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1 Iles1u ocBOEHUSI T CHMUTLTHHBI (MOLYJI51)

HenssMu  ocBoeHuss  aucUUIIMHBI  «OCHOBBI ~ MPOEKTUPOBAHUS  AJIEKTPOHHOU
KOMITOHGHTHOH  0a3bpl»  SBISIOTCS HM3YyYCHHE COBPEMEHHBIX METOJIOB W MapuipyToOB
MPOSKTUPOBAHUS DJICKTPOHHOW KOMITOHEHTHOM 0asbl, CpPEICTB M CIHOCOOOB aBTOMATH3AIMH
rporiecca MpOoeKTUPOBAHMS.

2 MecTo JUCHMIIMHBI (MO1YJIsI) B CTPYKTYpe 00pa30oBaTe1bHOi POrpaMMbl

Huctummuaa OCHOBBI IPOEKTUPOBAHUS SJIEKTPOHHOW KOMIIOHEHTHOW 0a3bl BXOJHT B
yacTb y4eOHOro IutaHa (OpMHpPYEMyI0 YYaCTHUKAMHU OOpa30BaTENbHBIX  OTHOILICHUI
00pa30BaTeIbHOI IPOrPaMMBI.

Jis  u3ydyeHus  AUCUMIUIMHBI  HEOOXOAMMBbI  3HAHUS  (yMEHHMs,  BJaJCHUs),
c(hOpMHUPOBAHHEIE B PE3YIbTATE U3yUCHUS TUCITUTUINH/ TIPAKTUK:

JluckpeTHas MmaTeMaTUKa

Nudopmarrka u naHOpMAIMOHHBIC TEXHOJIOTUU

®usuka

Maremaruka

DneMeHTbI TUPPOBON TEXHUKHU

CxeMoTexHHMKa

3HaHusa (yMEHHUs, BIAJCHUS), MOJIYYCHHbIE IPU U3YUYEHUH JAHHON AUCHUIUIMHBI OYIyT
HEOOXOIUMBI JIJISl U3YUCHHSI UCIIUILTNH/TIPAKTHK:

CAIIP ycTpoiiCTB IPOMBILLIIIEHHOM 3JIEKTPOHUKHU

3 Komnerenuun ody4aromerocs, popMupyemMbie B pe3y/ibTaTe 0CBOCHUS

AUCHUILINHBI (MOAYJIS) ¥ IIJIAHUPYeEMble Pe3yJIbTAThl 00yUeHH s

B pesynprate ocBoeHHMA ~AMCUMILIMHBL  (Moayisi) «OCHOBBI IPOEKTHPOBAHUS
JJIEKTPOHHOW KOMIIOHEHTHOH 0as3bl» oOydwaroImiuicss JOo/DKeH oOnajaTh — ClelyrolluMU
KOMIETEHIUSIMU:

KO,[[ HHJUKATOpa I/IHI[I/IKaTOp JOCTHIXKCHHUA KOMIICTCHIIMH

[TK-1 CnocoOeH pa3pabarbIBaTh CTPYKTYpHbIE U (PYyHKIIMOHAIBHBIE CXEMBI 3JIEKTPOHHBIX CUCTEM
Y KOMIUIEKCOB, IPUHIMIIAAIBHBIX CXEM YCTPOMUCTB C UCIOJIb30BAHUEM CPEJICTB KOMITBIOTEPHOTO
IIPOEKTUPOBAHUS, IPOBENECHUEM  IPOEKTHBIX pPacdeToB M  TEXHUKO-DKOHOMHYECKHM
000CHOBaHHEM MPUHUMAEMbIX PEIIEHUN

IK-1.1 PazpabarbiBaeT SCKU3HBIN MPOEKT, BKIIOUYAIOIIUA: BBIOOP CTPYKTYpPHOM
CXEMBbI 3JIEKTPOHHOTO YCTPOWCTBA WJIM CHUCTEMBI IyTEM COIOCTaBJICHUS
pa3IUYHBIX BAPUAHTOB M HMX OICHKA C TOYKH 3PEHUS] TEXHUYECKUX U
SKOHOMHMYECKUX TPeOOBaHUI; paCCUUTHIBAECT BCE HEOOXOAMMBIE MTOKA3aTeNN
CTPYKTYPHOM CXE€MBI AJIEKTPOHHOT'O YCTPOUCTBA HIIK CUCTEMBI, B TOM YHCIIE

oKa3zaTein KaudecTBa; BBIOMpaeT u 000CHOBBIBAET CXEMBI
BCIIOMOTaTENbHBIX VCTDOUCTR
[IK-1.2 [Tpou3BOIUT TEXHUKO-IKOHOMHYECKOE 00OCHOBAHUE MPUHSATOTO PEIICHUS C

pacueTaMu ce0eCTOMMOCTH yCTPOMCTBA U CTOMMOCTH €ro 3KCIUTyaTalluu;
CPaBHHUBAET C aHAJIOTAMHU IO TEXHUKO-I)KOHOMHYECKUM XapaKTepUCTUKAM




4. CTpPyKTYpa, 00bEM U coiepKaHue TUCHHUIIINHBI (MOIYJIs)
OO0mast Tpy10eMKOCTh JUCIHILTUHBI cOocTaBiseT 3 3aueTHbIX eauHuin 108 akan. gacoB, B TOM

qHUCIIe:
— KOHTakTHas padora — 39,05 akax. yacos:
— aynuTopHas — 38 akaJ1. 4acos;

— paeayautopHas — 1,05 akaj. gacos;

— camocTosTenpHas padbota — 68,95 aka. yacos;

— B (popMe npakTHuecKoi moarotoBku — 0 akas. 4yac;

dDopMa arrecTaluu - 3a4cT

AynutopHas 3 =
o | KoHTakTHas pabota E 3 Dopma TeKyIero
Pa3nen/ Tema S (B akan. uacax) g E‘ Bz KOHTPOIIA Kon
g 8 © | camocrosTensHOl | ycneBaeMocTH U
JTACIUTUTAHBI 5 E s . | xommeTeHmn
@) g £ paboThI TIPOMEKYTOUHOU
Tex. mab. | mpaxr. =g aTTecTalyy
3aH. | 3aH. | O &
1. OCHOBBI IPOEKTUPOBAHUS
1.1 CoBpeMeHHas
CamocrosTenpHOe
ANEKTPOHHASI .| Kourponbuas MK-1.1,
3 10 |usyuenue yueOHOU
KOMITOHEHTHAS 0aza. HTEDATY Db pabora IK-1.2
Knaccudukanus. O6nacth paryp
1.2 IIpoekrupoBanne
JIEKTPOHHOU CamocrosTenpHOe
p o o KOHTpOJIbHAs TIK-1.1,
KOMITOHEHTHOH 0a3br: 4 10 |usyuenue yueOHOU aGora K-1.2
OCHOBHBIE 3Tallbl U YPOBHHU JUTEPATYPBI p '
TPOEKTHPOBAHUS
13 Cucrembl
ABTOMATU3UPOBAHHOI'O 7
nmpoektupoBanusi  (CAIIP).
00630p CAIIP JUTst CamocrosTensHoe
Pa3IHIHBIX YpPOBHEH n3ydyeHue yaeOHon
MPOEKTUPOBaHUA.  SI3bIKH 4 onn | 20 JUTEPATYPBHI. KonrponbHas IK-1.1,
OTIMCaHUS anmaparypbl [Moaroroska k pabota TIK-1.2
HDL. CkBO3HOE HPaKTUYECKUM
MPOEKTHPOBAHNE 3aHATHAM
U(POBBIX YCTPOICTB Ha
ocHose TIJIMC B CAIIP ISE
WebPACK Xilinx
HWroro no pazaeny 11 921 | 40
2. MoaenupoBaHue
2.1 Buapl MoIenupoBaHUs
W TUIOBl  MojeNeil Ha
PA3HIHHBIX oranax CamocrosTenpHOE
MPOEKTHUPOBAHUSL. o
I/Ir(,:nonhsr())BaHne VHLD- u M3yHCHHE YHCGHOM
SPICE-moeneii 7 4 spn | 20 JUTEPATYPBHI. KonrtponbHas IK-1.1,
’ IlogroroBka k pabota TIK-1.2
MopnenupoBanue  pabOTHI DAKTHYCCKIM
IU(POBBIX  YCTPOWCTB  C P N
TMOMOIIBIO BCTPOCHHOI'O B
CAIIP ISE WebPACK
cumyJsitopa Isim.




2.2 Pa3paboTka MpOEKTHOI
JOKYMECHTAIIUH.

Kondurypuposanue ITJINC CaMOCTOHTeHbHO%
N n3ydeHne yuyeOHou

¢ TOMOIIPIO_BCTPOCHHOM B JUTEPATypPHI KonTponbHas MK-1.1

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

MPOTPAMMBI Impact.
MIPAKTHIECKUM

TecTupoBaHue TOTOBBIX

o 3aHITHSIM

YCTPOMHCTB.

JTAG-unTepdeiic.

HUroro no pazneny 8 10/41 | 28,95

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

HWTOro no AUCHUILIHHE 19 19/61 | 68,95 3a4er




5 O06pa3oBaTejibHbIE TEXHOJIOTHH

JlekuuMoHHbBIE 3aHATHS 1O JAUCHUIUIMHE «OCHOBBI IPOEKTUPOBAHUS 3JIEKTPOHHOMN
KOMIIOHEHTHOM  0a3bl» MpOBOAATCA B  TPAaAMLMOHHOM (¢opmMe C  HCHOJIb30BAHUEM
MyJIbTUMEAUMHOrO 00opyaoBaHusa. IIpakTuueckue 3aHATHS NPOXOAIT Kak B TPaJULMOHHOMN
dopme, Tak U B HHTEPaKTUBHOH (hopMe, TJie CTyAECHTaM 3apaHee MPe1araeTcsi 03HAaKOMUTBCSI C
uHpopManrel o TeMe 3aHATHS Ul TIOATOTOBKH BOIPOCOB MPENOJABATENI0, TAKUM 00pa3oM,
IIPAKTUYECKOE 3aHATHE IMPOXOAUT IO THIIy «BOIPOCBI-OTBETBI-IHUCKyccusi». Ha Beex
IPAKTUYECKUX 3aHATUSX TaKK€ IPUMEHSIOTCS 3JIEMEHTBl 3aHATUSI-BU3yallM3allid, 3a CYET
IIPEJICTaBJICHNs YaCTH MaTepHaja ¢ IOMOUIbIO 3apaHee MOATOTOBICHHBIX IPE3ECHTALMN, CIIaliJ0B
C IIOMOIIBIO MYJIbTUMEIUHHOTO 000PYJOBAHHUS.

Teopernuecknii MaTepuan, OCBOCHHBIM CTyIEHTAMH CaMOCTOSITENBHO, 3aKPEIUIAETCS Ha
IPAKTUYECKUX 3aHATHUIX, HA KOTOPBIX BBIIOJIHSAIOTCS UHIMBUIYaJIbHbIE U IPYNIIOBbIE 33a/JaHUS 110
IPOMICHHOM TeMme. YacTh NPAaKTUYECKUX 3aHATHH IIPOBOAMTCA B BUIE TPaJAULMOHHBIX
CEMHUHApOB C 1IeJIbl0 00siee IIyOOKOro M IOJHOIO YCBOEHHS TEOPETUYECKOro Marepualia Io
JaHHOW Teme. [lyig 3TOro cryneHTaMm MpeularacTcs rOTOBUTH JOKJIAAbl 110 paccMaTpUBacMOMN
TEeM€ C JaJTbHEUIIUM O0CYX ICHUEM B XOJ€ MPAKTUUECKOro 3aHsATus (yueOHbIX AucKyccuil). Ha
NPAaKTUYECKUX 3aHATHUAX TaKXKe IMPUMEHSIOTCS METOJI KOHTEKCTHOro OOy4eHHs, paboThl B
KOMaHjie ¥ MeTo]| Case-study, mo3BOJISIONIME YCBOUTh YYCOHBIH MaTepuas MyTEM BbI-SBICHHS
CBA3€M MEXKIY KOHKDETHBIM 3HAaHHEM M €ro NPUMEHEHHEM, a TaK)KE aHaIu3a KOHKPETHBIX
CUTyallMi ¥ IOWCKA PELIEHUH B IPYyMIIE€ CTYEHTOB. 3alllUTa pe3yIbTaTOB NPAKTUYECKUX 3aJaHUI
IIPOXOJUT B BUJE AMAJIOra IIPENIOABATEINS U CTYIEHTA, IPETIOAaBaTeIEM 3a1al0TCs KOHTPOJIBHBIE
BOIPOCHI C LENbI0 BBISICHEHMS TJIyOMHBI 3HAHUM CTyJEHTA IO JIaH-HOMY pa3jeiy, MpH 3TOM
npoOensl B 3HAHUAX  CTYJIEHTa  BOCHOJHSIIOTCS — JIOTIOJIHUTENBHBIMH  IOSCHEHHSIMH,
KOMMEHTapUSMHU MPEI01aBaTesl.

B kauecTBe OLIEHOYHBIX CPEACTB Ha MPOTSHKEHNUN CEMECTPA UCIIOJIB3YIOTCS KOHTPOJIbHbBIE
pabotel. CamocrosiTenbHas paboTa CTYJEHTOB 3akioyaeTcs B IpopadoTke MaTepuana MHpu
MOJIFOTOBKE K MPAKTUYECKUM 3aHITUSIM.

6 YueOHO-MeTOIHUYECKOE 00eceyeHHe CAMOCTOSITETbHOI PadoThl 00yYaroIIHXCsl
[TpexncraBneno B mpuioxeHun 1.

7 OneHoYHbIe cpeIcTBA AJIA POBeAeHUsI IPOMEKYTOYHOM aTTecTAlluH
[IpencraBieHbl B IPUIIOKEHUH 2.

8 YueOHo-MeTOAMYeCKOEe H HH(POPMALIMOHHOE 00ecTeueHrue TUCIUITHHBI (MOTYJIs1)

a) OcHOBHas JIUTEepaTypa:

1. Vwenuna, U. B. IlpoextupoBanue mudpossix yctpoiictB Ha ITJIMC : yuyeOHoe
nocooue / WU. B. Ymenuna. — Cankr-IlerepOypr : Jlamp, 2022. — 408 c. — ISBN
978-5-8114-3657-6. — Tekcr : anekrpoHHbIi // JlaHb : 37€KTPOHHO-OMOIMOTEYHAs cUCTeMa. —
URL.: https://e.lanbook.com/book/206678 (nara obpamienns: 16.07.2022). — Pexxum moctyma:
JUIS aBTOPU3. MTOJIb30BaTEIICH.

2. S3eik verilog wu npoektupoBaHWe IHM(PPOBBIX YCTPOMCTB HA  IJIHC
yueOHo-MeToarueckoe mocodbue / cocraButenu E. B. borarukos, A. H. lllebanoB. — BopoHex :
BI'Y, 2018. — 61 c¢. — Tekcr : anekTpoHHbIi // JIaHb : 2IeKTPOHHO-OMOIHMOTEYHAsT CHCTEMA. —
URL: https://e.lanbook.com/book/171183 (nara obpamenus: 16.07.2022). — Pexxum nocryma:
JUIS1 aBTOPU3. MOJIb30BaTEIIEH.

0) lomotHuTeEIBHAS TUTEpaTypa:

1. Ckutes, A. A. Bepudukanus udpoBbIX yCTPOWCTB: KypcC JIEKIHi : yueOHOe ocooue /
A. A. CkureB. — Mocksa : HUAY MU®DU, 2020. — 92 ¢. — ISBN 978-5-7262-2696-5. —
Tekcr : anekTponnblii // JIaHb : 3IeKTPOHHO-ONOINOTEYHAS CHCTEMA.



— URL.: https://e.lanbook.com/book/175430 (nata ob6pamienus: 16.07.2022). — Pexxum goctymna:
JUISL aBTOPU3. MOJIb30BATEIICH.

2. MaremaTn4yecKre MOJICIIA U METOJIbI CHHTE3a B CBEPXOO0JIBIINX HHTEIPAITBHBIX CXEMax
: yueOHOe nocodue / cocraButenu H. 1. Uepssikos H. U. [u ap.]. — CraBpomnons : CKOVY, 2016.
— 187 c¢.— Tekct : anaexTponnsiii // Jlaue : 3mekTpoHHO-OMOMHMoTeuHas cucrema. — URL:
https://e.lanbook.com/book/155293 (mata oOpamenus: 16.07.2022). — Pexxum nmoctyma: st
aBTOPH3. TI0JIH30BATEIICH.

B) MeTouueckue yKazaHus:
MeToaudeckie peKOMEHIAIUH 10 BHITIOTHCHHUIO TPAKTUYECKHUX 3a/IaHUi MPEICTABICHBI
B IIPHJIOKCHUH 3.

r) [Iporpammuoe odecnneuenue u UHTepHeT-pecypcehl:

IIporpammHoe o0ecnieueHue

Haumenoanue [10 Ne norosopa Cpox faeicTBus JTULIEH3UN
MS Office 2007 |y 135 1 17.09.2007 Seccpouno
Professional

IIpodeccuonanabHble 6a3bl JAHHBIX H HH(POPMAIHOHHBIE CIPABOYHbIE CHCTEMbI
Hassanue xypca CchUIKa

IMTouckosas cucrema Akagemus Google (Google Scholar) [URL.: https://scholar.google.ru/

9 MaTepHaJLHO-TEXHHYECKOE o0ecneuyeHne TN CIHIINHBI (MOLYJIf)

MarepuanbHO-TEXHHUECKOE 00ecleueHUe AUCUUIUINHBI BKIIIOUAET:

JlexunoHHasg ayauropus: MynbTUMEAWMHBIE CpPEICTBA XpaHEHUWs, MepeJadud |
npecTaBiIeHus HHpopMaIum.

Kommnberorepneiii  kmacc ©  IlepcOHaJbHBIE  KOMIIBIOTEPBI € YCTAHOBJIEHHBIM
criermanusupoBanioM 10 s npoekTrpoBanus snementHoi 6a3bl (ISE WebPACK Xilinx).

Aynuropus A CaMOCTOSATENbHOW paboThl: KOMIBIOTEpHBINM Kiacc IlepcoHanbHbIe
KOMIIBIOTEPBI C YCTAHOBJIEHHBIM clienuanu3upoBadiHoM [1O nis mpoeKTHpoBaHMS 3JIEMEHTHOU
6a3b1 (ISE WebPACK Xilinx).



[MPMJIOXEHUE 1

[To mucrunmHe «OCHOBBI MPOEKTHPOBAHUS DJICKTPOHHON KOMITOHEHTHOW Oa3bi»
IIPelyCMOTPEHA ayIUTOPHAsl U BHEAYIUTOPHAs! CAMOCTOATEIbHAs paboTa 00ydaroluxcsl.

AyauTopHas caMOCTOsITeNIbHAsl paboTa CTYIEHTOB MPEAINOIaraeT peluieHre KOHTPOIbHBIX
3a/1a4 Ha MPAKTUYECKUX 3aAHITHUSX.

[IpumepHBIC ayAUTOPHBIE KOHTPOIbHBIE padoThl (AKP):

AKP Nel «CoBpemMeHHasi 3JIeKTPOHHAsi KOMIIOHeHTHasi 0a3a. Kiaccuduxanmus.
O0JacTh IPUMEHEeHH !
1. Knaccugukaius 371eKTpOBaKYyMHBIX 3JIEKTPOHHBIX IPUOOPOB.
Cdepa mpumMeHeHHS HIEKTPOBAKYYMHBIX PHOOPOB.
[TepcnieKTHBBI MPUMEHEHUS SJEKTPOBAKYYMHBIX TPUOOPOB.
Kakue snemMeHThl BXOJAT B MOJIeJIb IPUOOpa BaKyyMHOM 3JI€KTPOHUKHU.
Kakue 311eKTpoHHO-ITyueBble IPUOOPHI BbI 3HaeTe?
Yro Takoe MoJyNnpoBOAHUKOBBIN 3JIEKTPOHHBIN pubop?
Knaccugukarus nonynpoBoJHUKOBBIX IPUOOPOB.
Cdepa mpumMeHeHHsI TOTYTIPOBOIHUKOBBIX TPHOOPOB.

© oo N kWD

Kakue noaynpoBoTHUKOBEIE TPHOOPHI BB 3HAETE?

[EEN
o

. IlepcriekTHBBI IPUMEHEHUS TIOTYTIPOBOIHUKOBBIX IPUOOPOB.

[EEY
[EEY

. DnemeHTHas 6a3a ONTOAIEKTPOHUKH.

[EEN
N

. Ciepa npuMeHeHUs ONITOINEKTPOHUKH

. UTo Takoe MHTerpaipHas cxema?

. Knnaccudukarnus mHTErpanbHbeIx cxem?

. UTO 3HAUUT TEXHOJIOTUYECKAsi HOpMa HHTETPATLHOU CXeMbl?

[T Y FE S
o 01 A W

. DnemeHTHas 60a3a UHTETPAIBLHBIX CXEM.
. Uro Takoe 3akazHas 11C

[ =
0o ~

. Urto Takoe nomy3akaznas UC?

[EEN
(o]

. YUrto npencraBiiseT co00ii 0a30BBIA MATPUUHBINA KPUCTAII?

N
o

. UTo Takoe mporpammupyemasi JIorndeckasi UHTerpajibHas cxema?

N
[T

. UTo Takoe «cucrema Ha KpUCTayiey?

. Uto Takoe mornueckuiut snement UC?

. Uto Taxoe norunyeckas MMC xoMOMHAIIMOHHOTO THIIA?

. Urto takoe morndeckass MC nmociieqoBaTeIbHOCTHOI'O THITA?

N DD DN DN
g B W DN

. Kakue tunel norudyeckux siueek (JOruKu) Bbl 3HaeTe?

AKP Neo2 «I1poekTHpoBaHue 3/1eKTPOHHOI KOMIIOHEHTHOI 0a3bl: OCHOBHbIE 3TATIBI
YPOBHHU NPOCKTHPOBAHUS!
ITepeuncnure ocHOBHBIE Tansl poussoacTea MC
Yro BrIItOYaeT B ce0s crnienupukanus Ha paspadbatsiaemyto NC
KakxoBa nepapxust npoextupoBanust CbUC.

A wnhE

YTo Takoe KpEMHUEBBIN YPOBEHb IPOECKTUPOBaHMs. Kakne mpuMUTUBEI IPUMEHSFOTCS

Ha JaHHOM YPOBHE.

5. Uro Takoe TpaH3UCTOPHBIM YPOBEHb NPOEKTUpOBaHUA. Kakue NPUMHUTHBEI
MIPUMEHSIOTCS HA JAHHOM YPOBHE.

6. Yro Takoe BEHTHJIbHBIA YPOBEHb MPOEKTUPOBaHUs. Kakre npuMUTHBBI TPUMEHSIOTCS

Ha JaHHOM YPOBHE.



[MPMJIOXEHUE 1

7. Uto Takoe perucTpoBbli ypoBEHb MPOEKTUpOBaHUs. Kakue NpuMUTHUBBI IPUMEHSIOTCS
Ha JJAaHHOM YPOBHE.

8. Uro Takoe MpPOIECCOPHBIH ypPOBEHb MPOCKTHpOBaHMsA. Kakue NPUMHUTUBEI
IPUMEHSIOTCS Ha JIAaHHOM YPOBHE.

9. Yro Takoe CUCTEMHBII ypOBEHb MPOEKTUpOBaHMs. Kakne MpuMUTHBBI IPUMEHSIOTCS
Ha JIaHHOM YPOBHE.

10. B uém 3akirovaercss MPUHIMI YIPaBICHUS CIOKHOCTHIO (a0CTparupoBaHuE) TpPH
pa3palboTKe 2JIEKTPOHUKH.

11. KakoBa coBpemeHnHast uH(ppacTpykTypa npoussojactsa 1C.

12. Yrto npeacTaBistoT coboi KpeMHHEBBIC (aOpUKH.

13. Yro Takoe IP-6m0k.

14. Knaccudukamus |P-610x0B

15. B uém ornunuune nporpammusbIx |P-6510k0B ot annapatsbix |P-010ko0B.

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

17. Dranbl npoekTupoBanus 3akazHon NC.

18. Dramnsl npoektupoBanusi UC Ha cTaHIapTHBIX S4YeiiKax.

19. Dramnbl npoekTupoBanus cxeMsl Ha 6aze [IJIUC.

AKP Ne3 «Cuctrembl aBroMaTu3npoBanHoro mnpoexktuposanusi (CAIIP). O0630p

CAIIP nnsa pa3siM4HbIX YPOBHeH NMpoeKkTHpoBaHusA. S3biku onucanusa annaparypsl HDL.
CkBo3HOe mnpoektupoBaHue uMdposbix ycrpoiicte Ha ocHoBe IIJIMC B CAIIP ISE
WebPACK Xilinx»:

17.
18.

19.

Yro Takoe sA3bIK onucanus annapatypsl HDL.

KakoBel mnpeumymiecTBa pa3paboTku cxembl Ha ©Oaze HDL mno cpaBHeHuto co
CXEMOTEXHUYECKHM CIIOCOOOM.

YT0 TaKoe JTOTMYECKHUM CHHTE3 CXEMBI.

Kakue CAIIP pa3pa6otku MC BbI 3HaeTe?

Kakue CAIIP nns pa3padotku cxem Ha 6a3e I1IJIMC BbI 3HaeTe?

Jlornueckuii cunte3 C Ha cTaHIapTHBIX sUeHKax.

Jlornueckuii cuntes cxem Ha [TJIMC.

Yro Takoe KpUTHUYECKHUH MyTh HUPPOBONA CXEMBbI?

Kakwue s3pIkM onucaHus annaparypsl Bbl 3HaeTe?

. UeM OTIMYal0TCsS CHHTE3UpYeMbIe CTPYKTYpHI si3bika HDL oT HecuHTEe3upyeMbIx?

. Kaknmu criocob6amu MOKHO TTOBBICUTH OBICTPOIEHCTBHE TU(PPOBOI CXeMBbI?

. B uéMm 3axmrouaeTcss KOMIpoMUCC TUIONaAs KpucTauia/ObicTpoaeiicTBre?

. Uto Takoe cuHXpoHHas 1udpoas 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 gaHHBIX STD_LOGIC or STD_LOGIC_VECTOR B s3bike

VHDL.

B uém otnmumne oobekta port ot oowvekra signal B si3sike VHDL.

Kakwue 3HaueHust moaaepskuBaeT TN AaHHbIX UNSigned B siseike VHDL. SBnsercs mu
JAHHBIA THI CHHTE3UPYEMBIM?

Kakue 3HaueHwst mojjep:kuBacT TN aaHHbIX integer B si3pike VHDL. fBnsercs am
JTAHHBIA THI CUHTE3UPYEMBbIM?



20.

21.

22.

23.

24.

25.
26.
27.
28.

29.

30.
31.
32.
33.
34.
35.
36.
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SIBnsieTcst MM BBICOKOMMITEIAHCHOE COCTOsTHUE Z cUHTE3upyeMbIM B si3bike VHDL? Ecimn
J1a, TO Kakasl CXeMa CUHTe3upyercs?

KakoB CHHTaKcMC CTPYKTYpbl «IpHcBauBaHue 1o ycioBuro» (conditional signal
assignment) B si3eike VHDL. B Kakyro cxemy jpaHHasi CTpyKTypa CUHTE3UpyeTcsi?

KakoB cunrakcuc ctpykrypsl «IIpucBanBanue o Beioopy» (selected signal assignment)
B si3pike VHDL. B Kakyto cxeMy nmaHHasi CTpyKTypa CHHTE3UPYyeTCsi?

KakoB cuntakcuc omeparopa if B s3pike VHDL. B Kakyio cxemy maHHas CTpyKTypa
CHUHTE3UpyeTCs?

KakoB cunrakcuc oneparopa case B sizbike VHDL. B Kakyio cxemy naHHast cTpykTypa
CUHTE3upyercs?

st gero B si3eike VHDL ncnonb3yercst cTpykTypa process?

Pazpaborate 0lHOpa3psAHYIO CXEMY CpaBHEHHUS HA BEHTHJIBHOM YpoBHE Ha si3bike VHDL.
Pazpaborats Ha si3pike VHDL cxemy nemmudparopa 2 B 4.

Paspaborate Ha s3pike VHDL cxemy mnpeoOpa3zoBatens [ABOWYHOIO KOJAa B
CEMHUCETMEHTHBIH.

Paszpaborate mMomyns Ha VHDL, Beruucnsrommii yeTsipexBxooByr0 ¢yHkiuio XOR
(uckmouaromee NJIN).

Paspaborats Ha s3p1ke VHDL cxemy 4-x pa3psgHoro cuéruuka.

Paspaborats Ha s3p1ke VHDL cxemy 4-x pa3psgHOro cymmaropa Yucell Co 3HaKOM.

Junst wero npumensiercs generic B sizeike VHDL.

UTto 3HaYuT napamMeTpu3oBaHHas cxema?

Paspaborats Ha s3pike VHDL cxemy 8-u paspsaHoro perucrpa.

Pazpabotats Ha si3p1ke VHDL cxemy cIBUTOBOTO peructpa ¢ napaiesibHON 3arpy3Koi.
Paspaborats Ha s3pike VHDL cxemy KOHEYHOro aBTOMaTa ISl JE€TEKTHPOBAHHS
nepeaHero GpoHTa CUrHaa.

AKP Ne4 «Buabl MOOeJUPOBAHWSI M THIBI MoOJeJedl Ha Pa3jIMYHbIX 3Tanax
npoexktupoBanusi. Ucnoas3zosanne VHLD- u SPICE-mopneseii. MoaeanpoBanne padoTbl
un¢poBbIX ycTpoiicTB ¢ momombio BcTpoeHHOro B CAIIP ISE WebPACK cumyasTopa

Isimy:

o wnNE

N o

9.

10.
11.
12.
13.
14.

Yro Takoe cpeaa TectupoBanus (testbench).

Yro Takoe cpenia TECTUPOBAHUS C CAMOTIPOBEPKOiA?

Uro Takoe QpyHKIIMOHAIBHOE MOJEINpOBaHue?

VYposuu Bepudukanuu CBUC.

Hasnauenne QyukiuunoHanbHbIXx OmokoB Stimulus, checker u monitor B cpene
TECTUPOBAHUsA?

Yro Takoe paHI0MHU3AIINS TECTOBBIX Bo3aencTBH (Stimulus)

Yro takoe orpanndeHHas (Constrained) paHaoMu3aIus TECTOBBIX BO3ICHCTBHIA

YeM oTIMYaeTCs KOJIOBOE MOKPBITHE OT (PYHKIIMOHAILHOTO OKPHITHS TPU BEPUPUKAITUU
CXEMBI?

Yro Takoe MeTpuka npu Bepudukanuu cxembl? Kakie METpUKN UCHOIB3YIOTCS?

Uto Takoe AMyJISIUS CXEMBI?

Yro Takoe hopManbHas MpoBepKa IKBUBAICHTHOCTH Ha 3Talle CHHTE3MPOBAHUS CXEMBI?
Yto Takoe BpeMEHHOE MOJIETUPOBAHUE CXEMBI?

Hanwucars testbench va VHDL ¢ camonpoBepkoii 11t 0JTHOPa3psIHON CXEMbI CPAaBHCHUSI.
Hanwucars testbench va VHDL nyist cxemsr aemmidpartopa 2 B 4.



15.
16.
17.
18.
19.
20.

21.
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Hammcats testbench ma VHDL mist cxembl mpeoOpasoBaresiss JBOMYHOIO KOJa B
CEMHCETMEHTHBINU.

Hamucarp testbench ma VHDL c¢ camonpoBepkoii anst 4-x paspsaHoit cxembl XOR
(uckmouatomee NJIN).

Hanwucars testbench va VHDL a1 cxembl 4-X pa3psiiHOTO CUETUHKA.

Hammcats testbench na VHDL ms cxembl 4-X pa3psgHOro CyMMaTopa 4ucell CO 3HAKOM.
Hamnmcats testbench na VHDL mist cxembl 8- paspsiiHOro perucrpa.

Hammcats testbench ma VHDL mist cxeMbl CABHIOBOIO PErMcTpa C MapajuieIbHOM
3arpy3KoHu.

Hanwucars testbench va VHDL a1 cxembl ieTeKTUpOBaHus iepeHero (poHTa CUTHAA.

AKP Ne5 «Paspaborka mpoektHoil nokymeHTanuu. Koudurypuposanue INJIMC c
nomombio BcrtpoeHHoii B CAIIP ISE WebPACK mnporpammsbl Impact. TectupoBanme
roroBbix ycrpoiictB. JTAG-unrtepdeiic»:

1.

©ooN kWD

[ e T S S T
o U~ WNEO

17.

18.

19.

20.

21.

22.

23.

Yrto Takoe UMILIEMEHTaLUs?

KakoBbl OCHOBHBIE PEKOMEHIAIIUU 110 Pa3MEIIEHUI0 OJIOKOB Ha KpucTasie?
Yro Takoe cinoi metautu3anuu B UC?

Yro Takoe TpaccupoBka?

[IpruMeHeHne MaHX3TOHOBCKOW Fr€OMETPUH P TPACCUPOBKE.

Uro Takoe pusnueckas Bepupukamms MC?

Uto takoe DRC nposepka?

Uto takoe ERC npoBepka?

Yro takoe LVS nposepka?

. Uro Takoe GDSII popmat?

. Uro Takoe JTAG tectupoBanue?

. UTo Takoe 1ernoyka TeCTUPOBaHU?

. Uto Takoe BcTpoeHHOe camoTecTupoBanue BIST?

. BctpoenHoe camoTecTHpOBaHUE MTAMATH.

. Urto Takoe nepudepuitHoe CkaHupOBaHUE?

. PeanuzoBath ogHOpaspsaHyto cxemy cpaBHeHUs Ha 6a3e [IJIMC Spartan 3E. Onpenenutsb

ObIcTpoeiicTBHE cXeMbl U 3aTpaueHHbIe pecypebl [TJINC.

PeanuzoBate cxemy aemmudppatopa 2 B 4 Ha 6asze IIJIMC Spartan 3E. Onpenenutsb
ObIcTpozeiicTBHE cxeMbl U 3aTpaueHHble pecypebl [IJINC.

PeanuzoBath cxeMy mnpeoOpa3zoBaTess BOMYHOIO KOJa B CEMHUCEIMEHTHBIM Ha 0Oasze
[IJINC Spartan 3E. Onpenenuth OBICTPOJCHCTBHE CXEMBI M 3aTpauyeHHBIE PECYPCHI
ITJINC.

PeanuzoBath yerbipexsxonoByto ¢pyHkuuo XOR (uckmouatomee MJIN) na 6aze [IJINC
Spartan 3E. OnpenenuTs ObICTpoAEHCTBHE CXeMBI U 3aTpadueHHbie pecypcsl [TJINC.
PeanuzoBath cxemy 4-x paspsgHoro cuérumka Ha 6aze [IJIMC Spartan 3E. Onpenenuts
ObIcTpozeiicTBHE cxeMbl U 3aTpaueHHble pecypebl [IJIUC.

PeanmzoBath cxemy 4-x pa3psiTHOTO cyMMaTopa 4rcen co 3HakoM Ha 6aze [TJIMC Spartan
3E. Ompenenuts OBICTpOCHCTBHE CXeMBI B 3aTpadeHHbIe pecypchl [TJINC.

Peanm3oBath cxemy 8-u paspsyiHoro peructpa Ha 6asze I[TJIMC Spartan 3E. Onpenenuts
ObIcTpoeiicTBHE cXeMbl U 3aTpaueHHbIe pecypebl [IJINC.

Peanu3oBaTh cxemy CIBHTOBOI'O PErucTpa C MapaliesbHOM 3arpys3koil Ha 6aze [TJIMC
Spartan 3E. Ompenenuth ObIcTpOAEHCTBIE CXEMBI U 3aTpadeHHble pecypcsl IIJINC.



[MPMJIOXEHUE 1

24. Peann3oBaTth cxeMy JIETEKTUPOBaHUS niepenHero Gpponrta curaia Ha 6asze [IJIMC Spartan
3E. Onpenenutsb ObICTpOCHCTBHE CXeMbI U 3aTpaueHHbIe pecypcebl [IJINC.

BueaynutopHas camocTositenpHas pabota o0OydaromMXCS OCYLIECTBISETCS B BUIE
W3Y4EHHUs TUTEPATYpPhl [0 COOTBETCTBYIOLIEMY pa3zeily ¢ IpopaboTKOM Marepuana.
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a) Ilnmanupyemsble pe3yabTaThl 00y4YeHMs M OLICHOYHBIE CpPeICTBa UIA INPOBeJAeHUs
NMPOMEKYTOYHOM aTTeCTALNM:

HpOMe)KYTO‘-IHaH arrecrausd HMECT MLCJIbI0 OINPCACINTL CTCICHb HJOCTHUXXCHUA

3aIUIaHUPOBAHHBIX PE3YJIBTATOB OOYYCHHSI TO MUCHUIUIMHE (MOIYJIO) 3a OIpeaeiCHHBIN
nepuos; o0ydeHus: (CEMECTp) U MOXKET MPOBOIUTHCSA B (opMe 3aueTa, 3a4eTra C OLEHKOH,
9K3aMEHa, 3alUThl KyPCOBOTO MPOEKTa (PaboThI).

JlaHHbIN pa3zien COCTOUT UX JIBYX IMYHKTOB: a) [Inanupyemble pe3ynbTraTthl 00y4eHUs U

OIICHOYHBIE CPEJICTBA IS TPOBEACHUS MPOMEXYTOUHOM arTrectanuu. 0) Ilopsmok mpoBeaeHus

HpOMeX(YTOHHOﬁ aTTeCTallu, IMOKa3aTCiii U KpUTCPUHU OLICHHUBAHUA.

Kon
WHJUKATOpa

WNHnukaTop AOCTHKEHUS
KOMIIETEHIINHU

O1neHOYHBIC CPEACTBA

[TK-1: Cnocoben pa3zpabaTbiBaTh CTPYKTYPHBIE U (PYHKIIHOHAIBHBIE CXEMBbI 3JIEKTPOHHBIX
CHCTEM U KOMILJIEKCOB, MPUHIUITUAIBHBIX CXEM YCTPONCTB C UCIIOJIb30BAHUEM CPECTB
KOMIIBIOTEPHOT'O MTPOEKTUPOBAHMUS, TPOBEICHUEM MMPOCKTHBIX PACUE€TOB U
TEXHUKO-9KOHOMUYECKUM 00OCHOBAHMEM NMPUHUMAEMbBIX PEIICHUN

IK-1.1

Pa3pabarsiBaeT S3CKH3HBIA MPOEKT,
BKJTIOYAOIIIUI: BBIOOP CTPYKTYPHOMH
CXEMBI AJIEKTPOHHOT'O yCTPOHCTBA
WJIA CUCTEMBI ITyTEM COTIOCTABIICHUS
Pa3IMYHBIX BAPUAHTOB U MX OLICHKU
C TOYKH 3PCHUS TEXHUUICCKUX U
KOHOMUYECKUX TPeOOBaHMIA;
paccumMThIBacT BCE HEOOXOIMMEBIE
MIOKA3aTeNN CTPYKTYPHON CXEMBI
3JIEKTPOHHOI'0 YCTPOWCTBA WIIN
CHCTEMBI, B TOM YHCJIe I0Ka3aTeNn
KauecTBa; BBIOUpAET U
00OCHOBBIBAET CXEMBI
BCIIOMOTATENILHBIX YCTPOUCTB

— Ymo maxkoe A3vik onucanus
annapamypul HDL.

— Kaxoevl npeumywecmaa pazpabomku
cxemwl Ha 6aze HDL no cpasnenuio
CO CXeMOMeXHUYEeCKUM CnOCOOOM.

— Ymo makoe nocuueckuii CuHme3 cxembl.

— Kakue CAIIP paspabomku HC evi
3Haeme?

— Kakue CAIIP ona paspabomku cxem Ha
baze IIJ/IUC gvl 3naeme?

— Jloeuyeckuii cunmes UC na
CMAHOAPMHBIX AUEUKAX.

— Jloeuyeckuii cunmes cxem na IHJIUAC.

— Ymo makoe Kpumuueckuu nymo
yugpposou cxemol?

— Kakue azviku onucanus annapamypui
6vl 3Haeme?

— Yem omauuaromes cunmesupyemvle
cmpykmypul saizvika HDL om
HeCuHmesupyemuix?

— Kakumu cnocobamu modicHo nogvicumas
ovicmpodeticmaue yupposoti
cxemul?

— B uém 3axnmouaemcs komnpomucc
naowWadsb
Kpucmanna/ovicmpooeticmaue?

— Ymo makoe CUHXPOHHASL YUPPosas
cxema?

IIpakmuyeckue 3a0anus.

— Paszpabomamv 00nopaspsaomnyio cxemy
CPAGHEHUs Ha GEHMUNLHOM YPOBHE
na azvike VHDL.

— Paspabomams na sizeike VHDL cxemy
Odewughpamopa 2 6 4.

— Paspabomams na sizeike VHDL cxemy
npeobpazosamens 080UYHO20 KOOA 6
cemucesmMeHmubiil.

— Paszpabomamov moodyne na VHDL,
BBLIUUCTAIOWUTE YEMBIPEXEXOO08YIO
¢ynxyuro XOR (uckriouarowee
HIIn).

14
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— Paspabomamy na szeike VHDL cxemy
4-x paspsaoHo2o cuémuuxa.

— Paspabomams na sizeike VHDL cxemy
4-x pazpsiOHO20 Cymmamopa yucei co
SHAKOM.

— Paspabomame na sizeike VHDL cxemy
8-u paspsaonoeo pecucmpa.

— Paspabomams na sazeike VHDL cxemy
€0811208020 pe2ucmpa ¢
napaineabHoul 3a2py3Koll.

— Paspabomamy Ha asvike VHDL cxemy
KOHEYHO020 A8MOMAma 0s
OemeKkmupo8anus nepeoHe2o
¢ponma cuenana.

— Peanusosamv o0nopaspaouyro cxemy
cpasnenus na o6ase IIJIUC Spartan
3E. Onpedenums 6vicmpooeticmaue
cXembl U 3ampayerHbie pecypcol
rc.

— Peanuzosamo cxemy oewugppamopa 2 6
4 na 6ase IJVIUC Spartan 3E.
Onpedenums 6vicmpooeticmsue
cXembl U 3ampayentvie pecypcol
Ic.

— Peanusosams cxemy npeobpazoeameis
080UYHO20 KOOA 8 CEMUCESMEHMHBIIL
na 6ase ITVIUC Spartan 3E.
Onpedenums bvicmpooeticmaue
cXembl U 3ampayerHbie pecypcol
ric.

— Peanuzosams uembvipexexo006yio
@yuxyuro XOR (ucknouaiowee
HJIN) na 6ase IIJIUC Spartan 3E.
Onpedenums 6vicmpooeticmsue
cXembl U 3ampayentbie pecypcol
ITIcC.

— Peanuzosamv cxemy 4-x paspsounoco
cuémuuxa Ha 6aze I[IJIUC Spartan
3E. Onpedenums bvicmpodeticmsue
cXembl U 3ampayenHbie pecypcol
HIIcC.

— Peanuzosams cxemy 4-x paspsaonozo
CYMMamopa wuces co 3HaKom Ha base
TUJTHAC Spartan 3E. Onpedenumy
bvicmpodelicmaue cxemvl U
sampauennvie pecypcwl IIJIHC.

— Peanuzosamo cxemy 8-u pazpsionoeo
peaucmpa na base I1JIUC Spartan
3E. Onpedenums b6vicmpodeticmaue
cXembl U 3ampayennbie pecypcol
TIIcC.

— Peanusosams cxemy c06uc06020
peaucmpa ¢ napaiieIbHol 3a2py3Ko
na 6aze IVIUC Spartan 3E.
Onpedenums dvicmpooeticmaue
cXeMbl U 3ampayentbie pecypcol

TVIHC.

— Peanuzoeamu cxemy 0emexmuposanus
nepeodHe2o (hponma cucHania Ha baze
IIJIUC Spartan 3E. Onpedenums
bvicmpodelicmaue cxemvl U
sampayenuvie pecypcol IJIHC.

15
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[1K-1.2

[IpousBogut
TEXHUKO-3KOHOMHUYECKOE
000CHOBaHUE MPUHSITOTO PEIICHUS C
pacueramu ce0eCTOUMOCTH
YCTPOMCTBA U CTOMMOCTH €0
9KCIUTyaTallui; CPaBHUBAET C
aHaJIOraMu 10
TEXHUKO-3KOHOMHYECKUM
XapaKTepUCTHKaM

— [lepeuucnume ocHogHble 3manbl
npoussodcmea UC

— Ymo sexnmouaem 6 cebs cneyugurayus
Ha paspabamvisaemyio UC

— Kaxosa uepapxus npoekmuposanus
ChHUC.

— Ymo maxkoe kpemuuegulii yposeHs
npoexmuposanus. Kaxue
NPUMUMUGHL NPUMEHSTIOMCA HA
OaHHOM YpOgHe.

— Ymo makoe mpan3ucmopHulii ypogeHs
npoexmupogeanus. Kaxue
NPUMUINUELL RPUMEHSIOMCA Ha
OaHHOM YpOGHe.

— Ymo makoe 6enmuibHblll ypOGEHD
npoexmupoeanus. Kaxue
NPUMUMUEL NPUMEHAIOMCA HA
OaHHOM YpOgHe.

— Ymo maxkoe pecucmposulii yposeHs
npoexmuposanus. Kaxue
NPUMUTNUBHL NPUMEHATOMCA HA
OaHHOM YpOGHe.

— Ymo makoe npoyeccopHulii ypogeHs
npoexmupoganus. Kaxue
NPUMUMUEL NPUMEHSIOMCA HA
O0anuHOM yposHe.

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

— B uém saxmouaemcs npunyun
YIPABIEeHUsL CLOACHOCBIO
(abcmpazuposanue) npu
paspabomke 21eKMpOHUKU.

— Kaxosa coepemennas
ungpacmpykmypa npouzeoocmea
uc.

— Ymo maxkoe IP-610k.

— Knaccugpurayus IP-610ko6

— Ymo npeocmasnsiiom cobot
mononozuieckue IP-6noku.

— Dmanwvl npoeKmupo8anus 3aKka3Hol
Huc.

— Omanwl npoexmuposanus UC na
CMAaHOAPMHBIX AYEUKAX.

— Omanwi NPOEeKmMuposarnusl Cxemvl Ha

basze I1IJIUC.

Ipaxmuueckue 3adanus:

— Paspabomams dsyxpaspsonyio cxemy
CPasHeHUst Ha OCHOB8E 08YX
IK3EMNIAPOB OOHOPA3PIOHOU CXEMbl
cpasnenus. Mcnonv3osams
KoMMenmapuu OJis ONUCAHUS KOOd.

— Paspabomamy na sizvike VHDL cxemy
Odewuppamopa 3 8 8 na ocrose
9IKZ3EMNIAPOG cXeMbl dewugdpamopa
2 6 4. Hcnonvzoeams kommenmapuu
OJ1s1 ONUCAHUSL KOOA.

— Paspabomams na sizeike VHDL cxemy
16-u paspsionoeo cymmamopa uucen
CO 3HAKOM HA OCHOB8E IK3EMNJIAPOS

16
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4-x paspsaonozo cymmamopa.
Hcnonvzoeams kommenmapuu 0ns
ONUCanust K0oa.

— Paspabomams na sizeike VHDL cxemy
8-u paspsonozo pecucmpa.
Hcnonvzoeams kommenmapuu 01
ONUCAHUA KOOd.

— Paspabomamy Ha sizbike VHDL cxemy
KOHEUHO20 A8MOoMama Os
peanuzayuu 3auumsl om opebesaa.
Hcnonvzoeams kommenmapuu 0
ONUCAHUA KOOd.

THoozomosumb npoekmmuyto OOKyMeHmayuro:
RTL-k00 u ¢paiin oepanuuenuii
(mononocuyeckux 1 8pemenHblx) O
peanuzayuu npoexma xa dase IVIHC ons
CLeOYIOWUX NPOEKMO8:

— Bocomupaspsaonas cxema cosuea c
YNPABIAIOWUM 6X000M,
onpeoenAowum HanpasieHue
cosuea.

— Ipuopumemmnuolii wugpamop 8 6 3

— IIpeobpaszosamens 080UUHO20 KOOA 8
080UUHO-0eCAMUYHDBIL

— 4-x paspsaouvill cymmamop uucen ¢
niaasarujell moyKou.

— 8-u paspaonvii FIFO 6ygep

— 4-x paspsonvii LLIUM

— Cmopooicesoti maiimep

— Cxema cmexa

— Apugpmemuro-nocuueckoe ycmpoucmeo

— Pecucmposuiii ghaiin

— Cxema Oenenus

6) Ilopsimox mnpoBeneHUs NPOMEXKYTOUHOM aTTecTaluy, MOKa3aTeau U KPUTEPHU
OLICHUBAHMUSL:

ITpoMexyTouHas arTecTanys N0 IUCUUIUIMHE « OCHOBBI IPOEKTUPOBAHUS AJIEKTPOHHON
KOMIIOHEHTHOI 0a3bl» BKIIIOUAET TEOPETUUYECKUE BOIMPOCHI, TO3BOJISIIOIINE OLIEHUTh YPOBEHb
yCBOEHMsI OOy4yarolMMHUCS 3HaHUM, M TNpPaKTUYECKUEe 3aJlaHus, BBIABISAIOIINE CTENEHb
c(OpMHPOBAHHOCTU YMEHUI U BIaJJleHUH, MPOBOAUTCS B popMe 3auéra.

[Toka3zaTenu u KpUTEpUN OLICHUBAHUS 3a4€Ta:

— Ha OLICHKY «3a4TeH0» — 00yJaIOIIUNCs IeMOHCTPUPYET BHICOKUH UITH CPETHUN YPOBEHD
c()OPMUPOBAHHOCTH KOMIIETCHIIMI: OCHOBHBIC 3HAHHS, YMEHHS OCBOCHBI, HO
JIOTIYCKAIOTCSI ~ HE3HAUMTENbHBIE  ONIMOKW, HETOYHOCTH, 3aTPyJAHCHHUS  TpPHU
AQHAJTUTUYECKUX ONEpAlMsIX, IEPEHOCE 3HAHUN W YMEHUW Ha HOBBIE, HECTAH/IAPTHbIC
CUTYaINH.

— Ha OIEHKY «He 3a4TeHO0» — OO0ydJaromuics JeMOHCTpUpyeT 3HaHus He Oonee 20%
TEOPETUYECKOT0 MaTepuaa, I0MyCcKaeT CYIIECTBEHHbIE OIIMOKH, HE MOXKET IMOKa3aTh
WHTEJUICKTyJIbHBIC HABBIKH PEIICHUS TPOCTHIX 3a/1a4.
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MeToanYecKHue yKasaHUA

BBeaeHue

TpagMUMOHHOE CXEMHOE NPOEKTUPOBAHNE JOCTUMIO B CBOEM PA3BUTUKN Npesena U UCNosb3yeTca
B HAacToALlee BPEMA /WWb ANA CPABHUTENbHO MPOCTbIX MPOEKTOB pa3pabaTbiBaemMoON 31EKTPOHMKM.
OCHOBHbIM HEZOCTaTKOM CXEMHOF0 OMWCaHUA MNPOEKTOB C/IOKHOW 3SNEKTPOHWUKM, BK/OYAOLLEN
60/1bLIOE KOIMYECTBO KOMMNOHEHTOB U MOAY/EN, ABNAETCA BbICOKAA TPYAO0EMKOCTb OTAaAKN. Ha cmery
CXEMHOMY OMMUCAHWUIO NPULLAM A3bIKM ONMUCAHWA annapaTypbl, Takne Kak VHLD u Verilog. B otanume ot
TPAaAVLUMOHHBIX A3bIKOB MPOrPaMMMPOBAHUA, OMUCHIBAIOWMX MNOC/eA0BaTE/IbHOCTb  BbIMOJ/IHAEMbIX
KOMaHJ, A3bIKM ONMCaAHMA annapaTypbl ONMCLIBAOT CTPYKTYPY M CBA3U pa3pabaTbiBaeMoro ycTpomncTsa.
Takoe onucaHue pa3pabaTbiBaEMOro YCTPOMCTBA Ha3blBaeTCA CTPYKTYPHbIM (NapannenbHbim). Bropon
noaxosd, K OMUCAHWUIO YCTPOMCTBA HA3bIBAETCA MNOBeAeHYECKMM (nocnegoBaTesibHbiM). Mpu Takom
nogxo4e ONWUCbIBAeTCA He CTPYKTypa YCTPOMCTBA, a MOPAAOK ero ¢pyHKUMOHMpOBaHWA (NoBeaeHue).
A3bIKM ONMCaHMA annapaTypbl BKAOYAT KaK NapansenbHble, Tak U NocneaoBaTeNbHble PYHKLUK, T.e. C UX
MOMOLLBIO MOYKHO ONMWMCaTb KaK CTPYKTYpYy pa3pabaTbiBaeMoro ycTpoWcTBa, Tak M ero nosegeHue B
33aBMCMMOCTM OT BXOZHbIX BO3AENCTBUIA. 34eCk cneayeT caenaTb BaxKHOE 3aMevaHune:

MocnepoBatenbHoe (NoBeaeHUYECKOe) onncaHue YCTPOUCTBA He BCerga MoKeT 6biTb KOPPEKTHO
CKOMMUANPOBAHO B CUHTE3MPYEeMble KOHCTPYKLUUU, T.e. CUHTE3UPOBAHHAA CXeMa YCTPOMCTBA MOXKeT
paboTaTb He TaK, KakK 3agymbiBan pa3paboTumK. B ToxKe Bpems CTPyKTypHoe (napannenbHoe)
OnucaHUe OAHO3HAYHO CUHTE3UPYETCA B OMMUCAHHYI CTPYKTYpy. Takum obpasom, npu onucaHuu
pa3pabaTbiBaeMOro ycTpoiicTBa ciegyeTt oTAaBaTh NpeanoyTeHne CTPYKTYPHOMY OMUCAHUIO UM, KaK
roBOpAT, WCMNONb30BaTb CUHTE3Mpyemble KOHCTpPyKuuu. [locnepoBatenbHoe (noBeaeHuYeckoe)
onucaHue B CBOIO oyepeab 3IPPEKTUBHO UCNO/Ib3yeTCcA Ha 3Tane GyHKLUOHANbHOIO MOAENUPOBaHUA
paboTtbl paspabatbiBaemoro yctpoictBa. Tem He MeHee, WUCMNOJb30BaHMEe MOCAeA0BaTe/IbHbIX
onepaTtopoB A3bIKOB OMWCaHMA annapatypbl AAA CUHTE3a pa3pabaTbiBaemoro ycTpoiicTBa
[ONYCKaeTcA nNpu YC/NOBUU KECTKOro cobnlogeHus paga npasun (paHHble npasuna  6yayr
paccmoTpeHbl B COOTBETCTBYIOLWEN abopaTopHoii pabote).

[aHHble MeTogMYeccKMe NPU3BaH HayYnTb OCHOBAM MPOEKTUPOBAHUA 3/1EKTPOHMUKN C NOMOLLLbHO
A3blka onucaHuAa annapatypbl VHLD. Mpu 3TOM OCHOBHOM ynop AenaetcA Ha pasBUMTUE HaBbIKOB
HanucaHMA rPaMOTHOTO M CamMoe /1aBHOE CUHTE3MPYEMOrO KoAa, T.e. TAaKoro Koaa, KoTopbin byaer
rapaHTMPOBaHHO CKOMMNWAMPOBaH B paboTatowyto cxemy. [ostomy BMecTo NoApO6GHOro onmMcaHuA
CUHTaKcnca VHLD M BCEBO3MOMKHbIX KOHCTPYKLUMIA A3blKa NPAKTMKYM OrpaHu4YMBaeTca 0630pom
CpaBHUTENbHO HEBO/bWOro Habopa CUMHTE3UPYEMbIX KOHCTPYKLMIA, UCMOJb3YIOWNX AECATOK TUMNOBbIX
wabnoHos VHDL-Kkoga, cMHTE3Mpyemblx B TUMNOBble cXxembl. [aHHble WabnoHbl MoryT 6biTb nerko
WMHTErpmpoBaHbl NPU NPOEKTUPOBAHMM HObLUNX CIOMKHBIX CUCTEM.

Ona obecneyeHunsa npouecca CKBO3HOrO NPOEKTUPOBAHMA BNIOTb 4O FOTOBOrO YCTPOMCTBA 6bIN0
pelweHo UCnonb3oBaTb Nporpammupyemyto noruky (MJIUC), a umeHHo oTnagouHyto nnaty NI Digital
Electronics FPGA Board Ha ocHoBe /INC Xilinx Spartan-3E. B kayecTBe nporpammHoro obecneyeHums
ncnonbsyetca CAMNP ICE WebPACK ¢upmbi Xilinx.
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Onucanue miathl NI Digital Electronics FPGA

Mnata NI Digital Electronics FPGA aABnaetcA pe3y/nbTaTOM COBMECTHOrO COTPYAHMYEcTBa
komnaumin NI mn Xilinx, asnatowmxca KpynHeMwWMmMM B MUPE NPOM3BOSUTENAMM MPOrPAMMHOTO
obecneyeHnss U3IMEPUTENbHBIX CUCTEM WU NPOTrPAMMUPYEMBbIX TOTMYECKUX MHTErpanbHbix cxem (MINC).
BHewHwnn Bug nnatol NI Digital Electronics FPGA npepctasneH Ha pucyHke 1. NI Digital Electronics FPGA
Board cogepXuT wWecTb KaHanoB A4/1A BBOAA aHaNOroBbIX BXOAHbIX curHanosB Al0 — AI5, a Takxke 32
umdpoBble BXOAHbIE (BbIXOAHbIE) TMHUK 0bLero nosb3oBaHusa — GPIO31.

OnucaHue curHanoBs, nNogaBaeMblX Ha CUTHajIbHble 30Hbl MakeTuposaHuA: BBl — 30Ha
MaKeTMpoBaHUA Ana noaknaodeHua K LAM, AU, KHonKam, ABUXKKOBbIM MepekntovaTenam, BHeLWHeMy
CUHXPOCUTHaNY U INHUAM obuiero HasHaveHuA NJIUC. BB2 - 30Ha MaKeTUPOBaAHUA ANA NOAKAOYEHMA K
AMHMAM obuwero HasHayeHua [JIMC M UCTOYHMKAm nuTaHuA. BB3 - 30Ha MakeTMpoBaHWA AN
YNpaBieHNA CEeMUCErMEHTHbIM MHAMKATOPOM Ha [Ba 3HAaKOMeCTa, CBeToAMOAaMM, MOAKAOYEHUA K
WUCTOYHMKAM nuTaHmAa BB4 - 30Ha MakeTUpoOBaHUA A nogkntodeHma K curHanam NI ELVIS, Bkatovas
aHaNoroBble BXOAHbLIE CUrHasjbl, AHA/NIOrOBble BbIXOAHbIE CUTHaNAbl, GYHKUMOHA/NbHblE FeHepaTopbl,
WCTOYHMKWU MUTaHMA, umMdpoBble BXOAHbIE/BbIXOAHbIE CUrHanbl. BB5 — 30Ha maketTupoBaHua Ans
noakntoveHma K curHanam NI ELVIS, BKkatoyaa peryampyemble WMCTOMHUMKM NUTaHWUA, uMdppoBble
BXOAHble/BbIXOAHbIE CUTHA/IbI, BbIXOAHbIE CUTHA bl CYETUMKOB, 06LLME TOUYKU CUTHANOB.

(" wamEm mEmEm
|, samEm mEmEm

BERi RIS EEEAL DMEEE Amii: maiem amama [

=

HEEE
- Fuy

ma wa ow owe 3

HATIOMAL
INSTRUBENTS
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FRda BOARD \
A L e
13 G2 a1 (i)

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—- cemucermeHTHble UHAUKATOPbI;
8- USB-coegunutenb; 9— LD-G- ceetoauoa; 10— ceetoaunoabl; 11- FPGA Xilinx Spartan 3E; 12— nepekntoyartesib NpPOLMBKU
MN/INC uepe3s ROM/JTAG ; 13— gaTumK yrna noBopoTa ¢ KHONKOM; 14— KHONKK; 15— ABMXKKOBbIE nepekatoyatenu; 16— 6
KOHHeKTopoB TMna PMOD (2x6); 17— 610k makeTHo nnatbl BB1; 18— 610K makeTHoM naatbl BB4; 19— (NI ELVIS)-
coeguHUTenb; 20— 610K MakeTHOM naatbl BB5; 21 — nporpammarop; 22— KBapueBblit reHepaTop 50Mly; 23— 3awmra naatbl
OT CTaTUYECKOro 3/1IeKTp1uyecTsa

19



[NPMJIOXEHUE 2

Kpatkoe onucanue CAMNP WebPack

WebPACK — 310 CAMNP npoekTnpoBaHua UMdpoBbIX yCTpoMcTB Ha 6ase mukpocxem MJINC CPLD u
FPGA ¢upmbi Xilinx. laHHaa cuctema asasetca becniaTHbIM BapMaHTOM Kommepdeckon CAIP aTon e
dupmbl nog HaseaHmem ISE M pgoctynHa ans cBobogHOro CKaumBaHuMs 4depe3 ceTb Internet
(www.xilinx.com). OcHOBHOe oOT/AMYMe bGecnnaTHOW BepCUM OT ee NAATHOrO aHafnora CocTouT B
OTCYTCTBUM NOAAEPHKKN MUKPOCXEM, EMKOCTb KOTOPbIX Bbllwe 1,5 MJIH CUCTEMHbIX BEHTUEN.

WebPACK coctouT w3 Habopa Moaynen, KaxKAablh W3 KOTOPbIX BbINOJIHAET CBOM
cneunanmnsnpoBaHHble GyHKUuK. OCHOBHbIE MOAYAM NaKeTa cieayloLlme:

- pefaKTop CXEMHOro BBOAa;

- TEKCTOBBIV pegaKkTop € NoaaepKKow A3bIKoB onncaHua annapatypbl VHDL u Verilog;

- CORE Generator — reHepaTop ONTMMMU3NPOBAHHbLIX IP-aaep;

- peaaKkTop TeCToBbIX BO3AENCTBMIA A5 NPOrpamMmmbl MOAEINPOBAHUSA;

- nporpamma GpyHKLMOHANbHOIO 1 BPEMEHHOI0 MOAEIMPOBAHUA;

- reHepatop VHDL/Verilog koaga;

- NporpamMmma aBTOMATUYEeCKOro pasmeleHuna n Tpaccuposku MJIUC;—nporpammbl «py4HOro»
pa3meLLeHnA U ONTUMM3ALMM NPOEKTa;

- nporpamma 3arpyskm KoHUrypaumoHHoM nocnegosatencHoctv B8 [MJNC  FPGA w
nporpammuposanua MNJINC CPLD u MMN3Y.

BonbwnHcteo moayneit CAMP WebPACK nmeloT Kak rpaduryecknini HTepdeinc noab3oBaTens, Tak
n nHTepdeiic kKomaHaHol ctpokn. CAMP WebPACK mokeT paboTaTb nog onepaumMoHHbIMU CUCTEMAMMU
Windows, Linux 1 Sun Solaris.

Mpouecc paspaboTku undposbIx ycTpoicTs B cpese WebPACK cocTouT U3 cnegytowmx sTanos.

1. BBog oOnWcaHMA NPOEKTUPYEMOro YCTPOMCTBA B CXEMOTEXHMYECKOM dopme uam ¢
MCMO/Ib30BaHNEM f3bIKOB onucaHus annapatypsl (HDL), Takmx, kak VHDL u Verilog.

2. CMHTEe3 YCTPOICTBa, TO eCTb NpPeobpasoBaHMe ONUCAHUA YCTPOWUCTBA, NOJIYYEHHOTO Ha NepPBOM
3Tane, B ONMCaHMEe Ha YPOBHE JIOTMYECKUX BEHTUEN.

3. Peanusauma ycTpoiicTBa, TO ecTb npeobpasoBaHWe OMMCAHUA YCTPOMCTBA HA YPOBHE
JIOTNYECKUX BEHTUIEN B GM3MYECKOE ONUCAHWNE AN1A KOHKPeTHOM MuKpocxembl MJTUC.

4. DopmnpoBaHUe KOHPUTYPaLMOHHOMN NOCNe0BaTeNbHOCTU AN MUKPOCXe-

mbl MNJINC.

Mocne Kaxporo m3 atanos 1,2 n 3 BO3MOXHO, @ B OONbLWMHCTBE C/Ny4YaeB U HeOBXoAMMO AnA
YCMELWHOro 3aBeplleHns MNpoeKTa BbINONHEHWE npoueaypbl MOAENNPOBaHMA W BepudUKauum
NoJly4eHHOro ONUCaHUA YCTPOMCTBA.

Ha pucyHKe 2 npeactasieHa 0606LieHHan cxema NpoeKkTUpoBaHua undposbix yctporicts B CAMP
WebPACK.
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Bepudwranus npoesta
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PucyHok 2 - 0606LieHHanA cxema NnpoeKTupoBaHuaA Ludposbix yctpoiicts B CAMP WebPACK
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IIpoeKTUpOBaHUE KOMOMHALMOHHBIX CX€M HAa BEHTUJIbHOM YPOBHEe
BBeaeHue

B faHHOM rnaBe Ha npumepe MNPOCTOM CXeMbl CpPaBHEHMA MOLPOOHO PacCMOTPeHa CTPYKTypa
cuHTesnpyemoro VHDL-koga. OnucaHne paboTbl UMPPOBbIX KOMBUHALMOHHBIX CXem B AaHHOW paboTe
NPeACTaBNEHO MWCKNOYMUTENBLHO HA BEHTU/IbHOM YPOBHe abcTpakumu (gate level), T.e. npumeHsatoTca
TONbKO 6a30Bble IOrMYECKNEe BEHTUAN, peanusyloliue OCHOBHbIe lorMyeckne onepauum (HE, U, UMK,
NCKMHOYAKOLLEE WMNU). PaccmoTpeH CTPYKTYPHbIA (MepapXxMyecknin) noaxond, K MNPOEKTUPOBAHUIO
UMOPOBBIX CUCTEM, NPU KOTOPOM CUCTEMA Ha BEPXHEM YPOBHE MPOEKTUPOBaHMA pPacCMaTpUBaeTCA Kak
coeanHeHue 6osiee NPoCTbIX YHUOULMPOBAHHbIX 6/10KOB, KOTOPbIE, B CBOKO 04Yepesb, TaKKe CTPosTCA U3
6onee npocTbix 6/J10KOB U T.A.

1.1 OnucaHue cxeM B AU3BbIOHKTUBHON HOpMaJIbHOM popme

PaccmoTpum ofHOPa3psAAHY0 CXemy cpaBHeHMsa (1-bit equality comparator) , cogepallyo ABa
Bxoda i0, i1 n oAuH BbIXOA, €q. BbIXxoA eq cxembl CPaBHEHWA NPUHUMAET aKTUBHOE 3HauyeHue npwu
YCN0BUK, YTO BXOAbI /0 U i1 3KBMBaNEHTHbl. Tabauua UCTMHHOCTM (truth table) oaHOpa3pAAHON cxembl
cpaBHeHuWa npeacTasneHa B Tabaunue 1.1.

Tabauuya 1.1 — Tabnmua MCTUHHOCTU OAHOPA3PAAHOM CXeMbl CPaBHEHUA

m R oo
T-IE-=y ©

Jonyctum, 4To ANs peannsaummn OAHOPA3PALHON CXeMbl CPAaBHEHUA Mbl PELUMAN UCMO/b30BaTbh
6asoBble normyeckne seHTUAM (logic gates), Takne Kak: HE (NOT), U (AND), U/IN (OR), Ucknouaroujee
U/IN (XOR). OgHol u3 GopM 3anmcK NOTMYECKO GYHKLMM, onucbiBatowein paboTy cxembl, ABAAeTCA
3anucb GYHKUMN B COBEPLUEHHOMN AMU3BIOHKTUBHON HOpManbHOW Gopme, T.€. B BUAE CYMMbl MUHTEPMOB
(sum-of-products canonical form) . Jlornyeckan GpyHKLMA 04HOPA3PALHOMN CXeMbl CPaBHEHUA, 3aNMCaHHan B
COBEepLUEHHOM AMU3bIOHKTUBHOM HOPMabHOW dopme, UMeeT BUA:

eq=i0-i1+i0-il

OanH ©n3 BO3MOMHbIX BapuaHToB VHDL-Koga, onucbiBaloWero paccMaTpuMBaemyld CxXemy
CpaBHeHUA npuseneH B McTUHre 1.1. NMpoaHanm3mpyem A3bIKOBbIE KOHCTPYKLUKN NPUBEAEHHOTO KOAa B
cnepylowmx nogpasaenax.

Nuctuur 1 — Peanusauua op,Hopa3pﬂp,Hoi7| CcXembl CpaBHEHUA HAa BEHTU/IbHOM YypOBHe

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 ; -- CcyMMa MMHTEpPMOB
pO0 <= (not i0) and (not il) ; -- ompegeneHMe MUHTEpPMa
pl <= i0 and il ; -- ompejeneHye MMHTepMa

end sop_arch;

1.1.1 OCHOBHbIe NeKkcnyeckme npasmia

Koa VHDL sABnsieTcA HeYyBCTBUTE/NbHbIM K CNocoby HanucaHua (pernctpy) cumsonos (case
insensitive), T.e. NPOMNUCHbIE N CTPOYHblE DYKBbI SIBAAIOTCA B3aMMoO3amMeHsieMbiMU. Kpome Toro B Koae
VHDL ponyckaeTca BCTaBAATb AOMNOAHUTENbHble npobenbl M NycTble CTPOKK. WMcnonb3oBaHue
JONONHUTENIbHBIX NPO6E0B U NYCTbIX CTPOK NO3BOAAET cAenaTb Kog 6osee NOHATHLIM.

NaeHTuduKaTopom B Asbike VHDL HasbiBaeTcs MMA 06beKTa (KOHCTaHTbI, nepeMeHHON, GyHKLUN,
CUrHana, nopTa, NOANPOrpPaMmbl, OOBEKTA NPOEKTA, METKM). NaeHTUdUKaTOp MOXKET coaepKaTb 40 26
6YyKB, UMPP M HMKHUX NOAYEPKUBAHWUA (He [OMycKaeTca WMCMoNb3oBaTb bosee OOHOTO CMMBONA
HUXKHEro noadyepkuBaHua noapag). HaumHatbca naeHTUdMKaTOp AO/MKEH TONbKO C ByKBbl. B npumepe
(nmctunr 1.1) ncnonbaylotes cneayowme naeHtudukaTopsl: eql, i0, i1, eq, sop_arch, p0, pl.

B sa3bike VHDL cyliecTBylOT 3ape3epBupOBaHHble Katouesble coBa. B gaHHOM yyebHom nocobum
BCE K/oYeBble C/I0Ba BblAeNeHbl CUHUM LBETOM (ncTuHr 1.1).

KommeHTapuit HauMHaeTca ¢ ABYX CMEXKHbIX AedpUCOoB M NPOAO/IKAETCA A0 KOHUA CTPoKu. Mpwu
cuHTe3e VHDL-npoeKkTa KOMMEHTapumn UrHopupytotca. B aaHHOM yyebHOM nocobum Bce KOMMEHTapum
BblAeneHbl 3e/1eHbIM UBeToM (AncTtuHr 1.1).

1.1.2 Ncnonb3syemble 6MbANOTEKM

OnucaHne obbeKkTa Ha VHDL cocTouT m3 Tpex Yacteit (AucTuHr 1.1): 06bABAEHMA UCNOb3YEMbIX
6ubavotek (library, use), onucaHusa uHTepdeica obbeKTa (entity) M ero BHyTPeHHeN CTPYKTypbl
(architecture).

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

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

B naHHOM cny4yae obbaBnsetcs 6ubnunoreka |IEEE.STD LOGIC 1164, yTo Nno3BONSIET UCNONb30BaThb
COOTBETCTBYHOLLME TUMbI AAHHbIX, ONepaTopbl U GyHKUUK, onpeaeneHHble B AaHHON bubnavoTeke.

1.1.3 NHTepdelic obbekTa

OnucaHne wuHTepdeiica (entity declaration) BKAOYaeT B cebs 06bABAEHME UMEHU OBOBEKTA M
06bABAEHME BXOAHbIX W BbIXOAHbLIX MOPTOB 06beKTa. HuKe npuBedeHO onucaHue UHTepdeica w3
npumepa (AnctuHr 1.1):

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

B paHHOM npumepe B NepBoWi CTpoKe obbABaseTcs uMma obbekta eql. CTpyktypa port
ONMCbIBAET BXOAHbIE U BbIXOAHbIE NOPTbI B cAeaytollem popmare:

umsa_nopTal, uma_nopta2, . . .:  pPeXKMM_curHana TUN_CUrHana ;

[na BXOAHbIX MOPTOB YKa3blBaeTCA BXOAHOM peXMm curHana (in), ANA BbIXOAHbLIX MNOPTOB
YKa3blBaeTCA BbIXOAHOW peum curHana (out). Takke npeaycMoTpeH pexum inout Aans
ABYHanpasBAeHHbIX MOPTOB.

1.14 Tun AaHHbIX U onepaTopbl

VHDL — A3bIK CO CTPOron Tunusaumen. ITO 3HAUUT, YTO AaHHbIE ONPEeAEeNIeHHOro TMna MoryT
NPUHUMaTb 3HAYEHWA, COOTBETCTBYIOWME TO/IbKO AaHHOMY TUMY (Hanpumep, NOTMYECKUIM TUM AaHHbIX
BOOLEAN moXeT NpMHMMATb TONIbKO 3HaueHus MCTUHA (TRUE) v JIOHO (FALSE) n HUKaKue apyrue) n
C AaHHbIMW OnpeaeneHHOro TMNa MOryT BbINOAHATLCA ONepaLunKn, COOTBETCTBYIOWME TOIbKO AAaHHOMY
TMny (Hanpumep, AnA AaHHbIX TMna BOOLEAN uCnonb3yloTca TOJIbKO NOTMYECKME OnepaTtopbl).
HecmoTps Ha TO, 4To B fA3blke VHDL NpMMEHAEeTcA MHOMKECTBO TUMOB AaHHbIX, B AaHHOM y4ebHOM
NnocobumM UCNoNb3yTCA AaNeKO HE BCe — B OCHOBHOM NpumeHsietca Tvn STD LOGIC n ero BapuaHTbl.
3TO CBA3aHO C TeM, YTO OCHOBHOM yrnop B AaHHOM y4ebHOM Mmocobum caenaH Ha CUHTEe3npyemble
KOHCTPYKLUMMK A3bika VHDL, T.e. TaKMe KOHCTPYKLMW, HA OCHOBE KOTOPbIX MOXET ObITb CMHTE3MPOBAHa
peanbHO paboTatolLan cxema.

Tun paHHbix STD _LOGIC onpeaeneH B 6ubnuoteke IEEE.STD LOGIC 1164 v coaepKUT AeBATb
BO3MOMKHbIX 3HauyeHul. Tpu 3HadeHus: ‘0, ‘1’ n ’Z’, cooTBeTCTBYIOLWME JIOTUYECKOMY HY/II0, JIOTUYECKOM
eoMHULE W COCTOSIHUIO BbICOKOTO OMMYECKOro COMPOTUBAEHUA (Z-COCTOAHWUIO), MOryT ObITb
CUHTe3MpoBaHbl. [Ba pgpyrMx 3HadeHus ‘U wn X', KoTopble o03HayaT  “uninitialize”
(“HenHMUManuanpoBaHHbIn”) M “unknown” (“Hen3BeCTHbIN”), MOryT BCTPETUTLCA MPU CUMYAALUU
npoekta (Hanpumep, Koraa curHanbl ‘0O’ u ‘1’ coeamHsAoTCcs B oAHOM Touke). OcTaBluMecs 4YeTbipe

‘

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

Limdposoit cnrHan 3a4acTyto npeacrasaset coboi 4BOMYHON €10BO, T.e. Habop 6uToB. B AaHHOM
cnyyae, Takol curHan yaobHo npeacTaBaaTb TMAOM AaHHbix STD _LOGIC_VECTOR. Hanpumep, 8-mu
B6UTHbIM BXOAHOW NOPT AaHHbIX MOXHO 06BABUTL CAeayloLmMm obpasom:

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

3anuck “(7 downto 0)” o03HauyaeT, 4To B ¢opmaTe uyucna CTapwuii 3Havawmii 6ut (MSB)
pacnonaraetcs KpaliHUM cneBa, a MAaAwWwui 3Hadawmn 6ut (LSB) — KpaiHMM cnpaBa (Takaa ¢opma
3anucK ABNAETCA 0OLWENPUHATON B 3/IEKTPOHMKE, NO3TOMY B AaHHOM y4ebHOM Nocobum UCnosib3yeTcs
MMEHHO 3TOT dopmar). [ BblAeNeHUa YacTM C/10Ba, HaNpumep CTaplmx YyeTbipex 6UT B YKasaHHOM
npumMmepe, MOXKHO MCMNOb30BaThb 3anucb “a(7 downto 4)”; ana BblaeneHUa oTaAenbLHoro buta 13 c/oBa,
Hanpumep HyneBoro 6UTa B yKasaHHOM Npumepe, NnpumeHsaeTca 3anuce “a(0)”.

Ana paHHbix TMna STD_LOGIC n STD_LOGIC_VECTOR onpegeneH pag N0rM4yeckmx onepaTopos,
Takux Kak: HE (NOT), U (AND), U/IN (OR), Ucknrwouarowee U/IM (XOR). Ona undpoBbIX CNOB TUNA
STD LOGIC VECTOR yKasaHHble /lOrMyeckMe onepaunu BbINOAHAOTCA nobutHo. B Asbike VHDL
yKa3aHHble IorMyeckne onepaTopbl 061a4al0T 0AMHAKOBLIM NMPUOPUTETOM, NO3TOMY AJ/18 ONpeaeneHus
nopAAKa BbINOJHEHUA IOTMYECKOTO BbIPAXKeHUA HEODXOANMMO NPUMEHATb CKOOKM, Hanpumep:

(a and b) or (c and d)
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1.1.5 CTpyKTypa 0bbeKTa
BHYTpeHHsA CTPYKTypa 0b6beKTa (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 MUHTEPMOB
p0 <= (not 10) and (not il) ; —-— olnpenejieHMEe MMHTEPMAa
pl <= i0 and 11 ; —— omnpenejieHVEe MMHTEepMa

end sop arch;

VHDL no3BoisieT MHOXECTBY Pas/INYHbIX CTPYKTYP obbekTa (architecture body) npuBsA3sbiBaTbCA K
nHTepdelicy obbeKTa (entity), NO3TOMy CTPYKTypa 06beKTa AOMKHA MMETb YHUKANbHOE UMA ANS CBOEW
naeHtTndbMKaumm, Hanpumep “sop_arch” B npumepe Bbiwe (“sum_of products architecture”).

CTpyKTypa obbekta (architecture body) MoXeT BKAoyaTb B cebsi ceKuumo ana obbaBneHus
BHYTPEHHUX MepemeHHbIX (CMrHanoB) 06beKTa, BCMOMOraTe/ibHbIX KOHCTaHT U T.4. B npuBegeHHOM
npuvmepe, A4ONOAHUTENLHO OOBABAAIOTCA ABE BHYTPEHHME NepemMeHHbIe:

signal p0 , pl : STD LOGIC;

OCHOBHas 4acTb onMcaHMA CTPYKTypbl 06beKTa (architecture body) nomelLeHa mexay KatoueBbiMm
cnosammn begin M end. B npuBeaeHHOM MpuUMepe CTPYKTypa OODBEKTAa OMUCbIBAETCA Tpems
BblparkeHMAMM (statement):

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

pl <= i0 and 11 ;

Mpyv 3TOM, B OT/IMYME OT CTaHAAPTHbIX S3bIKOB NporpammupoBaHusa (Hanpumep C), rae
BbIpaKeHMA (CTPOKM Mporpammbl) BbINOJHAOTCA NOCAEA0BATENBbHO, B A3blKax OMMCaHMA annapaTypbl
HDL npuBegeHHble BbIpaKeHMA (statement) OMNWCbIBAlOT 4YacCTM peanM3yemol CXembl U MOTOMY
BbIMO/IHAIOTCA NapanienbHo (concurrent statements). MepemeHHas cnesa, NPU 3TOM, pPacCMaTpUBaETCA
KaK BbIXOAHOW CWUrHa/A CXeMmbl, Bblpa)keHWe crpasa onpeaenser OYHKUMIO paboTbl CXembl U
COOTBETCTBYIOLWME BXOAHbIE CUTHAs/bI. B KauecTBe Npumepa paccMoOTPUM cieaytolee BbipaxkeHue:

eq <= p0 or pl ;

[aHHOe BblpaKeHMe OMUCbIBAeT CXeMy, peanusyloulyto onepauuio UM mexay BXOAHbIMM
curHanamm p0 n pl. Npu M3MEHEHUU 3HaAYeHWi curHanoe p0 u pl BbiparKeHWe nepecymTbiBaeTca.
PesynbTaT pacyeTa MPUCBAMBAETCA BbIXOGHOMY CUTHaly eq 4epes OnpeaeneHHYyld BpPeMeHHYyto
3aZeP*KKY, 3a4aHHYI0 MO YMONYAHMIO.

lpaduueckoe npeacrasneHne obvekTa (AMCTUHE 1.1) npeacTtaBaeHo Ha pucyHKe 1.2. Tpu yactu
CXeMbl COOTBETCTBYIOT TpeM BbIparKeHUAM (concurrent statements), OMMCAHHbIM Bbiwe (MNOPALOK
CNefloBaHUA BbIPAXKEHMI B KoAe MPOrpammbl HE MMEET 3HAYeHWA, NMOCKO/bKY AaHHble BblparKeHUA
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BbIMO/IHAIOTCA Mapas/ieibHO U MOTYT clefoBaTb B A0bom nopsake). CoeanHEHUs MeXAY YacTAMM
CXeMbl 04HO3Ha4YHO ONpPeaenatoTCA MMEeHaMM NMOPTOB BBOAA/BbIBOAA M BHYTPEHHUX NEPEMEHHDbIX.

i0

i1 (not i0) and (not i1) _|_
€q
pl

pO or 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. BbixofHOM curHan aeqgb NPUHMMAET aKTUBHOE 3HAYeHMe npu
OAHOBPEMEHHOM PABEHCTBE M CTapLUMX M MAAALWUX Pa3paaos a v b. Kak 1 B cayvae ogHopaspsaaHoi
CXeMbl, ONMMCaHMe peannsyem B AN3bIOHKTUBHOW HOPMasibHOM popme:

aeqb:a_i-El-éo-Eo+a‘1-51-a0-b0+a1-b1-§0-50+a1-b1-a0-b0,

roe ai, by — cTaplime paspsagbl CUTHaN0B d U b COOTBETCTBEHHO; do, bo — Mnagwmne paspaabl CUTHaN0B d U
b cOOTBETCTBEHHO;

Kog peanusaummn AByxpaspsaaHOM CXembl CPaBHEHUA NPUBEAEH B IMCTUHTe 1.2,

NuctuHr 2 — Peanusaumsa AByXpaspAgHOM cxemMbl CPaBHEHUS HA BEHTU/IbHOM YPOBHeE

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 eqg2;

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

begin
-- cyMMa MMHTEPMOB
aegb <= p0 or plor p2 or p3 ;
-- omnpejneneHME 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;

BxoaHble NopTbl @ U b B gaHHOM ciydae obbasasatoTcAa Kak STD LOGIC VECTOR. Peanusauus
CTPYKTYpbl 06bEKTa aHaNorMyHa peannsaumm oaHOPaspAAHON CXEMbl — OT/IMYME TONBKO B KOAMYECTBe
MMUHTEPMOB.

1.2 CTpyKTypHOE onMcCaHue CXeM

Undposble cucCTEMbI  CTPOATCA 3a4acCTyl0 Ha OCHOBE HecKoNbKMX 6onee  MpoOCTbIX
YHUOMLMPOBaAHHbIX 6/10K0B. lMpK 3TOM Ha BEpXHEM YPOBHE Mepapxuu onmucaHua UuudpoBO CUCTEMBI
CTPYKTYpPa AaHHbIX YHUOUUMPOBAHHbLIX 6/I0KOB HE PACKPbIBAETCS — OHM NPEACTaBAAITCA «YepHbIMU
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AWMKAMUY Peann3yoWwnMmn KoHKpeTHble ¢yHKUMKU. CTPYKTypa AOaHHbIX GNOKOB pacKpbiBaeTcs Ha
60/1ee HM3KOM YPOBHE Mepapxuu OMUCaHWUSA CUCTeMbl. B CBOIO ouepedb, KaxKObl «YepHbIA ALMK»
MOXKET COCTOSITb M3 HECKOJIbKMX elle 6onee npocTbiX YHUOUUMPOBAHHbLIX 610KOB. CTpPyKTypa 3TUX
YHUPULMPOBaAHHbLIX 6/IOKOB pacKpbiBaeTca Ha elle 6osiee HU3KOM YPOBHE MepapXmMm ONUCAHUA CUCTEMBI
M T.4. TakOM noaxod, 3HAYUTE/IbHO YMNPOLLAIOWMI MPOoLEcC NMPOEKTUPOBAHMA M aHanM3a CAOXHbIX
UMOPOBLIX CUCTEM, MOJIYYMN HA3BAHWE CTPYKTYpPHOE WUAM MEepapXMUYecKoe onucaHue cxem. B Asbikax
onucaHus annapatypbl HDL yHuduumpoBaHHble 6/0KM, KOTOpPble MCMO/b3YIOTCA B BWUAE TFOTOBbIX
OObEKTOB Ha BEpPXHEM YPOBHE OMUCaHMA CUCTEMbI, MOAYYMAU Has3BaHWe instance (0bpa3 obbeKTa), a
npoueaypa pasmMmelleHns 6/10Ka Ha BEpPXHEM YPOBHe - instantiation.

B KayecTBe a/nbTepHaTMBbI ANA peanv3auuu ABYXPaspsagHOM CXeMbl CpPaBHEHWUA (AUCTUHT 1.2)
NPUMEHNUM OMMUCaHHbIN Bbille CTPYKTYPHbIN Noaxod — B KadecTse yHMdULUMpPOBaHHOro 610Ka (instance)
AN NOCTPOEHUA ABYXPa3pALHON CXeMbl CPAaBHEHMA WMCMNO/b3YeTCA roToBad OAHOPa3psAAHaA cxema
(nmctunnr 1.1). CTpyKTypa ABYXpaspsAHOM CXeMbl CPaBHEHUA, peasin3oBaHHas yKasaHHbIM crocobom,
npeacTasfieHa Ha pucyHke 1.2. B npuMBeAeHHOM CTPYKTYpe MCNOb3yeTcs ABE OA4HOPA3psAAHblE CXEMbI
cpaBHeHusa eq_bit0_unit u eq_bitl_unit, ocywecTtsasowme cpaBHEHME MAAAWUX WU CTAPLWIKX OUT
BXOZHbIX CMTHa/NIOB COOTBETCTBEHHO M 3/1IeMEHT M, Ha BXO[, KOTOPOro NoAatoTcA CUrHasbl C BbIXOA0B
YKa3aHHbIX cxem. Takum o6pa3om, BbIXOAHOM CUrHaA aeqgb NPUHUMaET aKTMBHOE 3HavyeHue npu
OLHOBPEMEHHOM PABEHCTBE U CTAPLUNX M MNAALWMNX PA3pAL0B d U b.

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

PucyHok 10wmnbKa! TeKcT yKa3aHHOro CTUAA B AOKYMEHTE OTCYyTCTBYET..2 — Peanusauma AByxXpaspaaHoi CXembl CpaBHEHUA Ha
OCHOBE 04HOPa3pPAAHbIX 610K0B

CooTBETCTBYIOLWMNI KOA peanm3aumnmn AByXpa3paaHoi CXeMbl CPAaBHEHUA NPUBEAEH B ANCTUHTe 1.3
(OnucaHune nHtepdelica (entity declaration) aHanNoOrMYHO Koay B IUCTUHIe 1.2, NO3TOMY B AMCTUHre 1.3
He npusBoauTCA).

NnuctuHr 3 — OnucaHue CTPYKTYpPbl ABYXPA3pAAHOI 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) 6mokxa eql mnsT 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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MpueepeHHbIt Kog (nuctuHr 1.3) BKAtoyaeT ABe npoueaypbl Bbi3oBa 6/10Ka, peanusyloliero
OAHOPA3PAAHYI0O CcxeMy cpaBHeHuA (AnctuHr 1.1). PaccmoTpum noapobHO CUMHTaKCUC npouesypbl
BbI30Ba (instantiation statement) Ha npumepe BbizoBa 610Ka eq_bit0_unit:

eq bit0 unit: entity work.eql (sop_arch)

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

Mpoueaypa BbiI30Ba HauyMHAETCA C OODBAB/NEHUSA YHUKANbHOTO MMEHW Bbi3blBaemMoro 6/10Kka, B
AaHHOM cnyyae — eq_bit0_unit. 3aTem ykasbiBaeTcs HasBaHue 6ubaunotekun (library name), B KoTopoit
BbI3bIBAEMbI ONO0K HaxoAMTCA — MO YMOJIYAHUIO Bbi3biBaemble 6/10KM pacnonaratotca B pabouei
6ubnnoteke work cosgasaemoro npoekrta. MgeHTndurkatopbl eql n sop_arch — nmeHa nHtepdeiica n
apXUTEKTYPbI BbI3bIBaEMOro 6/10Ka COOTBETCTBEHHO (MCTMHT 1.1). BTopasa yacTb npoueaypbl Bbi30Ba
3aK/l0YaeTcs B MpPMBA3KEe MOPTOB BBOAA BbiBOAa (port mapping) Bbi3biBaemoro 610Ka K CTPyKType
npoekTta (pucyHok 1.2). Takum obpa3om, npoLeaypa Bbi3oBa (instantiation statement) peanunsyet cxemy,
3aK/MOYEHHYIO B «4ePHbIN ALLMKY, Ybs GYHKLMA onpeaenserca B oTaebHOM 610Ke (instance).

1.3 YnpaxHeHU

Cxema «bonblle Yem» CpPaBHMBAET Mexay cobol 2 BXoga a v b n aKTMBU3UPYET BbIXod, Npu
ycnoBuu, ecnm a bonbwe b. Tpebyerca paspabotatb 4-x paspagHyto cxemy «bosblle Yyem» Ha
BEHTU/IbHOM ypOBHe. [115 3TOro:

1. PaspaboTaTb TabaMLy UCTUHHOCTU 2-X pPa3pALHOM cxembl «bosiblIe YEM» M 3aMMcaTb JIOTUKY ee
paboTbl B COBEPLIEHHOWN AU3BIOHKTUBHOW HOpManbHOW popme. Ha OCHOBAHUM MOAYYEHHOTO
BblpaykeHus, paspaboTatb VHDL-KoA, MCNO/b3YHO TO/IbKO NOrMYECKNe onepaTopbl (BEHTUN).
PaspaboTaTb TecToBbIi Moayb (testbench) ana mogenvpoBaHusa paboTbl 2-X paspsaaHON CXEMBI.
Mcnonb3ya 4 non3yHKOBbIX NepeKkoyaTenn Ans opraHM3aummn Bxoaa cxembl U 1 ceetoamnos, ans
OpraHvM3aumMy BbIXO4A, CUMHTE3MPOBATb CXEMY W 3arpy3anTb KOHOUIypauMOHHbIM ainn B
OT/NIaf04HYO NAaTy. MpoTecTMpoBaTh CXeMmy.

4. Wcnonb3ya pas3paboTaHHylo 2-X paspagHylo cxemy «bosnblle 4Yyem», 2-X paspagHYyl Ccxemy
CPaBHEHMA W MUHMMANbHOE KOJIMYECTBO AOMNOAHUTENBHOMW JIOTMKU CNPOEKTUPOBATL 4-X
pa3pagHyto cxemy «bosblie yem». CHayana HapuMcoBaTb CTPYKTYPHYIO CXEMY, @ 3aTeM, COrNacHO
cxeme, paspaboTaTtb cooTBeTcTBYOWMIM VHDL-KOA.

5. PaspaboTaTb TecToBbIi MOAy/b (testbench) ana moaennpoBaHmna paboTbl 4-x pa3pagHOM CXeMbI.
Mcnonb3ya 8 NON3yHKOBbIX NepeKkaodaTens Ans opraHM3aunm Bxoaa cxemol u 1 ceetoamnon, ans
OpraHM3aumMy BbIXO4A, CUMHTE3MPOBATb CXEMY W 3arpy3anTb KOHOUrypauMOHHbIM dain B
OTNaA0u4HYto naaty. MpoTecTMpoBaTb CXEMY.
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2 I[IpoekTpOBaHMEe KOMOMHALMOHHBIX CX€eM Ha PerucTpoBOM
YPOBHeE
BBeaeHue

B nepBoi rnaBe paccMaTpPUBAAMUCL MNPOCTblE CXEMbl, OMWCAHHbIE Ha BEHTU/JLHOM YPOBHEe
abcTpakumm (gate level), ¢ npumeHeHMeM 6a30BbIX NOTMYECKUX BEHTUNEN, PEANUIYIOMX OCHOBHbIE
Nlornyeckue onepaumn. B gaHHoN paboTe paccmaTpuBaeTcA NPOEKTUPOBAHUE CXEM CPeaHel cTeneHu
WHTErpaLmm, TakMX Kak CyMMaTopsbl, gewndpaTopbl, MyabTURAEKCOpbl U T.4. OnucaHme nogobHbIX cxem
BbINOJIHAETCA Y)Ke He Ha BEeHTW/IbHOM YpPOBHe abcTpakumu (gate level), a Ha Tak HasbiBaeMom
pPerucTpoBom unan dyHKUMOHaNbHOM ypoBHe (RT-level). Ha gaHHOM ypoBHe abcTpaKuMy OnucbiBaeTcs
nosegeHune cxembl (ee ¢yHKuUMsA). B Havane rnasbl BbINOJHEH 0630p ONEPATOPOB U KOHCTPYKLMIN,
NPUMEHAEMbIX 4151 ONUCAHNA CXEM Ha PErMCTPOBOM YPOBHE.

2.1 OnepaTopbl U KOHCTPYKIMHU PETUCTPOBOTO YPOBHS ONMUCAHUSA CXEM

B AononHeHWe K NOrMYECKMM onepaTopam, PacCMOTPEHHbIM B MEpPBOW rnase, ONA CUHTE3a
KOMBMHALMOHHbIX CXeM MPUMEHAIOTCA onepaTopbl cpaBHeHus (relational operators) M HekoTopble
apudmeTnyeckne onepatopbl (arithmetic operators). B gaHHOW rnaBe paccmaTpuBaloTcA AaHHble
onepaTtopbl U pa3HoobpasHble VHDL-KOHCTpYKUMM Ha Mx ocHoBe. B Tabnauuax 2.1 n 2.2 npuseaeHsl
OCHOBHble onepatopbl VHDL, npumeHaemble ANA CMHTE3a CXEM, U TUNbl AaHHbIX, C KOTOPbIMK AaHHble
ornepaTopbl paboTator.

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

oneparop onucaHue TUN AaHHbIX ONepaHAoB TUN AaHHbIX pe3yabTaTta
a**h BO3BEeAEHUNE B Integer integer
cTeneHb

a*b YMHOXeHue TMN integer ucnonb3yeTca A

a/b aeneHve KOHCTAHT M rpaHuL, MacCMBOB.

a+b CYMMUpPOBaHUE He cunTesupytorea!

a -b BblUMTaHUE

a&hb KOHKaTeHaumA 1-D array, element 1-D array

a=b aBEHCTBO .

a/=b H(F:paBeHCTBO noboit boolean
a <b MeHbLUE Yem

a<=b MeHbLLE YeM Un

PaBHo scalar uam 1-D array boolean
a>b 60nblue Yyem
a>=b 6onbLle yem nm
paBHO

not a oTpuLLaHKUe
aandb 4 boolean, std_logic,

aorb iz . TAKOWM e KaK y onepaHaos

std_logic_vector

axorb UCKAoYatollee

nn
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Tabauua 2.2 — OnepaTopbl M COOTBETCTBYIOLME TUNbI AaHHbIX 6u6anoTekn IEEE.NUMERIC_STD package

onepartop onucaHue TUN AAHHDbIX ONEepPaHAoB TN AAHHbIX pe3y/ibTaTta
*
a : apmd)MequeCKme unsigned, natural UnSigned
a+ . . .
a b onepaumu signed, integer signed
a=b
a/=b
a <b onepauum unsigned, natural boolean
a<=b CpaBHeHuA signed, integer boolean
a>b
a>=b

2.1.1 OnepaTtopbl cpaBHEHUA

B craHgapte VHDL wucrnonb3yetca LlecTb OMNepaTtopoB cpaBHeHuA: = (paseHcTBo), [= (He
paBeHCTBO), < (MeHblle yem), <= (MeHblle Yem uan pasBHo), > (6onblie yem), >= (6onblue Yem UK
paBHO). [laHHble onepaTopbl BbIMOHAOT OMnepauMn CpaBHEHMUA MEXKAy onepaHgamy OAHOro TMna U
BO3BpalLAOT pe3ysbTaT sorudeckoro Tmuna BOOLEAN. B gaHHOM yyebHOM nocobum Tun AaHHbIX
BOOLEAN HanpAmMylo He MCNONb3yeTcA, O4HAKO Onepauum CpaBHEHUA MPUMEHAKOTCA B PA3AUYHbIX
YCNOBHbIX KOHCTPYKUMAax VHLD, KoTopble onpeaenAlT CTPYKTYpPYy CXeMbl NpPU ee CUHTe3NPOBaHUM.
MoAapobHO TakMe KOHCTPYKLMM pacCMOTPEHbI B pasaesne 2.2. Onepatopbl CPaBHEHUSA CUHTE3UPYIOTCA B
BMAE KOMMAPATOPOB.

2.1.2 ApndmeTtnyeckme onepaTopsl

B ctraHpapte VHDL apudmeTnuyeckme onepatopbl onpegesneHbl gas TMNOB AaHHbix INTEGER
(uenouncnerHbit) 1 NATURAL (HaTypanbHble uncna). JaHHble TUMbl UCMONb3YIOTCA ANA KOHCTaHT U
rPaHuL, MaccuBOB, HO He ANA CUHTEe3a.

bubaunoteka IEEE.NUMERIC_STD package

Ons  npumeHeHne apuPmMeTUYECKMX OnepaTopoB MNPU  CUMHTE3E CXEeM  WCMOJ/b3yeTcs
aononHuTtenbHaa  6ubnmoteka  IEEE.NUMERIC_STD  package  (tabnmua  2.2). BubaunoTteka
IEEE.NUMERIC_STD package nob6aBnseT ABa AOMNOJHUTENbHbIX TUNA AaHHbIX: unsigned (6e33HaKoBbIN) U
signed (3HaKoBbI1) M onpeaenseT onepaTopbl CPaBHEHWA U apudMeTMYEeCcKMe onepaTopbl AaA 3TUX
TMNOB AaHHbIX. TUNbI AaHHbIX unsigned u signed onpeaeneHbl Kak maccus anemeHToB TMna STD _LOGIC.
[aHHbI MaccMB MHTEPNPETUPYETCA, KaK ABOWMYHOE NpeAcTaB/leHMe 3HAKOBOro MM 6e33HaKoBOro
uenoro yncna. Ana ucnonbsosaHMA onepatopos U3 6ubamnotekn IEEE.NUMERIC_STD package (Tabnuua
2.2) ee Hy}XHO 06BABUTb BHa4asie NPOeKTa:

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

use IEEE.NUMERIC STD.ALL, —-— obBbaABJieHMe OubOIMOTexM numeric std
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KoHBepTauua TMNOB AaHHbIX

Mockonbky VHDL saBnaetca A3bIKOM cO cTporoi Tunmusaumei, STD_LOGIC_VECTOR, unsigned wm
signed TPaKTylOTCA KaK pas/iMyHble TUMbl AaHHbIX, HECMOTPA HA TO, YTO BCE OHW MPEeACTaBAAT coboi
MmaccuMB anemeHToB Tuna STD LOGIC. [Ons KoOHBepTauMuM JAaHHbIX W3 OAHOro TWna B APYro
ncnonbaytoTca OyHKUMM KoHBepTauum (Tabnuua 2.3). Obpatute BHMMAHWE, 4YTO [JaHHble TuUMa
STD_LOGIC_VECTOR npeacTtaBnsatoT coboit Habop BMTOB U HE MHTEPNPETUPYIOTCA KaK YMC10, NOITOMY
AaHHble TMna STD LOGIC VECTOR He moryT 6biTb KOHBEPTUMPOBaHbI B UenouncaeHHbid Tmn INTEGER
HanpAMYyto 1 HaobopoT.
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Tabnuua 2.3 — KoHBepTauusa TMNOB AaHHbIX

Tun aaHHbIX @ KoHBepTMpoBaTh B ... dyHKLMA KOHBEpTaLUn
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)

Huke npuBeaeHbl NPMMepPbI NPaBUAbHOW U HEMPaBUIbHOW KOHBEPTaLMM TUNOB AaHHbIX. [ycTb B
npoeKkTe 06bABEHbI Cneaylolmne AaHHble:

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 CneayloLLme BblpaxKkeHUs:

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

Bce npuBeaeHHbIe BbipaxKeHUA oWnboYHbl. HeobxoaMmo gaHHble, HaxoaaLMecs B NpaBol YacTu
BbIPaXKeHU NPUBECTU K TUMY AaHHbIX, HaXOAALIMXCA B IEBOMN 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)); —-— BupaxeHue BEpPHO

OﬁpaTMTe BHMMaHMe, 41O ONA nocnegHero Bblpa*XeHnAa UCcnonb3oBajnUCb [ABe d)yHKLI,MVI
KOHBepTauunu.

Tenepb pPacCMOTPUM BblpaXKeHUs, MCNOAb3ylolMe apudmeTUyeckme onepatopbl. Cneayouime
BbIpaXEHMUA BEPHbl MOCKO/IbKY Onepartop «+» onpeaeneH Ana TUMNOB AaHHbIX unsigned u natural B
bmnbnumoteke IEEE.NUMERIC _STD package:

ud <= ul + u2; -- BolpaxeHue BepHOo. OBa omepaHza Tuna unsigned

ud <= u2 + 1; -- BrpaxeHme BepHO. OnepaHnu Tuna unsigned m natural

C Apyroi CTOpPOHbI, CleAyloLLne BblparkeHUA ABAAIOTCA HEBEPHbIMMU, MOCKOIbKY A1A AAHHbIX TMMA
STD_LOGIC_VECTOR apudmeTmyeckune onepaummn He onpesgeneHsi:

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

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

MCIIOJIb3YyEeMBIX TUIIOB IOaHHBIX

Ona peweHnsa npobnembl HEOHXOAMMO BbINOJHUTL KOHBEPTALMIO OMepaHaoB K Tuny unsigned
(nnm signed), BBLIMOMHUTL WX C/IOMEHWE, a 3aTem pe3y/bTaT KOHBEPTMPOBATb 0OpPaTHO K TuMy
STD_LOGIC_VECTOR:

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

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

Onepatop KOHKaTeHaumm «&» coeamHseT (CKNemBaeT) CcermeHTbl 3/1EeMEHTOB 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; -- Coepmuusier pBa 4-xX paspsanHix cjosBa a4 B OIHO
8-Mu paspsimHOe b8

c8 <= al & al & a4 & “00”; -- CoepmHsieT gBa 6uTa al, 4-x pas3pssgHOe CJIOBO
a4 m 2-x paspsinHoe cnoBo «00» B omHO 8-Mum
paspsinHoe cioBO c8

d8 <= b8(3 downto 0) & c8(3 downto 0);-- Coeguusier 4 MIagumMx paspsaga 8-MM pPasSPSAIHOIO
cnoBa b8 m 4 mnamumx paspsina 8-MM pPasSpsAHOIO
cinoBa c8 B omgHOo 8-Mm paspspgHoe cioBo d8

OnepaTtop KOHKaTeHaUUN «&» NpU CUHTE3E CXEeMbl BbIMOAHAETCA NYTEM COEAMHEHUA BXOAHbIX U
BbIXOAHbIX CUTHANO0B, TaKMM 06Pa3oM ANA ero peannsaumm TPebyoTca TONbKO «MPOBOAHUKMNY.

OCHOBHOE NMpUMMeEHEHUe onepaTopa KoHKaTeHaumn «&» - onepauumn casura (shifting operations).
B npumepe HWMKe onepaTop «&» MpUMEHseTca AAa peanmsauuu cABura AaHHbIX Ha GUKCMpOBaHHOE
KOJIMYECTBO HUT:

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 6uTa

shl <= “000” & a(8 downto 3); -- CaBur BOpaBo Ha 3 6uTa C BaloJIHEHMEM
cTapumx 6MT HYyJISMM (JIOTMYECKMUMA CHABUT)

sha <= a(8) & a(8) & a(8) & a(8 downto 3); -- Caeur BmpaBo Ha 3 6uTa C paclMpeHUEM
yMcna o BHakKy (apubMeTmueckmit CABUI)

Z-cocTofiHue

Tun  paHHbix  STD LOGIC nomumo  3HadeHnit ‘0" wu  ’'1"  copepsut  Z-cocTosiHue
(BbICOKOMMMNEAAHCHOE  COCTOAHWE),  XapaKTepusylollee  Pa3soOMKHYTYHO  Uefb. Z-cocToAHUne
CUHTE3UPYETCA WUCKIIOUYUTENBHO C NMOMOLLBIO TpexcTabunbHbix 6ydepos (tri-state buffer). YcnosHoe
0603HayeHne U Tabauua UCTUHHOCTM TpexcTabuabHoro bydepa npeacTasneHbl Ha pucyHKe 2.1 n B
Tabauvue 2.4 COOTBETCTBEHHO.
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oe

PucyHokK 2.1 - YcnoBHoe 0603HavyeHue TpexcrabunbHoro 6ydepa

Ta6bnuua 2.4 - Tabanua MCTUHHOCTU TpexcTabunbHoro bydepa

oe y
0 z
1 an

PaboTa TpexcrabunbHoro 6ydepa KOHTPOAMpPYETCA BXOAOM pa3spelleHusa oe (output enable) koraa
oe = ‘1’, BXOAHOM curHan nepegaerca Ha Bbixod bydepa, Korga xe oe = ‘0’ BbixoaHas uenb bydepa
pa3oMKHyTa, T.e. bydep HaxoauTcA B Z-cocTOAHMU. Koa, onucbiBaloWMIA TpexcTabunbHbi Bydep
BbIFIAQUT Cieayowmnm obpa3om:

y <= a in when oe = "1’ else 'Z’;

MpuBeaeHHOe Bbile BbIPaXKeHMe Ha3biBaeTcA «npucsaMBaHMeM MNO ycnosua» W byaer
paccmoTpeHo 6onee noapobHo B pasgene 2.2.1. OCHOBHOE NMPUMEHEHUEe TpexcTabuabHoro bydepa —
peanusauma AsyHanpasieHHoro nopta Beoaa/sbiBoaa (bidirectional port) ana 6onee paumoHanbHoro
MCMNONb30BaHNA KOHTaKTOB MMKpocxem (I/O pins). Mpumep AByHanpaB/ieHHOro nopTa MoOKasaH Ha

sig out »4—» bi

PucyHOK 2.2 — [iByHanpaBaeHHbl nopT

PUCYHKe 2.2.

CurHan dir ynpasnseT HanpasaeHnem nepeaaun aaHHbix. Korga dir = ‘0’ TpexctabunbHbiit 6ydep
HaxoAmMTcA B Z-COCTOAHUM U cUrHan sig_out 3a610KMpoBaH — BbIBOA, bi cnonb3yeTcsa Kak BXOAHOM nopT
(sig_in). Korpa dir = ‘1’ BbiBoA, bi ucnonb3ayetcs Kak BbIXOAHOW MOPT M CUrHan sig_out BblaaeTcs BO
BHeLwHoto uenb. VHDL-Koa, onucbiBaloLwWmMiA ABYyHaNpaBieHHbI NopT (PUCYHOK 2.2) NpUBELEH HUKE:

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 — sA3blK €O CTPOro TunuM3auuenl [AaHHbIX, MO3TOMY MPU MNPOEKTUPOBAHUM CXEM
HaYMHAOWMMKN  pa3paboTyMKamM 4YacTO MOXKHO BMAETb OWKBKY «Type mismatch». Hwuxke
pPe3loMUPYIOTCA OCHOBHbIE NMPaBWa, NO3BOAAIOLME M3beKaTb NOJOOHbIX OWMOOK. MOCKONbKY AaHHOe
yyebHoe nocobue HaueneHo npexae BCEro Ha CUMHTe3Wpyemble KOHCTpyKuun VHLD, npasuna
NPMBOAATCA A/1A CUHTE3UPYEMbIX TUMOB AAHHbIX U ONEepPaTopOB.:

e [lpy 0ObABAEHUM BXOAHbLIX W BbIXOAHbIX NOPTOB (entity declaration) W BHYTPEHHMX
curHanos (signals), He 3aA4eNCTBOBaHHbIX B apuUPMeETUUECKUX onepaLusax, UCMONb3yinTe
Tnnbl gaHHbix STD_LOGIC n STD_LOGIC_VECTOR.

e lcnonb3yiTe 3HaYyeHUe ‘Z’ TONbKO A8 CUHTE3MPOBAHMA TPEXCTabunbHbIX bydepos.

e [lpu 06bABNEHMU BHYTPEHHUX CUTrHanoB (signals), yyacTByloWMX B apuPMeTUYECKMX
onepaumax, ucnonbayite bubanotery IEEE.NUMERIC_STD package u 3arpy*kaemble c Hel
TUNbI AaHHbIX unsigned (6e33HaKoBbIN) U signed (3HaKoOBbIM).

e lcnonb3yiTte GyHKUMM KOHBepTaumm (Tabaunua 2.3) ana npeobpasoBaHMA AaHHbLIX TUNa
STD LOGIC _VECTOR B unsigned nau signed 1 Haobopor.

e lcnonb3yiTe BCTPOEHHbIM TWUM AaHHbIX integer u apudmeTMyeckne onepaumm pas
334,3aHWNA KOHCTAHT M rPAHUYHbIX 3HAYEHUIA MACCMBOB, HO He AN1A CMHTe3a.

e lcnonb3yiTe pesynbTaTbl ONEPATOPOB CPaBHEHUA, UMeKLWMX TUN AaHHbix BOOLEAN B
Pa3/INYHbIX YCNOBHbIX KOHCTPYKUMAX VHLD (pa3gen 2.2), HO He ANa cMHTe3a.

2.2 Hcnosib3oBaHMe mapa/UleJIbHBIX ONEpaTopoB IpUCBaMBaHUA B
YCJIOBHBIX KOHCTPYKUuAX VHLD

«MpuceamBaHne no ycnosuo» (conditional signal assignment) u «npucsavBaHMe No BbiIBOPY»
(selected signal assignment) sBnatoTca napanfienbHbIMM KOHCTPYKUMAMK (concurrent statements) B
VHLD. ®YHKLUMOHANbHO AaHHble KOHCTPYKUMW HAMOMMHAOT onepatopbl if n case B TPaAMUMOHHbIX
A3blKax MNPOrpPaMMUpPOBAHUA, HO B OTANYME OT TPAAULMOHHbLIX A3bIKOB KOHCTpyKumn B VHLD
BbINOJIHAIOTCA NapannenbHoO, a He nociefoBaTesibHO. [JaHHble KOHCTPYKLMU ONpesensatoT CTPYKTypy
CXEMbI NPU €e CUHTE3UPOBAHUM.

2.2.1 NpuceaunBaHue 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
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value expr n;

bynesbl BblpaxkeHua (boolean_expr) noouyepedHO MPOBEPAIOTCA MOKA OAHO M3 HUX He
OKa3blBaeTCA MCTMHHbIM W COOTBETCTBYlOLLEE BbiparkeHWe (value_expr) npucBamMBaeTcs curHany
signal_name. B cnyyae ecnn Bce 6yneBbl BbIParKEHWA JIOXKHbI CUTHaAy NPUCBAMBAETCA 3HauyeHue
value_expr_n.

CTpyKTypa «npucBamBaHMe Mo YCNOBUKO» CUHTE3UPYETCA B KACKAAHYHO NMPUOPUTETHYIO CXemy Ha
6a3ze mynbtunsiekcopos 2 B 1. YcnoBHoe 0b603HayYeHne 1 Tabanua UCTUHHOCTM MyJsibTUnaekcopa 2 8 1
nokasaHbl Ha pucyHKe 2.3 1 Tabauue 2.5 coOoTBETCTBEHHO.

i0

il 0

sel

PuUcyHok 2.3 — Cxema mynbtunaeKkcopa 2s 1

Tabauua 2.5 — Tabamua MCTUHHOCTU My nIbTUNIEKcopa 2 B 1

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

PaccmoTpym Nprmep cMHTE3a CNesylolero Koaa:

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

a-b when m > n else

c +1 ;

KackagHasa npuopuTeTHas cxema, B JaHHOM C/lyyae, Peasnnsyercs C MOMOLLbIO COeaUHEHMUS ABYX
MynbTUNAEKcopoB 2 B 1 (pucyHok 2.4).
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cxema GoOpMMPOBaHUA
curHanos «value expressions» KackagHas

/ NPUOPUTETHAA CXeEMA

O T,

cxema 6yneBbix BbipaXKeH UM
«boolean expressions»

PUCYHOK 2.4 — CuHTEe3MpPOBaHHAA CXeMa, peann3yoLwan KOHCTPYKLUMUIO KNpUCcBauBaHUE MO YCI0BUIO»

Cxema paboTaer cnegyrolmMm obpasom: ecim UCTUHHO NepBoe byneBo BbipaxeHne (m = n), To
cymma curHanos (a + b + c) nepepaetca Ha BbIXOA4 CXEMbl Y; €C/M e WCTMHHO BTOpoe 6yneBo
BbipaykeHue (m > n), To Ha BbIXOA Y NepenaeTcs pPasHOCTb CUrHanoB (a - b); Bo Bcex ocTanbHbIX cayyasx
(m < n) Ha BbIXxoA, cxembl NepegaeTca curHan (c + 1).

ObpaTtuTe BHMMaHMe, 4To cxema dopmMpoBaHUA curHanoB (value expressions circuit) n cxema
b6yneBbix BblpaxeHuit (boolean expressions circuit) BbINoOAHAIOTCA MapannenbHo (pucyHok 2.4).
BbIxOOHbIE CUTHa/Mbl Cxembl OyneBbIX BblpaXKEHUIM WCMONb3YIOTCA KaK CUrHanbl Bblbopa B
MY/NbTUMNIEKCOPAX, a BbIXOAHbIE CUTHANbl CXembl (GOPMUPOBAHUA ABAAIOTCA MHGOOPMALUOHHbLIMU
CUrHaNamM, U3 KOTOPbIX BbIBUpaeTca HeOBXOAMMbIN CUTHAN M NOZAETCA Ha BbIXO4, Cxembl F. Kosnyectso
cTyneHei (My/lbTUNIEKCOPOB) B KacKaAHOW NPUOPUTETHON cxeme (pucyHok 2.4) cooTBeTCTBYeT
Konmyectsy when-else ycnosuit B KOHCTpyKumnmn. bonblwoe Konnyectso when-else ycnosuii npusoaut K
CUHTE3NPOBAHUIO OJIMHHON LLENW KackagoB M, KaK CeacTBME, K 3HAUYMTE/IbHOW BPEeMEHHOM 3adeprKKe
(propagation delay) paboTbl cxembl.

Hu)Ke npuBefeHbl fABa NPOCTbIX MPUMMEPA MCMOJb30BAHMA KOHCTPYKLMU «MNpUCBaMBaHWe Mo
ycnosuio» (conditional signal assignment). MepBbiM NPUMEPOM ABAAETCA NPUOPUTETHDIN 4-X Pa3pAAHbIA
wudpaTop (priority encoder). JaHHbIN WndpaTop MMEET YeTblpe BXOAHbIX 3anpoca (requests): r(4), r(3),
r(2) n r(1), KoTopble 0b6beauHeHbl B 4-X paspAgHbIA BXOA F, Npuyem cTapwuii 6ut r(4) nmeert
HauBbICWIMIA npuopuTeT. BbixogHoi curHan pcode npeactaBnset coboit ABOMYHBLIA KO BXOAHOMO
3anpoca C HamBbICWIMM NpuopuTeTomM. Tabanua UCTUHHOCTU NpuopuUTeTHOro wudpaTopa NpuseaeHa B
Tabanue 2.6. CuHTesnpyemblit HDL Kog npuBeaeH B AUCTUHre 2.1.
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Tabnuua 2.6 — Tabanua UCTUHHOCTU 4-X pa3pa4HOro NPUOPUTETHOrO WKndpaTopa

Input Output

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

Nuctuhr 2.1 — CuHTE3 NpUopUTETHOTO WKMdpPATOPa C NPUMEHEHME KOHCTPYKLMKM «npucBanBaHue no ycnosuio» (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

A\Y 0 0 0 ” ;
end cond_arch;

B npuBegeHHOM Koge (McTuHr 2.1) cHayana nposepsAeTca cocToAHue 3anpoca r(4) u, B cnydae
€C/IN OH aKTMBEH, Ha Bbixo4 nepegaetca Kog “100”. Ecam 3anpoc r(4) He aKkTMBEH nNpoBepaeTcs
COCTOAIHME CeAyoLLero Mo NPUOPUTETY 3anpoca, T.e. r(3) u T.4. NoKa He ByayT NpoBepeHbl OCTa/bHble
3anpochl.

BTOpbIM NPUMEPOM MCNOMb30BaHUA KOHCTPYKLMM «NpucBamMBaHMe no ycnosuto» (conditional
signal assignment) ana cMHTE3a cXem ABNAETCA ABOUYHbLIV AewundpaTtop. ABonyHbin gewmndpatop n-g-2"
npeobpasyeT ABOWYHbLIA N-paspAgHbIA KoA B YHUTAPHbIN 2"-paspagHblii (Ko4, B KOTOPOM aKTUBHbLIM
ABNAETCA TONIbKO OAUH 6UT). Tabanua NCTUHHOCTU ABOMYHOTO AelundpaTopa 2-B-4 npusBeeHa B
Tabnunue 2.7. Cxema aewmndpatopa AONONHUTENbHO MMEET BXOJ4, paspelleHus paboTbl en (enable).
CuHTesnpyemblit HDL Kog, gewmdpaTtopa npuBeaeH B ANCTUHIE 2.2.

Tabauuya 2.7 — TabamMua MCTUHHOCTU 4BOMYHOrO aewudparopa 2-8-4

0 x x 0000
1 0 0 0001
1 0 1 0010
1 1 0 0100
1 1 1 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 npueeaeHHOM Koae (AMCTUHT 2.2) M3Ha4YabHO NPOBEPSAETCA COCTOAHUE CUTHaNa paspelleHus
en, ec/in CUrHan akTUBHbIN, T.e. en = ‘1’, To nocnegoBaTenbHO NpoBepAtoTca 4 BXOAHbIE KOMOMHALMK
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;

®PYHKUMOHANBHO «NpUCBanBaHME NO BbIGOPY» HaANOMWHAET OMepaTop case B TPAAULMOHHbIX
A3bIKaX NPoOrpaMmupoBaHua. [aHHasA  KOHCTPYKUMSA NpuUcBaMBaeT HeobXxoauMmoe  3HayeHue
(value_expression) BbIXOAHOMY CUTHa/Y Sig B 3aBUCMMOCTM OT 3HAYEeHUs curHana Bbibopa sel. Kaxkabiii
KOHKpeTHbI Bblbop (choice_i) npeactasnser coboli KOHKpPeTHOe 3HayeHue UAM Habop 3HayeHult sel.
Kaxabli BbIOOp A0NXKEH BKAOYaTb B cebs ntoboe 3HaveHme sel He yalle ogHoro pasa, HO NpU 3TOM Bce
BEPOATHble 3HayeHMA sel [O/KHbI MPUCYTCTBOBATb B CTPYKType. [NA OTpParKeHUA B CTPYKType
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HEeMCMNoNb3yEMbIX BapWaHTOB MCMO/b3yeTca cay:kebHoe cnosBo others, KoTopoe uWcnonb3yeTcs B
0653aTeNIbHOM NOPAAKE U BKAOYAET B CebA TaKKe He CMHTe3npyemble 3HadYeHua (X, ‘U’ u 1.4.).

Ctpyktypa «[pucsamsBaHuMe no BbIGOPY» CUHTE3MpyeTcA B cxemy Ha 6ase myabTUMeKcopa.
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 maaHHOM cnyyae curHan sel moxkeTt npuHMmatb 4 3HayeHusa (“00”, ”01”, “10”, “11”). NoaTomy
cxema OyaeT cMHTe3MpoBaHa B BMAE MynbTunaekcopa 4 8 1 ¢ curHanom Bbibopa sel (pucyHoK 2.5).
YcnosHoe ob6o3HavyeHMe U Tabanua UCTUHHOCTM My/bTUNAeKcopa 4 B 1 NOKasaHbl HA PUCYHKe 2.6 u
Tabauue 2.8 cooTBETCTBEHHO.

cxema ¢opmmpoBaHUA
curHanos «value expressions»

/ cxema

a| | MyNbTUNJIEKCOPa
b, * [+ | :
c + f——00
B .
| : 01 r
| - 10
i 11
i +1 i
. ___ |
sel

PucyHOK 2.5 — CUHTe3MpOBaHHaA CXema, peasnsyioLas KOHCTPYKLUIO «MpUCcBanBaHUeE No Bbibopy»
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Tabnuuya 2.8 — Tabanua UCTUHHOCTU My bTUNNEeKcopa 4 B 1
sel y
00 i0
01 il
10 i2
11 i3

PUcyHOK 2.6 — Cxema mynbtunaekcopa 4 s 1

B pe3synbTaTte cxema (pucyHOK 2.5) paboTaeT cneayoumm obpasom: cymma curHanos a+b+c nepepaérca
Ha BbIXOA, I NpW 3HauyeHMn curHana sel “00”; pasHoCTb cMrHanoB a-b nepeaaértcs Ha BbIXo4 r Npu
3HauyeHuu curHana sel  “10”; curHan c+1 nepenaércs Ha BbIXO CXeMbI F Npy 3HaYeHuu sel “01” n “11”.
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