeHna K curHanam NI ELVIS,
BK/IIOYAA pPeryanpyemble UCTOYHUKKU NUTAHMA, UMdpoBble BXOAHbIE/BbIXOAHbIE CUTHANbI, BbIXOAHbIE
CUrHaNbl CYETYMKOB, OOLLME TOYKM CUTHA/OB.

LR
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PucyHok 1 — BHewHuit Bug naatbl NI Digital Electronics FPGA Board:

1- pasbem nutaHua (15B) ; 2-maKeTHOM NNaTbl AN BO3MOXKHOCTU CO34aHUA 40MNOJIHUTENbHOMN 06BA3KU; 3— 610K
MaKeTHoW nnatbl BB2; 4— BbiKAlOuaTeNb NUTaHUA; 5— 610K makeTHoM naatbl BB3; 6— KHonKa cbpoca; 7-
ceMmucermeHTHble MHAUKaTopbl; 8— USB-coeguHutenb; 9— LD-G- ceetoaunog; 10- ceetoanoabl; 11- FPGA Xilinx Spartan
3E; 12— nepekntoyatensb npowmnsku MNJINC uepes ROM/IJTAG ; 13— AaTumnK yrna NnoBopoTa ¢ KHONKOM; 14— KHonKu; 15—
OBUXXKOBbIE NepekKtoyatenu; 16— 6 KoHHeKTopoB TMna PMOD (2x6); 17— 610K makeTHoM naaTtbl BB1; 18— 610K
MmakeTHoi nnatbl BB4; 19— (NI ELVIS)- coeanHutennb; 20— 610K makeTHOM naatbl BB5; 21 — nporpammarop; 22—
KBapueBbii reHepaTop 50Mrly; 23— 3awmTa NAaTbl OT CTaTUYECKOrO 3/IEKTpUYEecTBa
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KpaTtkoe onucaHue CAMNP WebPack

WebPACK — ato CAINP npoeKktnpoBaHMAa undpoBbIX YCTPONCTB Ha 6aze mmnkpocxem MNJINC CPLD
n FPGA ¢upmbl Xilinx. JaHHaa cuctema sensetcs 6ecnnaTtHbIM BapMaHTOM Kommepueckoi CAMP
3ToM e dupmbl nog HasBaHWem ISE M gocTynHa ana cBoboAHOro ckaumBaHMA Yepes ceTb Internet
(www.xilinx.com). OcHoBHOe oTAMuMe 6ecnnaTHOlM BepcuM OT ee MIAaTHOro aHajsora COCTOUT B
OTCYTCTBUU NOAAEPHKKM MUKPOCXEM, EMKOCTb KOTOPbIX Bbile 1,5 M/IH CUCTEMHBbIX BEHTUEN.

WebPACK coctout w3 Habopa moaynen, Kaxkablii W3 KOTOPbIX BbINOJHAET CBOU
cneunanm3npoBaHHble GyHKUMK. OCHOBHbIE MOAYAM NAKeTa cieayolme:

- pefaKTop CXeMHOro BBOA3;

- TEKCTOBbIN PeAaKTop C NOAAEPHKKOM A3bIKOB onmncaHus annapaTypbl VHDL u Verilog;

- CORE Generator — reHepaTtop onTMMU3NpPoOBaHHbIX IP-aaep;

- pefaKTop TECTOBbLIX BO3AENUCTBUI ANA NPOrpamMmmMbl MOAENNPOBAHMA;

- nporpamma pyHKLMOHANbHOIO Y BPEMEHHOIO MOAENNPOBAHUS;

- reHepatop VHDL/Verilog koaga;

- MporpamMmma aBTOMaTUYeCKOro pasmelleHuna u Tpaccnposkn MJINC;,—nporpammbl « py4HOro»
pasmeLLeHMA U ONTUMM3ALMM NPOEKTA;

- nporpamma 3arpyskuM KoHoUrypaumoHHoM nocnegosaTensHoctu B8 [JIMC FPGA u
nporpammumposanHua MNJINC CPLD u MMN3Y.

BosbwmnHcteo moaynen CAMNP WebPACK nmetot Kak rpaduyeckmnini nHtepdeiic nosb3oBaTens,
Tak U uHTepdelic KomaHaHon cTpokn. CAMP WebPACK moxeT paboTtaTb nog onepalyOHHbIMM
cuctemamm Windows, Linux 1 Sun Solaris.

Mpouecc pa3paboTku umMdposbIx ycTponcTs B cpege WebPACK cocTouT 13 cneayowmx 3Tanos.

1. BBoZ OMMCaHWA MPOEKTUPYEMOrO YCTPOMCTBA B CXEMOTEXHMYecKoW ¢dopme wuam c
NCNosib30BaHMEM A3bIKOB onuncaHma annapatypsl (HDL), Takux, kKak VHDL u Verilog.

2. CuHTe3 ycTpoicTBa, TO ecTb npeobpasoBaHMEe OMMCAHUA YCTPOMCTBA, MOJIYYEHHOrO Ha
nepBoM 3Tane, B ONUCaHME HA YPOBHE IOTMYECKUX BEHTUNEN.

3. Peanusauma ycTpoucTBa, TO ecTb NpeobpasoBaHMe OMUCAHWA YCTPOMCTBA Ha YpOBHE
NIOrMYecKux BeHTUNel B pu3myeckoe onucaHme Ana KOHKpeTHoM mmnkpocxemsl MJTUC.

4. dopmnpoBaHUEe KOHPUTYPALMOHHOW NOCNef0BaTeNbHOCTU AN MUKPOCXe-

mbl MJINC.

Mocne Kaxporo us atanos 1,2 n 3 BO3MOXKHO, a B 60/IbLIMHCTBE C/ly4aeB M HEOH6XoaMMO Ans
YCMeLWwHOoro 3aBepLleHMA MPOEKTa BbINOJHEHWE MpOLeAypbl MOAENMPOBaHUA U BepudmKauum
NoJly4eHHOro ONUCaHMA YCTPOMCTBA.

Ha pucyHke 2 npeacTtaBieHa ob606LleHHaas cxema NPOeKTUPOBAHUA LMPPOBbIX YCTPOMUCTB B
CAMNP WebPACK.
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PucyHoK 2 - 0606LeHHanA cxema NPoeKTupoBaHuA undposbix ycrpoicts B CAMP WebPACK

[NPMJIOXEHME 3
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IIpoeKTUpOBaHHE KOMOMHALMOHHbIX CX€M HAa BEHTHUJIbHOM YPOBHE
BBeaeHue

B paHHOM rnaBe Ha Npumepe NPOCTOI CXeMbl CPaBHEHUA NOAPOOHO PaccMOTpeHa CTPYKTYpa
cuHTesmpyemoro VHDL-koga. OnucaHue paboTbl uMdpoBbIX KOMOWMHALMOHHbLIX CXeM B AaHHOM
paboTe npeacTaBAEHO WCKAOUYMTENIbHO Ha BEHTU/AbHOM YypoBHe abcTpakuuu (gate level), T.e.
NPUMEHSAIOTCA TONbKO 6a3oBble /IOFMYECKME BEHTW/W, pPeanusylolmMe OCHOBHble JIOrMYecKkue
onepauun (HE, U, NN, UCKNHOYAKOLLLEE U/TN). PaccmoTpeH CTPYKTYPHbIA (Mepapxnyeckuii) noaxos,
K NPOEKTUPOBAHUIO UMPPOBbLIX CUCTEM, NPU KOTOPOM CUCTEMA HA BEPXHEM YPOBHE NMPOEKTUPOBaAHMA
paccmaTpuBaeTCA KaK coeguHeHue 60see NpocTbiX YHUOULMPOBAHHbIX 610KOB, KOTOpPbIE, B CBOO
ouyepesp, TaK¥Ke cTpoaTcA M3 6onee NpocTbix 610KOB U T.4,

1.1 OnucaHue cxeM B AU3BbIOHKTUBHON HOPpMaJIbHOM ¢popmMe

PaccmoTpum ogHOPaspAAHYLO cxemy cpaBHeHMs (1-bit equality comparator) , cogepskallyto 4Ba
BxoAa i0, i1 n oAnH BbIXOoA, eq. Bbixoa eq cxembl CPaBHEHWA NPUHUMAET aKTUBHOE 3HayeHue npwu
YCNOBWUM, YTO BXOAbI 0 1 i1 3KBMBaNEHTHbI. Tabanua UCTUHHOCTHM (truth table) ogHOpa3paaHON cxembl
CpaBHeHMWA NpeacTasneHa B Tabanue 1.1.

Tabnuya 1.1 — TabamMua UCTUHHOCTM O4HOPa3PAAHON CXeMbl CPAaBHEHUSA

= = O o
= O~ O
= O O K

Jonyctm, 4YTo Ana  peanuvsauuum  OfHOPAa3PsALHOM  CXeMbl CPaBHEHMSA Mbl  PeLnIM
ncnosb3oBaTb 6a3oBble nornyeckne BeHTUAM (logic gates), Takue kak: HE (NOT), U (AND), U/1U (OR),
Ucknouarowee UM (XOR). OgHolt n3 dopm 3anmcu iormdeckoit GyHKLUMK, onucbiBatoweit paboty
CXEeMbl, ABIAETCA 3aNMCb PYHKLMM B COBEPLUEHHOM AN3BIOHKTUBHON HOPManbHOM dopme, T.€. B BUAE
CYMMbl MUHTEPMOB (sum-of-products canonical form) . Jlornyeckaa ¢yHKLUMA OQHOPA3PALHON CXeMbI
CPaBHEHMUSA, 3aNMCaHHanA B COBEPLUEHHOM AMU3BIOHKTUBHOW HOPMAibHOM popme, UMeeT BUA,:

eq=i0-i1+i0-il

OAVH 13 BO3MOXKHbIX BapuaHToB VHDL-KOAa, ONWUCbIBAIOWLEro PacCMaTPMBAEMYHO CXemy
cpaBHeHus npuBegeH B anctuHre 1.1. MpoaHanusupyem A3blKOBble KOHCTPYKLMW MPUBEAEHHOTO
KoAa B CAeAylolmx noapasgenax.

Nuctunr 1 — Peanusauma ogHopaspaaHON CXemMbl CpaBHEHUA Ha BEHTUIbHOM YPOBHEe

library IEEE;
use IEEE.STD LOGIC_1164.ALL;
entity eql is
Port ( i0 : in STD_LOGIC;
il : in STD_LOGIC;
eq : out STD LOGIC);
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architecture sop_arch of eql is
signal p0 , pl : STD LOGIC;

begin
eq <= p0 or pl ; -- CcyMMa MMHTEPMOEB
PO <= (not i0) and (not il) ; -- ompegeneHMe MUHTEpPMa
pl <= i0 and il ; -- ompejeneHVe MMHTepMa

end sop_arch;

1.1.1 OCHOBHble NeKkcnyeckme npasmia
Koa VHDL sBnsetcs He4yyBCTBUTE/NbHbIM K cnocoby HanucaHua (pernctpy) cMmBosioB (case
insensitive), T.e. MPONMCHbIE N CTPOYHbIE BYKBbI ABNAIOTCA B3auMo3ameHsieMbiMU. Kpome Toro B Koae
VHDL ponyckaeTca BCTaBASATb AOMNOJIHUTE/NbHblE MpPo6enbl U nycTble CTPOKU. Mcrnonb3oBaHue
OO0NONHUTENbHbIX NPO6ENOB N NYCTbIX CTPOK NO3BOMAET CAeNaTb Kog 60/1ee NOHATHLIM.

NpeHtTudukatopom B A3bike VHDL HasbiBaeTca UMs 06beKTa (KOHCTaHTbl, NMepemeHHOM,
bYHKUMKM, cUrHana, nopTa, NognporpamMmbl, obbeKTa NpoeKTa, MeTKu). UaeHTUPUKATOp MoKeT
cogeprkatb A0 26 6YKB, UMIP U HUKHUX MOAYEPKMBaHMIA (He AonycKaeTca MCnoab3oBaTb 6osee
OAHOr0 CUMBOJIa HUXKHEro NoAYepKMBaHUA noapaAs). HaunHaTtbea naeHTMdUKaTop AOJIXKEH TOBKO C
6ykBbl. B npumepe (nuctmHr 1.1) ucnonb3ayloTca cneaytowme naeHtudukatopbl: eql, i0, il, eq,
sop_arch, pO, pl.

B sasbike VHDL cyuwecTBylOT 3ape3epBMPOBaHHbIE Klo4yeBble c/ioBa. B gaHHom yyebHoOm
nocobum Bce KNoUYEBblE CNOBA BblAeNEHbl CUHMM LUBETOM (NMUCTUHT 1.1).

KoMMeHTapmin HaYMHAETCA C ABYX CMEXHbIX A4edMCOB U NPOLOAKAETCA A0 KOHLA CTPOKW. Mpwm
cuHTese VHDL-NpoeKkTa KOMMEHTapuu WrHopupytotcas. B gaHHom yyebHOm nocobum Bce
KOMMEHTApUM BblAeNeHbl 3e/1eHbIM LLBETOM (AUCTUHT 1.1).

1.1.2 Ncnonb3syemblie 6UbANMOTEKM
OnucaHne obbekta Ha VHDL coctout w3 Tpex udactei (nuctmHr 1.1): obbasneHus
ncnonbayembix 6ubaunotek (library, use), onucanmns nHtepdeiica obbekTa (entity) n ero BHyTpeHHel
CTPYKTypbI (architecture).

MepBble ABe CTPOUKM B Npumepe (AncTuHr 1.1) 06baABAAIT MCNONb3yeMble BUBAMOTEKMU:

library IEEE;
use IEEE.STD LOGIC 1164.ALL;
B paHHOM cnyyae obbanserca 6ubamoTteka IEEE.STD LOGIC 1164, 4Tto no3Boaser

MCMNONb30BaTb COOTBETCTBYIOLIME TUMbI AaHHbIX, ONepaTopbl U GpyHKUUKU, onpeaeneHHble B AaHHOM
enbnnoreke.

1.1.3 NHTepdelic 0b6bekTa
OnucaHne uHTepdelica (entity declaration) BkAtoYaeT B ceba obbABAeHME MMeHU O6beKTa U
06bABMEHME BXOAHbIX M BbIXOAHbIX NOPTOB 06beKTa. HUXKe npuBeaeHO onucaHue uHTepdeiica 13
npumepa (AnctuHr 1.1):

entity eql is -- OekJylapauus MMeHMu oOBeKTa
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Port ( i0 , il : in STD LOGIC; -- IekJjlapaumus BXOOHHBIX [IOPTOB
eqg : out STDiLOGiC); —-— OeKJlapalMda BHXOOHOI'O IIOopTa

end eql;

B AaHHOM npumepe B MepBOi CTPOKe obbsaBasetca mma obbekta eql. Crpyktypa port
ONWUCbIBAET BXOAHbIE U BbIXOAHbIE MOPTbI B Cneaytoliem ¢opmare:

UMA_nopTal, uma_nopTa2, . . .:  PEXKMM_CUrHana TMN_CUrHana ;

[na BXOAHbIX MOPTOB YKa3blBAaETCA BXOLHOM pexum curHana (in), Ana BbIXOAHbIX NOPTOB
YKa3blBaeTCA BbIXOAHOW pexKum curHana (out). TakKe npeaycMOTpeH pexum inout ans
[ABYHanpaBAeHHbIX MOPTOB.

1.1.4 Tun gaHHbIX 1 onepaTopbl

VHDL — 5A3bIK CO CTPOroi TMNu3auuein. 3To0 3HA4YMUT, YTO AaHHble onpeaesieHHOro Tuna moryT
NPUHUMATb 3HAYEHWA, COOTBETCTBYIOWME TONAbKO AAaHHOMY TuMy (Hanpumep, NIOMMYECKMI Tun
AaHHbIX BOOLEAN MoeT npuHUMMaTb TONbKO 3HayeHua UCTUHA (TRUE) w JIOMHO (FALSE) wn
HWUKaKne JpyrMe) M €  JaHHbIMW  OMPefesieHHOro TuMna MOTYT  BbIMOJHATLCA  Onepauuu,
COOTBETCTBYIOLLME TO/IBKO AAHHOMY TUNY (Hanpumep, ANA AaHHbIX TMna BOOLEAN ucnonb3ytoTca
TONbKO Noruyeckme omnepatopbl). HecmoTpa Ha To, 4To B A3blke VHDL npumeHseTcs MHOMecTBO
TUMNOB [AaHHbIX, B AaHHOM y4yebHOM nocobUM MCMNOAb3YIOTCA [asieKo He BCe — B OCHOBHOM
npumeHaetca Tmn STD_LOGIC u ero BapuaHTbl. ITO CBA3AHO C TEM, YTO OCHOBHOM ynop B AaHHOM
y4yebHOM nocobum caenaH Ha CMHTe3Mpyemble KOHCTPYKUMKM A3blka VHDL, T.e. Takne KOHCTpyKUuM,
Ha OCHOBE KOTOPbIX MOXKET BbITb CUHTE3NMPOBAHA peasibHO paboTatowan cxema.

Tun gaHHbix STD_LOGIC onpegeneH B 6ubnunoteke IEEE.STD LOGIC 1164 n coaepuT aesATb
BO3MOXHbIX 3HauyeHuW. Tpu 3Hadyenus: ‘0, 1’ wm 'Z’, cooTBeTCTBYIOWME JIOTMYECKOMY HY/IO,
JIOTMYECKON eMHMLE U COCTOAHUIO BbICOKOrO OMMUYECKOTO COMPOTUB/EHUS (Z-COCTOSHMIO), MOTYT
6bITb CMHTe3MpoBaHbl. [Ba Apyrnx 3HadeHus ‘U’ um ‘X', KoTopble o03HayaloT “uninitialize”

” (ll ~n

(“HenHMumanmampoBaHHbIi”) U “unknown” (“HensBecTHbIN”), MOryT BCTPETUTLCA NPU CUMYNALUK
npoekTa (Hanpumep, Koraa curHanbl ‘0’ u ‘1’ coeguHsaoTca B 0AHOM Touke). OcTaBlMecs YeTbipe

3HayeHua -, '"H’, 'L’ n’"W’ He ncnonb3ytotcs B AaHHOM y4ebHOM nocobuu.

Uundposoli curHan 3avacTyto npepncrasnsetr coboli gBOMYHOM cnoso, T.e. Habop 6uTOB. B
OAaHHOM c/lyyae, TaKOW curHan yaobHo npeactaBAATb TUNOM  AaHHbIXx STD LOGIC VECTOR.
Hanpumep, 8-mu GBUTHBIN BXOAHOW NOPT AAHHbIX MOXKHO 06bABUTL CleayoLmm ob6pasom:

a: in STD LOGIC VECTOR (7 downto 0);

3anucb “(7 downto 0)” o03HayaeT, YTo B PopmaTe uYMcna CTapluMii 3Havyawuii 6uTt (MSB)
pacnofaraeTca KpaliHMM cneBa, a MAaglWunii 3Hadawmii 6uT (LSB) — KpaHum cnpaBsa (Takas ¢opma
3anucyn  ABaseTcA OOLLEeNpUHATON B 3/IEKTPOHMKE, MNO3TOMY B JAaHHOM y4yebHOM nocobum
MCMob3yeTca MMeHHO 3ToT dopmar). [nA BblageneHMUa YacTu C10Ba, HaNnpUMep CTapLUmMX YeTbipex 6uT
B YKa3aHHOM MpuMepe, MOXKHO MCMob30BaTh 3anucb “a(7 downto 4)”; AN BblaeNeHUs OTAeNbHOTO
6u1Ta U3 cNoBa, HaNnpMmep HyeBoro 6uTa B ykasaHHOM Npumepe, NnpumeHseTca 3anuce “a(0)”.

Ana panHbix Tna STD_LOGIC n STD_LOGIC_VECTOR onpegeneH pag, NOrM4yeckmx onepaTopos,
Takux Kak: HE (NOT), 1 (AND), UJIN (OR), Ucknouarowee N/IM (XOR). Ona undpoBbIX CNOB TMNA
STD LOGIC VECTOR yKasaHHble NnorMyeckne onepaumm BbINOAHALOTCA NobuTtHo. B Asbike VHDL
YKa3aHHble JIOrM4eckne onepatopbl 06/1a4al0T  OAWMHAKOBBIM - MPUOPUTETOM, NO3TOMY AAA
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onpeaeneHna nopaaKka BbINOSHEHUA JIOTMYECKOro BblpaKeHUA HeobXoAMMO MPUMEHATb CKOBKM,
Hanpumep:

(@ and b) or (c and d)

1.1.5 CTpyKTypa 0bbeKTa
BHYyTpeHHsA CTPYKTypa ob6beKTa (architecture body) onucbiBaeT paboTy cxembl (AnctuHr 1.1):

architecture sop arch of eql is

signal p0O , pl : STD LOGIC;
begin
eq <= p0 or pl ; —-— CyMMa MMHTEPMOB
p0 <= (not 10) and (not il) ; -- omnpenejieHre MMUHTEepMa
pl <= i0 and il ; —— omnpenejieHVEe MMHTEepMa

end sop arch;

VHDL no3BonsieT MHOXeCTBY Pas/INUHbIX CTPYKTYP 06beKTa (architecture body) npmBa3biBaThCA K
nHTepdelicy obbeKkTa (entity), NosaTomy CTPyKTypa ObbeKTa A0/MKHA MMETb YHUKaAbHOE UMA ANs
csoelt uaeHtTuduKaumm, Hanpumep “sop_arch” 8 npumepe sbile (“sum_of products architecture”).

CTpyKTypa obbeKTa (architecture body) moeT BKAto4aTb B cebAa ceKuumio ana obbABAEHUA
BHYTPEHHUX NepeMeHHbIX (CUrHanoB) 06beKTa, BCMOMOraTe/IbHbIX KOHCTAHT U T.4. B npuBegeHHOM
npumepe, A4ONOAHUTENLHO O6BABAAIOTCA ABE BHYTPEHHME NepemMeHHbIe:

signal pO , pl : STD LOGIC;

OcHOBHaA 4aCTb OMNWCaHMA CTPYKTypbl o6bekTa (architecture body) nomelieHa mexay
KaloueBbiMM cnoBamu begin M end. B npuBeaeHHOM npumepe CTPyKTypa ob6bekTa onucbiBaeTcA
TpPems BblpaxKeHUAMM (statement):

eq <= p0 or pl ;
p0 <= (not 10) and (not il) ;
pl <= i0 and il ;

Mpu 3TOM, B OTAMYME OT CTaHZAPTHbIX A3bIKOB MpOrpammmpoBaHusa (Hanpumep C), rae
BbIpaXKeHMA (CTPOKM NpOorpaMmmbl) BbINOJHAIOTCA NOC/NEA0BaTE/IbHO, B A3bIKAX ONMCAHUA annapaTypbl
HDL npuBeaeHHble BbipaXeHMs (statement) OMWCbLIBAIOT 4YacTM pPeanusyemoirt CXembl U MOTOMY
BbINO/IHAIOTCA NapannesnbHo (concurrent statements). MepemeHHas caeBa, NPy 3TOM, PacCMaTPUBAETCA
KaK BbIXOQHOW CWUrHaA CXembl, Bblpa)keHWe cnpaBa onpegenser ¢yHKUMO paboTbl CXembl U
COOTBETCTBYIOLIME BXOAHbIE CUFHA/bI. B KayecTBe Npumepa paccCMOTPUM C/efyIoLLee BbipaskeHUe:

eq <= p0 or pl ;

[aHHOe BbIparkeHWe onucbiBaeT cxemy, peanusytowyto onepaunto NWIU mexay BXogHbIMU
curHanamm p0 v pl. MNpu U3MEHEHMM 3HaYeHuin curHanos p0 1 pl BbiparKeHWe nepecymTbiBaeTcA.
PesysnbTaT pacyeTta NPWCBaAMBAETCA BbLIXOAHOMY CUIHaNy eq 4Yepe3 OMpeaesieHHYH BpPeMeHHYo
3a[eP*KKY, 3aJaHHYI0 MO YMOAYaAHMIO.
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lpaduueckoe npeacraBneHne obbekTa (nMcTuHr 1.1) npeacrasneHo Ha pucyHke 1.2. Tpu yactm
CXeMbl COOTBETCTBYIOT TPEM BbIparkeHUsaM (concurrent statements), OnNMCaHHbIM Bbile (NOPAJOK
CNefoBaHMA BbIPaXKEHUI B KOAE MPOrpaMmbl HE MMeEeT 3HAYEHMUA, MOCKOJIbKY AaHHble BblpParKeHUs
BbINOJIHAIOTCA NapasnefibHO MU MOTyT cnefoBaTh B Nto6bom nopsagke). CoeanHeEHUA Mexay YacTaAMU
CXeMbl 04HO3Ha4YHO ONpPeaenatoTCA MMeHaMM NOPTOB BBOAA/BbIBOAA U BHYTPEHHUX NEPEMEHHbIX.

i0

. . p0
i1 (not i0) and (not i1) _|_
eq
pl

p0 or pl

i0andil

PucyHok 1.1 — Fpadmuyeckoe npeacraBneHme peannsanmm ogHoOpaspAaHOM cxembl CpaBHEHUA

1.1.6 [Byxpa3pagHaa cxema CpaBHEHUA
YBenuumm paspagHoOCTb CXeMbl CpaBHeHUA A0 ABYX. [ycTb nmeeTca BXxogHble 2-X pa3pAgHble
CUrHanbl @ U b N BbIXOAHOM CUTHAN aeqgb. BbixogHOM cUrHan aeqgb NpUHMMAET aKTUBHOE 3HaYeHue
npy OAHOBPEMEHHOM pPaBEHCTBE M CTAapWMX WM MAAAWWUX paspAagos a W b. Kak u B cayyae
OZHOPA3PAAHOM CXeMbl, ONMUCAHUE peannsyem B AU3bIOHKTUBHOM HOPMabHOW dpopme:

aeab =2, 5,3, B, +3B3 by 4,3, B, -2 b g, by,

rae a,, bl — CTapuwune paspAagbl CUrHan0B a n b COOTBETCTBEHHO; do, bo — Mhaauwne paspAagabl CUrHanos
aub COOTBETCTBEHHO,

Koa peanusaummn AByxpaspasHOM CXembl CPaBHEHWA NpUBEAEH B IMCTUHTe 1.2.

JIUcTuHr 2 — Peanusauma AByXpaspAagHOM cXeMbl CPaBHEHUA Ha BEHTU/IbHOM YPOBHe

library IEEE;
use IEEE.STD LOGIC_1164.ALL;

entity eq2 is
Port ( a, b : in STD LOGIC VECTOR (1 downto 0);
aegb : out STD LOGIC);
end eq2;

architecture sop_arch of eq2 is
signal p0, pl, p2, p3 : STD_LOGIC;

begin
-- cyMMa MMHTEpPMOB
aegb <= p0 or plor p2 or p3 ;
-— ompegfeJyieHMe MMHTEPMOB
pO0 <= ((not a(l)) and (not b(l))) and ((not a(0)) and (not b(0))) ;
Pl <= ((not a(l)) and (not b(l))) and ((a(0)) and (b(0)))
P2 <= ((a(l)) and (b(1l))) and ((not a(0)) and (not b(0))) ;
p3 <= ((a(1l)) and (b(1))) and ((a(0)) and (b(0))) ;

end sop_arch;

BxoaHble nopTbl @ U b B gaHHOM cnyyae obbssaatoTca Kak STD LOGIC VECTOR. Peanusaumsn
CTPYKTYpbl 0ObEeKTa aHa/lorMyHa peanusaumMm OAHOPaspPALHOM CXembl — OT/ANYME TONbKO B
KOJINYeCcTBE MMHTEPMOB.
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1.2 CTpyKTypHOE onMcaHue CXxeM

Undposble cuCTEMbI CTPOATCA 3a4aCTyld HA OCHOBE HECKONbKMX 6onee NpocCTbIX
YHUPUUMPOBAHHbIX 610KOB. MpK 3TOM Ha BEPXHEM YPOBHE MEPAPXMUUN ONUCAHUA LUPPOBOI CUCTEMDI
CTPYKTYpPa AaHHbIX YHUOULMPOBAHHbLIX BIOKOB HE PACKPbIBAETCA — OHU NPEACTABAAOTCA «YEPHbIMM
AWMKAMU» PEeaNM3YIoLLMMU KOHKPeTHble GYHKUMKU. CTPYKTypa AaHHbIX 6NOKOB pacKpbiBaeTcs Ha
60/51€e HM3KOM YPOBHE MEPAPXMU OMUCAHUA CUCTEMbI. B CBOIO oyepenb, KaxAablh «4epHbIA ALMKY
MOMET COCTOATb U3 HECKONIbKUX elle 6osee NpocTbiX YHUPULMPOBAHHLIX 610KOB. CTPYKTypa 3TUX
YHUOUUMPOBAHHbIX GNOKOB pacKpbiBaeTcA Ha ewe 6o0see HM3KOM YPOBHE MEpapxmm OMnUCcaHWA
cucTembl M T.4. TakoM NoAxof, 3HAaYMTENbHO YMNPOLWAOWMIA NPOLLECC NPOEKTUPOBAHMA U aHaAN3a
CNOMHbIX LMPOBbIX CUCTEM, NOAYUUA HA3BaHME CTPYKTYPHOE UAN MepapXMIecKoe onmcaHue cxem. B
A3blKax onucaHua annapatypbl HDL yHuduuMpoBaHHble G610KM, KOTOpble MCMO/b3YIOTCA B BUAE
roToBblX OOBEKTOB HA BEPXHEM YPOBHE OMWCAHWUS CUCTEMbI, MOAYYMAM HA3BaHWE instance (0b6pas
obbeKTa), a npoueaypa pasmelleHMa 610Ka Ha BEpXHEM YpoBHe - instantiation.

B KauecTBe anbTepHATUBbI A/1A Peanm3aumm AByXpPaspaaHOM CXeMbl CPAaBHEHUA (AUCTUHE 1.2)
NPUMEHUM OMWUCAHHBIA Bbille CTPYKTYPHbIA MNogxon — B KavectBe yHMdMUMpoBaHHOro 6/10Ka
(instance) gns NoCTpPOeEHMA ABYXPa3pALHOM CXeMbl CPAaBHEHMA MUCMNO/b3YEeTCA FOTOBaA O4HOPA3PAAHaA
cxema (anctuHr 1.1). CTpyKTypa ABYXpPaspALHOW CXeMbl CPaBHEHMA, Peasn30BaHHAA YKasaHHbIM
cnocobom, npeacTtaBfeHa Ha pucyHKke 1.2. B npuBeAeHHOW CTPYKTYpe WCNo/sb3yerca [ABe
oflHOpa3psAHble cxembl cpaBHeHMAa ed_bit0_unit u eq_bitl_unit, ocywecTenawowme cpaBHeHUe
MAAAWNX U CTapwmx BUT BXOAHbLIX CUTHANOB COOTBETCTBEHHO M 31EeMEHT M, Ha BXOZ KOTOPOro
NMogaloTCA CUIHAAbl C BbIXOAOB YKas3aHHbIX cxem. TakMm 06pasom, BbIXOAHOM curHan aeqgb
NPUHMMAET aKTUBHOE 3HAYEHMNE NPU OAHOBPEMEHHOM PABEHCTBE M CTapLUMX U MAAALWMNX Pa3pALO0B a
nb.

eq_bit0_unit
a(0) i0 0
eql eq
b(0) i1
& aegb
eq_bitl_unit
a(1) i0
eql eq
b(1) i1 el

PucyHok 10wmnbKa! TEKCT yKa3aHHOro CTUAA B LJOKYMEHTe OTCyTCTBYeT..2 — Peanusauus AByXpa3pagHON CXembl
CpaBHEHUA Ha OCHOBE 0AHOPa3pPAAHbIX 6/10K0B

CoOTBEeTCTBYIOLWMI KOA peannsaummn AByxXpaspsaaHoOin cxembl CPaBHEHMA NPUBEAEH B INCTUHTE
1.3 (OnucaHmne wuHTepdelica (entity declaration) aHanorMyHo Koay B AMCTUHre 1.2, nostomy B
nvctuHre 1.3 He npuBOAUTCA).

JNuctuHr 3 — OnNucaHue CTPYKTYPbl ABYXPa3PALHOIA cXeMbl CPaBHEHUA

architecture struc_arch of eq2 is
signal e0, el : STD_LOGIC;
begin
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-- BHBOB (instantiate) 6m;okxa eql gmnsT cpaBHeHMs MIaAuMX GMTOB
eq bit0 _unit: entity work.eql (sop_arch)
port map (i0 => a(0), il => b(0), eq => e0) ;
-- BHBOB (instantiate) 6moxa eql pnst cpaBHEeHMS CcTapumMx O6MTOB
eq bitl unit: entity work.eql (sop_arch)
port map (i0 => a(l), il => b(l), eq => el) ;
aegb <= e0 and el ;
-- a m b paBHH, ecnu paBHH OJHOBPEMEHHO M MJajumMe M CcTapume GUTEH
aegb <= e0 and el ;
end struc_arch;

MpuBeaeHHbIN Koa (AnctuHr 1.3) BKAOYaeT ABe npoueaypbl Bbi3oBa 610Ka, peanusyloulero
OfIHOPa3pPsAAHYIO cxemy cpaBHeHus (nuctuHr 1.1). PaccmoTpum noApobHO CUHTaKCMC MpoLeaypbl
Bbi3oBa (instantiation statement) Ha npumepe BbizoBa 6/10Ka eq_bit0_unit:

eq bit0 unit: entity work.eql (sop_arch)

port map (10 => a(0), il => b(0), eqg => e0) ;

Mpoueaypa BbI30Ba HauMHaETCA C 06bABAEHUA YHUKANbHOIO MMEHW Bbi3biBaemoro 610Ka, B
AaHHOM cnyyae — eq_bit0_unit. 3aTem yKasbiBaeTcA Ha3BaHue 6ubamoteku (library name), B
KOTOPOW BbI3blBaeMblii 610K HaxoAWUTCA — MO YMOJYaHUIO Bbi3blBaemMble 6/10KM pacnonaratoTcs B
pabouen 6mMbnmoteke work cosgaBaemoro npoekTta. MaeHTudukatopbl eql n sop_arch — nmeHa
nHTepdelica U apXUTEKTYpbl Bbi3biBaeMoOro 610Ka COOTBETCTBEHHO (nucTuHr 1.1). BTopaa 4acTb
npoueaypbl Bbi30Ba 3aK/OYaeTcs B NPMBA3Ke MNOPTOB BBOAA BbiBOAa (port mapping) Bbi3blBaEMOro
610Ka K CTpyKType npoekta (pucyHoKk 1.2). Takum obpasom, npoueaypa BbioBa (instantiation
statement) peanu3yer CXemy, 3aK/NOUYEHHYIO B «YepHbId AWMKY, YbA QYHKUMA onpeaenserca B
oTaenbHOM Ba10Ke (instance).

1.3 YnpaxxHeHus

Cxema «bonblle Yem» CpaBHUBAET Mexay coboit 2 Bxoda a U b 1 aKTUBM3IMPYET BbIXOA, NpU
ycnosun, ecan a 6onble b. TpebyeTcAa paspaboTtaTb 4-x paspagHylo cxemy «bosblie 4Yem» Ha
BEHTU/ILHOM ypOBHe. [115 3TOrO:

1. Paspabotatb TabAnLy UCTUHHOCTU 2-X PA3PALHOM CXeMbl «H0O/bLIE YEM» W 3aMMUCATb JIOTUKY
ee paboTbl B COBEPLIEHHON AW3bIOHKTMBHOM HOpManbHOM d¢opme. Ha ocHoBaHUM
NoJslydeEHHOTro BblparkeHus, paspabotate VHDL-Ko4, WCNO/b3ytd TOIBKO  JIOTMYECKUE
onepartopsbl (BeHTUAN).

2. PaspaboTaTb TecToBblii MoAynb (testbench) ana momennpoBaHuWa paboTbl 2-x paspagHoOn
CXEMbl.

3. Wcnonb3ys 4 non3yHKOBbIX NepekayaTens Aas opraHM3aLmm Bxoga cxembl U 1 ceeToamon,
ONA opraHM3auuMu BbIXOZa, CUHTE3MPOBATb CXEMY U 3arpy3nTb KOHOUIypaLMOHHbIN dalin B
OTNaA0u4HYto naaty. MpoTecTMpoBaTb CXEMY.

4. Wcnonb3ya paspaboTaHHyO 2-X paspagHyto cxemy «bonblue yem», 2-X paspAgHyto cxemy
CPaBHEHMA U MUHUMANAbHOE KOAMYECTBO AOMOJSIHUTENbHOM /IOTUKKM CNPOeKTUpoBaTb 4-x
paspagHyto cxemy «6osbwe yYem». CHayana HapMCOBaTb CTPYKTYPHYIO CXeMy, a 3aTem,
cornacHo cxeme, paspaboTaTb cootseTcTBytOWM VHDL-KOZ4,

5. PaspaboTtatb TecToBblt Moaynb (testbench) ana momenvpoBaHust paboTbl 4-x paspsagHON
CXEMbl.
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6. Wcnonb3ya 8 Nnon3yHKOBbLIX MepekaoyaTens Ans opraHMsaLmm Bxoaa cxembl U 1 ceeToamop,
ONA OpraHM3auMu BbIXOAa, CUHTE3MPOBATb CXEMY M 3arpy3uTb KOHOUIypauMOHHbIN ¢alin B
oTNaaouHyto naaty. [poTecTMpoBaTth cxemy.
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2 IIpoexkTupoBaHue KOMOHWHALMOHHBIX cxeM Ha
perucTpoBoM ypoBHe

BBeaeHue

B nepBoi rnaBe paccMaTpUBaNWUCb MPOCTbIE CXEMbl, OMWCaHHble HAa BEHTU/JbHOM YpPOBHE
abctpakumm (gate level), ¢ npumeHeHMeM 6a30BbIX IOTMUYECKUX BEHTUNEN, PeaNn3yioLLMX OCHOBHbIE
Jiornyeckue onepauuun. B gaHHoi paboTe paccmaTpuBaeTcs NPOEeKTUPOBAHME CXEM CPEeAHEN CTENEHU
WHTErpaumm, TakMxX Kak CyMmaTopsbl, AewmndpaTopbl, MyabTUNAEKCcopbl U T.4. OnucaHne noao6bHbIX
CXEM BbIMOJIHAETCA Y)Ke He Ha BEeHTU/IbHOM ypoBHe abcTpakuum (gate level), a Ha Tak Ha3blBaemMom
permctpoBom unAn  PyHKUMOHanbHoM ypoBHe (RT-level). Ha paHHoOm ypoBHe abcTpakuum
onucbiBaeTca nosefieHMe cxembl (ee GyHKuUmsa). B Hayane rnasbl BbiNnosHeH 0630p onepatopos U
KOHCTPYKLMIA, NPUMEHAEMbIX AN ONUCAHUSA CXEM HA PErMCTPOBOM YPOBHE.

2.1 OnepaTopbl U KOHCTPYKLUHU PETUCTPOBOI0 YPOBHS OMMUCAHUA CXEM

B gonosHeHMe K NorMyeckMm onepaTopam, PacCMOTPEHHbIM B MEPBOW rfaBe, oA CUHTe3a
KOMBMHAUMOHHBIX CXEM MPUMEHSAIOTCA onepaTopbl cpaBHeHus (relational operators) u HekoTopble
apudmeTnyeckme onepatopbl (arithmetic operators). B gaHHOM rnaBe paccmaTpuBalOTCA AaHHble
ornepaTopbl U pa3HoobpasHble VHDL-KOHCTPYKUMKM Ha mx ocHoBe. B Tabaunuax 2.1 n 2.2 npuseaeHbl
oCHOBHble onepaTopbl VHDL, npumeHsemble ANA CMHTE3a CXEM, WU TUMbl AAHHbLIX, C KOTOPbIMMK
JaHHble onepaTopbl paboTatoT.

Tabauua 2.2 — OnepaTopbl U COOTBETCTBYIOLME TUMbI AAHHbIX CTaHAAPTHOK 6Mbanorekn VHDL-93
IEEE.STD_LOGIC_1164 package

onepartop onucaHue TUN AaHHbIX ONepaHAoB TUN AAHHbIX pe3y/ibTaTta
a**hb BO3BEAEHUE B Integer integer
CTeneHb
a*b YMHOXeHue TMn integer ucnonbsyetca And
a/b aeneHve KOHCTAHT M rpaHu1L, MacCc1BOB.
a+b CYMMMPOBAHUNE He cunTesupytorca!
a -b BblYUMTaHUE
a&b KOHKaTeHauma 1-D array, element 1-D array
a=b aBEHCTBO .
a/=b H(SpaBEHCTBO nobon boolean
a <b MEHbLLE YeM
a<=b MEHbLLE YeM Nn
PasHo scalar nam 1-D array boolean
a>b 60/blLEe Yem
a>=b 60blle yem Un
paBHO
not a oTpuuaHue
aandb 7

boolean, std_logic,

r Nn . TaKoM e KaK y onepaHaoB
i std_logic_vector Y PanA
axorb UCKAloYatolee

iz
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Tabauua 2.2 — OnepaTopbl M COOTBETCTBYIOLLME TUMbI AaHHbIX 6ubanoTekn IEEE.NUMERIC_STD package

onepartop onucaHue TN AAHHbIX ONepaHAoB TN AAHHbIX pe3y/ibTaTa
a*b : :
a+h apuomeTnyeckmne unsigned, natural unsigned
a -b onepauuu signed, integer signed
a=b
a/=b
a <b onepaumu unsigned, natural boolean
a<=b CpaBHeHUA signed, integer boolean
a>b
a>=b

2.1.1 OnepaTtopbl cpaBHEHUA

B craHgapte VHDL ucrnonb3yeTca WecTb OnNepaTopoB cpaBHeHusA: = (paBeHcTBO), /= (He
PaBEHCTBO), < (MeHbLle Yem), <= (MeHbLLe YEeM MU PaBHO), > (bonblie yem), >= (6onblle Yem uan
paBHO). [lJaHHble onepaTopbl BbIMOJHAIOT ONepaunn CpaBHEHUA MeXKay onepaHgamMmu o4HOro Tuna u
BO3BPaLLAOT pe3ynbTaT noruvyeckoro tuna BOOLEAN. B gaHHOM y4yebHOM nocobuu TUM AaHHbIX
BOOLEAN Hanpamyto He UCNO/Ab3yeTcA, OAHAKO onepaunm CpaBHEHUA NPUMEHAIOTCA B Pa3NNYHbIX
YCNOBHbIX KOHCTpyKumax VHLD, KoTopble onpeaenatoT CTPYKTYpPY CXeMbl NPU ee CUHTE3UPOBAHUMU.
Moapo6HO TaKMe KOHCTPYKLMKM paccMOTpeHbl B pasgene 2.2. Onepatopbl CPaBHEHUA CUHTE3NPYIOTCA
B BUJ,Ee KOMMNapaTopoB.

2.1.2 ApndmeTtnyeckme onepaTopsl

B ctaHgapte VHDL apudmetnyeckne onepatopbl onpegenieHbl Ana TMNoB gaHHbix INTEGER
(uenoumcnenHbin) 1 NATURAL (HaTypanbHble YMcna). [aHHble TUMbl UCNOJIb3YIOTCA O KOHCTAHT U
rPaHuL, MaccuBOB, HO He ANA CUHTEe3a.

bubaunoteka IEEE.NUMERIC_STD package

Ona npumeHeHve apudPMETUYECKMX OMEepaTopoB MNpPM CUHTE3E CXEM WCMO/b3yeTcA
aononHuTenbHaas 6ubamnoteka IEEE.NUMERIC STD  package (tabauua 2.2). bBubaunoTteka
[EEE.NUMERIC_STD package pobaBnser pgBa [[ONOAHUTENbHbIX TWUMA  AaHHbIX:  unsigned
(6e33HakoBbIN) M signed (3HAKOBbINM) M onNpeaenseT onepaTtopbl CPAaBHEHMA WU apudmeTUYecKue
onepaTopbl ANA 3TUX TUMNOB AaHHbIX. TUMbl AaHHbIX unsigned M signed onpegeneHbl Kak maccus
anemeHToB TMna STD LOGIC. [laHHbI MacCMB MHTEPNPETUPYETCHA, KaK ABOMYHOE NpencTaB/ieHue
3HAKoBOro MM 6e33HaKoBOro Lesoro yucna. [Onsa Ucnonb3oBaHUS ONepaTopoB M3 6MBANOTEKM
IEEE.NUMERIC_STD package (Tabnuua 2.2) ee Hy»KHO 06bABUTb BHa4Yane NpoekTa:

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

use IEEE.NUMERIC STD.ALL, —-— obbaABJieHMe OuOIMOTeKM numeric std
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KoHBepTauua TMNOB JaHHbIX

Mockonbky VHDL aBnaeTca A3blkom co cTporon Tmnusaumen, STD LOGIC VECTOR, unsigned u
signed TPaKTYIOTCA KaK pasanyHble TUMbl AaHHbIX, HECMOTPSA Ha TO, YTO BCE OHW NPeACTaBAAIOT cOboW
maccuB anemeHToB Tmna STD_LOGIC. [OnAa KoOHBepTauMW QAaHHbIX W3 OAHOrO TUNa B ApYyrow
ucnonbaytoTca GyHKUMKM KoHBepTaumu (Tabnamua 2.3). ObpaTuTe BHUMaAHWE, YTO [AaHHble TMNA
STD LOGIC_VECTOR npeacTaBnaioT coboit Habop 6UTOB M He MHTEPNPETUPYIOTCA KaK 4uMCno,
noaTomy gaHHble TMna STD_LOGIC_VECTOR He moryT 6biTb KOHBEPTUPOBAHbI B LLEI0YNCAEHHbIN TUN
INTEGER Hanpsmyto n HaobopoT.

Ta6bauua 2.3 — KoHBepTauma TMNOB AaHHbIX

Tun gaHHbIX @ KoHBepTMpoBaTh B ... dyHKUMA KOHBEpTaLum
unsigned, signed std_logic_vector std_logic_vector(a)
signed, std_logic_vector unsigned unsigned(a)
unsigned, std_logic_vector signed signed(a)
unsigned, signed integer to_integer(a)
natural unsigned to_unsigned(a, size)
integer signed to_signed(a, size)

Huxe npueeaeHbl npunmepsbl npasmanoﬁ n Henpaamanoﬁ KOHBepTauMn TMNOB AOaHHbIX.
|_|YCTb B MPOEKTE 06bABNEHbI cnepgywuwine gaHHble:

library IEEE;
use IEEE.STD LOGIC_1164.ALL;

use IEEE.NUMERIC_ STD.ALL,

signal sl, s2, s3, s4, s5, s6 : STD LOGIC VECTOR(3 downto 0);
signal ul, u2, u3, u4, u5, u6 : UNSIGNED (3 downto 0);

[na Hayana paccMoTpMMm CaeaytoLLMe BblpaXKeHUs:

ul <= sl; -—- Ommbxa Tuna (type mismatch)
uz2 <= 5;-- Oumbxa Tuna (type mismatch)
s2 <= u3; -—- Ommbxa Tuna (type mismatch)
s3 <= 5;-- Ommbxa Tuna (type mismatch)

Bce npuBeaeHHble BbipaskeHMA ownboYHbl. HeobxoamMmo AaHHble, HaxodAlMecs B npasow
YacTu BbIPasKeHUI NPUBECTU K TUNY AaHHbIX, HAXOAALLMXCA B IEBOM YacCTuU:

ul <= unsigned(sl); —— BrlpaxeHmUe BEPHO
u2 <= to unsigned(5, 4); —— BrlpaxeHMe BEPHO
s2 <= std logic vector (u3); —- BrpaxeHMe BEPHO
s3 <= std logic vector (to_unsigned(5, 4)); —-— BupaxeHue BEpPHO

OﬁpaTMTe BHUMaHMe, 4YTO ANA nocnegHero BblpaXXeHnA UCNo/sib30BaNCb ABe d)YHKLI,VIVI
KOHBepTauunun.
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Tenepb pacCMOTPMM BbipaxKeHUs, UCNob3yowme apudmeTmyeckme onepatopol. Cregytowme
BblPa*KeHMA BEPHbl NOCKObKY onepaTop «+» onpeaeneH ANA TMMNOB AaHHbIX unsigned u natural B
6ubnanoteke IEEE.NUMERIC_STD package:

ud <= ul + u2; —-- BrpaxeHmre BepHO. OBa omepaHza Tuna unsigned

ud <= u2 + 1; -— BrlpaxeHme BepHO. OmnepaHnel Tuna unsigned m natural

C Apyroli CTOPOHbI, cneayowme BblpaXKeHUA ABAAIOTCA HEBEPHLIMU, MOCKONbKY ANA AAHHbIX
TMna STD_LOGIC_VECTOR apudmeTnyeckune onepaunmn He onpeaeneHoi:

s5 <= sl + s2; —-- BepaxeHMe He BepHO. ONepaTop «+» He omnpenejieH nOjs
VICIIOJIb 3y EMBIX TMUIIOB HaHHBIX
s5 <= s2 + 1; -- BepaxeHMe He BepHO. OmepaTop «+» He omnpenejieH Ojs

UMCIIOJIb3YEMBIX TUIIOB IOaHHBIX

[nsa peweHuns npobaembl HEO6XOANMMO BbINOJHUTL KOHBEPTALMIO ONepPaHAOoB K TUny unsigned
(nnmn signed), BbINOMHWUTBL MX CNOMKEHWE, a 3aTemM pe3yabTaT KOHBEPTUPOBaTb 06paTHO K TuUMy
STD_LOGIC_VECTOR:

S5 <= std logic vector (unsigned(sl) + unsigned(s2)); —— BeIpaxeHre BEPHO

S5 <= std logic vector (unsigned(s2) + 1); —— BrpaxeHMre BEPHO
2.1.3 Apyrue cnHTesmnpyemble VHDL KOHCTpYKUmK
OnepaTop KOHKaTeHauunu

Onepatop KOHKaTeHaumm «&» coeAuHAET (CKAeuBaeT) CermeHTbl 3/1EeMEHTOB B OAHY
nocaeaoBaTenbHOCTb (Maccms). Cneayowmin NpUmep UANKCTPUPYET UCMOb30BaHME KOHKaTeHaUun:

signal al : STD_LOGIC;
signal a4 : STD_LOGIC_VECTOR(3 downto 0);
signal b8, c8, d8 : STD LOGIC VECTOR(7 downto 0);

b8 <= a4 & a4; -- CoemmusieT mBa 4-x paspsaOHHX ciloBa a4 B onHO
8-Mm paspspHOe b8

c8 <= al & al & a4 & “00”; -- CoepmHsieT gBa 6uTa al, 4-x paspsgHOEe CJIOBO
a4 um 2-x paspsgHoe cnoBo «00» B omHo 8-Mm
paspsinHOoe ciyoBO c8

d8 <= b8(3 downto 0) & c8(3 downto 0);-- Coemmumusier 4 MuamumMx paspsaga 8-Mu paspsAgHOIO
cioea b8 m 4 mnammmx paspsima 8-Mm paspsOoHOTO
cioBa c8 B omHO 8-Mm paspsimHoe ciyoBo d8

OnepaTop KOHKaTeHauunun «&» Npun CMHTE3E CXEMbI BbIMO/THAETCA NyTEM COEANHEHUNA BXOAHbIX
N BbIXOAHbIX CUTHAN0B, TAKUM o6pa30M Ana ero peannsaunun Tpe6yr0Tc9 TOJIbKO «MPOBOAHUKNY.

OCHOBHOEe MNpUMeHeHWe onepaTopa KOHKaTeHauuMuM «&» - onepaumm casura (shifting
operations). B npumepe HuKe onepatop «&» NPUMEHSeTca ANs peanunsauuu caBura AaHHbIX Ha
dUKCUPOBAHHOE KONMYECTBO OUT:
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signal a : STD_LOGIC_VECTOR(7 downto 0);
signal rot, shl, sha : STD_LOGIC VECTOR(7 downto 0);
signal b8, c8, d8 : STD LOGIC VECTOR(7 downto 0);

rot <= a(2 downto 0) & a(8 downto 3); -- CpBur BnpaBo Ha 3 6ura

shl <= “000” & a(8 downto 3); -- CpBur BOpaBo Ha 3 6muTa C BanojHEHMEM
cTapumMx 6UT HYyJNIsAMM (JIOTMYECKMUI CIOBUT')

sha <= a(8) & a(8) & a(8) & a(8 downto 3); -- Caeur BmnpaBo Ha 3 6muTa C paclMpeHHEM
yMcna no BHakKy (apubMeTmueckmii CABUT)

Z-cocTofiHMe

Tun  pgaHHbix  STD_LOGIC nomumo 3HaveHun ‘0 wn 'l copeput Z-coCToAHME
(BbICOKOMMMNEAAHCHOE  COCTOAHME), XapPaKTEPU3YIOLLEE PA3OMKHYTYIO  Lenb. Z-coCToAHUE
CUHTE3UPYETCA MUCKAIOUYMTENBHO C MOMOLBIO TpexcTabunbHbix bydepos (tri-state buffer). YcnosHoe
0603HayeHne n Tabanua UCTUHHOCTU TpexcTabunbHoro bydpepa npeacrTaBaeHbl Ha pUcyHKke 2.1 1 B
Tabnuvue 2.4 coOOTBETCTBEHHO.

oe

PucyHok 2.1 — YcnosHoe 0603HauYeHue TpexcrabunbHoro 6ydepa

Tabnuua 2.4 — Tabanua UCTUHHOCTU TpexcTabunbHoro 6ydepa

oe y
0 Z
1 a.in

PaboTa TpexctabunbHoro 6ydepa KOHTPOAMPYETCA BXOAOM paspelieHun oe (output enable)
Koraa oe = ‘1’, BXOAHOWM CUrHan nepepaeTca Ha Bbixod bydepa, Korga ke oe = ‘0’ BbIxo4HasA Lenb
b6ydepa pasomMkHyTa, T.e. bydpep HaxoguTca B Z-coctosHun. Kog, onucbiBatlowmii TpexcTtabuibHbll
6ydep BbIrNsANT cneayrowmm obpasom:

y <= a in when oe = "1’ else '2’;

MpuBeaeHHOEe Bbille BbipaXKeHUEe Ha3blBAaeTCas «NpPUCBaMBaHMEM MO yCaoBUA» WU bByaer
paccmoTpeHo 6onee noapobHo B pasaene 2.2.1. OCHOBHOe NpUMeHeHMe TpexcTabuabHoro bydepa —
peanusauma  AByHanpaeneHHOro nopta BBoga/BbiBoga (bidirectional port) apna  6Gonee
PaUMOHANbHOrO MCMOAb30BaHUA KOHTAKTOB MUKpocxem (I/O pins). Mpumep AByHanpaBAeHHOTO
NopTa NOKa3aH Ha PUCYHKe 2.2.
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dir

sig out <« bi
— °

Sig_ in

PUCYHOK 2.2 — [iByHanpaBAeHHbI! NOPT

CurHan dir ynpaBnser HanpasneHMeM nepegayun aaHHbix. Korga dir = ‘0’ TpexctabunbHbin

bydep Haxoamtca B Z-COCTOAHMU U CUrHan sig_out 3abnokmpoBaH — BbiBoA bi mMcnonb3lyetca Kak

BxoAHoM nopt (sig_in). Korga dir = ‘1’ BbiBoA bi ucnonbayeTtca Kak BbIXOAHOW NOPT U curHan sig_out

BblAaeTcs BO BHelWHloo uenb. VHDL-Koa, onucbiBalowWMiA ABYHaMNpPaBAeHHbIA MOPT (PUCYHOK 2.2)

npueeaeH HMU>xe:

entity bi_demo is

Port (bi

..

begin

inout STD_LOGIC;

bi <= sig_out when dir='1l’ else ’'Z2’';
sig_in <= bi;

Ob6paTnTe BHMMaHMe 4To NopT bi 4onKeH 06bABAATLCA KaK inout, T.e. ABYHaNpPaB/ieHHbIN.

2.1.4 BoiBOAp!

VHLD — s3blk CO CTPOroi TWUNM3aUMEN L[AHHbLIX, MO3TOMY NPU NPOEKTUPOBAHUM CXEM

HauMHaWMMKN pPa3paboTUMKamMM 4YacTO MOXKHO BMAETb owwnbky «Type mismatch». Hwuke

PE3IOMNPYHOTCA OCHOBHbIE NpaBuia, No3BojsAloWKne nsberkatb HOAOGHMX OLINBOK. MocKkonbKy

AaHHoe y4yebHoe nocobue HalLeneHo npexKae BCEro Ha CUHTe3Mpyemble KOHCTpyKuuu VHLD,

npasuia NPUBOAATCA A/1A CUHTE3UPYEMbIX TUMNOB AaHHbIX M OMNEepPaTopoB:

Mpn 06bABNEHUN BXOAHbIX M BbIXOAHbIX MOPTOB (entity declaration) U BHYTPEHHMUX
curHanos (signals), He 3a4eNCTBOBaHHbIX B apUPMETUUYECKMX Onepaumnsax, UCNonbayiTe
Tnnbl gaHHbix STD_LOGIC n STD_LOGIC_VECTOR.

Ncnonb3ylitTe 3HayeHWe ‘Z’ TONbKO ANA CUHTE3MPOBAHUA TPEXCTabunbHbIX bydepos.
Mpn 06bABNEHUN BHYTPEHHUX cUrHanoB (signals), y4acTByloWMX B apUPMETUYECKUX
onepaumax, ucnonbsyiTte 6ubamnoteky IEEE.NUMERIC STD package n 3arpyaembie c
Hel TUNbl AaHHbIX unsigned (6e33HaKoBbIN) U signed (3HaKOoBbI).

Ucnonb3yiite GyHKUMKM KoHBepTauuu (Tabnuua 2.3) ana npeobpasoBaHMA AaHHbIX
TMna STD_LOGIC_VECTOR B unsigned nawm signed 1 Haobopor.

Mcnonb3yiTe BCTPOEHHbIA TUN AaHHbIX integer U apudmeTUyeckne onepauumn Ana
334,3aHWNSA KOHCTAHT M rPAHUYHbIX 3HAYEHMIN MACCMBOB, HO He A4N1A CMHTe3a.
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e Ucnonb3yiiTe pesyibTaTbl ONEepPaToOpPOB CPABHEHMA, UMEIOLWMX TUN AaHHbIX BOOLEAN B
Pa3IMUHbIX YCNOBHbIX KOHCTPYKUMAX VHLD (pasaen 2.2), HO He ANA CUHTe3a.

2.2 Hcnosib30BaHMe Iapa/Ule/IbHbIX OINEepaTOpPOB INPHUCBAaMBAaHUA B
YCJO0BHBIX KOHCTPYKIUAX VHLD

«MpwuceamBaHme no ycnosuto» (conditional signal assighment) n «npucsanBaHue no Bbibopy»
(selected signal assignment) aBnsaoTcA napannenbHbIMKU KOHCTPYKUMAMMK (concurrent statements) B
VHLD. ®yHKUMOHANbHO AaHHble KOHCTPYKUUM HAaNOMMUHAKOT onepaTtopsbl if n case B TpaanULMOHHbIX
A3bIKAaX MPOrpPaMMMPOBAHMA, HO B OTAMUYME OT TPALGUUMOHHBLIX A3bIKOB KOHCTPyKuum B VHLD
BbINOIHAIOTCA Napas/ieNIbHO, @ He NocnefoBaTeNbHO. JaHHble KOHCTPYKLMWN ONpeaensatoT CTPYKTypy
CXeMbl NMPU ee CUHTE3NPOBAHNM.

2.2.1 NpuceaunBaHue no ycnosuto (conditional signal assignment)
CMHTAKCUC U CUHTE3MpPYEeMas CTPYKTYpa

CunHTaKCuc «npuceanBaHMA No yCNO0BUIO» NpuseaeH HUXKe:

signal name <= value expr 1 when boolean expr 1 else

value expr 2 when boolean-expr-2 else

value expr n;

Bynesbl BbipaxkeHus (boolean_expr) nooyepesHO NpPOBEpAIOTCA MOKa O4HO M3 HUX He
OKa3blBAEeTCA WMCTMHHbIM W COOTBETCTBYylOLLEe BbipaxeHue (value_expr) npucsamBaeTca cUrHany
signal_name. B cnyyae ecnu Bce 6yneBbl BbIPaXKEHUA NIOXHbI CUTHANY MPUCBAMBAETCA 3HAYEHWe
value_expr_n.

CTpyKTypa «npucBanmBaHWe Mo YCNOBUIO» CUHTE3MPYETCA B KaCKaAHYIO MPUOPMUTETHYIO CXemy
Ha 6ase mynbTUNAekcopos 2 B 1. YcnoBHoe 0603HayYeHne 1 Tabamua MCTUHHOCTM MybTUNAEKcopa 2
B 1 MOKasaHbl Ha pUCyHKe 2.3 1 Tabanue 2.5 COOTBETCTBEHHO.

37



[NPMJIOXEHME 3

PucyHok 2.3 — Cxema mynbtunnexkcopa 281

Tabauuya 2.5 — Tabanua UCTUHHOCTU MybTUNNEKcopa 2 B 1

sel y
0 (false) i0
1 (true) i1

PaCCMOTpMM npumep CMHTE3a ceaytouwero Koga:

r<= a+ b+ c when m = n else

a-b when m > n else

c +1 ;

KackagHaa npuvopuTeTHAs CXema, B AAaHHOM C/y4Yae, PeasiM3yeTcs C NMOMOLLbI COeaUHEHUS
OBYX My/bTUNEKCcopoB 2 B 1 (pucyHoK 2.4).

cxema GOPMMPOBaHMA
curHanos «value expressions» KackagHas

o npuopuTeTHaA Cxema

a| | A 1
I |
- i :
C: + :_:_1 i
i :f___l 0 i
- I
| L1 |
| 1
I | !
i +1 |—:E'0 i
= F - — ]
mi —— !
n i > !
| |
| |
l l
| = |
| |

cxema byneBbix BbipaXKeH Wi
«boolean expressions»

PucyHok 2.4 — CuHTe3MpoBaHHasA cCXxema, peannsylollan KOHCTPYKLMIO «NMpucBaMBaHuUe Mo YC/I0BUIO»

Cxema paboTaeT cneaytolimm 06pa3om: ecam UCTUHHO NepBoe Byneso BbipaskeHue (m = n), To
CymMma curHanos (a + b + c¢) nepegaertca Ha BbIXOA, CXEMbl Y; €C/N Ke WUCTUHHO BTOpOe byneBo
BbipakeHre (M > n), TO Ha BbIXO4 Yy MepefaeTca PasHOCTb cuMrHanos (a - b); Bo Bcex ocTasbHbIX
cyyanx (m < n) Ha BbIXOA CXxeMbl NnepegaeTca curHan (c +1).
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O6paTnTe BHMMaHMKe, YTo cxema GopmMMpoBaHMA curHanos (value expressions circuit) n cxema
byneBbix BblparkeHM (boolean expressions circuit) BbIMOAHAKTCA MapannenbHo (pUcyHoK 2.4).
BbIxoAHble CUrHanbl CXeMbl Oy/feBbIX BbIPAaXKEHW WCNONb3YIOTCS KaK CUrHasbl Bblbopa B
MYNIbTUMNNEKCOPAX, @ BbIXOAHbIE CUrHaNbl cxembl GOPMUPOBAHUA ABAAOTCA MHOOPMALMOHHBIMM
CUrHaNamMK, M3 KOTOPbIX BblbMpaeTcs HeobXxoAWMbIA CUrHaN W MOAAETCA Ha BbIXOZ, CXeMmbl .
KonnuectBo cTyneHen (MynbTUMNAEKCOPOB) B KacKagHOW NPUOPUTETHON cxeme (pUCyHOK 2.4)
COOTBETCTBYET KonmnuyectBy when-else ycnosuit B KOHCTpyKuuu. Bonbloe Konuyecteo when-else
YC/OBUI NPUBOANT K CUHTE3MPOBAHUIO ANMHHOM LLeNn KacKaZoB W, Kak CNeACcTBMe, K 3HAaUUTE/IbHOM
BpeMeHHoI 3aaepKe (propagation delay) paboTbl cxembl.

Huke npuBeaeHbl ABa MPOCTbIX MPUMEPa MCMNOJ/b30BAHMUA KOHCTPYKLUMWU «MNpUCBAMBaHUE MO
ycnosuio» (conditional signal assignment). MepBbim npumepom ABASETCA MNPUOPUTETHBLIN 4-X
paspagHbin wudpaTop (priority encoder). daHHbil wudpaTop MmeeT YeTbipe BXOAHbLIX 3anpoca
(requests): r(4), r(3), r(2) v r(1), KoTopble 06beaNHEHbI B 4-X Pa3pAAHbIA BXOA ¥, NPMUUYEM CTapLUMiA
6uT r(4) meeT HaumBbICWMI NpuopuTeT. BbixogHoM curHan pcode npeactasaseT coboi ABOUYHBIN
KOA, BXOAHOro 3amnpoca C HauBbICWIMM NpuoputeTom. Tabanua WCTUHHOCTM MNPUOPUTETHOTO
wudpaTopa npuseaeHa B Tabnuue 2.6. CuHTesmnpyembiit HDL Ko npuBeaeH B anMcTuHre 2.1.

Tabauua 2.6 — TabamMua UCTUHHOCTU 4-X pa3pPALHOro NPUOPUTETHOTO WKudpaTopa

Input Output

r pcode
Ixxx 100
01xx 011
001x 010
0001 001
0000 000

Nuctuhr 2.1 — CUHTE3 NpUOPUTETHOTO WKMdpPATOPa C NPUMEHEHMUE KOHCTPYKLMKN KNPUCBAaUBAHUE NO YC0BUIO»
(conditional signal assignment)

library IEEE;
use IEEE.STD LOGIC_1164.ALL;

entity prio_encoder is
Port (
r : in STD_LOGIC_VECTOR (4 downto 1);
pcode : out STD LOGIC VECTOR (2 downto 0)
)

end prio_encoder;

architecture cond_arch of prio_encoder is

begin
pcode <= “100” when (r(4) = 1) else
“011” when (r(3) = 1) else
“010” when (r(2) = 1) else
“001” when (r(l) = 1) else

\\000[[ ,.
end cond_arch;

B npuseaeHHoMm Koge (nnctuHr 2.1) cHayana nposepaeTca coctosHMe 3anpoca r(4) u, B ciyyae
€C/IN OH aKTMBEH, Ha BbIxog, nepegaetca Kog “100”. Ecam 3anpoc r(4) He aKTUMBEH npoBepseTcs
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COCTOSIHME C/ledyioWero Mo npuopuTeTy 3anpoca, T.e. r(3) M T.4. noka He 6yayT npoBepeHbl
oCTa/ibHble 3aMnpochbl.

BTOpbIM NPUMEPOM MCNOb30BaHMA KOHCTPYKUUK «NpUcBanBaHue no ycnosuio» (conditional
signal assignment) ana cMHTE3a cxem ABAAETCA ABOUYHbLIN AewwindpaTop. [BoUYHbIA AewndpaTtop
n-8-2" npeobpasyeT ABOMYHbLIA N-paspALHbIA KO, B YHUTapHbI 2"-paspagHbiil (Kog, B KOTOPOM
aKTUBHbIM fBAAETCA TONbKO OAMH 6uT). Tabavua MUCTUHHOCTM ABOMYHOro Aewwudpatopa 2-8-4
npuveegeHa B
Tabnnue 2.7. Cxema gewmndpaTopa AOMNONAHUTENILHO MMEET BXOJ, paspelleHna paboTbl en (enable).
Cuntesmnpyemblin HDL Koa aewwimdpatopa npuseaeH B AMCTUHre 2.2.

Ta6bauua 2.7 — Tabamua UCTUHHOCTM ABOUYHOrO gelwmndpaTtopa 2-8-4

Output
y
0 x X 0000
1 0 0 0001
1 0 1 0010
1 1 0 0100
1 1 1 1000

NnctuHr 2.2 — CUHTE3 ABOUYHOIO AewwndpaTopa c NpUMeHeHUe KOHCTPYKLUKN «npucBanBaHue no ycaosuio» (conditional
signal assignment)

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

entity decoder 2 4 is
Port (
a : in STD LOGIC_VECTOR (1 downto 0);
en : in STD_LOGIC;
y : out STD LOGIC_VECTOR (3 downto 0)
);

end prio_encoder;

architecture cond_arch of decoder 2 4 is
begin
y <= "“0000” when (en = ‘0’) else

“0001” when (a “00”) else
“0010” when (a “01”) else
“0100” when (a = “10”) else
“1000” ; -- a = “11”

end cond_arch;

B npuBegeHHOM Koge (NUCTMHT 2.2) W3Ha4Ya/lbHO MNPOBEPSETCA COCTOAHME CUrHana
paspelleHns en, ecn CUrHaa akTUBHbIN, T.e. en = ‘1’, To nocieaoBaTeIbHO NPOBEPAOTCA 4 BXOAHblEe
KombuHauumu curHana a.

2.2.2 MNpuceamnBaHue no Bbibopy (selected signal assignment)
CUHTaKCUC U CUHTE3MpYeMas CTPYKTypa

CMHTaKCUC «MPUCBanBaHuA No BbIGOPY» NPUBEAEH HUNXKE:
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with sel select

sig <= value expr 1 when choice 1 ,

value expr 2 when choice 2 ,

value expr n when others;

PyHKUMOHANBHO «MpUCBanBaHWE NO BblIOOPY» HANOMWHAET ONepaTop case B TPAAULMOHHbIX
A3blkax MPOrpPaMMMpPOBaHMA. [laHHAs KOHCTPYKUMA NpUCBaMBaeT HeobXxoAMmoe 3HauyeHue
(value_expression) BbiIxogHOMY CUTHany sig B 3aBUCMMOCTM OT 3Ha4yeHMsA curHana Bbibopa sel.
Kaxablit KOHKpeTHbIt Bblbop (choice_i) npeacraBnseTr coboli KOHKpPETHOE 3HayeHue MAn Habop
3HauyeHuit sel. Kaxkabiit BbIGOp A0NKEH BKAOYATb B ceba ntoboe 3HaveHue sel He Yale ogHoro pasa,
HO MpY 3TOM BCe BePOATHble 3HaYeHUn sel A0NKHbI NPUCYTCTBOBATb B CTPYKType. [NA OTpaykeHun B
CTPYKTYpE HEeWUCnosib3yemblX BapWMaHTOB WCMO/b3yeTca ciyxebHoe cnoso others, KoTopoe
ncnonb3yeTtca B 06s3aTe/IbHOM NOPAAKE U BKAIOYAET B Ce6A TaKKe He CUHTe3npyemble 3HadeHus (X,
'Uunr.a.).

Ctpyktypa «[lpuceamMBaHne no BblI6OpYy» CUMHTE3MpPYeTCA B CxeMy Ha 6ase my/ibTUnaeKcopa.
PaccmoTprm Nnpumep cUHTE3a CAeayIoLEero Koaa:

signal sel : STD_LOGIC_VECTOR (1 downto 0);

r <= a + b + ¢ when “00” ,
a-»b when “01” ,

c +1 when others;

B paHHOM cnyyae curHan sel moxkeT npuHumaTth 4 3HadeHus (“00”, 701”7, 10”7, “11”). Noatomy
cxema bygeTt cMHTe3MpoBaHa B BMAE MyabTunaekcopa 4 B 1 ¢ curHanom Bbibopa sel (pucyHok 2.5).
YcnoBHoe ob603HayeHMe n Tabamua NCTUHHOCTU My/ibTURIeKcopa 4 B 1 NoKasaHbl HAa pUCYHKe 2.6 U
Tabauue 2.8 cooTBETCTBEHHO.
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cxema GopmMpoBaHUS
curHanos «value expressions»

/ cXxema

a: : MYNbTUNNEKCOPA
b T 1+ !
c_i, + i 00
| 0l
! - : 10
i i — 11
i +1 |
. = I
sel

PucyHoK 2.5 — CuHTe3upoBaHHaA cXema, peanusylolias KOHCTPYKLMUIO «npucsamsaHue no Bbl60py»

IO_ OO Ta6bnuua 2.8 — Tabnnua UCTUHHOCTU MyAbTUNNEKCOPA 4 B
H 1
il
S 01 y sel y
i2 10 [ 00 i0
i3 01 i1

— 11 10 i2

| 11 i3

se

PUCYHOK 2.6 — Cxema mynbtunaekcopa 4 sl

B pesynbTaTe cxema (pucyHOK 2.5) paboTaeT creayowmm obpasom: cymma curHanos a+b+c
nepenaérca Ha BbIXog r nNpw 3HavyeHun curHana sel “00”; pasHocTb curHanos a-b nepegaértca Ha
BbIXOA, I NpM 3HaYeHuun curHana sel  “10”; curHan c+1 nepenaérca Ha BbIXOA CXEMbI I NPU 3HAYEHUN
SE| ”01" M llllll
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