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JIner akTyaauszauuu nporpaMmbl

[Iporpamma nepecmoTpeHa, odcyxaeHa u ogodpena st peanuzanuu B 2024 - 2025 yaeOHom
roJly Ha 3acefaHuu Kapeapsl DIESKTPOHUKH U MUKPOIJIEKTPOHUKH

IIporokomor 20 1. Ne

3aB. kadeapoii II.IOj’caTLIﬁ

[Iporpamma nepecmoTpeHa, odcyxaeHa u ogodpena st peanuzanuu B 2025 - 2026 yueOHom
roJly Ha 3acefaHuu Kapeapsl DIEKTPOHUKH U MUKPOIJIEKTPOHUKH

IIporokomor 20 1. Ne

3aB. kadeapoii H.IOjfcaTBII‘/’I




1 Iesan npaktuxku/HAP
3aKkperuieHue 3HaHUH U yMEHUH, MOJIY4YEHHBIX B IIPOLECCE TEOPETUUYECKOI0 OOyueHMUs,

nprodOpeTeHue MPAKTHIECKHUX HaBBIKOB, a TaKxXKe OIIBbITA CaMOCTOSITEILHOMI
HAy4YHO-HCCIICIOBATEIICKON IeITeIbHOCTH.
2 3agaum npakTuxku/HUP

3 Mecto npaktuku/HUP B cTpykType 06pa3oBaTe/ibHOI IPOrpaMMbl

It mpoxoxaeHust npaktuku/HUP HeoOXomumbr 3HaHUs (YMEHHs, BIIaJICHUS),
c(OpMHUPOBAHHBIE B PE3Y/IbTATE U3YUCHHSI JUCIUTUTUH/ IPAKTUK:

B pesynbrate mpoxoxaAeHUS NAaHHOW NMPAKTHUKH OOYYaOLIUICS JOJDKEH NPHOOpPECcTH
CJIEIYIOIINE PAKTUYECKUE HABBIKA M YMEHHS:

U3Y4YUTh:

-METObI IPOBEICHUS HAYYHBIX UCCIICJOBAHMI;

-paBujia IKCIUTyaTallMM HMCCIIEIOBATEIbCKUX YCTAaHOBOK, M3MEPHUTENbHBIX MPUOOPOB
WIN TEXHOJIOTHYECKOTI0 000y I0BAHUS;

-BOIIPOCHI 0OecTieueH s OE30MaCHOCTH KU3HE S TETbHOCTH M 9KOJIOTHYECKON YUCTOTHI.

OCBOUT:!

-METOJMKH TPUMEHEHMS MWCCIEI0BATEIbCKOM M HM3MEPUTEIIBHOM amnmaparypsl Ui
KOHTPOJIS U U3YUEHHsI OTJENIbHBIX XapaKTepUCTUK MaTEePUaIoB, IPUOOPOB U YCTPOMCTB;

-OTJEJbHBIE ITAKETHI MPOrpaMM KOMIIBIOTEPHOIO MOJACIMPOBAHUSA U IPOCKTUPOBAHMS
TEXHO-JIOTMYECKHUX MPOLIECCOB, IPUOOPOB U CUCTEM;

-IIOPSAIOK I10JIb30BaHUs IIEPUOINYECKUMH, pedepaTuBHBIMU U
CIPaBOYHO-UH(POPMALMOHHBIMU U3/IaHUSMHU 110 PO UITIO HANIPaBJIEHUS OTOTOBKH.

4 Mecto npoBeaenusi npaktuxku/HUP

[IpakTrKa MpoBOAUTCS Ha 06a3e CTOPOHHUX OpraHM3aLUi (YUpeXKACHUH, MpeanpUsIThii)
no mnpoQuio  CHEUUANbHOCTH MWIM B  Jaboparopusx Kadeapbl JJIEKTPOHUKH U
MuKpo-a1ekTpoHuku ®I'bOY BO «MI'TY»

Crnioco6 nposenenus npaktuku/HUP: ctanmonapnast

[Ipaxtuka/HUP ocymecTBasercs: TUCKpETHO

5 Komnerennun odydarounerocsi, popMupyemMbie B pe3yJabTaTe MPOX0kKIeHH
npaktuxkn/HUP u niianupyemsie pe3yabTarbl 00y4eHHs

B pesynprare mnpoxoxaenus mnpaktuku/HUP oOywarommiics pomkeH o6nangarh
CJIEIYIOIIMMHU KOMIIETEHIUSIMU:

KO,Z[ HHAUKATOpa I/IH,I[I/IKaTOp JOCTHIXKCHHA KOMIICTCHIIMH

OIIK-2 CnocobeH TpPUMEHSTh COBPEMEHHBIE METOAbl HCCIEAOBAHUS, MPEICTaBIATh U
apryMEHTHPOBAHO 3AIUIIATL PE3YALTATHI BHITOJHEHHOW paOOThI

OIlK-2.1 PaccmaTprBaeT METOIbI CHHTE3a M UCCICA0BAHUS MOACICH

OIIK-2.2 AJlekBaTHO CTaBUT 3aJaud WCCIEIOBAHHSA MW OITHUMH3AIMH CJIOKHBIX
00BEKTOB HAa OCHOBE METOJ0B MAaTEMAaTHYECKOTO MOACIUPOBAHMS

OI1K-2.3 Brnaneer HaBbIKaMu METOAOJOTMYECKOTO aHAIM3a HAYYHOTO MCCIEA0BaHUS

H €TO0 Pe3yIbTaTOB

OIIK-4 Cnocoben paspa0GaTbiBaTh M NPUMEHSTH CIEUUATU3UPOBAHHOE MPOrpaMMHO-
MaTeMaTHU4ecKoe oOecrieueHue s MPOBEACHUSI UCCIIeIOBAaHUM U pEellIeHns] HHXEHEPHBIX 3a7a4

OIlK-4.1 IIpumensier MerToabl pacyera, MNPOEKTHUPOBAHUS, KOHCTPYUPOBAHMS H
MOJIEpPHU3ALUHN PAJMOTEXHUYECKUX YCTPONUCTB U CUCTEM C UCIIOJIb30BaHUEM
CHUCTEM aBTOMAaTH3UPOBAHHOT'O MPOEKTUPOBAHUS U KOMIIBIOTEPHBIX CPEACTB




OIIK-4.2

Hcnonb3yer coBpeMeHHbIE MNpPOTrpaMMHBIE CpPEICTBA MOJEIUPOBAHUS,
ONTUMAIBHOTO MPOCKTUPOBAHUS U KOHCTPYHUPOBAHUS PAAUOTEXHUUYECKUX
YCTPOMCTB U CUCTEM PA3TUYHOTO (QYHKIIMOHATIBHOTO Ha3HAYCHUS




6. CTpykTypa u conep:xkanue npaktuxku/HUP

Ob6mas Tpynoemkocts npakTuku/HUP cocraBnser 3 3auerHbix eamnamiy 108 axan.
4acoB, B TOM YHCJIE:
— KOHTaKTHas pabota — 0 aka. yacos:
— camocrosTenbHas pabota — 108 akaz. yacos;

— B (hopme npakTraeckoi noaroropku — 108 akaJi. yacos.

Ne [P ( ) § B 0
° a371ebl (3Talbl) U COACpKAHUE g uzbl paboT Ha MPaKTHKE, S T —
/i MPaKTHKA 5 | BKIIOYAs caMOCTOSATENBHYIO PabOTyY
O
1. IMoaroToBUTENBHBIN HMuctpyKrax o TEXHHKE
0€30MacHOCTH.
Pa3zpabotka nudppoBoi cxeMbl Ha
6aze IVIMC no MHAUBUyaIbEHOMY
2 Hay4aHo-HccnenoBaTenbCKuii C3sﬂSHHIO aC 0 I;CH:HLZO?HTDO/I OMK-2.1, OIK-2.2, OTIK-2.3,
. YYHO-HCCIIEI0BATEIbCKUH pEncTB BTOMaTH3UPOBAHHOT! OIIK-4.1, OITK-4.2
MPOEKTHPOBAHUSI. Ananus
OBICTPOIEHCTBHUS CXEMBI u
ucnosbzyembix pecypcos IIJINC.
5 OyHKIHOHATIBHAST W BpPEMEHHAsI OIK-2.1, OTIK-2.2, OTIK-2.3,
2. HayuHo-uccneoBaTenbCKuii Bepu(uKauss pabOTBl CXEMBI C
OIIK-4.1, OIIK-4.2
nomolnelio cumynstopa CAIIP.
2 HavaHO-HeCIe 1OBATE BCKHIi OnruMusanus paspaborannoii| OIIK-2.1, OIIK-2.2, OTIK-2.3,
) Y : CXEMbl 0 OBICTPOJEHCTBUIO. OIIK-4.1, OIIK-4.2
2 Hayuno-uccnenoBatenbckuii g{iﬁ(gmaumno iiil%?li(;Ti?\di(;E OlK-2.1, OK-2.2, ONK-2.3,
' v A 4 OITK-4.1, OTIK-4.2
pecypcam ITJINC.
N N OIIK-2.1, OIIK-2.2, OTIK-2.3,
3. TloaroroBka oTuéra IMoaroToBka u caada  OTYETA.

OIIK-4.1, OIIK-4.2




7 OueHOYHBIC CpeACcTBA AJs NPOBEeJeHHMS TMPOMEXKYTOYHON AaTTeCcTallUM 10
npaktuxke/ HUP
[IpencraBiensl B npuioxxeHuu 1.

8 YueOHo-MeTOnMYecKoe H HH(POPMANIMOHHOe 00ecnieueHue npaktuxku/HUP

a) OcHOoBHAas JMTEpaTypa:

1. MypcaeB, A. X. Ilpaktukym 1o mnpoektupoBanuio Ha s3bikax VerilogHDL wu
SystemVerilog : yuebnoe mocobue / A. X. Mypcaes, O. 1. BypeneBa. — 2-¢ u3a., cTep. —
Cankr-IlerepOypr : Jlanb, 2018. — 120 ¢. — ISBN 978-5-8114-2560-0. — TekcT : 31eKTpOHHBIN
// Jlanp : anekTpoHHO-OMOMHoTeuHas cuctema. — URL: https://e.lanbook.com/book/103142
(mara ooOpamienus: 20.10.2020).

0) JomosiHuTEIbHAS JIUTEpATypa:

1. HaBabw, 3. [IpoextupoBanue BcrpanBaeMbix cucteM Ha [IJIMC / 3. HaBabu ; mepeBo ¢
annmiickoro B. B. ConoBeeBa. — MockBa : JIMK Ilpecc, 2016. — 464 c. — ISBN
978-5-97060-174-7. — TekcT : 2NeKTpOHHBIN // JIaHb : 3MEKTPOHHO-ONOIMOTeUHAsI cCUCTEMA. —
URL: https://e.lanbook.com/book/73058 (mara oGparuenus: 07.05.2020). — Pexum gocryma:
JUUISL aBTOPHU3. MOJIb30BaTEICH.

B) MeToanueckue yKazaHus:

1. Meroau4ecKue yka3aHus IPUBEICHBI B IIPUIOKCHUH 3.

2. Otnamounass tuiata NI Digital Electronics FPGA Board — pykoBoacTBO 110
IKCILTyaTaluH.

r) [Iporpammuoe obecneuenue u UHTepHer-pecypcebi:

IIporpammHoe o0ecnieuenune

Haumenosauue 110 Ne norosopa Cpox neicTBUS TUTIEH3UN
MS Office 2007 No 135 or 17.09.2007 0EeCCPOYHO
7Zip ¢B000HO pacnpoctpansemoe 11O 0ecCcpoYHO
NI MultiSim K-68-08 ot 29.05.2008 0ecCpPOUHO
NI Developer Suite |K-118-08 ot 20.10.2008 0eccpOUHO
Scilab Computation|cBo6oano pacpocrpansemoe 11O 0eCCPOUHO
MathWorks K-89-14 ot 08.12.2014 0ecCcpOUHO

IIpodeccuonanabHbie 6a3bl JAHHBIX U HH(POPMANIMOHHBIE CIPABOYHbIE CHCTEMbI
HasBanme Kypca Cchlnka
HammonansHast nHbOpManoHHO-aHAIMTHYecKas cuctema|URL.:
ITouckonas cucrema Akanemust Google (Google Scholar) [URL: https://scholar.google.ru/
DnekTpoHHble pecypchl Oombmumorekn MITY wmm. I'.UM.|https://magtu.informsystema.r

9 MarepuajibHO-TeXHH4Yeckoe odecneyenne npakruku/HUP

MartepuaabHO-TEXHUUYECKOE 00ecrieueHre MPAaKTUKK BKIIFOYAET:

AyauTtopus 1715l CaMOCTOATENIbHOM paboThl (aya. 357): Otnamounsie wiatel NI FPGA mis
pa3paboOTKM U  MOJEIHPOBAHHUS YCTPOMCTB 1U(MPOBOMH dIEKTpOHUKHU. llepcoHanmbHBIC
kommbioTepsl ¢ ycraHoBieHHo CAIIP (ISE WebPACK Xilinx), ¢ ycraHOBICHHBIM
cnenuanu3upoBanHom [10 s npoBeneHus Hay4yHbix uccienoBanuii (Scilab, MathLab) u
JIOCTYTIOM B HUHTE€PHET, OCIIMILIOrpad U reHepaTop CUTHAJIOB.




MpunoxeHne 1
6. YueOHO-MeTOIHYECKOE O0ecreYeHre CaMOCTOSITeIbHON padoThl 00y4yaroImxcst

[To mpakTuke «YueOHas - HaydyHO-HCCIenOBaTeIbCcKasi padora (MOJTyYeHHE MEePBHUYHBIX
HaBBIKOB HAyYHO-HCCIIEAOBATENBCKON pabOThI)» MpeayCMOTPEHA ayJUTOPHAS M BHEAYIUTOPHAS
caMocCTosTeNIbHas paboTa 00ydJaroIMXCs.

AynuTopHas caMOCTOsITeNIbHAsE padoTa CTYICHTOB MpeanoiaraeT pa3paboTKy HU(POBBIX
cxeM Ha 6aze [IJIMC c ucnionszoBanrem CAIIP, GpyHKIIMOHANBHBINA 1 BpEMEHHOW aHATTU3 paObOTHI
CXEM C UCTIONIb30BaHueM BcTpoeHHoro cumyisitopa CAIIP, ontumu3anuio cxemM o BpeMEeHHBIM U
pecypcHbIM KpuTepusM. [IpuMepHbIe 3a1aHus 17151 CAMOCTOSITETLHOM ayIUTOPHOMN paOOTHI:

1. Pa3paborate  HporpaMMUpYEMbIl  T€HEeparop  HIPSAMOYTOJbHBIX  HMITYJIbCOB.

JIMUTEeNbHOCTH WHTEPBAJIOB 3aal0TCA IBYMsI 4-OMTHBIMU YIPABISIIONIUMU CUTHAJIAMH M U 1,
KOTOpBIE HWHTEPIPETUPYIOTCS Kak Lejble uuciaa Oe3 3Haka. lHTepBanbl BKIIOYEHUS U
BBIKJIFOUeHUs cocTaBiiroT m * 100 e 1 n * 100 Hc coorBercTBeHHO. CxeMa MOJKHA OBITH
CUHXPOHHOU. BbIMOMHUTH (PyHKIIMOHAIEHOE MOIETTUPOBAHUE CXEMBI, HCIIOJIb3YI0 OTPAHUYEHHYIO
pPaHIOMU3AIIMIO0 TECTOBBIX BO3aeHCTBUiL. [IpoBepuTh paboTy cXxeMbl ¢ TOMOIIbIO ocHHIIIOrpada.
Onpenenutb ObICcTpoxelicTBUE cxembl U 3arpadeHHble pecypebl [IJIMC. BoimonHuth
ONTUMH3AIMIO CXEMBI 110 OBICTPOICUCTBHIO. BBITTOJIHUTH ONITUMU3AIMIO CXEMBI 10 3aTPauE€HHBIM
pecypcam IIJIMC. PeanuzoBarh reHepatop NporpaMMHO (HamucaTh KOJ[ accemoiiepa s
BcTpoeHHoro B [IJIMC 8-mu paspsnHoro mnpoieccopa). [IpoBepuTs paboTy CXeMBbI ¢ ITOMOIIBIO
ocumwiuiorpada. CpaBHHTH anmapaTHyl) M OPOrPaMMHYIO — pealu3aliil  CXEeMbl 110

OBICTPOCHCTBUIO.
2. Pazpabotare mnporpammupyemsiii 4-paszpsasbiii 1IWMM s ynpaBieHHsl sSPKOCTBIO
cBeroanona  (aummep). BbImonHUTe  (QYHKIMOHAIBHOE  MOJEIHUPOBAHUE CXEMBI C

camonpoBepkoit. [IpoBepuTh paboTy cxembl ¢ MOMOIIbI0 ocuuuiorpadga. OnpenenuTsb
ObIcTpozeiicTBHE cxeMbl U 3aTpaueHHble pecypchl [IJIMC. BpInmonHUTh ONTUMHU3ALUIO CXEMBI 110
OBICTPOICUCTBUIO. BBINMONHUTE ONTHUMHU3AIMIO CXEMBI IO 3arpadeHHbIM pecypcam [IJIMC.
PeanuzoBats LIIMM nporpammuo (Hamucath kon accemOmuepa aist BcrpoenHoro B [IJIMC 8-mu
paspsaaHoro mnporeccopa). IIpoBeputb paboTy cxembl ¢ moMouslo ocuusuiorpada. CpaBHUTH
anmnapaTHyIO U IPOTPaMMHYIO peaTu3allii CXeMbI 110 ObICTPOAECHCTBHIO.

3. Pazpabotars cxemy ceKyH0Mepa, 0TOOpakaroIero MUHYTbI, CEKYHbI U JIECAThIE 10U
cekyHJ. Takke B cxeme JODKHO OBITh NPEAYCMOTPEHO H3MEHEHHE HalpaBiIeHUs cuéra U
ACHUHXPOHHBII cOpOC CEeKyHJOMepa B HOJb. BBIMONHUTH (QYHKIMOHAIBHOE W BpPEMEHHOE
MojenupoBaHue cxembl. [IpoBepuTh paboTy cxeMbl Ha OTIafouHoM Tate. OmnpenenuTb
ObIcTpozeiicTBHE cxeMbl U 3aTpaueHHble pecypchl [IJIMC. BrImonHUTh ONTUMHU3ALUIO CXEMBI 110
OBICTPO/ICUCTBUIO. BBHIONHUTE ONTHUMHU3AIMIO CXEMBI MO 3arpadeHHbIM pecypcam [IJIMC.
PeanuszoBath cekyHaoMep mporpaMmMHoO (Hamucathb KoJl accemOiepa ays BcrpoenHoro B ITJIMC
8-mu paspsaHoro mpoueccopa). I[IpoBeputs paboTy cxembl ¢ MOMOIIBIO OTJIAJOYHOHN IUIATHI.
CpaBHMTB anmapaTHyo U IPOrpaMMHYIO peaTu3alii CXEMBI [0 OBICTPOICHCTBHIO.

4. Pa3pabotate cxemy cteka LIFO na 6a3e perucrpoBoro caitna 32X8. BrimoaHuth
(GYHKIMOHATIBHOE MOJICIMPOBAHUE CXEMBI, UCIIOIB3YIO OTPAHUYECHHYIO PAHIOMU3ALIUIO TECTOBBIX
BozaeiicTBuil. [IpoBepuTh paboTy cxeMbl Ha OTJIafoyHOM miate. OnpenenuTs ObICTpoIeHCTBIE
cxembl 1 3aTpadeHHbIe pecypchl [TJIC. BBIMOMIHATS ONTUMHU3AIMIO CXEMBI TI0 OBICTPOICHCTBHIO.
BeimonHuts ontuMu3anuioo cxembl 1o 3arpadeHHbIM pecypcam [IJIMC. PeanusoBarh cTek
nporpaMmMHO (HamucaTh konx accembnepa st BerpoeHHoro B [IJIMC 8-mu  paspsiHOTO



nporeccopa). [IpoBeputrh paboTy cxeMbl Ha oTiagouHoi rmiare. CpaBHUTH amnmapaTHylo M
IIPOrPaMMHYI0 pealu3alii CXEMBI 110 OBICTPOIECHCTBUIO.

5. Pa3paborate cxemy pgerekTopa ()POHTOB HMITYJIBCHOTO CHTHAIA. BBIMOIHUTH
(GyHKIMOHATIBHOE M BPEMEHHOE MOJICTUPOBAaHKE cXeMbl. [IpoBepuTh paboTy CXEMBI C TOMOIIIBIO
ocumwmiorpada. Omnpenenuts ObICTpOACHcTBUE cXeMbl W 3aTpadeHHble pecypcsl TIJINC.
BBINOTHUTE ONTUMU3ALUIO CXEMbI IO OBICTPOACHCTBUIO. BBIMOIHUTE ONTUMHU3ALNIO CXEMBI 110
3arpayeHHBIM pecypcam [IJIMC. Peann3oBaTh AeTEKTOp MporpaMMHO (HAaImMcaTh Ko acceMosepa
s BerpoernHoro B ITJIMC 8-mu paspsgHoro mporeccopa). [IpoBeputh paboTy cXembl ¢
nomouiblo ocumuiorpada. CpaBHUTH alMapaTHyl0 U MPOTPAMMHYIO peall3allid CXEMbl I10
OBICTPOAEHCTBHIO.

6. Pazpaborare cxemy 3ammThl OT Jjpe0e3ra NpU HAKATUU KHOMNKH. BBIMOTHUTH
(GyHKIMOHATIBHOE M BPEMEHHOE MOJICTUPOBAaHHE cXeMbl. [IpoBepuTh paboTy CXEMBI C TOMOIIIBIO
ocummiorpada. Ompenenuts OBICTpOACHCTBHE CcXeMbl M 3arpadeHHble pecypcsl [IJINC.
BBINOTHUTE ONTUMU3AIMIO CXEMbI IO OBICTPOJACHCTBUIO. BBIMOTHUTE ONTUMH3AINIO CXEMBI 110
3arpaueHHbIM pecypcam IIJIMC. Peanu3oBare cxemy 3amuThl OT JApebe3ra MporpaMMHO
(marmucate kox accembnepa st BcrpoenHoro B IIJIMC 8-mMu paspsimHOrO mporeccopa).
[TpoBepuTh paboTy cxeMbl ¢ moMoIIbo ociuuiorpada. CpaBHUTH anmapaTHYIO U MPOTPAMMHYIO
peau3aluu cXembl 0 ObICTPOJCHCTBHIO.

7. Pa3paborarh cxemMy KOHTpPOJISI 3aHATOCTU MAapKOBKHU. JJIi KOHTpOJISI BbE3/AAa U BblE3Ja
ABTOMOOWJISI HCIIOJIB3YIOTCS  2-¢  maphl  (OTOMATYMKOB. BBIMOIHUTE  (YHKIIMOHATHHOE
MoJiepoBaHue cxembl. [IpoBepuTh paboTy cXeMbl C TOMOUIBIO OTJIAI04HOM I1aThl. OnpenenuThb
ObIcTpozeiicTBHE cxeMbl U 3aTpaueHHbie pecypchl [IJIMC. BpImomHUTE ONTUMHU3AIUIO CXEMBI 110
OBICTpOACHCTBHIO. BBIMOTHUTH ONTHMM3AIMIO CXEMBbI MO 3aTpadeHHbIM pecypcam [IJINC.
PeanuzoBath cxemMy KOHTPOJISl 3aHATOCTH MAPKOBKH MPOTPAMMHO (HaIucaTh KoJl acceMbmuepa ams
BcTpoeHHoro B [IJIMC 8-mu paspsaguoro mporeccopa). [IpoBeputs paboTy cxembl ¢ TOMOIIBIO
oTNIafoyHOM TmaTel. CpaBHUTH aNmapaTHyldO M MPOTPAMMHYIO pEalu3alldd CXEMbI 10
OBICTpOACHCTBHIO.

8. Pazpaborare cxemy ympaBieHHs IBWKCHHEM IHUPTa 6-3TaXKHOTO >KHUJIOTO JIOMA.
JBwxenue nudra MOWKHO OBITH 3a0JOKMPOBAHO TMpPU TMEperpy3ke. ABTOMAT JOJDKEH
BBIpa0aThIBaTh YETHIPE YIPABISAIONIMX CHUTHAja: BBEPX, BHU3, OCTAHOB, OJIOKHpoBKa. JIudt
JIOJKeH TOAOUpaTh TMOMYTHO CJIEAYIONIMX TacCaKUPOB. BBIMOMHUTE (YHKIIMOHATIBHOE
MojiefrpoBaHue cxeMbl. [IpoBepuTh paboTy cXeMbI C TOMOIIBIO OTJIaI0UHOM TIaThl. OnpenenuTh
ObicTpozeiicTBie cxeMbl U 3arpadeHHble pecypcebl [IJIMC. PeanmusoBare cxemy ympaBieHHUS
audTOM MPOrpaMMHO (Hamucath KoJ acceMoOuepa st BerpoenHoro B [IJIMC §8-mu paspsaHOro
npoueccopa). [lpoBeputh paboTy CXEMBI € TOMOIIBIO OTIAA0YHOM MIaThl. CpaBHUTH allllapaTHYIO
Y TIPOTPaAMMHYIO peasTi3aIliu CXeMbI TT0 OBICTPOICHCTBHUIO.

9. Pa3paborare cxeMy ympaBieHHS cBeTodopoM Ha mepekpectke. CBeTodop MOKET
MOKa3bIBaTh OJWH W3 CUTHAJIOB: KPAacCHBIN, XKENTHIM, 3€EHBIA, CTPENKA, MUTAIOIINN 3€JICHBIMH,
MuUraromun >xkenTeid. llepekiioueHne pekUMOB MNPOUCXOIUT MO BpeMeHu. lIpemycmorpers
ACMHXPOHHOE BKJIIOUEHHUE KpacHOro cBeta npu 10 HakaTHsX KHOIKH MenexogaMu. BeimoaHuTe
(GyHKIIMOHATBHOE MOJIETHpPOBaHNE CXeMbl. [IpoBepuTh paboTy cCXeMbI ¢ TOMOIIBIO OTJIAJOYHOM
mwiatel. Onpenenuts ObICTpojaelicTBUE cxeMbl U 3arpadeHHble pecypcbl [IJIMC. PeanuzoBats
CXeMy yIpaBjieHHs] BeTO(OopoM MporpaMMHO (HamucaTh KOJA acceMOiiepa AJii BCTPOEHHOTO B
[IJINC 8-mm pazpsigHOro mporieccopa). [IpoBepuTs pabOTy CXeMbI C MOMOIIBIO OTJIATOYHON
riatbl. CpaBHUTH anmapaTHYIO U MPOTPAMMHYIO Pealu3alliy CXeMbl IO OBICTPOCICTBHIO.

10. PazpabotaTth cxemy m3meputenss Hu3kux dactoT (ot 1 mo 10 I'm). Cxema momkHa
BKJIIOUATh B ce0sl U3MEPUTENh NIEPHUO/ia CUTHAJIA, CXEMY JIeJICHHs U IpeoOpa3oBaTeslb JBOMUYHOTO



koja B JI/IK. BemmonHuTh hyHKIIMOHATEHOE MOJICIMPOBAaHNE CXeMbI. [IpoBepuTh paboTy cXeMblI ¢
MOMOIIBIO OTNAJ0YHON MmiaThl. OnpenenuTh ObICTPOJCHCTBUE CXEMBI U 3aTpayeHHbIE PECYPChI
[IJIMC. Peanu3oBarh cXeMy H3MEpPEHHsI NpOrpaMMHO (HamucaTh KoOJ accembiepa Juist
BcTpoeHHoro B [IJIMC 8-mu paspsgHoro mporeccopa). [Ipoeputs paboTy cXeMbl ¢ TOMOIIBIO
oTnafAo4yHoM 1uiatel. CpaBHUTH amMapaTHyl0 U MPOTPaAaMMHYIO pPEalM3allud CXEMbI 110
OBICTPOACHCTBHIO.

11. PazpaboTtathb cxeMy HU3MEpHUTENd pEaKUud, COCTOAILIYID M3  CBETOJUO/JA,
CTUMYJIMPYIOLIETO PEAaKUUI0 M KHOIKM, Ha KOTOPYIO HYKHO Ha)KMMAaTh IIOCIE 3aropaHus
ceronuona. CBeronumoa JODKEH 3aropaThCsl  clydaHbIM — 00pa3oM  (NEpHOJ  MEXKAY
BKJIIOUEHUSIMU cBeToanona oT 2 1o 15 cexkynn). Bpemss peakiuu AOJKHO BBIBOJUTHCS Ha
CEMHUCETMEHTHBI HMHAMKATOp B CEKYHJaX, C TOYHOCTbIO [0 2-r0 3HaKa IIOC]E 3alsTOM.
BomonauTh GyHKIMOHATBHOE MOJAETHPOBaHUE CXeMbl. [IpoBepuTh paboTy CXeMbl C MOMOIIBIO
OTNAA09YHON TuTaThl. OmnpenenuTh OBICTPOJCHCTBHE CXeMbl M 3aTpadcHHbIe pecypchl [TJINC.
PeanuzoBath cxemy u3MepeHHUs MPOrpaMMHO (Hamucath KoJl accemOrepa AJii BCTPOSHHOTO B
[IJIMC 8-mu paszpsanHoro mporeccopa). [IpoBeputbh paboTy cXeMbl ¢ MOMOIIBIO OTIaJA0YHON
riatbl. CpaBHUTH anmapaTHYIO U IPOTrPAMMHYIO PeaTU3allii CXEMBI IO OBICTPOACHCTBHUIO.

12. Pazpabotath cxemy crteka LIFO na 0Gaze Bcrpoennbix B IIJIMC 6GiokoB O3VY.
BoinonHuTe  (QYHKIMOHAJIBbHOE  MOJEIMPOBAHUE  CXEMBbI, HCIIOJIB3YIH0  OTPAaHUYECHHYIO
PaHIOMHU3AIMIO TECTOBBIX Bo3jaelcTBUU. [IpoBepuTh pabOTy CXEeMBI Ha OTJIAJOYHOW TUIATE.
Onpenenutb ObICcTpoxelicTBUE cxembl U 3arpadeHHble  pecypebl [IJIMC. Boimonnuth
ONTUMMU3ALMIO CXEMBI 110 OBICTPOIEHCTBUIO. BBHIOJHUTH ONTUMHU3ALIUIO CXEMBI 110 3aTPAYE€HHBIM
pecypcam [TJIMC. Peann3oBaTh cTEeK IporpaMMHO (HammucaTh KoJ acceMouiepa Juist BCTPOSHHOTO B
[TJINC 8-mu pazpsiaHoro mporeccopa). [IpoBeputs paboTy cxembl ¢ MOMOLIbIO OCHMILIOTpada.
CpaBHUTH anmapaTHYIO U MPOTPaMMHYIO peaTn3alii CXeMbI IO OBICTPOICHCTBUIO.

13. Pa3paboTath cxemy TeHepalii CHHYCOUAAIbHOTO CUTHANA TPEX Pa3NUYHBIX YacTOT.
3naueHust GYHKIUHU JOJDKHBI U3BJIeKaThes U3 siueek BcTpoeHHoro B [IJIMC I13Y. BeimonHuth
(yHKIIMOHAJIBbHOE M BpEeMEHHOE MojenupoBaHue cxembl. [IpoBepuTh paboTy cxembl Ha
oTNIafouHon 1iate. Omnpeaenutb OBICTpOJEHCTBUE cXeMbl W 3aTpaueHHble pecypcsl [IJINC.
BBINOAHUTE ONTUMHU3ALNUIO CXEMBI TIO OBICTPOJECHCTBHIO. BBITTOMHUTS ONTUMH3AIUIO CXEMBI 110
3arpaueHHbIM pecypcam [IJIMC. PeanuzoBaTe reHepaTop NporpaMMHO (HamucaTrb KOJ
accemOuiepa ans BerpoeHHoro B ITJIMC 8-mu paspsiiHoro mpoueccopa). [IpoBeputs paboty
CXEMBI C MOMOIIBI0 OTJIAI0YHON TuIaThl. CpaBHUTH allapaTHYI0 U MNPOrPaMMHYIO pealu3aluu
CXEMBI M0 OBICTPOICHCTBHIO.

BueaynutopHass camocTtosTenbHas pa0oTa IpennojiaraeT H3ydeHHe JHMTepaTyphl ¢
IpopabOTKOM Cleqyonero MaTepuana:
1. Yro Takoe uHTErpasnbHasg cxema?

Knaccudukanus nHTerpaibHbIX cXem?

UTO 3HAUUT TEXHOJOTHYECKasi HOpMa MHTETPAIbHON CXEMBbI?
DnemMeHTHast 0a3a HHTETPAIBHBIX CXEM.

UYro Takoe 3akaznas MC

Urto Takoe nony3akaznas MC?

UYro mpeactaBisieT co00it 6a30BbI MATPUYHBIN KPUCTAILI?

Yro Takoe mporpamMmmupyemast JIornueckasi MHTerpajbHas cxema?
UTto Takoe «cucTteMa Ha KpucTtajie»?

lO Yro Ttakoe noruueckuii anement UC?

©oN kDN

11. Yto takoe noruyeckasd UC koMOMHALIMOHHOTO TUIIA?



12.
13.
14.
15.
16.

17.

18.

19.

20.

21.

22.

23.
24,
25.
26.
217.
28.
29.
30.
31.
32.
33.

34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.

48.

Yo takoe nornyeckas MC nmocienoBaTeILHOCTHOIO THIIA?

[Tepeuncnure ocHOBHBIE ATanbl IpoussBoacTea MC

Uro BkItOUaeT B ce0s cnienudukaius Ha pazpadbarsiBacmyto NC

KakoBa nepapxus npoextupoBanusi CbUC.

YT0 Takoe KPEMHHUEBBIN YPOBEHb ITPOCKTUPOBaHUs. Kakue NpUMUATHUBBI IPUMEHSIOTCS
Ha JaHHOM YPOBHE.

Yro Takoe TPAaH3UCTOPHBIM YypOBeHb HpoeKTHpoBaHusA. Kakue HpPUMUTHBBI
IPUMEHSIOTCS Ha IaHHOM YPOBHE.

Yro Takoe BEHTHJIbHBIA YPOBEHb NIPOEKTHpOBaHus. Kakue NpuMUTHBBI IPUMEHSAIOTCS
Ha JIaHHOM YPOBHE.

YT0 TaKoe pEerucTpOBbIN YPOBEHb IPOCKTUPOBaHUs. Kakue NpUMUTUBBI IPUMEHSAIOTCS
Ha JIaHHOM YPOBHE.

YUto Takoe IPOLECCOPHBIM ypPOBEHb MNPOEKTHpOBaHMA. Kakue IpUMUTHUBBI
IPUMEHSIOTCS Ha IAaHHOM YPOBHE.

Yro Takoe CUCTEMHbII ypOBEHb MPOEKTUpOBaHUs. Kaknue NpuMUTUBBI IPUMEHSIOTCS
Ha JaHHOM YPOBHE.

B uéMm 3akirodaeTcss MPUHLMI YHPABJICHUS CIOKHOCTBIO (aOcTparupoBaHHe) NpU
pa3pabOoTKe AIEKTPOHUKH.

KaxoBa coBpemenHas undpactpykrypa npousBozactsa UC.

Urto npeacTasisioT coool KpeMHHEBbIE (PaObpUKH.

UYro Takoe IP-610k.

Knaccudukanus IP-610k0B

B uém otimnuue nporpammubix IP-6510k0B oT anmapaTtHbix IP-010K0B.

Uto npeactaBnsoT coboit Tononornyeckue IP-6moku.

Oranel npoekTpoBanus 3akasHou HC.

Oranel npoektrpoBanus MC Ha cTaHAapTHBIX SYEHKaXx.

Oransl NpoeKTHpoBaHus cxemsbl Ha 6aze [IJINC.

Uro Takoe s3bIKk onucanus annapatypst HDL.

KakoBbl mpeumyiiecTBa pa3pabotku cxembl Ha 0aze HDL mno cpaBHeHuio co
CXEMOTEXHUYECKUM CIIOCOOOM.

YTo Takoe JOrM4EeCKU CUHTE3 CXEMBI.

Kakue CAIIP pa3zpabotku VC BbI 3HaeTe?

Kakue CAIIP nns pa3zpabotku cxem Ha 6a3ze [TJIMC BbI 3HaeTe?

Jlornueckuii cunte3 C Ha cTaHIapTHBIX siUEHKaXx.

Jlornueckmii cunre3 cxem Ha [IJIMC.

Yrto Takoe KpUTHUECKHUM MyTh HU(POBON CXEMBbI?

Kaxkue s3pIKkM onmcanus anmnapaTypbl Bbl 3HaeTe?

YeMm oTIMYarOTCs CUHTE3UpYyeMble CTPYKTYpHI si3bika HDL ot HecunTe3npyembix?
Kakumu cioco6amu MOKHO MOBBICHTBH OBICTpOJIeiiCTBHE LIU(PPOBOI CXEMBI?

B uém 3akioyaeTcss KOMIIPOMUCC IUIOMIAb KpUCTallIa/ObIcTpoieiicTBrE?

Yro Takoe cHHXpOHHas Lu(poBas cxema?

Yro BrIItOUaeT B ceOs onucanue uHTepdetica (entity declaration) B si3sike VHDL.
Kakwue 3nauenus nopnepxusaet tail JaHHbIX STD_LOGIC B s3pixe VHDL.

Yem ormmuaercs tun maHHbIX STD LOGIC or STD _LOGIC VECTOR B s3bike
VHDL.

B uém orimuune oowekTa port ot oobekra signal B si3sixke VHDL.



49.

50.

51.

52.

53.

54.

55.

56.
S57.
58.
59.
60.
61.
62.

63.
64.
65.

66.
67.
68.

69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.

Kakue 3HaueHHs mMOaep)KUBaeT THIT JaHHBIX UNsigned B s3eike VHDL. SBnsercs nmu
JIAHHBIN TUI CUHTE3UPYEMbIM?

Kakue 3HaueHus moajepkuBaeT THI JaHHBIX integer B sizpike VHDL. SBnsiercst nu
JIAHHBIN TUI CUHTE3UPYEMbIM?

SIBnseTcst MM BBICOKOMMIIEIAHCHOE COCTOsIHUE Z CHHTEe3UpyeMbiM B si3bike VHDL?
Ecnu ga, To kakasi cxema CUHTE3UpyeTcs?

KakoB CHHTaKCHC CTPYKTYphl «IpucBauBaHue Mo ycioBuio» (conditional signal
assignment) B s3eike VHDL. B Kakyro cxeMmy qaHHast CTpyKTypa CHHTE3HPYETCS?
KakoB cuntakcuc crpyktypsl «lIpucBamBanme 1o BbeIOOpY» (Selected signal
assignment) B sizeike VHDL. B Kakyro cxemy 1aHHasi CTpYKTypa CHHTE3UPYETCs?
KakoB cunrakcuc omneparopa if B si3pike VHDL. B Kakyro cxemy naHHas CTpykTypa
CUHTE3UpyeTCs?

KaxoB cunrakcuc oneparopa case B sizpike VHDL. B Kakyro cxemy nanHasi cTpykTypa
CUHTE3UpyeTCs?

s gero B s3pike VHDL ucnonb3yercst ctpykTypa process?

Uto 3HAaUYMUT apaMeTpu30BaHHas cxema?

. Uto Takoe cpena TectupoBanus (testbench).

Uto Takoe cpefa TECTUPOBAHUS C CAMOITPOBEPKOIA?

Uro Takoe PyHKIIMOHAIBHOE MOJICIIUPOBAaHUE?

Yporuu Bepudukanmu CBHUC.

Hasnauenne QynkumonanbHeix OnokoB Stimulus, checker u monitor B cpene
TECTUPOBaHUA?

YTo Takoe paHIOMH3AIINA TECTOBBIX BO3AeicTBHi (Stimulus)

Yro Takoe orpanuucHHas (constrained) paHmoMu3aIys TECTOBBIX BO3ACHCTBUI

YeMm oTiHMYaeTCS KOJIOBOE TMOKPBITHE OT (PYHKIMOHAIBHOTO TOKPBITHUS TIpU
BepU(PUKALIUN CXEMBI?

Uro Takoe MeTpHKa npu Bepudukanuu cxembl? Kakue MeTpuku ncnonab3yorcs?

Uro Takoe sMyJsALUs CXEMbI?

Uro Takoe QopmasibHas MPOBEPKAa SKBUBAJIEHTHOCTH Ha 3Tale CUHTE3MPOBAHUS
CXEeMBbI?

Yo Takoe BpEMEHHOE MOJIETMPOBAHUE CXEMBI?

Yro Takoe UMIIJIEeMEeHTas?

KakoBbI OCHOBHBIE pEKOMEH AN TI0 Pa3MEIIEHUIO OJIOKOB Ha KpucTasuie?

Yro Takoe cioit metanmnuzauuu B UC?

Urto Takoe TpaccupoBka’?

[IpruMeHeHre MaHX?TOHOBCKOW Tr€OMETPUH MPH TPACCHUPOBKE.

Uro Takoe ¢pusudeckas Bepudukanus MC?

Yro takoe DRC mpoBepxka?

Yro takoe ERC nmpoepka?

Yro takoe LV'S mposepxka?

Yro takoe GDSII popmat?

Yro takoe JTAG tectupoBanue?

UTto Takoe 1enoyka TECTUPOBAHUS?

Urto Takoe BcTpoeHHOe camoTtecTupoBanue BIST?

BerpoenHoe camoTecTHpOBaHHE MAMSITH.

Yro Takoe nepudepuitHoe CKaHUPOBaHUE?



MpunoxeHwne 2

7. OueHouHble cpeacTBa ANA NpoBeaeHUA NPOMEXYTOUHOM aTTecTaumum

a) MnaHupyemble pe3ynbTaTbl OOyyYeHUA W OLEHOYHble cpeacTBa A41a  NpoBeAeHus
NPOMEXKYTOYHOW aTTecTaumm:

KO}_I HWHAWKATOpa I/IH}_II/IKaTOp JOCTHIXKEHUS] KOMIIETCHITUM OueHqume CpeacTBa

OIIK-4 Cnocoben pa3paGaTI>IBaTI> U TPUMCHATHL CIICHHUAJIU3UPOBAHHOC IPOTPaMMHO-MAaTEMaTU4Y€CKOC
obecreyeHue JJI1 IPOBCACHUSA I/ICCJ'ICHOBaHI/Iﬁ 1 pCIICHNA MHXKCHCPHBIX 3aJla4

OIIK-4.1 [Ipumensier MeTobl pacyerTa, — Ymo maxoe unmezpanvnas cxema?
NPOCKTUPOBAHUS, KOHCTPYUPOBAHUS 1 — Knaccugurayus unmezpanvuvix cxem?
MOZCpHU3ALHUN PATUOTEXHUICCKUX — Ymo 3nauum mexuonocuyeckas Hopma
yCTpOﬁCTB U CUCTEM C UCIIOJIb30BAHUEM uHmegpaﬂbHoﬂ cxeMbl?

CHCTCM aBTOMAaTH3MPOBAHHOTO — Onemenmnasn 6a3a UHMEZPALLHBIX CXEM.

HPOCKTHPOBAHNA 1 KOMIILIOTCPHBIX — Umo maxoe 536K ORUCAHUS ANNAPAIY Db

CpCaCTB HDL.

— Kakosvl npeumywecmsa paspabomxu
cxemul Ha baze HDL no cpagnenuio co
CXeMOMEXHUYECKUM CHOCOOOM.

— Ymo makoe nocuueckuti cunme3s cxemui.

— Kakue CAIIP paspabomxu UC evl 3naeme?
— Kaxue CAIIP ona paspabomku cxem Ha
6aze IIJIUC 6v1 3Haeme?

— Jlocuyeckuii cunmes UC na cmanoapmuuix
AYelKax.

— Jlocuyeckuii cunmes cxem na IJIHAC.

— Ymo makoe Kpumuueckuii nyme yugposot
cxemul?

— Kakue azviku onucanus annapamypbi 6vl
3Haeme?

— Yem omnuuaromes cunmesupyemule
cmpykmypul a3vika HDL om
HecuHmesupyemuix?

— Kakumu cnocobamu modcHo nogvicumas
ovicmpodeticmeue yuppogoi cxemut?

— B uém saxnrouaemes komnpomucce niowjads
Kpucmania/bvicmpooeiicmeue?

— Ymo makoe cunxponnas yugposas cxema?
— [lepeuucaume ocHogHbIe Smanbi
npouseodcmea HUC

— Ymo sxniouaem 6 cebs cneyugpuxayus na
paspabamuigaemyro UC

— Kakosa uepapxusa npoekmuposanus
ChHUC.

— Umo makoe KpemHuessili yposeHs
npoexmuposanus. Kaxue npumumugoi
NPUMEHAIOMCS HA OAHHOM YPOBHE.

— Ymo maxoe mpan3ucmopHwlii yposeHs
npoexmuposganus. Kaxue npumumugul




NPUMEHAIOMCS HA OAHHOM YPOBHe.
— Ymo makoe 8eHmMuIbHblIL YPOBEHD
npoexmuposanus. Kaxue npumumugoi
NPUMEHSIIOMCS HA OAHHOM YDOBHe.
— Ymo maxoe pecucmposulii yposens
npoexmuposganus. Kaxue npumumueut
NPUMEHSIOMCS HA OAHHOM YPOGHE.
— Ymo makoe npoyeccopmblii ypogeHs
npoexmuposganus. Kaxue npumumugut
NPUMEHSIOMCS HA OAHHOM YPOGHE.
— Ymo maxkoe cucmemmbwlil ypoGeHs
npoexmuposanus. Kaxue npumumugot
NPUMEHSIIOMCS HA OAHHOM YDOBHe.
— B uém 3axarouaemcs npuHyun ynpasieHus
CodCHOCMbIO (abcmpazuposanue) npu
paspabomie d1eKMpPOHUKU.
— Kaxosa cospemennas ungpacmpykmypa
npousgoocmea UC.
— Ymo maxkoe IP-610k.
— Knaccugpurayus IP-6n0kxo6
— Ymo npedcmasnsaiom cooou
mononozuieckue IP-6noku.
— Omanvl npoekmuposanus 3axasnoti UC.
— Omanwl npoexmuposanus UC na
CMAHOAPMHBIX AYEUKAX.

— Dmanvl npoexmupo8anust cxemvl Ha

6aze IIJIUC.

— Ymo maxkoe 3akazunas UC
— Ymo maxoe nonysaxasznas UC?
— Ymo npedcmasnsem codotl 6a306biii
Mampuunslll Kpucmain?
— Ymo makoe npozpammupyemas
Jlo2udecKas uHmezpanbhas cxema?
— Ymo makoe «cucmema Ha Kpucmaniney?
— Ymo maxkoe noeuueckuii snemenm UC?
— Ymo maxkoe noeuueckas UC
KOMOUHAYUOHHO20 muna?
— Ymo maxkoe nocuueckas UC
nocnedo8amenrbHOCMHO20 muna?
— Kakue munsei 102uueckux sveex (n02uxu)
6bl 3Haeme?
— Paszpabomamv 00nopaspsaomnyio cxemy
CPasHeHUs: HA BEHMUNTbHOM YPOBHE HA 3bIKE
VHDL.
— Paspabomams na sizeike VHDL cxemy
Odewughpamopa 2 6 4.
— Paspabomams na sizeike VHDL cxemy
npeodbpaszosamenst 060UUHO20 KOOA 8
cemucezmMeHmHbI.
— Paszpabomamov moodyne na VHDL,
BLIYUCTIAIOW UL YembIPEX8X0008Y10 (DYHKYUIO
XOR (uckmouarowee UJIN).
— Paspabomamy na sizeike VHDL cxemy 4-x
PA3PAOH020 CUEMHUUKA.




— Paspabomamo na sizvike VHDL cxemy 4-x
PA3PAOHO20 CYMMAMOPA Yuces co 3HAKOM.

— Paspabomams na sazvike VHDL cxemy 8-u
PaspaoHo2o pecucmpa.

— Paspabomams na sazvike VHDL cxemy
COBU208020 pe2ucmpa ¢ NapaieIbHOU
3a2py3Koll.

— Paspabomams na sizeike VHDL cxemy
KOHEUHO20 A8MOMAmMa 0Jisi 0emeKmupo8aHus
nepeonezo ppouma cuchaia.

— Paspabomams 08yxpaspsaomnyio cxemy
CpasHeHUsl Ha OCHOBe 08YX IK3EMNIAPO8
O0OHOPA3PAOHOU CXeMbl CDABHEHUS.
Hcnonvzoeams kommenmapuu 011 ONUCAHUA
KoOd.

— Paspabomams na sizeike VHDL cxemy
Odewugpamopa 3 6 8 na ocHose IK3EMNIAPOS
cxembl Oewugppamopa 2 6 4. Hcnonvzosamo
KoMMenmapuu OJis ONUCAHUSL KOOd.

— Paspabomams na sizvixe VHDL cxemy 16-u
DPA3PAOHO20 CYMMAMOPA YUCel CO 3HAKOM HA
OCHOB€ IK3EMNIAPO8 4-X pa3paOHO20
cymmamopa. Hcnonvzoeams Kommenmapuu
0J1 ONUCAHUS KOOd.

— Paspabomams na szvike VHDL cxemy 8-u
paspsaoHozo pecucmpa. Hcnonvzoeams
KoMMenmapuu OJis ONUCAHUSL KOOd.

— Paszpabomamy na sizvike VHDL cxemy
KOHEUH020 agmomama OJis peaniu3ayuu
sawumul om opebesea. Hcnonvzosamo
KoMMenmapuu OJis ONUCAHUSL KOOd.

OIIK-4.2

Hcnonb3yeT coBpeMeHHbIE TPOrpaMMHBIE
CpeICTBa MOJEIUPOBAHNUS, ONTHMAIBHOTO
MIPOEKTUPOBAHUS U KOHCTPYUPOBAHHUS
PaANOTEXHUYECKUX YCTPOUCTB M CUCTEM
Pa3IMYHOTO (PYHKIIMOHAIHHOTO HA3HAUCHHS

— Kakux npoussooumeneti cogpemenHol
NEeKMPOHUKU bl 3HAeme?

— Kakux npoussooumeneii IIVIUC vt
3Haeme?

— OcHOBHOU MUPOBOT NPOU3BOOUMEND
npoyeccopuwvix |P s0ep?

— Ymo maxoe OpenCores?

— Hazosume xkpynuetiwux npedcmasumerneti
KpemHuesvix pabpux?

— Kaxux npoussooumeneii CAIIP
NEeKMPOHUKU bl 3HAeme?

— Kakux 3apybesicuvix u omeuecmeeHHblx
npouseooumenetl 6aKyyMHOU 1EeKMPOHUKU
6vl 3Haeme?

— Peanuzosamv o0nopaspsaouyro cxemy
cpasnenus na oase IJIUC Spartan 3E.
Onpedenums dvicmpooeticmaue cxemvl U
sampauenuvie pecypcwl IIVIHC.

— Peanuzosamwv cxemy oewugpamopa 2 6 4
na b6aze IIVIUC Spartan 3E. Onpedeaums
bvicmpooelicmeue cxemvl U 3amMpayeHHble
pecypcewt IIITUC.

— Peanusosams cxemy npeobpazoeameist
0B80UYHO20 KOOA 6 CeMuceeMeHmHblil Ha Oase




TIUTHAC Spartan 3E. Onpedenumso
bvicmpoOdelicmaue cxemsl U 3ampayeHHble
pecypewt TIJTHC.

— Peanusosamv uemvipexexo0osyio
@yuxyuro XOR (uckarouarowee UJIH) na
6aze IIJIUC Spartan 3E. Onpedenumso
bvicmpooelicmeue cxemvl U 3amMpayeHtble
pecypcewt IIITUC.

— Peanuzosams cxemy 4-x paspsaonozo
cuémuyuxa Ha 6aze ILJIUC Spartan 3E.
Onpedenums b6vicmpooeticmsue cxemul U
sampauennvie pecypcoi ILIIHAC.

— Peanuzosamo cxemy 4-x paspsaonoeo
cymmamopa ducen co 3Hakom Ha oase IIVIHC
Spartan 3E. Onpedenums bvicmpooeticmsue
cxembul u sampayenuvie pecypcwt IHIJIHC.

— Peanuzosamwv cxemy 8-u pazpsonoco
peaucmpa na baze [I/IUC Spartan 3E.
Onpedenums bvicmpooeticmaue cxemvl U
sampauenuvie pecypcol IIJIUC.

— Peanuzosamo cxemy cosueogoeo pecucmpa
¢ napannenvholl 3azpyskot Ha oase IIVIHC
Spartan 3E. Onpedenums Ovicmpooeticmaue
cxembl u sampayenusie pecypewl IIJIHC.

— Peanuzosamv cxemy oemexmuposarus
nepeonezo gppouma cuenana Ha 6aze ILJIHC
Spartan 3E. Onpedenumsb 6vicmpodelicmaue
cxembul u sampadenusie pecypewt IIJIHC.
Toozomosumb npoekmmuyo OOKyMeHmayuro:
RTL-x00 u gpatin oepanuuenui
(mononozuueckux u 6pemenHsix) 0iis
peanuzayuu npoekma na doase IIVIHC ons
Cedyrowux NPOeKmos:

— Bocomupaspsaonas cxema cosuea c
VNPAGNAIOUWUM 8XOO0O0M, ONPEOLTIOUUM
Hanpasienue cosuea.

— Ipuopumemmuuoiii wugpamop 8 6 3

— Ilpeobpasosamens 060uuH020 KOOA 8
080UUHO-0eCAMUYHDBIL

— 4-x paspsaouwlii cymmamop yucen ¢
naasaouetl mo4Koi.

— 8-u paspsaouviii FIFO 6ygep

— 4-x paspsionvii LLIAM

— Cmopooicesoul matimep

— Cxema cmeka

— Apugmemuro-noeuueckoe ycmpoucmeo

— Pecucmposuiii gpaiin

— Cxema Oenenus

OIIK-2 CnocoGeH MpuMeHSATh COBPEMEHHbIE METOBI HCCIIEJOBAHUS, IPEICTABIATh U apTYMEHTHPOBAHHO

3aIUIIATh PE3YILTATHI BHITIOTHEHHONW PabOThI

OIlK-2.1

PaCCManI/IBaeT METOAbI CUHTEC3a U
HUCCIIEIOBAHUS MOJIENIEN

— Ypoenu nayunoeo uccnedosanus.
— Kakue smnupuyeckue memoosi
Ucc1e008aHUs 8bl 3HACME.

— Kakue meopemuueckue nayunvie




Ucc1e008aHUs 8bl 3HACME.

— Ymo makoe nabawoenue? Kaxum
Mmpeb08aHUAM OO0AHCHO YOOBIEMBOPAMb
HayuHoe HabooeHue?

— Ymo makoe cpasnenue? Kaxogui
pe3ynvmamol cpagHeHus?

— Ymo maxoe usmepenue? Kaxue mpebosanus
NpeovAGIAIOMCSL K NPOGEOeHUI0 U3MepeHUll?
Kaxoewl ocnosuvie napamempul usmepsemoii
senuyunsl? Ymo makoe nozpewtnocms u
MOYHOCb USMEPEHUTI?

— Ymo makoe HayuHulii 5Kcnepumenm?
Kaxoeswl npeumywecmea sxcnepumenma no
CpasHeHUI0 ¢ NACCUBHBIM UsMeperuem?
Tlpusecmu npumep HayuHo20 SKCHepuMeHmd.
— Ymo makoe abcmpazuposanue? Ilpugedume
npumep omoxcoecmsietus 8 Hayke.

— Ymo makoe uzonuposanue Kax 6uo
abecmpazuposanus? Ipusedume npumep.

— Mnozosmannoe abcmpazupoganue npu
npoexmupoganuu CEUC. Ilepexoo ¢
KPEMHUeB020 YPOBHS HA MPAH3UCTIOPHDILL.

— Muoeosmanmnoe abcmpacupoganue npu
npoexmupoganuu CEUC. Ilepexoo ¢
MPAH3UCMOPHO20 YPOBHS HA BEHMUNLHBIIL.

— Muoeosmanmnoe abcmpacupoganue npu
npoexmuposanuu CBUC. Pecucmposbiii
YposeHb abcmpazupo8aHusl.

— Mnozosmannoe abcmpazupoganue npu
npoexmupoganuu CEUC. Cucmemmwiii
YposeHb abcmpazupo8aHusl.

— B uém cocmoum memoo ananusza u cunmesa 6
Hayke?

— Ananu3z u cunmes 6 yugposoii obpabomxe
CUSHATIO8.

— Ananu3z u cunmes Ha npumepe meopuu
4emvipEXNONIOCHUKOS.

— Ananuz u cunmes ycmpoucmes yugposot
NEKMPOHUKU.

— Ymo maxoe modenuposanue. Kaxue
mpebosanust NPeovAGIOMCI K MOOeU
obvexma?

— Ymo maxkoe Spice mooensv?

OIIK-2.2

AHGKBaTHO CTaBUT 3aga4M UCCJIICAOBAHUA
U ONTUMHU3AMU CIIOKHBIX 00BEKTOB Ha
OCHOBC METOJOB MaTEMaTUYCCKOI'O
MOACINPOBAHUA

— Ymo makoe nepsuunvle QOKYMEHMbL U
usoanusn?

— Kaxue nayuno-mexmuueckue 0OKYMeHNbl
OMHOCAMCSL K HeNYOIuKyemuvim?

— Kaxue 0oKymeHmbl OMHOCSMCL K
6MOPUYHLIM?

— Kaxue nayxomempuyeckie cucmemvl bl
3Haeme?

— Ymo makoe unoexc Xupwa?

— Cmpyxmypa DOI?

— Cmpyxkmypa YIIK?



http://www.doi.org/

— Ilopsidok npogedenus nameHmuo2o noucka?
— Cunmaxcuc pacuupeHHo20 ROUCKA 8
namenmHuix 6azax?

— K kakum pasoenam mexcoyHapooHou
namenmHou Kiaccupurayuu OmHocsamest
uzobpemenus 8 061ACMU HNEKMPOHUKU?
Dopmbl nayunozo suanus. [lpumepol HayuHbIX
meoputl.

— Kaxue 6udvl HayyHbix Uccie0068aHUlL Gbl
3naeme?

— Kpumepuu onpedenenust akmyaibHOCmu
HAY4HO20 UCC1e008anHusn?

— [locmanoeka yenu u 3a0a4 uccied08anus
(na npumepe).

— Kpumepuu onpedenenust HayuHol HOGU3HbI
Pe3yIbmamos ucciedo8anus?

— Ymo 3nayum npakxmuyeckas 3HauuUMoCcmy
Pe3yIbmamos uccied08aHus uiu
NPeONoAHCEHHBIX MEXHUYECKUX PeuleHuli?

OIIK-2.3 Bnaneer HaBbIKaMu METOJ0JI0TUYECKOIO — @opmuvl Hayuno2o 3nanus. Ilpumepoi
aHaIM3a HAYYHOTO MCCIIEIOBAHUS U €TO HAYUHbIX Meopuil.
pE3yNbTaToB — Kaxue 6uovl HayuHbix Uccie008aHull Gul
3naeme?

— Kpumepuu onpedenenus akmyanioHOCMu
HAYYHO20 UCCIe008aHUA?

— Ilocmanoexa yenu u 3a0au uccied08aHus
(Ha npumepe).

— Kpumepuu onpedenenus nayynou HOBU3HbBL
Pe3yIbmamos ucciedo8anus?

— Ymo 3nayum npaxmuyeckas 3HaYUMoCmy
Pe3yIbmamos ucciedo8anus uiu
NPeONIONHCEHHBIX MEXHUYECKUX PeueHull?

— Ymo maxkoe nepsuunvle 00OKyMeHmbl U
uzoanus?

— Kakue Hayyno-mexnuyeckue 0OKyMeHmbl
OMHOCAMCS K HeNnYOIUKyemuim?

— Kakue 0okymeHnmsl omHocamcs K
6MOPUYHBIM?

— Kaxue nayxomempuyeckue cucmembvl bl
3Haeme?

— Ymo maxkoe unoexc Xupwa?

— Cmpyxmypa DOI?

— Cmpykmypa VIK?

— [lopsadok npogedenus: namenmnozo noucka?

6) I'Iopﬂp,or( nposeneHuA npomemyTquoﬁ aTrectaummn, NnoKasatenn n KpUtTepmn oueHnBaHUA:

MpomexKyTouHasa aTTectauMsa NO MpakTUKe «YuebHaa - Hay4dHO-UcCCnedoBaTenbcKaa paboTta
(nonyyeHne nepBUYHbLIX HABLIKOB HAYYHO-UCCNEA0BATENLCKOW PaboTbl)» BK/IOYAET TeopeTuyeckue
BOMPOCHI MO MaTepunanam OTYETA, NO3BOAAIOLLME OLEHWUTb YPOBEHb YCBOEHUA 06YYaOWMMUCA 3HAHUN,


http://www.wipo.int/classifications/ipc/en/
http://www.doi.org/

W NpaKTMYecKme 3a4aHunsa, BbiaBaaoLlme cTteneHb chopMUPOBAHHOCTM YMEHUI U BNAadeHWUI, NpoBOANTCA
B dopme 3a4éTa.

MNokasatenu n KpuTepun oueHNBaHUA 3a4€Ta:

—  Ha OUEHKY «3auTeHo» — oby4vatowmica 4EMOHCTPUPYET BbICOKUIN UAN CPELHWNIN YPOBEHD
cHOPMMPOBAHHOCTU  KOMMNETEHLMW: OCHOBHble 3HAHMA, YMEHWA OCBOEHbI, HO
JONYCKAlOTCA HE3HAUYUTENbHblE OLWNOKM, HETOYHOCTU, 3aTPYLAHEHMA NPU aHANUTUYECKUX
onepaumax, nepeHoce 3HaHWM U YMEHWUIN Ha HOBble, HECTAHAAPTHbIE CUTYaLUN.

— Ha OUEHKY «He 3auyTeHo» — OOy4yaloWwMiica [EeMOHCTPUMpYeT 3HaHuA He bHonee 20%
TEOPETMYECKOro MaTepuana, AOMyCKaeT CylecTBeHHble OWWOKKM, He MOXKeT MoKas3aTb
WMHTEeNNEeKTyaNbHble HaBblKM peLleHMA NPOCTbIX 3a4ay.



MpunoxeHwne 3
MeTO,Z[I/I‘IeCKI/Ie VKa3daHHUA

BBeaeHue

TpagMUMOHHOE CXEMHOE NPOEKTUPOBAHNE JOCTUMIO B CBOEM PA3BUTUK Npesena U UCNosib3yeTca
B HacTosillee BPeMA /Wb AN CPAaBHUTENbHO MPOCTbIX NMPOEKTOB pPa3pabaTbiBAEMOIN 3N1EKTPOHUKM.
OCHOBHbIM HEAOCTAaTKOM CXEMHOFO OMUCAHWA MPOEKTOB CAOXHOM 3/IEKTPOHUKM, BKAKOYAtOLWEN
60/1bLIOE KOIMYECTBO KOMMNOHEHTOB U MOAY/EN, ABNAETCA BbICOKAaA TPYAOEMKOCTb OTNaAKN. Ha cmery
CXEMHOMY OMMCAHWUIO NPULLAM A3bIKM ONMCaAHUA annapaTypbl, Takne Kak VHLD u Verilog. B otanume ot
TPAAMUMOHHbBIX A3bIKOB MPOrPamMmMMpPOBaAHMA, OMMUCHIBAIOWNX MNOCNEA0BATENbHOCTb BbIMOJHAEMbIX
KOMaHZ, A3bIKM ONMCaAHMA annapaTypbl ONMUCLIBAOT CTPYKTYPY M CBA3KU pa3pabaTbiBaeMoro yCcTpomncTsa.
Takoe onucaHue paspabaTbiBAEMOro YCTPOMCTBA HA3bIBAETCA CTPYKTYPHbIM (napannenbHbim). Bropon
noaxond, K OMMCAHUIO YCTPOMCTBA Ha3biBaeTcA MOBeAeHYecKMM (nocnepoBatesibHbiM). Mpu Takom
Nnoaxofie OMUCbIBAETCA He CTPYKTypa YCTPOMCTBA, a MOPAAOK ero GyHKLUMOHUPOBaHUA (noseaeHue).
A3bIKM oNMCcaHWA annapaTypbl BKAKOYAT KaK NapansienbHble, Tak U nocneaoBatenbHble GYHKLUUN, T.e. C UX
NMOMOLLbIO MOXHO OMMCaTb KaK CTPYKTYpy paspabaTbiBaemoro ycTpoOMCTBA, TaK M ero nosefeHue B
3aBMCMMOCTM OT BXOAHbIX BO34ENCTBUI. 34eCh ceyeT cAenaTh BaXKHOE 3aMeyaHue:

MNocnepoBatenbHoe (MOBeAEHYECKOE) OMMUCaHME YCTPOMCTBA He BCErAa MOXKET ObiTb KOPPEKTHO
CKOMMWAMPOBAHO B CUHTE3NPYEMbIE KOHCTPYKUMW, T.€. CMHTE3MPOBAHHAasA CXema YCTPOMCTBA MOMKET
paboTaTb He TaK, KaK 3ayMbiBas pa3paboTumK. B ToxKe BpemMs CTPYKTypHOe (MapasienbHoe) onvcaHue
OAHO3HAYHO CUHTE3MPYeTCA B  OMUCAHHYK  CTPYKTypy. Takum obpasom, npu  OnNUCaHUK
paspabaTtbiBaemMoro ycTpoicTBa ciegyeT OTAaBaTb NPEANOYTEHWE CTPYKTYPHOMY OMUCAHWMIO MW, Kak
roBOpPAT, UCMO/Ib30BATb CUHTE3UPYEMbIE KOHCTPYKLMK. MocnesoBaTenbHoe (NoBeAeHYeCcKoe) onvcaHune
B CBOl oyepenb 3PPEKTUBHO MCNONb3yeTCA Ha 3Tane ¢GYyHKUMOHANbHOMO MOAENANPOBaHUA PaboThbl
paspabaTtbiBaemoro yctpoicTsa. Tem He MeHee, WCMNO/b30BaHWE MNOCNeAO0BaTe/bHbIX OMNepaTopos
A3bIKOB OMMCAHMA annapaTypbl AN CMHTe3a pa3pabaTbiBaemMoro yCTponcTea AOMYCKAeTca Npu yC0BUK
ecTkoro cobnogeHua paga npasua (gaHHble npasuna 6yayT pacCMOTPEHbl B COOTBETCTBYIOLLEN
nabopatopHoit paborte).

[aHHble MeToguyecckme NpuU3BaH HayYMTb OCHOBAM MPOEKTUPOBAHUA INEKTPOHMKM C NOMOLLbIO
A3blka onucaHuA annapatypbl VHLD. Mpu 3TOM OCHOBHOM ynop AenaetcA Ha pasBUTME HaBbIKOB
HanMcaHWA rPamoTHOrO M CaMoe rNaBHOe CMHTE3NPYeMOro Koda, T.e. TaKoro Kogda, KoTopbln 6yaer
rapaHTMPOBAaHHO CKOMMWAMPOBaH B paboTatowyo cxemy. [o3Tomy BMeCTO noApobHOro onucaHua
cuHTakenca VHLD M BCEBO3MOMKHbIX KOHCTPYKUWMIA A3blKa MNPaKTMKYM OrpaHuMuMBaeTcs 063opom
CPaBHUTENbHO Hebo/bWworo Habopa CUHTE3NPYEMbIX KOHCTPYKLMIA, UCMOb3YIOWMX AECATOK TUMOBbIX
wabnoHos VHDL-KoAa, cMHTE3MpyembiX B TUMOBble cxembl. [aHHble WabnoHbl MOryT 6biTb /erko
WHTErpuMpoBaHbl NPY NPOEKTUPOBAHNMN BONBLINX COXKHBIX CUCTEM.

[na obecneyeHunsa npouecca CKBO3HOFO NMPOEKTUPOBAHMA BN/IOTb A0 FOTOBOrO YCTPOMCTBA 6biN0
peleHo 1cnonb3osBatb nporpammupyemyto nornky (MJINC), a umeHHo oTnhagodHyto nnaTty NI Digital
Electronics FPGA Board Ha ocHoBe MJ/INC Xilinx Spartan-3E. B kauectBe nporpammHoro obecnevyeHus
ncnonbayetca CAMP ICE WebPACK ¢upmbl Xilinx.



Onucanue maathl NI Digital Electronics FPGA

Mnata NI Digital Electronics FPGA ABnaetcA pe3y/nbTaTOM COBMECTHOrO COTPYAHMYEcTBa
komnaumin NI un Xilinx, sBnalowmUxcs KpynHemwmMmM B MUPE MNPOM3BOAMTENAMU MPOrPaMMHOrO
obecneyeHna U3MepUTENbHbIX CUCTEM W MPOrPAMMUPYEMbIX NOTUYECKUX MHTErpanbHbix cxem (MJINC).
BHewHwnn Bug nnatol NI Digital Electronics FPGA npepctasneH Ha pucyHke 1. NI Digital Electronics FPGA
Board cogepKuT WecTb KaHanoB AnA BBOAA aHa/IoroBblX BXOAHbIX curHanos AlQ — Al5, a Takxke 32
undposble BXogHble (BbIXogHble) IMHUKM obwero nosb3oBaHusa — GP1031.

OnucaHue curHanoBs, NOAaBaeMblX HA CUrHaNbHble 30Hbl MaKeTMpoBaHuA: BB1 — 30Ha
MaKeTMpoBaHUA Ana noaknaoveHua K LAM, AU, KHoNKam, ABUXKKOBbIM MepekntovaTenam, BHeLWHeMy
CUHXPOCUTHaNY U INHUAM obuiero HasHaveHuA NJIUC. BB2 - 30Ha MaKeTUPOBAHUA ANA NOAKAOYEHMA K
NMHUAM oblero HasHadyeHua MJINC u UCTOYHMKAmM nuTaHMA. BB3 - 30Ha MaKeTMpoBaHMA AnA
YNpaB/ieHNA CEMUCETMEHTHbIM MHAMKATOPOM Ha [Ba 3HAaKOMECTa, CBETOAMOAAaMM, MOAKAOYEHUA K
WUCTOYHMKAM nuTaHmAa BB4 - 30Ha MakeTMpoOBaHUA A nogkntodeHma K curHanam NI ELVIS, Bkatovas
aHa/NIoroBble BXOAHbIE CWUrHas/bl, aHaNOroOBble BbIXOAHblIE CUFHaNbl, GYHKUMOHANbHbIE FeHepaTopbl,
WCTOYHMKU MUTaHMA, umMdpoBble BXOAHbIE/BbIXOAHbIE CUrHanbl. BB5 — 30Ha maketTupoBaHua Ans
noakntoveHma K curHanam NI ELVIS, Bkatoyaa peryanmpyemble WCTOMHUMKM NUTaHWUA, uMPppoBble
BXOAHble/BbIXOAHbIE CUTHA/bI, BbIXOAHbIE CUTHA/Ibl CHETYMKOB, OBLLME TOYKMU CUrHAOB.
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PucyHok 1 — BHewHuit Bug, nnatel NI Digital Electronics FPGA Board:

1- pasbem nutaHusa (15B) ; 2-maKeTHOM NnaTbl 418 BO3MOXKHOCTU CO34aHUA A,0NONHUTENbHOW 06BA3KKU; 3— 610K MaKeTHOMU
nnatbl BB2; 4- BbiK/lOYaTENb NUTAHUA; 5— 610K MaKeTHO naatbl BB3; 6— KHONKa c6poca; 7— cemucermeHTHbie UHAUKATOPbI;
8- USB-coegunHutennb; 9- LD-G- ceeToguopg; 10— ceetoguopgbl; 11— FPGA Xilinx Spartan 3E; 12— nepekntoyaTenb NPOLIUBKU
MNJINC uepe3s ROM/JTAG ; 13— gaTumK yrna noBopoTa ¢ KHONKOM; 14— KHONKK; 15— ABMXKKOBbIE nepekatouarenu; 16— 6
KOHHeKTopoB Tuna PMOD (2x6); 17— 610K maKeTHo# naatbl BB1; 18— 610K maKeTHo naatbl BB4; 19— (NI ELVIS)-
coeguHUTenb; 20— 610K MakeTHOM nnatbl BB5; 21 — nporpammarop; 22— KBapueBblit reHepaTop 50Mlu; 23— 3awmra nnatbl
OT CTaTUUYECKOro 3/1eKTp1uYecTsa

Kparkoe onucanue CAMNP WebPack

WebPACK — 310 CAMNP npoekTnpoBaHuA uMdpoBbIX ycTponcte Ha 6ase mukpocxem MANC CPLD u
FPGA ¢upmbl Xilinx. laHHaa cuctema siBnaetca 6ecnnatHbIM BapnaHTOM Kommepdeckoi CAMP aToi xe
dmvpmbl nop HasBaHMem ISE u pgoctynHa pns cBobogHOro CcKaumBaHus 4depes ceTb Internet
(www.xilinx.com). OcHoBHOe oOT/MuYMe becnnaTHOW BepcuMM OT ee NAAaTHOro aHajora COCTOUT B
OTCYTCTBUM NOALAEPHKKN MUKPOCXEM, EMKOCTb KOTOPbIX Bbllwe 1,5 MJIH CUCTEMHbIX BEHTUEN.

WebPACK coctont 13 Habopa mogynei, Kaxgbli W3 KOTOPbIX BbIMNOJAHAET CBOWU
cneunannsmpoBaHHble GyHKLMM. OCHOBHbIE MOAY/IM NaKeTa caeayloLime:

- pefaKTop CXeMHOro BBOA3;
- TEKCTOBBIV pefaKkTop € NoaaepKKon A3bIKoB onncaHma annapatypsl VHDL u Verilog;
- CORE Generator — reHepaTop oNTMMU3NPOBAHHbLIX IP-Aaep;

- pefaKTop TeCTOBbIX BO3AENCTBUI AN1A NPOrpaMmbl MOAE/IMPOBAHNS;

- nporpamma GpyHKLMOHANbHOIO Y BPEMEHHOI0 MOAENMPOBAHNSA;

- reHepatop VHDL/Verilog koaga;

- NporpamMmma aBTOMAaTMYECKOro pasmelleHua u Tpaccuposku MNJIUC;,—nporpammbl «py4yHOro»
pasmeLLeHna U ONTUMM3ALMM NPOEKTa;

- nporpamma 3arpyskM KOHOUrypauumoHHoW nocnegosatenbHoct B [JIMC  FPGA w
nporpammumposanua MNJINC CPLD u MMN3Y.

bonbwunHcteo moayneit CAMNP WebPACK nmetoT Kak rpadpuueckuin nHTepdeiic nonb3osartens, Tak
n nHTepdeiic kKomaHgHol ctpokun. CAMP WebPACK moxkeT paboTtaTb nog onepalyMoHHbIMU CUCTEMAMMU
Windows, Linux 1 Sun Solaris.

Mpouecc paspaboTku undposbix ycTponcts B cpege WebPACK cocTouT M3 crneayowmx 3Tanos.

1. BBog oOnMcaHMA MNPOEKTUPYEMOrO YCTPOMCTBA B CXEMOTEXHMYECKOM dopme uan ¢
MCNO/b30BaHWEM A3bIKOB onucaHua annapatypbl (HDL), Takux, Kak VHDL u Verilog.

2. CuHTE3 YCTPOIiCTBA, TO eCcTb NpeobpasoBaHMe ONUCAHMA YCTPOWMCTBA, NOlYYEHHOro Ha NepBom

3Tane, B ONNCaHMe Ha ypoBHe /IOrn4ecKunx BEHTUNEN.

3. Peanusauua ycTpoWcTBa, TO eCTb Npeobpa3soBaHME OMUCAHUA YCTPOMCTBA Ha YPOBHE
NIOTUYECKMX BEHTUEN B dM3NYECKoe ONMCaHME AN KOHKPETHOW MUKpocxembl NJINC.,



4. bopmnpoBaHUe KOHPUTYpaLMOHHOW Nocne0BaTeNbHOCTU AN MUKPOCXe-
mbl MJTNC.

Mocne kaxaoro mn3 stanos 1,2 n 3 BOSMOXHO, a B 60NbWNHCTBE cnhy4yaeB U HEO6XOAVIMO AanAa
ycnewHoro 3aBepweHunAa npoeKkTa BbIMNOJIHEHWE npoueaypbl moaennpoBaHUA WU BepMd)MKaLI,MM
nosly4eHHOro onncaHunA YCTpOVICTBa.

Ha pucyHKe 2 npeactasneHa o606LeHHana cxema NPOeKTMpoBaHMA LUndpoBbix ycTpoiicte B CAIMP
WebPACK.

Bepudkatms npocsta
<t Hoseenueckoe
Broa npockra
I; MOJCUpoBanne
5 DyHKUHOHAIBHOE
Cunres npoexra >
. MO THPOBAHIE
Y Y
Peasnsaumns npoexra
£ Bpenenioi
OnrHMisanis >
A
[Tpeodpazosanme
HAPHAHUCCKY KO
PCANIBAIHIO » Bpemennoe
3 SIHDORAHIE
mapping MOACHHPORAHIE
placing
routing
Coranie
KON ypanonioi
HOCIE 0BATELIOCTH
3arpyixa npockra so BuyTpuexeaioe
B KpHETALI 2 MOICITHPOBAHNEC

PucyHoK 2 - 0606wweHHan cxema NpoeKkTupoBaHua uudposbix ycrpoiicte B CAMP WebPACK



IIpoeKTUpOBaHHE KOMOMHALMOHHBIX CX€M HAa BEHTUJIbLHOM YPOBHE
BBeaeHue

B AaHHOW rnaBe Ha npumepe MNPOCTOM CXEMbl CPaBHEHWSA NOAPOOHO pacCMOTpPeHa CTPYKTypa
cuHTesmpyemoro VHDL-koga. OnncaHue paboTbl LMPPOBbLIX KOMOMHALMOHHBIX CXeEM B AaHHOW paboTe
npeacTaBNeHO WUCKAOUYUTENbHO Ha BEHTU/IbHOM YpOBHe abcTpaKkumm (gate level), T.e. npumeHsatoTca
TONbKO 6a30Bble /IOTMYECKUE BEHTUAN, peanusytowme OCHOBHbIe lorMyeckne onepaumn (HE, U, UK,
MCKNOYAIOLLEE WMNN). PaccmoTpeH CTPYKTYpHbIA (MepapxuMyeckuit) nopxond K MPOEKTUPOBAHUIO
UMPpPOBbLIX CUCTEM, NPU KOTOPOM CUCTEMA HA BEPXHEM YPOBHE MPOEKTUPOBAHUA PACCMaTPUBAETCA KaK
coegmHeHue bonee NpocTbiXx yHUOUUMPOBAHHbIX BIOKOB, KOTOPbIE, B CBOIO O4Yepesb, TaKKe CTPoATCA U3
6onee npocTbix 6/J10KOB U T.A.

1.1 OnucaHue cxeM B AU3BbIOHKTUBHON HOPpMaJIbHOM ¢popmMe

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

Tabauuya 1.1 — TabnMua UCTUHHOCTU OAHOPA3PAAHON CXeMbl CPaBHEHUA

B R oo
~ o o R

Jonyctm, 4to gaa peannsaunmn ogHOPaspPSALHON CXeMbl CPAaBHEHMA Mbl PELLWAM UCMNO/b30BATb
6a3oBble noruyeckne seHTUAM (logic gates), Takue Kak: HE (NOT), U (AND), U/IN (OR), Ucknrouarowiee
N/ (XOR). OpHoit 13 dopm 3anmcy normyeckon GyHKUMK, onucbiBaloLlen paboTy cxembl, ABAAETCA
3anMcb GYHKUMM B COBEPLUEHHOM AU3BIOHKTUBHOM HOpMabHOW Gopme, T.€. B BULE CYMMbl MUHTEPMOB
(sum-of-products canonical form) . Jlornyeckan GpyHKUMSA 04HOPA3PALHON CXEMbI CPAaBHEHUSA, 3aNncaHHas B
COBEepLUEHHOM AMU3bIOHKTUBHOM HOPMabHOW dopme, UMeeT BUA:

eq=i0-i1+i0-il

OAVMH ¥3 BO3MOXHbIX BapuaHToB VHDL-KoAa, ONUCLIBAIOWEro pPaccMaTpUBaeMylo CXemy
CpaBHeHMWA NpuseaeH B McTuHre 1.1. MNpoaHanmsnpyem A3bIKOBble KOHCTPYKLUMM NPUBEAEHHOTO KOAA B
cneayowmx nogpasgenax.

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

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

architecture sop arch of eql is

signal p0 , pl : STD LOGIC;




begin

eq <= p0 or pl ; -- cyMMa MMHTEPMOB
p0 <= (not i0) and (not il) ; -- ompegmeneHMe MMHTEpPMa
pl <= i0 and il ; -- ompejeneHMe MMHTepMa

end sop_arch;

1.1.1 OCHOBHbIe NeKkcnyeckme npasmna

Koa VHDL sABnsieTcA HeYyBCTBUTE/NbHbIM K CNocoby HanucaHua (pernctpy) cumsonos (case
insensitive), T.e. NPOMNUCHbIE N CTPOYHblE DYKBbI SIBAAIOTCA B3aMmo3ameHsiemMbiMU. Kpome Toro B Koae
VHDL ponyckaeTca BCTaBAATb AOMNOAHUTENbHble npobenbl M NycTble CTPOKU. WMcnonb3oBaHue
OO0NONHUTENbHbIX NPO6ENOB N NYCTbIX CTPOK NO3BOAET cAeNaTb Ko 60/1ee NOHATHbIM.

NaeHTudUuKaTopom B A3bike VHDL HasbiBaeTcss MMA 06BbEKTa (KOHCTaHTbI, mepeMeHHON, GYyHKLMN,
CUrHana, nopTa, NoANpPorpamMmbl, 06bEKTa NpoeKTa, MeTKK). MaeHTUdMKaTop MOXKeT cogepKaTb A0 26
6yKB, UMPP M HMKHUX NOAYEPKUBAHWMA (He [OMycKaeTca WMCMoNb3oBaTb bosee OOHOIO CMMBONA
HWXKHEro noadyepkuBaHua noapag). HaumHatbca naeHTUdMKaTOp AO/MKEH TONbKO C ByKBbl. B npumepe
(nmctunr 1.1) ncnonb3yioTtes cneayroumne naeHtTudukaTopsl: eql, i0, i1, eq, sop_arch, p0, pl.

B sa3bike VHDL cyLiecTBylOT 3ape3epBupOBaHHble KatoueBble c10Ba. B gaHHOM yyebHOM nocobum
BCE K/Il0YEBbIE C/I0BA BblAeNeHbl CUHUM LBETOM (AncTuHr 1.1).

KoMMeHTapmMil HauMHaEeTCsa C ABYX CMEMHbIX AePUCOB M NPOAOINKAETCA A0 KOHUA CTPOKW. Mpu
cuHTe3e VHDL-NpoeKTa KOMMEHTapUN UrHopupytoTcs. B gaHHOM yyebHOM Nocobumn Bce KOMMEHTapum
BblAe/ieHbl 3eNeHbIM LBeTom (nnctuhr 1.1).

1.1.2 Ncnonb3syemble 6MBANMOTEKM

OnucaHne obbeKkTa Ha VHDL coctouT m3 Tpex Yacteit (AucTuHr 1.1): 06bABAEHMUA UCNONb3YEMbIX
6ubnvotek (library, use), onucaHusa uHTepdeica obbeKTa (entity) M ero BHyTPeHHeN CTPYKTypbl
(architecture).

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

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

B naHHOM cny4yae obbsasnsetcs 6ubnnoreka |IEEE.STD LOGIC 1164, 4To No3BONSET UCNONb30BaTb
COOTBETCTBYHOLLME TUMbI AAHHbIX, ONepaTopbl U GyHKUMK, onpeseneHHble B AaHHOM bubavoTekKe.

1.1.3 NHTepdelic obbekTa

OnucaHne wuHTepdeiica (entity declaration) BKAOYaeT B cebs 06bABAEHME UMEHW OBOBEKTA U
06bAB/MIEHME BXOAHbIX M BbIXOAHbLIX MOPTOB 00bEKTa. Huke npuBeaeHO onucaHuwe uHTepdeica us
npumepa (AnctmHr 1.1):

entity eql is -- »ekJjlapalus MMeHM OOBeKTa
Port ( i0 , i1 : in STD LOGIC; —-— IekJjlapaluusg BXOIHBEIX [IOPTOB
eq : out STD LOGIC); —— IekJjlapaluusa BEXOOHOT'O IOopTa

end eql;



B paHHOM npumepe B nepBoii CTpoke obbAsaserca mma obbekta eql. Crpyktypa port
ONUCbIBAET BXOAHbIE U BbIXO4HbIE MOPThI B cneaytoliem ¢popmare:

uma_noptal, uma_nopta2, . . .:  pPEXMM_CurHana TUN_CUTHanNa ;

[na BXOAHbIX MOPTOB YKa3blBaeTCA BXOAHOM peXMM curHana (in), ONA BbIXOAHbIX MOPTOB
YKa3blBaeTCA BbIXOAHOW peum curHana (out). TaKke npeaycMoTpeH peXum inout Aans
[ABYyHanpasaeHHbIX MOPTOB.

1.14 Tun AaHHbIX U onepaTopbl

VHDL — A3bIK CO CTPOron Tunusauumen. ITO 3HAUYUT, YTO AaHHbIE ONPEeAEeNIeHHOro TMna MoryTt
NPUHUMATb 3HAYEHWA, COOTBETCTBYIOWME TONILKO AaHHOMY TUMY (Hanpumep, NOTMYECKUM TUN AaHHbIX
BOOLEAN moeT NpMHMMATb TONIbKO 3HaveHus MCTUHA (TRUE) v JIOMHO (FALSE) n HUKaKue apyrue) n
C AaHHbIMW ONpPeAeneHHOro TMna MOryT BbINONAHATLCA ONepaLunmn, COOTBETCTBYHOLWME TOIbKO AaHHOMY
TMny (Hanpumep, AnA AaHHbIX TMna BOOLEAN wucnonb3yloTcA TOIbKO JIOTMYECKME OonepaTtopsbl).
HecmoTps Ha TO, 4To B A3blke VHDL npumeHAETcAa MHOMECTBO TMUMOB AaHHbIX, B AaHHOM y4yebHOM
NnocobumM UCNoNb3yTCA AaNeKO HEe BCe — B OCHOBHOM NpumeHsietca Tun STD LOGIC n ero BapuaHTbl.
3TO CBA3aHO C TeM, YTO OCHOBHOM yrnop B AaHHOM y4ebHOM Mocobum caenaH Ha CUHTe3npyemble
KOHCTPYKUMK f3blka VHDL, T.e. Takme KOHCTPYKLMU, Ha OCHOBE KOTOPbIX MOMET 6biTb CMHTE3MPOBAHA
peasibHO paboTaloLLasn cxema.

Tun paHHbix STD _LOGIC onpeaeneH B 6ubnuoteke IEEE.STD LOGIC 1164 u coaepKuUT AeBATb
BO3MOMKHbIX 3HauyeHui. Tpu 3HadyeHus: ‘0, ‘1’ n 'Z’, cooTBeTCTBYIOLWME JIOTUYECKOMY HYJIIO, JIOTUYECKOM
eAMHULE W  COCTOSIHUIO BbICOKOTO OMMYECKOrO COMPOTUBNAEHUA (Z-COCTOAHUIO), MOryT ObITb
CUHTe3MpoBaHbl. [Ba Apyrux 3HadeHus ‘U’ wm ‘X', KoTopble o03HayawT “uninitialize”
(“HenHMUManusnpoBaHHbIn”) M “unknown” (“Hen3BECTHbIN”), MOryT BCTPETUTLCA MNPU CUMYAALUU
npoekta (Hanpumep, Koraa curHanbl ‘0O’ n ‘1’ coeamHsAloTcs B oAHOM Touke). OcTaBluMecs 4YeTbipe
3HaueHua -, 'H’, 'L’ n'"W’ He ncnonb3yotcsa B JaHHOM y4ebHoM nocobuu.

LimdpoBsoit cnrHan 3a4acTyto npeacrasaset coboi 4BoMYHON €1oBO, 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 CeayroLWMMm obpasom:

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

3anuck “(7 downto 0)” o03HauyaeT, 4yTo B ¢dopmaTe uyucna CTapwuii 3Havawmii 6ut (MSB)
pacnonaraetcs KpallHUM cneBa, a MAaAwui 3Hadawmn 6ut (LSB) — KpaiHMM cnpaBa (Takaa ¢opma
3anucKu ABNAETCA OOLWENPUHATON B 3/1EKTPOHMKE, MO3TOMY B A@aHHOM y4ebHOM nocobum mcnonbsyercs
MMEHHO 3TOT dopmar). s BblAeNeHNA YacTM C10Ba, Hampumep CTaplmMx YyeTbipex BUT B YKasaHHOM
npumMmepe, MOXKHO MCMNOb30BaThb 3anucb “a(7 downto 4)”; ana BblaeneHUa oTaenbLHoro buta 13 c/oBa,
Hanpumep HyneBoro 6uTa B yKasaHHOM Npumepe, NnpumeHsaeTca 3anucb “a(0)”.

Ana paHHbix TMna STD_LOGIC n STD_LOGIC_VECTOR onpegeneH pag N0rMyeckmx onepaTopos,
Takux Kak: HE (NOT), U (AND), U/IN (OR), Ucknrwouarowee UM (XOR). Ona undpoBbIX CNOB TUNA
STD LOGIC VECTOR yKasaHHble /lOrMYeckMe onepaunu BbINOAHAOTCA nobutHo. B Asbike VHDL
yKa3aHHble IorMyeckne onepaTopbl 061a4at0T O4AMHAKOBbIM MPUOPUTETOM, MOITOMY 418 ONpeaeneHus
nopaAKa BbINOJHEHMS IOTMYECKOTO BbIPAXKeHMA HEODXOANMMO NPUMEHATb CKOOKM, Hanpumep:

(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 pO , pl : STD LOGIC;
begin
eq <= p0 or pl ; —-— CyMMa MMHTEPMOB
p0 <= (not 10) and (not 1il) ; —-— omnpemejieHMe MMHTEpPMa
pl <= i0 and 11 ; —-— oInpenejieHMe MMHTEepMa

end sop arch;

VHDL no3BoisieT MHOXECTBY Pas/INYHbIX CTPYKTYP obbekTa (architecture body) npuBsA3sbiBaTbCA K
nHTepdelicy obbekTa (entity), NoaTomy CTPyKTypa ob6beKTa A0/MKHA MMETb YHUKaNbHOE MMA ANA CBOEM
naeHTndmMKaumm, Hanpumep “sop_arch” B npumepe Bbliwwe (“sum_of products architecture”).

CTpyKTypa obbekta (architecture body) MoXeT BKAtoyaTb B cebsi ceKuumo ana obbaBneHusA
BHYTPEHHUX MepemeHHbIX (CMrHanoB) 06beKTa, BCMOMOraTe/ibHbIX KOHCTAaHT U T.4. B npuBegeHHOm
npumepe, A4ONOAHUTENLHO O6BABAAIOTCA ABE BHYTPEHHME NepemMeHHbIe:

signal p0O , pl : STD LOGIC;

OCHOBHas 4acTb onMcaHMA CTPYKTypbl 06beKTa (architecture body) nomeleHa mexay KatouyeBbiMm
cnoBamn begin M end. B npuBeseHHOM npumepe CTPYKTypa ObOBEKTa OMNMCbIBAeTcA TPems
BbIpaXKeHUAMM (statement):

eq <= p0 or pl ;
p0 <= (not 10) and (not il) ;
pl <= i0 and i1l ;

Mpu 3TOM, B OTAMYME OT CTaHAAPTHbLIX fA3bIKOB MporpammupoBaHus (Hanpumep C), rae
BblpakeHMA (CTPOKM Mporpammbl) BbINOAHAKOTCA NOCAEA0BATENbHO, B A3blKaX OMNWCAaHMA annapaTtypsbl
HDL npuBeaeHHble BbipaXkeHMsa (statement) OMNWCLIBAIOT YacTU peaniM3yemoi Cxembl U MOTOMY
BbINOJIHAIOTCA NapasienibHo (concurrent statements). MepemeHHaa ciesa, NPU 3TOM, pPacCMaTpUBaeTcA
KaK BbIXOAHOM CWUrHaN CXeMbl, Bblpa)keHWe cnpaBa onpegensetr ¢yHKUMIO paboTbl CXembl U
COOTBETCTBYIOLIME BXOAHbIE CUTHA/bI. B KaYecTBe Npumepa paccCMOTPUM C/efytoLLee BbipaskeHUe:

eq <= p0 or pl ;

[aHHOe BbIparKEHME OMUCLIBAET CXeMy, peanusytoulyto onepaumio UN mexay BXOAHbIMM
curHanamm p0 n pl. Npu M3MEHEHUU 3HaueHui curHanoe p0 u pl BbiparKeHWe nepecymTbiBaeTca.
PesynbTaT pacyeTa MPUCBAMBAETCA BbIXOGHOMY CUIHaly eq 4epes OnpeaeneHHYyld BpeMeHHyto
3a4eP*KKY, 3a4aHHYI0 MO YMONYAHMIO.

lpaduuyeckoe npeacraBneHme obbekta (nMnctuHr 1.1) npeacrasneHo Ha pucyHke 1.2. Tpu yactu
CXEMbl COOTBETCTBYIOT TpPeM BblpaxKeHuAM (concurrent statements), OMMCaHHbIM Bbie (NOPAAOK
CNefloBaHUA BbIPAXKEHUI B KoAe MPOrpammbl He MMEET 3HAYeHWA, MOCKOJ/IbKY AaHHble BblparKeHWs
BbINOJIHAIOTCA MapasieslbHO M MOryT cnefoBaTb B Atobom nopagke). CoeguHEHUs MexKay 4acTamu
CXeMbl OZHO3HAYHO ONpeaenATCa MMeHaMM NOPTOB BBOAA/BbIBOAA U BHYTPEHHUX NepeMeHHbIX.



pOor pl

i0andil

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

PucyHok 1.1 — FpaduuecKoe npeacraBneHne peainsaumum oaHOPa3pAAHOM CXemMbl CPaBHEHUSA

1.1.6 [ByXxpa3pagHaa cxema cpaBHeHUA

YBennumm paspAagHOCTb CXeMbl CpaBHeHMA A0 AByX. MycTb MmeetcA BXOAHble 2-X pa3pAgHble
CUTHaNbl @ U b 1 BbIXOAHOM cUrHAN aeqb. BbixoAHOM curHan aeqgb NPUHMMAET aKTUBHOE 3HAYeHMe npu
OZHOBPEMEHHOM PABEHCTBE M CTapLIMX M MAAALWNX Pa3paaoB a u b. Kak 1 B cayvae ogHopaspaLHOM
CXeMbl, ONMUCaHNE peannsyem B AMU3bIOHKTUBHO HOPManbHOM popme:

aeob =353 B,+3, B3, 0y +a, b 5 By +a, g, by,

roe ai, by — cTaplime paspsagbl CUrHaA0B a U b COOTBETCTBEHHO; 0y, by — Mnagwmne paspaabl CUTHaA0B d U
b cOOTBETCTBEHHO;

Kog peanusaummn AByXpaspsaLHOM CXembl CPaBHEHWUA NpUBEAEH B IMCTUHTe 1.2.

JIUcTUHr 2 — Peanusauma AByXpaspagHOM 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 eqg2;

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

begin
-- cyMMa MMHTEPMOB
aegb <= p0 or plor p2 or p3 ;
-— ompefeJyieHMe MMHTEPMOB
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 ciydae obbasasatoTcAa Kak STD LOGIC VECTOR. Peanusaums
CTPYKTYpbl 06beKTa aHasorMyHa peannsaumm ogHOPas3PALHON CXEMbl — OT/IMYME TONIbKO B KOJIMYECTBE
MMUHTEPMOB.

1.2 CTpyKTypHOE onMcaHue CXeM

Undposble cUCTEMBbI  CTPOATCA 3a4acCTyl0 Ha OCHOBE HeCKo/MbKMX 6onee  MpoCTbIX
YHUOMLMPOBaAHHbIX 6/10K0B. lMpK 3TOM Ha BEpPXHEM YPOBHE Mepapxuu onmucaHua UuudpoBON CUCTEMBI
CTPYKTYpPa AaHHbIX YHUOUUMPOBAHHbLIX 6/I0KOB HE PACKPbIBAETCA — OHWM NPEACTaBAAITCA «YepHbIMU
AWMKAMUY PeaNnU3YIoLLMMKU KOHKPeTHble ¢GyHKUMKU. CTpyKTypa AaHHbIX 610KOB pacKpbiBaeTcs  Ha
60/iee HU3KOM YPOBHE Mepapxuu OMMUCaHMA CUCTEMbl. B CBOKO ouyepedb, KarKAbl «UYEpHbIA ALMKY»
MOMET COCTOATb M3 HECKO/bKMX elle 6onee MpocTbiX YHUPULMPOBAHHbIX 6/10KOB. CTpyKTypa 3TUX



YHUOMLMPOBaAHHbIX 6/10KOB pacKpbIBaeTca Ha elle 60s1ee HU3KOM YPOBHE MepapXmmn oNMcaHna CUCTEMbI
M T.4. Takol nogxon, 3HAYMTENIbHO YNPOLLAMOWMI MPOLECC MPOEKTUPOBAHWUA M aHA/M3a CAOMKHbIX
LUMPPOBBIX CUCTEM, MOSYUYNA Ha3BaHMUE CTPYKTYPHOE WMAM MepapxMyecKoe onucaHue cxem. B s3bikax
onucaHua annapaTtypbl HDL yHuUdMUMpOBaHHble 610KKM, KOTOpble WMCMNO/b3YHOTCS B BUAE TFOTOBbIX
06BEKTOB HA BEPXHEM YPOBHE OMWCAHWA CUCTEMBI, MONYYNIM Ha3BaHWe instance (06pa3 obbeKTa), a
npoueaypa pasmelleHnsa 610Ka Ha BEpPXHEM YPOBHE - instantiation.

B KauecTBe afibTEPHATMBbI AN1A peannsauuu AByXpaspsaHONA CXembl cpaBHeHusa (nucTuHr 1.2)
NPUMEHUM OMNUCAHHbIW BbllLe CTPYKTYPHbIA NOAXOA4 — B KavecTBe yHUdMUMpoBaHHOro 6710Ka (instance)
ONA NOCTPOEHMA ABYXPA3PALHON CXeMbl CPaBHEHMA WCMO/b3yeTcA roToBas OAHOPAa3pAgHaA cxema
(nuctuHr 1.1). CTpyKTypa ABYXpaspagHOM CXeMbl CPaBHEHWS, PeasiM30BaHHasA YKasaHHbIM CMOCO60OM,
npeacTaBneHa Ha pucyHKke 1.2. B npuBeaeHHOM CTPYKTYpe MCMONb3yeTca ABe O4HOPA3PAAHbIE CXEMbI
cpaBHeHUus eq_bit0_unit u eq_bitl unit, ocyuwecTBnsAowWmMe CpaBHEHME MAALWWUX W CTapWunx 6uUT
BXOZHbIX CUTHAaNOB COOTBETCTBEHHO W 3/1€MEeHT M, Ha BXOA KOTOPOro NOAAltTCA CUFHaAbl C BbIXOAOB
yKa3aHHbIX cxem. Takmm ob6pasom, BbLIXOAHOW CUrHan aegb NPUHUMAET aKTMBHOE 3HayeHWe npu
OZlHOBPEMEHHOM PABEHCTBE U CTapLUMX U MAAALLIUX Pa3pALoB a U b.

eq_bit0_unit
a(0) ——— o0 0
eql eq
b(0) — i1
& aeqb
eq_bitl_unit
a(l) ——io
eql eq
b(1) i1 el

PucyHok 10wmnbKa! TeKcT yKa3aHHOro CTUAA B AOKYMEHTE OTCYyTCTBYET..2 — Peanusauma AByxXpaspaaHoi CXembl CpaBHEHUA Ha
OCHOBE 04HOpPa3pPAAHbIX 610K0B

CoOTBETCTBYIOLLMIA KOA, peann3aumuun AByxXpaspAaaHON CXeMbl CPaBHEHUA NpuBeaeH B INCTUHTe 1.3
(OnucaHme nHTepdelica (entity declaration) aHanorMYHO Koay B AMCTMHre 1.2, NO3TOMY B ANCTUHre 1.3
He NpuBOAUTCS).

NnuctuHr 3 — OnucaHue CTPYKTYpPbl ABYXPA3pAAHOI CXeMbl CpaBHEHUA

architecture struc_arch of eq2 is
signal e0, el : STD LOGIC;
begin
-- BHBOB (instantiate) 6soka eql gmnst cpaBHeHMs MIaAUMX GMTOB
eq bit0 _unit: entity work.eql (sop_arch)
port map (i0 => a(0), il => b(0), eq => e0) ;
-- BHBOB (instantiate) 6s;okxa eql gmnsT cpaBHeHMs CTapuMx GMTOB
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 ONHOBPEMEHHO M MJajumMe M cCTapume OGMTEH
aegb <= e0 and el ;
end struc_arch;




MpueeaeHHblt Kog (nuctmHr 1.3) BKAtoYaeT ABe npoueaypbl Bbi3oBa 6/0Ka, peanusyloliero
04HOPA3PAAHYIO CXeMy cpaBHeHus (nnctuHr 1.1). PaccmoTpum nogpobHO CUHTAKCKUC npoueaypbl
BbI30Ba (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 Bbi30Ba HauyMHaeTCA C OODBABMEHUA YHMKAZIbHOTO MMEHW Bbi3blBaeMoro 6/10Kka, B
AaHHOM cnyyae — eq_bit0_unit. 3aTem ykasbiBaeTcs HasBaHue 6ubanotekun (library name), B KoTopoit
BbI3blBaeMblii B/0K HaxoAMTCA — MO YMOAYaHUIO Bbi3biBaeMble 610KM pacnonaratotca B pabouyelt
bmnbnmoteke work cosgasaemoro npoekta. MaeHTndukatopsl eql n sop_arch — nmeHa nHtepdeica n
apXMTEKTYpbl Bbi3biBaemoro 6/10Kka cooTBeTcTBeHHO (AncTuHr 1.1). Bropasa yacTb npoueaypbl Bbi30Ba
3aK/loYaeTca B MpMBA3Ke MOPTOB BBOAA BbiBOAa (port mapping) Bbi3biBaemoro 610Ka K CTpyKType
npoekTta (pucyHok 1.2). Takum obpa3om, npoLeaypa Bbi3oBa (instantiation statement) peanunsyet cxemy,
3aK0YEHHYIO B «UEPHbIN ALWLMKY, YbA QYHKLMA onpeaenaetca B oTaenbHoM 610Ke (instance).

1.3 YnpaxHeHus

Cxema «bonblle Yem» CpPaBHMBAET Mexay cobol 2 BXoga a v b n aKTUBU3UPYET BbIXO4, Npu
ycnoBuu, ecnm a bonbwe b. Tpebyerca paspabotatb 4-x paspagHyto cxemy «bosblle Yem» Ha
BEHTU/ILHOM YPOBHE. [ 3TOrO:

1. PaspaboTaTb TabaMLy UCTUHHOCTU 2-X pPa3pALHOM cxembl «BosiblIe YEM» M 3aMMcaTb JIOTUKY ee
paboTbl B COBEPLUIEHHOWN AU3BIOHKTUBHOM HOpMasbHOM popme. Ha OCHOBAHWKM NONYYEHHOrO
BblpaykeHus, paspaboTatb VHDL-KoA, MCNOb3YHO TO/IbKO NOrMYECKNE onepaTopbl (BEHTUN).
PaspaboTaTb TecToBbli Moayb (testbench) 4na mogenvMpoBaHusa paboTbl 2-X paspsaaHON CXEMBI.
Mcnonb3ysa 4 non3yHKOBbLIX MEPEKoYaTeNs AJj1a OpraHM3aLmmn Bxoga cxembl v 1 ceeToamos ans
OpraHvM3aumMy BbIXOAA, CUMHTE3MPOBATb CXEMY W 3arpy3anTb KOHOUIypauMOHHbIM ainn B
OTNafouHyto naaty. MpoTecTMpoBaTh Cxemy.

4. Wcnonb3ya pa3paboTaHHyt 2-X paspagHylo cxemy «bosnblle yem», 2-X paspAagHYylo cxemy
CPaBHEHMA W MUHMMANbHOE KOJIMYECTBO LOMOSHUTENBHOW JIOTMKU CMPOEKTUPOBaTb 4-X
paspaaHyto cxemy «bosblie yem». CHayana HapucoBaTb CTPYKTYPHYIO CXEMY, 3 3aTeM, COT/IaCHO
cxeme, paspaboTatb cooTBeTcTBYOWMIM VHDL-KOA,.

5. PaspaboTaTb TecToBbI MOAyb (testbench) ana moaennmpoBaHuna paboTbl 4-x pa3pagHOM CXeMbI.

6. Wcnonb3ysa 8 NoN3yHKOBbLIX NEpeEKNtOYaTENA A/1a OpraHM3aLmMm Bxoaa cxembl u 1 ceetoamon ana
OpraHv3aumMmM BbIXOAA, CUHTE3MPOBATb CXEMY W 3arpysutb KOHOUIypauumoHHbI daitn B
OTNaA0uHYto naaty. MpoTecTMpoBaTb CXEMY.



2 [IpoekTHpoBaHMe KOMOMHAIlMOHHBLIX CX€eM Ha pPerucTrpoBOM
ypOBHe

BBeaeHue

B nepBoi rnaBe paccmaTpuMBaZMCb NPOCTblE CXEMbl, OMWUCAHHble Ha BEHTW/IbHOM YpPOBHe
abctpakumm (gate level), ¢ npumeHeHMeM 6a30BbIX /IOTMUYECKUX BEHTUEHN, PeaNn3YIoLLNMX OCHOBHbIE
Jfiornyeckue onepaumn. B gaHHoi paboTe paccmaTpuBaeTcAa NPOEKTUPOBAHUE CXeM CPefHel cTeneHu
WMHTEerpaumm, TakMx Kak cymmaTtopsl, dewmndpaTopbl, MyabTUMNIEKCOPbI U T.4. OnnucaHue noaobHbIX cxem
BbINO/IHAETCA Y)KEe He Ha BEHTU/bHOM YypoBHe abcTpakumm (gate level), a Ha TaK HasbiBaeMom
perncTpoBom mam GyHKUmMoHanbHoM ypoBHe (RT-level). Ha aaHHOM ypoBHe abcTpaKuuu onucbiBaeTcs
noseseHne cxembl (ee ¢yHKUMA). B Havyane rnasbl BbINOJHEH 0630p OMNEepaTopoB U KOHCTPYKLUUMN,
NPUMEHAEMbIX A1 ONMMCaHMA CXEM Ha PETMCTPOBOM YPOBHE.

2.1 OnepaTopbl U KOHCTPYKLUHU PETUCTPOBOI0 YPOBHS OMMUCAHUA CXEM

B AOMNOMHEHWE K NOTMYECKMM onepaTopam, PAacCMOTPEHHbIM B MEPBON rnaBe, A8 CUHTE3a
KOMBMHAUMOHHbBIX CXeM NPUMEHSIOTCA onepaTopbl cpaBHeHusa (relational operators) u HeKoTopble
apudmeTnyeckme onepatopbl (arithmetic operators). B gaHHOM rnaBe paccmaTpuBatoTca AaHHble
onepatopbl U pasHoobpasHble VHDL-KOHCTPYKUMM Ha uX ocHoBe. B Tabnuuax 2.1 u 2.2 npusBeaeHbl
ocHoBHble onepaTtopbl VHDL, npumeHaemble ANa CMHTE3a CXEM, U TUMbl AAHHbIX, C KOTOPbIMWU AaHHble
ornepaTopbl paboTator.

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

onepartop onucaHue TMN AAHHbIX ONepaHAoB TN AAHHbIX pe3y/sbTaTa \
a**b BO3BeAeHUe B Integer integer
cTeneHb
a*b YMHOXeHue MR integer ucnonb3yetca And
a/b aeneHve KOHCTaHT M rpaHuL, MaccuBOB.
a+b CYMMMpPOBaHue He cuHTtesunpytorcal
a -b BblYMTAHUE
a&b KOHKaTeHauuA 1-D array, element 1-D array
a=b aBEHCTBO .
a/=b H:paBeHCTBO nobon boolean
a <b MEHbLLE Yem
a<=b MEHbLLE Yem Un
PasHo scalar nam 1-D array boolean
a>b 6onblue Yem
a>=b 60blle Yem Un
paBHO
not a oTpuLlaHue
aandb n

boolean, std_logic, .
aorb Nz TaKOW e KaK y onepaHaoB

std_logic_vector
axorb UCKAtoYatoLLee
iz



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

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

2.1.1 OnepaTtopbl cpaBHEHUA

B crangapte VHDL wucnonb3yetcA lWecTb OnepaTopoB cCpaBHeHWAa: = (paBeHcTBo), /= (He
pPaBeHCTBO), < (MeHble Yem), <= (MeHblle YemM Wan pasHo), > (bonbwe Yem), >= (6osblue Yem UK
paBHO). [laHHble onepaTopbl BbIMOJIHAIOT OMNepaLuMu CPAaBHEHMA MeXKAy onepaHgamu OA4HOro Tuna u
BO3BPaLLAlOT pe3ynbTaT noruyeckoro Tmna BOOLEAN. B gaHHOmM yyebHOM nocobum TUN AaHHbIX
BOOLEAN Hanpamyl He WCNONb3yeTcA, OAHAKO onepauum CpPaBHEHUA MPUMEHAIOTCA B Pas/IUUYHbIX
YCNOBHbIX KOHCTpyKumax VHLD, KoTopble onpeaenatoT CTPYKTYpPY CXeMbl Npu ee CUHTEe3MPOBaHUWU.
MoapobHO TakMe KOHCTPYKUMU paccmMoTpeHbl B pasgene 2.2. OnepaTopbl CPaBHEHUA CUHTE3UPYIOTCA B
BMAE KOMMapaTopoBs.

2.1.2 ApndmeTtnyeckme onepaTopsl

B ctaHgapte VHDL apudmeTnyeckne onepaTopbl onpepeneHbl Ans TMnos AaHHbix INTEGER
(uenouncnenuHbin) 1 NATURAL (HaTypanbHble uncna). [aHHble TUMbl UCNONb3YIOTCA A/1A KOHCTaHT M
rpaHuL, MaccMBOB, HO He ANA CUHTe3a.

bubaunoteka IEEE.NUMERIC_STD package

Ona  npumeHeHne apudMeTMUYECKMX OMepaTopoB MNPU  CUHTE3E CXEM  UCMOJib3yeTcA
AononHuTenbHaa  6ubnmoteka  IEEE.NUMERIC STD  package (tabnuua  2.2). bBubauoTteka
IEEE.NUMERIC_STD package nobasnaeT ABa AOMNOAHUTENbHbIX TUNA AaHHbIX: unsigned (6e33HaKoBbIN) U
signed (3HakoBbI) M onpeaenser onepaTopbl CPaBHEHUA U apudMeTUYEeCKMe onepaTopbl AN 3TUX
TMNOB AaHHbIX. TUNbl AaHHbIX unsigned u signed onpegeneHbl Kak maccus 3n1emeHToB Tvna STD _LOGIC.
[aHHbIA MacCUMB MHTEPNPEeTUPYeTCsA, Kak ABOMYHOE NpencTaB/ieHMe 3HAKOBOrO MAM 0e33HaKoBOro
uenoro ymcna. [na ucnonb3oBaHmMa onepatopos M3 6ubnanotekn IEEE.NUMERIC STD package (tabauua
2.2) ee HyXHO 06bABUTb BHAYa e NPOEKTa:

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

use IEEE.NUMERIC STD.ALL, —-— obOBaABJieHMe OuOIMOTeKM numeric std

KoHBepTauua TMNOB JaHHbIX



Mockonbky VHDL saBnaetca A3blKom co cTporoit Tmnusaumei, STD_LOGIC_VECTOR, unsigned wm
signed TPaAKTYIOTCA KaK pas/inyHble TUMNbl AaHHbIX, HECMOTPS HA TO, YTO BCE OHW NpeAcTaBAAOT coboli
maccuMB anemeHToB Tuna STD_LOGIC. [Ona KoOHBepTaUMM [aHHbIX W3 OZHOrO TWNa B APYyroi
ucnonbaytotca OyHKUMKM KoHBepTauum (Tabnmua 2.3). Obpatute BHWMMAHWE, 4YTO [AaHHble TuMa
STD_LOGIC_VECTOR npepacraBnstoT coboit Habop 6UTOB U HE MHTEPMNPETUPYIOTCA KaK YMC/IO, NOSTOMY
AaHHble TMna STD_LOGIC_VECTOR He moryT 6biTb KOHBEPTMPOBAHbI B LienoYucaeHHbln tmn 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)

HuKke npuBeaeHbl NpUMepbl NPaBUAbHOW U HENPABUIbHON KOHBEPTaLMN TUNOB AaHHbIX. [ycTb B
npoekTe 06bABNEHbI CiedyloLne gaHHble:

library IEEE;
use IEEE. STD_LOGIC_1164 .ALL;

use IEEE.NUMERIC_ STD.ALL,

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

[na Hayana paccMoOTPUM CAeayloLLMe BblpaKeHUs:

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

Bce npuBegeHHble BbliparkeHUA OLIMBOYHbI. HGO6XOAMMO AaHHble, HaxoaAllneca B npaBoﬁ 4acTu
Bblpa)'KEHVIﬁ npmnBecTn K TNy AaHHbIX, HaXxo4ALWNXCA B leBo vyacTu:

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

O6paTMTe BHMMaHMWE, 4YTO ANA nocsneaHero Bblpa*XeHna UCnosb3oBasnCb ABe dJyHKLI,MM
KOHBepTauunu.

Tenepb PacCMOTPUM BbIPaXKEHWs, UCMOMb3ylOWMe apudmeTMyeckme onepatopbl. Chegytowme
BblpaKeHMUA BepPHbl MOCKOJ/IbKY onepaTop «+» onpeaeneH AAA TUNOB AaHHbIX unsigned wm natural B
6ubnunoteke IEEE.NUMERIC_STD package:



u4 <= ul + u2; -- BrlpaxeHue BepHO. OOa omnepaHpma Tuna unsigned

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

C ppyroit CTOpPOHbI, CAeAytoWwme BblPaXKeHUA ABAAOTCA HEBEPHbLIMM, MOCKObKY ANA AAHHbIX TUNA
STD_LOGIC_VECTOR apudpmeTmyecKkme onepaumm He onpegeneHsol:

s5 <= sl + s2; -- BelpaxeHre He BepHO. OnepaTop «+» He OINpeneyieH IJis
MICIIOJIb 3YEMEIX TMIIOB HOaHHBIX
s5 <= s2 + 1; -- BelpaxeHue He BepHO. OIepaTop «+» He OoIpelesyieH IJjisd

MCIIOJIBb3YEMBIX TUIIOB IOaHHBIX

Ona peweHna npobnembl HEOBXOAMMO BbIMOAHUTL KOHBEPTALMIO OMEepPaHAoB K Tuny unsigned
(nnn signed), BbINONHUTL WX C/AOXEHME, a 3aTemM pe3yaAbTaT KOHBEPTMPOBaTb 06PATHO K TuUMy
STD_LOGIC_VECTOR:

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

S5 <= std logic vector (unsigned(s2) + 1); —— BrpaxeHMre BEPHO
2.1.3 Apyrmne cuHtesmpyemblie VHDL KOHCTpYKUmMmn
OnepaTtop KOHKaTeHauuu

Onepatop KOHKaTeHauuMn «&» coeamHAET (CKNeMBaeT) CermeHTbl 3/1eMEeHTOB B  OAHY
nocaeaoBatenbHocTb (Maccms). Cneayowmin NpUmMep UANKCTPUPYET UCMOb30BaHME KOHKaTeHaLuUn:

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; -- CoepmusieT mBa 4-x paspsapHHX cioBa a4 B onHO
8-Mu paspsinHOe b8

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

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

OnepaTop KOHKaTeHauunun «&» npn CUMHTE3E CXeMbl BbINOJIHAETCA NyTem COeaAnHEHNA BXOOHbIX U
BbIXOAHbIX CUTHaN0B, TaKUM o6pa30M AnAa ero peannsauunun Tp86yIOTCF| TOJZIbKO «MPOBOAHUKNY.

OcHOBHOE NpMMeHeHWe onepaTopa KoHKaTeHaumn «&» - onepauuun casura (shifting operations).
B npumepe HWKe onepaTop «&» NPUMEHAETCA ANA peanms3auuu CABUra AaHHbIX Ha GUKCMPOBaHHOE
KoAn4yecTso buT:

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

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




shl <= “000” & a(8 downto 3); -- CpBur BOpaBo Ha 3 6uTa C BanoJIHEHMEM
cTapumMx 6MT HYJIAMM (JIOTMYECKMI CIOBUI')

sha <= a(8) & a(8) & a(8) & a(8 downto 3); -- Caeur BmpaBo Ha 3 6uTa C paclMpPeHUEM
yMcna no BHaKy (apubdMeTmueckmii CABUT)

Z-cocTofiHue

Tun  pgaHHbix  STD LOGIC nomumo  3HayeHun ‘0" wu 'l copepsut  Z-cocTosiHue
(BblICOKOMMMEAaHCHOE  COCTOSIHME),  XapaKTepusylollee  pPasOMKHYTY  Lenb. Z-cocToAHue
CUHTE3UPYETCA UCKNIOUYUTENBHO C NMOMOLLbIO TpexcTabunbHbix 6ydepos (tri-state buffer). YcnosHoe
o603HayeHne 1 Tabauua UCTUHHOCTM TpexcTabunbHoro bydepa npeacTaBnaeHbl Ha pucyHKe 2.1 n B
Tabauvue 2.4 COOTBETCTBEHHO.

oe

PucyHokK 2.1 - YcnoBHoe o603HauyeHue TpexcrabunbHoro 6ydepa

Tabauua 2.4 — Tabnmua MCTUHHOCTU TpexcTabunbHoro 6ydepa

oe y
0 z
1 an

PaboTa TpexcTtabunbHoro bydepa KOHTPOIMpPYETCa BXO4OM pa3pelleHun oe (output enable) korga

oe = ‘1’, BXogHOW curHan nepepaetcs Ha Bbixog bydepa, Koraa ke oe = ‘0’ BbixogHas uenb 6ydepa
pa3soMKHyTa, T.e. 6ydep Haxogutca B Z-coCcTOAHWMU. Koa, OnucbliBalowWMi TpexcTabunbHbll 6ydep

BbIFNAANT CeAyoLWMM 0bpasom:
y <= a in when oe = "1’ else 'Z’;

MNpuBeaeHHOe Bbille Bblpa)KeHWe Ha3biBaeTCA «NpucBaMBaHWMEM No ycnosua» W byaet
paccmoTpeHo 6onee noapobHo B pasgene 2.2.1. OCHOBHOe NpUMeHeHWe TpexcTabunbHoro bydepa —
peanusauma gsyHanpasaeHHOro noprta seoaa/sbiBoga (bidirectional port) ana 6onee paunoHanbHoro
MCMNO/b30BaHNA KOHTaKTOB mMKpocxem (I/O pins). Mpumep AByHanpaB/ieHHOro nopTa MOKasaH Ha
pUCyHKe 2.2.

dir

sig_out <« bi
> U

Sig in




PucyHok 2.2 — 1ByHanpaBaeHHbli NopT

CurHan dir ynpasnseT HanpasaeHnem nepeaaun aaHHbix. Korga dir = ‘0’ TpexctabunbHbiit 6ydep
HaxoamuTcA B Z-COCTOAHMM U curHan sig_out 3aba1okMpoBaH — BbiBOA bi ncnonb3yeTcs Kak BXO4HOW nopT
(sig_in). Korpa dir = ‘1’ BbiBOA, bi ucnonb3yetcs Kak BbIXOAHOW MOPT U CUrHan sig_out BblaaeTcs BO
BHeLwHtoto uenb. VHDL-Koa, onucbiBalowWwmiA AByHanpaBieHHbI NopT (PUCYHOK 2.2) NpMBELAEH HUKE:

entity bi_demo is
Port (bi : inout STD_LOGIC;

.)

begin

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

ObpaTtute BHMMaHKe yto nopT bi go/iKeH 06bABAATLCA KaK inout, T.e. ABYHaMNpPaBAEHHbIN.

2.1.4 BoiBOAbI

VHLD - A3blK CO CTPOroM TUNM3auMen [aHHbIX, MO3TOMY MpPU MPOEKTUPOBAHUN CXEM
HaYMHAOWMMKN  pa3paboTyMKamM 4YacTo MOXKHO BMAETb OWKbKy «Type mismatch». Huxke
pe3loMUPYIOTCA OCHOBHbIE MpaBuaa, No3Boaatolme nsbexkatb NoJO06HbIX OWMOOK. MoCKoNbKY AaHHOe
y4yebHoe nocobue HaLeNeHo npexAe BCEro Ha CUHTe3Upyemble KOHCTpyKuum VHLD, npasuna
NPUBOAATCA ANA CUHTE3UPYEMbIX TUNOB AAHHbIX M ONEPATOPOB:

e [lpy 0ObBABAEHUM BXOAHbLIX W BbIXOAHbIX NOPTOB (entity declaration) M BHYTPEHHMX
curHanos (signals), He 3a4eNCTBOBaHHbIX B apuMETUYECKUX OMepaLumsax, UCNOo/b3yinTe
TUNbl AaHHbIX STD _LOGICu STD_LOGIC_VECTOR.

e Ucnonb3ylite 3HayeHWe ‘Z’ TONbKO 418 CUHTE3MPOBAHUSA TPEXCTabUNbHbIX bydepos.

e [lpy 06DBABNAEHUM BHYTPEHHWUX CUTrHaNOB (signals), y4yacTBylOWMX B apudMeTUYECKUX
onepaumax, ucnonbayite bubanotery IEEE.NUMERIC_STD package n 3arpy*kaemble c Hel
TUMbI AaHHbIX unsigned (6e33HaKoBbIN) K signed (3HaKOBbI).

e Ucnonbsyinte GyHKUMM KOHBepTauumn (Tabavua 2.3) gna npeobpasoBaHUa JaHHbIX TUMA
STD LOGIC _VECTOR B unsigned nau signed 1 Haobopor.

e lcnonb3yitTe BCTPOEHHbIM TWM AaHHbIX integer u apudmeTmyeckne onepaumm Ans
334,aHNA KOHCTAHT M FPAHUYHbIX 3HAYEHUI MACCMBOB, HO He ANA CMHTe3a.

e lcnonb3yiTe pesynbTaTbl ONEPATOPOB CPaBHEHUA, UMeKLWMX TUN AaHHbix BOOLEAN B
Pa3IMYHbIX YCNOBHbIX KOHCTPYKUMAX VHLD (pasaen 2.2), HO He ANA CUHTe3a.

2.2 Hcnosb3oBaHMe Imapa/UleJIbHbIX ONEpaToOpoB IpPUCBaMBaHUA B
YCJ0BHBIX KOHCTPYKIUaAx VHLD

«MpuceamBaHmne no ycnosuio» (conditional signal assignment) u «npuceavMBaHuMe Mo BbIGOPY»
(selected signal assignment) siBnatoTca napannenbHbIMM KOHCTPYKUMAMK (concurrent statements) B
VHLD. ®YHKLUMOHANbHO AaHHble KOHCTPYKUMW HAMOMMHAOT onepatopbl if n case B TPaAMUMOHHbIX



A3blKax MNPOrpaMMMpPOBaHMA, HO B OTAMYME OT TPAAMUMOHHbLIX A3bIKOB KOHCTPyKumnu B VHLD
BbINOIHAIOTCA MapanfiefibHo, a He NocnefoBaTeNbHO. [aHHble KOHCTPYKLUU ONpesenstoT CTPYKTypy
CXeMbl NPU ee CUHTE3UPOBAHMM.

2.2.1 NMpuceanBaHue no ycnosuio (conditional signal assignment)
CUHTAKCUC U CUHTE3MpYeMasn CTPYKTypa

CuHTaKCcUC «NpUCBanMBaHMA NO YCNOBUIO» NPUBEAEH HUXKe:
signal name <= value expr 1 when boolean expr 1 else

value expr 2 when boolean-expr-2 else

value expr n;

Bynesbl BbiparkeHuna (boolean_expr) nooyepesHO NPOBEPAIOTCA MOKAa OAHO M3 HUX He
OKa3sblBaeTcA MCTMHHbIM W COOTBETCTBYlOLULEE BbipakeHne (value_expr) npucsauvsaetca curHany
signal_name. B cnydae ecnn Bce 6yneBbl BbIPaXKEHWUA JIOMKHbI CUTHaAy MNPUCBaMBAETCA 3HauYeHue
value_expr_n.

CTpyKTypa «npucBavBaHWE MO YCAOBUIO» CUHTE3UPYETCA B KacKagHYl0 MPUOPUTETHYIO CXeMy Ha
6ase mynbTMnaekcopos 2 B 1. YcnoBHoe o603HayeHne 1 Tabamua UCTUHHOCTU My/bTUnnekcopa 2 B 1
NoKasaHbl Ha pucyHKe 2.3 1 Tabauue 2.5 cooTBETCTBEHHO.

i0

il—_o

sel

PucyHok 2.3 — Cxema mynbtunaexkcopa 281l

Tabauuya 2.5 — TabamMua UCTUHHOCTM My NIbTUN/IEKcopa 2B 1

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

PaCCMOTpMM npumMmep CUHTE3a ceayrouwero Koaa:

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




a-b when m > n else

c +1 ;

KackagHaa npuopuTeTHasa cxema, B 4aHHOM C/lyyae, PeasM3yeTcs C MOMOLLbI0 COeaMHEeHUsA OBYX
MyNbTUNAEKCOPOB 2 B 1 (pUCyHOK 2.4).

cxema ¢opmmpoBaHUA
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cxemMa byneBbix BblpaXKeH Ui
«boolean expressions»

PUcyHOK 2.4 — CUHTE3MPOBaHHaA cXxema, peannsyoLLas KOHCTPYKLUIO «PUCBaMBaHMUE NO YC/IOBUIO»

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

ObpaTnTe BHMMaHMe, 4YTo cxema GopmMMpoBaHMA curHanos (value expressions circuit) u cxema
6yneBbix BbipaxkeHuit (boolean expressions circuit) BbINONHAOTCA NapannenbHo (pucyHok 2.4).
BbiIXOAHbIE CUTHaAbl CXembl 6yneBbiX BbIpaXKEHUMI UCMOAL3YIOTCA KaK CuUrHanbl Bblbopa B
MY/IbTUMNEKCOPAX, @ BbIXOAHbIE CWUrHaAbl cxembl GOPMMPOBAHMA ABAAIOTCA WMHOOPMALMOHHBIMU
CUTHaNaMM, U3 KOTOPbIX BbIBUpaeTcA HEOBXOAMMBIN CUrHAN M NOJAETCA Ha BbIXOg cxembl r. Kosnyectso
cTyneHeit (MynbTMNAEKCOPOB) B KacKaAHOW NpUOPUTETHON cxeme (pucyHoK 2.4) cooTseTcTByeT
Konumyectsy when-else ycnosuit B KOHCTpyKumnmn. bonblwoe Konnvectso when-else ycnosuii npusoaut K
CUHTE3NPOBAHWUIO OJIMHHOM LENW KackaZoB M, KaK CNeACTBME, K 3HAUMTE/IbHOW BPpeMeHHOM 3ajeprkKe
(propagation delay) paboTbl cxembl.

Hu)Ke npuBedeHbl ABa NPOCTbIX MPMMEpPa WCMO/b30BaHMA KOHCTPYKLMM «MNpuUCBaMBaHMe Mo
ycnosuto» (conditional signal assignment). MepBbim NpUMepom ABAAETCA NPUOPUTETHBIN 4-X paspaaHbIi
wudpatop (priority encoder). JaHHbIN WKdpaTop MMeET YeTblpe BXOAHbIX 3anpoca (requests): r(4), r(3),



r(2) n r(1), KoTopble 0b6beauHeHbl B 4-X paspAgHbIA BXO4 r, Npuyem cTapwuii 6ut r(4) nmeet
HauBbICWMIA npuopuTeT. BbixogHon curHan pcode npeacraBnaseT cobol ABOMYHBLIA KOZ BXOAHOrO
3aMpoca C HauBbICWKUM NpuoputTeTom. Tabanua UCTUHHOCTM NPUOPUTETHOTO WKdpaTopa NpuBeseHa B
Tabanue 2.6. CuHTesnpyemblit HDL Kog npueeaeH B AMCTUHre 2.1,

Tabnuua 2.6 — Tabnmua MCTUHHOCTU 4-X pa3pPAAHOro NPUOPUTETHOrO WKudpaTopa

Input Output

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

NuctuHr 2.1 — CUHTE3 NpMOpPUTETHOrO WKndpaTopa ¢ NPUMEHeHMe KOHCTPYKL MU «npucBamBaHue no ycnosuto» (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

w 0 0 0 ” ,.
end cond_arch;

B npuBegeHHOM Koge (nnMcTuHr 2.1) cHayana nposepAeTcAa cocToAHWe 3anpoca r(4) u, B caydae
€C/IM OH aKTMBEH, Ha BbIXxo4 nepepaetca Kog “100”. Ecnu 3anpoc r(4) He akTMBEH NpoBepseTcs
COCTOAHME cneayloLLero nNo NpUopuTeTy 3anpoca, T.e. r(3) u T.4. NnoKa He ByayT NpoBePEHbI OCTa/lbHble
3anpochl.

BTOpbIM NPUMEpPOM MCNOMb30BAHMA KOHCTPYKLMM «NnpucBamMBaHMe no ycnosuto» (conditional
signal assignment) ana cuHTE3a CXem ABNAETCA ABOUYHbLIN AewmndpaTtop. [BonuHbIn aewmndpaTop n-a-2"
npeobpasyeT ABOMYHbLIN N-pa3pAdHbIA KOA B yHWUTapHbIA 2"-pa3pagHblil (KO4, B KOTOPOM aKTUBHbLIM
ABNSAETCA TONbKO OAMNH 61T). Tabnunua MCTUHHOCTM ABOMYHOrO AelwmnpaTtopa 2-8-4 npuseseHa B
Tabnuue 2.7. Cxema gewudpatopa AONONHUTENBHO MMEET BXOJ paspeleHua paboTbl en (enable).
CuHTesnpyemblit HDL Kog, gewmndpaTtopa npuBeaeH B ANCTUHIe 2.2.

Tabauua 2.7 — Tabnmua MCTUHHOCTU 4BOUYHOrO Aewundparopa 2-8-4




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

NuctuHr 2.2 — CuHTe3 ABOMYHOrO AewwndpaTopa ¢ NpUMeHeHUe KOHCTPYKL MU «npucBanBaHue no ycnosuto» (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 npuBeaeHHOM Koae (AUCTMHT 2.2) n3Ha4anbHO NPOBEPAETCA COCTOAHME CMrHana paspelleHus
en, ec/in CUrHan akTUBHbIW, T.e. en = ‘1’, To nocnegoBaTenbHO NpoBepAtoTca 4 BXOAHbIE KOMOMHALMK
curHana a.

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

CWHTAKCUC «NpUCBaMBaHMNA NO BbIGOPY» NPUBEAEH HUKE:

with sel select

sig <= value expr 1 when choice 1 ,

value expr 2 when choice 2 ,

value expr n when others;



®YHKUMOHANBbHO «NpUcBaMBaHMe MO BbIGOPYy» HaNMoMMHAET onepaTop case B TPagMLMOHHbIX
A3bIKAX  NPOrpaMmupoBaHua. [laHHAA  KOHCTPYKUMA npucBavMBaeT HeobXoaMmoe  3HauyeHue
(value_expression) BbIXOAHOMY CUTHaNy sig B 3aBMCMMOCTM OT 3HaUYeHUA CUrHana Bbibopa sel. Kaxkabiii
KOHKPETHbIN Bbibop (choice_i) npeacTtaBnaet coboli KOHKPETHOE 3HaYeHWe uan Habop 3HauveHui sel.
Kakablit BbIGOp [0MXKEH BKAOYATL B ceba ntoboe 3HauyeHume sel He Yalle o4HOro pasa, HO Npu 3TOM Bce
BepoATHble 3HayeHMA sel [OMKHbI MPUCYTCTBOBATb B CTPYKType. [Ns OTpakeHua B CTPYKType
HEMCNnoNb3yemblX BapWaHTOB MCMNONb3yeTca caykebHoe cnoso others, KoTopoe wcnonbsyetca B
0653aTeNIbHOM NOPAAKE U BKAOYAET B CebA TaKKe He CMHTe3npyemble 3HadYeHua (X, ‘U’ u t.4.).

Ctpyktypa «lpucBamBaHMe No BbIGOPY» CUMHTE3UPYETCA B CXemy Ha 6ase MyabTUNAEKCopa.
PaccmoTpum Npumep cUHTE3a CNeayIoLero Koaa:

signal sel : STD_LOGIC_VECTOR (1 downto 0);

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

c +1 when others;

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

cxema popmmMpoBaHUA
cuMrHanos «value expressions»
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PUcyHOK 2.5 — CUHTe3MpOBaHHaA cxema, peasnsyloLLas KOHCTPYKLMIO «MPUCcBanBaHue no Bbibopy»
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PUcyHOK 2.6 — Cxema mynbtunnekcopa 4 s 1

B pesynbTate cxema (pUCyHOK 2.5) paboTaeT ciegylowmm o6pasom: cymma CUrHanos a+b+c
nepeaaétca Ha BbIXOA I Npu 3HaYeHMn curHana sel “00”; pa3HocTb cMrHanoB a-b nepeaaérca Ha BbIXoA, r
npu 3HayeHumn curHana sel  “10”; curHan c+1 nepenaérca Ha BbIXOZ CXEMbI I npu 3HadYeHuUn sel “01” u

”11”.

Tabnuua 2.8 — Tabamnua UCTUHHOCTM My/ibTUNIeKcopa 4B 1

sel
00
01
10
11

Y
i0
i1



