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IIporokomor 20 1. Ne
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IIporokomor 20 1. Ne

3aB. kadeapoii I[.IOj’caTHﬁ




1 Iles1u ocBOCHUS TN CHMILTHHBI (MOYJI51)

Lensmu  ocBoeHus  AUCHUIUIMHBI ~ «OCHOBBI  MPOEKTHUPOBAHUSA  AJIECKTPOHHOU
KOMIIOHCHTHOM 0a3bl» SBISIOTCS HW3YYCHHE COBPEMEHHBIX METOAOB H  MapIIpyTOB
MPOEKTUPOBAHUS DJIEKTPOHHON KOMIIOHEHTHOW 0asbl, CPeICTB M CHOCOOOB aBTOMAaTH3allUU
poruecca IpOoeKTUPOBAHMS.

2 MecTo THCHUIIMHBI (MOYJIfAA) B CTPYKTYpPe 00pa30oBaTe/IbHOI MporpaMmal

JucuuruinHa OCHOBBI NIPOEKTUPOBAHMS IEKTPOHHONM KOMIIOHEHTHOH 0a3bl BXOIMUT B
00513aTeNIbHYIO YaCTh Y4eOHOTO T1aHa 00pa30BaTENbHON MPOTPAMMBI.

Jus  u3ydeHMs ~ OUCUMIUIMHBI ~ HEOOXOOUMbl  3HaHMA  (YMEHMs,  BIaJEHU),
c(OpMHUPOBAHHBIC B PE3YJIbTATE U3YUCHHSI JUCIUTUTUH/ IPAKTUK:

JlMcKkpeTHas MareMaTuKa

WNudopmarrka u HHPOPMAITMOHHBIE TEXHOJIOTUU

dusuka

Maremaruka

DnemMeHTbl LU(PPOBON TEXHUKU

CxemoTexHHKa

3HaHus (yMEHUsI, BIAJCHUS), IOJyYEHHbIE IPU U3YYEHUM JAHHOW JUCUMILIUHBI OyIyT
HEO0XO0AUMBI JUIsl U3yUeHUS UCHUILINH/TIPAKTHK:

CAIIP ycTpOoiCTB IPOMBILIIIEHHOM 3JIEKTPOHUKHU

3 Komnerenunu ody4yarouierocsi, popMupyemMbie B pe3yaibTaTe 0CBOEHUsI

AUCHUILINHBI (MOAYJIS) ¥ IIJIAHUPYeMble Pe3yJIbTAThl 00yUeHust

B pe3ynbrate ocBoeHUS AUCHUTIINHBI (MOYJIs) «OCHOBBI TPOSKTUPOBAHHUS SJICKTPOHHOM
KOMITOHEHTHOM 0a3bI» 00yUJaronuiics TOIHKEH 00J1a1aTh CIIeAYIOUMMA KOMITETCHIIUSMU:

Kon nanukaTopa WNHaukaTop TOCTHKEHUS KOMIIETCHITUN

OIIK-1 CrnocoGeH uCHONB30BaTh IOJOXKEHHS, 3aKOHbI M METOJbl €CTECTBEHHBIX HayK U
MaTEeMaTHKH JUIs pelIeHHsI 3a1a4 MH)XEHEPHOM 1€ TeIbHOCTH

OIIK-1.1 [Tpumensier puznueckue 3aKOHbI U MaTEMAaTUUYECKHUE METO/IbI IS peIIeHUs
3a]1a4 TEOPETHUUECKOr0 ¥ MPUKJIIAJHOIO XapaKkTepa

OIIK-1.2 Hcnone3yeT 3HaHUA (U3UKA U MATEMaTUKU MPU PEIICHUH MPAKTHUECKUX
3a/1a4y

ITK-1 CniocoGeH pa3palaThIBaTh CTPYKTYpHBIE U (DYHKIIMOHATIbHBIE CXEMBI JIEKTPOHHBIX CUCTEM
Y KOMILUIEKCOB, IPUHIUINAIBHBIX CXEM YCTPONCTB C HCIIOJIb30BAHUEM CPEJICTB KOMIIBIOTEPHOTO
IPOEKTUPOBAHUS, MPOBEACHHUEM IPOEKTHBIX  PacueToB M  TEXHUKO-IKOHOMHUYECKUM
000CHOBaHHEM TPUHUMAEMBbIX PEIICHUI

IK-1.1 PazpabatbiBaeT 3CKHU3HBIM MPOEKT, BKIIOUAIOIINNA: BBIOOP CTPYKTYPHOM
CXEMBbI 3JIEKTPOHHOTO YCTPOMCTBA WJIM CUCTEMbI MYTEM COIMOCTaBICHUS
pa3IMYHBIX BAapUAHTOB M WX OIEHKU C TOYKU 3PEHUS TEXHUUYECKHX U
HYKOHOMUYECKUX TPEOOBAHMIA; pACCUUTHIBAET BCE HEOOXOIUMBIE MTOKA3aTEeNN
CTPYKTYPHOM CXEMBI JIEKTPOHHOTO YCTPOMCTBA MIJIM CUCTEMBI, B TOM YHCIIE
MOKA3aTe TN KaueCTBa; BHIOMPAET M 000CHOBBIBAET CXEMBI BCITIOMOTaTENbHBIX
YCTPOWCTB

[1K-1.2 [Tpou3BOIUT TEXHUKO-DPKOHOMUYECKOE 00OCHOBAHUE MMPUHSATOTO PELICHHUS C
pacueTaMu ce0ECTOMMOCTH YCTPOMCTBA U CTOMMOCTH €r0 SKCILTyaTalluu;
CPaBHHUBAET C aHAJIOTAMHU MO TEXHUKO-I)KOHOMHUYECKUM XapaKTepUCTUKAM




4. CTpyKTypa, 00bEéM U coep:KkaHue AUCHUIIMHBI (MOAYJISA)
OO0mas TpyI0eMKOCTh NUCIHMIUIMHBI COCTaBIseT 3 3a4eTHhIX eauHull 108 akan. gacos, B TOM
qyuce:
— KOHTaKTHas pabora — 36,7 akaj. 4acoB:
— aynutopHas — 36 akaJ. 4acoB;
— BHeaynutopHas — 0,7 akaJl. 4acoB;
— caMocTosTeNnbHas pabora — 71,3 aka. yacos;
— B (hopMe MpakTUYeCKoi moaroToBku — 0 akaj. 4yac;,

dopma arTecTaluy - 3a4eT

AynutopHast 3 s
o | xonraxTHAs pabora E 3 dopma TeKyIEero
g B
= o )31 KOHTPOJIS
Paznen/ Tema 3 (B akan. uacax) g A o P Kon
S & © | caMOCTOSTEeNBHOM | ycleBaeMocTu U
JIACIMTUTHHBI 3 S . | xommerenu
O g £ paboThI MIPOMEKYTOUHOH
nab. | mpakt. | 3 &
Tlex. z'g aTTecTaluu
3aH. 3aH. | &
1. OCHOBBI IPOEKTUPOBAHHS
11 CoBpeMeHHas
CamocrosTenpHOe
AIIEKTPOHHAS .| Kourponbnas MK-1.1, TK-
2 10 |u3ydenue yueOHOM
KOMITOHEHTHAS 6aza. ena pabora 1.2
JUTEPATYPHI
Knaccudukanus. Oo6nactsb paryp
1.2 TIpoekTrpoBaHue
AIIEKTPOHHOU CamocrosTenbHOe
p o o KOHTPOJIbHAS I1K-1.1, TIK-
KOMITOHEHTHOH 0a3br: 3 10 |u3yueHue yueOHOI aGota 12
OCHOBHBIC 3Tallbl U1 YPOBHHU JIUTEPATYypPhI p ’
POEKTHPOBAHUS
13 Cucrembl
ABTOMATU3UPOBAHHOI'O 8
npoektupoBanust (CAIIP).
00630p CAIIP JUTst CamocrosTensHoe
Pa3IHIHBIX ypOoBHEH n3ydeHue yaeOHou
MPOEKTUPOBaHUA.  SI3bIKM 3 14 20 JIUTEPATYPBHI. Kontponbnas MK-1.1, IK-
OITUCaHHUs anmaparypbl IMoaroToBka k paboTta 1.2
HDL. CkBO3HOE HPaKTUYECKUM
MPOEKTHPOBAHNE 3aHATHSAM
U(POBBIX YCTPONUCTB Ha
ocHose [IJIMC B CAIIP ISE
WebPACK Xilinx
HWroro no pazngeny 8 14 40
2. MoaenupoBaHue
2.1 Busibl MOJCTTUPOBAHHUS 1
THIIBI Mozernei Ha
Pas3sIMIHbIX Jramnax
CamocrosTenpHOE
MPOEKTHUPOBAHUSL. JBvaeHIe VIeOHO
Henomsosanme VHLD- u y;me aZ bl KonTpomnbhas IK-1.1, TIK
SPICE-moneneii. 8 2 5 20 PATYPBL. P o
IlogroroBka Kk pabota 1.2
MogenupoBanue  paboTHI
mU(POBBIX  YCTPOUCTB ¢ MPAKTHICCKHM
3aHATHSIM
IMOMOIIBIO BCTPOCHHOT'O B
CAIIP ISE WebPACK
cumyisitopa Isim.




2.2 Pa3paboTka IPOEKTHOI
JIOKYMEHTALHH.

Kondurypuposanue IIJINC CaMOCTOHTeHbHO?
. n3ydeHue yueOHoH

C TIOMOIIBIO BCTPOSHHOW B
CATIP ISE  WebPACK 2 5 113 JIUTEPATYPHI. KonTtponbHas IK-1.1, TIK-
HDOTDAMML Impact ’ ITogroroBka k pabora 1.2
Tp p ) MIPAKTUYECKUM

eCTUpOBaHHE TOTOBBIX
YCTPOMCTB. JTAG- SAATIAM
uHrepdeiic.
HUroro no pazaeny 4 10 31,3
HWroro 3a cemectp 12 24 71,3 3a4éT
Hroro no aucuuIuinHe 12 24 71,3 3a4eT




5 O0pa3oBaTe/ibHbIE TEXHOJIOTHH

JIekuuoHHBIE 3aHATHS IO JUCUUIUIMHE «OCHOBBI IIPOEKTUPOBAHMS AJIEKTPOHHOU
KOMIIOHEHTHOW  0a3b» MPOBOAATCS B  TPAJAMIUOHHOW (QOpMe C  HCIOJIB30BAaHHEM
MYJIbTUMEAMMHOr0 00opynoBaHus. IIpakTuueckue 3aHATHA NPOXOAAT KaKk B TpaJULMOHHOU
¢dopme, Tak U B MHTEPAKTUBHOM (opMe, I/ie CTyJCHTaM 3apaHee MpeiaraeTcs 03HaKOMUTHCS €
uHpopMaLuel o TeMe 3aHATUs Ul OJrOTOBKM BOIIPOCOB IPENOAaBaTell0, TAKUM 00pa3oMm,
IIPAaKTUYECKOE 3aHATHE IMPOXOJUT IO THUILy «BOIPOCBI-OTBETBI-AUCKyccus». Ha Bcex
IIPAKTUYECKUX 3aHATHUAX TaKXKE IPHUMEHSAIOTCA DJJIEMEHTHl 3aHATHA-BU3YalIM3aluM, 3a CUET
IIPEICTABJICHNS YaCTU MaTepHaa ¢ IOMOILBIO 3apaHee IMOArOTOBICHHBIX IIPE3EHTALlUM, CIIAiI0B
C IIOMOILBIO MYJIETUMEIUIHHOIO 000PYIOBAHHUS.

Teopernyeckuii Marepuasn, OCBOCHHBIN CTYIEHTAMH CAMOCTOSTEIbHO, 3aKPEIUIIETCS Ha
IIPAKTUYECKUX 3aHATHUSIX, Ha KOTOPBIX BBIITOJIHAKOTCS UHANBUAYAJIBHBIE U IPYIIIOBbIE 3a1aHUs 110
IIpOWIeHHO!M TeMe. HacTh IPaKTUYECKUX 3aHATUI IPOBOJAUTCS B BUJIE TPAIULIMOHHBIX CEMUHAPOB
C L1eJIb10 O0JIee IITyOOKOT0 M MMOJIHOTO YCBOEHHS TEOPETHUECKOro MaTepraia 1o JaHHou teme. s
3TOr0 CTYACHTaM MpPEeIaraeTcs rOTOBUTh JOKJIAbI 110 paCCMaTPUBAEMON TEME C JaJbHEHIIUM
00CyXJIeHUEM B XOJle MPaKTUYeCKOro 3aHATus (yd4eOHbIX auckyccuif). Ha mnpaxTuueckux
3aHATHUAX TAK)KE MPUMEHSIFOTCS METOJ] KOHTEKCTHOTO 00y4eHHUsI, paOOThl B KOMaH 1€ U METO/1 Case-
study, mo3BoJsOIIME YCBOUTH Yy4YeOHBIH Marepuan MyTEM BBI-SBJICHUS CBSI3eH MEXAY
KOHKPETHBIM 3HAaHHUEM U €r0 IPUMEHEHUEM, A TAK)KE AHAJIN3a KOHKPETHBIX CUTyalluld W IIOMCKa
pELIECHUI B IPYNIE CTYJEHTOB. 3alUTa Pe3yJbTaTOB MPAKTUYECKUX 3aJaHUM IPOXOJUT B BUIEC
JlMasora IpenoaBarells U CTyAeHTa, IIPEIoJaBaTeeM 3a1at0TCsl KOHTPOJIBHBIE BOIIPOCHI € LIETIBIO
BBISICHEHUS TJIyOMHBI 3HAaHUH CTYJEHTa IO JaH-HOMY pPa3Jiely, IPU 3TOM HpoOenbl B 3HAHUIX
CTYJIEHTa BOCIIOJIHAIOTCS TOIIOJIHUTEIIbHBIMU IMOSCHEHUSIMU, KOMMEHTAPHUSMU IIPENOAABATEIIS.

B kauecTBe OLICHOYHBIX CPECTB Ha IPOTSKEHUHU CEMECTPA UCIOJIb3YHOTCSI KOHTPOJIbHBIE
pabotel. CamocTosiTenpHas paboTa CTYAEHTOB 3aKJIIOYaeTCs B MPOpabOTKE Marepualia Ipu
MOArOTOBKE K IPAKTUYECKUM 3aHITHUSIM.

6 Y4eOHO-MeTOAUYECKOE 00eciedeHUe CAMOCTOSITeJIbHOI PadoThl 00y4aroImmMXxcst
[Ipencrasneno B mpuioxxeHuu 1.

7 OuneHovHnblie cpeacrea AJisl MIPOBEICHUSA HpOMe)KyTO‘IHOﬁ aTrrecranmumn
Hpe,[[CTaBJ'IeHLI B ITPUJIOKCHUHN 2.

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

a) OcHoBHas1 IMTEpaTypa:

1. Ymienuna, U. B. [IpoexktupoBanue nudpossix ycrpoiicts Ha IIJIMC : yuebHOE nocobue
/ 1. B. Yumennna. — Cankr-IletepOypr : Jlans, 2022. — 408 c¢. — ISBN 978-5-8114-3657-6. —
Tekcr: oamekrtpounsiii //  Jlanb ©  21meKTpoHHO-OMOMMoOTeuHass cucrema. —  URL:
https://e.lanbook.com/book/206678 (mata oGparnenus:: 16.07.2022). — Pexxum jmoctyma: Jist
aBTOPU3. MOJIb30BATEIEH.

2. S3pik verilog w mpoekTHpoBaHHE NM(POBBIX YCTPOWCTB Ha IUIMC . Y4eOHO-
metoaunyeckoe mocodue / cocraButenu E. B. Borarukos, A. H. Illebanos. — Boponex : BI'Y,
2018. — 61 c¢. — Tekcr : anextponnsii // Jlanb : anekTpoHHO-OMOMMoTeuHast cucrema. — URL:
https://e.lanbook.com/book/171183 (mata ob6pamenus: 16.07.2022). — Pexxum mocryma: ajis
aBTOPH3. IOJIH30BATEIIEH.

0) lonoJiHMTE ILHAA JIATEpaTypa:

1. Ckures, A. A. Bepudukanus nupoBbIx yCTpOHCTB: Kypc JeKIHii : yaeOHoe mocooue /
A. A. CxureB. — Mocksa . HUSAY MUOU, 2020. — 92 ¢c. — ISBN 978-5-7262-2696-5. —
Tekcrt : anekTponHbIii // JIaHb : 3IIEKTPOHHO-ONOIMOTEYHASI CHCTEMA.



— URL: https://e.lanbook.com/book/175430 (nara o6pamienus: 16.07.2022). — Pexxum goctymna:
JUJIs1 aBTOPU3. TTOJIH30BaTENECH.

2. Martematndeckue MOJICITU U METOJIbI CHHTE3a B CBEPXOO0JIbIINX HHTEIPAIBHBIX CXEMax
: yuebnoe mocobdue / cocrasurenu H. Y. Yepssixkos H. U. [u ap.]. — Crasponois : CKOY, 2016.
— 187 c.— Texcr : anexTponHbiit // JlaHb : 31neKTpoHHO-OMONMMOTEYHas cuctema. — URL:
https://e.lanbook.com/book/155293 (mata obOpamenus: 16.07.2022). — Pexxum mocryma: ajis
aBTOPH3. ITOJIL30BATEIICH.

B) MeToauyeckue ykazaHus:
Meroandeckue peKOMEHIAIMHY 110 BBITTOJIHCHUIO TPAKTUYECKUX 3a/IaHUH TPEICTABICHbI
B IIPHJIOKEHHUH 3.

r) [Iporpammuoe obecneuenue u UnTepuer-pecypcebi:

IIporpammHoe o0ecnieuenmne

Haumenosanwue 110 No norosopa CpoK eCTBUS JTUIEH3UU
MS Office 2007 |y, 135 1 17.09.2007 GeccpouHo
Professional

7Zip cB0001HO pacrpoctpansemoe [10 0eCcCpovHO

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

ITouckosas cucrema Akanemus Google (Google Scholar) |URL: https://scholar.google.ru/

9 MaTepHabLHO-TEXHHYECKOE o0ecneuyeHne TUCIHIINHBI (MOLYJIfA)

MarepuanbHO-TeXHUYECKOe 00ecIiedeHUe AUCIIMIUTMHBI BKITIOYACT:

Jlexuuonnas ayauropus (ayn. 458.): MysabTuMeanitHbIe CpeICTBa XPAHEHU S, IEPeIauu |
npecTaBIeHUs HHpOpMaIU.

Komnbrorepubiii kinace (aya. 357): IlepcoHanbHbIE KOMIBIOTEPHI C YCTAHOBICHHBIM
criermanusupoanHoM 10 s npoekTupoBanus anementHo# 6a3bl (ISE WebPACK Xilinx).

AynuTopusi s caMOCTOSITETbHOW paboThl (aya. 357): KOMIBIOTEPHBIA Kiacc
[TepcoHanbpHBIE KOMIIBIOTEPHI C YCTAHOBJICHHBIM CieIaTn3upoBaHHoM 10 i mpoeKTHpoBaHus

anemenTHO# 6a3b1 (ISE WebPACK Xilinx).



I[MPUJIOXXEHMUE 1

[To mucuurmumue «OCHOBBI MPOEKTUPOBAHMS AJIEKTPOHHOW KOMIIOHEHTHOW 0a3bl»
IPeIyCMOTPEHA ayAUTOpHAs U BHEAYJAUTOPHAs CaMOCTOsITEIbHAsE paboTa 00yJaromuxcs.

AyIuTOpHAs CaMOCTOSTENIbHAS PadOTa CTYIEHTOB MPEAIOIaraeT peleHne KOHTPOIbHBIX
3a]a4 Ha IPAKTUYECKUX 3aHATHAX.

[TpumepHbIe ayTUTOpHBIE KOHTPOJIbHBIE paboTs! (AKP):

AKP Nel «CoBpemeHHasi 3J1eKTPOHHAasi KOMIIOHeHTHasi 0Oa3a. Kuaccuduxanms.

O0J1acTh IPUMEHEeHH !

1.

© oo N kWD
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O B WOWNPFP O OO0LONO UL WDNPEFE O

Knaccugukarus 37eKTpOBaKyyMHBIX 3JIEKTPOHHBIX TPUOOPOB.

Cdepa mpumMeHeHHS HIEKTPOBAKYYMHBIX IPHOOPOB.

[TepcnieKTHBBI MPUMEHEHUS SJIEKTPOBAKYYMHBIX TPUOOPOB.

Kakwue snemMeHThI BXOJAT B MO MPHUOOpa BaKyyMHON AJIEKTPOHUKH.
Kakwue a1exTpoHHO-Ty4YeBbie TPUOOPHI BbI 3HAaETE?

UTto Takoe MoJyIpOBOTHUKOBBINA AJIEKTPOHHBINA TPUOOP?
Knaccudukanus nomynpoBoJHUKOBBIX TPUOOPOB.

Cdepa mpumMeHeHHs TOTYITPOBOIHUKOBBIX TPHOOPOB.

Kakue noiaynpoBoJHIKOBEIE TPHOOPHI BB 3HAETE?

. [lepcniekTUBBI IPUMEHEHUSI TOTYTPOBOHUKOBBIX MPUOOPOB.
. DnemeHTHas 6a3a ONTOAIEKTPOHUKH.

. Ciepa npuMeHeHUs ONITOINEKTPOHUKH

. UTo Takoe MHTerpaipHas cxema?

. Knnaccudukanus mHTErpanbHbeIx cxem?

. UTo 3HAUUT TEXHOJIOTUYECKAsi HOpMa HHTETPATILHOU CXEMBbI?
. DnemeHTHas 0a3a UHTETPAJILHBIX CXEM.

. Uro Takoe 3aka3Has 11C

. Urto Takoe nony3akaznas MC?

. Urto npencrapinsieT co00ii 0a30BbIA MATPUIHBINA KPUCTAIIT?

. Uto Takoe mporpaMmupyemMas Jorudeckasi HHTerpajibHas cxema?
. UTo Takoe «cuctema Ha Kpucrauie»?

. Uro Takoe noruueckuit anement UC?

. Uto takoe nornueckas C koMOMHAIIMOHHOTO THIIA?

. Uro Takoe noruveckas MC nocnenoBaTenbHOCTHOTO THUMA?

. Kakue Tumsl mornueckux siueek (JOTWKH) BbI 3HAETeE?

AKP Ne2 «IlpoexkTHpOBaHUE 31eKTPOHHONH KOMIIOHEHTHOI 0a3bl: OCHOBHBIE 3TANIbI M

YPOBHM NPOCKTUPOBAHUS !

A

[Tepeuncnure ocHOBHBIE Tansl mponssoacTea UC

Yro BrIItOYaeT B ce0s crienupukanus Ha paspadatsiaemyto NC

KakoBa nepapxus npoextupoBanust CbUC.

Yto Takoe KpeMHHEBBIN YPOBEHb IPOEKTHpOBaHMs. Kakue mMpUMHUTHUBBI IPUMEHSIOTCS
Ha JIaHHOM YPOBHE.

Yro Takoe TpaH3UCTOPHBIH YpOBEHb MpoeKkTHpoBaHusA. Kakue mnpUMHUTHUBBI
MPUMEHSIOTCS] Ha JaHHOM YpPOBHE.

Yo Takoe BEHTUIIbHBIN YPOBEHD NIPOEKTUPOBaHUs. Kakne NpUMHUTHBEI IPUMEHSIOTCS
Ha JIaHHOM YPOBHE.
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7. Uto Takoe perucTpoBblil ypoBeHb poeKTUpoBaHus. Kakue mpuMUTUBbBI IPUMEHSIOTCS
Ha JAaHHOM YPOBHE.

8. Uro Takoe MpPOIECCOPHBI ypPOBEHb MPOCKTHpPOBaHWA. Kakue NPUMHUTUBEI
IPUMEHSIOTCS Ha JIAaHHOM YPOBHE.

9. Yro Takoe CUCTEeMHBI ypOBEHb NMPOEKTUpOBaHMs. Kakue MpUMUTHBBI IPUMEHSIOTCS
Ha JIaHHOM YPOBHE.

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

11. KakoBa coBpemenHast un(ppactpykrypa npoussojactsa 1C.

12. Yro npeacTaBistoT cob0oi KpeMHHEBBIC (haOpUKH.

13. Yro Takoe IP-6m0k.

14. Knaccudukamus |P-610k0B

15. B uém omimmume nporpammHubix IP-6510k0B ot anmapatabix |P-6110k0B.

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

17. Dramnbl npoexTupoBanus 3akazHou UC.

18. Dransl npoektupoBanusi UC Ha cTaHIapTHBIX A4YeiiKax.

19. Dramnbl npoekTupoBanus cxembl Ha 6aze [IJIUC.

AKP Ne3 «Cucremsl aBToMaTtu3npoBaHHoro mnpoexktupoBanusi (CAIIP). O63op

CAIIP nns pa3iM4HbIX YPOBHel NpoeKkTHpoBaHusA. SA3biku onucanusa annaparypst HDL.

CkBo3HOoe mnpoekTtupoBanue uu@dposbix ycrpoiicte Ha ocHoBe IIJIMC B CAIIP ISE
WebPACK Xilinx»:

17.
18.

19.

UYro Takoe s3bIK onucanus anmnaparypst HDL.

KakoBbl mpeumymiectBa pa3paboTku cxembl Ha 6aze HDL mo cpaBHeHHIO €O
CXEMOTEXHUYECKHM CIIOCOOOM.

YT0 TaKoe JTOTMYECKHUM CHHTE3 CXEMBI.

Kakue CAIIP pa3paborku VC Bbl 3HaeTe?

Kaxue CAIIP nns pa3padotku cxem Ha 6a3e I1IJIMC Bbl 3HaeTe?

Jlornueckuii cunte3 C Ha cTaHIapTHBIX slUEHKax.

Jlornueckuii cuntes cxem Ha [TJIMC.

Yo Takoe KpUTHUYECKHUH MyTh HUPPOBON CXeMBbI?

Kakwue s3pIku onucaHus anmnaparypsl Bbl 3HaeTe?

. UeM OTIM4YaI0TCS CUHTE3UpYeMbIe CTPYKTYpHI si3bika HDL oT HecuHTEe3upyemMbIx?
. Kaknmu criocob6amu MOXKHO TTOBBICUTH OBICTPOJIEHCTBHE TU(PPOBOI CXEMBI?

. B uéMm 3axmrouaeTcss KOMIpoMUCC TUIOMIAAL KpucTauia/ObicTpoaeiicTBre?

. Uto Takoe cuHXpoHHas udpoBas cxema?

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

. Kakue 3nauenus nogaepxusaet tum gaHHbix STD _LOGIC B s3pike VHDL.
.Uem ormmuaetcss tun gaHHeIx STD_LOGIC or STD_LOGIC_VECTOR B s3bike

VHDL.

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

Kakue 3HaueHus mojjepxkuBaeT TN AaHHBIX UNnsigned B si3pike VHDL. fBnsercs nu
JTAHHBIN TUI CHHTE3UPYEMBbIM?

Kakve 3HaueHws mojjiep:KuBacT TN JaHHBIX integer B si3pike VHDL. fBnsercs am
JTAHHBIN TUI CHHTE3UPYEMBbIM?



20.

21.

22.

23.

24.

25.
26.
27.
28.

29.

30.
31.
32.
33.
34.
35.
36.
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SIBnsieTcs M BICOKOMMITETAHCHOE COCTOSTHUE Z CUHTE3upyeMbIM B si3bike VHDL? Ecimn
J1a, TO KaKasi CXeMa CUHTE3UpyeTCs?

KakoB CHHTaKcHC CTPYKTYpbl «IIpHCBauBaHue 10 ycioBuro» (conditional signal
assignment) B sizeike VHDL. B Kakyro cxemy naHHasi CTpyKTypa CHHTE3UpyeTCsi?

KakoB cunrakcuc ctpykrypsl «lIpucBanBanue o Beioopy» (Selected signal assignment)
B si3pike VHDL. B Kakyto cxeMy naHHasi CTpyKTypa CUHTE3UpyeTcs?

KakoB cunrakcuc omeparopa if B s3eike VHDL. B Kakyro cxemy maHHas CTpyKTypa
CHUHTE3UpyeTCcA?

KakoB cunrakcuc oneparopa case B si3pike VHDL. B Kakyto cxemy gaHHasi CTpyKTypa
CUHTE3UpYyeTCs?

st gero B si3pike VHDL ncnonb3yercst cTpykTypa process?

Pazpaboratek olHOpa3psAHYIO0 CXEMY CpaBHEHUSI HA BEHTHJIBHOM ypoBHE Ha sizbike VHDL.
Pazpaborats Ha s3bike VHDL cxemy gemmudparopa 2 B 4.

Pazpaborate Ha s3eike VHDL cxemy mnpeoOpa3oBaTensi JIBOMYHOTO KojJa B
CEMHUCETMEHTHBIH.

Pa3zpaborate Monyns Ha VHDL, Beruucnsrommii yeTsipexBxoaoByro ¢yHkimio XOR
(ucxmouaromee NJIN).

Pa3paborats Ha s3p1ke VHDL cxemy 4-x pa3psgHOro c4éryuka.

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

Just wero npumensiercs generic B sizeike VHDL.

UTto 3HaYuT napamMeTpu3oBaHHas cxema?

Paspaborats Ha s3pike VHDL cxemy 8-u paspsaHoro perucrpa.

Paspaborats Ha s3pike VHDL cxemy cIBUTOBOTo perucrpa ¢ napajuielIbHON 3arpy3Koi.
Pazpaborate Ha s3pike VHDL cxemy KOHEYHOro aBTOMara JUisl JAETEKTHPOBAHUS
nepeaHero ¢ppoHTa CUrHaia.

AKP Ne4 «Buapl MoaeJMpoBaHUsi M THNBI MoJejedl Ha Ppa3iHYHbIX JITamax
npoextupoBanusi. Ucnonbzopanne VHLD- u SPICE-mopeneii. MoaennpoBanue padoTbl
nM@ppoBbIX ycTpoiicTB ¢ nomoumbio BectpoeHHOro B CAIIP ISE WebPACK cumyasitopa

Isim»:

oW e

N o

10.
11.
12.
13.
14.

Yro Takoe cpeaa TectupoBanus (testbench).

Uto Takoe cpefa TECTUPOBAHUS C CAMOITPOBEPKOIL?

Uro Takoe QpyHKIMOHAIBHOE MOJEIMpPOBaHNE?

VYposuu Bepudukanuu CBUC.

Hasnauenne @QyHkimoHanbHeix OnokoB Stimulus, checker w monitor B cpene
TECTUPOBAHUA?

YTo Takoe paHIOMH3AIINsA TECTOBBIX BO3aAeicTBHi (Stimulus)

Yto Takoe orpanndeHHas (constrained) panaomMu3alys TECTOBBIX BO3/ICHCTBHI

YeM oTiiMyaeTcss KOJ0BOE MOKPHITHE OT (PYHKIIMOHAIBHOTO OKPBITUS MPH BepUPUKALIIH
CXEeMBI?

Yro Takoe MeTpuka npu Bepudukanuu cxembl? Kakie METpUKN UCTIOIB3YIOTCS?

YTo Takoe IMYIIALUSA CXEMBI?

Yro Takoe popmanbHas IpoBepKa SKBUBAJICHTHOCTH HA Tarle CHHTE3UPOBAHUS CXEMBbI?
Yo Takoe BpEMEHHOE MOJIETUPOBAHUE CXEMBI?

Hammcars testbench va VHDL ¢ camonpoBepkoii /1t 0qHOpa3psHON CXEMbI CPaBHEHHS.
Hamucars testbench va VHDL mns cxemsl nemmdpatopa 2 B 4.



15.

16.

17

21.
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Hammcats testbench ma VHDL pmist cxembl mpeoOpasoBaresist JBOMYHOIO KoJa B
CEMUCETMEHTHBII.

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

. Hartucats testbench na VHDL mist cxembl 4-X pa3psiaHOTo CuETYrKa.
18.
19.
20.

Hammcats testbench na VHDL mist cxembl 4-X pa3psaHOro CyMMaTopa 4ucell CO 3HAKOM.
Hanmcats testbench na VHDL mist cxembl 8- paspsiiHOro perucrpa.

Hammcats testbench ma VHDL mis cxeMbl CABHIOBOrO pErucTpa C MapajuieIbHOM
3arpy3Koil.

Hanwucars testbench va VHDL a1 cxembl ieTeKTUpOBaHUsI IiepeHero (poHTa CUTHAIA.

AKP Neo5 «Pa3zpaborka npoektHoii nokymentanuu. Kondurypuposanme IJIUC c
nomombi0 BerpoeHHoii B CAIIP ISE WebPACK nporpammsl Impact. TecrupoBanue
roroBbIxX ycrpoicTB. JTAG-untepgeiicy:

1.

©ooN kDN

[ e T S T
O Ul A WNEO

17.

18.

19.

20.

21.

22.

23.

Yrto Takoe UMILIEMEHTaLus?

KakoBbl OCHOBHBIE PEKOMEHIAIIUU 110 Pa3MEILEHUI0 OJIOKOB Ha KpucTasie?
Yro Takoe cinoi metaiutu3anuu B UC?

Yro Takoe TpaccupoBka?

[IpruMeHeHrne MaHX3TOHOBCKOWM Fr€OMETPUH MPHU TPACCUPOBKE.

Uro Takoe pusnueckas Bepudukarms MC?

Uto takoe DRC nposepka?

Uto takoe ERC npoBepka?

Yro takoe LVS mposepxka?

. Urto takoe GDSII ¢popmat?

. Uro Takoe JTAG tectupoBanue?

. UTo Takoe 1enoyka TeCTUpOBaHU?

. Uto Takoe BcTpoeHHOe camoTecTupoBanue BIST?

. BctpoeHHOe camoTecTHpOBaHUE MTAMATH.

. Urto Ttakoe nepudepuitHoe ckaHupoBaHUE?

. Peanmu3oBatb otHOpa3psaHyto cxemy cpaBHeHus Ha 6a3ze [IJIMC Spartan 3E. Onpenenuts

ObIcTpoeiicTBHE cXeMbl U 3aTpadeHHbIe pecypebl [TJINC.

PeammzoBate cxemy gemmdparopa 2 B 4 Ha 6aze IIJIMC Spartan 3E. Omnpenenutsb
ObIcTpozeiicTBHE cxeMbl U 3aTpaueHHble pecypebl [IJIUC.

PeanuzoBath cxemy mnpeoOpaszoBarensi JABOMYHOTO KOJa B CEMHUCETMEHTHBIM Ha 0Oaze
[TJINC Spartan 3E. Onpenenutsb ObICTPOACHCTBIE CXeMBI U 3aTpadueHHbIe pecypcsl [TJINC.
PeanuzoBath yerbipexBxoaoByto pyHkiuo XOR (uckmouaromee NJIN) na 6aze ITJIMC
Spartan 3E. Onpenenuth OblcTpoAeHCTBUE cXeMbl U 3aTpayeHHble pecypesl [TJINC.
PeanuzoBath cxemy 4-x paspsaHoro cuérurka Ha 6ase IIJIMC Spartan 3E. Onpenenuts
ObIcTpojeiicTBHE cXeMbl U 3aTpaueHHbIe pecypebl [TJINC.

PeanmzoBath cxemy 4-x paspsiiHOTO cyMMaTopa 4rcen co 3HakoMm Ha 6aze [TJIMC Spartan
3E. Onpenenuth OBICTPOJCHCTBHIE CXeMBI U 3aTpaueHHbIe pecypcbl TIJINC.

Peanm3oBath cxemy 8-u paspsiiHoro peructpa Ha 6asze ITJIMC Spartan 3E. Onpenenuts
ObIcTpozeiicTBHE cxeMbl U 3aTpayeHHble pecypebl [IJIUC.

Peanu3oBaTh cxeMy CABHIOBOI'O perucTpa ¢ mapaienbHoi 3arpyskoit Ha 6aze [TJIMC
Spartan 3E. Ompenenuth ObIcTpoAeHcTBUE cXeMbl U 3aTpaueHHble pecypesl [TJIUC.
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24. Peann3oBath cXxeMy JIETEKTUPOBaHUS niepenHero Gpponrta curaia Ha 6aze [IJIMC Spartan
3E. Omnpenenuts ObICTpOCHiCTBUE CXeMBI U 3aTpaueHHbIe pecypcsl [TJIUC.

Bueaynutopnas camoctosTenbHas paboTa OOydaroluXcsl OCYIIECTBISIETCS B BHJE
M3YYEHHUS JTUTEepaTyphl [0 COOTBETCTBYIOIIEMY pa3zely ¢ mpopaboTKoi MaTtepuaia.
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7. OLeHOYHBIE CPeCTBA JIs IPOBEIeHHs] IPOMEKYTOYHOI aTTeCTAMH.

[IpoMexyTouHass arrectauuss HMMEET LEIbI0  ONPEACIUTh CTENEHb  JOCTHUKCHMS
3aIUIAaHUPOBAHHBIX PE3Yy/IbTaTOB 00YYEHUS MO JUCLHUILUINHE (MOIYJII0) 3a ONpEAesICHHbIN EpUO]
o0yueHMsl (ceMecTp) M MOXET MPOBOAMUTHCA B (OpMe 3aueTa, 3adyera C OLIEHKOH, 3K3aMeHa,
3aIUTHI KYPCOBOTO MPOEKTa (paboThI).

JlaHHBIA pa3ien COCTOMT MX ABYX NMYHKTOB: a) [lmanupyemble pe3ynbTaTbl 0Oy4eHUS H
OLICHOYHBIE CPEJICTBA JUIsl IIPOBEACHUS IPOMEXYTOUHOU arrectanuu. 0) [lopsanok mposeneHus
IIPOMEKYTOYHOM aTTECTalMH, II0OKA3aTe]Id U KPUTEPUU OLICHUBAHUS.

a) Ilnanupyemsblie pe3yJbTaTbl 00y4eHHs] M OLICHOYHbIE CPeICTBa JJsl NPOBeJACHHS
NPOMEKYTOYHOM aTTecTAlMU:

Kon Nunukarop gocTrXeHUs
I/IHZ[I/IKaTopa KOMIICTCHIINN
T1IK-1: cnoco0eH UCII0Ib30BaTh ITOJIOKCHHS, 3aKOHBI 1 METOAbI ECTCCTBCHHBIX HAYK U
MaTEeMaTUuKM OJIsd peHIeHI/IFI 3a1a4 HH)KCHCpHOfI ACATCIIBbHOCTHU
— Umo makoe A3b1K ONUCAHUSA
annapamypwst HDL.
— Kakoevl npeumywecmsa paspabomxu
cxemvl Ha baze HDL no cpasnenuio
CO CXeMOMEXHUYECKUM CNOCODOM.
— UYmo maxoe nocuueckuil cunmes
cxembi.
— Kakue CAIIP paspabomku UC evl
3Haeme?
— Kakue CAIIP ons pazpabomku cxem Ha
6aze ITVIUC 6v1 3naeme?
— Jlocuueckuii cunmes UC na

OneHouHble CpeacTBa

[MpumensieT GPU3NYECKUE 3aKOHBI U cmandapmuvix sueiias.
OIIK-1.1 MaTEeMaTU4C€CKUC METOABIL A — Jlocuveckuii cunmes cxem na ILJIHC.

peICHUA 3a4a4 TCOPETUUCCKOI'o U — Ymo makoe kpumuyeckuii nymo

IPHKJIAJHOTO XapaKkTepa yughposoii cxemol?

— Kakue a3viku onucauus annapamypul
6bl 3Haeme?

— Yem omauyaromes cunmesupyemole
cmpykmypul azvika HDL om
HecuHmesupyemuvix?

— Kakumu cnocobamu MOoX*CHO nogvicumay
bvicmpodeiicmaue yupposoti
cxembl?

— B uém 3axnouaemcs komnpomucc
niowaos
Kpucmania/ovicmpooeticmsue?

Ymo makoe cunxpounas yugposas cxema?

— [lepeuucnume ocHo8HbIE Smansl
npouzeoocmea UC

— Ymo exnouaem 6 cebsi cneyugpuxayus
Ha paspadbamovieaemyro UC

— Kaxoea uepapxusi npoexmuposanus

Hcnonb3yer 3HaHus PU3MKU U CBHC.
OIlK-1.2 MAaTEMATUKU TP PEIICHUN — Ymo maxoe KpemHUuesbiil ypoeeHs
MPAKTUYECKUX 3a7a4 npoexmuposanusi. Kaxue
NPUMUMUBH NPUMEHAIOMCSL HA
OaHHOM YpOGHe.

— Ymo makoe mpan3ucmopHblil yposeHsb
npoexmupoganus. Kaxue
NPUMUMUELL NPUMEHAIOMCS HA
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OaHHOM YpOGHe.

— Ymo makoe 6eHmuibHblll YPOBEHD
npoexmupoganus. Kakue
NPUMUMUBLL NPUMEHAIOMCA HA
OaHHOM YpOgHe.

— Ymo maxkoe pecucmposwlii ypoeeHsb
npoexmupoganus. Kakue
NpUMUMUBL NPUMEHATOMCS HA
O0anHOM YpOGHe.

— Ymo maxkoe npoyeccophbiii ypogeHs
npoexmuposganus. Kaxue
NPUMUMUBL NPUMEHATOMCS HA
O0anHOM YpOGHe.

— Ymo makoe cucmemHulil ypoeeHb
npoexmupoganus. Kakue
NPUMUMUBL NPUMEHATOMCA HA
OaHHOM YpOgHe.

— B uém 3axnouaemces npunyun
YNPABNeHUs. CTOHCHOCMbIO
(abcmpazuposanue) npu
paspabomxe 31eKMpOHUKIL.

— Kaxkoea cospemennasn
unppacmpykmypa npouzsoocmea
HUc.

— Ymo maxkoe IP-610k.

— Knaccugpurayus IP-610k06

— Ymo npedcmasnsiom cobou
mononozuueckue |P-6oku.

— Dmanvl npoexmupo8aHusi 3aKa3HOU
HUc.

— Omanwt npoexmuposanus UC na
CAaHOApMHbIX A4ElKaXx.

Omanvl npoexmuposanus cxemul Ha 6aze
TTIC.

I1K-1: Cnioco6eH pa3pabaTelBaTh CTPYKTYPHBIE U (PYHKIIMOHAIbHbIE CXEMBbI 3JIEKTPOHHBIX
CUCTEM U KOMIUIEKCOB, MPUHIMIHUAIBHBIX CXEM YCTPONCTB C HUCIOIb30BAaHUEM CPEJICTB
KOMIIBIOTEPHOTO ITPOEKTUPOBAHMSI, TIPOBEICHUEM ITPOEKTHBIX PACUETOB U TEXHUKO-
SKOHOMHMYECKUM 000CHOBAaHHWEM NPUHUMAEMBIX pelIeHU

IK-1.1

Pa3pa0aTbIBaeT 3CKU3HBINA MPOEKT,
BKJIIOUAIOLIUI: BBIOOp CTPYKTYpPHOM
CXEMBI DJIEKTPOHHOT'O YCTPOMCTBA
WJIM CUCTEMBI ITyTEM COMOCTaBICHUS
pa3IMYHBIX BApUAHTOB U X OLICHKH
C TOYKH 3pEHUS] TEXHUYECKUX U
HKOHOMHUYECKUX TpeOOBaHUIi;
paccunTHIBaeT BCe HEOOXOIMMBIE
MIOKA3aTeNH CTPYKTYPHOM CXEMBI
ANIEKTPOHHOI'O YCTPOMCTBA UIIN
CUCTEMBI, B TOM YHCJIE TOKA3aTeIn
KayecTBa; BHIOUpPAET U
00OCHOBBIBAET CXEMBI
BCIIOMOTaTeNbHBIX YCTPOUCTB

— Paspabomamv oonopaspsaouyio cxemy
CpaGHeHUs Ha GEHMUILHOM YPOGHE
Ha sazvike VHDL.

— Paspabomampw na sizeike VHDL cxemy
Odewugppamopa 2 6 4.

— Paspabomampw na sizeike VHDL cxemy
npeobpazosamens 080UYHO20 KOO 8
ceMucecMeHmHbli.

— Paspabomamv mooyne na VHDL,
BLIYUCTAIOWUT] YEMbLPEXEXO00BYIO
@ynxyuio XOR (uckniouaiowee
HITN).

— Paspabomamo na szvike VHDL cxemy
4-x paspsionoeo cuémuuxa.

— Paspabomampw na sizeike VHDL cxemy
4-x paspsonozo cymmamopa uucen
€O 3HAKOM.

— Paspabomampw na sizeike VHDL cxemy
8-u paspsonoeco pecucmpa.

— Paspabomamy na szvike VHDL cxemy
CO8U2068020 peaucmpa ¢
NapaiienbHol 3a2py3Ko.
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— Paspabomams na szeixe VHDL cxemy
KOHEYHO20 A8MoMama Oisi
demexmupo8aHus nepeone2o
¢ponma cuenana.

— Peanusosams 00HOpa3psoHyto cxemy
cpasHernus Ha 6aze [IJIMC Spartan
3E. Onpedenumsv 6vicmpoodeticmaue
cXembl U 3ampayeHHble pecypcol
Iic.

— Peanuzosamo cxemy oewugppamopa 2
6 4 na oaze IIJIMC Spartan 3E.
Onpedenums 6vicmpooeticmsue
cXembl U 3ampayeHHbie pecypcol
TTIcC.

— Peanusosamu cxemy npeobpazosamens
080UYHO20 KOO 8 CEMUCE2MEHMHbIIL
na 6aze ITJIMC Spartan 3E.
Onpedenums 6vicmpooeticmsue
cXembl U 3ampayeHHble pecypcol
iic.

— Peanusosams uemlpexexo0oyio
@yuryuro XOR (uckrrouarowee
HJIN) na 6asze IIJIAC Spartan 3E.
Onpedenums 6vicmpooeticmeue
cXembl U 3ampayeHHble pecypcol
TUJINC.

— Peanuzosamo cxemy 4-x pazpsionoco
cuémuuxa Ha 6aze [IJIMC Spartan
3E. Onpedenumsb 6vicmpoodeticmaue
cXembl U 3ampayeHHble pecypcol
iic.

— Peanuzosame cxemy 4-x paspsonoeo
CYyMMAmMopa Huces co 3HaKoM Ha
baze ITJIUC Spartan 3E.
Onpedenums 6vicmpooeticmeue
cXembl U 3ampayeHHble pecypcol
HJIIcC.

— Peanuzosamuv cxemy 8-u paspsaonozco
peaucmpa Ha 6aze [LJIAC Spartan
3E. Onpeodenumsv 6vicmpooeticmeue
cXembl U 3ampayeHHble pecypCol
iic.

— Peanusosams cxemy cO8u206020
peaucmpa ¢ napaniebHol 3a2py3Ko
na 6aze ITJIUC Spartan 3E.
Onpeodenums bvicmpooeticmaue
cXembl U 3ampayeHHble pecypcol
HJIIcC.

— Peanuzosams cxemy 0emexmupo8aHus.
nepeonezo ponma cuehaia Ha base
IIJIHC Spartan 3E. Onpedenumo
bvicmpodeticmaue cxemul u
sampauennvie pecypcol IHIJIHAC.

I1K-1.2

[Ipou3BOAUT TEXHUKO-
HKOHOMUYECKOE 000CHOBaHNE
HPUHATOTO PELICHHUs C pacueTaMu
cebecTOMMOCTH YCTPONCTBA U
CTOMMOCTH €T0 SKCITyaTaluH;
CpaBHUBAET C aHAJIOTaMH 110
TE€XHUKO-3KOHOMUYECKUM

— Paspabomambv 08yxpaspsaomnyio cxemy
CpagHeHusi Ha OCHOBe 08YX
IKZEMNAAPOE OOHOPA3PAOHOU CXeMbl
cpasnenus. Ucnoavsosame
KoMMeHmapuu 0Jisk ONUCAHUS KOOd.

— Paspabomampw na sizeike VHDL cxemy
Odewugppamopa 3 6 8 Ha ocrose
9IK3EMNIAPOS CXeMbl Oeuudpamopa
2 6 4. Hcnonvzosams KomMmenmapuu
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XapaKTePUCTHUKAM OJ151 ONUCAHUS KOOA.

— Paspabomamy na szvike VHDL cxemy
16-u paspsaonoco cymmamopa uucen
CO 3HAKOM HA OCHOBE IK3EMNISPOS
4-x paspaonozo cymmamopa.
Hcnonvzoeamv xommenmapuu 0isi
Oonucanus Kood.

— Paspabomampw na sizeike VHDL cxemy
8-u paspsonoeco pecucmpa.
Hcnonvzoeams xommenmapuu 05
onucanus Kood.

— Paspabomamu na asvike VHDL cxemy
KOHEYHO20 a8MoMama Oisi
peanuzayuu 3awumol om opebesea.
Hcnonvzoeame kommenmapuu 05
onucanus Kood.

Tloozomosums npoexmuyIo OOKyMeHMayum:
RTL-x00 u ghaiin ocpanuuenuti
(mononozuueckux u 6pemenHbix) 0
peanusayuu npoexma Ha o6ase IJIUC ons
CeOYIOUWUX NPOEKMO8.

— Bocomupaspaouas cxema cosuea ¢
VAPABTSIOWUM 6XOO0M,
onpeoersiiouUM HanpagieHue
cosuea.

— Ipuopumemnouii wugpamop 8 6 3

— IIpeobpaszosamenv 0860uuHO20 KOOA 8
080UUHO-0eCAMUYHDBIL

— 4-x pa3spsaoHbLl cymmamop uucen ¢
niasarowel moyKotl.

— 8-u paspaonweiii FIFO 0yghep

— 4-x paspaonvi LLIAM

— Cmopooicesoti matimep

— Cxema cmexa

— Apugpmemuro-nocuyecxoe
YCMpPOoUCcmao

— Peaucmposwiil ¢haiin

— Cxema Oenenus

6) Ilopsimox mpoBedeHHs NPOMEXKYTOYHOW aTTecTalliu, IOKa3aTeld U KpPUTEpHUH
OLICHUBAHMSL:

[TpomexyTouHass arrectanus Mo AUCHUILIMHE «OCHOBBI MPOEKTHUPOBAHMS AIIEKTPOHHON
KOMIIOHEHTHOH 0a3bl» BKIIOYAET TEOPETHYECKHE BOIPOCHI, MO3BOJISIOUINE OLEHUTh YPOBEHBb
YCBOEHMsI OOYyYaloIMMUCS 3HAHWM, W MpaKTUYECKHE 3a/aHusi, BBIABISIONINE CTENEHb
c(OpMHUPOBAHHOCTH YMEHUH U BIAJCHUM, TpOBOAUTCA B (hopme 3auéTa.

[Tokazarenu U KpUTEpUH OLICHUBAHMS 3a4€ETa:

— Ha OIIEHKY «3a4YTeH0» — O0yUaIoIUiCs JeMOHCTPUPYET BBHICOKHI HIIM CPEeTHUN yPOBEHD
c()OPMUPOBAHHOCTH KOMIIETEHIIMI: OCHOBHBIE 3HAHWS, YMEHHUS OCBOCHBI, HO
JOIMYCKAIOTCSA HE3HAYUTCIIbHBIC OHII/I6KI/I, HCTOYHOCTH, 3aTPYAHCHUA IPHU aHATTUTUUCCKUX
oreparusx, NepeHoce 3HaHU U YMEHUI Ha HOBBIE, HECTAHIAPTHBIC CUTYAIIUU.

— Ha OIICHKY «HE 3a4TeHO» — OOydJaromuics JAEMOHCTpupyeT 3HaHus He Oomee 20%
TEOPETUYECKOTO MaTephalia, JOMYCKaeT CYNIECTBEHHBIC OIMMOKH, HE MOXKET IMOKa3aTh
MHTEIJIEKTYalbHbIC HABBIKM PEIISHUS MPOCTHIX 3a/1ad.
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MeToanYyecKue yKasaHUA

BBeaeHue

TpagMUMOHHOE CXeMHOE NPOEKTUPOBAHUE JOCTUI/IO B CBOEM Pa3BUTUKN Npefesa U UCNoJib3yeTca
B HacTosillee BPeMA /Wb AN CPAaBHUTENbHO MPOCTbIX MPOEKTOB pPa3pabaTbiBAeMON 3NEKTPOHUKM.
OCHOBHbIM HEAOCTaTKOM CXEMHOIO OMMCAHMA NPOEKTOB C/IOXKHOM 3NEKTPOHUKM, BKAOYAtoLLel bonblioe
KO/IMYECTBO KOMMOHEHTOB M MOAY/IEN, ABNAETCA BbICOKAA TPYAOEMKOCTb OTNaAKU. Ha cmeHy cxemHoMy
OMUCAHUIO MNPUWAN A3bIKM OMUCAHWA annapaTtypbl, TakMe Kak VHLD u Verilog. B oTanume ot
TPAAULMOHHbBIX A3bIKOB MPOrPaMMMPOBAHUA, OMUCHIBAIOWMX MNOCNEe0BaTENbHOCTb BbINOAHAEMbIX
KOMaHA, A3bIKM ONUCAHUA annapaTypbl ONMCbIBAIOT CTPYKTYPY M CBA3M pa3pabaTbiBaemMoro yCcTponCTBa.
Takoe onucaHue paspabaTbiBAEMOro yCTPOMCTBA HA3bIBAETCA CTPYKTYPHbIM (napannenbHbim). Bropon
MoAXO0A K ONMCAHMIO YCTPOMCTBA Ha3blBAETCA NOBeAeHUYeCKUM (MocienoBaTesibHbIM). [py Takom noaxose
OMWUCLIBAETCA HE CTPYKTypa YCTPOMCTBA, a MNOpAJOoK ero ¢yHKUMOHMpOBAHMA (noseaeHume). A3bIKKM
OMMCaHWA anmapaTypbl BKAKOYAT KaK MapasjsienbHble, Tak M nocneposatesibHble QYHKLMW, T.e. C UX
MOMOLLbIO MOXHO OMMCaTb KaK CTPYKTypy pa3pabaTtbiBaemoro ycTpoOWCTBa, Tak M ero nosegeHue B
3aBMCMMOCTM OT BXOAHbIX BO34ENCTBUI. 34eCh ceyeT cAenaTb BaXKHOE 3aMeyaHue:

MocnepoBatenbHoe (NoBegeHYECKOe) onucaHMUe YCTPOMCTBA He BCErAa MOXKeT 6biTb KOPPEKTHO
CKOMMW/INPOBAHO B CUHTE3MPYEeMble KOHCTPYKLMUU, T.€. CUHTE3MPOBAHHAA CXeMa YCTPOACTBA MOKeT
paboTaTb He TaK, KaK 3aayMbiBan pa3paboTumk. B Toxe Bpemsa CTPyKTypHOe (napannenbHoe) onucaHue
OAHO3HAYHO CHUHTE3UMPYeTCA B ONUCAHHYIO CTPYKTypy. Takum o6pasom, npu onucaHuu
pa3pabaTtbiBaemMoro ycTpoiicTBa ciegyeT oTAaBaTb NpeanoyTeHne CTPYKTYPHOMY OMUCAHUIO WU, KaK
roBOpAT, WCMNONb30BaTb CUHTE3Mpyemble KOHCTpyKuuu. [locnepoBatenbHoe (noBegeHYecKoe)
onucaHue B CcBOIO o4yepeab 3GPEKTUBHO UCNONb3YeTCA Ha 3Tane GYHKLMOHANbHOIO MOAENUPOBAHUA
paboTtbl paspabatbiBaemoro ycrpoictBa. Tem He MeHee, WUCMO/b30BaHWE MOC/e[0BaTe/IbHbIX
onepaTopoB A3bIKOB ONUCAHUA annapaTypbl ANA CUHTe3a pa3pabaTbiBaemMoro ycTpoiicTBa AoNycKaeTca
Npu YCNOBUM KECTKOro cobnlopeHus paga npasun (paHHble npasuna 6yayT paccMOTpeHbl B
cooTBeTcTByloWel NabopaTopHoi paboTe).

[aHHble meTogMYeccKMe NPU3BaH HayYnTb OCHOBAM MPOEKTUPOBAHUA 3/1EKTPOHMUKU C MOMOLLLBbHO
A3blKa onucaHua annapatypbl VHLD. Mpu 3TOM OCHOBHOW ynop AenaetcA Ha pa3BUTME HaBbIKOB
HanMcaHUA rPAaMOTHOTO M CamMoe [NlaBHOE CUHTE3MPYEMOro KoAa, T.e. TAaKOro KoAa, KoTopbin byaer
rapaHTMPOBAHHO CKOMMWAMPOBaH B paboTatowyto cxemy. Mo3aTomy BMeCTO NOAPO6HOro onmMcaHus
cuHTakemca VHLD M BCEBO3MOMKHbLIX KOHCTPYKLMWA fA3blKa MPaKTUKYyM oOrpaHuymsaeTca ob3opom
CpaBHUTENbHO Hebonbworo Habopa CUHTE3NPYEMbIX KOHCTPYKLMIA, UCMOJb3YIOLWNX AECATOK TUMNOBbIX
wabnoHos VHDL-KoAa, CUHTE3MpPYeMbIX B TUMOBble cXemMbl. [laHHble WabsoHbl MOryT 6bITb JIerkKo
WHTErpmpoBaHbl NPU NPOEKTUPOBAHUM HOMBLUNX CIOMKHBIX CUCTEM.

[na obecneyeHunsa npouecca CKBO3HOrO NPOEKTUPOBAHMA BN/IOTb A0 FOTOBOrO YCTPOMCTBA HbiN0
pelweHo 1cnonb3oBaTb nporpammupyemyto nornky (MINC), a umeHHo otnagouHyto nnaty NI Digital
Electronics FPGA Board Ha ocHose MJIUC Xilinx Spartan-3E. B KauectBe nporpammHoro obecneyeHus
ucnonbsyetcsa CAMNP ICE WebPACK dpupmbl Xilinx.



IMPMJIOXEHUE 3

Onucanue iathl NI Digital Electronics FPGA

Mnata NI Digital Electronics FPGA siBnseTtcs pesy/ibTaToM COBMECTHOIO COTPYAHNYECTBa KOMMaHUI
NI u Xilinx, analowmUxca KpynHeMWMMM B MUPE NPOU3BOAUTENAMM MPOrPamMMHOro obecneyeHumn
N3MepPUTENIbHbIX CUCTEM M MPOrPaMMUPYEMbIX IOTMYECKUX MHTErpanbHbix cxem (MJINC). BHewHUn Bug,
nnaTbl NI Digital Electronics FPGA npeacrtasneH Ha pucyHke 1. NI Digital Electronics FPGA Board cogeput
LWeCTb KaHan0B A/ BBOAA aHA/0roBbIX BXOAHbIX cnurHanos Al0 — Al5, a Takxke 32 umdposble BXOAHblE
(BbIXOAHbIE) TMHMM 06 Eero nonb3oBaHua — GPIO31.

OnucaHue curHanos, nNoAaBaemblX Ha CUTHanbHble 30HbI MaKeTupoBaHuA: BBl — 30Ha
MaKeTMpoBaHUA ana noaknoveHma K LAM, AU, KHONKam, ABUMKKOBbIM NepekntovaTenam, BHeWHeMy
CUHXPOCUTHaNY U ANHUAM obwero HasHaveHuA MNJIUC. BB2 - 30Ha MaKeTUPOBAHMA 1A NOAKAIOYEHMA K
NINHUAM obwero HasHayeHua MJINC n ncToyHMKam NUTaHKUA. BB3 - 30Ha MaKeTUPOBaHUSA A5 ynpaBaeHun
CeMUCermeHTHbIM MHAMKATOPOM Ha fABa 3HaKoMecTa, CBeToAMOoAamu, MOAKMOYEHUA K UCTOYHMKaM
nutaHma BB4 - 30Ha makeTupoBaHuWA AnA noAkaodeHua K curHanam NI ELVIS, skatoyaa aHanorosble
BXOAHbIE CUTHa/bl, AHaANOroBble BbIXOAHbIE CUTHaAbl, GYHKLMOHA/bHbIE TFEeHepaTopbl, WMCTOYHWKM
NUTaHUA, uMPPOBbIE BXOAHbIe/BbIXOAHbIE CUrHaAbl. BB5 — 30Ha MaKeTMPOBaHUA AN NOAKNOYEHUA K
curHanam NI ELVIS, BKnouas peryampyemblie UCTOYHUKM MUTaHWA, UndpoBble BXOAHbIe/BbIXOAHbIE
CUrHanNbl, BbIXOAHbIE CUTHA/bI CHETYMKOB, OOLLME TOYKM CUTHA/OB.

Ko
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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/lOUaTeNb NUTaHUA; 5— 610K MaKeTHo naaTbl BB3; 6— KHONKa c6poca; 7—- cemucermeHTHble UHAUKATOPbI;
8- USB-coegunutenb; 9— LD-G- ceetoauoa; 10— ceetroaunoabl; 11- FPGA Xilinx Spartan 3E; 12— nepekntoyaTtesib NPOLMBKU
M/INC uepe3s ROM/JTAG ; 13— gaTumK yrna noBopoTa ¢ KHONKOM; 14— KHONKK; 15— ABUXKKOBbIE nepekatouatenu; 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 CTaTUUYECKOro 3/IeKTPUYECTBa
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KpaTtkoe onucaHune CAIMNP WebPack

WebPACK — sto CAMNP npoekTnposBaHuA umdpoBbIx ycTpoicte Ha 6ase mukpocxem MJANC CPLD u
FPGA ¢upmbl Xilinx. laHHaa cuctema siBnsetcs 6ecnnatHbiIM BapnaHTOM Kommepyeckoi CAMP sToi xe
éupmbl nop HaseaHuem ISE M pgoctynHa pns cBob6OAHOro cKaumMBaHuA 4depes ceTb Internet
(www.xilinx.com). OcHoBHOE OT/INYME BecnnaTHOM BepCUM OT ee MNIaTHOro aHaora COCTOUT B OTCYTCTBUU
NoALEPHKKN MUKPOCXEM, EMKOCTb KOTOPbIX Bbile 1,5 MAIH CUCTEMHbIX BEHTUNEN.

WebPACK coctout w3 Habopa moaynen, Kaxabld W3  KOTOPbIX BbINOJIHAET CBOMU
cneunanm3npoBaHHble GyHKUMK. OCHOBHbIE MOAYAM NaKeTa cleaytolme:

- pefaKTop CXeMHOro BBOA3;

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

- CORE Generator — reHepaTtop onTMMU3NpPoOBaHHbIX IP-aaep;

- pefaKTop TECTOBbLIX BO3AENUCTBUI ANA NPOrpamMmmMbl MOAENNPOBAHMA;

- nporpamma pyHKLMOHAbHOIO M BPEMEHHOTO MOAENNPOBAHUS;

- reHepatop VHDL/Verilog koaa;

- MporpamMmma aBTOMAaTW4YECKOro pasmelleHma n TpaccupoBku MJIUC;—nporpammbl «pPyYyHOro»
pasmeLLeHMA U ONTUMM3ALMM NPOEKTA;

- nporpamma 3arpyskuM KOHOMUrypaumoHHol nocnegosatenbHocth B [JIMC  FPGA n
nporpammumposanHua MNJINC CPLD u MMN3Y.

BonblwmnHcTeo moayneit CAMNP WebPACK nmetoT Kak rpadpuyeckuin MHTepdeic nonb3oBaTens, Tak 1
nHTepdelic KomaHgHoh cTpokun. CAMNP WebPACK morkeT paboTaTb nog onepauyoHHbIMU CUCTEMAMMU
Windows, Linux 1 Sun Solaris.

Mpouecc pa3paboTku undposbIx ycTponcts B cpege WebPACK cocTouT 13 cneaytolmx sTanos.

1. BBog oOnWcaHMA MNPOEKTUPYEMOrO YCTPOWMCTBA B CXEMOTEXHMYECKOM dopme uan ¢
NCNosib30BaHMEM A3bIKOB onmncaHma annapatypsl (HDL), Takmx, kKak VHDL u Verilog.

2. C/HTE3 yCTPOMCTBA, TO ecTb NpeobpasoBaHMe ONUCaHMA YCTPOICTBA, NOJYYEHHOIO Ha NepPBOM
3Tane, B ONMCaHME Ha YPOBHE JIOTUYECKUX BEHTUEN.

3. Peannsauuma ycTpomncTBa, To ecTb NpeobpasoBaHMe ONUCaHMA YCTPOMCTBA HA YPOBHE JIOTMYECKUX
BEHTUNEN B dU3MYECKOe ONMCaHUe A1 KOHKPEeTHON muKpocxembl MJTNC.

4. dopmnpoBaHUEe KOHPUTYPALMOHHOW NOCNef0BaTeNbHOCTM ANA MUKPOCXe-

mbl MJINC.

Mocne Kaxpgoro u3 atanos 1,2 n 3 BO3MOXHO, @ B BONbLUMHCTBE CayvyaeB U Heobxogumo ans
YyCMeLwWwHoro 3aBeplleHnAa MNpoeKTa BbINOJHEHWE npoueaypbl MOLENNPOBAHMA U BepudUKaumm
NoJly4eHHOro ONUCaHMA YCTPOMCTBA.

Ha pucyHKe 2 npeactasneHa o606LweHHas cxema NpoeKkTMpoBaHMA Lndposbix ycTpoicts B CAMP
WebPACK.
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PucyHoK 2 - 0606wweHHan cxema NpoeKTMpoBaHua Lngposbix ycrpoiicte B CAMP WebPACK
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IIpoeKTUpOBaHHE KOMOMHALMOHHBIX CX€M HAa BEHTUJIbLHOM YPOBHE
BBeaeHue

B AaHHOW rnaBe Ha NpuMMepe MNPOCTOM CXeMbl CPaBHEHWS NOAPOOHO pacCMOTpeHa CTPYKTypa
cuHTesmpyemoro VHDL-koga. OnncaHue paboTbl LMPPOBbIX KOMOMHALMOHHBIX CXeEM B AaHHOW paboTe
NnpeacTaBNeHO WUCKAKUYUTENIbHO Ha BEHTU/IbHOM YpoBHe abcTpaKkuumm (gate level), T.e. npumeHstoTca
TONbKO 6a30Bble /IOTMYECKUE BEHTWUIN, peannsylolme OCHOBHbIe iormyeckne onepauumn (HE, U, NN,
MCKNOYAIOLLEE WMNN). PaccmoTpeH CTPYKTYpHbIA (MepapxuMyeckuit) nogxond K MPOEKTUPOBAHMIO
UMPpPOBbLIX CUCTEM, NPU KOTOPOM CUCTEMA HA BEPXHEM YPOBHE MPOEKTUPOBAHUA PAacCMaTPUBAETCA KaK
coegmHeHue bonee NpocTbiXx YHUOULMPOBAHHbIX 6/IOKOB, KOTOPbIE, B CBOIO oYepenb, TaKKe CTPoATCS M3
6onee npocTbix 6/J10KOB U T.A.

1.1 OnucaHue cxeM B JU3BbIOHKTUBHON HOPpMaJIbHOM ¢dopMe

PaccmoTpum ofHOpaspsaHyo cxemy cpaBHeHus (1-bit equality comparator) , cogepskallyto ABa
BxoAaa i0, i1 v oauvH BbIxo, eq. Bbixog eq cxembl CpaBHEHUA MPUHNUMAET aKTUBHOE 3HAYEHME NPU YC/TI0BUM,
yto BXoAbl i0 U i1 3KBUMBANEHTHbI. Tabanua UCTUHHOCTK (truth table) ogHOpa3pagHOM CXembl CpaBHEHUS
npeacrasneHa B Tabnumue 1.1.

Tabauuya 1.1 — TabnMua UCTUHHOCTU OA4HOPA3PAAHON CXeMbl CPaBHEHUA

i0 il eq
0 O 1
0 1 0
1 0 0
1 1 1

Jonyctm, 4to ANa peanusaunmnm ogHopPaspsaLHON CXeMbl CPABHEHMA Mbl PELUWIM UCNO/b30BATb
6a3oBble slornyeckune BeHTUAN (logic gates), Takue Kak: HE (NOT), U (AND), U/1M (OR), Ucknarouarowee U/IN
(XOR). OpgHoit 13 dopm 3anucKn normyeckon GyHKLUKM, ONUCbIBatOLLEl PaboTy cxembl, ABNAETCA 3anNuUcb
dYHKUMK B COBEPLUEHHOW AM3BIOHKTUBHOM HOpMaibHOW GOpMeE, T.€. B BUAE CYMMbl MMHTEPMOB (sum-of-
products canonical form) . Jlormyeckas ¢yHKUMA OAHOPA3PALHON CXeMbl CpaBHEHWA, 3anucaHHaa B
COBEpPLUEHHOW AN3BIOHKTUBHOM HOpManbHON Gopme, UMeeT BUA;:

eq=i0-il+i0-il

OanH wn3 BO3MOMHbIX BapuaHToB VHDL-Koga, onucbiBalowero paccMaTpuMBaemylo Cxemy
cpaBHeHUA npuseaeH B nctuHre 1.1. NpoaHannsmpyem A3blKOBble KOHCTPYKLUMKU MPUBEAEHHOro Koaa B
cneayrlowmx noapasgenax.

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

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
entity eql is
Port ( i0 : in STD LOGIC;
il : in STD_LOGIC;
eq : out STD LOGIC);
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architecture sop_arch of eql is
signal p0 , pl : STD LOGIC;

begin
eq <= p0 or pl ; -- cyMMa MMUHTEPMOB
pO0 <= (not i0O) and (not il) ; -- ompepesieHMe MMHTepMa
pl <= i0 and il ; -- ompejeleHMe MMHTepMa

end sop_arch;

1.1.1 OCHOBHble NeKkcnyeckme npasmia

Koa VHDL sABnsieTcA HeYyBCTBUTE/NbHbIM K Cnocoby HanucaHua (pernctpy) cumsonos (case
insensitive), T.e. NPOMNUCHbIE N CTPOYHblE DYKBbI ABAAIOTCA B3aMMO3aMeHsiemMbiMU. Kpome Toro B Koae
VHDL ponyckaeTca BCTaBAATb AOMNOAHUTENbHble npobenbl M NycTble CTPOKW. WMcnonb3oBaHue
O0NONHUTENbHbIX NPO6ENOB N MYCTbIX CTPOK NO3BOMAET CAeNaTb Kog 60/1ee NOHATHLIM.

NaeHTudUuKaTopom B Asbike VHDL HasbiBaeTcs MMSA 06beKTa (KOHCTaHTbI, MepeMeHHOMn, pyHKLUN,
CUrHana, nopTa, NoANpPorpaMmbl, 06bEKTa NpoeKTa, MeTKK). MaeHTudUKaTop MOXKeT cogepKaTb A0 26
6YKB, LMOP M HUKHUX NOAYEPKMBAHUI (He ZOoMyCKaeTcsa UCMO/Ib30BaTb 6oee 0AHOr0 CUMBOJIA HUXKHETO
noayepkuBaHuna noapaa). HaunmHatbca naeHTUOUKATOP A0MKEH TONbKO C ByKBbl. B npumepe (nUCTUHT
1.1) ncnonbsyoTca cneayouime naeHTuduKaTopsl: eql, io, i1, eq, sop_arch, p0, p1.

B sa3bike VHDL cyliecTBylOT 3ape3epBupOBaHHble KatoueBble coBa. B gaHHOM yyebHOM nocobum
BCE K/Il0YEBbIE C/I0BA BblAe/eHbl CUHUM LBETOM (AncTuHr 1.1).

KoMMeHTapMil HauMHAEeTCsa C ABYX CMENKHbIX AePUCOB M NMPOAOINKAETCA A0 KOHUA CTPOKW. Mpu
cuHTe3e VHDL-NpoeKTa KOMMeEHTapUn UrHopupytotca. B gaHHOM yyebHOM nocobumn Bce KOMMEHTapUK
BblAe/ieHbl 3eNeHbIM LBeTom (nnctuhr 1.1).

1.1.2 Ncnonbsyemble 6MbANOTEKM

OnucaHne obbeKkTa Ha VHDL coctouT m3 Tpex Yacteit (AuctuHr 1.1): 06bABAEHMA UCNOb3YEMbIX
6ubnvotek (library, use), onucaHus uHTepdeica obbeKTa (entity) M ero BHyTPeHHel CTPYKTypbl
(architecture).

MepBble ABe CTPOUKM B npumepe (AUCTUHr 1.1) 06bABAAIOT UCNONb3yeMble BUBANOTEKM:

library IEEE;
use IEEE.STD LOGIC 11 64 .ALL;

B snaHHOM cnydyae obbsBnsetcs 6ubnnoreka IEEE.STD LOGIC 1164, 4To No3BOASET UCNOb30BaTb
COOTBETCTBYHOLLME TUMbI AAHHbIX, ONepPaTopbl U GyHKUMK, onpeseneHHble B AaHHON bubavoTekKe.

1.1.3 NHTepdelic obbekTa

OnucaHne wuHTepdeica (entity declaration) BKAoYaeT B ceba 06bABAEHME MMEHU O6BEKTA WU
06bAB/MIEHME BXOAHbIX M BbIXOAHbLIX MOPTOB 00bEKTa. Huke npuBeaeHO onucaHue MHTepdeica w3
npumepa (AnctmHr 1.1):

entity eql is -- HekJjlapalus MMeHM OOBeKTa

Port ( i0 , il : in STD LOGIC; —— IekJjlapaluud BXOIHEIX [IOPTOB
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eq : out STD LOGIC); —-— OeKJjlapalMda BHXOOHOI'O IIOopTa

end eql;

B JaHHOM NpuMepe B NepBOi CTPOKe 0b6bsaBAseTcA MMA obbekTa eql. CTpyKTypa port onucbiBaeT
BXOAHblIE 1 BbIXOAHbIE MOPTbI B Ciegytollem popmare:

uma_noptal, uma_nopta2, . . .:  pPEXMM_CurHana TUN_CUTHana ;

[na BXOAHbIX MOPTOB YKa3blBaeTCA BXOAHOM peXMm curHana (in), ANA BbIXOAHbIX MNOPTOB
YKa3blBaeTCA BbIXOAHOW peum curHana (out). TaKke npeaycMoTpeH pexum inout ans
[ABYyHanpasaeHHbIX MOPTOB.

1.14 Tun AaHHbIX U onepaTopbl

VHDL — A3bIK CO CTPOron TUnusaumen. ITO 3HAUUT, YTO AaHHbIE ONPeAeNeHHOro TMna MoryT
NPUHUMATb 3HAYEHUA, COOTBETCTBYIOWME TONbKO AAHHOMY TUMy (HanmpuMmep, NOTMYECKUA TUN aHHbIX
BOOLEAN moXeT NpMHMMATb TONIbKO 3HadeHus MCTUHA (TRUE) v JIOHO (FALSE) n HUKaKue apyrue) n
C AaHHbIMKW OnpeaeneHHOro TMNa MOryT BbINOAHATLCA ONepaLuKn, COOTBETCTBYIOWME TOIbKO AAaHHOMY
TMny (Hanpumep, 418 AaHHbix TMNa BOOLEAN ucnosib3yoTca TO/IbKO Iornyeckmne onepaTopbl). HecmoTps
Ha To, YTo B A3blke VHDL npvmeHseTcs MHOXECTBO TUMOB AaHHbIX, B AaHHOM y4yebHOM nocobuu
MCNONb3YOTCA AaNIEKO He BCe — B OCHOBHOM npumeHaeTtca Tmun STD_LOGIC u ero BapuaHTbl. 3TO CBA3aHO
C TeéM, YTO OCHOBHOWM YyNOpP B AaHHOM y4ebHOM Nocobum caenaH Ha CUHTE3UpPYEMbIE KOHCTPYKLMK A3bIKa
VHDL, T.e. TakKMe KOHCTPYKLMM, HA OCHOBE KOTOPbIX MOXET OblTb CUHTE3NPOBAHA peasibHO paboTatoLwas
cxema.

Tun paHHbiX STD_LOGIC onpegeneH B 6ubnuoteke IEEE.STD LOGIC 1164 u comepKuT OeBATb
BO3MOMKHbIX 3HauyeHui. Tpu 3HadyeHus: ‘0, ‘1’ n 'Z’, cooTBeTCTBYIOLWME IOTUYECKOMY HY/I0, JIOTUYECKOM
eAMHULE W  COCTOSIHUIO BbICOKOTO OMMYECKOrO COMPOTUBAEHUA (Z-COCTOAHWUIO), MOryT ObITb
CUMHTE3MpoBaHbl. [Ba aApyrmx 3HadeHua ‘U’ u X, KoTopble o03Ha4yatoT “uninitialize”
(“HenHMUManu3anpoBaHHbIn”) M “unknown” (“Hen3BECTHbIN”), MOrYyT BCTPETUTLCA MPU CUMYAALUU
npoekta (Hanpumep, Koraa curHanbl ‘0’ u ‘1’ coeamHsoTca B OAHOM Touke). OcTaBwMeca 4eTbipe

3HaueHua -, 'H’, 'L’ n’"W’ He ncnonb3yotcsa B JaHHOM y4ebHoM nocobuu.

LmdpoBsoit cnrHan 3a4acTyto npeacrasaset coboi ABoUYHOM CnoBO, T.e. Habop 6uToB. B AaHHOM
cnyyae, Takol curHan yaobHo npeacTaBaaTb TMAOM AaHHbix STD _LOGIC_VECTOR. Hanpumep, 8-mu
OUTHbIN BXOAHOW NOPT AaHHbIX MOMKHO 06BABUTL CeayroLWmnm obpasom:

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

3anuck “(7 downto 0)”  o03HayaeT, yTo B dopmaTe uucna CTapwuii 3Hadawmin 6ut (MSB)
pacnonaraeTca KpalHWMm c/eBa, a MIaaWwnii 3Havawmii 6ut (LSB) — KpaltHMM cnpasa (Takaa popma 3anmcu
ABNAETCA O6LENPUHATON B 3NEKTPOHMKE, MO3TOMY B AAaHHOM y4ebHOM Nocobum MCNob3yeTca MMEHHO
aTOT dpopmart). 18 BblAENEHUA YACTU CIOBA, HAaNpUMep CTapLmxX YeTbipex BUT B yKasaHHOM npumepe,
MOXHO MCMNO/b30BaTh 3anuck “a(7 downto 4)”; ansa BblAeNeHUs OTAEeNbHOro 61UTa U3 C/10Ba, Hanpumep
Hy/N1eBOro 61Ta B yKasaHHOM Npumepe, npumeHseTca 3anucb “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/ (XOR). Ona undpoBbIX CNOB TUNA
STD_LOGIC_VECTOR YyKa3aHHble /IorMYeckne onepauuu BbINOJHAKTCA NobuTtHo. B a3bike VHDL
yKa3aHHble fiorMyeckue onepaTopbl 061a4at0T OAMHAKOBBIM MPUOPUTETOM, MOITOMY ANA onpeaeneHus
nopaAKa BbINOJHEHMS IOTMYECKOTO BbIPaXKeHMA HEODXOANMMO NPUMEHATb CKOOKM, Hanpumep:
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(a and b) or (c and d)

1.1.5 CTpyKTypa 0b6beKTa
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) ; -— olpenejieHMEe MMHTEPMAa
pl <= i0 and i1 ; —— oInpenejieHVE MMHTEepMa

end sop_ arch;

VHDL no3BosifseT MHOXECTBY Pas/MUYHbIX CTPYKTYp obbekTa (architecture body) npuBasbiBaTbCA K
nHTepdelicy obbekTa (entity), NnosaTomy CTPyKTypa 0b6beKTa A0/KHA UMETb YHUKabHOE MMA ANA CBOEeM
naeHTndbMKaumm, Hanpumep “sop_arch” B npumepe Bbiwe (“sum_of products architecture”).

CTpyKTypa obbekTa (architecture body) MoXeT BKAouaTb B ceba ceKumio AnAa ob6bABNEHUSA
BHYTPEHHUX MepemeHHbIX (CMrHanoB) obbeKTa, BCMOMOraTeNbHbIX KOHCTaHT U T.4. B npuBegeHHOM
npumepe, AONONHUTENLHO 06BABAAIOTCA ABE BHYTPEHHME NepemMeHHble:

signal p0 , pl : STD LOGIC;

OCHOBHas YacTb ONMCAHMA CTPYKTYPbl 06beKTa (architecture body) NOmMeLLEHA MeXAY KNoUYeBbIMU
cnosamm begin n end. B npuBeseHHOM Npumepe CTPYKTYpa 06beKTa ONMUCbIBAETCA TPEMSA BbIPAaXKEHUAMM

(statement):
eq <= p0 or pl ;
p0 <= (not 10) and (not il) ;
pl <= 10 and 11 ;

Mpu 3TOM, B OT/IMYME OT CTaHAAPTHbIX A3bIKOB NPOrpaMmmmnpoBaHus (Hanpumep C), rae BbipaxkeHUa
(cTpokM nporpamMmbl) BbIMOJIHAIOTCA NOC/NEAOBATENbHO, B fA3blKax OMNUCaHWA annapatypbl HDL
npuBeaeHHble BbipaXeHNa (statement) ONUCbIBAKOT YacTU peasiv3yemoit CXemMbl U MOTOMY BbIMOJHAOTCA
napannenbHo (concurrent statements). MepemeHHas cneBa, NPWM 3TOM, PacCMaTPUBAETCA KaK BbIXOAHOWM
CUTHAN CXeMbl, BblpakeHWe cripaBa onpeaenaeT GyHKLMIO paboTbl CxemMbl U COOTBETCTBYIOLLME BXOAHbIE
CUrHanbl. B Kayectse npMmepa paccCMOTPUM CriefytoLiee BblparkeHne:

eq <= p0 or pl ;

[aHHOe Bblpa)KeHMe OMUCbIBAeT CXeMy, Peanusyloulyto onepauuio UM meay BXOAHbIMM
curHanamm p0 n pl. NMpu M3MEHEHUU 3HayeHwi curHanos p0 u pl BbiparKeHVWe NepecyUTbIBAETCA.
PesynbTaT pacyeta NpUCBanBAETCA BbIXOAHOMY CUTHANY eq Yepes OnpeaesieHHYI0 BPEMEHHYIO 3a4EPKKY,
3aZaHHYIO N0 YMOYaHUIO.

lpaduuyeckoe npeacraBneHme obbekta (AnctuHr 1.1) npeacrasneHo Ha pucyHke 1.2. Tpu yactu
CXeMbl COOTBETCTBYIOT TPEM BbIpaxKeHMAM (concurrent statements), OMMCaHHbIM Bbiwe (NOPAJOK
CNefoBaHMA BblpaXeHWN B Koge NPOrpammbl HEe MMEeeT 3HaYeHMA, NMOCKONbKY AaHHble BblpayKeHuA
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BbIMNOJIHAKOTCA NapannesibHO U MOTYT CneaoBaTb B nobom I'IOpﬂLI,KE‘). CoegmHeHUA mexay 4acTAMU CXeMbl
OAHO3HA4YHO onpeaenAarTca MMeHaMn NOPTOB BBO,CI,a/BbIBOLI,a M BHYTPEHHUX NepeMeHHbIX.

i0

i1 (not i0) and (not i1) _|_
€q
pl

p0 or pl

i0andil

PucyHok 1.1 — FpaduuecKoe npeacraBneHne peainsaumum oaHOPa3pAAHOM CXemMbl CPaBHEHUSA

1.1.6 [Byxpa3pagHana cxema cpaBHeHUA

YBennumm paspAagHOCTb CXeMbl CpaBHeHMA 40 AByX. [ycTb MmeeTcA BXOAHble 2-X pa3pAgHble
CUTHaNbl @ U b 1 BbIXOAHOM cUrHAN aeqb. BbixoaHOM curHan aegb NpUHMMAET aKTUBHOE 3HAYEHMe Npu
OAHOBPEMEHHOM PABEHCTBE M CTapLUMX M MAAALWNX pa3paaos a u b. Kak 1 B cnyvae ogHopaspasHOM
CXeMbl, ONMUCaHNE peannsyem B AMU3bIOHKTUBHON HOPManbHOM popme:

aegb=2a,-b -8, -by+a,-b-a,-by+a -b-a-by+a -b-ay-by,
roe ai, by — cTaplime paspsagbl CUTHaA0B d U b COOTBETCTBEHHO; Oo, bo — MaaAwmne pa3psaabl CUTHaA0B d U
b cOOTBETCTBEHHO;

Kopg, peanvsaumm aByxpaspsgHOMN CXEMbl CPaBHEHMA NpUBeAeH B McTUHre 1.2,

NuctuHr 2 — Peanusaumsa AByXpaspAagHOM cxemMbl CPaBHEHUS HA BEHTU/IbHOM YPOBHe

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

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

end eq2;

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

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

end sop_arch;

BxoZHble NopThl @ M b B AgaHHOM ciydae obbasaaTca Kak STD LOGIC VECTOR. Peanusauus
CTPYKTYpPbl O6bEKTA aHA/MOMMYHA peasiM3aumm O4HOPA3PAAHON CXeEMbl — OTIMYME TOIbKO B KOJIMYECTBE

MWUHTEPMOB.

1.2 CTpyKTypHOe onucaHue CXeM

LUndpoBble cucTemMbl  CTPOATCA  3a4acCTyld Ha OCHOBE HEeCKO/bKMX 6osee  MpoCTbiX
YHUOULMPOBAHHbIX 6/10KOB. MpK 3TOM Ha BEpPXHEM YPOBHE Mepapxuun onucaHusa umdpoBoit cuctemsl
CTPYKTYpa AaHHbIX YHUOUUMPOBAHHbLIX 6N0KOB He PacKpbiBaeTCs — OHM MPEACTaBAATCA «YepHbIMU
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AWMKAMM» Peann3yoLWLMMN KOHKpeTHble yHKUMK. CTPYKTypa AaHHbIX 610KOB packpbiBaeTca Ha bosee
HU3KOM YPOBHE WEPAPXMU OMUCAHUA CUCTEMbI. B CBOIO ouvepenpb, KaXKAblA «YEPHbIA ALUMK» MOXKET
COCTOATb M3 HECKONbKUX elwe 6onee npocTbiXx yHUPUUMPOBaAHHbIX 6n0KoB. CTPYKTypa 3TUX
YHUPUUMPOBAHHBIX 6I0KOB pacKkpbIBaeTcA Ha elle 60s1ee HU3KOM YPOBHE MEPAPXMUM ONUCAHUA CUCTEMDI
n T.4. TakoN MNoaxon, 3HAYMTENbHO YNPOLLAKOLWMA MPOLLECC MPOEKTUPOBAHUA W aHANM3A CAONKHbIX
LUMdpPOBbIX CUCTEM, MOMYYUA HA3BAHWE CTPYKTYPHOE WM MepapXMyeckoe OnucaHume cxem. B A3biKax
onucaHua annapaTypbl HDL yHuduumposaHHble 6N0KM, KOTOpble MCNOAL3YIOTCA B BUAE FOTOBbLIX
OOBEKTOB Ha BEPXHEM YPOBHE OMUCAHMA CUCTEMbI, MNOAYYMAN Ha3BaHWe instance (06pa3 obbeKTa), a
npoueaypa pasmeleHna 610Ka Ha BEPXHEM YPOBHe - instantiation.

B KauyecTBe afibTEPHATUBbI AN pPeannsauuu AByXpaspsaHOM CXembl cpaBHeHua (nuctuHr 1.2)
NPUMEHUM OMNUCAHHbIW Bbllle CTPYKTYPHbIM NoAXoA — B KavecTBe yHUdMUMpoBaHHOro 6710Ka (instance)
ONA NOCTPOEHMA ABYXPA3PALHON CXeMbl CPaBHEHMA WCMO/b3yeTcA roToBas OAHOPA3pAAHaA cxema
(nuctuHr 1.1). CTpyKTypa OBYXpPaspAnHON CXeMbl CPaBHEHWA, PeasM30BaHHas yKa3aHHbIM Crnocobom,
npeacrasneHa Ha pucyHke 1.2. B npuBeneHHOM CTPYKTYpe MCMOJb3yeTcA ABe O4HOPA3pALHbIE CXeMbI
cpaBHeHus eq_bit0_unit n eq_bitl_unit, ocywecTenatome cpaBHEHNE MIAALWIKX U CTaPLUNX BUT BXOAHbIX
CUTHA/NI0B COOTBETCTBEHHO WM 3/1eMEeHT M, Ha BXOA KOTOPOro MOAatoTCA CUTHa/bl C BbIXOAO0B YKa3aHHbIX
cxem. Taknm obpasom, BbIXOAHOW CUTHAN aeqgb NPUHMMAET aKTUBHOE 3HaYeHME NPU O4HOBPEMEHHOM
paBEHCTBE U CTapLUNX U MIAALWINX Pa3pAL0oB a U b.

eq_bit0_unit
a(0) —— 0 €0
eql eq
b(0) — i1
& aegb
eqg_bitl_unit
a(1) i0
eql eq
b(l) — i1 el

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

CooTBeTCTBYIOWMIA KOA, peann3aummn AByxXpaspaaHoi CXeMbl CPaBHEHUA NpuBeAeH B IUCTUHre 1.3
(OnncaHune nnHtepdelica (entity declaration) aHanormMyHo Koay B UCTUHre 1.2, NO3TOMy B AUCTMHre 1.3
He npuBoauTCA).

NuctuHr 3 — OnucaHue CTPYKTYpbl ABYXPa3pALHOI cXeMbl CPaBHEHUA

architecture struc_arch of eq2 is
signal e0, el : STD_LOGIC;
begin
-- BHBOB (instantiate) 6s;oka eql mnsT cpaBHEeHMs MIAAUMX GMTOB
eq bit0_unit: entity work.eql (sop_arch)
port map (i0 => a(0), il => b(0), eq => e0) ;
-- BHBOB (instantiate) 6m;oka eql mgnsa cpaBHeHMsI CTapumMx 6MTOB
eq bitl unit: entity work.eql (sop_arch)
port map (i0 => a(l), il => b(l), eq => el) ;
aegb <= e0 and el ;
-- a u b paBHH, eciM paBHH ONHOBPEMEHHO M MIajuMe M cTapume O6MTH
aegb <= e0 and el ;
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end struc_arch;

MpuBeaeHHbI Kog (nuctvHr 1.3) BKAtoYaeT gBe npoueaypbl Bbi3oBa 6/10Ka, peanusylowero
04HOPA3PAAHYIO CXeMy CpaBHeHMUA (MUCTUHT 1.1). PaccmoTpum noapobHO CMHTAKCKC NpoLeaypbl Bbi3oBa
(instantiation statement) Ha npumepe BbizoBa 610Ka eq_bit0_unit:

eq bit0 unit: entity work.eql (sop_arch)

port map (i0 => a(0), il => b(0), eq => e0) ;

Mpoueaypa BbiI30Ba HauyMHAETCA C OODBABMEHUA YHMKAZIbHOTO MMEHW Bbi3blBaeMoro 6/10Kka, B
AaHHOM cnyyae — eq_bit0_unit. 3aTem ykasbiBaeTcs HasBaHue 6ubamnotekun (library name), B KoTopoit
BbI3bIBa€MbIt 610K HaxoAMTCA — MO YMOJIYAHWUIO BbI3biBaemble 6/10KM pacnonaratotca B pabouel
6mnbnmoteke work cosgasaemoro npoekta. MaeHTnoukatopbl eql n sop_arch — nmeHa nHtepdeinca m
apXMTEKTYpbl Bbi3biBaemoro 610Ka cooTseTcTBeHHO (nucTuHr 1.1). Bropas yacTb npoueaypbl Bbi3oBa
3aK/l0YaeTcs B MpuMBA3Ke MOPTOB BBOAA BbiBOAA (port mapping) Bbi3biBaemoro 6710Ka K CTPyKType
npoekTta (pucyHok 1.2). Takum obpasom, npoLeaypa Bbi3oBa (instantiation statement) peanunsyet cxemy,
3aK0YEHHYIO B «UEPHbIN ALLMKY, YbA QYHKLMA onpeaenaetca B oTaenbHoM 61oKe (instance).

1.3 YnpaxHeHus

Cxema «bonblue Yem» CpaBHMBAET Mexay coboi 2 Bxoda @ U b M aKTMBM3UPYET BbIXOA, NpuU
ycnoBum, ecnm a 6onblue b. Tpebyetca paspaboTaTb 4-x pa3pagHyto cxemy « bosblue Yem» Ha BEHTU/IbHOM
ypoBHe. [lnsa 3Toro:

1. Paspabotatb TabAnLY UCTUHHOCTU 2-X PA3PALHOM CXeMbl «DObLIE YEM» U 3aMMUCaTb JIOTUKY ee
paboTbl B COBEPLIEHHOM AM3BIOHKTUMBHOM HOpMasbHON dopme. Ha OCHOBaHMM MOAYyYEHHOrO
BblpaykeHus, paspaboTaTtb VHDL-KoA, MCNOb3YHO TO/IbKO NOTMYECKNE onepaTopbl (BEHTUN).
Pa3paboTaTb TecToBbli Moayb (testbench) Ana mogenvMpoBaHusa paboTbl 2-X paspsaaHON CXEMbI.
Mcnonb3ya 4 Non3yHKOBbIX NepekoyaTens Ans opraHM3aumm Bxoga cxembl n 1 ceetoamog gna
OpraHvM3aumMyM BbIXOAA, CUMHTE3MPOBATb CXEMY W 3arpy3anTb KOHOUIypauMOHHbIM ¢ain B
0TNaAouHyto naaty. MpoTecTMpoBaTh CXemy.

4. Wcnonb3ya pa3paboTaHHyto 2-X paspsafaHyto cxemy «bonblue 4Yem», 2-X PaspagHYro cxemy
CPaBHEHMA W MUHUMMANbHOE KOJIMYECTBO LOMOSHUTENBHOW JIOTUKU CMPOEKTUPOBaTh 4-X
paspagHyto cxemy «bonblue yem». CHayana HapMcoBaTb CTPYKTYPHYHO CXEMY, @ 3aTeM, COr/TacHO
cxeme, paspaboTaTtb cooTBeTcTBYOWMIM VHDL-KOA.

5. PaspaboTaTb TecToBbIM MOAy b (testbench) ana moaennposBaHuna paboTbl 4-x paspagHOM CXeMbI.
Mcnonb3ya 8 NON3yHKOBbIX NepeKkaoyaTens Ans opraHuM3aumm Bxona cxembl n 1 ceetoamnon ana
OpraHvM3aumMyM BbIXOZA, CUHTE3MPOBATb CXEMY W 3arpysutb KOHOUIypauMoHHbIM daiin B
OTNaAouHYto naaty. MpoTecTMpoBaTb CXEMY.
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2 I[IpoekTpoBaHMe KOMOMHAIlMOHHBLIX CX€eM Ha pPerucTpoBOM
YPOBHe
BBeaeHue

B nepBoi rnaBe paccmaTpuMBaZIMCb NPOCTblE CXEMbl, OMWCAaHHble Ha BEHTU/JbHOM YPOBHe
abctpakumm (gate level), ¢ npumeHeHMem 6a30BbIX /IOTMYECKUX BEHTUNEN, PEaNN3YIoLLNMX OCHOBHblE
Jfiornyeckue onepaumn. B gaHHoin paboTe paccmaTpuBaeTcAa NPOEKTUPOBAHUE CXeM CPefHel cTeneHu
WMHTEerpaumm, TakMx Kak cymmaTtopsl, dewmndpaTopbl, MyabTUMNIEKCOPbl U T.4. OnncaHue noaobHbIX cxem
BbINO/IHAETCA Y}Ke He Ha BEHTU/IbHOM ypoBHe abcTpakumm (gate level), a Ha Tak Ha3biIBa@MOM PErMCTPOBOM
nnn ¢yHKkumMoHanbHom ypoBHe (RT-level). Ha gaHHOM ypoBHe abcTpakuMm onucbiBaeTca noBegeHue
cxembl (ee dyHKUMA). B Hauane rnasbl BbINo/IHEH 0630p ONEPaATOPOB U KOHCTPYKLNKI, NPUMEHAEMbIX AN
OMUCaHUS CXeM Ha PEerMcTPoOBOM YPOBHeE.

2.1 OnepaTopbl U KOHCTPYKLUHU PETUCTPOBOI0 YPOBHS OMMUCAHUA CXEM

B AOMNOMHEHWE K NOTMYECKMM onepaTopam, PAacCMOTPEHHbIM B MEPBON rnaBe, A8 CUHTE3a
KOMBMHAUMOHHBIX CXeM MNPUMEHSIOTCA onepaTopbl cpaBHeHus (relational operators) u HeKoTopble
apudmeTnyeckme onepatopbl (arithmetic operators). B gaHHOM rnaBe paccmaTpuBatoTca AaHHble
ornepaTtopbl U pasHoobpasHble VHDL-KOHCTPYKUMM Ha ux ocHoBe. B Tabnuuax 2.1 u 2.2 npuseaeHbl
ocHoBHble onepaTtopbl VHDL, npumeHaemble Ana CMHTE3a CXEM, M TUMbl AaHHbIX, C KOTOPbIMWU AaHHble
ornepaTopbl paboTator.

Tabauua 2.2 — OnepaTtopbl U COOTBETCTBYIOLME TUMbI AAHHbIX CTAaHAAPTHOU 6Mbanotekn VHDL-93
|IEEE.STD_LOGIC_1164 package

oneparop onucaHue TUN AaHHbIX ONepaHAoB TUN JaHHbIX pe3y/ibTaTa
a**p BO3BEAEHUE B Integer integer
cTeneHb
a*b YMHOXeHue TMnN integer ncnoab3yeTtcs gns
a/b aeneHve KOHCTAHT M rpaHu1L, MacCc1BOB.
a+b CYMMUPOBaHWe He cuHTe3supytorca!
a -b BblYUMTaHUE
a&b KOHKaTeHauma 1-D array, element 1-D array
a=b aBEHCTBO .
a/=b H(Fe) DaBeHCTBO noboin boolean
a <b MEHbLLE YeM
a<=b MeHbLUEe Yem Uamn
pasHo scalar nnaun 1-D array boolean
a>b 6onbLle Yyem
a>=b 60o/blle YEM UK
paBHO
not a oTpuuaHue
aandb 7

boolean, std_logic, .
aorb Un TaKOW e KaK y onepaHAaos

std_logic_vector
axorb UCKloYatowee
nnun
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Tabauua 2.2 — OnepaTopbl M COOTBETCTBYIOLME TUMbI AaHHbIX 6ubanoTtekn IEEE.NUMERIC_STD package

onepartop onucaHue TN AAHHbIX ONEepaHAOoB TMN AAHHbIX pe3y/ibTaTta
*
a :: apudmeTnyeckme unsigned, natural unsigned
a+ . . .
b onepaumu signed, integer signed

a -

a=b

a/=b
a <b onepaumn unsigned, natural boolean
a<=b CpaBHeHUA signed, integer boolean
a>b

a>=b

2.1.1 OnepaTtopbl cpaBHEHUA

B ctaHaapTe VHDL ncnosnb3yeTcs WecTb 0nepaTopoB cpaBHeHUA: = (paBeHCTBO), /= (He paBeHCTBO),
< (MeHbLe yem), <= (MeHblle Yem UK paBHO), > (bonblie yem), >= (bonblle YemM UnAKn paBHO). [aHHble
ornepaTopbl BbINOMHAIOT OMepauun CpaBHEHWA MeXay ornepaHAamun OAHOro TuUna W BO3BPaALLAOT
pesynbTat normyeckoro Tuna BOOLEAN. B gaHHOM yyebHOM nocobumn Tmn aaHHbix BOOLEAN Hanpsmyto
He MCMob3yeTcAa, O4HAKO onepaunmn CpaBHEHUA MPUMEHSAIOTCA B Pa3/INYHbIX YCAOBHbBIX KOHCTPYKLUAX
VHLD, KoTopble onpeaenatoT CTPYKTYPY CXeMbl NPU ee CUHTE3UPOBAHUM. [1oAPOOHO TaKMe KOHCTPYKLUK
paccmoTpeHbl B pasgene 2.2. OnepaTtopbl CPaBHEHUA CUHTE3UPYIOTCA B BUAE KOMNapaTOpPOB.

2.1.2 ApudmeTryeckme onepaTopbl

B ctaHgapte VHDL apupmeTnueckne onepaTopbl onpegeneHbl Ans TunosB gaHHbix INTEGER
(uenouncnerHbit) 1 NATURAL (HaTypanbHble uncna). JaHHble TUMbl UCMONb3YIOTCA ANA KOHCTAHT U
rpaHuUL, MaccUBOB, HO He ANA CUHTEe3a.

bubaunoteka IEEE.NUMERIC_STD package

Ons  npumeHeHne apudmMeTUYECKMX OnepaTopoB MNPU  CUMHTE3E CXEM  WCMOJ/b3yeTcs
AononHuTenbHaa  6ubnmoteka  IEEE.NUMERIC _STD  package  (tabnuua  2.2). BubnunoTteka
IEEE.NUMERIC_STD package pnobaBnseT gBa AONOJHUTENbHbIX TUMNA AaHHbIX: unsigned (6e33HaKoBbIN) 1
signed (3HaKoBbIN) 1 oNpeaenseT onepaTopbl CPaBHEHUA U apudMeTUYEeCcKMe onepaTopbl 41a STUX TUMOB
AaHHbIX. Tunbl gaHHbIX unsigned u signed onpeaeneHbl Kak maccms anemeHToB TMNA STD LOGIC. JaHHbIM
MaccuB UHTEPNPETUPYETCA, KaK ABOMYHOE NpeacTaBaeHne 3HaKOBOro Uan 6e33HakoBOro Lesoro ymcna.
[na ncnonb3oBaHMA onepatopos U3 6ubamotekn IEEE.NUMERIC_STD package (Tabnunua 2.2) ee HyXHoO
06bABUTb BHAYaNe NPOEeKTa:

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

use IEEE.NUMERIC STD.ALL; —-—- obObaBjieHne OubimoTexy numeric std

KoHBepTauma TMNOB AaHHbIX
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Mockonbky VHDL aBnsetca A3blkom cO cTporon Tunusaumein, STD LOGIC VECTOR, unsigned u
signed TPaKTYIOTCA KaK pas/inyHble TUMbl AaHHbIX, HECMOTPA HA TO, YTO BCE OHW MPeACTaBAAT cobol
MaccuB anemeHToB TMna STD_LOGIC. 1nAa KoHBepTaLMK AaHHbIX U3 OAHOFO TUMNA B APYroi UCNOb3YHOTCA
dYHKUMKM KoHBepTauuu (Tabnuua 2.3). Obpatute BHMMaHMe, YTO gaHHble TMna STD LOGIC VECTOR
npeacTaBnAloT coboit Habop OGUTOB M He MHTEPNPETUPYIOTCA KaK 4UCIO, MOSTOMY JAaHHble Tuna
STD_LOGIC_VECTOR He moryT 6biTb KOHBEPTUPOBAHbLI B LenoumcneHHboln Tun INTEGER Hanpamyto u
Haobopor.
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Tabnuua 2.3 — KoHBepTauusa TMNOB AaHHbIX

Tun gaHHbIX A KoHBepTMpOBaThb B ... @DYHKUMA KOHBepTaLUm \
unsigned, signed std_logic_vector std_logic_vector(a)
signed, std_logic_vector unsigned unsigned(a)
unsigned, std_logic_vector signed signed(a)
unsigned, signed integer to_integer(a)
natural unsigned to_unsigned(a, size)
integer signed to_signed(a, size)

Huxe npuBeAeHbl NPUMEPbI NPaBUALHON U HEMPaBUAbHOW KOHBEPTALMKN TUMOB AaHHbIX. MyCcTb B
npoekTe 06bABNEHbI CeAyloLMe AaHHbIE:

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

use IEEE,.NUMERIC STD.ALL,

signal sl, s2, s3, s4, s5, s6 : STD_LOGIC_VECTOR(3 downto 0);
signal ul, u2, u3, u4, u5, u6 : UNSIGNED (3 downto O0);

[na Hayana paccMoTpUM CneayloLLme BblpaxKkeHUs:

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

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

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

OGpaTMTe BHMUMaHKWE, 4YTO [AONA NnocneaHero Bblpa*XeHnAa UCnosb3oBasnCb ABe d)yHKLI,MM
KOHBepTauunun.

Tenepb PacCMOTPUM BbIPAXKEHWA, UCMONb3yOWMe apudmeTMyeckne onepatopbl. Chneaytowme
BbIPa)XeHMA BePHbl MOCKO/IbKY onepaTop «+» onpegeneH ANA TMNOB AaHHbIX unsigned w natural B
6ubnunoteke IEEE.NUMERIC_STD package:

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

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

C Apyroit CTOpOHbI, CAeAytowme BblPaXKeHUA ABAAIOTCA HEBEPHbLIMU, MOCKO/bKY ANA AAHHbIX TMNA
STD_LOGIC_VECTOR apudmeTmyeckme onepaumm He onpeaeneHol:

s5 <= sl + s2; -- BelpaxeHmue He BepHO. OmepaTop «+» He OoIpelesyieH Ijs
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VICIIOJIb 3y EMEIX TUIIOB HaHHBIX
s5 <= s2 + 1; -- BelpaxeHue He BepHO. OmepaTop «+» He OoIpelesyieH Ijsd

MCIIOJIBb3YEMBIX TUIIOB IOaHHBIX

Ona peweHunsa npobaembl HEO6XO04MMO BbINONHUTbL KOHBEPTALLMIO ONepaHAoB K TURy unsigned (Mu
signed), BbIMOAHUTb WX C/IOXEHWEe, a 3aTem pe3ynbTaT KOHBEPTMPOBaTb O6pPaTHO K  Tuny
STD_LOGIC_VECTOR:

S5 <= std logic vector (unsigned(sl) + unsigned(s2)); —— BrlpaxeHmUe BEpPHO

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

OnepaTop KOHKaTeHauuum «&» coeAuMHAeT (CKNeuBaeT) CermeHTbl 3/1eMeHTOB B  OAHY
nocieaoBaTenbHoCTb (Maccms). Cneayowmin NpUmMep UANKOCTPUPYET UCMONb30BaHME KOHKaTeHaLUN:

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; -- CoepuHusieT nBa 4-x paBSpsigHHX cioBa a4 B OfHO
8-Mm paspspgHOe b8

c8 <= al & al & a4 & “00”; -- Coepmuusier gBa 6ura al, 4-x paBSpsifHOE CJIOBO
a4 um 2-x paspsinHoe cnoBo «00» B omHO 8-Mm
paspsgHoe ciyoBo c8

d8 <= b8 (3 downto 0) & c8(3 downto 0);-- CoemmusierT 4 MIaguMx paspsaga 8-Mu PaSPSALHOIO
cinoBa b8 m 4 Mnamumx paspspa 8-Mm paBSpsSpgHOTIO
cinoBa c8 B omHO 8-Mm paspsifHoe ciyoBo d8

OnepaTop KOHKaTeHauuu «&» Npu CUHTE3e CXeMbl BbIMOHAETCA NyTemM COeAMHEHUSA BXOAHbIX U
BbIXOAHbIX CUFHA/I0B, TaKUM 06pa3omM ANA ero peanmsaunn TpebyoTca TObKO «NPOBOAHUKNY.

OcHOBHOE NPUMEHEHMe onepaTopa KOHKaTeHaumn «&» - onepaunn casura (shifting operations). B
npumepe Huxke onepatop «&» NpUMeHAEeTCA OAA peann3auuun caBura LaHHbIX Ha GUKCMPOBAHHOE
KoanyecTso buT:

signal a : STD_LOGIC_VECTOR(7 downto 0);
signal rot, shl, sha : STD LOGIC VECTOR(7 downto 0);
signal b8, c8, d8 : STD LOGIC VECTOR(7 downto 0);

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

shl <= “000” & a(8 downto 3); -- CoBur BOpaBO Ha 3 6uTa C BaNoJIHEHMEM
cTapumMx 6MT HyNsIMM (JIOTMYECKMUM CHBUI)

sha <= a(8) & a(8) & a(8) & a(8 downto 3); -- Casur BmpaBo Ha 3 6muTa C pacuUMpPeHUEM
uyycia o BHaKy (apudMeTmMueckmuit CHABUI)

Z-cocTosiHue

Tun aaHHbIX STD_LOGIC nomnmo 3HaveHuit ‘0’ u 1’ coaepKUT Z-cocTonaHUe (BbiICOKOMMMNEAaHCHoe
COCTOfIHME), XapaKTepusylolee Pa3sOMKHYTYIO Lenb. Z-COCTOAHME CUHTE3UPYETCA UCKAUYUTENbHO C
NoMOLLIbIO TpexcTabunbHbix bydepos (tri-state buffer). YcnosHoe 0603HayeHne n Tabanua UCTUHHOCTK
TpexctabunbHoro bydepa npeacrasneHsl Ha pucyHKe 2.1 n B Tabaunue 2.4 COOTBETCTBEHHO.
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oe

PucyHokK 2.1 - YcnoBHoe o603HavyeHue TpexcrabunbHoro 6ydepa

Ta6bnuuya 2.4 - Tabanua MCTUHHOCTU TpexcTabunbHoro bydepa

oe y
0 VA
1 a_in

PaboTa TpexcrabunbHoro 6ydepa KOHTPOAMPYETCA BXOAOM pa3spelleHua oe (output enable) koraa
oe = ‘1’, BXogHOW curHan nepepaetcs Ha Bbixod bydepa, Koraa ke oe = ‘0’ BbixogHas uenb bydepa
pa3soMKHyTa, T.e. bydep Haxogutca B Z-cocTosHuMM. Koa, onucbiBatowmii TpexcTabunbHbit bydep
BbIFNAAMT Cleayowmnm obpasom:

y <= a in when oe = "1’ else "Z’;

MpuBegeHHOEe Bbile BbIPAXKEHME Ha3bIBaeTCA «NpUCBaMBaHMEM MO YyCnoBuA» UM byaer
paccmoTpeHo 6onee noapobHo B pasgene 2.2.1. OCHOBHOE MPUMEHEHME TpexcTabuabHoro bydepa —
peanusauma asyHanpasieHHoro noprta Beoaa/sbiBoaa (bidirectional port) ana 6onee paymoHanbHoro
MCNONb30BaHMUA KOHTaKTOB MuKpocxem (I/O pins). Mpumep AByHanpaeieHHOro MopTa MOKasaH Ha

sig out &_4—» bi

PuUcyHOK 2.2 — [iByHanpaBAeHHbI nopT

puUCyHKe 2.2.

CurHan dir ynpasnseT HanpasaeHnem nepefaym gaHHbix. Koraa dir = ‘0’ TpexctabunbHbin bydep
HaxoAMTcA B Z-COCTOAHUM U CUTHan sig_out 3a610KMpoBaH — BbiBoA bi ucnonb3yeTcs Kak BXoAHOM NopT
(sig_in). Korga dir = ‘1’ BbiBoA bi Mcnonb3yeTca Kak BbIXOAHOM MOPT M CUrHan sig_out BblgaeTcs BO
BHewWH!o uenb. VHDL-Ko4, onucbiBaloWwmii ABYyHaNPaBAeHHbIN NOPT (PUCYHOK 2.2) NPUBEAEH HUXKE:

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

O6paTnTe BHMMaHMe 4To NopT bi AoKeH 06bABAATLCA KaK inout, T.e. ABYHaNPaBAEHHbIN.
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2.1.4 BoiBOoApbl

VHLD — A3bIK CO CTPOroM TUN13auuen 4aHHbIX, MO3TOMY MPU NPOEKTUPOBAHUN CXEM HauMHAOLLMMM
pa3paboTunMKkamM 4acTo MOXHO BUAETb OLWMBKY «Type mismatch». Huske pe3tomupyloTca OCHOBHblE
npasuaa, No3Bostolmne nsbexxatb NoA06HbIX OLINMOOK. MOCKOIbKY AaHHOe yyebHoe nocobure HaueneHo
npexae BCero Ha cMHTe3Mpyemble KOHCTpYKumun VHLD, npaBuna npuBoaATCA ANA CUHTE3MPYEMbIX TUMOB
JaHHbIX U OMepaToposB:

e [lpy 06bABNEHUN BXOAHBIX M BbIXOAHbIX MOPTOB (entity declaration) U BHYTPEHHUX CUTHANOB
(signals), He 3aeliCTBOBAHHbIX B apUPMETUYECKMX ONepaLmax, UCNOAb3YyITe TUNbI AaHHbIX
STD_LOGIC 1 STD_LOGIC_VECTOR.

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

e [lpy 06DBABNAEHUM BHYTPEHHWUX CUTrHaNOB (signals), ydyacTeByrOWMX B apudMeTUHECKUX
onepaumax, ucnonbayinte 6ubnmnoteky IEEE.NUMERIC_STD package u 3arpy*kaemble ¢ Helt
TUNbI AaHHbIX unsigned (6e33HaKoBbIN) U sighed (3HAKOBbIN).

e lcnonb3yiTte GyHKUMM KOHBepTaumu (Tabnaunua 2.3) ana npeobpasoBaHUs AaHHbIX TUMNA
STD_LOGIC_VECTOR B unsigned nau signed n Haobopor.

e Ucnonb3yiiTe BCTPOEHHbIM TUN AaHHbIX integer n apudmeTUyeckme onepaumnmn aaa 3agaHma
KOHCTaHT M rPaHUYHbIX 3HAa4YE€HUM MacCMBOB, HO He AN1A CMHTe3a.

e Ucnonb3ylite pesynbTaTbl ONEPATOPOB CPaBHEHWA, UMEOLWMX TUN AaHHbix BOOLEAN B
Pa3IMUHbIX YCNOBHbIX KOHCTPYKUMAX VHLD (pasaen 2.2), HO He ANa CUHTe3a.

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

«MpucsamsaHme no ycnosuto» (conditional signal assighment) u «npucsaveaHve no BblIbOpPy»
(selected signal assignment) sBnAloTCA NapannenbHbIMM KOHCTPYKUMAMMK (concurrent statements) B
VHLD. ®yHKUMOHANbHO AaHHble KOHCTPYKLMM HaNOMUHAOT onepaTtopbl if U case B TPaANLMOHHBIX A3bIKax
NPOrpamMmmMMpPOBaAHUA, HO B OT/IMYME OT TPAAMUMOHHBIX A3bIKOB KOHCTpyKuum B VHLD BbinonHatoTca
napanienbHo, a He nocnefosBaTenbHO. [laHHble KOHCTPYKUUM ONpenenatoT CTPYKTYpy CXembl nNpu ee
CUHTE3MpPOBaAHUN.

2.2.1 NpuceaunBaHue no ycnosuto (conditional signal assignment)
CMUHTAKCUC U CUHTE3MpPYEeMas CTPYKTypa

CunHTakcnc «npucsanBaHMA NO yCNOoBUO» 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 BbipaxkeHus (boolean_expr) nooyepeaHo NpoBepsAOTCA NOKa OAHO M3 HUX HE OKa3biBaeTCs
WCTUHHbIM M COOTBETCTBYHOLLEE BbiparkeHUe (value_expr) npuceanBaeTcsa curHany signal_name. B cayyae
ec/u Bce byneBbl BblpaKeHUA N0XKHbI CUTHaNy NpucBavBaeTcsa 3HayeHue value_expr_n.

CTpyKTypa «npucBamBaHme No YCNOBUIO» CUHTE3UPYETCA B KACKAAHYIO NPUOPUTETHYIO CXeMy Ha
6ase mynbTunaekcopos 2 B 1. YcioBHoe o603HayYeHne un Tabamua MCTUHHOCTM MynbTunaekcopa 2 B 1
MOKa3aHbl Ha p1cyHKe 2.3 1 Tabanue 2.5 cooTBETCTBEHHO.

i0

il 0

sel

PuUcyHokK 2.3 — Cxema mynbtunaeKkcopa2s 1

Tabauuya 2.5 — TabamMua UCTUHHOCTM My nIbTUNJIEKcopa 2B 1

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

PaccmoTprm nprmep cUHTE3a CNesyloLero Koaa:

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

a-b when m > n else

c +1 ;

KackagHaa NpuopuTETHasA cxema, B 4aHHOM C/y4yae, Peannsyercs C MOMOLLbI0 COeaMHEHNA ABYX
MyAnbTUNAeKcopoB 2 B 1 (pucyHok 2.4).
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cxema GoOpMMpPOBaHUA
curHanos «value expressions» KackaaHas

/ NPUOPUTETHAA CXemMa

O T,

cxema byneBbix BblpaXKeH WM
«boolean expressions»

PUcyHOK 2.4 — CUHTE3MpPOBaHHaA cxema, peanusyloLas KOHCTPYKLUIO «MPUCBauBaHMUE MO YC/I0BUIO»

Cxema paboTtaeT cnegyowmm obpasom: ecnm UCTUHHO nepBoe 6yneBo BbipaXkeHwe (M = n), To
CyMMa cUrHanos (a + b + ¢) nepenaeTca Ha BbIXOA CXeMbI Y; €C/IN }Ke UCTUHHO BTopoe By/1eBO BbiparkeHme
(m > n), To Ha BbIXOA, Yy NepefaeTca PasHOCTb CUrHanoB (a - b); Bo Bcex ocTanbHbIX Cay4aax (m < n) Ha
BbIXO/, CXeMbl nepeaaeTca curHan (c + 1).

O6patute BHUMaHMeE, 4To cxema GOpMMpPOBaHMA cuUrHanos (value expressions circuit) n cxema
byneBbix BblparkeHuit (boolean expressions circuit) BbINOAHAOTCA napanienbHo (pucyHoK 2.4).
BbIXOAHble CUrHanbl Ccxembl 6y/ieBbiX BblIPaKEHMIN WCMOAL3YIOTCA Kak CUrHanbl Bblbopa B
MYJIbTUNNEKCOPAX, a BbIXOAHbIE CUrHasbl CXeMbl (GOPMMPOBAHUA ABAAOTCA MHPOPMALMOHHbLIMM
CUrHaNamMK, U3 KOTOPbIX BblIBMpaeTca HEOBXOAMMbIA CUrHAA M NOAAETCA HA BbIXO4, CXeMbl r. Konnuectso
cTyneHei (My/nbTUMNIEKCOPOB) B KacKagHOM MNpPUMOPUTETHOM cxeme (pucyHok 2.4) cooTsertcTeyeT
Konunyectsy when-else ycioBuit B KOHCTpYKUMK. Bonblioe Konnuvectso when-else ycnosuii npnsoamT K
CUHTE3MPOBaHMIO A/IMHHOW Lenu KackafoB M, Kak CNeAcTBME, K 3HAYMTENbHOW BPeMeHHOMN 3adepskKke
(propagation delay) paboTbl cxembl.

Hu)Ke npuBedeHbl ABa NPOCTbIX MPUMMEPA WCMONb30BAaHUA KOHCTPYKLUMM «NpUCBaMBaHWE MO
ycnosuio» (conditional signal assignment). NepBbiM NpUMepom ABASETCA NPUOPUTETHBIN 4-X Pa3psALHbI
wudpatop (priority encoder). JaHHbIN WKdpaTop MMeET YeTbipe BXOAHbIX 3anpoca (requests): r(4), r(3),
r(2) n r(1), KoTopble 06beAMHEHbI B 4-X pa3paHbIi BXOA F, NpUYEM CTapLIniA 6UT r(4) umeeT HamBbICLLMIA
npuoputeT. BbixogHOM curHan pcode npeacTaBnseT coboi ABOWMYHBINM KOA BXOAHOrMO 3anpoca C
HauBbICLLIMM NpropuTeTom. Tabanua UCTUHHOCTU NPUOPUTETHOTO WKMdpaTopa NpuBeaeHa B Tabaumue 2.6.
CuHTesnpyemblit HDL Kog npuseseH B aiMCTUHre 2.1.



I[MPUJIOXKEHME 3

Tabnuua 2.6 — Tabanua UCTUHHOCTYU 4-X Pa3pALHOro NPMOPUTETHOrO 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

AN 0 o 0 ” ’.
end cond_arch;

B npusegeHHOM Koae (nmMcTuHr 2.1) cHayana nposepAeTca cocToAHUe 3anpoca r(4) u, B caydae ecnm
OH aKTMBEH, Ha BbIXo4 nepeaaetca Ko “100”. Ecaum 3anpoc r(4) He akTUBEH NPOBEPAETCA COCTOsHUE
cneayoLLero no NpMopUTETY 3anpoca, T.e. r(3) 1 T.4. Noka He byayT NpoBepeHbl 0CTasIbHbIE 3aMpPOoChl.

BTOpbIM NPUMEPOM MCNO/b30BaHMUA KOHCTPYKLMM «npucBamMsaHMe no ycnosuio» (conditional
signal assignment) ana cMHTE3a cxem ABNAETCA ABOMYHbLIN AewundpaTop. ABonYHbIN aewndpaTop n-g-2"
npeobpasyeT ABOWYHbLIA N-paspAgHbIA KoA B YHUTApPHbIN 2"-paspAagHbii (Ko4, B KOTOPOM aKTMBHbIM
ABNAETCA TONbKO OANH 61T). Tabaunua MCTUHHOCTM ABOMYHOrO AelwmndpaTtopa 2-8-4 NnpuseaeHa B
Tabnnue 2.7. Cxema gewmndpatopa AONOJHUTENbHO MMEET BXOJ4, paspelwleHus paboTbl en (enable).
CunTesmnpyemblin HDL Koa aewmdpatopa npuseneH B AMCTUHIe 2.2.

Tabnuua 2.7 — Tabanua UCTUHHOCTU ABOUYHOrO gelwndpatopa 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 AelndpaTopa ¢ NPUMEHEHUE KOHCTPYKLIMU «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 nprBeaeHHOM KoAe (IMCTUHT 2.2) M3HaYabHO NPOBEPAETCA COCTOAHME CUrHANA Pa3peLleHnn en,
€C/IN CUTHAN aKTWBHbIN, T.€. en = ‘1’, To Nocnea0BaTeNbHO NPOBEPAOTCA 4 BXOAHbIE KOMBUHALLMM CUTHaNa
a.

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

CMHTAKCUC «NpUCBaMBaHMA MO BbIBOPY» NPUBELEH HUKE:

with sel select

sig <= value expr 1 when choice 1 ,

value expr 2 when choice 2 ,

value expr n when others;

®YHKUMOHANbHO «MpUCBanBaHMe MO BbIOOPY» HANOMMHAET OMEepaTop case B TPALMLMOHHBIX
A3blKax MNpPOrpamMmupoBaHus. [laHHaa  KOHCTPYKUMA  NpucBamBaeT HeobxoAMmoe  3HauyeHue
(value_expression) BbIxoAHOMY CUrHany sig B 3aBUCMMOCTM OT 3Ha4YeHUs curHana Bbibopa sel. Kaxkabiit
KOHKpeTHbI Bblbop (choice_i) npeactaBnser coboli KOHKpPeTHOe 3HayeHue UAM Habop 3HadveHuit sel.
Kaxablit BbIOOP Jo/IKEH BKAOYATh B cebs ntoboe 3HayeHue sel He yalle ogHOro pasa, HO Npu 3TOM Bce
BEPOATHble 3HauyeHuA sel [O0MKHbI NPUCYTCTBOBaTb B CTPYKType. [NA OTpaXeHus B CTPYKType
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HeMcnosb3yemblXx BapWAHTOB WMCMONb3yeTcs Cay:kebHoe cnoso others, KoTopoe wucnonb3yetca B
0b6A3aTeNnbHOM NOPAAKE U BKAKOYAET B CebA TaKKe He cuHTe3npyemble 3HadeHus (X, ‘U’ n1.4.).

Ctpyktypa «[llpucBamBaHMe NO BbIGOPY» CUMHTE3UPYeTCA B Cxemy Ha 6ase My/abTuMIeKcopa.
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 maHHOM cnyyae curHan sel moxkeT npuHmMmatb 4 3HaveHua (“00”, “01”, ”10”, “11”). NosTomy
cxema byaer cMHTe3MpoBaHa B BMAe myabTunaekcopa 4 B 1 ¢ curHanom Bbibopa sel (pucyHok 2.5).
YcnoBHoe obo3HayeHMe U Tabanua UCTUHHOCTM MyAnbTuUNAekcopa 4 B 1 nokasaHbl Ha PUCYHKe 2.6 “
Tabnuue 2.8 cooTBETCTBEHHO.

cxema GopmMpoBaHUS
cUrHanos «value expressions»

/ cxema

a| : MyNbTUNIEKCOPa
bl .1 |+ |
1 L
Q%‘ + | OC)
|
: : | 0]. r
| - 110
i | {11
|
: +1 :
| |
" ____ I
sel

PUcyHOK 2.5 — CUHTE3MpOBaHHaA cXema, peasiu3yloLLasa KOHCTPYKLMIO «MPUCBanBaHue no Bbibopy»
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Tabauuya 2.8 — Tabamua UCTUHHOCTU MyibTUNJIeKcopa 4 B 1
sel y
00 i0
01 il
10 i2
11 i3

PucyHok 2.6 — Cxema mynbtunnexkcopa 48 1

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



