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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
npoiiecca MPOEKTUPOBAHMS, MPOBEACHUE MPOCKTHBIX PACUETOB U TEXHUKO-3KOHOMHUYECKOE
000CHOBaHNE PUHUMAEMBIX PEILICHUH.

2 MecTo TMCUMIIMHBI (MO1YJIsI) B CTPYKTYpe 00pa3oBaTe/bHOil IPOrpaMMbl

Jucuumnuaa OCHOBBI MPOEKTUPOBAHUS SJIEKTPOHHOM KOMIIOHEHTHOM 0a3bl BXOAUT B
qacTh yd4eOHOro TtuiaHa (OPMUPYEMYIO0 yYaCcTHHUKaMU O00pa30BaTEeNbHBIX  OTHOIICHHIA
00pa3oBaTeNbHOI TPOrPaMMBI.

JUis  u3ydeHus ~ JAWCHUIUIMHBI  HEOOXOAWMBI  3HAHUS  (YMCHHS,  BJIAJICHUSA),
c(hOpMHUPOBAHHBIE B PE3YJIbTATE U3yUEHUS TUCIUILINH/ PAKTUK:

JluckpeTrHas MmaTeMaTHUKa

Nudopmarrka u napopMalnoHHbIE TEXHOJIOTUI

®u3nKa KOHJICHCUPOBAHHOTO COCTOSHUS

®dusuka

Marematuka

OneMeHTH! HU(POBOM TEXHUKH

CxeMoTexHUKa

3HaHus (YMEHHUs, BIAJEHUS), MOTYYCHHbIE IPU U3yYEHUH AAHHON AUCLHUILIIMHBI OyayT
HEOOXOIUMBI JIJISl U3YYCHHSI UCIIUILTIH/TIPAKTHK:

CAIIP ycTpOoiCTB IPOMBILIIIEHHOM 3JIEKTPOHUKHU

OCHOBBI TEXHOJIOTHH NEKTPOHHONH KOMITOHEHTHOM 0a3bl

3 Komnerenuun odyuarouierocs, popMmupyemMbie B pe3y/ibTaTe 0CBOEHUS

AUCHUILUIMHBI (MOYJI5) ¥ IJIAHUPYEMBbIe Pe3y1bTAThl 00y4YeHH s

B pesynprare OCBOEHHS JUCHMIUVIMHBI  (Moaynsi) «OCHOBBI  IPOEKTUPOBAHMS
JJIEKTPOHHOM KOMIIOHEHTHOM 0a3bl» 00ydaromuiics JOoJKeH o0JIafaTh  CIeIyHOLUMU
KOMIETEHIVMSIMU:

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

ITK-1 CnocoOeH pa3pabaTbiBaTh CTPYKTYPHBIE U (DYHKIIMOHAIBHBIE CXEMBI JIEKTPOHHBIX CUCTEM
Y KOMIUIEKCOB, TPUHIMIIAAIBHBIX CXEM YCTPOUCTB € UCIOJB30BAHUEM CPEJICTB KOMIIBIOTEPHOTO
INPOEKTUPOBAHUS, TPOBEIECHUEM  IPOEKTHBIX PpPacyeToB U  TEXHUKO-3KOHOMHYECKUM
000CHOBaHHEM TPUHUMAEMBbIX PEIICHUN

[K-1.1 Pa3pabaTpiBaeT 3CKU3HBIN TPOEKT, BKIIOYAIOIIMUNA: BBHIOOD CTPYKTYPHOMH
CXEMBI DJICKTPOHHOTO YCTPOMCTBA WJIM CHCTEMBI ITyTEM COMOCTABJICHHS
pPa3NMYHBIX BapHAHTOB M WX OICHKH C TOYKU 3PEHHS] TEXHUUYECKUX U
YKOHOMHYECKUX TPEOOBAHUI; paCCUUTHIBACT BCE HEOOXOMMBIEC ITOKA3aTEITN
CTPYKTYPHOM CXEMBI AJIEKTPOHHOTO YCTPOMCTBA UITU CUCTEMBI, B TOM YHCIIE

noKa3aTeiun KadecTBa; BBIOMpAET "u 00OCHOBBIBAET CXEMBI
BCIOMOTraTeIbHBIX VCTPOMCTB
[IK-1.2 [Tpou3BOIUT TEXHUKO-IKOHOMHYECKOE 00OCHOBAHUE MPUHSATOTO PEIICHUS 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:

— KoHTaKkTHas padota — 39,05 akan. 4acos:
— aynuTopHas — 38 akaJ. 4acoB;

— BHeaynutopHas — 1,05 akaz. yacos

— caMocTosTenbHas pabora — 68,95 akan. gacos;

dDopMa arrecTaluu - 3a4cT

AynutopHast ) =
o | xouraxTHas pabora E 3 ®dopma TeKyIero
= B
= 3 )31 KOHTPOJIS
Pasnen/ Tema 3 (B axaj. uacax) S A . P Kon
S & © | caMOCTOSITeNIbHOM | yclieBaeMOCTH U
JIMCLIUTIIAHEI 5 [ ., | KOMIIETeHIIUH
@) 2 £ paboThI TIPOMEKYTOUHOM
nmab. | mpakT. | 53 ATTeCTAlNH
Jlek. < S 11
3aH. | 3aH. | QU &
1. OCHOBBI IPOEKTUPOBAHHS
11 CoBpeMeHHas
CamocrosTenpHOe
3JEKTPOHHAs o KonTponpnas IIK-1.1,
3 10 [u3yueHue yueOHOMH
KOMITOHEHTHas 0aza. pabota IK-1.2
JUTEPATYPHI
Knaccudukanus. O6nactbh patyp
1.2 IIpoekrupoBanne
JIEKTPOHHOU CamocrosTenpHOe
KOMH(I))HGHTHOfI 0assbr: 4 10 |usyuenne yue6uoit| ~<OTPOTPHAA MIK-11,
) v i pabora TIK-1.2
OCHOBHBIC 3Talbl U YPOBHU JINTEPATYPBI
POEKTHPOBAHUS
13 Cucrembt
ABTOMAaTH3UPOBAHHOTO 7
nmpoektupoBanust  (CAIIP).
00630p CAIIP JUTst CamocrosTensHoe
Pa3IHIHBIX ypoBHEH n3ydeHue yaeOHou
MPOEKTUPOBaHUA.  SI3bIKU 4 onn | 20 JIUTEPATYPBHI. KonrponbHas IK-1.1,
OTIMICaHUS anmapaTrypsl [MoaroroBka k pabota TIK-1.2
HDL. CkBO3HOE MPaKTUYECKUM
MPOEKTHPOBAHNE 3aHATHSIM
IU(POBBIX YCTPOMCTB Ha
ocHose TIJIMC B CAIIP ISE
WebPACK Xilinx
Hroro no pazaeny 11 921 | 40
2. MoaenupoBaHue
2.1 Buapl MoIenupoBaHUsS
W THUIBI  MOJeNell Ha
Pa3INYHBIX JTamnax
CamocrosTenpHOE
MPOEKTHUPOBAHUSL. JBvaeHIe VIeOHO
Henomsosarme VHLD- u y;me az Bl KonrponbHas IK-1.1
SPICE-mozereii. 7| 4 521 | 20 PatypEL. b o
Ioaroroska pabota IK-1.2
MopnenupoBanue  pabOThI
U(PPOBBIX  YCTPOHCTB € MPAKTHHECCIIM
3aHITHSM
MIOMOIIBI0 BCTPOCHHOTO B
CAIIP ISE WebPACK
cumyssitopa Isim.




2.2 Pa3paboTka NpoeKTHOU
JIOKYMEHTALHH.

Koundurypuposanue IIINC CaMOCTOHTeHbHO?
. n3ydeHue yueOHoH

¢ TIOMOIPIO_BCTPOCHHOM B JIUTEPaTyphl KonTponbHas MK-1.1

CATIP ISE  WebPACK 4 521 | 895 paTypel. b b
Ioaroroska pabota IK-1.2

MPOTPAMMBI Impact.
MPaKTHYECKHM

TecTupoBaHue TOTOBBIX

. 3aHITHSIM

YCTPOHCTB.

JTAG-unTtepdeiic.

HUroro no pazaeny 8 10/41 | 28,95

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

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




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

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. MypcaeB, A. X. IlpaktukyM Mo mnpoektupoBaHuto Ha s3bikax VerilogHDL wu
SystemVerilog : yue6HOe mocobue / A. X. Mypcaes, O. U. bypeneBa. — 2-e u3a., crep. —
Cankr-Ilerepoypr : Jlamp, 2018. — 120 ¢. — ISBN 978-5-8114-2560-0. — TekcT :
AIIEKTPOHHBIH // Jlanb : 3JIEKTPOHHO-OUOINOTEeYHAS cucTema. — URL:
https://e.lanbook.com/book/103142 (mata obpamenus: 20.10.2020). — Pexum moctyma: s
aBTOPH3. MTOJIb30BATENCH.

2. Ilerpos, M. H. MoaenupoBaHrne KOMIIOHEHTOB M DJIEMEHTOB MHTETPAIBHBIX CXEM :
yuebHoe nocodue / M. H. Iletpos, I'. B. I'ynkos. — Cankr-IlerepOypr : Jlanp, 2011. — 464 ¢. —
ISBN 978-5-8114-1075-0. — Tekct : snexkTpoHHBIHN / JlaHB : 3IIEKTPOHHO-OMOIMOTEYHAS
cucrema. — URL: https://e.lanbook.com/book/661 (mara oOpamenus: 20.10.2020). — Pexum
JOCTYTIA: ISl aBTOPHU3. TIOJIb30BATEIICH.

0) lonmotHuTeIBLHASI TUTEPaTypa:

1. Olyka, A. A. Dnektponuka: Yuebnoe nocodue / lllyka A.A. - CI16:bXB-IlerepOypr,
2008. - 751 cISBN 978-5-9775-0160-6. - Tekct : omektponnbri. - URL:
https://znanium.com/catalog/product/350420  (nmara ooOpamenus: 21.10.2020). — Pexum
JIOCTYIMA: 10 MOATHCKE.



https://e.lanbook.com/book/103142
https://e.lanbook.com/book/661
https://znanium.com/catalog/product/350420

B) MeToauyeckue ykazanus:
Metoanueckre peKOMEHIALNH [0 BBIIOJIHEHUIO IPAKTUYECKHUX 3aJJaHUN ITPECTaBICHbI
B IIPHJIOKEHHUH 3.

r) [IporpammHoe obecneuenue u UnTepuer-pecypceni:

IIporpammHoe o0ecnieueHue

Haumenosanue I1O No noroBopa CpoK eCTBUS JTUIEH3UU
MS Windows 7
Professional(mus  |/1-1227-18 ot 08.10.2018 11.10.2021
KJIACCOB)
MS Off_lce 2007 Ne 135 o1 17.09.2007 06eccpodHo
Professional
IS.E. WebPACK becmuiatnoe I10 06eccpouHo
Xilinx

IIpodeccuonanbablie 6a3bl JAHHBIX 1 HH(OPMAIMOHHbIE CIPABOYHbIE CHCTEMbI

Ha3BaHue kypca Ccblika

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

9 MaTtepHaJIbHO-TEXHHYECKOE o0ecTeueHne TUCIUTILIHHBI (MOLYJIs1)

MatepuraabHO-TEXHHYECKOE 00eCTIeYeHNEe TUCIIUTUTHHBI BKITFOYACT:

JlexkimonHas ayautopus: MynbTUMEIUITHBIE CpEICTBAa XpaHEHUs, INepeaadyd U
npescrasieHus naGopmaru (ayd. 458).

Kommerotepusiit  kmacc:  [lepcoHanbHble  KOMMBIOTEPHI € YCTaHOBIEHHBIM
cnenuanu3upoBannom [10 st mpoekTupoBanus snemeHTHOH 0a3bl (ISE WebPACK Xilinx)
(aym. 357).

AynuTopus s CaMOCTOSITEIIBHON PabOThI: KOMITBIOTEPHBIA KJIACChl; YUTAIBHBIC 3aJIbI
oubmuoreku: IlepcoHanbHbie KoMIbioTepbl ¢ maketom MS Office, Beixomom B MHTEpHET U ¢
JOCTYTIOM B  DJIGKTPOHHYIO HWH(OPMAIMOHHO-00pPa30BaTEIbHYIO Cpeldy YHHBEpPCHUTETA.
[lepcoHanbHblE  KOMIIBIOTEPHl C  YCTAHOBJICHHBIM  crHenuanusupoBaHHom [10 s
npoekTHpoBanus 3eMenTHo! 6a3sl (ISE WebPACK Xilinx) (aya. 357).

[Tomemenne nns  XpaHeHHs] U TPO(UIAKTUYECKOTO OOCTY)KUBaHUS y4eOHOrO
obopynoBanusi: Cremnaxu, ceiidpl Ay XpaHeHUs] yueOHOro obopyaoBanus. HCTpyMEeHTHI 1715
peMoHTa 000pyI0BAHUS.


https://scholar.google.ru/

[NPMJIOXEHUE 1

6 YueOHO-MeTOoqMYECKOE 0OOecTIedeHHe CAaMOCTOATE/IbHOM padoThl CTYAeHTOB
[lo mucummumae «OCHOBBI NMPOSKTHPOBAHMS 3JIEKTPOHHOM KOMITOHEHTHOW Oa3b»
IpeyCMOTPEHa ayIUTOPHAs U BHEAYJUTOPHAs CAMOCTOATENIbHAS Pab0Ta 00yJatOMIUXCS.

Ay,HHTOpHaH CaMOCTOATCIIbHAA pa60Ta CTYACHTOB mnmpeamnojaaracTt

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

pelieHue

AKP Nel «CoBpemeHHast 2JIeKTpoHHast KoMIoHeHTHas 0a3a. Kiaccudukamnms. O6macTsb

MMPUMCHCHU:

1.

HBOo~NoOTRWN

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

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

Kakwue simeMeHThl BXOZAT B MOACIIb an6opa BaKYYMHOﬁ QJICKTPOHHUKMU.

Kakue a1nexTpoHHO-1y4YeBble TPUOOPHI Bl 3HAETE?

Yro Takoe MoJylnpoOBOIHUKOBBIN 3JIEKTPOHHBIN Tpubop?
Knaccugukanus moxynpoBOJHUKOBBIX TIPHOOPOB.

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

Cdepa mpuMeHeHMs ONTOIEKTPOHUKH

Uro Takoe nHTErpaibHas cxema?

Knaccugukaius uHTErpaabHbIX cxem?

UTo 3HaYUT TEXHOJIOrMYECKas HOpMa UHTETPaJIbHON CXeMbI?
OneMeHTHast 6a3a MHTETPAIbHBIX CXEM.

Uro Takoe 3akaznas C

Yro Takoe nosysakasnas MC?

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

Yro Takoe norudeckuii anement UC?

Uro Takoe noruveckas UC koMOMHAaIMOHHOTO THMA?

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

AKP No2 «IIpoexTrpoBaHue 3JIE€KTPOHHON KOMIIOHEHTHON 0a3bl: OCHOBHBIE 3TaIlbl U

YPOBHU MPOEKTUPOBAHUSDY:

el o

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

Uro Takoe KpEeMHHUEBBIM YpOBEHb NpoeKkTHUpoBaHus. Kakwne

MMPUMCHAIOTCS HAa JTAHHOM YPOBHC.

Uro Takoe TpaH3WCTOPHBIM YPOBEHb MNpOeKTHpoBaHuA. Kakue

MMPUMCHAIOTCS Ha JTAHHOM YPOBHC.

Uro Takoe BEHTWIBHBIM ypOBEHb IpOeKTHpoBaHusA. Kakwue

MMPUMCHAIOTCS HAa JTAHHOM YPOBHC.

Uto Takoe perucTpoBbIi YpOBE€Hb MpoeKkTupoBaHus. Kakue

IMPUMCHAIOTCS HAa JTAHHOM YPOBHC.

Uto Takoe mMpoLECCOPHBIA YpOBEHb NpoekTHupoBaHusA. Kakue

MMPUMCHAIOTCS HAa JTAHHOM YPOBHC.

Uto Takoe CHCTEMHBIM ypOBEHb NpoeKTUpoBaHus. Kakue

MMPUMCHAIOTCS HAa JTAHHOM YPOBHC.

IMPUMHUTHBBL

IIPUMHUTHUBBL

IMPUMHUTUBEBL

IIPUMHUTHUBBL

IIPUMHUTHUBEBL

IMPUMHUTHBBL
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10. B uém 3akirogyaeTcsi MPUHIIMIT YIIPABICHHUS CIOXKHOCTBIO (abcTparupoBaHue) MpU
pa3paboTKe 2JIEKTPOHUKH.

11. KakoBa coBpemenHast uH(ppacTpykTypa npousBojacrsa MC.

12. Yo npencraBistoT co00i KpeMHUEBBIE (haOPUKH.

13. Yro Takoe IP-610k.

14. Knaccudukanus [P-6110k0B

15. B uém orimmume nporpammubix [P-6510x0B ot anmapatabix [P-6110kx0B.

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

17. Dranbl npoekTupoBanus 3akasHoi NUC.

18. Oranbl npoexktupoBanus MC Ha CTaHAAPTHBIX sYEHKaX.

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

AKP Ne3 «Cuctemsl aBromatusupoBanHoro npoextuposanus (CAIIP). O630p CAIIP

JUTS pa3IMYHBIX YPOBHEW MPOEKTHpOBaHuUsA. SI3piku onmucanus anmaparypsl HDL. CkBo3HOe
npoektupoBanue Udpobix ycrpoiicts Ha ocHoBe IIJIMC B CAIIP ISE WebPACK Xilinx»:

17.
18.

19.

20.

21.

22.

23.

24.

25.
26.

217.

Uro Takoe A3bIk onucaHus annapatypst HDL.

KakoBbl mpeumyiiectBa pa3paboTku cxembl Ha ©6a3ze HDL mo cpaBHeHHIO CO
CXEMOTEXHUYECKUM CIIOCOOOM.

YTto Takoe JOrMYeCKHUil CHHTE3 CXEMBI.

Kakue CAIIP pa3pabotku MC Bbl 3HaeTe?

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

Jlornueckuii cunte3 C Ha cTaHIapTHBIX slUEHKax.

Jlornueckuii cunres3 cxem Ha [IJIMC.

Uro Takoe KpUTHYECKUI MyTh HUPPOBOM cXxeMbl?

Kakwue si3pIkH onucaHus anmaparypsl Bbl 3HaeTe?

. UeM oTnmnyaroTCs CUHTE3UpYeMble CTPYKTYpHI si3bika HDL oT HecuHTe3upyembix?

. Kakumu crioco6amu MOXHO MOBBICUTH OBICTpOIeiCTBHE U(POBON CXEMBI?

. B uéMm 3axmrouaeTcss KOMIPOMUCC TUIONIAAb KpUCTaIIa/ObIcTpoaeicTBIE?

. Uto Takoe cuHXpoHHas 1udpoBas cxema?

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

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

. Uem ormmuaercs tun paHHeix STD_LOGIC or STD_LOGIC_VECTOR B s3bike

VHDL.

B uém otnmume o0bekTa port or oobekra signal B si3pike VHDL.

Kakue 3HaueHus mojaaepkuBaeT TUM AaHHBIX Unsigned B si3eike VHDL. SBnsiercs mu
JTAHHBIN TUI CUHTE3UPYEMBIM?

Kakue 3HaueHus mojanepkuBaeT TUN JaHHBIX INteger B si3bike VHDL. SBnsercs mu
JTAHHBIN TUI CUHTE3UPYEMBbIM?

SIBnsieTcst MM BBHICOKOMMIIEJAHCHOE COCTOsIHUE Z CHHTe3upyeMbIM B s3bike VHDL?
Ecnu na, To Kakast cxeMa CHHTE3UpyeTcs?

KakoB cHHTaKcHc CTpYKTYphl «IpucBamBaHHe 1o ycioBuio» (conditional signal
assignment) B sizpike VHDL. B Kakyro cxemy 1aHHasi CTpYKTypa CHHTE3UPyeTCs?
KakoB cunTakcuc crpykrypsl «[IpucBamBanue mo BeIOOpY» (Selected signal
assignment) B sizpike VHDL. B Kakyro cxemy gaHHasi CTpyKTypa CHHTE3UpyeTcsi?
KakoB cunrakcuc onepatopa if B si3pike VHDL. B Kakyro cxemy mgaHHas CTpykTypa
CHUHTE3UpyeTcs?

KakoB cunTakcuc omeparopa case B s3pike VHDL. B Kakyrwo cxemy nanHas
CTPYKTypa CUHTE3UpyeTCs?

st gero B si3ike VHDL ncnonb3yercst cTpykTypa process?

Pa3zpaboraTe OJHOPA3pAIHYIO CXEMY CpPaBHEHMs] Ha BEHTHJIBHOM YpOBHE Ha f3BIKE
VHDL.

Pa3zpaborats Ha si3p1ke VHDL cxemy aemmdparopa 2 B 4.

10
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28. Pazpaborare Ha s3pike VHDL cxemy mnpeoOpa3oBarens IBOMYHOIO KOJa B

CEMUCETMEHTHBIN.

29. Pazpaborars moxyns Ha VHDL, Beruncisromuii 4etsipexBxooByt0 ¢pyHknuo XOR

(ucxmouatromee NJIN).

30. Pa3pabotats Ha s3pike VHDL cxemy 4-x pa3psiiHOro CUETUHKA.

31. Pa3pabotats Ha s3p1ke VHDL cxemy 4-x pa3psaHOro cymMMaropa 4uces Co 3HAaKOM.
32. Inst yero npumensiercst generic B sizpike VHDL.

33. UTo 3HaYuT nmapamMeTpu3oBaHHas cxema?

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

35. Pazpaborate Ha s3bike VHDL cxemy caBHroBOro perucrpa ¢ mapauieabHON

3arpy3Komu.

36. Pa3paborates Ha si3pike VHDL cxemy KOHEYHOro aBTOMaTa il JIETEKTHPOBAHHS

nepeaHero GpoHTa CUrHaa.

AKP Ne3 «Bunel MoaenupoBaHHWs W THUIBl MOJENEH Ha pPA3IMYHBIX H3Tarax

npoektupoBanus. McmonszoBanne VHLD- u SPICE-moneneii. MonenupoBanue padbOThI
1 QpOBHIX ycTpoicTB ¢ omoribko BcrpoenHoro B CAIIP ISE WebPACK cumyisitopa Isimy:

1.

2
3.
4.
5

N o

8.

9.

Yro takoe cpeaa tectupoBanus (testbench).

Uto Takoe cpena TECTUPOBAHUS C CAMOITPOBEPKOIA?

Yro Takoe QPyHKIHOHAILHOE MOICIMPOBaHNE?

Yporuu Bepudukanmu CBHUC.

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

Yro Takoe paHI0MHU3AINSA TECTOBBIX Bo3aercTBHiA (Stimulus)

UYro Takoe orpannucHHas (Constrained) paHgoMu3aiis TECTOBBIX BO3ACHCTBHI

YeM oOTIMYaeTCA KOJOBOE TOKPHITHE OT (YHKIMOHAIBLHOTO TIOKPHITHS MpPH
BEpU(PUKALIUU CXEMBI?

Yro Takoe METpHKa Mpu BeprdHKaiuu cxeMbl? Kakue METPUKH UCTIONB3YIOTCS?

10. Yto Takoe IMYISAIUS CXEMBI?
11.Yto Ttakoe ¢QopmanbHas MpoOBEpKa HKBUBAJIEHTHOCTH Ha JTalle CHUHTE3UPOBAHMUS

CXEeMBI?

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

CpaBHCHMU.

14. Hantucats testbench va VHDL nns cxemsl permmdgparopa 2 B 4.
15. Hariucats testbench ma VHDL nmns cxembl mpeoOpa3oBatessi JBOUYHOTO KOJa B

CEMHCETMEHTHBII.

16. Hanmcats testbench ma VHDL ¢ camonpoBepkoit s 4-x paspsimHoit cxembl XOR

(uckmouatomee NJIN).

17. Hancats testbench na VHDL anst cxemsr 4-X pa3psiIHOTO CUETYHKA.
18. Harmcats testbench ma VHDL mms cxembl 4-X pa3psHOTO CyMMaTOpa YHCEN CO

3HaAKOM.

19. Hantmcats testbench va VHDL aist cxembl 8-1 pa3psiiHOTO perucTpa.
20. Hancats testbench ma VHDL nanst cxeMbl CIBUTOBOTO PErHCTpa C MapauieIbHOMN

3arpy3Koil.

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

CHUI'Hajlia.

AKP Neo5 «Pazpaborka mpoekTHOW mokymeHTtanuu. Koudurypuposanue ITJIMC c

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

1.

YT0 Takoe UMILUIEMEHTALINA?

11
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KakoBbl OCHOBHBIE PEKOMEHIAIIUU 110 Pa3MEIIEHHI0 OJIOKOB Ha KpucTasie?
Yrto Takoe ciaou metasuinzanuu B UC?
UYrto Takoe TpaccupoBka?
[TprMeHeHre MaHX3TOHOBCKON T€OMETPUH ITPU TPACCUPOBKE.
Uro Takoe pusnueckas Bepupukamms MC?
Uto takoe DRC npoBepka?
Urto takoe ERC nposepka?
Urto takoe LVS nposepka?

. Urto takoe GDSII ¢opmat?

. YUto takoe JTAG Tectupoanue?

. UTo Takoe 1eno4yka TeCTUpOBaHUSI?

. Uto Takoe BcTpoeHHOe camotectupoBanue BIST?

. BctpoeHHOe camoTecTUpOBaHUE ITAMSATH.

. Uto Takoe nepudepuitHoe cCkaHupOBaHUE?

. PeanuzoBath onHOpa3spsaHyto cxemy cpaBHeHus Ha Oaze I[IJIMC Spartan 3E.
Onpenenuts OpIcTpoaEiCTBIE cXeMBbI U 3aTpaueHHble pecypebl IIJINC.

. PeanuzoBath cxemy aemmudpartopa 2 B 4 Ha 6aze [IJIMC Spartan 3E. Onpenenuth
ObICTpO/ICHCTBIE CXEeMBI U 3aTpadeHHbIe pecypcenl [IJINC.

. PeanuzoBarh cxemy npeoOpas3oBaTelisi IBOMYHOIO KOJa B CEMHUCEIMEHTHBIN Ha 0aze
[IUJINC Spartan 3E. Onpenenuts OBICTPOACHCTBHE CXEMBI U 3aTpPadyeHHBIE PECYpPCHI
[JINC.

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

[IJIMC Spartan 3E. Onpenenuth OBICTPOJCHCTBHE CXEMBI U 3aTpau€HHBbIE PECYPCHI
[JINC.

20. Peanu3oBath cxemy 4-x paspagHoro cuétumka Ha Oaze IIJIMC Spartan 3E.

Omnpenenuts OpIcTpoaEICTBIE cXeMBbI U 3aTpaueHHble pecypebl IIJINC.

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

Spartan 3E. Ompenenuts ObICTpOACHCTBUE CXeMBI U 3aTpadeHHble pecypcsl [TJIUC.

22. Peanu3oBath cxemy &-u paspsaHoro peructpa Ha O6aze [IJIMC Spartan 3E.

Omnpenenuts OpIcTpoaECTBIE cXeMBbI U 3aTpaueHHble pecypebl IIJINC.

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

Spartan 3E. Ompenenuts ObICTpOACHCTBIE CXeMBI U 3aTpadeHHble pecypest [TJIUC.

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

Spartan 3E. OmnpenenuTh ObICTpOACHCTBHE CXEMBI U 3aTpadeHHbie pecypcsl [IJINC.

BHCay,ZlI/ITopHaH CaMOCTOATCIIbHAA pa60Ta o6yqa10nmxc51 OCYHICCTBJIACTCA B BHUIAC

HU3YUCHUA JTUTCPATYPHI IO COOTBETCTBYIOIICMY pa3acily C npopa60TK0171 Marcpurajia.
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7 OneHo4YHbIe CPeACTBA 1JIsl IPOBEAeHHUS IPOMEKYTOYHOM aTTeCTAllUH
a) Ilmanmpyemsie pe3ynbTaThl OOyuUeHHs] M OLIGHOYHBIC CPEICTBA MJISi NPOBEICHUS

HpOMe}I(YTO‘IHOfI arrecranuu:

CtpyKTypHBII
JIEMEHT

KOMIICTCHII N

[Tnaaupyemblie pe3ynbTaThl
0o0y4eHus

O1neHOYHBIC CPEACTBA

[1K-1: Criocoben pa3pabaTeiBaTh CTPYKTYpPHBIC M (DYHKIIMOHAIBHBIE CXEMBI JJIEKTPOHHBIX
CHCTEM U KOMIUICKCOB, TPUHIUITUAIBHBIX CXEM YCTPOMCTB C UCTIOIB30BAHUEM CPEJICTB
KOMITBIOTEPHOTO ITPOEKTHPOBAHNS, TPOBEICHUEM ITPOCKTHBIX PACYETOB U
TEXHUKO-9KOHOMHUYECKUM 00OCHOBAHUEM NMPHUHUMAEMBIX PEIICHUN

IK-1.1

PazpabaTbIBaeT SCKU3HBINA MPOEKT,
BKJTIOUAIOIIUI: BEIOOP CTPYKTYpPHOM
CXEMBI 3JIEKTPOHHOT'O YCTPOHCTBA
WA CUCTEMBI ITyTEM COMOCTaBIICHUS
Pa3IMYHbIX BAPUAHTOB U UX OLIEHKU
C TOYKH 3pEHUS TEXHUYECKUX U
SKOHOMMYECKUX TPEOOBaHUM;
paccuMThIBaeT BCE HEOOXOAUMBbIE
II0KA3aTENN CTPYKTYPHOM CXEMBI
3JIEKTPOHHOI'0 YCTPOMCTBA MU
CUCTEMBI, B TOM UHUCJIE [10Ka3aTeIn
KayecTBa; BBIOUpaeT U
00OCHOBBIBAET CXEMBI
BCIIOMOTaTEJIbHBIX YCTPONCTB

— Ymo maxkoe A3bIK onucauus
annapamypuol HDL.

— Kaxoevl npeumywecmaa pazpabomku
cxemwl Ha 6aze HDL no cpasnenuio
€O CXEMOMEXHUYECKUM CHOCOOOM.

— Ymo maxoe nocuueckuii cunmes cxembi.

— Kaxue CAIIP paspabomxu HUC 6bi
3Haeme?

— Kakue CAIIP onsa paspabomku cxem Ha
baze IIJIUC gvl 3naeme?

— Jloeuueckuii cunmes UC na
CMAHOAPMHBIX AYEUKAX.

— Jloeuyeckuii cunmes cxem na IHJIHAC.

— Ymo makoe Kpumuueckuu nymo
yugpposou cxemol?

— Kaxkue azviku onucanus annapamypbi
6bl 3Haeme?

— Yem omauuaromes cunmesupyemvle
cmpykmypul saizvika HDL om
HeCuHmesupyemuix?

— Kakumu cnocobamu modicHo nogvicumas
bvicmpodeticmaue yupposou
cxemul?

— B uém 3axknmouaemcs komnpomucc
naowadsb
Kpucmania/ovicmpooeticmeue?

— Ymo maxoe cunxponnas yugposas
cxema?

IIpakmuyeckue 3a0anus.

— Paspabomamv 00nopaspsaomnyio cxemy
CPABHEeHUs. Ha BeHMUTLHOM YPOBHE
Ha a3vike VHDL.

— Paspabomamy na sizvike VHDL cxemy
Odewuppamopa 2 6 4.

— Paspabomams na sizeike VHDL cxemy
npeobpazosameins 080UYHO20 KOO 6
cemMuce2MeHmMHbIUL.

— Paspabomams mooyae na VHDL,
BHIUUCTIIOUUL YeMbIPEXEX0008YI0
@ynryuro XOR (uckrrouarowee
Hjin).

— Paspabomamy na sizvike VHDL cxemy
4-x paspsaono2o cuémuuxa.

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

— Paspabomams na sizeike VHDL cxemy

13
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8-u paspsonozo pecucmpa.

— Paspabomams na sazeixke VHDL cxemy
CO8U206020 pecucmpa c
napainenrbHoul 3a2py3Koll.

— Paspabomamy Ha sizbike VHDL cxemy
KOHeuH020 a6momMama Oisl
OemeKmupo8anus nepeorHezo
@ponma cuenana.

— Peanusosamv o0nopaspaouyro cxemy
cpasnenus na oase IIJIUC Spartan
3E. Onpedenums bvicmpooeticmaue
cXembl U 3ampayerHbie pecypcol
IIc.

— Peanuzosamo cxemy oewugppamopa 2 6
4 na 6ase IJIUC Spartan 3E.
Onpedenums bvicmpooeticmaue
cXembl U 3ampayerHble pecypcol
ITc.

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

— Peanuzosambs uembvipexexo0o6yio
@yuxyuro XOR (ucknrouaiowee
HJIN) na 6ase IIJIUC Spartan 3E.
Onpedenums bvicmpooeticmaue
cXeMbl U 3ampayentbie pecypcol
IIIcC.

— Peanuzosamv cxemy 4-x paspsonoeo
cuémuuxa Ha 6aze I[IJIUC Spartan
3E. Onpedenums bvicmpooeticmaue
cXeMbl U 3ampayennbie pecypcol
IIIcC.

— Peanuzosams cxemy 4-x paspsaonozo
CYMMamopa wuces co 3HaKoMm Ha base
TUUTHAC Spartan 3E. Onpedenumy
ovicmpodeticmeue cxemul u
sampayenuvie pecypcol IIJIHC.

— Peanuzosamo cxemy 8-u paspsonoeo
peaucmpa na base I1JIUC Spartan
3E. Onpedenums b6vicmpodeticmaue
cXembl U 3ampayentvie pecypcol
IIIcC.

— Peanusosams cxemy c06uc06020
peaucmpa ¢ napanierbHol 3a2py3Kol
na 6aze IVIUC Spartan 3E.
Onpedenums dvicmpooeticmaue
cXembl U 3ampayennbie pecypcol
IIIcC.

— Peanuzoeams cxemy 0emexkmupo8anus
nepeoHne2o (hpponma cucnania Ha basze
IVINC Spartan 3E. Onpedenums
ovicmpodeticmeue cxemul u
sampayenuvie pecypcol IIVIHC.

I1K-1.2

[IpousBogut
TEXHUKO-3KOHOMHUYECKOE
000CHOBaHNE PUHATOTO PEIICHUS C
pacueramu ce0ECTOMMOCTH
YCTPOMCTBA U CTOUMOCTH €0

— [lepeuucnume ocHoGHble 2mansi
npoussodcmea UC

— Ymo sexnouaem 6 cebs cneyugurayus
Ha paspabamvleaemyto UC

— Kakoea uepapxusa npoexmuposanus
ChJIC.
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9KCIUTyaTalliH; CPAaBHUBAET C
aHaJIOraMu 110
TE€XHUKO-3KOHOMUYECKUM
XapaKTepUCTUKaM

— Ymo maxkoe kpemuuesulii yposeHs
npoexmuposanus. Kaxue
NPUMUMUBH] NPUMEHAIOMCS HA
OaHHOM YpO8He.

— Ymo maxoe mpan3ucmopHblii yposeHsb
npoexmuposanus. Kaxue
NPUMUMUBH NPUMEHAIOMCA HA
OaHHOM YpOGHe.

— Ymo makoe 6eHmubHblll YPOBEHD
npoexmuposanusi. Kaxue
NPUMUMUBHL NPUMEHAIOMCA HA
OaHHOM YpOGHe.

— Ymo maxkoe pecucmposbiil yposeHsb
npoexmuposanus. Kaxue
NPUMUMUBH] NPUMEHAIOMCS HA
OaHHOM YpOgHe.

— Ymo makoe npoyeccopmbvlii ypogeHd
npoexmuposganus. Kaxue
NPUMUMUBHL NPUMEHAIOMCA HA
O0aHHOM yposHe.

— Ymo makoe cucmemmwiii ypogeHs
npoexmuposanusi. Kaxue
NPUMUMUBHL NPUMEHAIOMCA HA
O0anuHOM yposHe.

— B uém 3axarouaemces npunyun
VAPABAEHUSL CLIONCHOCHIBIO
(abcmpazuposanue) npu
paspabomie NeKMpOHUKL.

— Kakosa cospemennas
unppacmpyxmypa npouzeoocmesa
uc.

— Ymo maxkoe IP-610k.

— Knaccugurayus IP-610ko06

— Ymo npedcmasnsaiom coootu
mononozuieckue IP-6noku.

— Dmanvt npoexmuposarus 3aka3Hou
uc.

— Omanwl npoexmuposanus UC na
CMAHOAPMHBIX AYEUKAX.

— Dmanvl nPoeKMuUpPoBanUsi cxemul Ha
basze IIJ/TUC.

Ipakxmuueckue 3adanus:

— Paspabomams dsyxpaspsonyio cxemy
CPasHeHUst Ha OCHOB8E 08YX
9IKZ3EMNIAPOE OOHOPA3PAOHOU CXeMbl
cpasnenus. Mcnonv3osams
KoMMenmapuu OJis ONUCAHUS KOOd.

— Paspabomamy na sizvike VHDL cxemy
Odewuppamopa 3 8 8 na ocrose
IKBEMNIAPOB CXeMbl deumudpamopa
2 ¢ 4. Ucnonvzosams KomMmenmapuu
OJ1s1 ONUCAHUSL KOOA.

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

— Paspabomamy na sizvike VHDL cxemy
8-u paspsionozo pecucmpa.
Hcnonvzoeams kommenmapuu 0
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ONUCAHUs KOOd.

— Paspabomamy Ha sizvike VHDL cxemy
KOHEUHO20 A8MOoMama Os
peanuzayuu 3auumsl om opebesaa.
Hcnonvzoeams kommenmapuu 01s
OnuUcCanust Kood.

Ilo020moeums npoeKmHuyI0 OOKyMeHMAayuio:
RTL-k00 u ¢paiin oepanuuenuii
(mononozuueckux u pemenHbix) 0l
peanuzayuu npoexma na doase IIVIHC ons
CLeOYIoWUX NPOEKMO8:

— Bocomupaspsonas cxema cosuea c
VIPABIAIOWUM BXOOOM,
onpeoensiouuM HanpaeieHue
cosuea.

— Ipuopumemmuuwiii wugpamop 8 6 3

— IIpeobpazosamens 080UuHO20 KOOA 8
080UUHO-0eCAMUYUHDBIL

— 4-x paspsaoubill cymmamop yucen ¢
niaasaruell moyKou.

— 8-u paspaonviii FIFO 6ygep

— 4-x paspsonvui LLIAM

— Cmopooicesoti maiimep

— Cxema cmexa

— Apugpmemuro-nocuveckoe ycmpoucmeo

— Pecucmposwiii ¢aiin

— Cxema Oenenus

6) Ilopsimox mnpoBeneHUS NPOMEXKYTOYHOW aTTECTallMM, IOKa3aTedd M KPUTEPHUH
OLICHUBAHMUSL:

[TpomexyTouHas arTecTanus no Juciuruinie «OCHOBBI IPOEKTUPOBAHUS IJIEKTPOHHOM
KOMITOHEHTHOM 0a3bl» BKIIIOYAET TEOPETHUECKUE BOMPOCHI, TO3BOJISAIONINE OLIEHUTh YPOBEHb
YCBOEHHS OOYyYalOIUMUCS 3HAHWM, U TPaKTUYECKHE 3aJlaHusl, BBIABISIOUINE CTENEHb
c(OpMHPOBAHHOCTU YMEHUH U BIaJIeHUNA, MPOBOAUTCS B popMe 3a4éTa.

IToxazarenu U KpUTEPUN OLICHUBAHUS 3aUETA:

— Ha OILIEHKY «3a4TeH0» — O0y4aroLuiicsl IEMOHCTPUPYET BBICOKUN MU CPEeIHUMN
YpOBEHb C(HOPMUPOBAHHOCTH KOMIICTCHIIMI: OCHOBHBIC 3HAHHS, YMEHUS
OCBOEHBI, HO JIONTYCKAIOTCS HE3HAYUTEIbHbBIE OLTHOKH, HETOYHOCTH, 3aTPYAHEHUS
IIPH AHAIWTHYECKUX ONEpalMsX, NEPeHOCEe 3HAHWMM M yMEHUH Ha HOBBIC,
HECTaHJapTHbIEC CUTYyAILINH.

— Ha OIICHKY «He 3a4TeH0» — OOYyJaloIUuics TeMOHCTPUPYET 3HaHUS HE Ooiiee
20% TeopeTH4eCcKOro MaTepHaa, JOMyCKaeT CYIIeCTBEHHBIE OITMOKH, HE MOXKET
MOKa3aTh MHTEJUIEKTYaJIbHbIE HABBIKM PEIICHHS MPOCTHIX 3a/1a4.
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MeToanyecKue yKasaHUA

BBeaeHue

TpafAMUMOHHOE CXeMHOe MPOEKTUPOBaHME [OCTUINO B CBOEM pa3BUTUM npeaena u
MCNONb3yeTCs B HACTOALLEE BPEMA JINWb ANSA CPABHUTENIbHO MPOCTbIX NPOEKTOB pa3pabaTbiBaemol
3NEeKTPOHUKN. OCHOBHbIM HEAOCTAaTKOM CXEMHOFO OMWUCAHWUA MPOEKTOB C/AOMKHOW 3NEKTPOHUKM,
BK/tOYatoLLe BONbLIOE KOMYECTBO KOMMOHEHTOB U MOAY/NEN, ABAAETCA BbICOKaA TPYL0EMKOCTb
OTNaAKU. Ha cmeHy CXeEMHOMY OMMCAHWUIO NPULLAKN A3bIKWM ONMCaHMA annapaTtypbl, Takme Kak VHLD u
Verilog. B oTaMume OT TPagMUMOHHbLIX  A3bIKOB  MPOrPaMMUPOBAHUA,  OMMCbIBAOLLNX
Nocneno0BaTeIbHOCTb BbIMONHAEMbIX KOMaHZ, A3bIKM ONMUCaHMA annapaTypbl ONUCLIBAOT CTPYKTYPY U
CBA3M paspabaTbiBaemoro yctpoinctea. Takoe onmcaHue pa3pabaTbiBaeMoro ycTpoicTBa HasblBaeTcA
CTPYKTYpHbIM  (napannenbHbiM). BTopoli noaxos K  OMWCaHMIO  YCTPOMCTBA  HasbiBaeTcs
nosegeHYecKMM (nocnesoBaTesibHbIM). [pM TaKOM NOAX0AE OMMUCbIBAETCS HE CTPYKTYpPa YCTPOMCTBA,
a nopafoK ero ¢yHKUMOHMPOBaHMA (NoBefeHMe). A3bIKM OMMCAHWA annapaTypbl BKAKOYAT Kak
napannenbHble, Tak WU NocnefoBaTeNibHble QYHKUMKM, T.e. C MUX MOMOLLbO MOXKHO OMMCaTb Kak
CTPYKTYpY paspabaTbiBaeMoro yCTpoMCTBa, TaK M ero nosegeHWe B 3aBUCMMOCTU OT BXOAHbIX
BO34eNCTBMIA. 34eck cneayeT caenaTb BaxKHOE 3aMeYyaHue:

MocnepoBatenbHoe (noBegeH4YecKoe) onucaHWMe YCTPOWCTBA He Bcerga MoXKeT 6biTb
KOPPEKTHO CKOMMWAMPOBAHO B CUHTE3MPYEMble KOHCTPYKUMUMU, T.e. CUHTE3UPOBAHHaAA cxema
YCTPOICTBA MOXKeT paboTtaTb He TaK, KaK 3aAymbiBan paspabotunKk. B ToxKe Bpemsa CTPyKTypHoe
(napannenbHoe) onucaHue 0AHO3HAYHO CUHTE3UPYETCA B ONUCAHHYIO CTPYKTYPY. Takum ob6pasom,
npu onucaHuu paspabaTbiBaemMoro yCTpoMcCTBa cC/lefyeT OTAaBaTb NpepnoyTeHue CTPYKTypHOMY
OMUCaAHUIO UK, KAaK FOBOPAT, UCMOJIb30BaTb CUHTE3UPyeMble KOHCTpyKuun. MocnegosarenbHoe
(noBepeHueckoe) onucaHMe B CBOWO ovepeab 3IGPEKTUBHO UCNONAb3YeTCA Ha 3Tane
$YHKUMOHaNbHOTO MoOAEeNUpPOoBaHUA pPaboTbl pa3pabaTbiBaemMoro ycrpoictBa. Tem He MeHee,
Mcnonb3oBaHUE MOC/eA0BaTe/IbHbIX ONEPaTopoB A3bIKOB OMWCAHUA annapaTtypbl A8 CUMHTE3a
pa3pabaTtbiBaeMoOro ycTpoiicTBa A0MYCKaeTcA Npu yC/I0BUU KECTKOro cobniopeHua paga npasun
(paHHbIE NnpaBuna 6yayT paccMoOTPeHbl B COOTBETCTBYIOLLEN labopaTopHoii paboTe).

[aHHble MeToAMYEeCcCKMEe MpPU3BAH HayuMTb OCHOBAM MPOEKTUPOBAHMA 3EKTPOHUKU C
NnomMoLLbio A3blKka onucaHua annapaTypbl VHLD. Mpu 3TOM OCHOBHOWM yrnop AenaeTca Ha pasBuTue
HaBbIKOB HaMWCaHWSA TPAMOTHOTO WM CaMoOe T[/laBHOE CUMHTE3MPYEeMOro Koga, T.e. TaKoro Koza,
KOTOpbIA byAeT rapaHTMPOBAHHO CKOMMWAMPOBaH B paboTatowyto cxemy. [lostomy BmecTo
nogpobHoro onucaHma cuHTakcnca VHLD M BCEBO3MOMHbBIX KOHCTPYKLUMWA A3blKa NPaKTUKYM
orpaHmMumMBaeTcs 0630pOM CpPaBHUTE/IbHO HebosbWOro Habopa CUHTE3UPYEMbBIX KOHCTPYKUMIA,
MCNONb3YIOWNX AECATOK TMNOBbIX WabnoHos VHDL-Koaa, cCUMHTE3MpyembIX B TUMNOBblE CXEMbI.
[aHHble wWabnoHbl MOryT ObITb NETKO MHTErpupoBaHbl NPU MPOEKTUPOBAHUM BONBLUNX CAOMKHbIX
cuctem.

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

Mnata NI Digital Electronics FPGA sBnsietca pe3ynbTaTOM COBMECTHOrO COTpyAHMYecTBa
komnanmit NI u Xilinx, ABnsoWMXCA KPYNHENWMMM B MUPE NPOM3BOAUTENAMU NPOrPamMMHOro
obecneyeHns M3IMEPUTE/IbHbIX CUCTEM M NPOrPaMMUPYEMbIX JIOTUHECKMX WMHTErpPasibHbIX CXeM
(NANC). BHewHuit Bua nnatbl NI Digital Electronics FPGA npegcrasneH Ha pucyHKke 1. NI Digital
Electronics FPGA Board cogep:uT WecTb KaHanoB 415 BBOAA aHA/IOr0BbIX BXOAHbIX cMrHanos AlO —
Al5, a Tak:Ke 32 undposble BXogHbIe (BbIXOAHbIE) MHWUM 06LLero nonb3oBaHua — GPIO31.

OnucaHvMe cuUrHanoB, NOAaBaeMblX Ha CUrHaNbHble 30Hbl MaKeTMpoBaHuA: BBl — 30Ha
MaKeTMpoBaHMA Jna nogkawodeHma K UAIM, AU, KHONKam, ABMMKKOBbIM MNepeKkaryaTenam,
BHELWHEMY CUHXPOCUTHaNy U AMHUAM 0bwero HaszHaveHuA MNJINC. BB2 - 30Ha maKeTMpoBaHMA gns
NOAKOYEHMA K NUHUMAM obuwero HasHadenHua MJINC M muctoyHMkam nuTtaHuAa. BB3 - 30Ha
MaKeTUpoBaHMUA [NA  YNpPaB/ieHUA CEMMCErMEHTHbIM WHAMKATOPOM Ha [Ba 3HAKOMECTa,
CBETOAMOAAMM, MNOAKNOYEHMA K MUCTOYHMKamM nuTaHma BB4 - 30Ha MakeTMpoBaHuAa anA
nogknoyeHna K curdHanam NI ELVIS, Bknwo4vasa aHanorosble BXOAHbIE CUFHa/bl, aHANOroBble
BbIXOAHbIE  CUTHaAbl, GYHKLUMOHaNbHbIE  TEHEepaTopbl, MWUCTOYHUMKU  NUTaHuA, uubpoBble
BXOAHble/BbIXOAHbIE CUrHaNbl. BB5 — 30Ha MakeTMpoBaHMA 414 NoAkatoveHna K curdanam NI ELVIS,
BK/IIOYAA pPeryanpyemble UCTOYHWUKKU NUTAHMA, UMdpPOoBble BXOAHbIE/BbIXOAHbIE CUTHAbI, BbIXOAHbIE
CUrHaNbl CYETYMKOB, OOLLME TOYKM CUTHA/OB.

R

BEag

G2 @
PucyHok 1 — BHewHwmit Bug nnatol NI Digital Electronics FPGA Board:

1- pasbem nutaHua (15B) ; 2-maKeTHOM NNaTbl AN BO3MOXKHOCTU CO34aHUA 40MNOJHUTENbHOMN 06BA3KU; 3— 610K
MaKeTHoW nnaTtbl BB2; 4— BbiKAlOuaTeb NUTaHUA; 5— 610K makeTHoM naatbl BB3; 6— KHonKa cbpoca; 7-
ceMucermeHTHble MHAMKaTopbl; 8— USB-coeguHutens; 9— LD-G- ceetoaunog; 10- ceetoaunoabl; 11— FPGA Xilinx Spartan
3E; 12— nepekntouatensb npowunsku MNJINC uepes ROM/IJTAG ; 13— aaTumnK yrna noBopoTa ¢ KHONKOM; 14— KHonKku; 15—
OBUXXKOBbIE NepekK/toyatenu; 16— 6 KoHHeKTopos TMna PMOD (2x6); 17— 610K makeTHoM naaTtbl BB1; 18— 610K
MaKeTHo naatbl BB4; 19— (NI ELVIS)- coeaguHuTennb; 20— 610K makeTHoM naatbl BB5; 21 — nporpammarop; 22—
KBapueBbii reHepaTop 50Mrly; 23— 3awmTa NAaTbl OT CTaTUYECKOrO 3/IEKTpUYEecTBa
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KpaTtkoe onucaHune CAIMNP WebPack

WebPACK — 3to CAINP npoeKktnpoBaHMA undpoBbIX YCTPONCTB Ha 6aze mmnkpocxem MNJINC CPLD
n FPGA ¢upmbl Xilinx. JaHHaa cuctema sBnsetcs 6ecnnaTtHbIM BapMaHTOM Kommepueckolh CAMP
3ToM e dupmbl nog, HasBaHWem ISE M gocTynHa ana cBoboAHOro ckaumBaHMA Yepes ceTb Internet
(www.xilinx.com). OcHoBHOe oTAMuMe 6ecnnaTHOlM BepcuM OT ee MIAaTHOro aHajsora COCTOUT B
OTCYTCTBMU NOAAEPHKKM MUKPOCXEM, EMKOCTb KOTOPbIX Bbile 1,5 MIH CUCTEMHbIX BEHTUNEN.

WebPACK coctout w3 Habopa moaynen, KaxKablit W3 KOTOPbIX BbINOAHAET CBOU
cneunanm3npoBaHHble GyHKUMK. OCHOBHbIE MOAYAM NaKeTa cleaytolme:

- pefaKTop CXeMHOro BBOA3;

- TEKCTOBbIV pegakTop C NoaaepXKKOM A3bIKOB onncaHua annapatypbl VHDL u Verilog;

- CORE Generator — reHepaTtop onTMMU3NpPoOBaHHbIX IP-aaep;

- pefaKTop TeCTOBbIX BO3AENCTBUI AN1A NPOrpaMmbl MOAE/IMPOBAHNS;

- nporpamma pyHKLMOHAIbHOIO Y BPEMEHHOIO MOAENMPOBAHUS;

- reHepatop VHDL/Verilog koaga;

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

- nporpamma 3arpyskuM KoHourypaumoHHo nocnegosaTensHoctu B8 [JINC FPGA wu
nporpammumposanHua MNJINC CPLD u MMN3Y.

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

Mpouecc pas3paboTku undposblx ycTponcts B cpege WebPACK cocTouT M3 cneayoLmx 3Tanos.

1. BBoA oONMCaHWA MPOEKTUPYEMOro YCTPOMCTBA B CXeMOTEeXHM4Yeckon ¢dopme uanm ¢
NCNosib30BaHMEM A3bIKOB onuncaHma annapatypsl (HDL), Takux, Kak VHDL u Verilog.

2. CuHTe3 ycTpoicTBa, TO eCcTb NpeobpasoBaHME OMNUCAHWUS YCTPOICTBA, MOJIYYEHHOro Ha
nepBoM 3Tane, B ONUCaHME HA YPOBHE IOTMYECKUX BEHTUNEN.

3. Peanusauma ycTpoucTBa, TO ecTb NpeobpasoBaHMe OMUCAHWA YCTPOMCTBA Ha YpOBHE
NIOrMYeCKnX BeHTUNEl B PU3NYecKoe onmcaHue ana KOHKpeTHoW mukpocxemsl MJINC.

4. dopmnpoBaHUEe KOHPUTYPALMOHHOW NOCNef0BaTeNbHOCTU AN MUKPOCXe-

mbl MANC.

Mocne Kaxporo us atanos 1,2 n 3 BO3MOXKHO, a B 60/IbLIMHCTBE C/ly4aeB M HEOH6XoaMMO Ans
YCMNEeLWwHOoro 3aBepLleHMA MPOEKTa BbINOJHEHWE MpOLeAypbl MOAENMPOBAHMA U BepudmKauuu
Nosly4eHHOro ONUCAHUA YCTPOMCTBA.

Ha pucyHke 2 npeacrtasneHa obobuieHHas cxema NPOEKTUPOBaHMA LMPPOBbLIX YCTPOICTB B
CAMNP WebPACK.
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IIpoeKTUpOBaHHE KOMOMHALMOHHBIX CX€M HAa BEHTUJIbLHOM YPOBHE
BBeaeHue

B paHHOM rnaBe Ha npumepe NPOCTOI CXeMbl CPaBHEHUA NOAPOOHO PaccMOTPeHa CTPYKTYpa
cuHTesmpyemoro VHDL-koga. OnucaHue paboTbl uMdpoBbIX KOMOWMHALMOHHLIX CXeM B AaHHOM
paboTe npeacTaBAEHO WCKAOYMTENIbHO Ha BEHTU/AbHOM YypoBHe abcTpaKkuuu (gate level), T.e.
NPUMEHSAIOTCA TONbKO 6a30Bble /IOFMYECKME BEHTW/IN, PEanU3yloUMe OCHOBHbIe JioFrMYecKue
onepauun (HE, U, NN, UCKNHOYAKOLLLEE U/TN). PaccmoTpeH CTPYKTYPHbIA (Mepapxnyeckuii) noaxos,
K NPOEKTUPOBAHUIO LMPPOBbLIX CUCTEM, NMPU KOTOPOM CUCTEMA Ha BEPXHEM YPOBHE NPOEKTUPOBAHMA
paccmaTpuBaeTCA Kak coeguHeHue 6onee NpocTbiX YHUOULMPOBAHHbIX 610KOB, KOTOpble, B CBOHO
ouyepesp, TaK¥Ke cTpoaTcA M3 6onee NpocTbix 610KOB U T.4,

1.1 OnucaHue cxeM B AU3BbIOHKTUBHON HOPpMaJIbHOM ¢popmMe

PaccmoTpum ogHOPaspAAHYO cxemy cpaBHeHus (1-bit equality comparator) , cogepskallyto 4Ba
BxoAa i0, i1 n oAnH BbIXOoA, eq. Bbixoa eq cxembl CPaBHEHWA NPUHUMAET aKTUBHOE 3HayeHue npwu
YCNOBUMK, YTO BXOAbI! 0 1 i1 3KBMBaNEHTHbI. Tabanua UCTUHHOCTHM (truth table) ogHOpa3pagHON cxembl
CpaBHeHMWA NpeacTasneHa B Tabanue 1.1.

Tabauya 1.1 — TabamMua UCTUHHOCTU O4HOPa3PAAHON CXeMbl CPaBHEHUSA

= = O O
= O = O
= O O K

Jonyctm, 4YTo Ana  peanuvsauuum  OfHOPAa3PsALHOM  CXeMbl CPaBHEHMSA Mbl  PeLnIM
ncnosb3oBaTb 6a3oBble Nornyeckne BeHTUAM (logic gates), Takue kak: HE (NOT), U (AND), U/1U (OR),
Ucknouarowee UM (XOR). OgHolt 13 dopm 3anmcu iormyeckoit GyHKLMK, onucbiBatoweit paboty
CXEeMbl, ABIAETCA 3aNMCb PYHKLMM B COBEPLUEHHOM AN3BIOHKTUBHON HOPManbHOM dopme, T.€. B BUAE
CYMMbl MUHTEPMOB (sum-of-products canonical form) . Jlornyeckaa ¢yHKLUMA O4HOPA3PALHON CXEMbI
CpaBHEHMA, 3aNnCcaHHaA B COBEPLUEHHOM AMU3bIOHKTUBHON HOPMaNbHOU popme, UMeEeT BUA,:

eq=i0-il+i0-il

OAVH 13 BO3MOXKHbIX BapuaHToB VHDL-KO4a, ONWUCbIBAIOWLErO PacCMaTPMBAEMYHO CXemy
cpaBHeHus npuBegeH B aunctvHre 1.1. MpoaHanusupyem A3blKOBble KOHCTPYKLMU MPUBELEHHOTO
KoAa B CAeAylolmx noapasgenax.

Nuctunr 1 — Peanusauma ogHopaspaaHON CXemMbl CpaBHEHUA Ha BEHTUIbHOM YPOBHEe

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

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

end sop_arch;

1.1.1 OCHOBHble NeKkcnyeckme npasmia

Koa VHDL sBnsetcs He4yyBCTBUTE/NbHbIM K cnocoby HanucaHua (pernctpy) cumBosioB (case
insensitive), T.e. MPONMCHbIE N CTPOYHbIE BYKBbI ABNAIOTCA B3auMo3ameHsieMbiMU. Kpome Toro B Koae
VHDL ponyckaeTca BCTaBASATb AOMNOJIHUTE/NbHblE MpPo6enbl U nycTble CTPOKU. Mcrnonb3oBaHue
AONONHUTENbHbIX NPO6EN0B N NYCTbIX CTPOK NO3BONAET CAeNaTb KoJ 60/1ee NOHATHbIM.

NaeHtTuduKatopom B A3bike VHDL HasbiBaeTcA UMS 06beKTa (KOHCTaHTbl, MepemeHHOW,
bYHKUMKM, cUrHana, nopTa, NognporpaMmbl, ob6bekTa MNpPoeKTa, MeTKu). UaeHTUPUKATop MoKeT
cogeprkatb A0 26 6YKB, UMIP U HUKHUX MOAYEPKMBaHMIA (He AonycKaeTca MCnoab3oBaTb 6osee
OAHOr0 CMMBOJIa HUXKHEro NoAYepKMBaHUA noapas). HaumHatbes naeHTUPUKaTop A0MKEH TONbKO C
6ykBbl. B npumepe (nuctmHr 1.1) ucnonw3ylotca cneayrowme maeHtudukatopsl: eql, i0, il, eq,
sop_arch, pO, pl.

B sasbike VHDL cyuwecTBylOT 3ape3epBMPOBaHHbIE Klo4yeBble c/ioBa. B gaHHom yyebHoOm
nocobum Bce KNoUYEBble CN0BA BblAeNEHblI CUHUM LUBETOM (NMMUCTUHT 1.1).

KoMMeHTapuin HaYMHAETCA C ABYX CMEXHbIX 4edMCOB 1 NPOAOKAETCA 40 KOHLUA CTPOKU. Mpun
cuHTese VHDL-npoeKkTa KOMMEHTapuu WrHopupytotcs. B gaHHom yyebHom nocobum Bce
KOMMEHTApUM BblAeNeHbl 3e/1eHbIM LLBETOM (AUCTUHT 1.1).

1.1.2 Ncnonb3syemblie 6UbANOTEKM

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

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

library IEEE;
use IEEE.STD LOGIC 1164.ALL;
B paHHOM cnyyae obbasnserca 6ubamoTteka |EEE.STD LOGIC 1164, 4to no3Boaser

MCMNONb30BaTb COOTBETCTBYIOLIME TUMbI AaHHbIX, OnNepaTopbl U GpyHKLUUKU, onpeaeneHHble B AaHHOMW
enbnnoreke.

1.1.3 NHTepdelic obbekTa

OnucaHue uHTepdeiica (entity declaration) BKAOYaeT B ceba ob6bsBAEHME MMEHU OOBEKTa U
06bABNEHME BXOAHbIX U BbIXOAHbIX NOPTOB 06beKTa. Huxke npueeaeHo onucaHue MHTepdeiica U3
npumepa (AnctmHr 1.1):

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

end eql;

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

UMA_nopTal, uma_nopTa2, . . .:  PEXMM_CUrHana TMN_CUrHana ;

[na BXOAHbIX MOPTOB YKa3blBAaETCA BXOLHOM peXum curHana (in), 4na BbIXOAHbIX NOPTOB
YKa3blBaeTCA BbIXOAHOW pexkum curHana (out). TakKe npeaycMOTpeH pexum inout ans
[ABYHanpaBAeHHbIX MOPTOB.

1.14 Twun gaHHbIX 1 onepaTopbl

VHDL — 5A3bIK CO CTPOroi TMNu3auuein. 3To0 3HA4YMUT, YTO AaHHble onpeaesieHHOro Tuna moryT
NPUHUMATb 3HAYEHWA, COOTBETCTBYIOWME TONbKO AAHHOMY TuMy (Hanpumep, OTMYECKMIt Twn
AaHHbIXx BOOLEAN MoOeT npuHMMaTb TONbKO 3HadyeHua UCTUHA (TRUE) w JIOMHO (FALSE) wn
HWUKaKMe JpyrMe) M C  [aHHbIMKA - OMpeAesieHHOro TUMa MOFyT  BbIMOJHATLCA  Onepauuu,
COOTBETCTBYIOLLME TO/ILKO AAHHOMY TUNY (Hanpumep, ANA AaHHbIX Tuna BOOLEAN ucnonb3ytoTca
TONbKO Noruyeckme omnepatopbl). HecmoTpa Ha To, 4To B A3blke VHDL npumeHseTcs MHOMKecTBO
TUMNOB [AaHHbIX, B AaHHOM y4yebHOM nOCOBMM MCMONb3YIOTCA AaZieKo He BCeE — B OCHOBHOM
npumeHaetca Tmn STD_LOGIC u ero BapuaHTbl. 3TO CBA3AHO C TEM, YTO OCHOBHOM ynop B AaHHOM
y4yebHOM nocobum caenaH Ha CUHTe3Mpyemble KOHCTPYKUMKM A3blka VHDL, T.e. Takne KOHCTpyKUuM,
HA OCHOBE KOTOPbIX MOXKET BblTb CUHTE3UPOBAHA peasibHO paboTaloLLan cxema.

Tun gaHHbix STD_LOGIC onpegeneH B 6ubnunoteke IEEE.STD LOGIC 1164 n coaepuT aesATb
BO3MOXHbIX 3HauyeHuW. Tpu 3Hadyenus: ‘0, 1’ wm 'Z’, cooTBeTCTBYIOWME JIOTMYECKOMY HY/IO,
JIOTUYECKON eanHULE U COCTOSHWMIO BbICOKOFO OMWMYECKOro COMPOTUBAEHUA (Z-COCTOSHUIO), MOTYT
6bITb CMHTe3MpoBaHbl. [Ba Apyrnx 3HadeHus ‘U’ um ‘X', KoTopble o03HayaloT “uninitialize”

” (ll ~ 0

(“HenHMumanmampoBaHHbIi”) U “unknown” (“HensBecTHbIN”), MOryT BCTPETUTLCA MPU CUMYAALUK
npoekTa (Hanpumep, Koraa curHanbl ‘0’ u ‘1’ coeguHstoTca B oAHOM TouKe). OcTaBlumeca YeTbipe

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

Uundposoli curHan 3ayacTyto npepcrasnsetr coboli gBouMYHOM cnoso, T.e. Habop 6uTOB. B
JaHHOM c/lyyae, TaKOW curHan yaobHo npeactaBaATb TUNOM AaHHbIXx STD LOGIC VECTOR.
Hanpumep, 8-mu BUTHbIN BXOAHOW NOPT AAHHbIX MOXKHO 0O6BABUTL C/leayoLmnmM 06pasom:

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

3anucb “(7 downto 0)” o03HayaeT, YTo B PopmaTe 4YMcna CTapluMii 3Havyawuii 6uTt (MSB)
pacnofaraeTca KpaliHMM cneBa, a MAaglWunii 3Hadawmii 6ut (LSB) — KpaHum cnpasa (Takas ¢dopma
3anuMcu  ABnsAeTcA OOWEnpPUHATON B 3/1EKTPOHWKE, MNO3TOMYy B JAaHHOM y4yebHOM nocobuu
NCNONb3yeTcss UMEHHO 3TOT dopmar). 1A BblaesIeHMsA YacTu C/I0Ba, Hanpumep CTapLunx YeTbipex buT
B YKa3aHHOM MpuMepe, MOXKHO MCMNob30BaTh 3anucb “a(7 downto 4)”; Ans BblaeNeHns oTAeNbHOTo
6u1Ta U3 cNoBa, HaNpMMmep HyeBoro 6uTa B ykasaHHOM Npumepe, NpumeHseTca 3anuce “a(0)”.

Ana pganHbix Tuna STD_LOGIC n STD_LOGIC_VECTOR onpegeneH pag, NOrM4yeckmx onepaTopos,
Takux Kak: HE (NOT), U (AND), W (OR), Ucknouarowee N/IM (XOR). Ona undpoBbIX CAOB TMNa
STD LOGIC VECTOR yKasaHHble norMyeckne onepaumm BbINOAHALOTCA NobutHo. B asbike VHDL
YKa3aHHble JIOrM4eckne onepatopbl 06/1a4al0T  OAWMHAKOBBIM - MPUOPUTETOM, NO3TOMY AAA
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onpeaeneHnn MopsaKa BbIMOJIHEHUA JIOTMYECKOTO BbIPAaXKEHUS HEOBXOAMMO MPUMEHATb CKOOKM,
Hanpumep:

(@ and b) or (c and d)

1.1.5 CTpyKTypa 0bbeKTa
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) ; -- omnpenejieHye MMHTepMa
pl <= i0 and il ; —— oInpenejieHVEe MMHTEepMa

end sop arch;

VHDL no3BonsieT MHOXeCTBY Pas/INUHbIX CTPYKTYP 06beKTa (architecture body) npmBsa3biBaTbCA K
nHTepdelicy obbeKkTa (entity), NosaTomy CTPyKTypa ObbeKTa A0/MKHA MMETb YHUKaNbHOEe MMA ANS
csoelt uaeHtTuduMKaumm, Hanpumep “sop_arch” 8 npumepe sbilie (“sum_of products architecture”).

CTpyKTypa obbeKTta (architecture body) moxKeT BKAwo4aTb B ceba cekuuto ana obbaBneHUA
BHYTPEHHUX NEepPeMeHHbIX (CMrHanoB) 06bEKTa, BCMOMOraTe/lbHbIX KOHCTAHT U T.4. B npuseaeHHom
npumepe, 4ONOAHUTENLHO O6BABAAIOTCA ABE BHYTPEHHME NepeMeHHbIe:

signal pO , pl : STD LOGIC;

OCHOBHaA 4aCTb ONWCaHUA CTPYKTypbl o6bekTa (architecture body) nomelieHa MmexKay
KaloueBbiMM cnoBamu begin M end. B npuBeaeHHOM npumepe CTPyKTypa o6beKTa onucbiBaeTcA
TpPems BblpaxKeHUAMM (statement):

eq <= p0 or pl ;
p0 <= (not 10) and (not 1il) ;
pl <= i0 and il ;

Mpu 3TOM, B OT/AMYME OT CTaHAAPTHbIX A3bIKOB MporpammupoBaHusa (Hanpumep C), rae
BbIpaXKeHMA (CTPOKM NpOorpaMmmbl) BbINOJHAIOTCA NOC/NEA0BaTE/IbHO, B A3bIKAX ONMCAHUA annapaTypbl
HDL npuBeaeHHble BbipaXeHMs (statement) OMWCbIBAIOT 4YacTM pPeanusyemoit Cxembl U MNOTOMY
BbIMO/IHAIOTCA NapannesnbHo (concurrent statements). NepemeHHasn cieBa, NPy 3TOM, PacCMaTpPUBaETCA
KaK BbIXOQHOW CWUrHaA CXembl, Bblpa)keHWe cnpaBa onpegenser ¢yHKUMO paboTbl CXembl U
COOTBETCTBYIOLIME BXOAHbIE CUFHA/bI. B KayecTBe Npumepa paccCMOTPUM C/efyIoLLee BbipaskeHUe:

eq <= p0 or pl ;

[aHHOe BbIpa)keHWe OoMNuCbIBaeT CXemy, peanusytowyio onepaumnio UMW meay BXOAHbIMM
curHanamu p0 v pl. Mpu U3MEHEHMM 3HaYeHuin curHanos p0 u pl BbiparKeHWe nepecymTbiBaeTcA.
PesynbTaT pacyeTa NpMCBAMBAETCA BbLIXOAHOMY CUIHaNy eq 4Yepe3 OnpeaesieHHYH BPeMEeHHYo
3a[eP*KKY, 3aJaHHYI0 MO YMOAYaAHMIO.
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lpaduueckoe npeacraBneHne obbekTa (nMcTuHr 1.1) npeacrasneHo Ha pucyHke 1.2. Tpu yactm
CXeMbl COOTBETCTBYIOT TPEM BbIparkeHWsM (concurrent statements), ONMCaHHbIM Bblilwe (NOPAJOK
CNefoBaHMA BblPaXKEHUI B KOLE NMPOrpaMmbl HE MMeEeT 3HAYEHUA, MOCKO/IbKY AaHHble BblpaxKeHWUsA
BbINOJIHAIOTCA NapasnefibHO MU MOTyT cnefoBaTh B Nto6bom nopsagke). CoeanHeEHUA Mexay YacTaAMU
CXeMbl 04HO3Ha4YHO ONpPeaenatoTCA MMeHaMM NOPTOB BBOAA/BbIBOAA U BHYTPEHHUX NEPEMEHHbIX.

i0

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

p0 or pl

i0andil

PucyHok 1.1 — Fpaduuyeckoe npeacraBneHme peanmsanmm ogHoOpaspAaHOM cXxembl CpaBHEHUSA

1.1.6 [ByXxpa3pagHaa cxema CpaBHEHUA

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

aeqb =a-by -3 Dy +3 b8y by+a b F by +a b g by,

rae a,, b1 — CTapuwune paspAagbl CUTHaN0B a n b COOTBETCTBEHHO; do, bo — Mhaawne pa3pAagbl CUrHanos
aub COOTBETCTBEHHO,

Koa peanusaummn AByxpaspasHOM CXembl CPaBHEHWA NpUBEAEH B IMCTUHTe 1.2.

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

library IEEE;
use IEEE.STD LOGIC_1164.ALL;

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

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

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

end sop_arch;

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

Undposble cuCTEMbI CTPOATCA 3a4aCTyld HA OCHOBE HECKONbKMX 6onee NpocCTbIX
YHUPUUMPOBAHHbIX 610KOB. MpK 3TOM Ha BEPXHEM YPOBHE MEPAPXMUUN ONUCAHUA LUPPOBOI CUCTEMDI
CTPYKTYpPa AaHHbIX YHUOULMPOBAHHbLIX BIOKOB HE PACKPbIBAETCA — OHW NPEACTABAAIOTCA «YEPHbIMM
AWMKAMU» PEeaNM3YIOLLMMU KOHKPeTHble GyHKUMKU. CTPYKTypa AaHHbIX 6NOKOB PacKpbiBaeTcs Ha
60/51€e HM3KOM YPOBHE MEPAPXMU OMUCAHUA CUCTEMbI. B CBOIO oyepenb, KaxAablh «4epHbIA ALMKY
MOMET COCTOATb U3 HECKONIbKUX elle 6osee NpocTbiX YHUPULMPOBAHHLIX 610KOB. CTPYKTypa 3TUX
YHUOUUMPOBAHHbIX GNOKOB pacKpbiBaeTcA Ha ewe 60see HM3KOM YPOBHE MEpapxmm OnucaHuA
cucTembl M T.4. TakoM NoAxof, 3HAaYMTENbHO YMNPOLWAOWMIA NPOLLECC NPOEKTUPOBAHMA U aHaAN3a
CNOMHbIX LMPOBbIX CUCTEM, NOAYUUA HA3BaHME CTPYKTYPHOE UAN MepapXMIecKoe onmcaHue cxem. B
A3blKax onucaHusa annapatypbl HDL yHuduuMpoBaHHble GN0KM, KOTOpble WUCMOMb3YIOTCA B BUAE
roToBblIX OOBEKTOB HA BEPXHEM YPOBHE OMWCAHWUS CUCTEMbI, MOAYYMAM HA3BaHWeE instance (0bpas
obbeKTa), a npoueaypa pasmelleHMa 610Ka Ha BEpXHEM YPOBHE - instantiation.

B KauecTBe anbTepHATUBbI A/1A Peanm3aumm AByXpPaspaaHOM CXeMbl CPAaBHEHUA (AUCTUMHE 1.2)
NPUMEHUM OMWUCAHHBIA Bbille CTPYKTYPHbIA MNogxon — B KavectBe yHMdMUMpoBaHHOro 6/10Ka
(instance) gns NoCTpPOeEHMA ABYXPa3pALHOM CXeMbl CPAaBHEHMA MUCMNO/b3YEeTCA FOTOBaA O4HOPA3PAAHaA
cxema (anctuHr 1.1). CTpyKTypa ABYXpaspAAHOW CXembl CPaBHEHMA, Peasn30BaHHAA YKasaHHbIM
cnocobom, npeacTtaBfeHa Ha pucyHKke 1.2. B npuBeAeHHOW CTPYKTYpe WCNo/sb3yerca [ABe
ofiHOpa3psAHble cxembl cpaBHeHMAa ed_bit0_unit u eq_bitl_unit, ocywecTenawowme cpaBHeHUe
MAAAWNX U CTapwmx BUT BXOAHbLIX CUTHANOB COOTBETCTBEHHO M 3/1EMEHT M, Ha BXOZ KOTOPOro
NogalTCA CUrHAAbl C BbIXOAOB YKas3aHHbIX cxem. TakMm 06pasom, BbIXOAHOM curHan aeqgb
NPUHMMAET aKTUBHOE 3HAYEHUE NPU OAHOBPEMEHHOM PABEHCTBE M CTaPLUMX M MNAALWINX PA3PALOB a
nb.

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

PucyHok 10wmnbKa! TeKCT yKasaHHOro CTUAA B AOKYMEHTe OTCYTCTBYeT..2 — Peannsaumns AByxpaspagHon cxembl
CpaBHEHUA Ha OCHOBE 0AHOPa3pPAAHbIX 6/10K0B

CoOTBEeTCTBYIOLWMI KOA peannsaummn AByxXpaspsaaHoOin cxembl CPaBHEHMA NPUBEAEH B INCTUHTE
1.3 (OnucaHmne wuHTepdelica (entity declaration) aHanormyHo Koay B AUCTUHre 1.2, noatomy B
nnctuHre 1.3 He npuBoguTCa).

NuctuHr 3 — OnucaHue CTPYKTYPbI ABYXPA3PALHON CXeMbl CPAaBHEHUSA

architecture struc_arch of eq2 is
signal e0, el : STD_LOGIC;
begin
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-- BHBOB (instantiate) 6m;okxa eql gmnsT cpaBHeHMs MIaAuUMX GMTOB
eq bit0 _unit: entity work.eql (sop_arch)
port map (i0 => a(0), il => b(0), eq => e0) ;
-- BHBOB (instantiate) 6m;moxa eql pnsT cpaBHeHMS CcTapumMx 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 OJHOBPEMEHHO M MJajuMe M CcTapume GuTEH
aegb <= e0 and el ;
end struc_arch;

MpuBeaeHHbIN Koa (AnctuHr 1.3) BKAOYaeT ABe npoueaypbl Bbi3oBa 610Ka, peanusyloulero
OZIHOPa3pPsAAHYIO cxemy cpaBHeHus (AuctuHr 1.1). PaccmoTpum noapobHO CUHTaKCMC npoLeaypbl
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 06bABNEHMA YHUKANbHOTO MMEHW Bbi3biBaeMoro 6/10Ka, B
AaHHOM cnyyae — eq_bit0_unit. 3aTem yKasbiBaeTcA Ha3BaHue 6ubamoteku (library name), B
KOTOPOW BbI3blBaeMblii 610K HaxoAWUTCA — MO YMOJIYaHMIO Bbi3blBaemMble 6/10KM pacnonaratoTcs B
pabouen 6mMbnmoteke work cosgaBaemoro npoekTta. MaeHTudukatopbl eql n sop_arch — nmeHa
nHTepdelica U apXUTEKTYpbl Bbi3biBaeMoOro 610Ka COOTBETCTBEHHO (nucTuHr 1.1). BTopaa 4acTb
npoueaypbl Bbi30Ba 3aK/OYaeTcs B NPMBA3Ke MNOPTOB BBOAA BbiBOAa (port mapping) Bbi3biBaeMOro
610Ka K CTpyKType npoeKkta (pucyHoK 1.2). Takum ob6pasom, npoueaypa Bbi3oBa (instantiation
statement) peann3yeT cxemy, 3aK/IOYEHHYI0 B «YEPHbIN AWMK», Yyba GYHKUMA onpeaensercs B
oTaenbHOM B10Ke (instance).

1.3 YunpaxHeHnus

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

1. Pa3pabotaTb TabauLy UCTUHHOCTU 2-X pPa3pALHOIN cxembl «Bosiblle Yem» U 3aNMCaTb NOTUKY
ee paboTbl B COBEPLIEHHON AW3BIOHKTUBHOM HOpManbHon d¢opme. Ha ocHoBaHUU
NoJslyYEHHOTO BblparkeHus, paspabotate VHDL-Ko4, WCNo/b3ytd TOIBKO JIOTMYECKUE
onepartopsbl (BeHTUAN).

2. PaspaboTaTb TecToBblii MoAy/b (testbench) ana momzenvpoBaHua paboTbl 2-x paspagHoON
CXEMbl.

3. Wcnonb3ys 4 non3yHKOBbIX NepekayaTens Aas opraHU3aLmm Bxoda cxembl U 1 ceeTogmopn,
ONA OpraHM3aLmMu BbIXOAa, CUHTE3MPOBATb CXEMY U 3arpy3nTb KOHOUIypaLMOHHbIN dalin B
OTNaA0u4HYto naaty. MpoTecTMpoBaTb CXEMY.

4. Wcnonb3ys paspaboTaHHylo 2-Xx paspagHyto cxemy «bosiblie Yyem», 2-X PaspagHy cxemy
CPaBHEHMA U MUHUMANAbHOE KOAMYECTBO AOMOJHUTENLHOM /IOFTMKM CNPOEKTUpPoBaTb 4-X
paspagHyto cxemy «6onblue Yem». CHayana HapucoOBaTb CTPYKTYPHYHO CXemMy, a 3aTem,
cornacHo cxeme, paspaboTaTb cootBeTcTBYOWMIN VHDL-KOA4,

5. PaspaboTtatb TecToBblt Moaynb (testbench) ana mogenupoBaHus paboTbl 4-x paspsgHON
CXEMbl.
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6. Wcnonb3ysa 8 Nnon3yHKOBbLIX MepekaoyaTens Ana opraHM3aumm Bxoda cxembl U 1 cseToamop,
ONA OpraHM3auMu BbIX0Aa, CUHTE3MPOBATb CXEMY M 3arpy3nTb KOHOUIypauMOHHbIN ¢dalin B
oTNaaouHyto naaty. [poTecTMpoBaTth cxemy.
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2 IIpoekTupoBaHue KOMOHWHALMOHHBIX cxeM Ha
perucTpoBoMm ypoBHe

BBeaeHue

B nepBoi rnaBe paccMaTpUBaNMCb MPOCTbIE CXEMbl, OMUCaHHble Ha BEHTU/IbHOM YpPOBHE
abctpakumm (gate level), ¢ npMeHeHMeEM 6a30BbIX IOTMUYECKUX BEHTUIEN, peanm3yiolMXx OCHOBHbIE
NlorMyeckune onepauuun. B gaHHoM paboTe paccmaTpuBaeTca NPOEKTUPOBAHUE CXEM CpegHen cTeneHun
WHTErpaumm, TakMX Kak CyMmaTopsbl, AewmndpaTopbl, MyabTUNAEKCopbl U T.4. OnucaHne noaobHbIX
CXEM BbINOJIHAETCA YXKe He Ha BEHTU/bHOM YPOBHe abCTpakumK (gate level), a Ha TaK Ha3biBaeMoOM
pernctpoBom wnAn  PyHKUMOHanbHoM ypoBHe (RT-level). Ha paHHOm ypoBHe abcTpakuum
ONUCbIBaeTCcA noBefeHue cxemMbl (ee ¢yHKuMA). B Hayane rnasbl BbINOMHEH 0630p onepaTtopoB U
KOHCTPYKLMIA, NPUMEHAEMbIX A1 ONUCAHUA CXEM HA PErMCTPOBOM YPOBHE.

2.1 OnepaTopbl U KOHCTPYKLUHU PETUCTPOBOI0 YPOBHS OMMUCAHUA CXEM

B gonosHeHMe K N0rMYyeckMm onepaTopam, PacCMOTPEHHbIM B MEPBOW rnaBe, ANA CMHTE3a
KOMBMHAUMOHHBIX CXEM MPUMEHSAIOTCA onepaTopbl cpaBHeHus (relational operators) u HekoTopble
apudmeTnyeckme onepatopbl (arithmetic operators). B gaHHOM rnaBe paccmaTpuBatoTCA AaHHble
ornepaTopbl U pa3HoobpasHble VHDL-KOHCTPYKUMM Ha ux ocHoBe. B Tabauuax 2.1 u 2.2 npuseaeHbl
oCHOBHble onepaTopbl VHDL, npumeHsemble ANA CMHTE3a CXEM, WU TUMbl AAHHbLIX, C KOTOPbIMMK
JaHHble onepaTopbl paboTatoT.

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

onepartop onucaHue TUN AaHHbIX ONepaHAoB TUN AAHHbIX pe3y/ibTaTta
a**h BO3BeAEeHWE B Integer integer
CTeneHb
a*b YMHOXeHue TMnN integer ncnoab3yeTtcs gns
a/b penexHve KOHCTAHT M rpaHu1L, MacCc1BOB.
a+b CYMMMPOBAHUNE He cunTesupytorca!
a -b BblUMTaAHUE
a&b KOHKaTeHauus 1-D array, element 1-D array
a=b aBEHCTBO .
a/=b H(SpaBeHCTBO noboi boolean
a <b MEHbLLE YeM
a<=b MEHbLLE YeM Nn
L scalar nam 1-D array boolean
a>b 60/blLEe Yem
a>=b 60/blIe Yem UK
paBHO
not a oTpuLaHue
aandb d boolean, std_logic,
aorb nnu . TAKOM e KaK y onepaHaos
std_logic_vector
axorb MCKAtoYatoLLee
2
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Tabauua 2.2 — OnepaTopbl M COOTBETCTBYIOLME TUMbI AaHHbIX 6ubanoTtekn IEEE.NUMERIC_STD package

onepartop onucaHue TN AAHHbIX ONepaHAoB TN AAHHbIX pe3y/sbTaTta
*
a : apudmeTnyeckme unsigned, natural unsigned
a+ . . .
a b onepaumu signed, integer signed
a=b
a/=b
a <b onepauun unsigned, natural boolean
a<=b CpaBHeHUA signed, integer boolean
a>b
a>=b

2.1.1 OnepaTtopbl cpaBHEHUA

B craHgapte VHDL ucrnonb3yetca WecTb OnNepaTopoB cpaBHeHMsA: = (paBeHcTBO), [= (He
PaBEHCTBO), < (MeHblle Yem), <= (MeHbLUE YEeM MU PaBHO), > (bonblie yem), >= (6onblle Yem uan
paBHO). [lJaHHble onepaTopbl BbIMOJHAIOT ONepaunn CpaBHEHUA MeXKay onepaHgamMmu o4HOro Tuna u
BO3BPAaLLAOT pe3ynbTaT noruyeckoro tuna BOOLEAN. B gaHHOM y4yebHOM nocobuu TUM AaHHbIX
BOOLEAN Hanpamyto He UCNOJb3yeTcA, OAHAKO onepaunm CpaBHEHUA NMPUMEHAIOTCA B Pa3/IMYHbIX
YCNOBHbIX KOHCTpyKumax VHLD, KoTopble onpeaenatoT CTPYKTYpPY CXeMbl NPU ee CUHTE3UPOBAHUMU.
Moapo6HO TaKMe KOHCTPYKLMKM paccMOTpeHbl B pasgene 2.2. Onepatopbl CPaBHEHUA CUHTE3NPYIOTCA
B BUJ,Ee KOMMNapaTopoB.

2.1.2 ApndmeTtnyeckme onepaTopsl

B ctaHgapte VHDL apudmetnyeckne onepatopbl onpeaenieHbl Ana TMNoB gaHHbix INTEGER
(uenoumcnenHbin) 1 NATURAL (HaTypanbHble Ymcna). [aHHble TUMbl UCNOJb3YIOTCA O KOHCTAHT U
rPaHuL, MaccuBOB, HO He ANA CUHTEe3a.

bubaunoteka IEEE.NUMERIC_STD package

Ona  npumeHeHve apudMETMYECKMX OMEpaTopoB MNPM CUHTE3E CXEM WUCMOAb3yeTcA
JononHuTenbHaas 6ubamnoteka IEEE.NUMERIC STD  package (tabauua 2.2). bBubaunoTteka
I[EEE.NUMERIC _STD package pobasnseT pABa [ONOAHUTENbHbIX TUNA AaHHbIX: unsigned
(6e33HakoBbIN) M signed (3HaKOBbIN) M onpeaenseT onepaTtopbl CPAaBHEHMA WU apudmeTUYecKue
onepaTtopbl 418 3TUX TUMOB AaHHbIX. TUNbl AaHHbIX unsigned u signed onpegeneHbl Kak MaccuB
anemeHToB TMna STD_LOGIC. [laHHbI MacCMB MHTEPNPETUPYETCA, KaK ABOMYHOE NpeacTaB/ieHue
3HAaKoBOro MM 6e33HaKoOBOro Lesoro yucnaa. Oas UCnosib30BaHWSA OnepaTopoB M3 6MBAMOTEKM
IEEE.NUMERIC_STD package (Tabnuua 2.2) ee Hy»KHO 06bABUTb BHa4Yane NpoekTa:

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

use IEEE.NUMERIC STD.ALL, -— obOBaABJieHMe OuOIMOTexKM numeric std
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KoHBepTauua TMNOB faHHbIX

Mockonbky VHDL aBnseTca A3blkom co cTporon Tunusaumein, STD LOGIC VECTOR, unsigned m
signed TPaKTYIOTCA KaK pasanyHble TUMbl AaHHbIX, HECMOTPSA Ha TO, YTO BCE OHW NPeACTaBAAIOT cOboW
maccuB anemeHToB Tmna STD_LOGIC. [OnAa KOHBepTauMM QAaHHbIX W3 OAHOrO TUNA B APYron
ucnonbaytoTca GyHKUMKM KoHBepTaumu (Tabnamua 2.3). ObpaTuTe BHUMaAHWE, YTO [AaHHble TMNA
STD LOGIC_VECTOR npeacTaBnaaioT coboit Habop 6UTOB M He MHTEPNPETUPYIOTCA KaK u4uMCno,
nostomy gaHHble Tvna STD_LOGIC_VECTOR He moryT 6biTb KOHBEPTUPOBAHbI B LLe/IOYUC/IEHHbIN TUN
INTEGER Hanpsmyto n HaobopoT.

Ta6bauua 2.3 — KoHBepTauma TMNOB AaHHbIX

Tun gaHHbIX A KoHBepTupoBaTh B ... PDYHKUUA 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)

Hu)Ke npuBedeHbl MPUMMepbl NPaBUAbHOW M HEnpaBMAbHOW KOHBEPTALMM TUMOB AAHHbIX.
MycTb B NpoekTe 06bABNAEHDI C/leAyIoWMe 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 paccMoOTPUM CAeayloLLMe BblpaKeHUs:

ul <= sl; -- Ommbka THna (type mismatch)
uz2 <= 5;-- Ommbra Tuna (type mismatch)
s2 <= u3; -- Ommbka THHa (type mismatch)
s3 <= 5;-- Ommbka TuHa (type mismatch)

Bce npuBeaeHHble BbipakeHMA oWwnboYHbl. Heobxoammo AaHHble, HaxodAallMecs B Npasoi
YacTu BbIPaXKEHUI NPUBECTU K TUNY AaHHbIX, HAXOAALMXCA B IEBOM YacTu:

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

ObpaThTe BHMMAHME, YTO ANA NOCNEAHEro BbIPa*KEHWA WUCMONb30BaNWUCL ABe (YHKUMM
KOHBEpTaLumm.
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Tenepb pacCMOTPMM BbipaxKeHUs, UCNob3yowme apudmeTmyeckme onepatopol. Cregytowme
BblPa*KeHMA BEpPHbl NOCKObKY onepaTop «+» onpeaeneH ANA TUMNOB AaHHbIX unsigned u natural B
6ubnnoteke IEEE.NUMERIC_STD package:

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

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

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

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

UMCIIOJIb3YEMBIX TUIIOB IOaHHBIX

[nsa pewenuns npobaembl HEO6XOAMMO BbINOJHUTL KOHBEPTALIMIO ONEpPaHAoB K TUny unsigned
(nnmn signed), BbINOMHWUTBL MX CNOMKEHWE, a 3aTemM pe3yabTaT KOHBEPTUPOBaTb 06paTHO K TuUMy
STD_LOGIC_VECTOR:

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

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

Onepatop KOHKaTeHaumm «&» coeAuHAET (CKAeuBaeT) CermeHTbl 3/1EeMEHTOB B OAHY
nocaeaoBaTenbHocTb (Maccms). Cneayowmin NpUmMep UANKCTPUPYET UCMO/b30BaHME KOHKATeHaUMK:

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 gBa 4-x paspsanHmx cjosa a4 B OnHO
8-Mu paspsimHOe b8

c8 <= al & al & a4 & “00”; -- CoemmHsieT gBa 6uTa al, 4-x paspsgHOEe CJIIOBO
a4 um 2-x paspsgHoe cnoBo «00» B omHO 8-Mm
paspsinHOe cJyoBO c8

d8 <= b8(3 downto 0) & c8(3 downto 0);-- Coemmumusier 4 Muamumx paspsaga 8-Mu paspsAgHOIO
cnoBa b8 m 4 mymagumx paspsima 8-Mu paSpPsIfHOTIO
cioBa c8 B omHO 8-Mm paspsinfHoe ciosBo d8

OnepaTop KOHKaTeHauunun «&» Npun CMHTE3E CXEMbI BbIMO/THAETCA NyTEM COEANHEHUNA BXOAHbIX
N BbIXOAHbIX CUTHAN0B, TAKUM o6pa30M Ana ero peannsauunun Tpe6yr0Tcn TOJIbKO «MPOBOAHUKNY.

OcHOBHOE nMNpUMMEHeHWe ornepaTopa KOHKaTeHaumm «&» - onepaumm casura (shifting
operations). B npumepe Hue onepatop «&» NPUMEHseTca AN peanunsauuu caBura AaHHbIX Ha
dUKCUPOBAHHOE KONMYECTBO OUT:
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signal a : STD_LOGIC_VECTOR(7 downto 0);
signal rot, shl, sha : STD_LOGIC VECTOR(7 downto 0);
signal b8, c8, d8 : STD LOGIC VECTOR(7 downto 0);

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

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

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

Z-cocTosiHue

Tun  pgaHHbix  STD_LOGIC nomumo 3HaveHur ‘0" wn 'l copeput  Z-coCToAHME
(BbICOKOMMMNEAAHCHOE  COCTOAHME), XapaKTEPU3YIOLLEE PA3OMKHYTYIO  Lenb. Z-coCTOAHUE
CUHTE3UPYETCA MUCKAIOUYMTENBHO C MOMOLBIO TpexcTabunbHbix bydepos (tri-state buffer). YcnosHoe
0603HayeHne n Tabanua UCTUHHOCTU TpexcTabunbHoro bydepa npencraBaeHbl Ha pUcyHKke 2.1 1 B
Tabauvue 2.4 COOTBETCTBEHHO.

oe

PucyHok 2.1 — YcnosHoe 0603HauYeHue TpexcrabunbHoro 6ydepa

Tabnuua 2.4 — Tabanua UCTUHHOCTU TpexcTabunbHoro 6ydepa

(o]] y
0 YA
1 an

PaboTa TpexctabunbHoro 6ydepa KOHTpOAMpPYeTCcA BXOAO0M paspelwleHus oe (output enable)
Koraa oe = ‘1’, BXOAHOWM CUrHan nepepaeTca Ha Bbixog bydepa, Korga ke oe = ‘0’ BbIxo4HasA Lenb
b6ydepa pasomMkHyTa, T.e. bydpep HaxoguTca B Z-coctosiHuu. Kog, onucbiBatowWwmii TpexctabuibHbln
6ydep BbIrNsANT cneayrowmm obpasom:

y <= a in when oe = "1’ else "2’;

MpuBeaeHHOe Bbllle BblpaKeHWe Has3blBaeTCcA «npucBavBaHMem no ycaosua» un byaer
paccmoTpeHo 6onee noapobHo B pasgene 2.2.1. OcHoBHOe NpuMeHeHMe TpexcTabunbHoro bydepa —
peanusauma AByHanpasaeHHOro noprta BBoga/sbiBoga  (bidirectional port) ana  6onee
paLMOHaNbHOrO WMCMONb30BaHNA KOHTaKToB MuKpocxem (I/O pins). Mpumep aByHanpasieHHOro
NopTa NOKAa3aH Ha PUCYHKe 2.2.
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dir

sig out <« bi
— °

Sig_ in

PUCYHOK 2.2 — [ByHanpaBAeHHbI! NOPT

CurHan dir ynpasnser HanpaBneHMeM nepegayn aaHHbix. Korga dir = ‘0’ TpexctabunbHbin

bydep Haxoamtca B Z-COCTOAHMU U CUrHan sig_out 3abnokmpoBaH — BbiBoA bi mMcnonb3lyeTca Kak

BxoAHoM nopt (sig_in). Korga dir = ‘1’ BbiBoA bi ucnonb3yeTtcsa Kak BbIXOAHOW NOPT U curHan sig_out

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

npueeaeH HMU>xe:

entity bi_demo is

Port (bi

..

begin

inout STD_LOGIC;

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

Ob6paTnTe BHUMaHMe 4To NopT bi LoKeH 06bABAATLCA KaK inout, T.e. ABYHaNPaBAEHHbIN.

2.1.4 BoiBOAp!

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

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

PE3IOMNPYHOTCA OCHOBHbIE NpaBuia, No3BojsAloWKne nsberkatb I'IOLI,OGHbIX OLINBOK. MocKkonbKy

JaHHoe yuyebHoe nocobue HaLeneHo MNpexne BCero Ha CUHTe3Npyemble KOHCTpyKuumu VHLD,

npasuvaa NpunBOAATCA ONA CUHTE3NPYEMbIX TUMOB AAHHbBIX N ONEPATOPOB:

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

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

Ucnonb3yiite QyHKUMKM KoHBepTauuu (Tabauua 2.3) ana npeobpasoBaHMA AaHHbIX
TMna STD _LOGIC_VECTOR B unsigned nawm signed 1 Hao6opor.

Mcnonb3yiTe BCTPOEHHbIA TUN AaHHbIX integer n apudmeTnyeckne onepaummn ana
334aHWNS KOHCTAHT U FPAHUYHbIX 3HAYEHMIN MACCMBOB, HO He A4N1A CMHTe3a.
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e UNcnonb3yiiTe pesybTaTbl ONEpaToOpPOB CPABHEHMUA, UMEIOLWMX TUN AaHHbIXx BOOLEAN B
Pa3/INYHbIX YCAOBHbIX KOHCTPYKUMAX VHLD (pa3gen 2.2), HO He ana cMHTe3a.

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

«MpwuceamBaHme no ycnosuio» (conditional signal assignment) n «npuceamMsaHue no BbIGopy»
(selected signal assignment) aBnsaoTCA napannenbHbIMM KOHCTPYKUMAMMK (concurrent statements) B
VHLD. ®yHKUMOHANbHO AaHHble KOHCTPYKUUM HAaNOMMUHAKOT onepaTtopsbl if n case B TpaanULMOHHbIX
A3bIKAaX MPOrpPaMMMPOBAHMA, HO B OTAMUYME OT TPALGUUMOHHBIX A3bIKOB KOHCTPyKuum B VHLD
BbINOIHAIOTCA Napas/ieNIbHO, @ He NocnefoBaTeNbHO. JaHHble KOHCTPYKLMWN ONpeaensatoT CTPYKTypy
CXeMbl MPU ee CUHTE3NPOBAHNM.

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

CunHTaKCuc «npuceanBaHMA No yCNOBUO» NpuBeaeH HUXKe!:

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

value expr 2 when boolean-expr-2 else

value expr n;

Bynesbl BbipaxkeHus (boolean_expr) noouyepegHo NpoBepsAlOTCA MOKa O4HO M3 HWUX He
OKa3blBAeTCA MCTMHHbIM W COOTBETCTBYylOLLee BbipaxeHue (value_expr) npucBamBaeTca cUrHany
signal_name. B cnyyae ecnu Bce 6GyneBbl BbIPaXKEHUA NIOXHbI CUTHANY MPUCBAMBAETCA 3HAYeHWe
value_expr_n.

CTpyKTypa «npucBanmBaHWe Mo YCNOBUIO» CUHTE3MPYETCA B KaCKaAHYIO MPUOPMUTETHYIO CXemy
Ha 6ase mynbTUNAekcopos 2 B 1. YcnoBHoe 0603HayYeHne 1 Tabamua MCTUHHOCTM MybTUNAEKcopa 2
B 1 MOKasaHbl Ha pUCyHKe 2.3 1 Tabanue 2.5 COOTBETCTBEHHO.
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PucyHok 2.3 — Cxema mynbtunaexkcopa 28 1

Tabnauuya 2.5 — Tabanua UCTUHHOCTU MybTUNNEKcopa 2 B 1

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

PaCCMOTpMM npumep CMHTE3a ceaytouwero Koga:

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

a-b when m > n else

c +1 ;

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

cxema GOPMMPOBaHMA
curHanos «value expressions» KackagHas

o npuopuTeTHaA Cxema

o T,

cxema byneBbix BbipaXKeH Wi
«boolean expressions»

PucyHok 2.4 — CuHTe3MpoBaHHasA cXxema, peanunsylolian KOHCTPYKLMIO «NMpucBaMBaHuUe Mo YC/I0BUIO»

Cxema paboTaeT cneaytolimm 06pa3om: ecam UCTUHHO NepBoe Byneso BbipaskeHue (m = n), To
CyMmMa curHanos (a + b + c¢) nepepaeTtca Ha BbIXOA, CXEMbl Y; €C/N Ke WUCTUHHO BTOpOe byneBo
BbipakeHue (m > n), TO Ha BbIXO4, y NepesaeTca pasHOCTb CMTrHanoB (a - b); BOo Bcex OCTasbHbIX
cny4yasx (m < n) Ha BbIXOZ CXembl nepegaeTcs curHan (c + 1).
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Ob6paTnTe BHMUMaHMKe, YTo cxema GopmMMpoBaHMA curHanos (value expressions circuit) n cxema
bynesbix BblparkeHM (boolean expressions circuit) BbIMOAHAKTCA MapannenbHo (pUcyHok 2.4).
BbIxoAHble CUrHanbl CXeMbl Oy/feBbIX BbIPAaXKEHW WCNONb3YIOTCS KaK CUrHasbl Bblbopa B
MYNIbTUMNNEKCOPAX, @ BbIXOAHbIE CUrHaNbl cxembl GOPMUPOBAHUA ABAAOTCA MHOOPMALMOHHBIMM
CUrHaNaMK, M3 KOTOPbIX BblbMpaeTcs HeobXxoAWMbIA CUrHaN W MOAAETCs Ha BbIXOZ, CXeMbl .
KonnuectBo cTyneHen (MynbTUMNAEKCOPOB) B KacKagHOW NPUOPUTETHON cxeme (pUCyHOK 2.4)
COOTBETCTBYET KonmnuyectBy when-else ycnosuit B KOHCTpyKuuu. Bonbloe konuyecteo when-else
YC/OBUI NPUBOANT K CUHTE3MPOBAHUIO ANMHHOM LLeNu KacKaZoB W, Kak CNeacTBMe, K 3HAUMTE/IbHOM
BpeMeHHoI 3aaepKe (propagation delay) paboTbl cxembl.

Huke npuBeaeHbl ABa MPOCTbIX MPUMEPa MCMNOJ/b30BAHMUA KOHCTPYKLUMWU «MNpUCBAMBaHUE MO
ycnosuio» (conditional signal assignment). MepBbim nNpumepom ABASETCA MNPUOPUTETHBLIN 4-X
paspagHbii wudpaTop (priority encoder). daHHbIl wWKdpaTop MMmeeT YeTblpe BXOAHbIX 3anpoca
(requests): r(4), r(3), r(2) v r(1), KoTopble 06beANHEHDI B 4-X Pa3pAAHbIA BXOA ¥, NPUUYEM CTapLUMiA
6uT r(4) nmeeT HaumBbICWKMI NpuopuTeT. BbixogHoM curHan pcode npeactasnseT cobol ABOUYHBIN
KOA, BXOAHOro 3amnpoca C HauBbICWIMM NpuoputeTom. Tabanua WCTUHHOCTM MNPUOPUTETHOTO
wudpaTopa npuseaeHa B Tabnuue 2.6. CuHTesmnpyembiit HDL Ko npuBeaeH B anMcTuHre 2.1.

Tabauua 2.6 — Tabamua UCTUHHOCTU 4-X paspPALHOro NPUOPUTETHOTO WKudpaTopa

Input Output

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

Nuctuhr 2.1 — CuHTE3 NpUOPUTETHOTO WKMdpPATOPa C NPUMEHEHMUE KOHCTPYKLMKN «NPUCBAUBAHUE MO YC/I0BUIO»
(conditional signal assignment)

library IEEE;
use IEEE. STD_LOGIC_1164 .ALL;

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

end prio_encoder;

architecture cond_arch of prio_encoder is

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

\\000// ,.
end cond_arch;

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

BTOpbIM NPUMEPOM MCNO/b30BaHMA KOHCTPYKUUK «NpuUcBanBaHue no ycnosuio» (conditional
signal assignment) ana cMHTE3a cxem ABAAETCA ABOUYHbLIN AewindpaTop. [BoUYHbIA AelmndpaTop
n-8-2" npeobpasyeT ABOMYHbLIA N-paspALHbIA KO, B YHUTapHbI 2"-paspagHbiil (Kog, B KOTOPOM
aKTUBHbIM fBAAETCA TONbKO OAMH 6uT). Tabavua MCTUHHOCTM ABOMYHOro Aewwudpatopa 2-8-4
npuveegeHa B
Tabnnue 2.7. Cxema gewmndpaTopa AOMNONAHUTENILHO MMEET BXOJ, paspelleHna paboTbl en (enable).
Cuntesmnpyembln HDL Koa aewmdpatopa npuseneH B AMCTUHre 2.2.

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

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

NuctuHr 2.2 — CUHTE3 ABOMYHOIO AewwndpaTopa c NpUMeHeHUe KOHCTPYKLUKN «npucBauBaHue no ycaosuio» (conditional
signal assignment)

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

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

end prio_encoder;

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

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

end cond_arch;

B npuBegeHHOM Koge (NUCTMHT 2.2) W3Ha4Ya/lbHO MNPOBEPSETCA COCTOAHME CUrHana
paspelleHns en, ecin CUrHaa akTUBHbLIN, T.e. en = ‘1’, To noc/iieaoBaTeIbHO NPOBEPAIOTCA 4 BXOAHblEe
KombuHauum curHana a.

2.2.2 NpuceamnBaHue no Bbibopy (selected signal assignment)
CMHTAKCUC U CUHTE3MpPYEeMas CTPYKTypa

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

sig <= value expr 1 when choice 1 ,

value expr 2 when choice 2 ,

value expr n when others;

®PyHKUMOHANBHO «MNpUCBanBaHWE NO BblIODOPY» HANOMWHAET ONepaTop Case B TPAAULMOHHbIX
A3blkax MPOrpPaMMMpPOBaHMA. [laHHAs KOHCTPYKUMA NpUCBaMBaeT HeobXxoAMmoe 3HauyeHue
(value_expression) BbIXogHOMY CUrHany Sig B 3aBMCMMOCTM OT 3Ha4yeHMsA curHana Bbibopa sel.
Kaxablit KOHKpeTHbIt Bblbop (choice_i) npeacraBnseTr coboli KOHKpPETHOE 3HayeHue MAn Habop
3HauyeHuit sel. Kaxkabiit BbIGOp A0NKEH BKAOUYATb B ceba ntoboe 3HaveHue sel He yalwe ogHoro pasa,
HO MpY 3TOM BCe BEPOATHblE 3HaYeHUA sel AoNKHbI NPUCYTCTBOBATL B CTPYKType. [NA OTpaKkeHun B
CTPYKTYpE HEWUCnosib3yemblX BapWMaHTOB WCMO/b3yeTca ciyxebHoe cnoso others, KoTopoe
ncnonb3yeTtca B 06s3aTe/IbHOM NOPAAKE U BKAIOYAET B Ce6A TaKKe He CUHTe3npyemble 3HadeHus (X,
'Uunr.a.).

Ctpyktypa «[lpucsamMBaHue Mo BbIBOpy» CUMHTE3MpPYETCA B CXeMy Ha 6ase My/abTunieKkcopa.
PaccmoTprm Nnpumep cUHTE3a CAeayIoLEero Koaa:

signal sel : STD_LOGIC_VECTOR (1 downto 0);

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

c +1 when others;

B paHHOM cnyyae curHan sel moxkeT npuHumaTth 4 3HadeHus (“00”, 701”7, 10”7, “11”). Noatomy
cxema bygeTt cMHTe3MpoBaHa B BMAE MyabTunaekcopa 4 B 1 ¢ curHanom Bbibopa sel (pucyHok 2.5).
YcnoBHoe o0b603HayeHMe 1 Tabamua NCTUHHOCTU MynbTUNAeKcopa 4 B 1 NOKasaHbl Ha PUCYHKe 2.6 m
Tabauue 2.8 cooTBETCTBEHHO.
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[NPMJIOXEHME 3

cxema GopmMpoBaHUS
curHanos «value expressions»

/ cXxema

a: : MYNbTUNNEKCOPA
b T 1+ !
c_i, + i 00
I ' 01 r
! - : 10
i i —11
i +1 :
. == I
sel

Tabauuya 2.8 — TabnMua UCTUHHOCTU MyNIbTUNNEKCOPa 4 B
1
sel y
00 i0
01 il
10 i2
11 i3

PUCYHOK 2.6 — Cxema mynbTunaekcopa 4 s 1

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