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JIner akryaauszanuu padoueil mporpaMmbl

PaGouast mporpamMma repecMoTpeHa, 00CyKaeHa u 0100peHa s peanusamuu B 2024 - 2025
yueOHOM TOJly Ha 3aceaHuu KaQeapbl DIEKTPOHUKH U MUKPOIJIEKTPOHUKH

IIporokomor 20 1. Ne

3aB. kadeapoii II.IOj’caTLIﬁ

Pabouast mporpamMmma repecMoTpeHa, 00CcykaeHa u 0100peHa s peanuzamnuu B 2025 - 2026
yueOHOM TOJly Ha 3aceaHuy KaQeapbl DIEKTPOHUKH U MUKPOIJIEKTPOHUKH

IIporokomor 20 1. Ne

3aB. kadempoii II.IOj’caTLIﬁ

Pabouas mporpamma nepecMoTpeHa, 00cyxaeHa u ogoopena st peamsanuu B 2026 - 2027
y4eOHOM rojy Ha 3aceaHuu Kadeapbl IJICKTPOHUKHA U MUKPOIJICKTPOHUKU

IIporokomor 20 1. Ne

3aB. kadeapoii I[.IOjfcaTHﬁ

Pabouas mporpamma nepecMoTpeHa, 00cyxaeHa u ogoopena st peamszanuu B 2027 - 2028
y4eOHOM rojIy Ha 3aceqaHuu Kapeapsl DJIEKTPOHUKU U MHKPOIIEKTPOHUKH

IIporokomor 20 1. Ne

3aB. kadenpoit I[.IOj’caTHﬁ

Pabouas mporpamma nepecmMoTpeHa, o0cyxaeHa u ogoopena st peanuszanuu B 2028 - 2029
y4eOHOM TOJly Ha 3acefaHuu Kadeapbl DIEKTPOHUKHU U MUKPOIIEKTPOHUKHU

[Iporokom ot 20 1. Ne

3aB. kadenpoii [[.IOj’caTHﬁ




1 Iles1u ocBOCHUS TN CHMILTHHBI (MOYJI51)

Henssmu  ocBoeHust  AUCHUIUIMHBL ~ «OCHOBBI  NMPOEKTHPOBAHHUS  3JIEKTPOHHOM
KOMIIOHEHTHOM 0a3bl»  SBISIOTCS M3YUYEHHE COBPEMEHHBIX METOJOB U  MaplIpyTOB
MPOEKTUPOBAHUS DJIEKTPOHHOW KOMIIOHEHTHOM 0asbl, CpPelICTB M CHOCOOOB aBTOMATH3AlMU
npouecca IpOeKTUPOBAHMS.

2 MecTo THCHHUIIMHBI (MOYJIAA) B CTPYKTYpPe 00pa30BaTe/IbHOI MporpaMMal

HucuuruinHa OCHOBBI IPOEKTHUPOBAHUS IJIEKTPOHHONW KOMIIOHEHTHOW 0a3bl BXOJIHUT B
4acTh y4eOHOro IulaHa (OpPMHUPYEMYIO yYaCTHHKaMU OOpa30BaTEIbHBIX  OTHOIICHHMA
00pa3oBaTeNbHON IPOrPaMMBI.

Jns  wW3ydeHWs  JUCHUIUIMHBI  HEOOXOOMMBI  3HaHUS  (YMEHHs,  BIIAQJCHUSA),
c(OpMHUPOBAHHBIE B PE3YJIbTATE U3YUCHHSI AUCLHUILINH/ IPAKTUK:

JluckpeTrHas MmaTeMaTHUKa

WNudopmarrka 1 HHGOPMAIIMOHHBIE TEXHOJIOTUU

®u3nKa KOHIEHCUPOBAHHOTO COCTOSHUS

®dusuka

Maremaruka

OnemeHThl LU(PPOBON TEXHUKU

CxemoTexHHKa

3HaHus (YMEHHUs, BIaJIeHHs), OJIyYEeHHbIE MIPU U3YYEHUHU AAHHOW TUCLUIUIMHBI OyayT
HEOOXOAUMBI ISl U3yUCHUS TUCIUTLTIH/TIPAKTHK:

CAIIP ycTpoiicTB NpOMBILIUIEHHOH 2JIEKTPOHUKU

OCHOBBI TEXHOJIOT'UHU 3JEKTPOHHOM KOMIIOHEHTHOM 0a3bl

3 Komnerenuun ody4aromierocs, popMmupyembie B pe3y/ibTaTe 0CBOCHUS

AUCHUILIMHBI (MOAYJIS1) ¥ IJIAHUPYeEMble Pe3yJIbTAThl 00yUeHu st

B pesynprare OCBOEHHS JUCHMIUIMHBI (Moaynsi) «OCHOBBI  IPOEKTUPOBAHMS
AIIEKTPOHHOM KOMIIOHEHTHOM 0a3bl» oOydaromuiics JOoJDKeH 00jafaTh — CleayIOIUMU
KOMIIETEHIVMSIMU:

KO,[[ HHJAUKATOpa I/IHI[I/IKaTOp JOCTHIXCHHUA KOMIICTCHIIMH

ITK-1 CnocoOeH pa3pabaTbiBaTh CTPYKTYPHBIE U (DYHKIIMOHAIBHBIE CXEMBI JIEKTPOHHBIX CUCTEM
Y KOMIUIEKCOB, TPUHIMIIAAIBHBIX CXEM YCTPOUCTB € UCIOJIB30BAHUEM CPEJICTB KOMIIBIOTEPHOTO
NPOEKTUPOBAHUS, TPOBEIEHUEM IMPOEKTHBIX PpPacdeToB U  TEXHUKO-3KOHOMHYECKUM
000CHOBaHHEM TPUHUMAEMBbIX PEIICHUN

IK-1.1 PazpabarpiBaeT SCKU3HBIN TMPOEKT, BKIIOUYAIOIIUMA: BBIOOP CTPYKTYpHOM
CXEMBbI 3JIEKTPOHHOTO YCTPOWCTBA WJIM CHUCTEMBI IMYTEM COMOCTAaBICHUS
pPa3IMYHBIX BAPUAHTOB M HMX OICHKA C TOYKH 3PCHHS] TEXHUYECKUX U
SKOHOMHYECKUX TPeOOBaHU; pACCUUTHIBAECT BCE HEOOXOAMMBIE MTOKA3aTEeNN
CTPYKTYPHOM CXEMBI AJIEKTPOHHOTO YCTPOWCTBA WIIA CUCTEMBI, B TOM YHCIIE

IIOKa3aTcIn KadeCTBa, BBIGI/IpaeT u 000CHOBBIBAET CXCMbI
BCIIOMOTaTEIbHBIX VCTPOUCTB
IK-1.2 HpOI/I3BOI[I/IT TEXHHUKO-3KOHOMUYECKOEe 000OCHOBaHUE MMPUHATOr'O PCIICHUA C

pacueTamu ce0eCTOMMOCTH YCTPOWCTBA M CTOMMOCTH €ro 3KCIUTyaTalluu;
CPaBHUBAET C aHAJIOTAMHU MO TEXHUKO-I)KOHOMHYECKUM XapaKTepUCTUKAM




4. CTpyKTypa, 00bEéM U coep:KkaHue TUCHUIIMHBI (MOAYJIs)
OO0mas TpyI0eMKOCTh JUCIUIUIMHBI COCTAaBisieT 3 3a4eTHBIX enuuuil 108 akaa. yacos, B TOM

qyuce:

— KoHTakTHas padora — 10,7 akaj. 4acos:
—aynuropHas — 10 akaj. 4acos;

— BHeaynuTopHas — 0,7 akaJ1. 4acoB;

— caMocTosTenbHas padora — 93,4 aka. 4yacos;

— B hopMe npakTuyeckoit moaroroBku — 0 akaj. yac;

— IMOATOTOBKA K 3a4éTy — 3,9 akaj. yac
dopma aTTecTaIiy - 3a4€T

AynuropHas ) s
KOHTaKTHas paboTa E 3 ®dopma TeKyIero
=
Paszen/ Tema 2 (B axaj. yacax) E = Bun 3 KOHTPOJIS Kon
> g © | caMOCTOSATENbHOM | YCIEBaEMOCTH U
JTACIUTUTAHBI = [ .. | xommerenn
Q & paboThI TIPOMEKYTOYHOMH
n1a6. | mpakr. [ € & ATTECTAIN
Jlek. < < 11
3aH. 3aH. | O &
1. OCHOBBI IPOEKTUPOBAHHS
11 CoBpeMeHHas
CamocrosTensHoe
3JEKTPOHHAs o KonTponpnas [K-1.1,
10 |uzyuenue yueOHOM
KOMITOHEHTHas 0aza. pabota MK-1.2
JUTEPATYPHI
Knaccugpukanus. Oo6nacthb patyp
1.2 IpoekrupoBanne
3NIEKTPOHHON CamocCToATenbHOE
KOMH(I))HGHTHOfI 0assbr: 2 10 |uzy4yenue ydueOHOI KOHTPOIIbHAS MR-1.1,
) v i pabora IK-1.2
OCHOBHBIC 3Talbl ¥ YPOBHHU JUTEPATyPhI
POEKTHPOBAHUS
13 Cucrembt
ABTOMAaTH3UPOBAHHOTO 5
mpoektupoBanus (CAIIP).
00630p CAIIP JUTst CaMmocrosTensHoe
Pa3IHIHBIX ypoBHEH n3ydeHune yaeOHon
MPOEKTUPOBaHUA.  SI3bIKM 2 30 JUTEPATYPBI. KonrponbHas MK-1.1,
OTMCaHUs anmnaparypel IToaroroBka k pabora MK-1.2
HDL. CkBo3HOE HPaKTUYECKUM
MPOEKTHPOBAHNE 3aHATHSIM
IM(POBBIX YCTPOICTB Ha
ocHose [IJINC B CAIIP ISE
WebPACK Xilinx
Hroro no pazaeny 2 2 50
2. MoaenupoBaHue
2.1 Bungsl MoaenupoBaHUs
W TUNBl  Mojenedl  Ha
pa3IU4HBIX JTamnax
CamocTosTenbHOe
MPOEKTHUPOBAHUSL. JvaeHIe VIeOHO
Wcnonp3oBanne VHLD- u Y M
o JUTEPATYpBHI. KonrtponbHas IK-1.1,
SPICE-mozeneii. 5 2 2 30
IloaroroBka pabota IK-1.2
MonenupoBanue  padOThI
UQPPOBBIX CTPOHCTB C TpaKTHHICCKIM
p yerp 3aHITHSM
MIOMOIIBI0 BCTPOEHHOTO B
CAIIP ISE WebPACK
cumyssitopa Isim.




2.2 Pa3paboTka HPOCKTHOH
JIOKYMEHTALHH.

Koundurypuposanue ITJINC CaMOCTOHTeHLHO?
. u3ydeHue yueOHon

¢ TIOMOIBIO_BCTDOCHHOH B JUTEPATyPHI KonTponbHas MK-1.1

CATIP ISE  WebPACK 13,4 DATyPBI. 4 o
IloaroroBka k pabota IK-1.2

MPOTPAMMBI Impact.
MIPAaKTHIECKUM

TecTupoBaHue TOTOBBIX

. 3aHITHSIM

YCTPOHCTB.

JTAG-unTtepdeiic.

Uroro mo pazneny 434

3. 3auér

3.1 3auér

Uroro mo pazneny

Hroro 3a cemectp 93,4 3au€T

Wroro no aucuurninze 93,4 3ayer




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

JleknmonHbple 3aHATHS 1O JUCHUIUIMHE «OCHOBBI MPOEKTUPOBAHUS JJICKTPOHHOH
KOMIIOHCHTHOM  0a3p» TPOBOAITCS B  TPAAUIIMOHHOW (QopMe ¢  HCHOIB30BAHUEM
MYJIbTUMEIUHHOTO oOopynoBaHus. [IpakTuueckue 3aHIATHS TPOXOMAT Kak B TPaIUIMOHHOMN
dbopMe, Tak ¥ B HHTEPAKTUBHOU (opMe, T/Ie CTYJACHTaM 3apaHee MpeiaracTcs O3HAKOMHUTHCS C
nH(popMalyen Mo TemMe 3aHSATHS JUIsl TOATOTOBKH BOMPOCOB IMPEIOAaBaTeIl0, TAKUM 00pa3oM,
MPAKTUYECKOE 3aHATHE MPOXOJUT [0 THUILY «BOIPOCBI—OTBETBI-AUCKYyccUs». Ha Bcex
MPAKTUYECKUX 3aHATUSIX TaKXKE MPUMEHSIOTCA 3JIEMEHTBHI 3aHATHSA-BU3yAIM3allMU, 33 CUET
MIPEJCTABICHUS YaCTU MaTepHalia C MOMOIIBIO 3apaHee MOATOTOBIECHHbBIX IPE3CHTAMI, CTIAHI0B
C IIOMOIIBIO0 MYJIBTUMEIUHHOTO 000PYIOBaAHUS.

Teopernyeckuii Marepuasn, OCBOCHHBIN CTYJAEHTAaMU CaMOCTOATENIBHO, 3aKpEIlIAeTCs Ha
MPAKTUYECKUX 3aHATUSIX, HA KOTOPBIX BBIMOJIHSAIOTCS UHAUBUAYAJIbHbBIC U TPYIIIOBBIE 3aJIaHUS 11O
NporaeHHOW Teme. YacTb NPaKTUYECKUX 3aHATHH MPOBOAUTCA B BHUJIE TPATULMOHHBIX
CEMHUHApPOB C IIeJIbI0 00Jiee ITyOOKOro M TMOJHOTO YCBOEHHUS TEOPETHUYECKOro MarepHalia Mo
JaHHOW Teme. JlJIst 3TOro CTyAeHTaM MpeaaraeTcs rOTOBHTH AOKJIAAbl 10 paccMaTpUBAEMOM
TeMe ¢ AalbHEHIINM 00CYKIEHHEM B XOJ€ MPaKTUYeCKOro 3aHaATus (yueOHbIX auckyccuit). Ha
MPAKTUYECKUX 3aHATUSAX TAKXKE MPUMCHSIOTCS METOJ KOHTEKCTHOTO OOy4YeHUs, padoThl B
KOMaHjie U MeToJ Case-Study, mo3BOJIAIOIINE YCBOUTh YUCOHBIH MaTepras MyTEM BbI-SIBICHHS
CBSI3€M MEXKIYy KOHKPETHBIM 3HAHHEM W €ro NPUMEHEHUEM, a TAaKKE€ AaHAJIM3a KOHKPETHBIX
CUTyalMil 1 IOMCKA PELIEHUI B IPYIINE CTYACHTOB. 3aIMTa PE3yJIbTaTOB MPAKTUUECKUX 3adaHUI
MIPOXOJIUT B BUJIE AUAJIOTA MIPEMOAABATEIS U CTYACHTA, IPENOAABATEIEM 3a1AK0TCS. KOHTPOJIbHbBIE
BONPOCHI C 1ENbI0 BBISICHEHHs TJyOMHBI 3HAHWM CTYIEHTA MO JIaH-HOMY pa3jeny, MpH 3TOM
npoOensl B 3HAHUSAX  CTYACHTA  BOCIOJHSIIOTCS  JIOTIOJHUTEIBHBIMH  TOSCHEHHUSIMU,
KOMMEHTAPHUSMU IIPENOAABATES.

B kauecTBe OLIEHOYHBIX CPEACTB HA MPOTSHKEHUH CEMECTPa UCIOJIb3YIOTCSI KOHTPOJIbHbBIE
pabotel. CamocTosdTenbHas paboTa CTYACHTOB 3aKIIOYaeTcs B MPOpadOTKe Marepuana Mpu
MOATrOTOBKE K MPAKTHYECKUM 3aHATHSIM.

6 Y4eOHO-MeTOAUYECKOE 00eciedeHHe CAMOCTOSITeJIbHOI PadoThl 00y4arommMXxcst
[Ipencrasneno B mpunoxxenuu 1.

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

8 YueOHo-MeTOAMYecKOEe H HH(POPMALIMOHHOE O0ecnevyeHue TUCIUITHHBI (MO1YJIs1)

a) OcHoBHas1 IMTEpPaTypa:

1. Ymenuna, U. B. IlpoextupoBanue mudpossix ycrpoiicts Ha IIJIMC : yueGHoe
nocoobue / WU. B. Ymenuna. — Cankr-IlerepOypr : Jlamp, 2022. — 408 c. — ISBN
978-5-8114-3657-6. — Tekcr : anmexTpoHHbIH // JIaHb : 3IeKTPOHHO-OMOIHOTEYHAS CHCTEMA. —
URL: https://e.lanbook.com/book/206678 (nara obOpamenus: 16.07.2022). — Pexum jgoctyna:
JUIS1 aBTOPU3. MOJIb30BaTEIIEH.

2. 3wk verilog wu npoektMpoBaHWe HMQPOBBIX  YCTPOWCTB HA  ILIHC
y4eOHO-MeTorueckoe mocooue / cocraButenu E. B. borarukos, A. H. Ille6anoB. — BopoHex :
BI'Y, 2018. — 61 c. — Tekcr : snexTpoHHbIit // JlaHb : 271€KTPOHHO-OMOIMOTEUHAsT cUCTEMa. —
URL.: https://e.lanbook.com/book/171183 (nara obpamenus: 16.07.2022). — Pexum gocryma:
JUI aBTOPU3. MTOJIb30BaTENICH.

0) lonoJiHMTE IbLHASA JIATEpaTypa:

1. Cxutes, A. A. Bepudukanus qudpoBbIX yCTPOUCTB: KypC JISKIH ;| ydaeOHOe ocooue /
A. A. CkureB. — Mocksa : HUAY MUOH, 2020. — 92 c. — ISBN 978-5-7262-2696-5. —
Tekcr : anexTponHslit // JIaHb : 371€KTPOHHO-OMOIMOTEYHAs CHCTEMA.



— URL: https://e.lanbook.com/book/175430 (nara oopamenus: 16.07.2022). — Pexxum gocryna:
JUTSL aBTOPU3. TTOJIb30BATEIICH.

2. MaremaTH4yecKre MOJICIIA U METOJIbl CHHTE3a B CBEPXOO0JIBIINX HHTEIPAIBHBIX CXEMax
: yuebnoe mocobue / cocrapurenu H. U. Yepsskos H. U. [u ap.]. — Craspomoins : CKOVY, 2016.
— 187 c¢.— Tekcr : anektponHsiii // Jlane : anekTpoHHO-OMOIMOTEeYHas cucrtema. — URL:
https://e.lanbook.com/book/155293 (mata obpamenus: 16.07.2022). — Pexxum mocryma: ajis
aBTOPH3. ITOJIL30BATEIICH.

B) MeToauyeckue ykazaHusi:
Meroandeckue peKOMEH/IAlUK 110 BBITIOJIHEHHUIO MPAKTHYECKUX 3aJIaHUN TIPEICTaBIICHbI
B IIPHJIOKEHHUH 3.

r) [Iporpammuoe obecneuenue u UnTepuer-pecypcebi:

IIporpamMmMHoe oGecieyeHue

Haumenosanwue I10 No noroBopa CpoOK IeCTBUS JTUIEH3UU
MS Office 2007 |\, 135 1 17.09.2007 GeccpouHo
Professional

7Zip cB0001HO pactpoctpansemoe 110 0ecCpovHO

IIpodeccuonanbublie 6a3bl JAHHBIX 1 HH(POPMAIMOHHbIE CIPABOYHbIE CHCTEMbI
Hazsaunue xkypca CchlIKa

ITouckosas cucrema Axanemust Google (Google Scholar) [URL: https://scholar.google.ru/

9 MaTtepuaJbHO-TEXHHYECKOE o0ecTedeHne TUCIUTIHHBI (MOILYJIs1)

MarepuanbHO-TEXHUYECKOe 00ecTIedeHUe IUCITUIUTNHBI BKITIOYALT:

JlexumonHas ayauropus (aya. 458.): MynbTiHMeIuiHbIC CPEICTBA XpaHEHHUs, IepeIadn 1
Hpe/ICTaBICHUS HHPOPMAITHH.

Komnbrorepubiii kiacc (aya. 357): IlepcoHanbHbIE KOMIBIOTEPHI C YCTAHOBICHHBIM
cnenuanusupoBannom 10 mms npoekTrpoBanus aneMmenTHol 6a3sl (ISE WebPACK Xilinx).

AynuTopust A7sl  caMOCTOSITENbHOM paboTel  (aya. 357)) KOMIBIOTEpPHBIH Kiacc
[lepcoHanbHbIE  KOMIIBIOTEPHl C  YCTAHOBJICHHBIM  cHenuanuzupoBanHHoM [10  mis
npoekTHpoBanus 3nemenTHoi 6a3bl (ISE WebPACK Xilinx).



[MPUJIOXXEHUE 1

ITo nucununnmnHe «OCHOBBI NIPOEKTUPOBAHUSA 3JIEKTPOHHOW KOMIIOHEHTHOH 0a3bl»
IPeIyCMOTPEHA ayAUTOpHAs U BHEAYJAUTOPHAsl CaMOCTOATEIbHAas paboTa 00yJaromuxcs.

AyIuTOpHAs CaMOCTOSATENbHAs PadoTa CTYIEHTOB MIPEANOJaraeT pereHne KOHTPOIbHBIX
3a[a4 Ha IPAKTUYECKUX 3aHATUSAX.

[TpumepHbIe ayTUTOpHBIE KOHTPOJIbHBIE padoTsl (AKP):

AKP Nel «CoBpemMeHHasi 3JIeKTPOHHAasi KOMIIOHeHTHasi 0Oa3a. Kiaccumdukanms.

O0J1acTh IPUMEHEeHH !

1.

© oo N kWD

N NNNMNNNNRPRPRRRRERRRPRR
O P WOWNPFP O OOLOUNO UL WDNPEFE O

Knaccugukaius 37eKTpOBaKyyMHBIX 3JIEKTPOHHBIX TPUOOPOB.

Cdepa mpumMeHeHHS HIEKTPOBAKYYMHBIX IPHOOPOB.

[TepcnieKTHBBI MPUMEHEHUS SIIEKTPOBAKYYMHBIX TPUOOPOB.

Kakue snemMeHThl BXOJAT B MOJI€)Ib IPUOOpa BaKyyMHOU 3JIEKTPOHUKH.
Kakue 311eKTpoHHO-ITyueBble IPUOOPHI BbI 3HaeTe?

Yro Takoe MosylnpoBOIHUKOBBIN 3JIEKTPOHHBIHN prbop?
Knaccugukarus nonynpoBogHUKOBBIX IPUOOPOB.

Cdepa mpumMeHeHHs TOTYITPOBOIHUKOBBIX TPHOOPOB.

Kakue noiaynpoBoJHIKOBEIE TPHOOPHI BB 3HAETE?

. IlepcriekTHBBI IPUMEHEHUS TIOJTYIIPOBOJHUKOBBIX IPUOOPOB.
. DnemeHTHas 6a3a ONTOAIEKTPOHUKH.

. Ciepa npuMeHeHUs ONITOIEKTPOHUKH

. UTo Takoe MHTerpaipHas cxema?

. Knaccudukarus nHTErpanbHbeIx cxem?

. UTO 3HAUNT TEXHOJIOTUYECKAsI HOpMa UHTETPATIbHOU CXEMBI?
. DnemeHTHas 0a3a UHTETPATBHBIX CXEM.

. Uro Takoe 3akazHas 1C

. Urto Takoe nony3akaznas MC?

. Uto npencrapiiseT co06oii 0a30BbIA MATPUUHBIN KPUCTAILI?

. UTo Takoe mporpammupyemasi JJorndeckasi HHTerpajibHas cxema?
. UTo Takoe «cucrema Ha Kpucramuie»?

. Uro Takoe noruueckuit anement UC?

. Uto Takoe nornyeckas NC komOMHaMoHHOTO TUNA?

. Uro takoe nornueckas MC nocnenoBareabHOCTHOrO THIa?

. Kakue tunel norudyeckux siueex (JOTUKH) Bbl 3HaeTe?

AKP Neo2 «IIpoekTHpOBaHuUeE 3J1eKTPOHHOII KOMIIOHEHTHOI 0a3bl: OCHOBHbIE 3TANIBI

YPOBHH NPOEKTHPOBAHUSA»:

A wnhE

ITepeuncnure ocHOBHBIE ATanbl IponssBoacTea MC

Yro BKIItOYaeT B ce0s crnienupukanus Ha paspadbatsiaemyto NC

KakoBa nepapxus npoextupoBanus CBUC.

Yto Takoe KpeMHHEBBIN YPOBEHb TPOEKTUPOBaHUs. Kakyre MpUMHUTHUBBI IPUMEHSIOTCS
Ha JIaHHOM YPOBHE.

Uto Takoe TpaH3UCTOPHBIA YPOBEHb MNpPOEKTUpoBaHUs. Kakue TPUMHUTUBBI
MPUMEHSIOTCS] Ha JaHHOM YpPOBHE.

Yo Takoe BEHTUIIbHBIN YPOBEHb NIPOEKTHPOBaHUs. Kakue NpuMHUTHBBI IPUMEHSIOTCA
Ha JIaHHOM YPOBHE.



[MPUJIOXXEHUE 1

7. Uto Takoe perucTpoBblil ypoBeHb MpOeKTUpOoBaHus. Kakue npuMUTUBbI IPUMEHSIOTCA
Ha JAHHOM YPOBHE.

8. Uro Takoe MpPOIECCOPHBIA ypPOBEHb NPOEKTHpOBaHUS. Kakue NpUMUTHBBI
NPUMEHSIOTCS Ha IAaHHOM YPOBHE.

9. Yro Takoe CUCTEMHBII ypOBEHb MPOEKTUPOBaHUs. Kaknue NpUMUTHUBEI TPUMEHSIOTCS
Ha JIaHHOM YPOBHE.

10. B uém 3akirovaercs MPUHIMI YIPaBICHUS CIOKHOCTHIO (a0CTparupoBaHUE) TpH
pa3palboTKe 3JIEKTPOHUKH.

11. KakoBa coBpemenHast unppacTpykTypa npouspozacrsa 1C.

12. Yro npeacTaBisoT coboi KpeMHHEBBIE (aOpUKH.

13. Yro Takoe IP-6m0k.

14. Knaccudukanus IP-61moxoB

15. B uém oriunuune nporpammusbIx |IP-6510k0B ot annapatsbix IP-010ko0B.

16. Yro npencrapistor coboii Tonosioruueckue |P-6moku.

17. Dranbl npoexTupoBanus 3akazHou NC.

18. Dransl npoextupoBanusi UC Ha cTaHIapTHBIX S4YeiKax.

19. Dramnbl npoekTupoBanus cxembl Ha 6aze [TJINC.

AKP Ne3 «Cuctrembl aBroMaTu3upoBaHHoro mnpoexktuposanusi (CAIIP). O63op

CAIIP nns pa3iM4HBIX YPOBHel NpoeKkTHpoBaHusA. S3biku onucanusa annaparypsi HDL.
CkBo3HOe mnpoexkTupoBanue nu@posbix ycrpoiicte Ha ocHoBe IIJIMC B CAIIP ISE
WebPACK Xilinx»:

17.
18.

19.

Yro Takoe sA3bIK onucaHus annapatypsl HDL.

KakoBel mnpeumymiectBa pa3paboTku cxembl Ha ©Oaze HDL mno cpaBHeHuio co
CXEMOTEXHUYECKHM CIIOCOOOM.

YT0 Takoe JOTUYECKHUM CHHTE3 CXEMBI.

Kakue CAIIP pa3pabotku VC Bbl 3HaeTe?

Kakue CAIIP mst pazpabotku cxem Ha 6a3ze [TJIMC BrI 3HaeTe?

Jlornueckuii cunte3 UC Ha cTaHIapTHBIX siUEHKax.

Jlornueckuii cuntes cxem Ha [TJIMC.

Yrto Takoe KpUTHUYECKHUH MyTh IIUPPOBOI CXeMbI?

Kakwue s3pIkM onucaHus annaparypsl Bbl 3HaeTe?

. UeM OTIM4Yal0TCsS CHHTE3UpYeMbIe CTPYKTYPHI si3bika HDL oT HecuHTe3upyeMbIx?

. Kaknmu criocob6amu MOKHO TTOBBICHTH OBICTPOIEHCTBHE IUPPOBON CXEMBI?

. B uéM 3axmrouaeTcss KOMIPOMUCC TUIOIIAAb KpUCTaIIa/ObICTpoAciCTBIE?

. Uto Takoe cuHXpoHHas udpoBas cxema?

. Uto BIrOUaeT B cebst onmcanue natepdeiica (entity declaration) B si3pike VHDL.

. Kakue 3nauenus nogaepxusaet tum ganHbix STD _LOGIC B s3pike VHDL.

.Uem ormmuaetrcss tun gaHHeIx STD_LOGIC or STD_LOGIC_VECTOR B s3bike

VHDL.

B uém otnmuune oobekra Port ot oowvekra signal B si3eike VHDL.

Kakue 3HaueHus moaaep:kuBaeT THI AaHHBIX UNSigned B siseike VHDL. SBnsercs mu
JTaHHBIA THI CUHTE3UPYEMBbIM?

Kakue 3HaueHwst mojjiep:KuBacT THN JaHHbIX integer B s3pike VHDL. fBnsercs am
JTAaHHBIN THI CUHTE3UPYEMBbIM?



20.

21.

22.

23.

24.

25.
26.
27.
28.

29.

30.
31.
32.
33.
34.
35.
36.
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SIBnsieTcst M BHICOKOMMITETAHCHOE COCTOSIHUE Z CUHTE3upyeMbIM B si3bike VHDL? Ecnmn
J1a, TO Kakasl CXeMa CUHTe3upyercs?

KakoB CHHTaKcMC CTPYKTYpbl «IpucBamBaHue 1o ycioBuroo» (conditional signal
assignment) B sizpike VHDL. B Kakyro cxemy naHHasi CTpYKTypa CHHTE3UPYyeTCs?

KakoB cunrakcuc crpykrypsl «IIpucBanBanue no Beioopy» (selected signal assignment)
B si3pike VHDL. B Kakyto cxeMy naHHasi CTpyKTypa CUHTE3UpyeTcs?

KakoB cunrakcuc omeparopa if B s3pike VHDL. B Kakyio cxemy gaHHas CTpyKTypa
CHUHTE3UpyeTcs?

KakoB cunrakcuc oneparopa case B si3bike VHDL. B Kakyio cxemy gaHHasi CTpyKTypa
CUHTE3UpyeTCs?

Jist gero B si3pike VHDL ncnonb3yercst cTpykTypa process?

Pazpaborate ofHOpa3psAHYIO CXEMY CpaBHEHHUS HAa BEHTHJILHOM ypoBHE Ha si3bike VHDL.
Pazpaborats Ha si3pike VHDL cxemy nemmdparopa 2 B 4.

Paspaborats Ha s3pike VHDL cxemy mnpeoOpa3zoBaTens [ABOMYHOIO KOJAa B
CEMHUCETMEHTHBIH.

Paszpaborate mMonmyns Ha VHDL, Beruucnsmomuii 4eThipexBxo0Byl0 ¢yHkiuo XOR
(uckmouatromee NJIN).

Pa3paborats Ha s3p1ke VHDL cxemy 4-x pa3psHOro c4éryuka.

Paspaborats Ha s3p1ke VHDL cxemy 4-x pa3psgHOro cymmaropa Yucell CO 3HAKOM.

Junst wero npumensiercs generic B sizeike VHDL.

UTto 3HaYUT napamMeTpu3oBaHHas cxema?

Pa3paborats Ha s3p1ke VHDL cxemy 8-u pa3psgHOoro perucrpa.

Pazpabotats Ha si3p1ke VHDL cxemy ciBUroBoro perucrpa ¢ napajiienbHON 3arpy3Kou.
Paspaborats Ha s3pike VHDL cxemy KOHEYHOro aBTOMara [Uisl JI€TEKTUPOBAHUS
nepeaHero GpoHTa CUrHaa.

AKP Ne4 «Buabl MoJeJMpPOBAaHMS W THINIBI MojJejeldl Ha Ppa3JIMYHBIX 3JTamax
npoextuposanusi. Ucnonbzopanne VHLD- u SPICE-mopeneii. MoaennpoBanue padoTbl
nu@ppoBbIX ycTpoiicTB ¢ nomoumbio BectpoeHHoro B CAIIP ISE WebPACK cumyasitopa

Isim»:

o s wnNE

N o

10.
11.
12.
13.
14.

Yro Takoe cpeaa TectupoBanus (testbench).

Urto Takoe cpeia TECTUPOBAHUS C CAMOIIPOBEPKOIL?

Yro Takoe QyHKIMOHATEHOE MOIETUPOBaHUE?

Ypouu Bepudukanuu CBUC.

Hasnauenne QyHkimoHanbHbIXx OsokoB Stimulus, checker w monitor B cpexe
TECTUPOBAHUsA?

Yro Takoe paHIOMHU3AIINS TECTOBBIX Bo3aencTBHi (Stimulus)

Yro takoe orpanndeHHas (constrained) panaoMu3aIus TeCTOBBIX BO3ICHCTBHIA

YeMm oTIMYaeTCs KOJIOBOE MOKPBITHE OT (DYHKIIMOHAILHOTO MOKPHITHS MPU BEpUPHUKAITUT
CXEMBI?

UYrto Takoe MeTpuKa npu Bepuukauu cxembl? Kakne MeTpuku UCTIOIB3YIOTCS?

Uto Takoe SMyJISIUs CXEMBbI?

Yro takoe hopmanbHas MpoBEpKa 3KBUBAJICHTHOCTH Ha ATAlle CUHTE3UPOBAHUS CXEMBbI?
Uto Takoe BpeMEHHOE MOJECITUPOBAHUE CXEMBI?

Hanwucars testbench va VHDL ¢ camonpoBepkoii 11t 0{THOPa3psIHON CXEMbI CPAaBHCHHSI.
Hanwucars testbench va VHDL nyist cxemsl aemmudpartopa 2 B 4.



15.

16.

17

21.
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Hammcats testbench ma VHDL mist cxembl mpeoOpasoBaresiss JBOMYHOTO KOJa B
CEMUCETMEHTHBIM.

Hamucarp testbench ma VHDL c¢ camonpoBepkoi anst 4-x paspsiqHoit cxembl XOR
(uckmouatoiee NJIN).

. Hartucats testbench na VHDL mist cxembl 4-X pa3psiiHOTO CYETUYHKA.
18.
19.
20.

Hammcats testbench na VHDL mist cxembl 4-X pa3psgHOro CyMMaTopa 9rcell CO 3HaKOM.
Hanmcats testbench na VHDL mist cxembl 8- pa3psiiHOro perucrpa.

Hammcats testbench ma VHDL mis cxeMbl CABHIOBOrO perucrpa ¢ MapajuieIbHOM
3arpy3Koil.

Hanwucars testbench va VHDL a1 cxembl ieTeKTUpOBaHUsI IepeHero (poHTa CUTHAA.

AKP Ne5 «Paspaborka mpoexktHoi nokymeHTanuu. Konpurypuposanme INIJIMC c
nomouibi0 BcTtpoeHHoii B CAIIP ISE WebPACK nporpammbl Impact. TectupoBanue
roroBbix ycrpoiictB. JTAG-unTepgeiic»:

1.

©ooN RN

[ e T S T
O U~ WNEO

17.

18.

19.

20.

21.

22.

23.

Yro Takoe uMIIeMeHTauus?

KakoBbl OCHOBHBIE PEKOMEHIAIIUU 110 Pa3MEIEHUI0 OJIOKOB Ha KpucTasie?
Yrto Takoe ciaoul metasuinizanuu B UC?

Yro Takoe TpaccupoBKa?

[IpruMeHeHre MaHX3TOHOBCKOW Fr€OMETPUH MPH TPACCUPOBKE.

Uro Takoe pusnueckas Bepupukamms MC?

Uto takoe DRC nposepka?

Uto takoe ERC mpoBepka?

Yro takoe LVS nposepka?

. Uto Takoe GDSII popmat?

. Uro Takoe JTAG tectupoBanue?

. UTo Takoe 1enoyka TeCTupOBaHU?

. Uto Takoe BcTpoeHHOe camoTecTupoBanue BIST?

. BctpoeHHOe camoTecTHpOBaHUE MTAMSATH.

. Urto Takoe nepudepuitHoe CkaHupOBaHUE?

. Peanu3oBatb otHOpa3psaHyto cxeMy cpaBHeHus Ha 6a3ze [TJIMC Spartan 3E. Onpeaenutsb

ObIcTpojieiicTBHE cXeMbl U 3aTpaueHHble pecypebl [TJIUC.

Peanm3oBate cxemy nmemmdparopa 2 B 4 Ha Oaze ITJIMC Spartan 3E. Onpenenuth
OBICTpOICICTBHE CXEeMBI U 3aTpadeHHbIe pecypchl [IJINC.

PeanuzoBath cxemy mnpeoOpa3zoBaTelis BOMYHOIO KOJa B CEMHUCETMEHTHBIM Ha Oasze
[IJINC Spartan 3E. Onpenenuth OBICTPOJCHCTBHE CXEMBI W 3aTpPadyeHHBIE PECYPCHI
ITJINC.

PeanuzoBath yetbipexsxonoByto ¢pyHkuuo XOR (uckmouatomee MJIN) na 6aze [IJIUC
Spartan 3E. OnpenenuTs ObICTpOAEHCTBHE CXEMBI U 3aTpadeHHbie pecypcsl [TJINC.
PeanuzoBath cxemy 4-x paspsagHoro cuérumka Ha 6aze [IJIMC Spartan 3E. Onpenenuts
OBICTpO/ICIICTBHE CXEeMBI U 3aTpadeHHbIe pecypchl [IJINC.

PeanuzoBath cxemy 4-X pa3psiIHOTO cymMMaTopa uucen co 3Hakom Ha 6aze [TJIMC Spartan
3E. Onpenenuth ObICTpOaCHCTBHE CXEMBI U 3aTpadeHHbIe pecypcsl [IJINC.

PeanuzoBarh cxemy 8-u paspsaHoro peructpa Ha 6aze [TJIMC Spartan 3E. Onpenenutsb
ObIcTpojeiicTBHE cXeMbl U 3aTpaueHHble pecypebl [TJIUC.

PeanusoBaTh cxeMy CABHIOBOT'O PErHCTpa C MmapajliesibHOW 3arpyskoit Ha Oaze [1JIMC
Spartan 3E. Ompenenuth ObIcTpOAEHCTBHE CXeMbI U 3aTpadeHHble pecypesl IIJINC.
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24. Peann3oBath cXxeMy JIE€TEKTUPOBaHMS niepenHero Gpponta curana Ha 6asze [IJIMC Spartan
3E. Onpenenutb ObICTpPOCHCTBHE CXeMBbI U 3aTpaueHHbIe pecypcebl [INC.

BueaymutopHass camocrosTenbHas paboTa 0OydaloOIIMXCS OCYIIECTBISAETCS B BHUJC
W3YYEHHUS JTUTepaTyphl [0 COOTBETCTBYIOIIEMY pa3zeny ¢ mpopaboTKoM MaTepuara.
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a) [lnanupyemble pe3yabTaThl O0y4YeHHS] M OIIEHOYHBIE CpeICTBA /I TNPOBedeHUs!

NPOMEKYTOYHOM aTTecTallum:

[IpomexxyTounast arrectanusi HMEET IEJIbIO OINPEACIUTh CTEHNEHb JIOCTHUKEHUS
3aIUIAaHUPOBAHHBIX PE3YJIBTATOB OOYYCHHUS MO IUCHUIUTHHE (MOIYIIO) 3a OIpEIeICHHBIN
nepuos; o0ydeHus: (CEMECTp) U MOXKET MPOBOJUTHCS B QopMe 3aueTa, 3adyera C OIEHKOM,
9K3aMEHa, 3aIUTHl KypPCOBOTO MPOEKTa (paboThI).

JlaHHbIi pa3zien cOCTOUT UX JBYX MYHKTOB: a) [lnanupyemble pe3ynbraThl 00yd4eHUs U

OIICHOYHBIE CPEJICTBA JIJIS TPOBEACHUS MPOMEXYTOUHOM aTrTectanuu. 6) [lopsmok mpoeaeHus

HpOMe}I(YTO‘IHOﬁ aTTeCTaluu, IMOKa3aTC/ii U KPpUTCPUHU OLCHUBAHM.

Kon
WHIUKATOpa

Nuaukarop qoCTHXREHUS
KOMIIETEHIIUHN

OueHouHble CpeCTBa

ITK-1: Cnocoben pa3zpabaTbiBaTh CTPYKTYPHbIE U (PYHKIIMOHAIBHBIE CXEMBI 3JIEKTPOHHBIX
CHCTEM U KOMIUICKCOB, IPUHIUITHAIBHBIX CXEM YCTPOMCTB C UCIIOIB30BAHUEM CPEJICTB
KOMITBIOTEPHOT'O TIPOEKTUPOBAHUS, TPOBEACHNEM MTPOEKTHBIX PACUETOB U
TEXHHKO-3KOHOMHYECKHM 000CHOBAHHUEM NPUHUMAECMBIX PEIICHUI

IK-1.1

PazpabaTbiBaeT SCKU3HBINA TPOEKT,
BKJTIOUAIOIIUI: BEIOOP CTPYKTYpPHOM
CXEMBI 3JIEKTPOHHOT'O YCTPOMCTBA
WA CUCTEMBI ITyTEM COMOCTaBIICHUS
Pa3IMYHBIX BAPHAHTOB U MX OLECHKU
C TOYKH 3pEHUS TEXHUYECKUX U
SKOHOMMYECKUX TPEOOBaHUM;
paccuMThIBaeT Bce HEOOXOAMMBbIE
ITOKA3aTENN CTPYKTYPHOM CXEMBI
3JIEKTPOHHOI'0 YCTPOMCTBA HITN
CUCTEMBI, B TOM UHUCJIE IT0OKa3aTean
KayecTBa; BEIOUpaeT U
00OCHOBBIBAET CXEMBI
BCIIOMOTATENbHBIX YCTPOUCTB

— Ymo maxkoe A3bIK onucanus
annapamypel HDL.

— Kakogvl npeumywecmsa paspabomxu
cxemul Ha baze HDL no cpagnenuio
CO CXeMOMeXHUYeCKUM CROCOOOM.

— Ymo maxoe nocuueckuii cunmes cxembi.

— Kaxue CAIIP paspabomxu HC 6bi
3Haeme?

— Kaxue CAIIP ona paspabomku cxem Ha
6aze IIJIUC 6v1 3Haeme?

— Jloeuueckuti cunmes UC na
CMAHOAPMHBIX AHEUKAX.

— Jlocuyeckuii cunmes cxem na IJIHC.

— Ymo makoe kpumuueckuii nymo
yughposou cxemwl?

— Kakue azviku onucanus annapamypbi
6bl 3Haeme?

— Yem omnuuaromes cunmesupyemule
cmpykmypul a3vika HDL om
HecuHmesupyemuix?

— Kakumu cnocobamu modcHo nogvicumas
ovicmpodeticmeue yupposoul
cxemol?

— B uém 3axarouaemces komnpomucc
naowaos
Kpucmania/bvicmpooeiicmeue?

— Ymo makoe CUHXPOHHASL YUPPosas
cxema?

Ipaxmuueckue 3adanus:

— Paspabomamw 00nopaspsionyto cxemy
CPABHEeHUsI Ha BEHMUTLHOM YPOBHE
na azvike VHDL.

— Paspabomamy na sizvike VHDL cxemy
Odewuppamopa 2 6 4.

— Paspabomamy na sizvike VHDL cxemy
npeodpazosamenst 0860UHHO20 KOOA 8
cemucezmMeHmMHbI.

— Paspabomamo modyne na VHDL,
BLIUUCTSIOUUT YENBIPEXEXOO08YIO
@ynxyuio XOR (uckarouarouee
Hjin).

14
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— Paspabomamy na sizeike VHDL cxemy
4-x paspaoHozo cuémuuxa.

— Paspabomams na sazvike VHDL cxemy
4-x paspsioHo20 cymmamopa yucein co
3HAKOM.

— Paspabomams na sazeike VHDL cxemy
8-u paspsaonoeo pecucmpa.

— Paspabomams na sizeike VHDL cxemy
CO8U208020 peaucmpa c
napaiienrbHoll 3a2py3Koll.

— Paspabomamy Ha asvike VHDL cxemy
KOHEUHO20 A8MoMama Os
0emeKmupo6anus nepeorHezo
@ponma cuenana.

— Peanuzosamv 00HOpaspsaouyto cxemy
cpasnenus na basze IIJIUC Spartan
3E. Onpedenums 6vicmpooeticmaue
cXembl U 3ampadeHHbie pecypcol
HjincC.

— Peanuzosamo cxemy oewugppamopa 2 6
4 na oase IVIUC Spartan 3E.
Onpedenums 6vicmpooeticmsue
cxemyl U 3ampayerubie pecypcol
rc.

— Peanusosams cxemy npeobpazoeamesst
080UUHO20 KOOA 8 CeMUCe2MEHMHbIU
na 6asze IIJIUC Spartan 3E.
Onpedenums bvicmpooeticmaue
cXembl U 3ampaderHvie pecypcbl
HjincC.

— Peanuzosamv uemvipexexo0osyio
@yuxyuro XOR (ucknroyarouee
HJIN) na 6ase IIVIHC Spartan 3E.
Onpedenums bvicmpodeticmsue
cxembl U 3aMpayeHubie pecypcbi
HIIcC.

— Peanuzosams cxemy 4-x paspsaonozo
cuémuuxa na 6aze ILJIUC Spartan
3E. Onpedenums bvicmpodeticmsue
cXembl U 3ampaderHvie pecypcbl
HjicC.

— Peanuzosamo cxemy 4-x paspsionoco
CYyMMamopa yucesn co 3HaKOM Ha basze
IIJIUC Spartan 3E. Onpeoenumo
bvicmpodelicmaue cxemvl U
sampauenuvie pecypcwl IIVIHC.

— Peanuzosamwv cxemy 8-u pazpsonoco
peeucmpa na 6asze ILJIUC Spartan
3E. Onpedenums bvicmpodeticmsue
cxembl U 3aMpayeHubie pecypcbi
Hjiic.

— Peanuzosamo cxemy co6ue08020
pe2ucmpa ¢ napaiesbHol 3a2py3Koll
na 6aze ITJIUC Spartan 3E.
Onpedenums 6vicmpooeticmsue
cXeMbl U 3ampayentbie pecypcol
HIncC.

— Peanuzoeams cxemy demexmuposanus
nepeonezo ppouma cuenana Ha basze
IIJIUC Spartan 3E. Onpedenums
ovicmpodeticmeue cxemul u
sampauenuvie pecypcwl IIVIHC.

15
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I1K-1.2

[IpousBogut
TEXHUKO-IKOHOMHUYECKOE
000CHOBaHHE MPUHATOTO PEIICHUS C
pacyeTamu ce0eCTOMMOCTH
YCTpPOMCTBA U CTOUMOCTH €r0
9KCILTyaTaIli; CPAaBHUBAET C
aHaJIoraMu IO
TEXHUKO-IKOHOMHYECKUM
XapaKTepUCTHKAM

— Ilepeuucnume ocHogHvle 2manbi
npoussodcmea UC

— Ymo sxniouaem 6 cebs cneyugpuxayus
Ha paspabamuigaemyio UC

— Kaxosa uepapxus npoexmuposanus
ChHUC.

— Ymo makoe kpemuuegulii yposeHs
npoexmuposganus. Kaxue
NPUMUINUEbL RPUMEHSIOMCA Ha
OaHHOM YPOGHe.

— Ymo makoe mpan3ucmopHslii yposeHs
npoexmuposganus. Kaxue
NPUMUIMUGHL NPUMEHSTIOMCS HA
OaHHOM YpO8He.

— Ymo maxoe eenmunvublii ypoeeHs
npoexmuposanus. Kaxue
NPUMUTNUBSL NPUMEHSTOMCA HA
OaHHOM YpOgHe.

— Ymo maxkoe peaucmpogulii ypogeHs
npoexmuposganus. Kaxue
NPUMUMUEL NPUMEHAIOMCA HA
O0anuHOM YposHe.

— Ymo maxkoe npoyeccopmbwlii ypogeHs
npoexmuposanus. Kaxue
NPUMUTNUGHL NPUMEHSTIOMCA HA
OaHHOM YpOgHe.

— Ymo maxkoe cucmemmbwlil ypoGeHs
npoexmuposanus. Kaxue
NPUMUTNUBSL NPUMEHATOMCA HA
O0anHOM yposHe.

— B uém 3axnouaemcsa npunyun
YRPAGNEeHUsL CLOIACHOCMBIO
(abcmpazuposanue) npu
paspabomgke d1eKMpPOHUKU.

— Kakoea cospemennas
UH@pacmpykmypa npou3goocmaea
Huc.

— Ymo maxkoe |P-610k.

— Knaccugpurayus IP-6nokos

— Ymo npeocmasnsiiom cobot
mononozuieckue IP-6noku.

— Dmanvl npoexmuposanus 3aKkasHou
HcC.

— Omanwt npoexmuposanus UC na
CMAHOAPMHBIX SUEUKAX.

— Dmanwsl npoekmuposanus cxemuvl Ha
basze I1JIHC.

Tpaxmuyeckue 3a0anusi:

— Paszpabomambv 08yxpaspsaomnyio cxemy
CpasHeHUs: Ha OCHOB8e 08YX
IK3EMNIAPOB 0OHOPA3PAOHOU CXEMbl
cpasnenus. Hcnonvzosamo
KoMMenmapuu OJisk ONUCAHUSL KOOd.

— Paspabomams na sizeike VHDL cxemy
dewughpamopa 3 6 8 na ocrose
IKZEMNIAPOS cxembl deutuppamopa
2 ¢ 4. Ucnonvzosamv Kommenmapuu
0/ ONUCAHUA KOOA.

— Paspabomamy na sizvike VHDL cxemy
16-u paspsonozo cymmamopa uucen
CO 3HAKOM HA OCHOBE IK3EMNIAPO8

16
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4-x paspsaonozo cymmamopa.
Hcnonvzoeams kommenmapuu 0
ONUCAHUA KOOd.

— Paspabomams na sazeike VHDL cxemy
8-u paspsaonoeo pecucmpa.
Hcnonvzoeams kommenmapuu 0
ONUCAHUA KOOd.

— Paspabomamy Ha asvike VHDL cxemy
KOHEUHO20 a8momMama Ois
peanuzayuu 3auumel om opebesea.
Hcnonvzoeams kommenmapuu 07s
ONUCanust K0oa.

Iloozomoeums npoeKmHuyr0 OOKyMeHmMayuio:
RTL-k00 u gpaiin oepanuuenui
(MONoIO2UHEeCKUX U 6DEMEHHbIX) OJIs
peanuzayuu npoexma Ha oaze IIJIUC onn
CLeOYIOWUX NPOEKMO8:

— Bocomupaspsaonas cxema cosuea c
VAPABTSIOUWUM 6X000M,
onpeoensiouuM HanpaeieHue
cosuea.

— IIpuopumemmnutii wugpamop 8 6 3

— IIpeobpaszosamens 080UUHO20 KOOA 8
080UUHO-0eCAMUYUHBIL

— 4-x pa3paouslii cymmamop uucen ¢
naasaouell mouKoll.

— 8-u paspsaoneuit FIFO 6ygep

— 4-x paspsonvii LLIUM

— Cmopooicesoti maiimep

— Cxema cmeka

— Apugpmemuxo-noz2uueckoe ycmpoucmeo

— Pecucmposwiii ¢aiin

— Cxema Oenenus

6) [lopsmox mnpoBeneHUS NPOMEXKYTOYHOM aTTECTallMM, IOKa3aTedd M KPUTEPHUH
OLICHUBAHMSL:

[IpomexyTouHas arrecTaus no AUCUUIUIMHE «OCHOBBI MPOEKTUPOBAHUS JIEKTPOHHON
KOMITOHEHTHOM 0a3bl» BKIIIOYAET TEOPETUUECKUE BOIPOCHI, TO3BOJISAIOLINE OLIEHUTh YPOBEHb
YCBOEHHS OOYyYaloOlUMUCS 3HAHWM, W TPaKTUYECKHE 3aJlaHusl, BBIABISIOLUINE CTENEHb
c(OpMHPOBAHHOCTH YMEHH U BIaJIeHUH, TPOBOAUTCS B popme 3auéra.

[Toxazarenu U KpUTEpUN OLICHUBAHUS 3auéTa:

— HAa OLICHKY «324YTEHO0» — 00yJaroIUIiCs JEeMOHCTPUPYET BHICOKUNA HITH CPETHUI YPOBEHB
c(OpPMHUPOBAHHOCTH KOMIIETEHIIMI: OCHOBHBIE 3HAaHMs, YMEHHUS OCBOEHBI, HO
JIOMYCKAIOTCS ~ HE3HAUMTENIbHBIE  OIIMOKHM, HETOYHOCTH, 3aTPyIHEHHUs  IpH
AQHAIUTUYECKUX OIEepalusX, NepeHoce 3HaHUN U YMEHHUH Ha HOBbIE, HECTaHIapTHHIE
CUTYallUN.

— Ha OLIGHKY «He 3a4TeHO0» — oO0ydJaroluiics AeMOHCTpuUpyeT 3HaHUS He Oonee 20%
TEOPETUYECKOr0 MaTepuaa, I0MyCcKaeT CyIIeCTBEHHbIE OIMIMOKH, HE MOYKET I0Ka3aTh
MHTEIJIEKTYaJIbHbIE HABBIKM PELIEHUS MPOCTHIX 3a]1a4.
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MeToanYyecKue yKasaHUA

BBeaeHue

TpaAnLUMOHHOE CXeMHOe NPOEeKTUPOBaHUe AOCTUIIO B CBOEM Pa3BUTUM Mpedena n UCnonib3yeTca
B HacTosillee BPeMA /Wb AN CPAaBHUTENbHO MPOCTbIX NMPOEKTOB pPa3pabaTbiBAEMOMN 3N1EKTPOHUKMU.
OCHOBHbIM HEAOCTAaTKOM CXEMHOFO OMWUCAHWA MPOEKTOB CNOXHOM 3/IEKTPOHUKM, BKAKOYAtOLWEN
60/1blIOE KONNYECTBO KOMMOHEHTOB M MOZY/IEN, ABAAETCA BbICOKAA TPYA0EMKOCTb OTNAAKU. Ha cmeHy
CXEMHOMY OMMCAHWUIO NPULLAM A3bIKM ONMCaAHKUA annapaTypbl, Takne Kak VHLD u Verilog. B otanume ot
TPAAMUMOHHbBIX A3bIKOB MNPOrPamMmMpPOBaAHMA, OMMUCHIBAIOWNX MNOCNEA0BATENbHOCTb BbIMOJHAEMbIX
KOMaHA, A3bIKM ONWCAHWA annapaTypbl ONMUCbIBAIOT CTPYKTYPY M CBA3M pa3pabaTbiBaemMoro yCTpoOKMCTBa.
Takoe onucaHue paspabaTbiBAEMOro yCTPOMCTBA HA3bIBAETCA CTPYKTYPHbIM (napannenbHbim). Bropon
noaxond, K OMMCAHWUIO YCTPOMCTBA Ha3biBaeTCA MOBeAeHYeCKUM (nocnepoBaTtesibHbiM). Mpu Takom
noaxoAe ONUCbIBAETCA He CTPYKTypa YCTPOMCTBA, a NOPAAOK ero ¢pyHKUMOHMpOBaHUA (NoBeaeHue).
A3bIKM ONMCaHMA annapaTypbl BKAKOYAT KaK NapansiesbHble, Tak U NocnegoBaTesibHble GyHKUUK, T.e. C UX
MOMOLLBIO MOXHO OMWUCaTb KaK CTPYKTypy pa3pabaTtbiBaemoro ycTpoWCTBa, Tak M ero noseaeHue B
3aBMCMMOCTM OT BXOAHbIX BO34eNCTBUI. 34eCh ceyeT cAenaTh BaXKHOE 3aMeyaHue:

MocnepoBatenbHoe (NoBegeHYECKOe) onucaHMUe YCTPOMCTBA He BCEraa MOXKeT 6biTb KOPPEKTHO
CKOMMWINPOBAHO B CUHTE3MPYyeMble KOHCTPYKLIMU, T.e. CUHTE3UPOBAHHAA CXemMa YCTPOICTBA MOXKeT
paboTaTb He TaK, KakK 3agymbiBan pa3pabotunK. B ToxKe Bpemsa CTPyKTypHoe (napannenbHoe)
onucaHue OAHO3HAYHO CUMHTE3UPYETCA B OMUCAHHYIO CTPYKTYpy. Takum obpasom, npu onucaHuu
pa3pabaTtbiBaemMoro ycTpoiicTea ciegyeT oTAaBaTb NpeanoyTeHne CTPYKTYPHOMY OMUCAHUIO WU, KaK
roBOpAT, WCMNONb30BaTb CUHTE3Mpyemble KOHCTpPyKuuu. [locnepoBatenbHoe (noseaeHYeckoe)
onucaHue B CBOIO ovepeab 3PPEKTUBHO UCNONb3yeTCA Ha 3Tane GYHKLMOHANbHOIO MOAENUPOBAHUA
paboTbl paspabatbiBaemoro ycrpoictBa. Tem He MeHee, WUCMO/b30BaHUE MOC/Ae[0BaTe/bHbIX
onepaTopoB A3bIKOB OMWCaHMA annapatypbl AAA CUHTE3a pa3pabaTbiBaemMoro YycTpoiicTBa
[ONYCKAeTcs MNpU  YC/IOBUU KeCcTKoro cobniogeHua psaga npasun (AaHHble npasuna 6yayr
paccmoTpeHbl B COOTBETCTBYIOLW e nabopaTopHoii pabote).

JaHHble meToAnYecCKne Npu3BaH HayuYnTb OCHOBAM NPOEKTUPOBAHUA INEKTPOHUKM C NOMOLLbIO
A3blKa onucaHua annapatypbl VHLD. Mpu 3TOM OCHOBHOW ynop JAenaetcA Ha pa3BUTME HaBbIKOB
HanMcaHUA rPAaMOTHOTO M CamMoe [NlaBHOE CUHTE3MPYEMOro KoAa, T.e. TaKoro Koja, KoTopbin byaer
rapaHTMPOBAHHO CKOMMNWAMPOBaH B paboTatowyto cxemy. Mo3aTomy BMeCTo NOAPOBGHOro onucaHus
cuHTakemca VHLD M BCEBO3MOMKHbLIX KOHCTPYKLMA fA3blKa MPAKTUKYM oOrpaHuymaeTca ob3opom
CpaBHUTENbHO Hebosbworo Habopa CUHTE3NPYEMbIX KOHCTPYKLMIA, UCNOb3YIOLWNX AECATOK TUMNOBbIX
wabnoHos VHDL-koAa, CUHTE3MpPYeMblX B TUMOBble cXeMbl. [aHHble WabsoHbl MOryT ObiTb JIErKo
WMHTErpmpoBaHbl NPU NPOEKTUPOBAHUM HOMBLUNX COMKHBIX CUCTEM.

[na obecneyeHunsa npouecca CKBO3HOFO NMPOEKTUPOBAHMA BN/IOTb 4O FOTOBOrO YCTPOMCTBA 6biN0
peleHo 1cnonb3osBatb nporpammupyemyto nornky (MJINC), a umeHHo otnagodHyto nnaty NI Digital
Electronics FPGA Board Ha ocHoBe J/INC Xilinx Spartan-3E. B kauectBe nporpammHoro obecneyeHus
ncnonbayetcs CAMNP ICE WebPACK ¢oupmbl Xilinx.
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Onucanue iathl NI Digital Electronics FPGA

Mnata NI Digital Electronics FPGA sABnsieTcAa pe3ynbTaTOM COBMECTHOrO COTPYAHMYECTBa
komnaumin NI mn Xilinx, sBnalowmUxcs KpynHemwMmM B MUPE MNPOM3BOAMTENAMU MPOrPamMMHOrO
obecneyeHns U3MepuTeNbHbIX CUCTEM U MPOrPaMMUPYEMbIX TOTMYECKUX MHTerpanbHbix cxem (MJINC).
BHewHwun Bug nnatbl NI Digital Electronics FPGA npepcrasneH Ha pucyHke 1. NI Digital Electronics FPGA
Board cogepKuT LWecTb KaHanoB ANA BBOAA aHaNoOroBblX BXOAHbIX curHanos Al0 — Al5, a Takxke 32
undposble BXogHble (BbIXogHble) IMHUKM obwero nosb3oBaHusa — GP1031.

OnucaHue curHanoB, nNoAaBaemblX Ha CUTHaNbHble 30HbI MaKeTupoBaHuA: BBl — 30Ha
MaKeTMpoBaHUA ana noaknoveHma K LUAM, AU, KHONKam, ABUMKKOBbIM NepekntovaTenam, BHeWHeMy
CUHXPOCUTHaNY U ANHUAM obwero HasHaveHuA NJIUC. BB2 - 30Ha MaKeTUPOBAHMA 1A NOAKAIOYEHMA K
NMHUAM oblero HasHaveHua MJINC n UCTOYHMKAmM nuTaHus. BB3 - 30Ha MaKeTMpoBaHMA AnA
ynpaBneHna ceMUcermeHTHbIM MHAMKATOPOM Ha ABa 3HaKoMecTa, CBeToaMoAamMu, NOAKAYEHUA K
WUCTOYHMKaM nuTaHunAa BB4 - 30Ha makeTMpoBaHUA nA noakatodeHua K curHanam NI ELVIS, Bkatoyaa
aHanoroBble BXOAHbIE CUTHa/bl, AHANOroOBble BbIXOAHbIE CUTHaNbl, GYHKLMOHA/NbHblE FeHepaTopbl,
WCTOYHWMKM NUTaHWA, LMPpPOBble BXOAHble/BbIXOAHbIE CWUrHanAbl. BB5 — 30Ha MaKeTMpoBaHMA anA
nogkatoyeHnsa K curHanam NI ELVIS, BKAlouyaa peryampyemble WCTOYHWKM MWUTaHKUA, undpoBsble
BXOAHble/BbIXOAHbIE CUTHA/bI, BbIXOAHbIE CUTHA/bl CHETYMKOB, O6LLME TOYKMU CUTHANOB.

1=\
\0/

he
A
8

GENES NGMAN GMAGE MAAGS RAMAN GMAGS mesem seems !
EEEES EENEN NESEN WESES ESEEN AESES EEESE ESESE

wesess TTTEY
L1
goo
i

DIGITAL ELECFRONICS
FPGA BOARD
P
@'@' o

PucyHok 1 — BHewHuit Bug, naatbl NI Digital Electronics FPGA Board:
1- pasbem nutaHua (15B) ; 2-maKeTHOI NnaTbl 419 BO3MOXKHOCTU CO34aHUA O,0NONHUTENbHOW 06BA3KKU; 3— 610K MaKeTHOMU

@

nnatbl BB2; 4- BbiK/lOUYaTeNb NUTaHUA; 5— 610K MaKeTHO naaTbl BB3; 6— KHONKa c6poca; 7— cemmucermeHTHble UHAUKATOPbI;
8- USB-coeguHutenb; 9— LD-G- ceetoauoa; 10— ceetoauoabl; 11- FPGA Xilinx Spartan 3E; 12— nepekntoyaTte/ib NpOLWMBKU
NJINC uepe3s ROM/JTAG ; 13— gaTumK yrna noBopoTa ¢ KHONKOM; 14— KHONKK; 15— ABUXKKOBbIe nepekatoyarenu; 16— 6
KOHHeKTopoB Tuna PMOD (2x6); 17— 610K maKeTHoW naatbl BB1; 18— 610K maKeTHo naatbl BB4; 19— (NI ELVIS)-
coeguHUTenb; 20— 610K MakeTHOM nnatbl BB5; 21 — nporpammarop; 22— KBapueBblit reHepaTop 50Mly; 23— 3awmra naatbl
OT CTAaTUUYECKOro 3/IeKTPUYEeCcTBa
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KpaTtkoe onucaHune CAIMNP WebPack

WebPACK — 310 CAMNP npoektnpoBaHuA umdpoBbIx ycTponcte Ha 6ase mukpocxem MANC CPLD u
FPGA ¢upmbl Xilinx. laHHaa cuctema siBnsetca 6ecnnatHbiIM BapnaHTOM Kommepyeckoi CAMP sToi xe
éupmbl nop HaseaHuem ISE M poctynHa pns cBobOAHOro cKaumMBaHuA 4Yepes ceTb Internet
(www.xilinx.com). OcHoBHOe oOT/iMYMe OecnnaTHOW BepcUM OT ee NAATHOro aHajora COCTOUT B
OTCYTCTBUU NOAAEPHKKM MUKPOCXEM, EMKOCTb KOTOPbIX Bbile 1,5 M/IH CUCTEMHBbIX BEHTUEN.

WebPACK coctout w13 Habopa moaynen, Kaxabld W3  KOTOPbIX BbINOJIHAET CBOMU
cneunanm3npoBaHHble GyHKUMK. OCHOBHbIE MOAYAM NaKeTa cieayolme:

- pefaKTop CXeMHOro BBOA3;

- TEKCTOBbIN PeAaKTop C NOAAEPKKOM A3bIKOB onmncaHus annapaTypbl VHDL n Verilog;

- CORE Generator — reHepaTtop onTMMU3NpPoOBaHHbIX IP-aaep;

- pefaKTop TeCTOBbIX BO3AENCTBUI AN1A NPOrpaMmbl MOAE/IMPOBAHNS;

- nporpamma pyHKLMOHAIbHOIO Y BPEMEHHOIO MOAENMPOBAHUS;

- reHepatop VHDL/Verilog koaga;

- MporpamMmma aBTOMAaTUYECKOro pa3melleHma u TpaccupoBku MNJIUC;—nporpammbl «pyYyHOro»
pasmeLLeHMA U ONTUMM3ALMM NPOEKTA;

- nporpamma 3arpyskuM KoHourypaumoHHoW nocnegosatenbHocth B [JINC  FPGA w
nporpammumposanHua MNJINC CPLD u MMN3Y.

BosbwmnHcteo moayneit CAMNP WebPACK nmetoT Kak rpadpuyeckuin uHtTepdelic nonb3osartens, Tak
n nHtepdeiic kKomaHgHom ctpoku. CAMP WebPACK moxeT paboTtaTb nog onepalMoOHHbIMU CUCTEMAMMU
Windows, Linux 1 Sun Solaris.

Mpouecc paspaboTku umdposbix ycTponcts B cpege WebPACK cocTouT M3 crneayoLmx 3Tanos.

1. BBog oOnMcaHMA MNPOEKTUPYEMOro YCTPOWMCTBA B CXEMOTEXHMYECKOW dopme uanm ¢
NCNosib30BaHMEM A3bIKOB onuncaHma annapatypsl (HDL), Takux, Kak VHDL u Verilog.

2. CHTe3 yCTPOMNCTBa, TO ecTb NpeobpasoBaHMe ONUCAHUA YCTPOICTBA, NOJIYYEHHOrO HA NepBOM
3Tane, B ONMCaHME Ha YPOBHE JIOTUYECKUX BEHTUEN.

3. Peanusaums ycTpoilcTBa, TO ecTb npeobpasoBaHMEe ONUCaHMA YCTPOMCTBA Ha YpPOBHEe
NIOrMYecKux BeHTUNel B pusmyeckoe onucaHme Ana KOHKpeTHOM Mmnkpocxembl MJTUC.

4. dopmnpoBaHUEe KOHPUTYPALMOHHOW NOCNef0BaTeNbHOCTU AN MUKPOCXe-

mbl MANC.

Mocne Kaxpgoro u3 stanos 1,2 n 3 BO3MOXHO, @ B BONbLUMHCTBE CayvyaeB U Heobxogumo ans
YCMNeWwHoro 3aBepLlleHnA MNpOoeKTa BbINONHEHWE npoueaypbl MOLEANPOBAHMA U BepudUKaunm
NoJsly4eHHOro ONUCAHUA YCTPOICTBA.

Ha pucyHKe 2 npeactasneHa o606LweHHan cxema NpoeKTUpoBaHuA Lmudposbix ycTponcts B CAMP
WebPACK.
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PucyHoK 2 - 0606weHHan cxema NpoeKkTMpoBaHua Lugposbix ycrpoiicte B CAMP WebPACK
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I[MPUIJIOXKEHUE 3

IIpoeKTUpOBaHHE KOMOMHALMOHHBIX CX€M HAa BEHTUJIbLHOM YPOBHE
BBeaeHue

B OaHHOW rnaBe Ha npumepe MNPOCTOM CXEMbl CPaBHEHWSA NoAPOOHO pacCMOTpeHa CTPYKTypa
cuHTesmpyemoro VHDL-koga. OnncaHue paboTbl LMPPOBbIX KOMOMHALMOHHBIX CXeM B AaHHOW paboTe
npeacTaBNeHO WUCKAUYUTENbHO Ha BEHTU/IbHOM YpOBHe abcTpaKkumm (gate level), T.e. npumeHsatoTca
TONbKO 6a30Bble IOTMYECKUE BEHTUAN, peanunsytowme OCHOBHbIe lorMyeckue onepauum (HE, U, UK,
MCKNOYAIOLLEE WMNN). PaccmoTpeH CTPYKTYpHbIA (MepapxuMyeckuit) nopxond K MPOEKTUPOBAHUIO
uMPpPOBbLIX CUCTEM, NPU KOTOPOM CUCTEMA Ha BEPXHEM YPOBHE MPOEKTUPOBAHUA PAacCMATPMBAETCA KaK
coegmHeHue bonee NpocTbiXx YHUOUUMPOBAHHbIX B/IOKOB, KOTOPbIE, B CBOKD oYepenb, TaKKe CTPoATCS M3
6onee npocTbix 6/J10KOB U T.A.

1.1 OnucaHue cxeM B AU3BbIOHKTUBHON HOPpMaJIbHOM ¢popmMe

PaccmoTpMm oAHOpaspagHyto cxemy cpaBHeHuMs (1-bit equality comparator) , cogepsKalwyto ABa
Bxoda i0, i1 n oAvH BbIXOA, eq. BbIXxo4 eq cxembl CPaBHEHWA NPUHUMAET aKTUBHOE 3HauyeHue npwu
YCNOBUK, YTO BXOAbI i0 U il 3KBMBANEHTHbI. Tabanua UCTMHHOCTM (truth table) oAHOpPa3pPAAHON Cxembl
CpaBHeHMWA NpeacTasneHa B Tabanue 1.1.

Tabauuya 1.1 — TabnMua UCTUHHOCTU OA4HOPA3PAAHON CXeMbl CPaBHEHUA

m R oo
~ o o,

Jonyctm, 4to gaa peannsaunmn ogHOPaspPSALHON CXeMbl CPAaBHEHMA Mbl PELLWAM UCMNO/b30BATb
6a3oBble noruyeckne seHTUAM (logic gates), Takue Kak: HE (NOT), U (AND), U/IN (OR), Ucknrouarowiee
N/ (XOR). OpHoit 13 dopm 3anmcy normyeckon GyHKUMK, onucbiBaloLlen paboTy cxembl, ABAAETCA
3anMcb GYHKUMM B COBEPLUEHHOM AU3BIOHKTUBHOM HOpMabHOW Gopme, T.€. B BULE CYMMbl MUHTEPMOB
(sum-of-products canonical form) . Jlornyeckan GpyHKUMA 04HOPA3PAAHON CXEMbI CPaBHEHUS, 3aNncaHHas B
COBEpPLUEHHOW AN3BIOHKTUBHOM HOpManbHON Gdopme, UMeeT BUA;:

eq=i0-il+i0-il

OanH w©n3 BO3MOMHbIX BapuaHToB VHDL-Koga, onucbiBaloWero pacCcMaTpuMBaemylo CxXemy
CpaBHeHuA npmsedeH B icTuHre 1.1. NpoaHanmsmpyem A3bIKOBbIe KOHCTPYKLMW NPUBEAEHHOIO Koga B
cnegylowmx nogpasagenax.

Nuctunr 1 — Peanusauua op,Hopa3pﬂp,Hoi7| CcXembl CpaBHEHUA HAa BEHTU/IbHOM ypOBHe

library IEEE;
use IEEE.STD LOGIC_1164.ALL;
entity eql is
Port ( i0 : in STD LOGIC;
il : in STD_LOGIC;
eq : out STD LOGIC);

architecture sop arch of eql is
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signal p0 , pl : STD LOGIC;

begin
eq <= p0 or pl ; -- cyMMa MMHTEPMOB
p0 <= (not i0) and (not il) ; -- ompegesieHMe MMHTEpPMa
pl <= i0 and il ; -- ompenejleHMe MMHTEepMa

end sop_arch;

1.1.1 OCHOBHbIE NeKkcnyeckme npaBmna

Koa VHDL saBnsieTcA He4YyBCTBUTE/IbHbIM K CNOCOBYy HanucaHua (pernctpy) cumBosoB (case
insensitive), T.e. MPOMNUCHbIE U CTPOYHbIE DYKBbI ABAAIOTCA B3aMMo3ameHsieMbiMu. Kpome Toro B Koze
VHDL ponyckaeTca BCTaBAATb [AOMONAHUTE/IbHble Mpobenbl WM nycTble CTPOKWU. Mcnonb3oBaHue
JONONHUTENIbHBIX NPO6E0B U NYCTbIX CTPOK NO3BOAAET cAenaTb Kog 6osee NOHATHLIM.

NaeHTudukaTopom B A3bike VHDL HasbiBaeTca MMA 06beKTa (KOHCTaHTbI, epeMeHHOM, GYHKLMMK,
CUrHana, nopTa, NOANPOrPaMmMbl, 06bEKTA NPOEKTa, METKM). UaeHTUdMKaTOp MOXKET coaepKaTb 4o 26
OyKB, UMPP M HMKHUX NOAYEPKMBAHWMA (HE [OMyCKaeTcA WMCNONb30BaTb Hosee OfHOIO CMMBONA
HUKHEro noavepknBaHma noapas). HaumHatbca naeHTMdUKaTOp AOMKEH TOMBKO C ByKBbl. B npumepe
(nmctunr 1.1) ncnonbaylotes cneayrowme naeHtTudukaTopsl: eql, i0, i1, eq, sop_arch, p0, pl.

B sa3bike VHDL cyuiecTByloT 3ape3epBUpPOBaHHbIe K/toYeBble c/ioBa. B gaHHOM yyebHoOM nocobun
BCE K/oYeBble C/I0Ba BblAeNeHbl CUHUM LBETOM (ncTuHr 1.1).

KomMMeHTapu1it HauMHaeTcs ¢ ABYX CMEXHbIX AedUCOB M NPOAO/KAETCA A0 KOHUA CTPOKW. Mpu
cuHTese VHDL-npoeKkTa KOMMEHTapuUmn UrHopupytotca. B gaHHoM y4yebHOM nocobum Bce KOMMEHTapuu
BblA€/NEeHbl 3e/1eHbIM LBETOM (AncTuHr 1.1).

1.1.2 Ncnonb3syemblie 6UbANOTEKM

OnucaHne obbeKkTa Ha VHDL coctouT m3 Tpex Yacten (AuctuHr 1.1): 06bABAEHMA UCNOMb3YyEMbIX
6ubnnotek (library, use), onucaHus wuHTepdeica obbekTa (entity) M ero BHYTPeHHel CTPYKTYpbl
(architecture).

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

library IEEE;
use IEEE.STD LOGIC 1164.ALL;

B maHHOM cny4yae obbsasasetcs 6Gubanoreka IEEE.STD _LOGIC 1164, 4To No3BONSET UCMO/b30BaTb
COOTBETCTBYIOLIME TUMNbI AaHHbIX, ONepaTopbl U GYHKLUMU, onpeseneHHble B JaHHON BubanoTeke.

1.1.3 NHTepdelic obbeKkTa

OnucaHne uHTepdeiica (entity declaration) BkAoYaeT B cebs obbaABAeHWE MMEHW O06bEeKTa U
06bsAB/MEHME BXOAHbIX M BbIXOAHbIX MOPTOB 06beKTa. Huxke npuBeaeHo onuvcaHue uHTepdeica us
npumepa (AnctuHr 1.1):

entity eql is —-— »OekJjlapauusa MMeHM OOBeKTa
Port ( 10 , i1 : in STD LOGIC; —-— mekJjlapalumsa BXOIHBEIX [TOPTOB
eqg : out STDiLOGiC); —-— OeKJlapalMda BHXOOHOI'O IIOopTa
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end eql;

B pgaHHOM npumepe B MEpPBOM CTPOKe o0b6bABAAETCA MmA obbekTa eql. CTpykTypa port
ONWUCbIBAET BXOAHbIE U BbIXOAHbIE MOPTbI B Cneaytoliem ¢opmare:

umsa_nopTal, uma_nopta2, . . .:  pPeXKMM_curHana TUN_CUrHana ;

[na BXOAHbIX MOPTOB YKa3blBAeTCA BXOLHOM peMM curHana (in), AnA BbIXOAHbIX MOPTOB
YKa3blBaeTCA BbIXOAHOM peuMm curHana (out). TaKkKe npeaycMoOTpeH peum inout pgns
[ABYHanpasBAeHHbIX MOPTOB.

1.14 Tun faHHbIX 1 onepaTopbl

VHDL — A3blK cO CTporoi tunusaumein. 3To 3HAUYUT, YTO AaHHble ONpeAesieHHOro TUuna MoryT
NPUHUMATb 3HAYEHWA, COOTBETCTBYIOWME TONIBKO AAaHHOMY TUMY (HAanpUmep, NOTMYECKUN TUN AaHHbIX
BOOLEAN mOeT NpMHMMaTb TONIbKO 3HaueHus UCTUHA (TRUE) wn JIOMHO (FALSE) v HUKaKkue apyrue) u
C JAHHbIMKW onpeaeneHHOro TMNna MOryT BbIMOJHATLCA Onepaumn, COOTBETCTBYIOLWME TONbKO AAaHHOMY
™Y (Hanpumep, ANA AaHHbIX Tna BOOLEAN wmcnonb3ytoTca TOIbKO JIOrMYEcKMe ornepaTopbl).
HecmoTps Ha T0, 4TO B A3blke VHDL npumeHAeTcA MHOMECTBO TMMOB AaHHbIX, B JAaHHOM y4yebHOM
NnocobumM UCNoNb3yTCA AAaNEeKO He BCe — B OCHOBHOM npumeHsietca Tvn STD _LOGIC n ero BapuaHTbl.
3TO CBA3AHO C TeM, YTO OCHOBHOM ynop B AaHHOM y4yebHOM MOcobMM caenaH Ha CUHTe3npyemble
KOHCTPYKLMK s3bika VHDL, T.e. Takme KOHCTPYKLMW, Ha OCHOBE KOTOPbIX MOXKET ObITb CMHTE3MPOBAHA
peanbHO paboTatolLan cxema.

Tun paHHbix STD_LOGIC onpeaeneH B 6ubnunoteke IEEE.STD LOGIC 1164 u comepKuT AeBATb
BO3MOXKHbIX 3HaYeHUi. Tpu 3HayeHua: ‘0’, 1’ 1 'Z’, cOOTBETCTBYIOLME TIOTMYECKOMY HY/IO, 1OTMYECKOM
eouHULE U  COCTOSIHUIO BbICOKOTO OMMYECKOro COMPOTUBAEHUA (Z-COCTOAHUI0), MOryT 6bITb
CUHTe3MpoBaHbl. [Ba Apyrux 3HadeHus ‘U wm ‘X', KoTopble o03HayalT “uninitialize”
(“HenHMumanmsmpoBaHHbii”’) M “unknown” (“HemsBecTHbI”), MOryT BCTPETUTbCA MNPU CUMYNALUK
npoekTa (Hanpumep, Korga curHanbl ‘0O u ‘1’ coeauHAlTCA B ogHOM Touyke). OcTaBwMecs yeTbipe

‘

3HayeHua -, '"H’, 'L’ n'"W’ He ncnonb3ytotca B AaHHOM y4ebHom nocobuu.

LUndposoli curHan 3a4actyto npeacrasaset coboi ABOUYHOM €0BO, T.e. Habop 6uToB. B AJaHHOM
Cny4yae, TaKOM curHan yaobHo npeactaBaATb TMNOM AaHHbix STD LOGIC VECTOR. Hanpumep, 8-mu
OGUTHbI BXOAHOM NOPT AAHHbBIX MOXHO 06BABUTL Cieaytowmm obpasom:

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

3anucb “(7 downto 0)” o3HauyaeT, uyTo B dopmaTte uucna CTapliMii 3Hadawmii b6ut (MSB)
pacnosiaraeTca KpalHMM c/ieBa, a MAaAWwunii 3Havawmii 6ut (LSB) — KpaliHum cnpasa (Takas ¢opma
3anucy ABNAeTCA ObLWENPUHATON B 3N1EKTPOHMKE, NO3TOMY B J@aHHOM y4ebHOM nocobum ucnonbsyercs
MMEHHO 3TOT dopmar). s BblAeNEeHNA YacTM C0Ba, Hanpumep CTaplwmx YyeTbipex 6UT B yKasaHHOM
npumepe, MOXHO MCNoAb30BaTh 3anunck “a(7 downto 4)”; ana sbiaeneHuUa oTaenbHoro 6UTa U3 coBa,
Hanpumep HyneBoro 6UTa B yKasaHHOM Npumepe, NnpumeHsaeTca 3anuce “a(0)”.

Ana gaHHbix TMna STD_LOGIC u STD_LOGIC_VECTOR onpegeneH pAaf NOrMyecknx onepaTopos,
Takux Kak: HE (NOT), U (AND), U/IN1 (OR), Ucknrwuarowee WU/IN (XOR). Ana undposbIX CAOB TUNA
STD LOGIC VECTOR  yKasaHHble /lOrMyeckMe onepaunun BbiNoaHAOTcA nobutHo. B Asbike VHDL
yKa3aHHble fIorMyeckne onepaTtopbl 061a4at0T OAMHAKOBLIM MPUOPUTETOM, MOITOMY A/1A ONpeaeneHus
nopAAKa BbINOJHEHMWA IOTMYECKOTO BbIPaXKeHMA HEOBXOANMMO NPUMEHATb CKOOKM, Hanpumep:

(a and b) or (c and d)
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1.1.5 CTpyKTypa 06beKTa
BHYTpeHHsA 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) ; -— olnpernejieHMEe MMHTEPMAa
pl <= i0 and 11 ; —— oInpenejieHME MMHTEepMa

end sop arch;

VHDL no3BosiAseT MHOXECTBY PasNMUYHbIX CTPYKTYp obbeKTa (architecture body) npuBasbiBaTbCA K
nHTepdelicy obbekTa (entity), NnoaTomy CTpyKTypa ob6beKTa A0/MKHA MMETb YHUKaNbHOE MMA ANSA CBOEi
naeHTndbmMKaumm, Hanpumep “sop_arch” B npumepe Bbiwe (“sum_of products architecture”).

CTpyKTypa obbekTa (architecture body) MoXeT BKaouaTb B cebs cekumio ana obbasneHua
BHYTPEHHUX MepemeHHbIX (CMrHanos) obbeKTa, BCMOMOraTeNbHbIX KOHCTaHT U T.4. B npuBegeHHOM
npumepe, AONONHUTENLHO 06BABNAIOTCA ABE BHYTPEHHME NepemMeHHble:

signal p0 , pl : STD LOGIC;

OCHOBHas 4YacTb ONUCaHUA CTPYKTYpbl 06beKTa (architecture body) nomellleHa mexay KAYEBbIMU
cnoBammn begin M end. B npuBeaeHHOM Mpumepe CTPYKTypa OObBEKTa OnUCbIBaeTca Tpems
BblparkeHMAMM (statement):

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

pl <= i0 and 11 ;

MpuM 3TOM, B OT/AMYME OT CTaHAAPTHbIX A3bIKOB NporpammupoBaHusa (Hanpumep C), rae
BbIpaKeHMA (CTPOKM MpPOrpammbl) BbINOJHAKOTCA NOCAEL0BATENbHO, B A3bIKaX OMWCAHMA annapaTtypbl
HDL npuBeaeHHble BbipaXeHusa (statement) OMNWUCbIBAIOT 4acTU peasniM3yemoi Cxembl U MOTOMY
BbINO/IHAIOTCA NapanfienbHo (concurrent statements). MNepemeHHaa ciesa, NPU 3TOM, paccMaTpuBaeTca
KaK BbIXOLHOM CWFHa/N CxeMbl, Bblpa)keHWe crpaBa onpegenser ¢yHKUMIO paboTbl CXembl U
COOTBETCTBYIOLIME BXOAHbIE CUTHA/bI. B KayecTBe Npumepa pacCMOTPUM C/efyIoLLee BbipaskeHUe:

eq <= p0 or pl ;

[aHHOe BbIparKeHME OMUCLIBAET CXeMy, pPeanusytowyio onepaumto UNU mexay BXOAHbIMU
curHanamm p0 n pl. NMpu M3MEHEHUU 3HayeHwi curHanoB p0 u pl BbiparKeHWe NepecyUTbIBAETCA.
PesynbTaT pacyeTa MpPUCBaMBaEeTCA BbIXOAHOMY CUrHany eq uepe3 OnpeaeneHHyl BPEeMEHHYIo
3a[eP*KKY, 3aJaHHYI0 MO YMONYaAHMIO.

Ipadunueckoe npeacraBneHne obvekTa (AMCTUHr 1.1) npeacrtaBneHo Ha pucyHKe 1.2. Tpu yactu
CXEMbl COOTBETCTBYIOT TpPeM BblpaxKeHuAM (concurrent statements), OMMCaHHbIM Bbiwe (NOPAAOK
CNefoBaHMA BblpaXXeHUN B KoAe NPOrpammMbl HE MMEeT 3HaYeHMUA, NMOCKONbKY AaHHblEe BblpaKeHuA
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BbINO/IHAIOTCA MapaniefibHO U MOryT cnedoBaTh B A0bom nopsake). CoeAMHEHUA MeXAy YacTAMM
CXeMbl 04HO3Ha4YHO ONpPeaenatoTCa MMeHamMM NOPTOB BBOAA/BbIBOAA U BHYTPEHHUX NEPEMEHHbIX.

i0

. i p0
i1 (not i0) and (not i1) _|_
€q
pl

pOor pl

i0andil

PucyHok 1.1 — FpaduuecKoe npeacraBneHne peainsaumum oaHOPa3pAAHOM CXemMbl CPaBHEHUSA

1.1.6 [Byxpa3pagHana cxema cpaBHeHUA

YBenuumm paspagHoOCTb CXeMbl CpaBHeHUA A0 AByX. [lycTb umeeTtca BXoAHble 2-X paspAgHble
CUTHaNbl @ U b 1 BbIXOAHOM cUrHAN aeqb. BbixoaHOW curHan aegb NPUHMMAET aKTUBHOE 3HAYeHMe Npu
OZHOBPEMEHHOM PABEHCTBE M CTapLUMX M MAAALWNX Pa3paaoB a U b. Kak 1 B cayvae ogHopaspaLHOM
CXeMbl, ONMUCaHNE peannsyem B AMU3bIOHKTUBHON HOPManbHOM popme:

aeqb=3a,-b -a,-b,+a b -a,-b,+a,-b -a,-by+a b -a,-by,

rae a4, by — cTaplime paspsagbl CUTHaA0B d U b COOTBETCTBEHHO; 0y, by — Mnagwmne paspaabl CUTHaN0B d U
b cOOTBETCTBEHHO;

Koz peanvsaumm gByxpaspsagHoOM cxembl CpaBHEHMA NpUBeAEH B ANCTUHIe 1.2,

NUcTuHr 2 — Peanusauma AByXpaspAgHOM CXeMbl CPaBHEHUS 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 MMHTEPMOB
aegb <= p0 or plor p2 or p3 ;
-— ompefeJyieHMe MMHTEPMOB
PO <= ((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;

BxoZHble NopThbl @ M b B AgaHHOM ciydae obbasasawTcAa Kak STD LOGIC VECTOR. Peanusaums
CTPYKTYpPbl O6bEKTA aHA/NOMMYHa peasiM3aumm O4HOPA3PAAHON CXeMbl — OTIMYME TOIBKO B KOJIMYECTBE
MUHTEPMOB.

1.2 CTpyKTypHOe OnMcCaHue CXeM

Undposble cUCTEMbI  CTPOATCA 3a4acCTyl0 Ha OCHOBE HecKo/MbKMX 6onee  MpoCTbIX
YHUOULMPOBAHHbIX 6/10K0B. MpK 3TOM Ha BEPXHEM YPOBHE MEepapxun onucaHua uudpoBOli CUCTEMBI
CTPYKTYpa AaHHbIX YHUOULMPOBAHHbLIX 6N0KOB HE PacKpbIBAaeTCs — OHWM NPeACTaBAAITCA «YepHbIMU
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AWMKAMUY PEeaNU3yoLLMMU KOHKpeTHble ¢yHKUMK. CTpyKTypa [AaHHbIX 6/I0KOB pacKpbiBaeTcd  Ha
60see HW3KOM YPOBHE MEpPapXMuM ONUCaHMA cUCTeMbl. B CBOK ouepenpb, Karkablh «YepHbIN ALMK»
MOXKET COCTOATb M3 HECKOJIbKMX elle 6onee MpocTblX YHUOMUMPOBAHHbIX OA0KOB. CTpyKTypa 3TMX
YHUPUUMPOBAHHBIX 6I0KOB pacKkpbIBaeTcA Ha elle 60see HU3KOM YPOBHE MEPAPXMM ONUCAHUA CUCTEMDI
n T.4. TakoM noaxon, 3HAYMTENIbHO YMNPOLLAKOLWMNA NPOLLECC MPOEKTUPOBAHUA U aHANM3a CAOMKHbIX
LuMdpPOBLIX CUCTEM, MOAYYUA HA3BAHWE CTPYKTYPHOE WM MepapXMYecKoe OnucaHue cxem. B AsbiKkax
onucaHua annapaTypbl HDL yHuduumposaHHble 6N0KM, KOTOpble MCMNOAL3YIOTCA B BUAE FOTOBbLIX
OOBEKTOB Ha BEPXHEM YPOBHE OMUCAHMA CUCTEMbI, MOAYYMAM Ha3BaHWe instance (06pa3 obbeKTa), a
npoueaypa pasmeleHna 610Ka Ha BEPXHEM YPOBHe - instantiation.

B KauyecTBe afibTePHATUBbI AN Peannsauuu AByXpaspsaHOM CXembl cpaBHeHusa (nuctuHr 1.2)
NPUMEHUM OMNUCAHHbIW Bblle CTPYKTYPHbIM NOAXOA4 — B KavecTBe yHUdMUMpoBaHHOro 6710Ka (instance)
ONA MOCTPOEHUA AOBYXPa3pALHON CXeMbl CpPaBHEHMA WCMNOJ/b3yeTcA roToBad OAHOpa3pAfHaA cxema
(nmMctunr 1.1). CTpyKTypa ABYXpa3psaHOM CXeMbl CPaBHEHWA, peann3oBaHHas yKa3aHHbIM Cnocobom,
npeacrasneHa Ha pucyHke 1.2. B npuBeneHHOM CTPYKType MCNO/b3yeTca ABe OAHOPA3pAAHble CXeMbl
cpaBHeHUus eq_bit0_unit n eq_bitl unit, ocywecTBnsAoWmMe CpaBHEHME MAALWWUX W CTAapWUX 6uUT
BXOAHbIX CMIHA/IOB COOTBETCTBEHHO M 3JIEMEHT M, Ha BXOA, KOTOPOro MOJAKTCA CUTHANbl C BbIXOAOB
yKa3aHHbIX cxem. Takmm ob6pasom, BbLIXOAHOW CUrHan aeqgb NPUHUMAET aKTMBHOE 3HayeHWe npu
OLHOBPEMEHHOM PABEHCTBE U CTAPLUNX M MNAALWMX PA3pAL0B d U b.

eq_bit0_unit
a(0) ——— o0 e0
eql eq
b(0) — i1
& aeqgb
eq_bitl_unit
a(1) i0
eql eq
b(l) — i1 el

PucyHok 10wun6bKa! TeKcT yKa3aHHOro CTUAA B LOKYMEHTE OTCyTCTBYeT..2 — Peanunsaumsa AByxpaspAaaHOM cxembl CPpaBHEHUA Ha
OCHOBe 0A4HOpa3pPAAHbIX 6/10K0B

CoOTBETCTBYIOLWNI KOA peanm3aumnmn AByxXpaspaaHoii CXembl CPaBHEHUA NPUBEAEH B INCTUHTe 1.3
(OnucaHune nHtepdelica (entity declaration) aHanNoOrMYHO KoAy B IUCTUHIe 1.2, NO3TOMY B AMCTMHre 1.3
He npuBoauTCcA).

JNuctuHr 3 — OnNucaHue CTPYKTYPbl ABYXPa3PALHOIA CXeMbl CPaBHEHUA

architecture struc_arch of eq2 is
signal e0, el : STD_LOGIC;
begin
-- BHBOB (instantiate) 6s;oka eql gnst cpaBHeHMs MIaAUMX GMTOB
eq bit0 _unit: entity work.eql (sop_arch)
port map (i0 => a(0), il => b(0), eq => e0) ;
-- BHBOB (instantiate) 6m;okxa eql gmnsT cpaBHeHMs cTapuMx 6MTOB
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, ecynM paBHH OLHOBPEMEHHO M MJajumMe M CcTapume OGuTEH
aegb <= e0 and el ;
end struc_arch;
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MpuBeaeHHbIn Koa (nuctuHr 1.3) BKAKOYaeT ABe npoueaypbl Bbi3oBa 610Ka, peanunsylolero
OfIHOPa3psAAHYID cxemy cpaBHeHus (AnctuHr 1.1). PaccmoTpym noApobHO CUHTaKCMC npoueaypbl
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 OOBAB/MEHWA YHMKA/NbHOTO MMEHM Bbi3biBaemMoro 6/10Ka, B
AaHHOM cnyyae — eq_bit0_unit. 3aTem ykasbiBaeTcs HasBaHue 6ubaunotekun (library name), B Kotopoit
BbI3blBaeMblli 610K HaxoAMTcA — MO YMO/YaHWIO Bbi3blBaemble 6/10KM pacnosaratotca B paboueit
6ubamnoTeke work cosgasaemoro npoekTa. MaeHtudmkaTopsl eql u sop_arch — umeHa nHTepodelica un
apXMTEKTYPbl Bbi3biBaemMoro 6/10Kka cooTBeTcTBeHHO (AncTuHr 1.1). Bropaa 4acTb npoueaypbl Bbi30Ba
3aKNtoYaeTca B MNPMBA3KE NOPTOB BBOAA BbiBoAa (port mapping) BbibiBaemoro 610Ka K CTPYKType
npoekrta (pucyHok 1.2). Takum obpasom, npoLeaypa Bbi3oBa (instantiation statement) peanunsyert cxemy,
3aK/MOYEHHYIO B «4ePHbIN ALLMKY, Ybs GYHKLMA onpeaenserca B oTaebHOM 610Ke (instance).

1.3 YnpaxHeHud

Cxema «bonblue yem» CpaBHMBAET Mexay coboi 2 Bxoda @ U b M aKTUBM3UPYET BbIXOA, NpU
ycnosuu, ecnm a 6bonbwe b. TpebyercAa paspabotatb 4-x paspagHyto cxemy «bonblle Yyem» Ha
BEHTU/IbHOM ypOBHe. [115 3TOro:

1. PaspaboTaTb TabAWLYy UCTUHHOCTM 2-X Pa3pALHOM cxembl «Boiblue YeM» M 3aMMCaTb JIOTUKY ee
paboTbl B COBEPLIEHHOM AM3BIOHKTUBHOW HOpManbHOM ¢dopme. Ha oCHOBAaHMM NOAYYEHHOTO
BblpaykeHus, paspaboTatb VHDL-KoA, MCNONb3YHO TOJIbKO NOTMYECKUE ONepaTopbl (BEHTUM).
PaspaboTaTb TecToBbIi Moay/b (testbench) Ana mogenvMpoBaHusa paboTbl 2-xX paspsaHON CXEMbI.
Mcnonb3yAa 4 nON3yHKOBbLIX NepekItoyaTensa ana opraHM3aummn Bxoda cxembl U 1 ceetogmon ans
OpraHusaumMm BbIXOZA, CUHTE3MPOBATb CXEMY M 3arpysuTb KOHPUIypauMOHHbIM ¢ann B
OT/NIaflo4HYO NAaTy. MpoTecTMpoBaThb CXemy.

4. Wcnonb3ya pa3paboTaHHyto 2-X pa3pagHyto cxemy «bonblue 4Yem», 2-X PaspAgHYH cxemy
CpPaBHEHMA W MUHUMANbHOE KOJIMYECTBO [AOMNOAHUTENBbHOW JIOTMKM CNPOEKTUPOBATb 4-X
paspagHyto cxemy «bosblie Yem». CHayana HapMcoBaTb CTPYKTYPHYHO CXEMY, @ 3aTEM, COM/TAaCHO
cxeme, paspaboTatb cooTBeTcTBYOWMIM VHDL-KOA.

5. PaspaboTaTb TecToBbIli MOAY/b (testbench) ans moaennposBaHuna paboTbl 4-x pa3pagHON CXeMbI.

6. Wcnonb3ya 8 Non3yHKOBbIX NepekatovaTena Ana opraHMsaLmm Bxoaa cxembl 1 1 ceeTogmon ons
OpraHu3aumMyM BbIXOAA, CUHTE3MPOBATb CXEMY W 3arpy3nTb KOHOUrypauMOHHbIN dainn B
OT/Iaf04HYO NAaTy. MpoTecTMpoBaTh Cxemy.
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2 [IpoekTHpoBaHMEe KOMOMHAILMOHHBIX CX€M Ha PErucTpoBOM
YPOBHe
BBeaeHue

B nepBoi rnaBe paccMaTpPUBANWUCb MPOCTblE CXEMbl, OMWCaHHble Ha BEHTU/bHOM YPOBHE
abctpakumm (gate level), ¢ npumeHeHMeM 6a30BbIX NIOTMUYECKUX BEHTUNEN, PeaNn3yIoLLNX OCHOBHbIE
Jfiornyeckue onepaumn. B gaHHoi paboTe paccmaTpuBaeTcA MPOEKTUPOBAHME CXEM CPEAHEN CTENeHU
MHTerpaLmm, Taknx Kak CyMmmaTopbl, Aeindpatopbl, MybTUMAEKCOPbI 1 T.4. OnucaHne noAobHbIX cxem
BbINO/IHAETCA Y)KEe He Ha BEHTU/bHOM YypoBHe abcTpakumm (gate level), a Ha TaK HasblBaeMom
perncTpoBom mam GyHKuUmoHanbHoM ypoBHe (RT-level). Ha aaHHOM ypoBHe abcTpaKumu onucbiBaeTcs
noseseHne cxembl (ee ¢yHKUMA). B Havyane rnasbl BbINOSHEH 0630p OMNEpPaTopoB U KOHCTPYKLUMM,
NPUMEHAEMbIX A5 ONMUCAHNA CXEM Ha PErnMCcTPOBOM YPOBHE.

2.1 OnepaTopbl U KOHCTPYKLUHU PETUCTPOBOI0 YPOBHS OMMUCAHUA CXEM

B AOMOMHEHWE K NIOrMYECKMM onepaTopam, PACCMOTPEHHbIM B MEPBON rnaBe, A8 CUHTE3a
KOMBMHAUMOHHbBIX CXeM NPUMEHSIOTCA onepaTopbl cpaBHeHusa (relational operators) u HeKoTopble
apudmeTnyeckme onepatopbl (arithmetic operators). B gaHHOM rnaBe paccmaTpuBatoTca AaHHble
ornepaTtopbl U pasHoobpasHble VHDL-KOHCTPYKUMM Ha ux ocHoBe. B Tabnuuax 2.1 u 2.2 npusBeaeHbl
ocHoBHble onepaTtopbl VHDL, npumeHaemMble ANa CUHTE3a CXEM, U TUMbl AAHHbIX, C KOTOPbIMU AaHHble
ornepaTopbl paboTator.

Tabauua 2.2 — OnepaTopbl U COOTBETCTBYIOLME TUMbI AAHHbIX CTaHAaPTHOM 6ubanorekn VHDL-93
|IEEE.STD_LOGIC_1164 package

oneparop onucaHue TUN JAHHbIX ONepaHAoB TUN AaHHbIX pe3yabTaTta
a**h BO3BeJeHue B Integer integer
cTeneHb
a*b YMHOXeHue MR integer ucnonb3yetca And
a/b aeneHve KOHCTAHT M rpaHu1L, MacCMBOB.
a+b CYMMMpPOBaHue He cuHTtesunpytorcal
a -b BblYMTAHUE
a&b KOHKaTeHaumsn 1-D array, element 1-D array
a=b aBEHCTBO .
a/=b H:paBeHCTBO noboi boolean
a <b MeHbLLE Yem
a<=b MEHbLLE Yem Un
PasHo scalar nam 1-D array boolean
a>b 6onblue Yem
a>=b 60blle Yem Un
paBHO
not a oTpuLlaHue
aandb d boolean, std_logic,
aorb nnu : TAKOM e KaK y onepaHaoB
std_logic_vector
axorb UCKAtoYatoLLee
2

29



I[MPUIJIOXKEHUE 3

Tabauua 2.2 — OnepaTopbl M COOTBETCTBYIOLME TUMbI AaHHbIX 6ubanoTtekn IEEE.NUMERIC_STD package

onepartop onucaHue TMN AAQHHbIX ONepaHAoB TN AAHHbIX pe3y/bTaTta ‘
*
a : apudmeTnyeckme unsigned, natural unsigned
a+ . . .
a b onepaumu signed, integer signed
a=b
a/=b
a <b onepauuu unsigned, natural boolean
a<=b CpaBHeHUA signed, integer boolean
a>b
a>=b

2.1.1 OnepaTtopbl cpaBHEHUA

B crangapte VHDL wucnonb3yetcA leCTb OnepaTopoB cCpaBHeHWA: = (paBeHcTBo), /= (He
pPaBeHCTBO), < (MeHble Yem), <= (MeHblle YemM Wan pasHo), > (bonbwe Yem), >= (6osblue Yem UK
paBHO). [laHHble onepaTopbl BbIMOJIHAIOT OMNepaLuMu CPAaBHEHMA MeXKAy onepaHgamu OA4HOro Tuna u
BO3BpPaLLAlOT pe3ynbTaT noruyeckoro Tmna BOOLEAN. B gaHHOm yyebHOM nocobum TN AaHHbIX
BOOLEAN Hanpamyl He WCNONb3yeTcA, OAHAKO onepauum CpaBHEHWUA MPUMEHAIOTCA B Pas3/IMUYHbIX
YCNOBHbIX KOHCTpyKumax VHLD, KoTopble onpeaenatoT CTPYKTYpPY CXeMbl Npu ee CUHTEe3MPOBaHUWU.
MoapobHO TakMe KOHCTPYKLUM paccMoTpeHbl B pasgene 2.2. OnepaTtopbl CPaBHEHUSA CUHTE3UPYIOTCA B
BMAE KOMMapaTopos.

2.1.2 ApndmeTtnyeckme onepaTopsl

B ctaHgapte VHDL apudmeTnyeckne onepaTopbl onpepeneHbl Ans TMnos AaHHbix INTEGER
(uenoumcnenuHbin) 1 NATURAL (HaTypanbHble uncna). [aHHble TUMbl UCNONL3YIOTCA A/1A KOHCTaHT U
rPaHuL, MaccuBOB, HO He ANA CUHTEe3a.

bubaunoteka IEEE.NUMERIC_STD package

Ona  npumeHeHve apudMeTUUYECKMX OMepaTopoB MNPU  CUHTE3E CXEM  UCMOJib3yeTca
JononHuTenbHaa  6ubnmoteka  IEEE.NUMERIC STD  package (tabaunua  2.2). bBubaunoTteka
IEEE.NUMERIC_STD package nobasnaeT ABa AOMNOAHUTENbHbIX TUNA AaHHbIX: unsigned (6e33HaKoBbIN) U
signed (3HakoBbI) M onpeaenser onepaTopbl CPaBHEHUA U apudMeTUYEeCKMe onepaTopbl AN 3TUX
TMNOB AaHHbIX. TUNbl AaHHbIX unsigned u signed onpegeneHbl Kak maccue 3nemeHToB Tvna STD LOGIC.
[aHHbIA MacCUB MHTEPNPEeTUPYETCsA, Kak ABOMYHOE npeacTaB/leHMe 3HAKOBOro MAM 6e33HaKoBOro
uenoro ymcna. [na ucnonb3oBaHmMa onepatopos M3 6ubnanotekn IEEE.NUMERIC STD package (tabauua
2.2) ee HyXHO 06bABUTb BHAYa e NPOEKTa:

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

use IEEE.NUMERIC STD.ALL, -— obBbaABJIeHMe OuOIMOTexKM numeric std
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KoHBepTauua TMNOB JaHHbIX

Mockonbky VHDL sBnaetcs Asblkom co cTporoi Tunusaumein, STD LOGIC VECTOR, unsigned wu
signed TPaAKTYIOTCA KaK pas/inyHble TUMNbl AaHHbIX, HECMOTPS HA TO, YTO BCE OHW NpeAcTaBAAT cobol
MmaccuMB anemeHToB Tuna STD_LOGIC. [Ona KoHBepTauMM [aHHbIX W3 OZHOrO TWNa B APYyroi
ucnonbaytotca OyHKUMKM KoHBepTauum (Tabnmua 2.3). Obpatute BHWMMAHWE, 4YTO [AaHHble TuMa
STD _LOGIC_VECTOR npeacTtaBnstoT coboit Habop 6BUTOB U HE UHTEPNPETUPYIOTCA KaK YMCNO, NOITOMY
AaHHble TMna STD_LOGIC_VECTOR He moryT 6blTb KOHBEPTUPOBAHbI B LenodYncaeHHbld Tmn INTEGER
HanpAMYyto 1 HaobopoT.

31



IMPUJIOXKEHME 3

Tabnuua 2.3 — KoHBepTauusa TMNOB AaHHbIX

Tun gaHHbIX A KoHBepTupoBaTh B ... DYHKUUA KOHBepTaLuu
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 npuBeaeHbl NPUMEPbI NPaBUABHON U HEMPaBUAbHOW KOHBEPTALMKN TUMNOB AaHHbIX. MyCcTb B
npoekTe 06bABNEHbI CeAyloLMe AaHHbIE:

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 O0);

[na Hayana paccMoTpUM CaeayloLLMe BblpaxKeHus:

ul <= s1; -- Oumbka Tuna (type mismatch)
u2 <= 5;-- Ommbrxa Tuna (type mismatch)
s2 <= u3; -- Ommbka Tuna (type mismatch)
s3 <= 5;-- Oumbxa Tuna (type mismatch)

Bce npuBegeHHble BbliparkeHmA OLWNBOYHbI. HeO6XO,CI,MMO AaHHble, HaxogAulneca B npaBoﬁ 4actu
Bblpa)KEHVIf;I npmneecTn K TNy AaHHbIX, HaXo04ALWNXCA B JleBo YacTu:

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

O6paTMTe BHMMaHMWE, 4YTO ANA nocneaHero Bbipa*XeHnAa UCnosb3oBasnCb ABe dJyHKLI,MM
KOHBepTauunu.

Tenepb PacCMOTPUM BbIPaXKEHWs, UCMOMb3ylOWMe apudmeTmyeckme onepatopbl. Chegytowme
BbIpa)KeHMA BepHbl MOCKO/IbKY onepaTop «+» onpeaeneH Ana TUMNOB AaHHbIX unsigned u natural B
6ubnunoteke IEEE.NUMERIC_STD package:

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

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

C Apyroit CTOpOHbI, CAeAytoWwme BblPaXKeHUA ABAAOTCA HEBEPHbLIMM, MOCKObKY ANA AAHHbIX TMNA
STD_LOGIC_VECTOR apudmeTmyeckne onepaummn He onpeseneHsbi:

s5 <= sl + s2; -- BelpaxeHue He BepHO. OmepaTop «+» He OIpelesyieH Ijs

MCIIOJIBb3YEMEIX TUIIOB IOaHHBIX
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s5 <= s2 + 1; -- BelpaxeHue He BepHO. OmepaTop «+» He OoIpelesyieH Ijsd

MCIIOJIb3YyEeMBIX TUIIOB IOJaHHBIX

Ansa peweHna npobnembl HEOHBXOAMMO BbINMOAHUTL KOHBEPTALMIO OMEpPaHAoB K Tuny unsigned
(nnn signed), BbINONHUTL WX C/AOXKEHME, a 3aTem pe3ynbTaT KOHBEPTMPOBaTb O0OPATHO K TuUMy
STD_LOGIC_VECTOR:

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

S5 <= std logic vector (unsigned(s2) + 1); —— BrlpaxeHUe BEPHO
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2.1.3 Apyrune cuHtesmpyemble VHDL KOHCTpYKUmMmn
Onepatop KOHKaTeHauum

OnepaTop KOHKaTeHauuuM «&» coeAmMHAET (CKNeuMBaeT) CermeHTbl 3/1eMeHTOB B OAHY
nocieaoBaTenbHoCTb (Maccms). Cneayowmin NpUmep UANKCTPUPYET UCMONb30BaHME KOHKaTeHaUuUu:

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; -- CoepuHseT OBa 4-x paBSpsifHEX cinoBa a4 B OJHO
8-Mu paspsimHOoe b8

c8 <= al & al & a4 & “00”; -- CoepmuHsieT gBa 6uTa al, 4-x paspsaHOe CJIOBO
a4 m 2-x paspsinHoe cioBo «00» B omHO 8-Mu
paspsinHoe cJyoBO c8

d8 <= b8 (3 downto 0) & c8(3 downto 0);-- Coemmumusier 4 Myamumx paspsana 8-Mum paspsagHOIO
cnoea b8 m 4 Mnamumx paspspa 8-Mm paSpsSgHOTO
cinoBa c8 B omHO 8-Mm paspsinHoe cinoso d8

OnepaTop KOHKaTeHauuu «&» Npu CUHTE3e CXeMbl BbIMOIHAETCA NyTemM COeAMHEHUSA BXOAHbIX U
BbIXOAHbIX CUrHA/I0B, TaKUM 06pa3omM ANS ero peannsaumnmn TpebyoTca TONbKO «MPOBOAHUKNY.

OcHOBHOE NMpUMeHeHMe onepaTopa KoOHKaTeHauumu «&» - onepaunn casura (shifting operations).
B npumepe HWMKe onepaTop «&» NPUMEHAETCA ANA peanm3auuu cABUra AaHHbIX Ha GUKCMPOBaHHOE
KoanyecTso buT:

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 6uMTa C BanoJIHEHMEM
cTapumMx 6MT HYJNIAMM (JIOTMYECKMI CIOBUI')

sha <= a(8) & a(8) & a(8) & a(8 downto 3); -- Caoeur BmpaBo Ha 3 6uTa C paclMpPeHUEM
yMcna mo BHakKy (apubMeTmueckuyii CABUT)

Z-cocTofiHue

Tun  pgaHHbix  STD LOGIC nomumo  3HauyeHuin ‘0" wu 'l copepsut  Z-cocTosiHWe
(BbICOKOMMMNEAAHCHOE  COCTOAHWME), XapaKTEPU3YIOWEE  PA3OMKHYTYIO  Lenb. Z-coCToAHUEe
CUHTE3MPYETCA WUCKNOUYUTENBHO C NMOMOLLBIO TpexcTabuabHbix bydepos (tri-state buffer). YcnosHoe
0603HaveHne U Tabavua UCTUHHOCTM TpexcTabunbHoro bydepa npeacTaBneHbl Ha pucyHKe 2.1 n B
Tabauue 2.4 COOTBETCTBEHHO.
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oe

PucyHokK 2.1 - YcnoBHoe o603HavyeHue TpexcrabunbHoro 6ydepa

Tabnuua 2.4 - Tabanua MCTUHHOCTU TpexcTabunbHoro bydepa

(]3] y
0 VA
1 a_in

PaboTa TpexcrabunbHoro 6ydepa KOHTPOAMPYETCA BXOAOM pa3spelleHusa oe (output enable) koraa
oe = ‘1’, BXogHOW curHan nepepaetcs Ha Bbixog bydepa, Koraa ke oe = ‘0’ BbixogHas uenb bydepa
pa3soMKHyTa, T.e. 6ydep Haxogutca B Z-cocToAHMM. Koa, onucbiBalowmMii TpexcTabunbHblit 6ydep
BbIFNAAMT Cleayowmnm obpasom:

y <= a in when oe = "1’ else "Z’;

MNpuBeaeHHoe Bbile Bblpa)eHWe Ha3blBAaeTCA «NpucBaMBaHWemM No ycnosua» W byaet
paccmoTpeHo 6osnee noapobHo B pasgene 2.2.1. OCHOBHOe NpUMeHeHWe TpexcTabunbHoro bydepa —
peanusauma gByHanpasaeHHOro nopta Beoaa/sbiBoga (bidirectional port) ana 6onee paunoHanbHoro
MCMO/Ib30BaHNA KOHTaKToB muKpocxem (I/O pins). Mpumep AByHanpaB/ieHHOro nopTta MoKasaH Ha

sig out »4_. bi

PUCyHOK 2.2 — [iByHanpaBAeHHbI! NOPT

PUCYHKe 2.2.

CurHan dir ynpasnseT HanpasaeHnem nepeaum gaHHbix. Korga dir = ‘0’ TpexctabunbHbiit 6ydep
HaxoAmTcA B Z-COCTOAHUN U CUrHan sig_out 3ab610KMpoBaH — BbIBoA bi Mcnonb3yeTcs Kak BXoAHOM nopT
(sig_in). Korga dir = ‘1’ BbiBoA bi ncnonb3yeTtca Kak BbIXOAHOW MOPT U CUrHan sig_out BblaaeTca BO
BHewWH!o uenb. VHDL-KoA, onucbiBaloWmii ABYyHaNpaBAeHHbIN NOPT (PUCYHOK 2.2) NpMBeaeH HUXKe:

entity bi_demo is
Port (bi : inout STD LOGIC;
begin
bi <= sig_out when dir='1l’ else ’'Z’;
sig_in <= bi;

Ob6paTtuTe BHMMaHKe 4To NopT bi fonkeH 06bABAATLCA KaK inout, T.e. ABYHaNpaBAEHHbIN.
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2.1.4 BoiBOoApbl

VHLD - A3blK CO CTPOroi TUNU3auMel [AaHHbIX, MO3TOMYy MPU MPOEKTUPOBAHUU CXEM
HauMHaoWMMKM  pa3paboTuMkamMM 4YacTo MOXKHO BMAETb OWKMBKY «Type mismatch». Huxe
pPe3rMMPYIOTCA OCHOBHbIE MpaBuaa, No3Bosatowme nsbexato Nog0OHbIX OWMOOK. MOCKOBKY AaHHOEe
yyebHoe nocobue HalLeneHo Mpeskae BCEro Ha CUHTe3upyemble KOHCTpyKuumn VHLD, npasuna
NPUBOAATCA ONA CUHTE3UPYEMbIX TUNOB AaHHbIX U ONepaToOpoB:

e [lpu 06BABNEHUM BXOAHbIX M BbIXOAHbIX MOPTOB (entity declaration) M BHYTPEHHMX
curHanos (signals), He 3a4eNCTBOBaHHbIX B apuMETUYECKUX OMepaLumsax, UCNOo/b3yinTe
TUNbl gaHHbIX STD _LOGICu STD_LOGIC_VECTOR.

e lcnonb3yiTe 3HaYeHWe ‘2’ TONbKO AN CUHTE3MPOBAHUA TPEXCTabUAbHbIX bydepos.

e [lpy 06DBABNAEHUM BHYTPEHHWUX CUrHaNOB (signals), ydyacTBylOWMX B apudMeTUHECKUX
onepaumax, ucnonbayinte bubnmnoteky IEEE.NUMERIC_STD package u 3arpy*kaemble c Hel
TUNbI AaHHbIX unsigned (6e33HaKoBbIN) U sighed (3HAKOBbIN).

e lcnonb3yiTe GyHKUMM KOHBepTaummn (Tabaunua 2.3) ana npeobpasoBaHUs AaHHbIX TUNA
STD_LOGIC_VECTOR B unsigned nau signed n Haobopor.

e licrnonb3yiTe BCTPOEHHbLIM TWUM AaHHbIX integer u apudpmeTMyeckue onepaumm Aans
33aHMA KOHCTAHT M rPaHUYHbIX 3HAYEHUIA MAaCCUBOB, HO He ANA CUHTe3a.

e lcnonb3yinTe pe3ynbTaTbl ONEpPaTOPOB CPAaBHEHWA, MMeEKLWMX TUN AaHHbIXx BOOLEAN B
Pa3INYHbIX YCAOBHbIX KOHCTPYKUMAX VHLD (pa3gen 2.2), HO He Ana cMHTe3a.

2.2 Hcnosb3oBaHMe mapa/I/IeJIbHBIX ONEpaTopoB IpHCBaMBaHUA B
YCJIOBHBIX KOHCTPYKuuAX VHLD

«MpuceameaHne no ycnosuto» (conditional signal assignment) u «npucsaveaHue no BblIGOpPy»
(selected signal assignment) saBnAloTCA NapannenbHbIMM KOHCTPYKUMAMMK (concurrent statements) B
VHLD. ®yHKLUMOHaNbHO AaHHble KOHCTPYKUMW HAMOMMHAOT onepatopbl if n case B TpaAWUMOHHbIX
A3bIKAX MNPOrpaMMMUpPOBAHUA, HO B OTAMYME OT TPAAMUMOHHbLIX A3bIKOB KOHCTPyKuun B VHLD
BbINOJIHAIOTCA NapanfiefnbHO, a He nocaefoBaTeNibHO. [JaHHble KOHCTPYKUMW onpeaenatoT CTPYKTYpy
CXeMbl MPU ee CUHTEe3NPOBaHUN.

2.2.1 NpuceaunBaHuMe no ycnosuto (conditional signal assignment)
CUHTaKCUC U CUHTE3MpPYyeMan CTPYKTypa

CunHTakcnc «npucsanBaHMA NO YCNOBUIKO» NpUBeaeH HUXKe:

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

value expr 2 when boolean-expr-2 else

36



value expr n;

I[MPUIJIOXKEHUE 3

Bynesbl BblpaxkeHuna (boolean_expr) noouyepegHO nNPOBEPAIOTCA MNOKA OAHO M3 HUX He

OKa3blBaeTCA WUCTUHHbIM W COOTBETCTBYIOLWLEE BbipaxKeHne (value_expr) npucBanMBaeTCA CUTHanNy

signal_name. B cnydae ecnn Bce 6yneBbl BblparKEHMA JIOXKHbI CUTHaAy MNPUCBAMBAETCA 3HauYeHue

value_expr_n.

CTpyKTypa «npucBavBaHWE MO YCAOBUIO» CUHTE3UPYETCA B KaCKagHY MPUOPUTETHYIO CXEMY HA

6ase mynbTMnNAekcopos 2 B 1. YcnoBHoe ob603HayeHne 1 Tabamua UCTUHHOCTU My/bTUnnekcopa 2 B 1

MoKasaHbl Ha pUCyHKe 2.3 1 Tabauue 2.5 COOTBETCTBEHHO.
i0

il—_o

sel

PuUcyHok 2.3 — Cxema mynbtunaeKkcopa2s 1

Tabauua 2.5 — Tabamua MCTUHHOCTU My nIbTUNIEKcopa 2 B 1

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

PaccmoTpum npumep cMHTE3a cneayoLero Koga:

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

a-b when m > n else

c +1 ;

KackagHas NPUOPUTETHAA CXema, B A4aHHOM C/lydae, peann3yetca C NOMOoLblo COeEANHEHNA OBYX

MyNbTUNAEKcopoB 2 B 1 (pucyHOK 2.4).
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cxema GopMMpPOBaHUA
curHanos «value expressions» KackaaHas

/ NPUOPUTETHAA CXeMa

a| i A 1
I |
cl st -
| :I____I —

’ : | 0
i L i
I h |
i +1 ﬁTO i
= [ K — ]
mi " —— !
n i > :

|

' l
l .
| = |
| ,=

cxema byneBbix BbipaXKeH Ui
«boolean expressions»

PUcyHOK 2.4 — CUHTE3MPOBaHHaA CXxema, peannsyoLLas KOHCTPYKLUIO «MPUCBaMBaHMUE NO YC/I0BUIO»

Cxema paboTtaeT cnegyowmm obpasom: ecanm UCTUHHO nepBoe ByneBo BbipaxkeHue (m = n), To
cymma curHanoB (a + b + c¢) nepesaetca Ha BbIXOA, CXeMbl Y; €C/NU e UCTUHHO BTOpoe 6yneso
BbipakeHue (m > n), To Ha BbIXOZ, Y NepenaeTca pasHOCTb CUrHanoB (a - b); Bo Bcex ocTanbHbIX Cayyanx
(m < n) Ha BbIXxoA, cxembl NepegaeTca curHan (c + 1).

ObpaTtuTe BHMMaHMe, 4To cxema dopmmpoBaHuA curHanoB (value expressions circuit) n cxema
byneBbix BblparkeHuit (boolean expressions circuit) BbINOAHAOTCA NapanienbHo (pucyHoKk 2.4).
BbIxoAHble CUrHaNbl CXeMbl OyfeBbIX BbIPAXKEHUIM MCNOML3YIOTCA KaK CUrHanbl Bblbopa B
MYNbTUNIEKCOPAX, @ BbIXOAHbIE CUTHANbl CXembl GOPMUPOBAHUA ABAAIOTCA MHOOPMALUOHHBIMU
CUrHaNamu, n3 KOTopbix BblIBMpaeTca HeOBXOAMMbIN CUrHAA U NOAAETCA Ha BbIXOA cxembl r. KonnyecTso
cTyneHen (My/fbTUNIEKCOPOB) B KacKafHOW NpUOpPUTETHOM cxeme (pucyHOK 2.4) cooTBeTCTBYET
kKonndyectsy when-else ycnosuit B KOHCTpyKUMKU. Bonblwoe Konnyectso when-else ychosuii npusoanT K
CUHTE3NPOBAHUIO AJIMHHOM LLenn KAacKafoB U, KaK CNeACTBUE, K 3HAUMTEIbHON BPEMEHHOW 3aJepiKKe
(propagation delay) paboTbl cxembl.

Huke npuBeaeHbl ABa MPOCTbIX NPUMEPa WMCMOAb30BAHMA KOHCTPYKUMW «NpuUcBaMBaHWE MO
ycnosuio» (conditional signal assignment). NepBbim Npumepom ABAAETCA NPUOPUTETHDIN 4-X paspAaHbIiA
wudpatop (priority encoder). JaHHbIN WKdpaTop MMeET YeTbipe BXOAHbIX 3anpoca (requests): r(4), r(3),
r(2) v r(1), kKotopble obbeauHeHbl B 4-X pa3pAdHbIM BXoA F, npuyem cTaplimii 6ut r(4) umeet
HamBbICWMIA npuopuTeT. BbixogHoW curHan pcode npeacraBnaseT cobol ABOMYHBLIA KOZ BXOAHOrO
3anpoca C HauBbICWKMM NpuoputeTom. Tabanua UCTUHHOCTM NPUOPUTETHOTO WKdpaTopa NpuBeseHa B
Tabnnue 2.6. CuHTesnpyemblit HDL Kog npuBeaeH B AUCTUHre 2.1.
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Tabnuuya 2.6 — Tabanua UCTUHHOCTU 4-X Pa3pALHOro NPUOPUTETHOrO LWKndpaTopa

Input
r
1xxx
01xx
001x
0001
0000

Output
pcode
100
011
010
001
000

JuctuHr 2.1 — CUHTE3 NpUOPUTETHOTO WKUdpPATOPa C NPUMEHEHME KOHCTPYKLMM «NpUcBanBaHue no ycnosuio» (conditional

signal assignment)

library IEEE;

use IEEE.STD_LOGIC_1164.

entity prio_encoder is
Port (

ALL;

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”
“011”
\\010//
\\001//
\\oooll
end cond_arch;

when
when
when
when

’

(r(4)
(x(3)
(x(2)
(r(1)

1) else
1) else
1) else
1) else

B npuBeaeHHOM Koge (nnctuHr 2.1) cHavyana nposepAeTca cocToAHMe 3anpoca r(4) u, B ciyyae

€C/IM OH aKTMBEH, Ha BbIXxoA nepegaetca Kog “100”. Ecnu 3anpoc r(4) He akTMBEH NpPOBepSeTCs

COCTOAHME CReayloLLero No NPUOPUTETY 3anpoca, T.e. r(3) u T.4. NoKa He ByayT NpoBepeHbl OCTasbHble

3anpocsl.

BTOpbIM NPUMEPOM MCMONb30BAaHMA KOHCTPYKUMM «MNpucBamBaHue no ycnosuto» (conditional

signal assignment) ana cuHTE3a CXem ABNAETCA ABOWMYHbLIN AewmndpaTtop. JBonuHbIn aewndpaTop n-a-2"

npeobpasyeT ABOMYHbLIN N-pa3pAdHbIA KOA B yHWUTapHbIA 2"-pa3pagHblil (KO4, B KOTOPOM aKTUBHbLIM

ABNAETCA TO/NbKO 0AMH 6UT). Tabanua NCTUHHOCTU ABOMYHOIO AelundpaTtopa 2-8-4 npuseaeHa B

Tabnuue 2.7. Cxema gewudpatopa AONONHUTENBLHO MMEET BXOJ paspelieHua paboTbl en (enable).

CuHTesnpyemblit HDL Kog, gewmdpaTtopa npuBeaeH B ANCTUHIE 2.2.

Tabnuua 2.7 — Tabnnua UCTUHHOCTU ABOUYHOrO AelundpaTopa 2-8-4

0
1
1
1
1

R = O 0O X

R O kL O X

0000
0001
0010
0100
1000
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JUcTuHr 2.2 — CuHTE3 ABOMYHOTO AelwndpaTopa ¢ NPUMEHEHUE KOHCTPYKLIUU «npucBamMBaHue 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 KoZe (AUCTUMHT 2.2) M3HaYaNbHO MPOBEPSAETCA COCTOSHME CUTHaNa paspelleHus
en, ecn CUTHan akTUBHbLIW, T.e. en = ‘1’, To NocnefoBaTeNbHO NPOBEPAOTCA 4 BXOAHblE KOMBUHaUMK
curHana a.

2.2.2 MNpuceamBaHue no Bbibopy (selected signal assignment)
CMHTAKCUC U CUHTE3MpPYEeMasn CTPYKTYpa

CWHTAKCUC «NpUCBaMBaHMNA NO BbIGOPY» NPUBELEH HUKE:

with sel select

sig <= value expr 1 when choice 1 ,

value expr 2 when choice 2 ,

value expr n when others;

®YHKLUMOHANBbHO «NpUcBaMBaHME MO BbIGOPY» HaANMoOMMHAET onepaTop case B TPagMLMOHHbIX
A3bIKAX  NPOrpaMmupoBaHua. [laHHAaA  KOHCTPYKUMA nNpucBavMBaeT HeobXxoaMmoe  3HauyeHue
(value_expression) BbIXogHOMY CUrHay sig B 3aBUCMMOCTU OT 3HAYEHUA CMrHana Bbibopa sel. Kaxapil
KOHKpeTHbI Bblbop (choice_i) npeactaBnser coboli KOHKpPETHOE 3HaYeHWe UAM Habop 3HauveHuit sel.
Kaxkablit BbI6op [0/KEH BKAOYATL B ceba ntoboe 3HayeHume sel He Yallle o4HOro pasa, HO NpW 3TOM Bce
BEPOATHble 3HauyeHMA sel [O0/KHbI MPUCYTCTBOBATb B CTPYKType. [NA OTpakeHus B CTPYKType
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HeMcnosb3yemblXx BapWaHTOB WMCMONb3yeTcs Cay:kebHoe cnoso others, KoTopoe wcnonb3yetca B
0653aTeNIbHOM NOPAAKE U BKAOYAET B CebA TaKKe He CMHTe3npyemble 3HadYeHua (X, ‘U’ u 1.4.).

Ctpyktypa «llpucBamBaHMe No BbIGOPY» CUMHTE3UPYETCA B CXemy Ha 6ase MyabTUNAEKCopa.
PaccmoTpum Npumep CUHTE3a CNeayoLero Koaa:

signal sel : STD_LOGIC_VECTOR (1 downto 0);

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

c +1 when others;

B maHHOMm cnyyae curHan sel moxkeT npuHmMmatb 4 3HaveHua (“00”, “01”, ”10”, “11”). NosTomy
cxema byaer cuHTe3MpoBaHa B BMAe myabTunaekcopa 4 B 1 ¢ curHanom Bbibopa sel (pucyHok 2.5).
YcnoBHoe obo3HaveHMe U Tabanua UCTUHHOCTM My/bTUMNAEKcopa 4 B 1 NoKasaHbl HAa pUCYHKe 2.6 U
Tabauue 2.8 cooTBETCTBEHHO.

cxema GopmMpoBaHMA
CUrHanos «value expressions»

/ cxema

a| : MYyNbTUNIEKCOPa
b 1 |+ i
— B |
C_:‘ + | OO
|
| - —1— 10
i | e 11
|
: +1 :
| |
\ Y _______ I
sel

PUcyHOK 2.5 — CUHTE3MpPOBaHHaA CXeMa, Peann3yoLas KOHCTPYKLUIO «pUcBanBaHUe no BbiGopy»
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IO_ OO Tabauua 2.8 — Tabanua UCTUHHOCTU MyibTUNNEKcopa 4 B 1
i1 sel y
o] 01 y 00 io
| — .
.3_. 10 01 il
| 10 i2
11 11 i3
sel

PucyHok 2.6 — Cxema mynbtunnekcopa 4 s 1

B pe3synbTaTte cxema (pucyHOK 2.5) paboTaeT cheayoumm obpasom: cymma cMrHanos a+b+c nepenaérca
Ha BbIXOA, I NPW 3HauyeHMn curHana sel “00”; pasHoCTb cMrHanoB a-b nepeaaértcs Ha BbIXoA r Npu
3HayeHuu curHana sel  “10”; curHan c+1 nepenaétca Ha BbIXOL CXeMbI I NPy 3Ha4YeHuu sel “01” n “11”.
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