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1 Ilean ocBoOEeHMSI AUCIMILJINHDI

[ensimu OCBOEHMSI IUCUUIUIMHBI «OCHOBBI MPOEKTHUPOBAHUS 3JIEKTPOHHOM KOMIIO-
HEHTHOM 0a3bl» SABIAIOTCA U3yYEHHE COBPEMEHHBIX METOAO0B M MapIIpyTOB POEKTUPOBAHUS
3JIEKTPOHHON KOMIIOHEHTHOH 0a3bl, CPEJICTB U COCOOOB aBTOMATU3AIMH IIPOIEcca IIPOEKTH-
pOBaHUs, a TaKXkKe U3y4eHHE CIOCOOOB IPEJCTABICHUS a/IeKBaTHONH COBPEMEHHOMY YPOBHIO
3HAHUM HAYYHOM KapTHHBI MMpPA Ha OCHOBE 3HAHUS OCHOBHBIX ITOJIOKEHUN, 3aKOHOB U METO-
JIOB €CTECTBEHHBIX HayK U MaTEMATHKH, BBIIIOJIHATH PacyeT U IPOEKTUPOBAHUE HIEKTPOHHBIX
nprOOPOB, CXEM U YCTPONCTB Pa3IMYHOrO (PyHKIMOHAIHHOTO HA3HAYCHUS C UCIIOIb30BaHHEM
CPEACTB aBTOMATHU3ALUU MPOEKTUPOBAHUS, pa3padaThiBaTh MPOEKTHYIO U TEXHUYECKYIO J0-
KYMEHTAIHIO, 0POPMIISATh 3aKOHYCHHBIE IPOCKTHO-KOHCTPYKTOPCKHE PadOTHI.

2 Mecto aucuuniiuHbl B cTpykrype OOII noarorosku 6akanaBpa
(Maructpa, cnenuaJ ncTa)

Jucnumimaa «OCHOBBI TPOEKTUPOBAHMSI AJIEKTPOHHON KOMIIOHEHTHOH 0a3bD» BXOJIUT
B 06a30By10 yacTh 0J10ka 1 0OpazoBaTeIbHON MPOrPaMMBI.

W3ydyeHue NaHHOW AMCLMILIMHBI Oa3upyeTcsl Ha pe3ysibTaTaXx HU3y4deHHs JUCLUIUIMH
MaTeMaTHYECKOro U €CTECTBEHHO-HAYyYHOI'O IMKJIA, B TOM YMCJI€ MaTeMaTUKH, (PU3HUKU, UH-
dopmaTukm, a Takke AUCHUIUIMH TpodeccruoHanpHoro mukia: «TeopeTndeckne OCHOBBI
INEKTPOTEXHUKN», «DPU3NYECKUE OCHOBBI NIEKTPOHUKNY, «CXEMOTEXHUKAY.

CryneHT, NpUCTYNUBIINN K U3YYEHUIO NUCHUIUIMHBI «[IpoekTHpoBaHUE U TEXHOIOTHS
3JIEKTPOHHON KOMIIOHEHTHOW 0a3bl» JJOJKEH:
3HAThb:

- OCHOBHbIE IIOHATHUS U METO/Ibl MAaTEMAaTUYECKOI'O aHAJIN3a, TUHEHHOU anreOpsl, Teo-

pun audepeHInaNbHBIX YPAaBHEHUH U 2JIEMEHTOB TEOPUH YPaBHEHUH MaTeMaTHue-
CKOM (hPM3HKH, TEOpUU PYHKIHUN KOMITJIEKCHOM MEPEeMEHHON, TEOPUHU BEPOSITHOCTEH U
MaTeMaTHYeCKON CTaTUCTUKH, JUCKPETHON MaTeMaTUKH, MaTEMaTHUYECKUX METOJOB
peleHust mpoecCUOHANBHBIX 3a/1a4;

- (yHIaMEeHTaJIbHbIE 3aKOHBI IPUPOJIbI U OCHOBHBIE (PM3MUYECKHE 3aKOHBI B 001acTH
MEXaHUKHU, TEPMOJIMHAMUKH, SJICKTPUYECTBA U MAarHeTU3Ma, ONTUKU U aTOMHOH (u-
3UKH;

- TEOPETHUYECKHE OCHOBBI CTPOCHMSI BELIECTBA, 3aBUCHMOCTb XMMHYECKHX CBOWCTB
BELIECTB OT UX CTPOEHMSI; OCHOBHbIE 3aKOHOMEPHOCTH NMPOTEKAHUS XUMHUYECKHX U
(U3NKO-XUMHUYECKUX TPOIIECCOB;

- OCHOBBI TEOPUHU AIEKTPUUYECKUX U MArHUTHBIX, TACCUBHBIX U AKTHUBHBIX, JTUHEHHBIX
U HEIUHEHHBIX LENEH C COCPEAOTOYEHHBIMH U PaclpeAc/ICHHbIMUA MapaMeTpaMu;
SKBHMBAJIEHTHBIE CXEMbI AKTHUBHBIX 3JIEMEHTOB; METO/Ibl aHAJIN3a YACTOTHBIX U Iepe-
XOJHBIX XapaKTEPUCTHK;

yMeTb:

- IPUMEHATh MaTeMaTHYECKUEe METOJIbl, (PU3NYeCKHe U XMMHUYECKHE 3aKOHBI JUI pe-
LIeHMsI TPAKTUYECKUX 3a/1a4;

- IPUMEHATH METO/IbI ¥ CPEJICTBA U3MEPEHUS (PU3NUECKUX BETUUMH;

- IPOBOAMTH AHAJIN3 LENeil MpH MOCTOSHHOM M CHHYCOUJAIbHOM BO3JIEHCTBUH, a
TaKXe MPH BO3/ICHCTBUU CUTHAJIOB IPOM3BOJIBLHON (POPMBI, UMITYJIbCHBIX CUTHAJIOB,;

BJIAJ€ETh:

-MeToJaMM peuleHus AuddepeHnranbHbIX U anreOpanyeckux ypaBHEHUH, audde-
PEHIIMAIBHOTO U MHTETPAJIbHOTO WCYHUCIEHUS, aHATUTHUYECKON reOMEeTpHUH, TEOPHH
BEPOSTHOCTEH M MAaTEeMaTHYECKOM CTaTUCTHKH, MaTeMaTUYeCKON JIOTHUKH, (QYHKIIMO-
HaJIbHOT'O aHAJIN34;

-HaBbIKaMM MIPAKTUYECKOTO IPUMEHEHUS 3aKOHOB (PM3UKU U XUMHUU;

-COBPEMCHHBIMU ~ NIPOTPAMMHBIMH ~ CPEICTBAMU  IIOATOTOBKM  KOHCTPYKTOPCKO-



TEXHOJIOTUYECKON JOKYMEHTAIUH;

- METOZaMH aHaJIM3a IMMEPEXOTHBIX MPOIECCOB B IMHEHHBIX M HEIMHEHHBIX TETISIX .

OcBoeHue CTyaeHTaMH AUCHUILTUHBI « OCHOBBI MPOEKTUPOBAHUS IJIEKTPOHHONH KOM-
MOHEHTHON 0a3b» HEOOXOAMMO TPU W3YUYEHHUH IUCIHMILTHHBI «OCHOBBI TEXHOJOTHH JJICK-
TPOHHOUW KOMITOHEHTHOH 0a3bl».

3 Komnerenuun ody4darouerocsi, popmupyembie B pe3yJbTaTe 0CBOCHUS

AUCUMILTUHBI (MOAYJIs):

B pesynabraTte OCBOCHHS MUCHUIUTUHBI (MOayIisi) «OCHOBBI HMPOCKTUPOBAHUS 3JICK-
TPOHHOM KOMIIOHEHTHOM 0a3bl» 00ydaromuics JoKeH o0ianaTh CIeAYIONIMMUA KOMIETEH-
USIMH

CTpyKTypHBIH 3J1€-
MEHT [Inanupyemblie pe3ynbTaThl 00yUeHUs
KOMIIETEHIINH

OIIK-1 ciocoOHOCTH NpPeaCTABJATDH 4/1eKBATHYI0 COBPEMEHHOMY YPOBHIO 3HAHMI Hay4-
HYI0 KADTHHY MHPA HA OCHOBE 3HAHUSI OCHOBHBIX I10JI0KeHHUI1, 3aKOHOB U MeTO/I0B ecTe-
CTBEHHBIX HAYK U MaTEeMaTHKHU

3HaTh — KAAcCcUuurayuio cospemMeHHoll 21eKmpOHHOU KOMNOHEHMHOU 6a3bl,
— cghepy npumerenUs COBPEMEHHOU INEKMPOHUKY,
— nepcnekmusHbvle HanpaseHus CO8PEMeHHOU INeKMPOHUKU,

YmerTs: —  Knaccuguyuposams cxemul u yCmpoucmed 6 COOMeemcmeauy ¢ co-
8peMeHHOU Kiaccupurayueri 21eKmporHOU KOMNOHEHMHOU 06a301;

— ocywjecmsnams 6b100p 21eMeHMHOU 6a3bl NPU NPOEKMUPOBAHUU
9/1eKMPOHHBIX NPUOOPOE, CXeM U YCMPOUCME 8 COOMEEMCMEUU CO
cghepoii npumenenus;

Bnanets: —  HasvlKamu pabomul ¢ UHHOPMAYUOHHBIMU OA3AMU OAHHBIX CO8PEe-
MEHHOU DJIeKMPOHHOU KOMNOHEHMHOU OA3bl, CNPABOUHLIMU Mame-
puaramu;

ITIK-5 roToBHOCTb BbINOJHSATH PACUYET X MMPOCKTUPOBAHUE IJTTCKTPOHHBIX HpHﬁOpOB,
CXEeM U yCTPOﬁCTB Pa3IH4IHOT 0 q)yHKIIPlOHa.TILHOFO Ha3HAYCHUA B COOTBECTCTBUH C TEX-
HHYCCKUM 3aJaHUEM C HCITOJB30BAHUEM CPEACTB aBTOMATU3AIIUH IPOCKTHPOBAHUSA

3HaTh — OCHOGHble YMANbl NPOEKMUPOBANUS INEKMPOHHBIX NPUOOPOE, CXeM U
yempoticms. Konyenyuio cK603H020 NPOeKMUpo8anus;

— anemenmuyio o6aszy cospemennou snexkmponuxu. Ocrnoguvie CAIIP
CKB0O3HO20 NPOEKMUPOBAHUS DJIEKMPOHHBIX NPUOOPOS, CXeM U YCm-
poticma;

— OCHOBHbIE MEMOObL NPOEKMUPOSANUS DJIEKIMPOHHBIX CUCEM (CXeMO-
mexHuueckoe npoexmuposatue, Ha ochose HDL, cucmemmoe npo-
eKmMupoBanue);

YmeTs: —  aHaIU3UPOBAMb MEXHUYECKoe 3a0anue, Noab308aAmbCs NPOEKMHOU
OoKyMeHmayuel,

— ocyujecmsniams 8b100p 21eMeHMHOU 6a3bl NPU NPOEKMUPOBAHUU
9/1eKMPOHHBIX NPUOOPOS, CXeM U YCMPOUCME 8 COOMEEMCMEUU C
mexuuueckum 3aoanuem. Ocywecmensims 6b100p HEOOXO0OUMbBIX

CAIIP;

—  NPOeKmuposamyv 1eKmMpOHHbIe NPUOOPbL CXeMbl U YCMPOUCMEd HA
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CtpyKTypHBIH 2i1€-
MEHT [Inanupyemble pe3yabTaTbl 00y4eHUs
KOMIIETEHIIUH

OCHOBE pa3IUUHBIX MemO0008 NPOEKMUPOBAHUsL (CXeMOmexHuye-
cxoe, Ha ochoge HDL, cucmemmnoe npoexmuposanue) ¢ ucnonvso-
eéanuem CAIIP;

Brnanets: —  Hagvlkamu pabomvl ¢ RPOEKMHOU QOKyMeHmayuell, UHGOPMayUoH-
HbIMU 6A3aMU OAHHBIX 00 OMEYeCMBEHHbIX U 3aPYOEHCHBIX KOMNO-
HeHmax;

—  naswvikamu pabomul ¢ ocnosuvimu CAIIP snexmponnvix npubopos,
cxem u yempoucme;

—  OCHOBHBIMU MEMOOAMU NPOESKMUPOBAHUSL (CXeMOMeXHU1ecKoe, Ha
ocnoee HDL, cucmemmnoe npoexmuposarue);

ITK-6 cnioco0HOCTH pa3padaThIBaTh MPOEKTHYIO M TEXHHYECKYI0 JOKYMEHTAIHUIO,
0 opMIATH 3aKOHYEHHbIE IIPOEKTHO-KOHCTPYKTOPCKHE PadoThl

3HaTh —  OcnosHble (hopmbl npedcmasietis NPOeKMHOU OOKYMEHMAYUU 6
coomeemcmeuu ¢ mpebosanuimu ECK/];

—  Cmanoapmmuvie onyuu CAIIP onst popmuposarus npoexmuoi 0o-
KYMeHmMayuiL,

— Ilpasuna opeanuzayuu MHO20YPOBHEBOU NPOEKMHOU OOKYMEHMA-
yuu OJis1 CLONHCHBIX NPOEKMOS;

Ymetb —  aHATU3UPOBAMb MEXHUUECKoe 3a0anue Ha NPOeKm, NOIb308AMbC s
npoekmuou 0oKymMeHmayueu,

— ucnoavsosame cmanoapmuuie onyuu CAIIP ons ¢popmuposanus
NPOEKMHOU OOKYMEeHmayuu,

—  paspabamuvlgams MHO20YPOBHEBYIO NPOEKMHYIO OOKYMEeHMAYUIO
07151 CNIOdHCHBIX npoexmog ¢ nomouvio CAIIP;

Buaners —  Haswvlkamu pabomsl ¢ NPOEKMHOU OOKyMeHmayuel,

—  cmanoapmuvimu onyusmu CAIIP 0ns hopmuposanus npoekmuou
OOKyMeHmayuu,

—  nasvikamu pabomul ¢ pazruunvimu CAIIP ons ocywecmenenus 0o-
KYMeHmoob0opoma mexcoy HumMu,

4 CTpyKTypa U coJepkaHue JTUCUMILIMHBI (MOTYJISA)

OO0mmas TpyI0eMKOCTh JUCIUIUIHHBI COCTABJIICT 3 3aueTHBIX enuHuIel, 108 Jacos, B
TOM YHCIIE:
—KOHTaKkTHas pabota — 10,7 akas. gyacos:
— aynuropHas — 10 akaj. 4acos;
— BHeayautopHas — 0,7 akaJ1. 4acos,;
—caMocTosATenbpHas padora — 93,4 akaj. 4acos,;
—TOATOTOBKA K 3a4eTy — 3,9 akaj. yaca.
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1. CoBpeMeHHas 10 | Camocrosrens- | Konrpompnas | ITK-5-
9NEKTPOHHAA  KOMIIO- HOE U3y4YCHUE pabora 3yB
HeHTHas Oaza. Kmaccu-| 5 y4eOHoO uTepa-
dbukarms. OO6iactpb TYpHBI
IPUMEHEHUS
2. IIpoexTuposa- 1 20 | Camocrostens- | Konrpomphas | ITK-5-
HHUE DJIEKTPOHHOH KOM- HOE U3y4YCHUE pabora 3yB
MOHEHTHOW 0a3el: oc-| 5 y4eOHOU uTepa- IIK-6 —
HOBHBIC 3Tanbl ¥ YpOB- TYpBI 3yB
HU [IPOCKTHUPOBAHUSL.
3. Cucrembl aBTO- 1/1 | 2/1 | 30 | Camocrostens- | Kourpomsnas | ITIK-5-—
MaTH3UPOBAaHHOTO IIPO- HOE U3y4YCHUE pabota 3yB
extupoBanusi (CAIIP). yueOHoI uTepa- ITK-6 —
00630p CAIIP mns pas- TYpBI; 3yB
JUYHBIX YPOBHEH Mpo- IToaroroBka k
eKTUPOBaHUS.  SI3BIKH 5 NPaKTUIECKUM
ONMCAaHMs aIlapaTypsl 3aHSATHIM
HDL. CkBo3HOe mpoek-
TUpOBaHHE IM(POBBIX
YCTPOMCTB Ha OCHOBE
IUVIMC B CAIIP ISE
WebPACK Xilinx.
4, Buner Monenu- 1/1 | 2/1 | 20 | Camocrostens- | Kourpomphas | ITK-5—
pPOBaHUsI U THUITBI MOJIe- HOE U3y4YCHUE pabora 3yB
Jed Ha pas3M4yHbIX 3Ta- y4eOHOM uTepa- IIK-6 —
nax MPOEKTUPOBAHUS. TYpBI; 3yB
Hcnons3zosanne VHLD- ITonroroBka k
u SPICE-moneneii. 5 MIPaKTHIECKUM
MogenupoBanue pabo- 3aHATHIM
THI  UUPPOBBIX  yCT-
pOMCTB C  IOMOIIBIO
BcTpoenHoro B CAITIIP
ISE WebPACK cumy-
asitopa Isim.
5. Pazpabotka 1 2 |13,4| Camocrosrens- | Konrpompnas | I1IK-5-
NPOEKTHOM JTOKyMEHTa- HOE U3yUYCHUE pabora 3yB
muu.  Kondurypupona- y4ueOHOH uTepa- IK-6 —
aue [IJIMC ¢ momombio TYpBI; 3yB
BcTpoenHod B CAIIP 5 IToaroroBka k
ISE WebPACK mpo- MIPaKTHYECKUM
rpammer  Impact. Tec- 3aHATUIM
TUPOBaHUE TOTOBBIX
YCTPOUCTB. JTAG-
nHTepeiic.
HWroro no aucuuruimae 4/2 | 6/2 | 93,4 3auér




5 Ob6pa3oBaTe/ibHbIE TEXHOJIOTHH

JlexumoHHble 3aHATHA 110 JUCHUILIMHE «OCHOBBI IPOEKTUPOBAHMSI DIIEKTPOHHON KOM-
MOHEHTHOI 0a3bl» MPOBOAATCS B TPAIULIMOHHONW (pOpPME C HCIOIb30BAHUEM MYIBTUMEIUHHOTO
obopynoBanus. [IpakTuyeckue 3aHATHS TPOXOIAT KaK B TPATUIIMOHHON (opMe, TaKk U B UHTE-
paKTUBHOU (opMe, I/ie CTYJCHTaM 3apaHee MpejuiaraeTcs 03HAaKOMHUThCS ¢ MH(GopManuei 1mno
TEME 3aHATUS I [OATOTOBKHM BOIIPOCOB IIPEINOJABATENI0, TAKUM O0pa3oM, IMPAKTHUYECKOE
3aHATUE MTPOXOAMT IO TUILY «BOIPOCHI—OTBEThI-IUCKYyccHs». Ha Bcex MpakTUYeCKHuX 3aHsATH-
AX TaK)Ke NPUMEHSIOTCA 3JIEMEHTBl 3aHATUSI-BU3YAJIM3allUH, 3a CUET NPEICTaBICHUS YacTH
MaTepuaa ¢ OMOILBIO 3apaHee MOArOTOBIEHHBIX PE3EHTAlUM, CIal0B C TOMOILBIO MYJIb-
TUMEIUHHOTO 000pyIOBaHUS.

Teopernueckuii Mareprasn, OCBOCHHBIM CTYJIEHTaMHU CAMOCTOSITENIBHO, 3aKPEIUISIETCS
Ha MPAKTHUUYECKUX 3aHATHUSAX, HA KOTOPBIX BBINOJIHSIIOTCS MHAWBUYaJIbHBIE U I'PYNIIOBBIE 3a-
JlaHUA 1O MpOiieHHON Teme. YacTh MpakTUYECKUX 3aHATUM MPOBOAUTCS B BUJIE TPAIAULIMOH-
HBIX CEMUHApPOB C 11eJIbI0 0o0Jiee INTyOOKOro U MOJHOIO YCBOCHHUS TEOPETUYECKOr0 MaTepuana
10 JTaHHOM Teme. Jjist 3TOro cryfeHTam mpeajiaraercs roTOBUTh JTOKJIAbl IO paccMaTpUBae-
MO TeMe C JalbHEHIINM OOCYXKIEHUEM B XOJI€ MPAKTHYECKOTO 3aHATHs (Y4eOHBIX TUCKYC-
cuil). Ha nmpakTuyeckux 3aHATHUAX TAKKe MPUMEHSIOTCS METOJl KOHTEKCTHOTO OOy4YeHUs, pa-
0OTBI B KOMaH/Ie U METOJ1 Case-Study, mo3BOJISIIONIME YCBOUTh YUEOHBIH MaTepHa MmyTéM BbI-
SBJICHUS CBS3€M MEXIYy KOHKPETHBIM 3HAHUEM M €ro MPUMEHEHUEM, a TaK)Ke aHaju3a KOH-
KPETHBIX CUTYallMil 1 MOMCKA PELIEHUH B IPYIIE CTYIEHTOB. 3allUTa PE3yJIbTaTOB MPaKTUY e-
CKHX 3aJjaHul NMPOXOAUT B BUJE AUAOra IPEenoiaBarelisa U CTyAeHTa, IPenoiaBaTesieM 3a1a-
I0TCS KOHTPOJIbHBIE BOIIPOCHI C II€JIbIO BBISICHEHUS TIyOMHBI 3HAHUM CTYAEHTA 110 JaHHOMY
paszeiny, mpu ATOM MPOoOeNbl B 3HAHUSIX CTYAEHTa BOCIIOIHSIOTCS JOMOIHUTEIBHBIMHU TOSIC-
HEHUSIMHU, KOMMEHTapHUsIMH NIPENO1aBaTeNs.

B xauecTBe OLIEHOYHBIX CPEJCTB HA MPOTSHKEHUHM CEMECTPA UCIIOJIb3YKOTCS KOHTPOJIb-
Hble paboThl. CamocTrosiTeNnbHas paboTa CTYJEHTOB 3aKJIIOYaeTcsi B NMpopaboTKe MaTepuasia
IIPY NTOATOTOBKE K NNPAKTUYECKUM 3aHATHSM.

6 Y4eOHO-MeTOqMYECKOE 00ecTIedeHHe CAaMOCTOATE/IbLHOM PadoThl CTYAeHTOB
[To mucuuruimae «OCHOBBI TPOCKTUPOBAHHS DJIEKTPOHHON KOMIOHEHTHON Oa3bl»
IpeIyCMOTPEHa ayAUTOpHAs U BHeAYJAUTOPHAs CaMOCTOsITeIbHAs paboTa 00yJaromuxcs.
AynuropHas caMOoCTOsTeNbHas paboTa CTYJEHTOB MPEIOoJaraeT peieHne KOHTPOIIb-
HBIX 3a7]a4 Ha MPAKTUYECKUX 3aHATHIX.
[TpumepHBIe ayIUTOpHBIE KOHTPOJIbHBIE paboThl (AKP):

AKP Nel «CoBpemeHHast 3JIeKTpOHHasi KOMIoOHeHTHas 0Oa3a. Kmaccuduxamms. O0-
JacTh IPUMEHEHUSI:
1. Knaccudukanus 31eKTpoBaKyyMHBIX JIEKTPOHHBIX MPUOOPOB.
Cdepa nprMeHeHus JIEeKTPOBAKYYMHBIX TPUOOPOB.
[TepcrieKTHBBI TPUMEHEHUS JIEKTPOBAKYYMHBIX TPUOOPOB.
Kakwue anemMeHTbl BXOAST B MO TPHUOOpa BaKYyMHOMN AJIEKTPOHUKHU.
Kakue >1eKTpoHHO-TTyueBble TPUOOPHI BBl 3HaeTe?
Yro Takoe MoayrnpoBOIHUKOBBIN 3JIEKTPOHHBIN pubop?
Knaccugukarus nonynpoBoJHUKOBBIX TPUOOPOB.
Cdepa mpumMeHeHHs TOTYITPOBOIHUKOBBIX TPHOOPOB.

© oo No kWD

Kakue nonynpoBoHUKOBBIE PUOOPHI BbI 3HaeTe?

10 [TepcrieKTHBBI TPUMEHEHHUS TOTYTIPOBOJHUKOBBIX TPUOOPOB.
11. DnemenTHas 6a3a ONTOIIECKTPOHUKH.

12. Cepa mpumeHeHNsT ONTOSIEKTPOHUKH



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

Uto Takoe uHTerpagbHas cxema?

Knaccugukaius MHTErpaabHbIX cxem?

UTO 3HaYUT TEXHOJIOTMYECKasi HOpMa UHTETPaJIbHON CXEMBbI?
OnemeHTHast 6a3a MHTETPATBHBIX CXEM.

UYro Takoe 3akaznas C

Urto Takoe nony3akaznas UC?

Yro npeactaBisieT co00it 6a30BbI MATPUYHBIN KPUCTAILI?
Yro Takoe mporpaMMupyeMasi JJoruueckas HHTerpaibHas cxema?
UYro Takoe «cucTteMa Ha KpUcTauie»?

Uro Takoe noruueckuii anement UC?

Urto takoe noruyeckast MC komOuHaIIMOHHOTO THTIA?

Uro Takoe noruueckas IC nocnenoBaTelbHOCTHOIO TUIIA?
Kakwue Turpl 1oruyeckux siueex (JIOruku) Bbl 3HaeTe?

AKP No2 «IIpoekTupoBaHu€e 3JICKTPOHHOM KOMIIOHEHTHOW 0a3bl: OCHOBHBIC ATaIlbl U

YPOBHU NMMPOCKTUPOBAHU) .

e

10.

11.
12.
13.
14.
15.
16.
17.
18.
19.

ITepeuncnure ocHOBHBIE 3Tansl IponssoacTea UC

Uro BriTIOUaeT B cebs cnenudukainus Ha pazpadbarsiBaemyro MC

KakoBa nepapxus npoextupoBanus CbUC.

YT0 TakOe KPEMHUEBBIN YPOBEHb IIPOECKTUPOBAaHMs. Kakue nNpUMUTUBBI IPUMEH s1-
I0TCS Ha JIAaHHOM YPOBHE.

Yo Takoe TpaH3UCTOPHBIN YPOBEHb IPOEKTUPOBaHUsA. Kakue NpUMHUTUBEI TpUMeE-
HSIOTCS HA IaHHOM YPOBHE.

Yro Takoe BEHTWIBbHBIN YPOBEHb IPOEKTHpOBaHMs. Kakue NpUMUTHBBI IPUMEH -
I0TCSl HA IaHHOM YPOBHE.

Yro Takoe perucTpoOBBbIM YypOBEHb NPOEKTUPOBaHMA. Kakue NMpUMHUTHBBI IpUMeE-
HSIOTCS Ha IAaHHOM YPOBHE.

Uro Takoe MpoLEecCOpHBI ypOBEHb NMPOEKTHpOBaHUs. Kakue NpUMUTUBHI TpUMe-
HSIOTCS Ha IAaHHOM YPOBHE.

YT0 Takoe CUCTEMHBIM ypOBEHb IPOCKTUPOBaHMs. Kakne mpUMHUTHBBEI IPUMEH -
I0TCSl HA IaHHOM YPOBHE.

B uém 3akmrogyaercs MpUHIMIT YIIPAaBJIEHUs CIOXKHOCTBIO (abcTparupoBaHue) MpU
pa3paboTKe dNIEKTPOHUKH.

KakoBa coBpemeHHast nHppacTpyKkTypa npousbozactsa NC.

Yro npencraBisdoT coboi KpeMHHEBbIE (HaOpUKH.

Yro takoe IP-6nok.

Knaccudukanust IP-610k0B

B uém otnnuue nporpammubix |IP-6510k0B ot annmapatHbix IP-010K0B.

Yro nmpeacTaBisioT coboit Tononoruyeckue IP-6noku.

Oranel npoekTupoBaHus 3akazHon 1C.

Oranel npoektrpoBanus MC Ha cTaHAapTHBIX SYEeHKax.

Oransl NpoeKTUpoBaHus cxembl Ha 6aze [IJINC.

AKP Ne3 «Cuctemsl aBromatusuposanHoro npoextuposanus (CAIIP). O63o0p CAIIP

JUTSL pa3fInYHBIX YPOBHEW MpoeKkTHpoBaHUs. S3biku onucanus anmnapatypsl HDL. CkBo3Hoe



npoeKkTHpoBaHue IUQpoBeIX ycrpoiicts Ha ocHoBe IIJIMC B CAIIP ISE WebPACK
Xilinx»:

17.
18.

19.

20.

21.

22.

23.

24.

25.
26.

27.
28.

29.

30.
31.

32

Uro Takoe A3bIKk onucanus annapatypst HDL.
KakoBbl npenmyiectsa pazpabotku cxemsl Ha 6aze HDL no cpaBHeHuto co cxemo-
TEXHUYECKUM CIIOCOOOM.
YTo Takoe JOrM4eCKHUil CHHTE3 CXEMBI.
Kaxue CAIIP pa3pabotku MC BbI 3HaETE?
Kakue CAIIP st paspabotku cxem Ha 6a3ze [1JIMC BbI 3Haere?
Jlornueckuii cunte3 UC Ha cTaHIapTHBIX sSYEHKaX.
Jloruueckuii cunre3 cxem Ha [IJIUC.
Uro Takoe KpUTHYECKUH MyTh HU(PPOBOM CXEMBI?
Kakue sS3bIKH OnMCcaHus anmnapaTypsl Bbl 3HaeTe?
. UeM oTnmnyaroTcs CUHTE3UpYyeMble CTPYKTYpHI si3bika HDL ot HecunTesupyembix?
. Kakumu crioco6amu MOXHO MOBBICUTB OBICTpOAEHcTBHE ITU(GPOBOI CXEMBbI?
. B uém 3aknrodaercs KOMIPOMUCC TUIOIIAIL KpUCTaLia/ObIcTpoIeiicTBUE?
. Uto Takoe cuHXpoHHas 1udpoBas cxema?
. Uto BKIrOUaeT B cebs onmcanue uurepdeiica (entity declaration) B si3eike VHDL.
. Kakue 3nauenus nogaepxkusaet tum ganHbix STD _LOGIC B s3eike VHDL.
. Uem ormmuaercss tun naHaeix STD_LOGIC or STD_LOGIC_VECTOR B s3biKe
VHDL.
B uém oTimume o0bekTa port or oosekra signal B si3eike VHDL.
Kakue 3HaueHHs moaaepkuBaeT TUI AaHHbIX Unsigned B s3eike VHDL. SBasiercs u
JAHHBIN TUI CUHTE3UPYEMbIM?
Kakue 3HaueHUs MOAIEPKUBACT TUN JaHHBIX integer B si3pike VHDL. SIBastercst mu
JTAHHBIA T CHHTE3UPYEMbIM?
SIBasieTcst MU BBICOKOMMIIEIAaHCHOE COCTOsIHUE Z CHUHTEe3upyeMbiM B si3bike VHDL?
Ecnu na, To kakast cxemMa CHHTE3UpyeTcs?
KakoB CHHTaKCHC CTPYKTYphI «IIpHcBauBanue 1o yciouro» (conditional signal as-
signment) B si3sike VHDL. B Kakyto cxemy gaHHast CTPYKTypa CHHTE3UPYETCs?
KakoB cunTakcuc ctpyktypbl «[IpucBauBanue mo Beioopy» (Selected signal assign-
ment) B s3sike VHDL. B Kakyro cxemy 1aHHast CTpyKTypa CUHTE3UpYyeTcs?
KakoB cunrakcuc omepatopa if B si3pike VHDL. B Kakyro cxeMy maHHast CTpyKTypa
CHUHTE3UpyeTCs?
KakoB cunTakcuc omnepartopa case B sizbike VHDL. B Kakyro cxemy naHHast CTpyKTY-
pa cuHTe3upyercs?
Jlist gero B si3ike VHDL mcmonib3yercst cTpykTypa Process?
Pa3paboTaTe OmHOpa3pSOHYIO CXeMy CpaBHEHHs Ha BEHTHWJIBHOM YPOBHE Ha SI3bIKE
VHDL.
Pazpaborats Ha s3bike VHDL cxemy aemudpatopa 2 B 4.
Paspabotare Ha s3p1ke VHDL cxemy mpeobpa3oBartenst IBOMYHOTO KOJa B CEMHUCET-
MEHTHBIH.
Paspaborares Monyns Ha VHDL, Berumcisiromuii 4eTsipexBxojoByto ¢pyHkimo XOR
(uckmouatomee NJIN).
Pa3paborats Ha s3p1ke VHDL cxemy 4-x pa3psaHoro cuérymka.
Pa3zpabotats Ha si3p1ke VHDL cxemy 4-x pa3psaHOro cyMMaropa 4uces Co 3HAaKOM.
. st uero npumensieTcst generic B si3pike VHDL.
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33. Uto 3HauuT mapameTpu3oBaHHas cxema?

34. Pazpabotats Ha s3bike VHDL cxemy 8-u pa3psiiHOro perucrpa.

35. Pa3pabotarh Ha s3pike VHDL cxemy cABHUTOBOTO perucrpa ¢ mapauieibHON 3arpys-

KOI.

36. Pa3paborarp Ha si3pike VHDL cxemy KOHEYHOTO aBTOMAaTta JUis JETEKTHPOBAHUS Iie-

penHero (poHTa CUTHaJjA.

AKP Ne3 «Bunbl MoaenpoBaHus U TUIIBI MOJEJICH HA Pa3IMYHBIX 3Tarax MPOEKTHUPO-

Banus. Mcnonb3oBanue VHLD- u SPICE-mopneneii. MoaenupoBanue padOThl IH(PPOBBIX
ycTpoicTB ¢ momorisio Betpoennoro B CAIIP ISE WebPACK cumyistopa Isimy:

1.

AN A

~N o

Yro takoe cpeaa tectupoBanus (testbench).

UTto Takoe cpega TECTUPOBAHUS C CAMOIIPOBEPKOI?

Yro Takoe HyHKIIMOHAIEHOE MOJICITUPOBaHHE?

Yposuu Bepudukanmu CBUC.

Hasnauenue QpyHkimoHanbHbix 010K0B Stimulus, checker u monitor B cpene Tectupo-
BaHUS?

Yro Takoe paHJOMU3AIIMS TECTOBBIX BO3eHcTBU (Stimulus)

Yro Takoe orpanuucHHas (constrained) paHmoMu3alys TECTOBBIX BO3ACHCTBUI

YeM oTaruaeTcs KOJAOBOE MOKPHITHE OT (PYHKIIMOHAIBHOTO IMTOKPBITHSI IPH BepUPUKa-
AN CXEMBI?

Yro Takoe MeTpuKa Ipu BepupuKauu cxembl? Kakue METPUKH HCIIONB3YOTCS ?

10. Yto Takoe IMyISAIHUs CXEMBI?

11. Yrto Takoe (opmanbHas MpOBEpKa SKBUBAJICHTHOCTHA HA ATalle CHHTE3WPOBAHUS CXe-

MBI?

12. Yro Takoe BpeMEHHOE MOJICTUPOBAHHE CXEMBI?

13. Hartucats testbench na VHDL ¢ camornpoBepkoii it OTHOPa3psIHOM CXEMbI CpaBHE-

HUs.

14. Haniucarts testbench na VHDL mist cxemsl nenmmdparopa 2 B 4.

15. Hamucats testbench va VHDL aiist cxembl mpeoOpa3oBaTesist JBOUYHOTO KO/Ia B CEMU-

CErMEHTHBIN.

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

(ucxmouatomee MJIN).

17. Hantucats testbench va VHDL ast cxembl 4-X pa3psgHOTO CUETUHKA.

18. Hartucats testbench wa VHDL mist cxembl 4-X pa3psiiHOTO CyMMaTopa 4ucell co 3Ha-

KOM.

19. Hartucats testbench mva VHDL anst cxembl 8-1 pa3psiiHOTO perucTpa.

20. Hancats testbench va VHDL nst cXeMbl CABUTOBOTO PETUCTpa C MapauieIbHOM 3a-

IPY3KOM.

21. Hamucats testbench va VHDL ams cxeMbl JeTEKTUPOBAHUSI MEPEAHEr0 PpOHTA CHUT-

HaJia.

AKP Ne5 «Pa3paboTka mpoekTHOl nokymenrtanuu. Konpurypuposanue IIJIMC ¢ mo-

mortbto BerpoeHHoit B CAIIP ISE WebPACK mnporpammer  Impact. TectupoBanue roro-

BBIX ycTpoicTB. JTAG-unTepdeiicy:

1.
2.

UYrto Takoe uMIIeMeHTaus?
KakoBbl OCHOBHBIE PEKOMEHIAIIUU 110 Pa3MEILEeHUI0 OJIOKOB Ha KpucTasie?
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3. Yro Takoe cioi metayutuzanuu B UC?

4. Yro Takoe TpaccUpoBKa?

5. IlpumeHeHHE MaHXITOHOBCKOM F€OMETPHUHU IIPU TPACCUPOBKE.

6. Yro Takoe ¢uznuyeckas Bepuduxanus UC?

7. Yro takoe DRC npoBepka?

8. Uro takoe ERC nmposepka?

9. UYro takoe LVS nposepka?

10. Yto takoe GDSII popmat?

11. Yro takoe JTAG TectupoBanue?

12. Yro Takoe 1enoyka TeCTUPOBAHUS?

13. Yto Takoe BcTpoeHHOE camoTecTupoBanue BIST?

14. BctpoeHHOE caMOTECTUPOBAHUE MTAMSATH.

15. Yto Takoe nepudepruitHoe CKaHUPOBAHHUE?

16. Peanu3oBaTh ofHOpa3psAaHY0 cxemy cpaBHeHus Ha O0a3e I[TJIMC Spartan 3E. Ompene-
JUTH OBICTpOJICHiCTBHE CXeMBbl U 3aTpaueHHble pecypebl [TJINC.

17. PeanmuzoBath cxemy aemudparopa 2 B 4 na 6aze I[IJIMC Spartan 3E. Onpenenuts ObI-
CTpoAelicTBHE cXeMbl U 3aTpadyeHHble pecypcesl [IJINC.

18. PeanuzoBath cxemy mnpeoOpa3oBaTelisi JBOMYHOI'O KOJa B CEMUCETMEHTHBIM Ha Oasze
[IJIMC Spartan 3E. Onpenenutb OBICTPOJCHCTBHE CXEMBI U 3aTPAvy€HHBIE PECYPCHI
TJINC.

19. PeanuzoBath ueThipexBxoaoByr0 ¢yHkinuio XOR (uckmouatomee WJIM) na 6asze
[IJINC Spartan 3E. Onpenenuts OBICTPOAEHCTBHE CXEMBI U 3aTPayeHHBIE PECYPCHI
[JINC.

20. PeanmmzoBaTh cxemy 4-x paspsaHoro cuérumka Ha 6aze ITJIMC Spartan 3E. Onpene-
JUTH OBICTPOJICUCTBUE CXEMBI U 3aTpadueHHbIe pecypchl [IJINC.

21. Peanmu3oBaTh cxemy 4-X paspsaHOTO cymMMaropa 4mcen co 3HakoMm Ha Oaze TIJIMC
Spartan 3E. Omnpenenuts ObicTpoAelicTBUE cXxeMbl U 3aTpayeHHble pecypesl [TJIUC.

22. Peanu3oBaTh cxeMy 8-u pazpsHoro peructpa Ha 6aze IIJIMC Spartan 3E. Onpene-
JUTH OBICTpOJIeiicTBHE cXeMbl U 3aTpaueHHble pecypebl [IJINC.

23. Peanu3oBaTh cXeMy CIBUTOBOIO pErMCcTpa ¢ mapaijenbHol 3arpy3koil Ha 6aze ITJIMC
Spartan 3E. OmnpenenuTs ObICTpOACHCTBHE CXeMBI U 3aTpadeHHbie pecypcsl [IJINC.

24. Peanmm3oBaTh CXeMy JETEKTHPOBAaHHS TepenHero ¢ponrta curHaia Ha 0aze [TJIMC
Spartan 3E. Omnpenenuts ObICTpOACHCTBHE CXeMBI U 3aTpadeHHbie pecypcsl [IJINC.

Breayautopnast camocTosiTenbHas padoTa 00y4aroImuXcsl OCYIIECTBISIETCS B BUJIE U3Y-
YEeHUs! JIMTEPATYPHI 110 COOTBETCTBYIOLIEMY pa3fielly ¢ MpopaboTKOI MaTepuana.

7 OneHo4YHbIe CPeACTBA IJIsl IPOBEACHHUS IIPOMEKYTOYHOM aTTecTalnu
a) [Inanupyemslie pe3ynbTaTbl 0OyUYeHUS U OLIEHOYHBIE CPEICTBA Ui MPOBEACHUS TPO-

MC)KYTO‘-IHOﬁ aTTeCTaluun:

CrpyKTypHBII

PYKTYP [1nanupyemsble pe3yiabTaThl 00yye-

AIIEMEHT . O1neHOYHBIE CpE/ICTBA
KOMIETEHINH

OIIK-1 crtocoOHOCT IPEACTABIISITH AJICKBATHYIO COBPEMEHHOMY YPOBHIO 3HAHUH HAYYHYIO
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KapTUHY MHUpa Ha OCHOBC 3HaHHU OCHOBHBIX HOJ'IO)KGHI/IfI, 3aKOHOB U ME€TOA0B €CTECCTBCHHBIX
HAayK 1 MAaTCMAaTHUKU

3HaTh

— KIaccugpurayuro cospemeHHol 21eK-
MPOHHOU KOMNOHEHMHOU 0A3bl;

— cghepy npumenenust COBPEMEHHOU
INEeKMPOHUKL,

— nepcneKmueHvle HanpasieHus Co-
BDEMEHHOU INIeKMPOHUKU;

— Knaccuguxayus s1exmposaxyymHuix
971eKMPOHHBIX NPUOOPOS.

— Cpepa npumeneHus 31eKmposaxyym-
HbIX npubopos.

— Ilepcnexmugol npumeHenus 31eKmpo-
BAKYYMHBIX NPUOOPOB.

— Kakue 2nemeHmul 6x00am 6 Mooelb
npubopa 8aKyyMHOU S1EKMPOHUKU.

— Kaxue 2nexmponno-nyyegvie npubopul
6bl 3Haeme?

— Ymo maxoe nonynpo8oOHUKo8bwlii
21IeKMPOHHBLU npubop?

— Knaccugpuxayust nonynpogooHuKoewix
npubopoa.

— Cpepa npumenenuss NOIYNPOBOOHUKO-
861X NPUOOPO8.

— Kaxue nonynposoonuxoeuvle npubopul
6bl 3Haeme?

— [lepcnexmugbl npumeHeHust NoIynpo-
B00HUKOBbIX NPUOOPOS.

— Onemenmnas 6aza onmo21eKmpOHUKU.
— Cpepa npumenenus onmosnekmpoHuKu
— Ymo maxoe unmezpanvras cxema?

— Knaccuguxayus unmezpanorvix cxem?
— Ymo 3nauum mexnonocuieckas Hopma
UHMe2PanbHOU cxembl?

— Onemenmnas 6a3a unmezpanbHuIx
cxem.

VYMmers:

— KAaccuuyuposams cxemvl u ycm-
POliCmea 6 COOMEENCmMaUL ¢ Co8pe-
MEHHOU Klaccuguxayuert 31eKmpoHHOU
KOMROHeHmHou 6asou;

— ocyujecmesims 8blO0p INEeMEHMHOL
0a3bl NPU RPOESKMUPOBAHUU ITIEKINPOH-
HbIX HPUOOPOB, CXem U YCMPOUCme 6
coomgemcmeuu co cghepoii npumete-

HUs;

— Ymo maxoe 3axasuas UC

— Ymo maxoe nonysaxasnaa UC?

— Ymo npedcmasnsiem coboil 6a3086vlil
Mampuunslil Kpucmann?

— Ymo maxoe npoepammupyemas i1o2u-
YyecKasi UHMezpaivbHas cxema?

— Ymo maxoe «cucmema Ha KpUCmai-
aey?

— Ymo maxoe nocuueckuu snemernm UC?
— Ymo maxoe nocuveckasn UC xombuna-
YyuonHo2o muna?

— Ymo maxoe noeuveckas UC nocreoo-
8ameNIbHOCMHO20 muna?

— Kakue munul 102uyeckux saueex (n1oeu-
Ku) 66l 3Haeme?

Braners:

— HaBbIKAMU pabomvl ¢ UHPOPMAYUOH-
HbLMU 0A3aMU OAHHBIX COBPEMEHHOU

— Kaxux npouzeooumeneti cospemenHnoll
NEKMPOHUKYU 6bl 3HACHE?
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INEKMPOHHOU KOMNOHEHMHOU 0a3bl,
CPABOUHBIMU MAMEPUATAMU;

— Kaxkux npouszsooumeneti [IJIUC 6b1
3Haeme?

— OCHOBHOU MUPOBOLL NPOUZBOOUMEND
npoyeccopruvix |P s10ep?

— Ymo maxoe OpenCores?

— Hazosume xpynuetiuux npedcmagume-
Jell Kpemuuesolx aobpux?

— Kaxux npouseooumeneii CAIIP snex-
MPOHUKU @bl 3HAeme?

— Kaxux 3apy6esicHbix u omeyecmeeHHbIX
npousgooumernet 8axyyMHOU IAEKMPOHU-
Ku bl 3Haeme?

IIK-5 TOTOBHOCTHL BBIIIOJHATH pacdeT U IMPOCKTUPOBAHHUC ISJICKTPOHHLIX HpI/I60pOB, CXEM U

YCTPOMCTB pa3InYHOro (PyHKIIMOHAIBHOI'O HAa3HAUEHUS B COOTBETCTBHM C TEXHHYECKUM 3a-

JaHUEM C UCITOJIb30BAHUCM CPCACTB aBTOMATU3 AU IIPOCKTHPOBAHUS

3HATh — OCHOBHble IMansl NPOeKMUpO8aHUs — Umo maxkoe A3blk onucanus annapa-

INEKMPOHHBIX NPUOOPOB, CXEM U YCII- mypol HDL.

poticms. KoHyenyuo cK8o3H020 npo- — Kaxkogwl npeumyujecmsa pazpabomxu

eKmuposanusi, cxemsl Ha baze HDL no cpasneruto co

— 91eMeHmHYI0 0A3Y COBPEMEHHO CXEeMOMEXHUUECKUM COCOOOM.

anexmporuku. Ocnosnvie CAIIP ck6o3- | — Umo maxoe nozuueckuii cunmes cxe-

HO20 NPOEKMUPOBAHUS I/IeKIMPOHHBIX Mbl.

npubopos, cxem u yCmpoucme; — Kaxue CAIIP paspabomxu HUC vt

— OCHOBHble MemoObl NPOEKMUPOBAHUsL | 3naeme?

9NIeKMPOHHBIX CUCMEM (cxefwomexHu— — Kaxue CAIIP onsa pagpa60m;<u cxem Ha

yeckoe npoeKmuposanue, Ha 0CHoge 6aze ITJIHC evl 3naeme?

HDL, cucmemnoe npoexmuposanue); — Jloeuueckuii cunmes UC na cman-
0apmHbvIX A4elKax.
— Jloeuueckuii cunmes cxem na IIJIHC.
— Ymo maxoe kpumuueckutl nyms yugp-
posoti cxemubl?
— Kakue A3biKU onucauus annapamypol
6bl 3Haeme?
— Yem omaunaromes cunmesupyemole
cmpyxkmypbl a3vika HDL om necunme3su-
pyemvix?
— Kakumu cnocobamu MoxCHO no8bicums
bvicmpooeticmeue yugpposoti cxemwvl?
— B uém 3axnmouaemcsi KOMIpOMUCC nio-
waodwv kpucmaiia/bvicmpooeticmeue?
— Ymo maxoe cunxpounas yugpposas
cxema?

YMETH — QHATU3UPOBAMb MeXHuYecKkoe 3a0a- | — Pazpabomame 00HOpa3psonyio cxemy

HUe, NOIb308AMbCS NPOEKMHOU OOK)-
Menmayuetl,

— ocyujecmensnims 6bl00p 1eMEHMHOU
0a3bl NPU NPOSKMUPOBAHUU INIEKNPOH-

CPABHEHUsL HA BEHMUTLHOM YPOBHE HA
azvixke VHDL.

— Paspabomamo Ha sizvike VHDL cxemy
Odewugpamopa 2 6 4.
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HbIX HPUOOPOB, CXeM U YCIMPOUCME 6
COOMBEMCmeUL ¢ MEXHUYECKUM 3a0a-
Huem. Ocywecmensms vl00p HeobXo-
oumvix CAIIP;

— NPOEKMUPOBAMb INEKMPOHHbLE NPU-
Oopbl cXxemul U YCmpoucmea Ha OCHO8E
PA3TUYHBIX MEMO0008 NPOEKMUPOBAHUSL
(cxemomexnuyeckoe, na ocnose HDL,
cucmemMHoe RPOeKmMuposanue) ¢ uc-
noavzoeanuem CAIIP;

— Paspabomamo Ha sizvike VHDL cxemy
npeobpazosameris 080UUHO20 KOO 6 Ce-
MucezmMeHmHublll.

— Paspabomamo mooyas na VHDL, 6vi-
YUCTAIOWULL YeMBIPEXEX0008Y10 (PYHKYUIO
XOR (uckniouarowee UJIN).

— Paspabomamo Ha sizvike VHDL cxemy
4-x paszpsonozo cuémuuxa.

— Paspabomamy Ha sa3vike VHDL cxemy
4-x pazpsaoHo20 cymmamopa uucei co
3HAKOM.

— Paspabomamy Ha s3vike VHDL cxemy
8-u paspsonozo pecucmpa.

— Paspabomamo Ha sizeike VHDL cxemy
COBU208020 pecucmpa ¢ NAPALLeIbHOU
3a2py3KOoU.

— Paspabomamy na sizvike VHDL cxemy
KOHeYH020 agmomama 0iisi OemeKmupo-
8aHUsL nepedHe20 ppoHma cueHaq.

BIaACTb

— HaBbIKAMU pabomvl ¢ NPOEKMHOU
O0OoKyMenmayuet, UHHOPMAYUOHHLIMU
bazamu OanHbLIX 00 omeuecmeeHHbIX U
3apyOeNCHBIX KOMNOHEHMAX,

— HABbIKAMU PAOOMbL ¢ OCHOBHBIMU
CAIIP snexmponHslx npubopos, cxem u
YCMpoucme;

— OCHOBHBIMU MEMOOAMU NPOEKMUPO-
BaHUsL (CXEMOMEXHUYECKOe, HA OCHOBE
HDL, cucmemrnoe npoexmuposarue),

— Peanuzosams 00HOpa3paoHyio cxemy
cpasHenus Ha basze IIJIUC Spartan 3E.
Onpedenumov bvicmpooeticmeue cxemol U
sampauennvie pecypcol IIJIHC.

— Peanuzoseams cxemy oewugpamopa 2 6
4 na 6asze IIJIUC Spartan 3E. Onpede-
JUms bblcmpooeticmeue cxemvl U 3ampa-
yennwle pecypcwl IHJTUC.

— Peanuzoseams cxemy npeobpasosameiis
080OUYHO20 KOOA 8 CeMUCE2MEHMHbLIL Ha
base IIVIUC Spartan 3E. Onpedenrumys
Ovicmpooeticmaue cxemovl U 3ampayeHHble
pecypcol IIVIHC.

— Peanuzosams uemulpexexo008yio
@ynxyuio XOR (uckniouarowee UJIH) na
base IIVIUC Spartan 3E. Onpedenrumys
bvicmpooeticmaue cxemvl U 3amMpayeHHble
pecypewt IIVIHC.

— Peanuzosamuv cxemy 4-x paspsaonozo
cuémyuxa na oasze [IJIAC Spartan 3E.
Onpedenumov bvicmpooeticmeue cxemol U
sampauennwvie pecypcol IIJTHC.

— Peanuzosamuv cxemy 4-x paspsaonozo
CyMMamopa ducesl co 3HaKkom Ha baze
TIJIUC Spartan 3E. Onpedenums dvicm-
pooeticmeue cxembl U 3aMpaseHHble pe-
cypewt IIVIUC.

— Peanuzosams cxemy 8-u pazpsonozo
peeucmpa ua b6aze [L/IUC Spartan 3E.
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Onpeoenumsb bvicmpodeticmeue cxemol U
sampauennwvlie pecypcol IIJIHUC.

— Peanuzosamuv cxemy co8u208020 peau-
cmpa ¢ napannenvHou 3a2py3Koll Ha baze
LIJIUC Spartan 3E. Onpedenums dvicm-
podelicmaue cxemul U 3ampayeHHbvle pe-
cypewt IIVIUC.

— Peanuzogams cxemy oemexmuposanus
nepeonezo pponma cueHaia Ha basze
LUJINC Spartan 3E. Onpedenums Ovicm-
pooeticmaue cxemuvl U 3ampayeHHble pe-
cypcuvl LIVIUC.

[1K-6 ciocoGHOCTB pa3pabaThIBaTh MPOSKTHYIO U TEXHHYECKYIO JOKYMEHTAINIO, 0(OPMIISAThH
3aKOHYCHHBIE POSKTHO-KOHCTPYKTOPCKUE PadOTHI

3HaTb

— OcHosHbvle hopmbl npedcmasieHus
NPOEKMHOU OOKYMEHMAayuu 8 Coon-
semcmeuu ¢ mpebosanuimu ECK/];

— Cmanoapmmuwie onyuu CAIIP ons
Gopmuposanust nNPOEKMHOU OOKYMEH-
mayuu;

— [lpasuna opeanusayuu MHO20YpOSHe-
801U NPOEKMHOU OOKYMEHMAayuu O1s
CILOJICHBIX NPOEKMO8;

— [lepeyucnume oCHOBHBIE FMANBL NPOU3-
6oocmea C

— Ymo sexnrouaem 6 cebs cneyuguxayus
Ha paspabamvieaemyro UC

— Kakoea uepapxus npoexmupoganus
CEUC.

— Ymo maxoe kpemHuesblil ypogeHsb npo-
exmupoganus. Kaxue npumumuest npu-
MEHSAIOMCS HA OAHHOM YPOBHE.

— Ymo maxoe mpaH3ucmopHulii yposeHsb
npoexmuposanus. Kaxue npumumuguol
NPUMEHAIOMCA HA OAHHOM YPOGHe.

— Ymo maxoe 6eHmMuUNbHbIU YPOBEHb NPO-
exmupoganus. Kaxue npumumuest npu-
MEHAIOMCA HA OAHHOM YPOGHe.

— Ymo maxoe pe2ucmposblii yposeHb
npoexmuposanus. Kaxue npumumuguol
NPUMEHAIOMCA HA OAHHOM YPOBHe.

— Ymo maxoe npoyeccopnsiii ypogeHs
npoexmuposanus. Kaxue npumumuguol
NPUMEHAIOMCS HA OAHHOM YPOBHE.

— Ymo maxoe cucmemHuwiil yposeHs Npo-
exmupoganus. Kaxue npumumuest npu-
MEHSIOMCSL HA OAHHOM YPOGHe.

— B uém 3axnrouaemcs npunyun ynpaeie-
HUSL CTIOJHCHOCMbIO (abcmpazuposanue)
npu paspabomre 31eKmpoHUKU.

— Kaxosa cospemennas ungpacmpyxmy-
pa npouszeoocmea UC.

— Ymo maxoe IP-6710k.

— Knaccugpuxayus IP-6n0ko06

— Ymo npedcmasnsiom coboti mononocu-
yeckue IP-6n0ku.

— Dmanvl npoekmupo8anus 3aKazHou
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uc.
— Dmanvwt npoexmupoganus UC na
CMAHOAPMHBIX AYEUKAX.

— Dmanwl NPOEKMUPOBAHUsL CXeMbl HA
oaze IIJIHC.

YMETh — aHanU3UpOBamsv mexHuyeckoe 3a0a- | — Pazpabomamse 08yxpaspsaonyio cxemy
HUe Ha NPoeKm, NOJIb308AMbCI NPO- CpasHeHUs Ha OCHOBE 08YX IKIEMNIAPO8
eKmHOU QOKyMeHmayuel; 00HOPA3PAOHOU cxembl cpasHerus. Hc-
— UCNONBL306aMb CMAHOAPMHBIE ONYUL | NOTb306AMb KOMMEHMAPUU 01 ONUCAHUSA
CAIIP onsa popmupoeanus npoekmunoti | K0Oa.

OOKYyMeHmayuu, — Paspabomamo Ha s3vike VHDL cxemy
— pazpabamsi8ams MHO20YPOBHEBYIO oewughpamopa 3 6 8 Ha ocHose IK3emn-
NPOEKMHYI0 OOKYMEHMAayuio 0 AP0 cxemoul Oewuppamopa 2 6 4. Hc-
COJCHBIX NPOEKMO8 C NOMOULIO NOMBL306ANb KOMMEHMAapUuu 071 ONUCAHUS
CAIIP; Kooa.
— Paspabomamo Ha sizeike VHDL cxemy
16-u paspsionoeo cymmamopa wucen co
3HAKOM HA OCHOBE HK3eMNIAPO8 4-X pa3-
PpAOHO20 cymmamopa. Hcnonvsosamy
KOMMeHmapuu 051 ONUCAHUSL KOOA.
— Paspabomamy Ha s3vike VHDL cxemy
8-u paspaonozo pecucmpa. Hcnonv3zo-
6amb KOMMEHmMapuu 015 ONUCAHUS KOOd.
— Paspabomamy na sizvike VHDL cxemy
KOHEeYHO20 a8momama Oisi peanu3ayuu
sauumul om opebeszea. Hcnonvzosams
KOMMeHmapuu 051 ONUCAHUSL KOO
BJIAJETH — HABbLIKAMU PAOOMbL C NPOEKMHOU Tloozomosums npoekmmuyio 0oKyMeHma-

doxymenmayueu,

— cmanoapmuvimu onyusimu CAIIP ons
Gopmuposaruss npoeKMHOU OOKYMeH-
mayuu;

— HABvIKAMU pabomsl ¢ pa3IUYHbIMU
CAIIP ons ocywecmenenus OOKyMeH-
moooopoma mexncoy HUMU;

yuro: RTL-x00 u ¢haiin oepanuuenuii (mo-
NONO2UYECKUX U DEMEHHbIX) O] peai-
sayuu npoexma na 6aze IJIUC ons cre-
OYIOWUX NPOEKMO8.

— Bocvmupa3spsiouas cxema coguea ¢
VIPABAAIOUWUM 6XO0OM, ONPedeIOUUM
Hanpasnenue cogued.

— lpuopumemmuuwiii wiugpamop 8 6 3

— IIpeobpaszosamenb 080UUH020 KOOA 6
080UYHO-0eCAMUYHBLU

— 4-x pa3psoHbIl CyMMamop yucen ¢ nia-
saroweti Mmo4Kol.

— 8-u paspaonvuii FIFO 6yghep

— 4-x paspsonvui LLIUM

— Cmopooicesotl matimep

— Cxema cmexa

— Apugmemuro-nrocuvecxkoe ycmpoucmeo
— Pecucmposwiil ¢haiin
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— Cxema Oenenus

0) Ilopsnok mpoBeneHUsl MPOMEKYTOUHOM aTTECTallMM, MOKa3aTeld U KPUTEPUU OlLle-
HUBaHUS:

[TpomexyTouHas arTecTalys N0 JUcHUIUIMHE « OCHOBBI IPOEKTUPOBAHUS 3JIEKTPOHHON
KOMIIOHEHTHOM 0a3bl» BKIIIOYAET TEOPETUUECKUE BOIPOCHI, T03BOJIAIOLINE OLIEHUTh YPOBEHb
YCBOEHHS O0YYaIOUUMHUCS 3HAHUN, U MPAKTUYECKUE 3aJaHus, BRIABISIONINE CTETEeHb chop-
MHUPOBaHHOCTU YMEHUH U BIIaJJleHUH, IPOBOAUTCS B (popMe 3auéra.

IToxazarenu U KpUTEPUN OLICHUBAHUS 3a4€Ta:

— Ha OLECHKY «3a4YTE€HO0» — 00YJaIOLINIiCS 1EMOHCTPUPYET BBICOKHI WM CPEeTHHMA
YPOBEHb C(OPMHUPOBAHHOCTH KOMIETEHIMI: OCHOBHBIC 3HAHHUS, YMEHHUS OCBOE-
HbI, HO JIONYCKAlOTCS He3HAYUTEIbHbIE OIIMOKH, HETOUHOCTH, 3aTPyIHEHUS NIPH
AQHAINTUYECKUX OIepalusX, NepeHoce 3HaHUM M yMEHHWH Ha HOBBIE, HECTaH-
JAPTHBIE CUTYALIUH.

— Ha OLEHKY «He 3a4TeHO0» — OOydJaroluiica AEMOHCTPUpYET 3HaHUsA He Ooiee
20% TeopeTHuecKoro marepuana, JONYCKAaeT CYIIECTBEHHbIE OLIMOKU, HE MO-
JKET M0Ka3aTh NHTEJUIEKTyaJIbHbIE HABBIKY PEILIEHUS IIPOCTHIX 3a1ad.

8 YueOGHO-MeTOoANUECcKOe U MH(POPMAIITMOHHOE O0ecImeYeHue IAUCITHTI-
JITHBI (MOyJIs1)

a) OcHoBHas JuTEpaTypa:

1. MypcaeB, A. X. IlpakTukym no npoekTupoBaHuio Ha s3blkax VerilogHDL u
SystemVerilog : yuaebnoe mocobue / A. X. Mypcaes, O. U. BypeneBa. — 2-¢ u3jm., cTep. —
Canxkr-IlerepOypr : Jlanb, 2018. — 120 c. — ISBN 978-5-8114-2560-0. — Tekcrt : 37ek-
TPOHHBIN // Jlanb : 3JIEKTPOHHO-OMOIMOTEYHAS cucTema. — URL:
https://e.lanbook.com/book/103142 (mara obOpamenus: 20.10.2020). — Pexxum goctyna: ams
aBTOPH3. IIOJI30BATEIICH.

2. [lerpoB, M. H. MonienupoBanue KOMIIOHEHTOB U JIEMEHTOB MUHTETPAJIBHBIX CXEM '
yuebHoe mocobue / M. H. Ilerpos, I'. B. I'ynkoB. — Cankrt-IlerepOypr : Jlans, 2011. — 464
c. — ISBN 978-5-8114-1075-0. — Tekct: »snekTpoHHbIH / JlaHb : 3JIEKTPOHHO-
oubnmuoreunas cuctema. — URL: https://e.lanbook.com/book/661  (mara oGpareHus:
20.10.2020). — Pexxum ocTyma: i aBTOPH3. MOJIb30BATEICH.

JlonoJIHUTeIbHAS JIMTepaTypa;
1. Hlyka, A. A. Dnektponuka: YuyeOHoe mocobue / Illyka A.A. - CII6:BXB-

[TetepOypr, 2008. - 751 c.ISBN 978-5-9775-0160-6. - Tekcrt : smektponHbii. - URL:
https://znanium.com/catalog/product/350420 (mara o6paruenus: 21.10.2020). — Pexxum moc-
Tyna: 1o IMOAIMCKE.

Meroanyeckue yKasaHus:
Meronnyeckue peKOMEHJAIMH 110 BBIIIOJIHEHUIO MPAKTUYECKUX 3aJaHUN MpeACTaBiIe-
HBI B IPWJIOKEHUH 1.

IIporpamMmmHoe o0ecrieueHre 1 HHTEPHET Pecypcehl:

1. ISE WebPACK Xilinx [CBobomHO pacnpocTpaHseMoe MporpaMMHoOe oOecriede-
Hue).

2. VHDL for FPGA Design - Wikibooks, open books for an open world [Dnekrpon-
HbIil pecypc].— https://en.wikibooks.org/wiki/VHDL_for FPGA_Design .
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https://e.lanbook.com/book/103142
https://e.lanbook.com/book/661
https://znanium.com/catalog/product/350420
https://en.wikibooks.org/wiki/VHDL_for_FPGA_Design
https://en.wikibooks.org/wiki/VHDL_for_FPGA_Design

3. Digital Circuits - Wikibooks, open books for an open world [DnekTpoHHbIit
pecypc]. — Pexxum moctyma: https://en.wikibooks.org/wiki/Digital_Circuits.

9 MaTepuajibHO-TeXHUYECKOE o0ecnevyeHue JUCHUILINHBI (MOTYJIs1)

MaTepI/IaJIBHO-TeXHI/I‘IGCKOC obOecrcucHue JUCHUIIIMHBI BKIIIOYACT:

Tun u Ha3BaHUE ayJUTOPUH

OcHalieHue ayuTopun

JlexmoHnHast ayuTopust

MyneTHMeaniiHBIE CPEACTBA XPAaHEHNUS, Iepelaun 1
npeCcTaBIeHNs HHPOPMALIUU

KomnberoTepHslit ki1acce

[TepcoHalIbHBIE KOMITBIOTEPBI C YCTAHOBJIICHHBIM CITE-
nuaa3upoBadHoM 1O Ui IPOEKTHPOBAaHUS diie-
menTtHo# 6a3el (ISE WebPACK Xilinx).

Aynuropus JUisl CaMOCTOSTENbHON
paboThl: KOMIBIOTEPHBIN Ki1acc

[TepcoHanbHbIE KOMIBIOTEPHI C YCTAaHOBJICHHBIM CIIC-
nuamm3upoBanHoM [10 s mpoexTHpoBaHUs diie-
menTtHOH 6a3bl (ISE WebPACK Xilinx).

AyauTtopuu Juisi TPYNIOBBIX U UH-
JUBUAYAJIBHBIX KOHCYJIbTAllU/, TE-
KYLIEro KOHTPOJIA U IPOMEXYTOU-
HOM aTTecTalun

Aymutopun Kadeapsl JIEKTPOHUKU U MUKPOAIIEKTPO-
HuKkH (aya. 457,458,459,460).

[Tomemnienune i XpaHeHUs U
MPOPUIAKTHIECKOTO 00CTyKUBaHUS
yueOHOro 060pyAOBaHUS

Crennaxwu, ceidbl 17151 XpaHEHHs y1eOHOTO
obopymoBanus. THCTpyMEHTHI 1711 peMOHTA
000pyI0BaHusl.

19



https://en.wikibooks.org/wiki/Digital_Circuits

[Tpunoxenue 1
MunucTepcTBo obpazoBanust U Hayku Poccuiickoit deaepannn
DenepanbHOE TOCYAAPCTBEHHOE OIOIKETHOE 00pa30BaTEIbHOE YUPEKICHHUE BBICILIETO 00pa30BaHUs
«MarHuToropcKkuii rocyiapcTBeHHbINH TeXHUYEeCKU YHUBEPCHTET

um. I'.. HocoBa»
(@I'BOY BO «MI'TY mm. I'.1. Hocoray)

Meroanyeckue yKa3zaHus
OCHOBBI ITPOEKTUPOBAHMS DJIEKTPOHHOM KOMITOHEHTHOM BA3bI

Pazpab6oran: k.T.H., goteHT kad. SuM3 lIBnauenko H.B.

Marnuroropck, 2017
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BBeaeHue

TpagMUMOHHOE CXeEMHOE MPOEKTMPOBaHME AOCTUI/IO B CBOEM Pa3BUTMM Npeaenia U UCnonb3y-
€TCA B HacToALLee BpeMA NNWb A1A CPAaBHUTENbHO NPOCTbIX NPOEKTOB pa3pabaTbiBaeMon 3N1eKTPO-
HUKWU. OCHOBHbIM HELOCTAaTKOM CXEMHOFO OMMCAHUA MPOEKTOB C/I0XKHOM 3NEKTPOHMKM, BKAKOUAIOLLEM
60/1bLIOE KOIMYECTBO KOMMOHEHTOB M MOAYNEN, ABNAETCA BbICOKAA TPYA0EMKOCTb OTAaAKMU. Ha cme-
HY CXEMHOMY OMMUCAHMIO MPULLAN A3bIKM ONMCAHMA annapaTypbl, Takme Kak VHLD u Verilog. B otau-
ynme OT TPALMUMOHHbIX A3bIKOB MPOrPaMMMPOBAHMA, OMUCHIBAOLWMX NOCNEA0BATENbHOCTL BbINOJ-
HAEMbIX KOMaHZ, A3bIKM ONMCaHMA annapaTypbl ONUCLIBAOT CTPYKTYPY M CBA3M pa3pabaTbiBaemoro
ycTpolictBa. Takoe onucaHue pa3pabaTbiBaeMOro yCTPOMCTBA Ha3blBaeTcA CTPYKTYPHbIM (napan-
NenbHbiM). BTOpoli nogxos, K OnucaHUIo yCTPOIMCTBA Ha3bIBAETCA MoBeAeHYeCKMM (nocieoBaTtesb-
HbIM). MpKY TaKOM NOAX0Ae OMUCLIBAETCA HE CTPYKTypa YCTPOICTBA, a NOPSAAOK ero GyHKLUMOHUPOBA-
HUs (NoBeaeHue). A3bIKM ONUCcaHMA annapaTypbl BKAOYAT KaK NapasniesibHble, Tak U NocaenoBaTeNb-
Hble GYHKLMM, T.e. C UX MOMOLLbIO MOXKHO ONWUCATb KaK CTPYKTYpy pa3pabaTbiBaemMoro ycTpomcTsa,
TaK U ero noBeAeHue B 3aBUCMMOCTU OT BXOAHbIX BO3AEUCTBUIN. 34eCb cneayeT caenatb BaXKHOeE 3a-
MeyvaHue:

MocnepoBatenbHoe (NoBegeHYECKOEe) onucaHWe YCTPOMUCTBA He BCErhAa MOMKeT ObiTb Kop-
PEKTHO CKOMNU/IMPOBAHO B CUHTE3UPYEeMble KOHCTPYKL MU, T.€. CUHTE3UPOBAHHAA CXema YCTPOMCT-
Ba MOMKeT paboTaTb He TaK, KaK 3agymMbliBan pa3paboTuuKk. B ToxKe Bpems CTPyKTypHoe (napan-
NleNbHOE) onMcaHne OA4HO3HAYHO CUMHTE3UPYETCA B OMUCAHHYIO CTPYKTYpYy. Takum obpasom, npu
onucaHuu paspabaTbiBaemMoro ycTpoiicTea ciegyeT oTAaBaTb NpeanoyTeHne CTPYKTYPHOMY Onu-
CaHUIO UK, KaK rOBOPAT, UCMOJIb30BaTb CUHTE3UpPyemble KOHCTPYKuuu. MocnepgosatenbHoe (no-
BeAEeHYeCKoe) onucaHue B CBOK ovepeab 3PpPeKTUBHO UCNOJb3yeTcA Ha 3Tane PyHKLMOHANbHOrO
moaenuposaHua pabotbl paspabaTbiBaemoro ycrpoiictea. Tem He meHee, UCMO/Ib30BaHKE Noc/e-
[0BaTe/IbHbIX ONEPaTopPoB A3bIKOB ONMCAaHWUA annapaTtypbl ANA CUMHTe3a paspabaTbiBaemoro ycr-
poiicTBa A0OMNYyCKaeTca NpU YC/I0BUM JKECTKOro cobalogeHna paga npasua (gaHHble npasuaa 6yayr
paccmoTpeHbl B COOTBETCTBYIOLW el nabopaTopHoi paborte).

[aHHble meToAMYecCKMe NPM3BaAH HAYYMTb OCHOBAM NPOEKTUPOBAHMA 3/IEKTPOHMKM C NOMO-
LLbIO A3bIKA onucaHuAa annapaTypbl VHLD. MNpun 3ToM OCHOBHOM ynop AenaeTca Ha pa3BUTME HABbIKOB
HanMcaHWA rPamMOTHOrO U CamMoe F1IaBHOE CMHTE3NPYEMOro KoAa, T.e. TaKOro Koaa, Kotopbii byaet
rapaHTMPOBAHHO CKOMMNWUAMPOBaH B paboTatouyto cxemy. MoaTomy BmecTo noapobHOro onucaHuA
cuHTaKemca VHLD mn BCeBO3MOXKHbIX KOHCTPYKLUMI A3biKa NPAKTUKYM OrpaHMyYnBaeTcs 0630pom cpas-
HUTENIbHO HebOo/bLWOro Habopa CUHTE3UPYEMbIX KOHCTPYKUMM, MCNO/b3YIOWMX LECATOK TMUNOBbIX
wabnoHos VHDL-KoAa, CMHTE3UPYEMbIX B TUNOBbIE CXeMbl. [JaHHble Waba0Hbl MOTYT ObITb JIETKO UH-
TErPMPOBaHbI NP NPOEKTUPOBAHNN BONBLLIMX CMOMKHbLIX CUCTEM.

[na obecneyeHna npouecca CKBO3HOMO NPOEKTUPOBAHMA BMIOTb 40 FOTOBOrO YCTPOMCTBA Obl-
10 peleHo Ucnonb3oBaTb nporpammupyemyto noruky (MJINC), a umeHHo oTnagodHyto nnaty NI
Digital Electronics FPGA Board Ha ocHose MJINUC Xilinx Spartan-3E. B kauectse nporpammHoro obec-
neyeHuns ucnonbayetcs CAMP ICE WebPACK ¢dupmbl Xilinx.
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Onucanue miaatsel NI Digital Electronics FPGA

Mnata NI Digital Electronics FPGA aBnseTca pe3yn1bTaTOM COBMECTHOIO COTPYAHUYECTBA KOM-
naHmin NI n Xilinx, ABnaroLWMXCcA KpYNHEALWNMIN B MUpPE NPOU3BOANTENSMU NpOrpammHoro obecneye-
HUS U3MEPUTESIbHbBIX CUCTEM M MPOrPaMMUPYEMbIX JIOFUYECKMX MHTErpanbHbix cxem (M/IUC). BHew-
Hui Bug naatol NI Digital Electronics FPGA npeactasneH Ha pucyHke 1. NI Digital Electronics FPGA
Board coaep»KuT LWecTb KaHan0B ANA BBOAA aHA/IOroBbIX BXOAHbIX curHanos Al0 — Al5, a Takxke 32
undposble BXogHble (BbIXogHble) IMHUKM obwero nosb3oBaHusa — GP1031.

OnucaHue cUrHanoB., NoAaBaeMbIX Ha CUrHANbHble 30HbI MakeTMpoBaHuA: BB1 — 30Ha makeTu-
poBaHuAa anAa nogkntoveHma K UAN, AL, KHONKam, ABUXKKOBbIM NMepeKkatovaTenam, BHELWWHEMY CUH-
XPOCUTHaNY M ANHMAM obLero HasHavyeHua MNMJIUC. BB2 - 30Ha MakeTMpPOBaHMA AAA NOAKNOYMEHUA K
NNHMAM obuiero HasHadyeHua MNMJINC n uctoyHnKam nutaHma. BB3 - 30Ha makeTMpoBaHUA Ansa yrnpas-
NIEHNA CeEMUCErMEeHTHbIM MHAMKATOPOM Ha [Ba 3HAKOMECTa, CBETOAMOAaMM, NOAKNOYEHUA K UCTOY-
HMKam NuTaHMAa BB4 - 30Ha makeTUpoBaHMA gnAa noakntoveHma K curHanam NI ELVIS, Bkatovaa aHano-
rosble BXOAHbIe CMTHa/bl, aHANOroBble BbIXOAHbIE CUrHa/bl, PYHKLMOHANbHbIE reHepaTopbl, NUCTOY-
HUKW NUTaHKSA, UMPpPOBbLIE BXOAHbIE/BbIXOAHbIE CUrHAMbl. BB5 — 30Ha MaKeTMpoBaHUA 414 NOAKIO-
yeHMAa K curHanam NI ELVIS, BkAawouyaa peryavpyemble UCTOYHWKM NUTAHUA, LUPPOBblE BXOA-
Hble/BbIXOAHbIE CUIHA/bI, BbIXOAHbIE CUTHA/bI CYETYMKOB, 06LLME TOUYKM CUTHANOB.

A
11

BI9asEE

DIGITAL ELECERONICS

INSTRUMENTS (
@ FPaa BOARD

i3) a

PucyHok 1 — BHewHwmii Bug, nnatbi NI Digital Electronics FPGA Board:

1- pa3bem nutaHusa (15B) ; 2-maKeTHOI NaaTbl 418 BO3MOXXHOCTU CO34aHUA O,0NONHUTENbHOW 06BA3KKU; 3— 610K Ma-
KeTHoW nnatbl BB2; 4— BbikAtouaTeib NUTaHUA; 5— 610K makeTHOM naaTtbl BB3; 6— KHOMKa cbpoca; 7— cemuUcermeHTHble
MHAUKaTopbl; 8— USB-coegunutenn; 9— LD-G- ceeToaunopg; 10— ceetoanoabl; 11- FPGA Xilinx Spartan 3E; 12— nepekntoya-
Tenb npowusku MNJIUC uepe3 ROM/JTAG ; 13— gaTumK yrna noBopoTa C KHONKOM; 14— KHONKKU; 15— ABUXKKOBbIE nepe-
KAouatenu; 16— 6 KoHHeKTopoB Tuna PMOD (2x6); 17— 610K makeTHoW naatbl BB1; 18— 610K maKeTHo naatbl BB4; 19—
(NI ELVIS)- coeguHutenn; 20— 610K makeTHOM nnaTtbl BB5; 21 — nporpammarop; 22— KBapueBblii reHepaTop 50Mry; 23—
3aLUTa NNATbl OT CTaTUYECKOTo 3/IeKTPUYECTBA
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Kpatkoe onncanne CAIIP WebPack

WebPACK — s3to CAINP npoeKktnpoBaHuA undpoBbIX YCTPONCTB Ha Haze mmukpocxem MNJIUC CPLD
n FPGA ¢upmbl Xilinx. JaHHaa cuctema ssnsetca becnnaTtHbIM BapMaHToM Kommepyeckoi CAIMP
31Ol e dupmbl nod HasBaHMem ISE n goctynHa ana ceoboaHOro ckaumBaHua yepes cetb Internet
(www.xilinx.com). OcHoBHOe OT/IMuMe BecniaTHON Bepcum OT ee NAATHOrO aHasiora COCTOUT B OTCYT-
CTBUM NOAAEPHKKN MUKPOCXEM, EMKOCTb KOTOPbIX Bbilwe 1,5 MAIH CUCTEMHbIX BEHTUEN.

WebPACK coctont n3 Habopa moaynei, Kaxkaplit U3 KOTOPbIX BbINOHAET CBOW Cneuuaamsnpo-
BaHHble ¢yHKUMU. OCHOBHblE MOAZY/IM NAKETA CaeaytoLme:

- pefaKTop CXeMHOro BBOA3;

- TEKCTOBBIV pegaKkTop C NoaaepKKoW A3bIKoB onncaHuaA annapatypbl VHDL u Verilog;

- CORE Generator — reHepaTop oNTMMKU3NPOBAHHbLIX IP-aaep;

- pefaKTop TECTOBbLIX BO3AENUCTBUI ANA NPOrpamMmmMbl MOAENNPOBAHMA;

- nporpamma GyHKUMOHANIbHOTO M BPEMEHHOTO MOAENNPOBAHUS;

- reHepatop VHDL/Verilog Koaga;

- NporpamMmma aBTOMATUYECKOrO pasmeLlLeHuns u TpaccupoBku MJINC;,—nporpammbl « pyYHOTo»
pasMelLeHNA U ONTUMMU3ALNN NPOEKTA;

- NPOrpamMma 3arpysku KOHPUrypaumMoHHOM nocnegosaTenbHocti B MJINC FPGA n nporpam-
muposanma MANC CPLD n MN3Y.

BonbwnHcTeo moaynet CAMP WebPACK nmetoT Kak rpadpuueckmii MHTepdpenc nonb3oBaTens,
TaK U nHTepdeinc komaHaHon ctpoku. CAMNP WebPACK morKeT paboTaTb noa onepaunmoHHbIMKU CUC-
Temamm Windows, Linux 1 Sun Solaris.

Mpouecc pa3paboTku umMdposbIx ycTponcTs B cpege WebPACK cocTout U3 cneayrowmx 3Tanos.

1. BBoA onucaHma NpoeKTUPYEMOro YCTPOMCTBA B CXEMOTEXHMYECKON dOpMe UM C UCNONb3O-
BaHWEM A3bIKOB onuncaHus annapatypsl (HDL), Takmx, kak VHDL u Verilog.

2. CMHTE3 YCTPOMCTBA, TO €CTb NpeobpasoBaHMe ONMCAaHWUA YCTPOICTBA, NOJIYYEHHOTO Ha nep-
BOM 3Tare, B ONUCAHWE Ha YPOBHE JIOFMYECKUX BEHTUNEN.

3. Peannsauma ycTpoicTBa, TO ecTb NpeobpasoBaHMe ONUCaHMA YCTPOMUCTBA Ha YPOBHE JIOMU-
YeCcKMX BEHTUIEN B PU3NYECKOE ONMcCaHMe ANA KOHKPETHOW Mukpocxembl MJTUC.

4. DopmnpoBaHUEe KOHPUTYPaLMOHHOW NOCNef0BaTeNbHOCTU AN MUKPOCXE-

mbl MANC.

Mocne Kaxporo m3 atanos 1,2 n 3 BO3MOXKHO, a B 60/IbLUIMHCTBE C/y4aeB U HEOBXOAMMO ANS
YCMEeLWHOoro 3aBepLIeHNs NpPoeKTa BbINOJHEHME NpoLeaypbl MOAENMPOBAHUA N BepUDUKALUKN NoNy-
YEeHHOro OMMCcaHWA YCTPOMCTBa.

Ha pucyHke 2 npeacrtasneHa ob6obuweHHas cxema NPOEKTUPOBAHUA UMPPOBLIX YCTPOICTB B
CAINMP WebPACK.
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HpOEKTHpOBaHl/Ie KOMGPIHaIH/IOHHbIX CX€M Hd BEHTUJIBHOM YPOBHE

BBeaeHue

B gaHHON rnaBe Ha Npumepe NPOCTOM CXeMbl CPaBHEHUA NOAPOBHO pPacCMOTPEeHa CTPYKTypa
cuHTesnpyemoro VHDL-koga. OnvcaHme paboTbl LMdpoBbIX KOMBMHALMOHHBIX CXeM B AaHHOW pabo-
Te NpeACTaBNeHO UCKIOYMTEIbHO Ha BEHTU/IbHOM YPOBHE abcTpakumu (gate level), T.e. npumeHstoTca
TONbKO 6a30Bble 10rMYEcKne BEHTUAM, peanunsylolime OCHOBHble normyeckune onepauuun (HE, U, UK,
NCKTHOYAKOLLEE WUNN). PaccmoTpeH CTPYKTYPHbIA (MepapXxuyeckuin) noaxod K MPOEKTUPOBAHWUIO
UMPPOBBIX CUCTEM, MPU KOTOPOM CMUCTEMA HA BEPXHEM YPOBHE NMPOEKTMPOBAHMA pPaccMaTpuBaeTcs
Kak coeauHeHue 6osee NpPoCTbiX YHUOULMPOBAHHLIX B/0KOB, KOTOpble, B CBOIO O4Yepedb, TaKKe
CTpoATCcA M3 6oJsiee NPOCTbIX 6/I0KOB U T.A4.

1.1 OnucaHue cxeM B AU3bIOHKTUBHOM HOpMaJibHOM ¢popme

PaccmoTpum ofHOPA3pAAHYIO Cxemy cpaBHeHMA (1-bit equality comparator) , cogeprKaluyto aBa
BxoZa i0, i1 n oanH BbIXoA eq. Bbixoa eq cxembl CpaBHEHMA NMPUHUMAET aKTUBHOE 3HAYeHWe Npu yc-
NoBUK, 4To BXOAb! i0 1 i1 SKBUBANEHTHbI. Tabanua UCTUHHOCTM (truth table) ogHOpa3pAAHON CXxembl
CpaBHeHUsA npeacTaBaeHa B Tabanue 1.1.

Tabauua 1.1 — Tabamua UCTUHHOCTM OA4HOPA3PAAHON CXeMbl CPaBHEHUSA

= = O O
= O O
= O O K

[onyctum, 4To ONA peannsaunm oAHOPA3PAAHON CXeMbl CPABHEHMA Mbl PELIMAN UCMOAb30-
BaTb H6a3oBble fornyeckme BeHTUAM (logic gates), Takue kak: HE (NOT), U (AND), U/I (OR), Ucknro-
yarowee U/IM (XOR). OpHoli u3 dopm 3anucu normyeckon GyHKUMKM, ONUCHIBatOLLEM PaboTy cxembl,
ABNAETCA 3aNnUCb GYHKUNM B COBEPLLEHHOMN AN3BIOHKTUBHOW HOPMabHOW Gopme, T.e. B BUAE CYMMbI
MWHTEPMOB (sum-of-products canonical form) . Jlornyeckana pyHKUMA OAHOPA3PALHON CXeMbl CpaBHe-
HWA, 3aNMCaHHAA B COBEPLLUEHHOM AN3BbIOHKTUBHOW HOPMaabHOU dopme, UMEeeT BUA;:

eq=i0-i1+i0-il

OAVH 13 BO3MOXKHbIX BapuaHToB VHDL-KoAa, ONMCbIBaOWEro paccMaTpMBaeMyto CXEMY CpaB-
HeHus npuBeaeH B UCTUHre 1.1. MpoaHanmMsnpyem A3bIKOBble KOHCTPYKLMM NPUBEAEHHOTO KoZa B
cegyrolmx nogpasgenax.

Nuctuur 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
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eq <= p0 or pl ; -- CcyMMa MMHTEPMOB

p0 <= (not i0) and (not il) ; -- omnpegmeneHue MMHTEpPMa

pl <= i0 and il ; -- ompegmeneHme MMHTEpPMa
end sop_arch;

1.1.1 OCHOBHbIE NeKcnyeckme npaBmna

Koa VHDL sBnsetcs HeuyyBCTBUTE/IbHbIM K cnocoby HanucaHua (pernctpy) cMmBosioB (case
insensitive), T.e. MPOMMUCHbIE U CTPOYHbIE BYKBbI ABAAIOTCA B3aMMoO3amMeHsieMbiMU. Kpome Toro B Koge
VHDL gonyckaeTca BCTaBAATb AOMNOAHUTENbHbIE Npobenbl U NycTble CTPOKM. Micnonb3oBaHue A0No0A-
HUTENbHbIX NPO6ENoB 1 NYCTbIX CTPOK NO3BOAAET CAENATL KOZ, 60/1ee NOHATHbIM.

NaeHTuduKaTopom B A3bike VHDL HasbiBaeTcA UMA 06beKTa (KOHCTaHTbl, MepeMeHHON, GyHK-
UMK, CMrHana, nopTa, Nnoanporpammel, o6beKTa NpoekTa, MeTku). UaeHTUdMKATOp MOXKET coaepKaTb
00 26 6yKB, LMdP U HUKHUX NOAYEPKMBAHUIA (He AOMNYCKAeTCa NCNONb30BaTb Hosiee 04HOro CMMBONA
HUXKHEro nog4yepKMBaHua noapsaa). HaunmHatbea naeHTUOMKaTOp AOMKEH TONBbKO € ByKBbl. B npume-
pe (nuctuHr 1.1) ncnonb3yotca cnegyowme naeHTuduratopsl: eql, io, i1, eq, sop_arch, po, p1l.

B a3bike VHDL cyuiecTBytoT 3ape3epBMpOBaHHble KAtoyeBble coBa. B gaHHOM yyebHOM noco-
61K BCe KNtoYeBble C/I0BA BblAeNeHbl CUHUM LBETOM (nmcTmHr 1.1).

KoMmMmeHTapmin HaunmHaeTcA € ABYX CMEXHbIX 4edMCOB 1 NPOAOKAETCA A0 KOHLUA CTPOKU. Mpwn
cuHTe3e VHDL-npoeKkTa KOMMEHTAapMK UrHOPUpYOTCA. B saHHOM y4ebHOM NOCOO6UM BCE KOMMEHTA-
puK BblaeneHbl 3e/1eHbiM UBeToM (UcTuHr 1.1).

1.1.2 Ncnonbsyemble 6MbANOTEKM

OnucaHne obbeKkta Ha VHDL coctout 13 Tpex yacteit (nuctuHr 1.1): o6bABAEHUA UCMNOb3ye-
MbIx 61Mbnunotek (library, use), onucaHma nHTepdelica obbekTa (entity) U ero BHyTPEHHEN CTPYKTYpbI
(architecture).

MepBble ABe CTPOUKM B Npumepe (nnctuHr 1.1) o6baBasaoT ncnonbsyemble 6UbAMOTEKN:

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

B gaHHOM ciiyyae obbsBasetca 6ubnmoteka IEEE.STD LOGIC_ 1164, yTo No3BOAAET UCMNO/b30-
BaTb COOTBETCTBYHOLLME TUMbI AaHHbIX, onepaTopbl N GYHKUMMK, onpeaeneHHble B AaHHOW bubnavorte-
Ke.

1.1.3 NHTepdelic obbekTa

OnucaHne uHTepdelica (entity declaration) BKAoYaeT B ceba obbaABneHME UMEHU OBBEKTa U
0b6bABNEHME BXOAHbIX U BbIXOAHbIX NOPTOB 06beKTa. Huke npueegeHo onucaHue mHTepdeica ms
npumepa (AnctmHr 1.1):

entity eql is -- IekJjlapauus MMeHM OOBEeKTa
Port ( 10 , il : in STD LOGIC; —— »OekJjlapalMsa BXOIHHEIX IIOPTOB
eqg : out STDiLOGiC); —— IekJjlapaluMs BBIXOOHOI'O IOpTa
end eql;

B naHHOM npumepe B NepBOI CTPOKe obbABAseTcA MM obbekTa eql. CTpyKTypa port onucel-
BAeT BXOAHbIE U BbIXOAHbIE MOPTbI B ceaytowem bopmare:

MmAa_nopTtal, UMA_nopTaz, . . .: PEeXWM_CUrHana TUM_CUrHana ;

[na BXOAHbIX NOPTOB YKa3blBaeTCA BXOAHOM peXKMM curHana (in), 41A BbIXOAHbIX NOPTOB YKa-
3bIBaeTCA BbIXOAHOW pexunm curHana (out). TakKe NpesycMOTPEH PeXMm inout gaa ABYyHanpaB/ieH-
HbIX NOPTOB.
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1.14 Tun faHHbIX 1 onepaTopbl

VHDL — f3bIK CO CTpOron TMnmnsaumein. 3To 3HAUYMT, YTO AaHHble onpeneseHHOro TMna MoryT
NPUHUMaTb 3HAYEeHUs, COOTBETCTBYIOWME TO/IbKO AAaHHOMY TUMNY (Hanpumep, SIOTMYEeCcKUin TN AaH-
HbiXx BOOLEAN MOMeT NpMHMMaTb TONbKO 3HauyeHua UCTUHA (TRUE) n JIOMHO (FALSE) v HuKakue
ApYyrve) n ¢ AaHHbIMKW onpeaesieHHOro TUNA MOTYT BbINOJIHATLCA ONepaLyn, COOTBETCTBYIOLLMNE TOb-
KO AaHHOMY TUNy (Hanpumep, Ans AaHHbix Tuna BOOLEAN ucnonb3yoTcs TONbKO Nornyeckue onepa-
Topbl). HecmoTpa Ha To, uTo B A3blke VHDL npMmeHAeTCcA MHOMXECTBO TUMNOB AaHHbIX, B JAHHOM y4eb-
HOM NOCOBUKN NCNONB3YHOTCA AaZIEKO HE BCe — B OCHOBHOM npumeHsaeTca Tun STD_LOGIC u ero Bapu-
aHTbl. 3TO CBA3aHO C TEM, YTO OCHOBHOI ynop B AaHHOM y4ebHOM Nocobum caenaH Ha CMHTe3npye-
Mble KOHCTPYKUMK A3blka VHDL, T.e. TakMe KOHCTPYKLMM, HAa OCHOBE KOTOPbIX MOXKET ObITb CUHTE3U-
poBaHa peanbHO paboTatowan cxema.

Tun gaHHbix STD_LOGIC onpegeneH B 6ubamnoteke |[EEE.STD _LOGIC_ 1164 n cogepHuT 4esATb
BO3MOXKHbIX 3HayeHu. Tpu 3HaueHua: ‘0’, ‘1’ n 'Z’, cooTBeTCTBYIOLWME IOTMYECKOMY HY/IO, IoTUYe-
CKOMN eANHULE U COCTOAHMIO BbICOKOTO OMMYECKOTO COMPOTUBAEHUSA (Z-COCTOAHUIO), MOTYT ObITb CUH-
TesnpoBsaHbl. [iBa Apyrux 3HadeHus ‘U’ un 'X’, KoTopble o3HayvatoT “uninitialize” (“HeuHuMumnanmsnpo-

~ 0

BaHHbIN”) n “unknown

4 (ll ~n

HEW3BECTHbIN”), MOryT BCTPETUTLCS NPU CUMYAALMKU NPOeKTa (Hanpumep,
Koraa curHanbl ‘0’ u ‘1’ coeguHaATcA B ogHOM TouKe). OcTaBlumecs YeTbipe 3HadeHus ‘-, 'H’, 'L’ n’'W’
He MCMOoJIb3YyoTCA B AaHHOM yyebHOM nocobuu.

LmdpoBoii curHan 3avactyto npeacrasaseT coboit ABONYHOM CNoBo, T.e. Habop 6uToB. B gaH-
HOM C/lyyae, TaKoM CUrHan yaobHo npeacTaBaaTb TUNOM AaHHbIX STD LOGIC VECTOR. Hanpumep, 8-
MW BUTHBIM BXOAHOM NOPT AaHHbIX MOXHO 06bABUTb Cneaytowmm obpasom:

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

3anucb “(7 downto 0)” o3HauyaeT, 4To B dopmaTe YMcna CTaplumii 3Havawmn 6ut (MSB) pacno-
NlaraeTcs KpalHUM c/1eBa, a MWLM 3Havalwmii 6uT (LSB) — KpaliHMm cnpaBa (Takasa ¢dopma 3anucu
ABNAETCA OOLENPUHATON B 3/IEKTPOHMKE, MO3TOMY B AaHHOM ydyebHOM nocobum mcrnonblyerca
MMEHHO 3TOT popmart). [ns BblAeNEHMA YACTU CNOBA, HaNPUMep CTapLIMX YeTblpex BUT B yKasaHHOM
npumepe, MOXKHO MCMOAb30BaTb 3anuch “a(7 downto 4)”; gns BblAeNeHUA OTAENbHOIO 6UTa U3 cno-
Ba, Hanpumep HyseBoro 6MTa B yKazaHHOM Npumepe, npumeHaeTcs 3anucb “a(0)”.

Ana panHbix Tna STD_LOGIC n STD_LOGIC_VECTOR onpegeneH pag, NOrM4yeckmx onepaTopos,
Takux Kak: HE (NOT), U (AND), WU/IN (OR), Uckmouarowee N/IN (XOR). Ana umdpoBbIX cnos TMna
STD LOGIC VECTOR yKasaHHble norMyeckne onepaumm BbiNOAHAOTCS NobutHO. B asbike VHDL yKa-
3aHHble fIorMyecKme onepatopbl 061343a0T 04MHAKOBLIM MPUOPUTETOM, NOITOMY ANS ONpeseNeHuns

nopAaaKa BblIMOZIHEHUA NOTMYECKOro BblpaXKeHnaA H806XOLI|VIMO NPUMEHATb CKO6I-(VI, 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 MUHTEpPMOB
p0 <= (not i0) and (not il) ; -- omnpeneJieHuE MUHTEPMA
pl <= i0 and il ; -- omnpenejieHye MMHTepMa

end sop_arch;

VHDL no3BoseT MHOXECTBY Pas/IMYHbIX CTPYKTYP obbekTa (architecture body) npmesasbiBaTbCA K
nHTepdelicy obbeKkTa (entity), NoaTomy CTPyKTypa ObBbEKTa AO0/MKHA MMETb YHUKaAbHOE MMA ANA
cBoel ngeHtndumKkaumm, Hanpumep “sop_arch” 8 npumepe Bbiwe (“sum_of _products architecture”).

27



CTpyKTypa obbeKTa (architecture body) MoeT BKAtOUaTb B cebA cekumio 41A 06bABNEHUA BHYT-
PEHHUX NepemeHHbIX (CUrHaNoB) 06bEKTA, BCMOMOraTeNbHbIX KOHCTAHT U T.4. B npuBeseHHOM npu-
mMmepe, A0MNONHUTEIbHO 06bABAAIOTCA ABE BHYTPEHHME NepemMeHHbIe:

signal p0 , pl : STD LOGIC;

OcHOBHas 4aCTb OMMCAHUA CTPYKTypbl 06beKTa (architecture body) nomelueHa mexKay Kiatode-
BbIMW cnoBamu begin n end. B npnBegeHHOM npumepe CTPYKTypa o6beKTa OnmMcbiBaeTcA TPEMSA Bbl-
parkeHuAMM (statement):

eq <= p0 or pl ;
p0 <= (not 10) and (not 1il) ;
pl <= i0 and i1 ;

Mpw 3TOM, B OT/IMYME OT CTAaHAAPTHbLIX A3bIKOB NporpammmpoBaHus (Hanpumep C), rae Bbipa-
KeHUn (CTPOKKM Nporpammbl) BbINOJHAOTCA NOCAEA0BaTE/IbHO, B A3bIKaxX onvcaHua annapatypbl HDL
npuBeAeHHbIe BblparkeHUA (statement) ONMCbIBAOT YacTU Peanmnsyemoint CxemMbl U NOTOMY BbIMOJIHA-
OTCA NapansienbHo (concurrent statements). MepemeHHan cieBa, NpM 3TOM, PaCCMaTPUBAETCA KakK Bbl-
XO4HOW CUTHaN CXeMbl, BbipaxKeHue crnpaBa onpeaenser GpyHKUuo paboTbl cxembl U COOTBETCTBYIO-
LLMe BXOAHble CUTHabl. B KauecTBe NpMmepa paccCMOTPUM CleaytoLLee BblparkeHME:

eq <= p0 or pl ;

[aHHOe BbIparkeHWe onucbiBaeT cxemy, peanusytowyto onepaunio WIN mexay BXOAHbIMU
curHanamm p0 v pl. MNpu U3MEHEHMM 3HaYeHUi curHanos p0 1 pl BbiparKeHWe nepecyuTbiBaeTCA.
PesynbTaT pacyeta NpMcBaMBaeTCA BbIXOAHOMY CUTHajsy eq yepes onpeaenieHHY0 BPEMEHHYIO 3a-
AEPKKY, 3a4aHHYI0 N0 YMONYAHUIO.

lpaduyeckoe npeacraBneHme obveKkTa (MMCTMHT 1.1) npeacTaBaeHo Ha pucyHKe 1.2. Tpu Yactu
CXeMbl COOTBETCTBYIOT TPEM BblparkeHUAM (concurrent statements), ONUCcaHHbIM Bbille (MOPAAOK cie-
[0BaHUA BblPaXKEHMI B KOAE NPOrpaMmbl HE MMEET 3HAUYEeHUsA, NOCKO/IbKY AaHHbIE BbIPaXKEHUA Bbl-
NOJIHAIOTCA NapannenbHO U MOTYT cneaoBaTthb B tobom nopagke). CoeguHEHUA MeXAOY Y4acTAMM Cxe-
Mbl OZLHO3Ha4YHO ONpeaenAlTCA MMeHaMM NOPTOB BBOAA/BbIBOAA M BHYTPEHHMX NEPEeMEHHbIX.

i0

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

pOorpl

iDandil

PucyHok 1.1 — 'padurueckoe npeacraBieHne peannsaumm ogHOPa3pASHON CXeMbl CPpaBHEHUA

1.1.6 [Byxpa3pagHana cxema cpaBHeHUA

YBenuumm paspaaHOCTb CXeMbl CpaBHeHUA A0 ABYX. [ycTb nmeeTca BXoAHble 2-X pa3pAdHble
CUrHanbl a U b N BbIXOAHOM CUTHan aeqb. BbixogHOM curHan aeqgb NpuUHMMaET aKTUBHOE 3HaYeHue
npu 04HOBPEMEHHOM PABEHCTBE M CTapLUMX M MAAALWNX pa3pasos a u b. Kak 1 B cayvae ogHopas-
PAAHON CXeMbl, ONUCAHWE peann3yem B AN3bIOHKTUBHOM HOpManbHoON Gpopme:

aeqb:ai'bl'ao'bo+§1'b1'ao'bo+a1'b1'go'bo+a1'b1'ao'bo'
rae a,, b, — cTapwme paspagbl CUrHanoB a U b COOTBETCTBEHHO; ag, by — MnaaLiune pas3psabl CUrHaA0B
a v b cOOTBETCTBEHHO;

Kog peanusaummn AByxpaspsaLHOM CXembl CPaBHEHWUS NpUBeAEeH B IMCTUHTe 1.2,
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Nuctuur 2 — Peanusauua p,Byxpaapﬂ,quFl CXemMbl CPpaBHEHUA HAa BEHTUJIbHOM YpOBHeEe

library IEEE;
use IEEE.STD LOGIC_1164.ALL;

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

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

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

BxoaHble nNopTbl @ U b B gaHHOM cnydae obbssaatoTca Kak STD LOGIC VECTOR. Peanusaumsn
CTPYKTYPbl OOBEKTA aHANOTUYHA peanm3aumm oAHOPa3PALHON CXeMbl — OT/IMYME TONIbKO B KOANYECT-
Be MUHTEPMOB.

1.2 CTpyKTypHOe onMcaHue CXeM

UndpoBsble cUCTEMbI CTPOATCA 3a4acTyi0 Ha OCHOBE HECKOJ/IbKMX Bosiee NpocTbiX YyHUMLMpPO-
BaHHbIX 6/10K0B. pK 3TOM Ha BEPXHEM YPOBHE MEepapXumK onucaHua LMbpPOBOM CUCTEMbI CTPYKTYpa
AaHHbIX YHUPUUMPOBAHHBIX 6I0KOB HE PACKPbIBAETCA — OHM NPEACTaBAAOTCA KYEPHBIMU ALLMKAMU»
peannsyloWwnMmn KoOHKpeTHble GyHKUMKN. CTPYKTYpPa AaHHbIX 610KOB pacKkpbiBaeTcA Ha b6onee HU3KOM
YPOBHE MepapxmMmn ONMcaHMA cucTembl. B cBOIO oyepenb, KaxKablil «4epHbIA ALLMK» MOMKET COCTOATb
N3 HECKONbKMX ellle Honee NpocTbiX YHUPULMPOBAHHbIX 6/10K0B. CTPYKTYpa 3TUX YHUPULMPOBAHHBIX
6/10K0B pacKpbiBaeTca Ha ewe H6osiee HU3KOM YPOBHE MEPAPXUWU ONUCAHMA cUCTEMbl U T.4. TaKow
noaxona, 3Ha4YMTeNbHO YNPOLLAOLWMIA NPOLECC NPOEKTUPOBAHMA U aHANN3A COXKHbIX LMPOBbIX CUC-
Tem, NOAY4YWU/ Ha3BaHUE CTPYKTYPHOE WM MepapXuYecKkoe onucaHme cxem. B A3bikax onucaHua an-
napaTtypbl HDL yHUdUUMpPOBAHHbIE BN0KM, KOTOPblE MCMOb3YIOTCA B BUAE FOTOBbIX OOBLEKTOB HA
BEPXHEM YPOBHE OMWCAHUA CUCTEMbI, NOJYYUSIM HA3BaHMe instance (0b6pa3 obbeKTa), a Npouesypa
pa3melLeHnA 6/10Ka Ha BEPXHEM YPOBHE - instantiation.

B KayecTBe anbTepHATUBbI A1A peanm3aumm AByXPaspaLHOM CXeMbl CPaBHEHUA (AUCTUHT 1.2)
NPUMEHUM OMMUCAHHBIN Bblle CTPYKTYPHbIM Mnoaxod — B KavecTBe YHUULMpOBaHHOro 60Ka
(instance) oA NOCTPOEHUS ABYXPA3PAAHON CXeMbl CPAaBHEHMSA UCMO/Ib3YETCS rOTOBas OAHOPa3pALHas
cxema (nmctuHr 1.1). CTpyKTypa ABYXPa3pALHOM CXeMbl CPaBHEHUS, PeasiM30BaHHaNA YKa3aHHbIM Cro-
cobom, npeacTaBneHa Ha pucyHke 1.2. B npuBeseHHON CTPYKTYpe UCNONb3yeTca ABe OA4HOPa3pAa-
Hble cxeMbl cpaBHeHMa eq_bit0_unit n eq_bitl unit, ocywecTBnaowmMe cpaBHeHUE MAaLWUX U
CTAPLWMX BUT BXOAHbIX CUrHA/I0B COOTBETCTBEHHO U 3/IEMEHT M, Ha BXOZ, KOTOPOro NOAAKOTCS CUrHaNbI
C BbIXOA0B YKa3aHHbIX cxem. Takmm obpasom, BbIXOAHOM CUrHAN aeqh NPUHUMAET aKTMBHOE 3Have-
HWe NPV OAHOBPEMEHHOM PABEHCTBE M CTAPLUMX U MNAALWMKX Pa3pALoB a 1 b.
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eq_bit0_unit

a(0) i0 0

eql eq
b(0) i1

& aeqgb
eq_bitl_unit

a(1) i0

eql eq
b(1) i1 el

PucyHok 10wmnbKa! TeKcT yKa3aHHOro CTUAA B AOKYMEHTe OTCyTCTBYeT..2 — Peannsauus AByxpaspagHON cxembl cpaBHe-
HUA Ha OCHOBe OAHOPa3PAAHbIX 610K0B

CoOTBeTCTBYIOWNIA KO peanm3aummn AByXpaspAaHON CXeMbl CpaBHEHUA NpUBeAeH B INCTUHIE
1.3 (OnucaHune nHTepdeiica (entity declaration) aHanoOrMUYHO Koay B IMCTUHTE 1.2, NOSTOMY B IMCTUHTE
1.3 He npuBogMTCSH).

NuctuHr 3 — OnucaHue CTPYKTYPbl ABYXPa3pALHOIA cXeMbl CpaBHEHUA

architecture struc_arch of eq2 is
signal e0, el : STD_LOGIC;
begin
-- BHBOB (instantiate) 6moxa eql pnsT cpaBHeHMS MIajUMX O6MTOB
eq bit0 unit: entity work.eql (sop_arch)
port map (i0 => a(0), il => b(0), eq => e0) ;
-- BHBOB (instantiate) 6mokxa eql gmnsT cpaBHEeHMs CcTapuMx 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, ecnM paBHH OJHOBPEMEHHO M MJajumMe MU CcTapume OGMTEH
aegb <= e0 and el ;
end struc_arch;

MpuBeaeHHbIN Kog, (AvcTuHr 1.3) BKAtOYaeT ABe npouenypbl Bbi3oBa 6/10Ka, peanusyowero
04HOPA3PAAHYIO cXeMy cpaBHeHua (AnctmHr 1.1). PaccmoTpyMm NoApobHO CMHTAKCMC npoueaypbl
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 BblI30Ba HauMHAETCA C 0OBABNEHWUA YHUKANBbHOIO MMEHWU Bbi3blBaemoro 6/10kKa, B
AaHHOM cnyyae — eq_bit0_unit. 3aTem ykasbiBaeTcs HasBaHue 6ubnunotekn (library name), B Koto-
PO BbI3blBAEMbIN 610K HAaXo0AUTCA — MO YMONYaHMIO Bbl3biBaeMble 6/10KM pacronaratotca B paboueit
6ubnnoteke work cosgasaemoro npoekrta. MaoeHtnomkaTopsl eql u sop_arch — umeHa uHtepdeliica
N apXMTEKTYPbI Bbl3blBaeMOro 6/10Kka COOTBETCTBEHHO (nMCTMHT 1.1). BTopas YacTb npouenypbl BbI3O-
Ba 3aKNHOYAETCA B MPMBA3KE NOPTOB BBOAA BbIBOAA (port mapping) Bbi3biBaeMoro 6/10Ka K CTpyKType
npoekTa (pucyHok 1.2). Takum obpasom, npoLesypa Bbi3oBa (instantiation statement) peanunsyer cxe-
MY, 3aK/TIOYEHHYIO B 4EPHbIN AWMKY», Ubst PYHKLMA ONpesenseTcs B oT4ebHOM 6/10Ke (instance).

30



1.3 YupaxHenus

Cxema «bonblle Yem» CpaBHUBAET Mexay coboit 2 BxoZa a U b 1 aKTUBM3IMPYET BbIXOA, NpU

ycnosuu, ecnn a bonblie b. TpebyeTtcs paspaboTatb 4-x paspagHyo cxemy «bosblue YemM» Ha BEH-

TU/IbHOM YPOBHE. [na atoro:

1.

Pa3paboTaTb TabanLy MCTUHHOCTU 2-X PaspAgHON CXeMbl «BonbLIe YeM» U 3anucaTb JI0TUKY
ee paboTbl B COBEPLIEHHON AM3BIOHKTUBHOM HOPManbHOW ¢dopme. Ha OCHOBAHWMM NOYYEH-
HOro Bblpa)keHuA, paspabotatb VHDL-KOA, MCNOMb3Y0 TONBKO IOrMYEecKue onepaTopsbl (BeH-
T™™MAN).

PaspaboTaTtb TecToBbIi MoayAb (testbench) ana moaenvpoBaHus paboTbl 2-X paspaLHON cxe-
Mbl.

Mcnonb3ya 4 non3yHKOBbIX NepekatyaTena Ansa opraHusauMmn exoga cxembl n 1 ceetoanos
ONA OpraHM3aumMu BbIXOAa, CUHTE3MPOBATb CXEMY M 3arpy3nTb KOHOUIypPaLMOHHbIN dalin B
OTNaA0u4HYI0 NAaTy. MpoTecTMpoBaTb CXEMY.

Mcnonb3ya paspaboTaHHyo 2-X paspagHyo cxemy «bonblue Yyem», 2-X paspagHylo cXxemy
CPaBHEHMA U MUHUMAIbHOE KOJIMYECTBO AO0MNONHUTENBHOM NOTMKM CNPOEKTMPOBATL 4-X pas-
psaAHyto cxeMy «bonblie yem». CHavaia HapMCOBaATb CTPYKTYPHYIO CXEMY, @ 3aTEM, COr/lIacHO
cxeme, paspaboTaTb cooTBeTcTBYOWMN VHDL-KOA.

PaspaboTatb TecToBbI Moaynb (testoench) ana moaennposaHua paboTobl 4-x paspagHOM cxe-
Mbl.

Mcnonb3ya 8 MON3YHKOBBIX NepeK/toyaTens 414 opraHM3aumMm Bxogda cxembl U 1 ceetoamos,
ONA OpraHM3aumMu BbIXOLa, CUHTE3MPOBATb CXEMY M 3arpy3nTb KOHOUIYPAUMOHHDbI dann B
OTNaAouHyto Naaty. MpoTecTMpoBaTb CXEMY.
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2 [IpoekTpoBaHMe KOMOMHALMOHHBIX CXe€M Ha Perucrpo-
BOM YPOBHe

BBeaeHue

B nepBoW rnaee paccMmaTpmMBaANCh NPOCTbIE CXEMbI, ONMCAHHbIE Ha BEHTUIbHOM YpOBHEe abcCT-
pakuum (gate level), c npMmeHeHMeM 6a30BbIX JIOTMYECKMX BEHTUIEN, PEANTN3YIOLLNMX OCHOBHbIE N10TU-
Yyeckue onepauumn. B gaHHoM paboTe paccmaTpmBaeTca NPOEKTUPOBAHUE CXEM CPeAHEN CTENEHUN UH-
Terpaumm, Taknx Kak CymmaTopsbl, gelwmndpaTopbl, MyabTUNIEKCOPbI U T.4. OnncaHne Nnogo6HbIX cxem
BbINO/IHAETCA YXKe He Ha BEHTU/IbHOM ypOBHe abcTpakumu (gate level), a Ha Tak Ha3bIBAEMOM PErUCT-
poBOM UK PyHKUMOHaNbHOM ypoBHe (RT-level). Ha paHHOM ypoBHe abcTpakuum onucbiBaeTca no-
BegeHue cxembl (ee dyHKUMA). B Hauane rnasbl BbINOJHEH 0630p ONEPATOPOB U KOHCTPYKLUMI, NpU-
MEHSeMbIX AN ONUCAHUS CXEM HA PETMCTPOBOM YPOBHE.

2.1 OnepaTopbl U KOHCTPYKIUHU PETUCTPOBOI0 YPOBHS ONMUCAHUA CXEM

B pononHeHue K NornmyeckMm onepaTopam, PacCMOTPEHHbIM B NepBOM FNaBe, ANA CUHTE3a
KOMBOMHALMOHHbIX CXeM MPUMEHSIOTCA onepaTopbl cpaBHeHus (relational operators) u HekoTopble
apudmeTuyeckne onepatopsbl (arithmetic operators). B gaHHOW rnaBe paccmaTpuBaloTC AaHHble
onepaTtopbl U pasHoobpasHble VHDL-KOHCTPYKUMM Ha MX ocHOBe. B Tabnuuax 2.1 n 2.2 npuBeneHsbl
OCHOBHble onepaTopbl VHDL, npumeHAemble ANnA CMHTE3a CXEM, W TUMbl JAHHbIX, C KOTOPbIMU AaH-
Hble onepaTopbl paboTatoT.

Tabauua 2.2 — OnepaTtopbl U COOTBETCTBYIOLLME TUMbI AaHHbIX CTAaHAaPTHOU 6ubanorekn VHDL-93
|IEEE.STD_LOGIC_1164 package

oneparop onucaHue TUN AaHHbIX ONepaHAo0B TUN AaHHbIX pe3yabTaTa
a**h BO3BeAEHME B CTe- Integer integer
neHb
a*b YMHOXeHue TIN integer ncnonb3yeTca AN
a/b AenexHve KOHCTaHT M rpaHu1L, MacCMBOB.
a+b CyMMMpoBaHue He cuHTesmnpyiorea!
a-b BblUMTaHUE
a&hb KOHKaTeHauuA 1-D array, element 1-D array
a=b aBEHCTBO .
a/=b H(:)paBEHCTBO noboit boolean
a<b MEHbLLE YeM
a<=b MeHbLUEe Yem Uamn
PasHo scalar nam 1-D array boolean
a>b 60/1blLEe Yem
a>=b 60blle yem Un
paBHO
not a oTpuLaHue
aandb 4 boolean, std_logic,
aorb i . TAKOM e KaK y onepaHaosB
std_logic_vector
axorb UCKtoYatowee
nnn
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Tabauua 2.2 — OnepaTopbl M COOTBETCTBYIOLLME TUMbI AaHHbIX 6ubanoTtekn IEEE.NUMERIC_STD package

onepartop onucaHue TN AaHHbIX ONepaHAoB TN AAHHbIX pe3y/ibTaTta
*

a : apudmeTnyeckme unsigned, natural unsigned
a+ . . .
a-b onepauuu signed, integer signed
a=b
a/=b
a<b onepauum cpaBHe- unsigned, natural boolean
a<=b HUMA signed, integer boolean
a>b
a>=b

2.1.1 OnepaTtopbl cpaBHEHUA

B ctaHgapte VHDL ncnosib3yerca wectb onepaTopos cpaBHeHUA: = (paBeHCTBO), /= (He paseH-
CTBO), < (MeHbLe Yyem), <= (MeHbLLE YeM UAKN paBHO), > (bonblle Yem), >= (6onblue Yem UK PaBHO).
[aHHble onepaTopbl BbINOJHAIOT ONEPALUM CPAaBHEHMA MEXKAY ONepaHaamMM O4HOro TMNA U BO3Bpa-
LLatOT pe3ynbTaT formyeckoro Tina BOOLEAN. B gaHHOM yyebHOM nocobum Tmn gaHHbix BOOLEAN
HanpPsMylo He UCMNOJIb3yeTcs, OAHAKO ONepauumn CPaBHEHUA MPUMEHAIOTCA B Pa3/IMYHbIX YCNOBHbIX
KOHCTpyKumax VHLD, KoTopble onpeaenstoT CTPYKTYPY CXEMbl NMpU ee cUHTe3npoBaHuu. MoapobHo
TakMe KOHCTPYKUMM pacCMOTpeHbl B pa3sgene 2.2. OnepaTopbl CPaBHEHUA CUHTE3MPYIOTCA B BUAE
KOMMNapaTopoB.

2.1.2 ApudmeTryeckme onepaTopbl

B ctaHgapte VHDL apudmeTnyeckne onepatopbl onpegenieHbl Ana TMnoB gaHHbix INTEGER
(uenoumcnenHbin) 1 NATURAL (HaTypanbHble Yncna). JaHHble TUMbl UCNOJIb3YIOTCA O KOHCTAHT U
rpaHuL, MacCMBOB, HO He AJ1A CMHTe3a.

bubaunoteka IEEE.NUMERIC_STD package

Ons npyumeHeHne apudMeTMYECKUX onepaTopoB MPU CUHTE3E CXEM MCMO/b3YEeTCA AOMNOAHU-
TenbHasa 6ubnunoteka IEEE.NUMERIC_STD package (tabnuua 2.2). bubnmnoteka IEEE.NUMERIC_STD
package pobasnaeT ABa AONOJHUTENbHbIX TUNA AAHHbIX: unsigned (6e33HakoBbIN) U signed (3HaKo-
Bbli1) M oNpeaenseT onepaTopbl CPaBHEHUA U apubMETUYECKME ONepaTopbl A1A 3TUX TUMOB AAHHbIX.
Tunbl AaHHbIX unsigned m signed onpegeneHbl Kak maccmB anemeHToB TMna STD LOGIC. daHHbIN
MaccuMB MHTEPNPETUPYETCA, KaK ABOMYHOE NpeacTaB/lieHMe 3HAaKOBOro MAM H6e33HAKOBOro LENoro
ynucna. ns ucnonb3oBaHUA onepaTopoB U3 bubnmotekn IEEE.NUMERIC_STD package (tabnuua 2.2)
€e HY)XHO 00bABUTL BHAYane NPOEKTa:

library IEEE;
use IEEE.STDiLOGIC71164.ALL;

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

KoHBepTauusa TMNoB AaHHbIX

Mockonbky VHDL aBnaetca A3bIkom co cTporoi tunusaumeit, STD LOGIC VECTOR, unsigned un
signed TPaKTYIOTCA KaK pasnnyHble TUMbl AaHHbIX, HECMOTPSA Ha TO, YTO BCE OHW NPeACTaBAAOT coboi
maccus 3iemeHToB TMna STD LOGIC. na KOHBepTaunmM AaHHbIX U3 O4HOTO TMMNa B APYron UCNO/b-
3ytoTcA  QYHKUMM  KoHBepTauumn (Tabauua 2.3). Ob6paTute BHMMAHME, YTO JaHHble TuUMa
STD_LOGIC_VECTOR npegacTtaBaatoT coboit Habop 6GUTOB U HE MHTEPNPETUPYIOTCA KaK YNCAO, NOITO-
My AaHHble Tuna STD LOGIC VECTOR He moryT 6biTb KOHBEPTMPOBAHbI B LeI0YUCAEHHbIA TUn INTE-
GER Hanpamyo 1 HaobopoT.
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Tabnuua 2.3 — KoHBepTauusa TMNOB AaHHbIX

Tun gaHHbIX A KoHBepTupoBaTh B ... ®DYHKUUA KOHBepTaLuu
unsigned, signed std_logic_vector std_logic_vector(a)
signed, std_logic_vector unsigned unsigned(a)
unsigned, std_logic_vector signed signed(a)
unsigned, signed integer to_integer(a)
natural unsigned to_unsigned(a, size)
integer signed to_signed(a, size)

Huxe npueeaeHbl npumepsbl I'IpaBM.I'IbHOﬁ n HEI'IpaBVI.I'IbHOIZ KOHBepTauMn TUNOB [AOaHHbIX.
|_|YCTb B MPOEKTE 06bABNEHDI cnepgywouwine 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 0);

AnA Havana PacCMOTPUM CAeAyIOLLME BblPaXKEHUA:

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

Bce npmeeaeHHble BblparXKeHUA OLNBOYHbI. HEO6XO,CI,MMO AaHHble, HaxogAauwuneca B npaBoﬁ
4acTtun Bblpa)KEHVII\/‘I npunBecTn K TNy AaHHbIX, HaX04ALWLNXCA B NIeBOM YacTu:

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

OGpaTMTe BHMMaHWeE, YTO ONA NocneaHero BbipaXXeHnAa Mcnosib3oBasiCb ABe d)yHKLI,MM KOH-
BepTaumnun.

Tenepb paccCMOTPUM BblparKeHUA, UCNoAb3yoWMe apudmeTnyeckue onepatopbl. Cnegytouwmne
BblpaXXeHnA BEepPHbl NOCKOJIbKY OonepaTop «+» onpeaeneH gna TMnos AaHHbIX unsigned n natural B
6mnbnuoteke IEEE.NUMERIC _STD package:

ud <= ul + u2; -— BrlpaxeHmue BepHO. OBa omepaHIa Tura unsigned

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

C Apyroi CTOPOHbI, cnegyowme BbipaXKeHUs ABAAIOTCA HEBEPHbIMM, MOCKO/bKY A1A AaHHbIX
TMna STD_LOGIC_VECTOR apudmeTmyeckne onepaummn He onpeneneHo:

s5 <= sl + s2; —-- BuopaxeHMre He BepHO. ONepaTop «+» He onpenejieH IJis

MCIIOJIE3YEeMBIX TUIIOB IOJaHHBIX
s5 <= s2 + 1; -- BuopaxeHMre He BepHO. ONepaTop «+» He onpenejieH IJis
MCIIOJIE3YyEeMBIX TUIIOB IOJaHHBIX

[ns peweHna npobaembl HEOOXOAMMO BbINOJHUTbL KOHBEPTALMIO ONepaHaoB K Tuny unsigned
(nnm signed), BbINOMHWUTL WX C/OXEHWE, a 3aTeM pe3y/bTaT KOHBEPTUPOBaTb OOPATHO K TUMy
STD_LOGIC_VECTOR:

S5 <= std logic vector (unsigned(sl) + unsigned(s2)); —— BrlpaxeHue Bep-

HO
S5 <= std logic vector (unsigned(s2) + 1); —— BrlpaxeHMe BepPHO
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2.1.3 Apyrune cuHtesmpyemblie VHDL KOHCTpYKummn

OnepaTtop KOHKaTeHauum
OnepaTop KOHKaTeHaunn «&» coeanHAET (CKNEeNBAET) CErMEHTbI 3N1EMEHTOB B OA4HY NOCAeA0-
BaTe/IbHOCTb (Maccus). CheayoWmii NpUMep UANKOCTPUPYET UCMOb30BAHME KOHKATEHaLMK:

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; -- CoepguHseT nBa 4-x paspsifHEX cinoBa a4 B oxm-
HO
8-Mm paspspgHOe b8

c8 <= al & al & a4 & “00”; -- CoepmHsieT gBa 6uTa al, 4-x paspsgHOoe CJO-
BO
a4 um 2-x paspsinHoe cioBo «00» B omHO 8-Mum
paspsinHOoe cioBO c8

d8 <= b8 (3 downto 0) & c8(3 downto 0);-- Coemmumusier 4 Myamumx paspsaga 8-Mu paspsagHO-
To
cnoBa b8 m 4 mnamumx paspsina 8-MM pPaspsOHOIO
cnoBa c8 B omgHOo 8-Mm paspspgHoe cimoBOo d8

OnepaTop KOHKaTeHaunn «&» Npu CMHTE3e CXeMbl BbINOHAETCA NyTeM COeAMHEHUA BXOAHbIX
M BbIXOAHbIX CUTHAN0B, TAKUM 06pa3oM A/1a ero peannsaumm TpebytoTCs TONbKO «MPOBOAHUKNY.

OcHOBHOe npuMmeHeHMe onepaTopa KOHKaTeHauuu «&» - onepaumn casura (shifting opera-
tions). B npumepe HUxKe onepaTop «&» NpMMeHAeTCA ANA peannsaumnun casura AaHHbIX Ha GUKcKpo-
BaHHOE KO/IMYEeCcTBO 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 6uTa

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

sha <= a(8) & a(8) & a(8) & a(8 downto 3); -- Caeur BmpaBo Ha 3 6uTa C pacuMpeHUEM
yMcna no BHakKy (apubMeTmueckmit CABUT)

Z-coctofAHue

Tun paHHbix STD_LOGIC nommumo 3HaudeHun ‘0" n ‘1’ coaepuT Z-cocToaHue (BbiICOKOMMMe-
[AHCHOE COCTOAHME), XapaKTepU3YIoLLLEE PAa3OMKHYTYIO Lienb. Z-COCTOSIHUE CUHTE3MPYETCA UCKIOUK-
TeNbHO C NOMOLLbIO TPEXcTabunbHbIX Bydepos (tri-state buffer). YcnoBHoe o603HaueHme 1 Tabnumua
WUCTUHHOCTM TpexcTabunbHoro bydpepa npeacraBaeHbl Ha pucyHKe 2.1 u B Tabnumue 2.4 COOTBETCTBEH-
HO.

oe
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PucyHok 2.1 — YcnoBHoe 0603HauyeHue TpexcrabunbHoro 6ydepa

Tabauuya 2.4 — Tabanua UCTUHHOCTU TpexcTabunbHoro bydepa

\ oe y
0 yA
1 a.in

PaboTa TpexcrabunbHoro 6ydepa KOHTpOAMpPYETCA BXOO4O0M paspeweHuns oe (output enable)
Korga oe = ‘1’, BXoAHOM curHan nepegaeTtcs Ha Bbixogd bydepa, Korga e oe = ‘0’ BbIxoAHaA Uenb
bydepa pasomkHyTa, T.e. bypep HaxoauTca B Z-cocTosaHuW. Koa, onucbiBatoWwmii TpexcTabuabHbIi
6ydep BbIrNAOUT caeayowmm obpasom:

y <= a in when oe = "1’ else 'Z’;

MpuBegeHHOEe Bbille BbipaXKEHWE Ha3blBAeTCA «MNpucBaMBaHMEM MO YCNOBUA» U ByaeT pac-
cMoTpeHo bonee noapobHo B pasgene 2.2.1. OcHoBHOe NpUMeHeHWe TpexctabunbHoro bydepa —
peanusaums AByHanpasieHHOro noprta seoaa/sbiBoga (bidirectional port) ana 6onee paunmoHanbHo-
ro MCNo/ib30BaHMA KOHTaKTOB MUKpocxem (I/O pins). Mpumep AByHanpaBAeHHOro NOPTa NOKasaH Ha
puUCyHKe 2.2.

dir

sig_out <« bi

Sig in

PucyHoK 2.2 — [iByHanpaB/ieHHbI! NopT

CurHan dir ynpasnseT HanpasaeHnem nepegaymn gaHHbix. Koraa dir = ‘0’ TpexctabunbHbln by-
¢dep HaxoauTcA B Z-COCTOSHUM U CUTHaA sig_out 3a610KkMpoBaH — BbiBoA bi ncnosbsyeTca Kak BXxoa-
Holt nopT (sig_in). Koraa dir = ‘1’ BbiBoA, bi ncnonb3yeTtcsa Kak BbIXOAHOM MOPT M CUrHan sig_out Bbl-
JaeTcA BO BHewHot uenb. VHDL-KoA, onucbiBaloWwMii ABYHaMNpPaBaeHHbIM NOPT (PUCYHOK 2.2) npu-
BEAEH HUXKE:

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

O6paTnTe BHUMaHMe 4yTo NopT bi 4oKeH 06bABAATLCA KaK inout, T.e. ABYHaNpPaB/ieHHbIN.

2.1.4 BoiBOAbl

VHLD — A3bIlK CO CTPOron TMNM3auuen AaHHbIX, MO3TOMY MPU MPOEKTUPOBAHUN CXEM HAYM-
HaloWMMM pa3paboTuMKamMmM HYacTo MOXKHO BMAETbL OWNBKY «Type mismatch». Huxke pestomupytotca
OCHOBHble NpaBwWna, No3BoAsoWMe M3bexaTb NogoOHbIX oWKMBOoK. MoCcKoAbKY AaHHOe yyebHoe no-
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cobure HaueneHo npexae BCEro Ha CUHTE3npyemble KOHCTpyKumn VHLD, npasuna npusogAatca and
CUHTE3MpPYeMbIX TUNOB AAHHbIX U ONEepaToOpPoOB:
e [Ipy 06bABNEHUN BXOAHDIX U BbIXOAHbIX NOPTOB (entity declaration) M BHYTPEHHUX CUT-
HanoB (signals), He 3a4eNCcTBOBAHHbIX B apudMeTUYECKMX onepauusax, UCNonbsymnTe
TUNbl AaHHbIX STD _LOGIC n STD_LOGIC_VECTOR.
e Ucnonb3yiite 3HaYeHUe ‘Z’ TONbKO AN CUHTE3MPOBAHMA TPEXCTabubHbIX Bydepos.
e [lpy 06BABNAEHMM BHYTPEHHUX CUTHANOB (signals), ydacTBytowmx B apudmeTUyecKunx
onepaumax, ucnonbsyiTte 6ubanoteky IEEE.NUMERIC_STD package n 3arpykaemsble c
Hel TUNbl AaHHbIX unsigned (6e33HakoBbIN) M sighed (3HaKoBbIM).
e Ucnonb3ylite GyHKUMM KOHBepTauuu (Tabauua 2.3) ans npeobpa3oBaHMA AaHHbIX TU-
na STD_LOGIC_VECTOR B unsigned unu signed n HaobopoT.
e lcnonb3yiTe BCTPOEHHbIN TUM AaHHbIX integer U apudmeTnyeckme onepauun ana sa-
OAHWNA KOHCTAHT U rPaHUYHbIX 3HAaYEHMI MACcCMBOB, HO He AN1A CMHTe3a.
® lcnonb3yiTe pe3ynbTaTbl ONEPATOPOB CPAaBHEHMA, MMEOLWNX TUN AaHHbIX BOOLEAN B
Pa3IMYHbIX YCNOBHbIX KOHCTPYKUMAX VHLD (pasaen 2.2), HO He ANa CUHTe3a.

2.2 Ucnosib30BaHMe NnapasijyieJIbHbIX OllepaTOpoOB NMpPUCBaMBAaHHUA B yC-
JIOBHBIX KOHCTPYKIUAX VHLD

«MpuceameaHme no ycnosuto» (conditional signal assignment) n «npucsamsaHue no BbIGopy»
(selected signal assignment) siBnstoTca napannenbHbIMM KOHCTPYKUMAMM (concurrent statements) B
VHLD. ®yHKUMOHaNbHO AaHHble KOHCTPYKLMM HanoMMUHatoT onepatopsl if n case B TPagMLUMOHHbIX
A3blKax MPOrpamMmmmMpoBaHUA, HO B OTANYME OT TPAAULMOHHbBIX A3bIKOB KOHCTPYKUmMM B VHLD Bbinon-
HAOTCA NapanienbHo, a He noc/eaoBaTeNibHO. [JaHHble KOHCTPYKLUKN ONPeaenstoT CTPYKTYPY CXembl
npv ee CUHTE3UPOBaAHMUM.

2.2.1 NMpucsanBaHue no ycnosuto (conditional signal assignment)

CMHTaKCUC U CUHTE3MpYyeMasn CTPYKTypa
CMHTAKCUC «MPUCBAUBAHKNA MO YCI0BUNIO» MPUBEAEH HUNKE:

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

value expr 2 when boolean-expr-2 else

value expr n;

bynesbl BblparkeHus (boolean_expr) nooyepegHo NpoBepatoTCcA NoKa O4HO M3 HUX HE OKasbl-
BAaeTcA MCTMHHbIM W COOTBETCTBYlOWEE BblparkeHWe (value_expr) npucBamBaeTca CUrHany
signal_name. B cnyyae ecnu Bce 6yneBbl BbIPaXKEHUA NIOXHbI CUTHANY MPUCBAMBAETCA 3HAYeHWe
value_expr_n.

CTpyKTypa «npucBavMBaHME MO YC/OBUIO» CUHTE3UPYETCA B KAaCKaAHYH NMPUOPUTETHYIO CXemy
Ha 6a3e mynbTUnaekcopos 2 B 1. YcnoBHoe 0603HaveHne 1 Tabanua UCTUHHOCTU MyabTURNEKcopa 2
B 1 nokasaHbl Ha pucyHKe 2.3 1 Tabaumue 2.5 cOOTBETCTBEHHO.
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sel

PucyHok 2.3 — Cxema mynbtunaekcopa2s 1

Tabnuya 2.5 — TabamMua UCTUHHOCTM My/IbTUNJIEKcopa 2B 1

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

PaccmoTpum npumep cMHTE3a cneayoLwero Koga:

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

a-b when m > n else

c +1 ;

KackagHaa npuvoputeTHasa cxema, B SAHHOM C/lyyae, peasmnsyeTca C MOMOLLbIO CoeaMHeHMUA
ABYX MynbTUNAeKcopos 2 B 1 (pucyHOK 2.4).

cxema GopMMPOBaHUA
curHanos «value expressions» KackaaHas

/ NPUOPUTETHAA CXema

a| | A 1
I |
. M i | :
i H____I 0 i
- I
| I|
I ! |
i +1 [ | 0 i
L= L A — ]
mi " —— !
n i > :
|
| |
: |
| = |
| |

cxema byneBbix BbipaXKeH Wi
«boolean expressions»
PUCYHOK 2.4 — CUHTE3MPOBaAHHAA CXeMa, peanun3yloLan KOHCTPYKLUIO KNpUCBaUBaHUE MO YCI0BUIO»
Cxema paboTaet cneayowmm obpasom: ecnm UCTUHHO NepBoe byneso BbipaxeHue (m = n), To
CcyMmma CUrHanos (a +b+ C) nepenaeTtca Ha BbiIXO4 CXeMbI Y; €C/in XKe NCTUHHO BTOpOEe 6yI'IEBO Bblpa-
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eHue (m > n), To Ha BbIXO4 Yy NepeaaeTca pasHOCTb CUrHanoB (a - b); Bo Bcex ocTanbHbIX cayyasx (m
< n) Ha BbIXOA, CXeMbl NepeaaeTca curHan (c + 1).

ObpaTtute BHUMaHME, UTO cxema GpopmmnpoBaHUA cUrHanos (value expressions circuit) u cxema
6yneBbix BbiparkeHU (boolean expressions circuit) BbINOAHAOTCA NapannenbHo (pucyHoK 2.4). Bbi-
XOZHble CUTHA/bl CXeMbl BY/1eBbIX BbIPAXKEHWI UCMONb3YIOTCA KaK CUTHA/bl BbIGOpa B MyNbTUMNAEKCO-
pax, a BbIXOAHble CUTHa/Ibl CXeMbl GOPMMUPOBAHMUA ABAAIOTCA MHPOPMALMOHHBIMWU CUTHANAMU, U3 KO-
TOPbIX BblOUpPaETcA HEOBXOAMMbIA CUTHAN U NOAAETCA Ha BbIXOA Cxembl r. KonnmyectBo cTyneHei
(MynbTUNNEKCOPOB) B KacKaAHOM NMPUOPUTETHOM cxeme (PpUCYHOK 2.4) COOTBETCTBYET KOJINYECTBY
when-else ycnosuit B KOHCTPYKUMK. bonbluoe Konnyectso when-else ycnosuin npuBoguT K CUHTE3N-
POBAHUIO ANMHHOM LEeNW KacKagoB W, KAk CNeACTBME, K 3HAYUTENbHOW BPEMEHHOW 3ajepiKke
(propagation delay) pa6oTbl cxemsi.

Huxke npuBeaeHbl ABa MPOCTbIX MPUMEpPa MCMNOJ/Ib30BAHMA KOHCTPYKUMWM «MNpUCBAMBaHUE MO
ycnosuto» (conditional signal assignment). NepBbiMm NpMepom ABASETCA NPUOPUTETHBIN 4-X pas3paa-
HbIM Wwudpatop (priority encoder). JaHHbIM WKdpaTop MMEET YeTbipe BXOAHbIX 3anpoca (requests):
r(4), r(3), r(2) v r(1), KoTopble o6beanHEHbI B 4-X Pa3pAAHbII BXOA I, NpUYem cTapwnin 6ut r(4) nme-
€T HauMBbICWINA NpPUOPUTET. BbIxoaHOW cnrHan pcode npeactaBnser coboli ABOMYHbIN KO4 BXOAHOMO
3anpoca ¢ HamMBbICWMM NpuoputeTom. Tabnmua UCTUHHOCTM NPUOPUTETHOTO WKdpaTopa NpUBeaeHa
B Tabanue 2.6. CuHteanpyembliit HDL Kog npuBesaeH B iMcTuHre 2.1.

Ta6auua 2.6 — Tabanua UCTUHHOCTHU 4-X pa3pAAHOro NPUOPUTETHOrO WndpaTopa

Input Output

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

Nuctuhr 2.1 — CuHTE3 NpUOPUTETHOTO WKMdpPATOPa C NPUMEHEHME KOHCTPYKLMKN «nNpUcBauBaHue no ycnosuio» (condi-
tional signal assignment)

library IEEE;
use IEEE.STD LOGIC_1164.ALL;

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

end prio_encoder;

architecture cond_arch of prio_encoder is

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

\\000[[ ,.
end cond_arch;

B npuseaeHHOM Koge (nncTuHr 2.1) cHayana npoBepsAeTcs cocTosiHMe 3anpoca r(4) u, B cnyyae
€C/IM OH aKTMBEH, Ha BbIXo4 nepegaetca Kog “100”. Ecau 3anpoc r(4) He aKTMBEH NpPoBepAeTcA Co-
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CTOSIHWE CneaytoWwero No NPUOPUTETY 3anpoca, T.e. r(3) u T.4. NoKa He byayT NpoBepeHbl OCTa/IbHble
3anpochbl.

BTOpbIM NpUMepPOM MCNO/Ib30BaHMA KOHCTPYKUUKN «NpUCBanBaHWe no ycaosuto» (conditional
signal assighment) o4na cMHTE3a CxemM ABNAETCA ABOUYHBIN gewndpaTtop. JBonyHbIN gewmndpaTtop n-
B-2" npeobpasyeT ABOUYHbBINA N-paspAAHbIA KOJ, B YHUTapPHbIN 2"-paspaaHblii (Koa, B KOTOPOM aKTMB-
HbIM ABASETCS TONbKO 04MH 6UT). Tabanua UCTUHHOCTU ABOMYHOrO gelwmndpaTtopa 2-8-4 NnpusBegeHa B
Tabnnue 2.7. Cxema gewmndpaTopa AOMNONAHUTENILHO MMEET BXOJ, paspelleHma paboTbl en (enable).
CuHTesnpyembiit HDL Kog, gewmndpaTopa npuBeaeH B ANCTUHIe 2.2.

Tabnuya 2.7 — Tabamua UCTUHHOCTM 4BOMYHOrO gewndpartopa 2-8-4

Input Output
en a(1) E1(0)] y
0 X X 0000
1 0 0 0001
1 0 1 0010
1 1 0 0100
1 1 1 1000

NnctuHr 2.2 — CUHTE3 ABOMYHOrO AewwndpaTopa c NpUMeHeHUe KOHCTPYKLUKU «npucBanBaHue no ycaosuio» (conditional
signal assignment)

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

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

end prio_encoder;

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

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

end cond_arch;

B npuBegeHHOM Koge (AUCTMHT 2.2) n3HayanbHO NPOBEPAETCA COCTOAHWE CUrHaNa paspelue-
HWA en, eCIN CUrHAN aKTUBHBIN, T.e. en = ‘1’, To nocneaoBaTeNIbHO NpoBepAoTcA 4 BXOAHbIe KOMbBU-
HauuKu curHana a.

2.2.2 MNpuceamnBaHue no Bbibopy (selected signal assignment)

CUHTaKCUC U CUHTE3MpPYyeMan CTPYKTypa
CWHTaAKCUC «NpUCBaMBaHMNA MO BbIGOPY» NPUBEAEH HUKE:

with sel select
sig <= value expr 1 when choice 1 ,

value expr 2 when choice 2 ,

value expr n when others;
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®YHKLMOHANBbHO «MNpucBaMBaHWE NO BbIGOPY» HANOMMHAET ONepaTop Case B TPAAULMOHHbIX
A3bIKaX NPOrpaMmupoBaHua. [aHHas KOHCTPYKUMSA npucBavMBaeT Heobxoaumoe 3HadyeHue (val-
ue_expression) BbIXOAHOMY CUFHaNy Sig B 3aBUCMMOCTM OT 3HAYEHUA CMrHana Bblibopa sel. Kaxkaplit
KOHKPETHbIN Bbibop (choice_i) npeactaBnser coboli KOHKPETHOE 3HaYeHne M Habop 3HaueHul sel.
Kaxabliit BbIOOp A0KeH BKAOYaTh B ceba ntoboe 3HavyeHue sel He yalle ogHOro pasa, HO Npu 3TOM
BCE BEPOATHbIE 3HaYeHUs sel foNKHbI NPUCYTCTBOBaTb B CTPYKTYpe. [N OTPaXKeHUA B CTPYKTYpE He-
MCNoNb3yeMblX BapUaHTOB MCMob3yeTca cnyxkebHoe cnoso others, KoTopoe ucnonblyetca B 0653a-
Te/IbHOM MopAAKe M BKAOYAET B cebA TaKkKe He CMHTe3npyemble 3HadeHua (X', ‘U’ n t.4.).

Crpyktypa «[lpucBamMBaHMe MO BbIOOPY» CUHTE3UPYETCA B CxeMy Ha 6ase mMynbTUNAeKcopa.
PaccmoTpum npumep CMHTE3a cneayroLLero Koaa:

signal sel : STD_LOGIC_VECTOR (1 downto 0);

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

c +1 when others;

B paHHOM cnydyae curHan sel moxeTt npuHMmath 4 3HadeHuma (“00”7, 01”7, ”10”, “11”). NoaTomy
cxema bygeTt cMHTe3MpoBaHa B BMAe MynbTunaekcopa 4 B8 1 ¢ curHanom Bbibopa sel (pucyHok 2.5).
YcnoBHoe obo3HayeHMe 1 Tabamua UCTUHHOCTU MybTUNAEKcopa 4 B 1 NOKasaHbl Ha PUCYHKe 2.6 u
Tabnuue 2.8 cOOTBETCTBEHHO.

cxema popmmnpoBaHUA
curHanos «value expressions»

/ cxXema

a| : MYNbTUMJIEKCOPA
b — + | :
C i + H 00
|
| e
| - 10
i | e— 11
|
i +1 :
= |
sel

PUCYHOK 2.5 — CMHTe3MpPOBaHHaA cCXema, peannsyloLlan KOHCTPYKLMUIO «NpucBaMBaHue no Bbibopy»
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IO | OO Tabauuya 2.8 — TabnmMua MCTUHHOCTU MYAIbTUNNIEKCOPA 4 B
. 1
01 | sel
i2 10 00 i0
i3 01 i1
— 11 10 i2
11 i3

sel

PuUcyHOK 2.6 — Cxema mynbtunaekcopa 4 s 1

B pesynbTaTe cxema (pucyHok 2.5) paboTaeT cneayowmm obpasom: cymma CUrHanos a+b+c
nepeaaétca Ha BbIXOA r Npu 3HaYeHun curHana sel “00”; pasHocTb curHanoB a-b nepenaérca Ha BblI-

X0 r Npu 3HayeHuun curHana sel “10”; curHan c+1 nepenaérca Ha BbIXOA, CXeMbI I MpU 3HayeHUn sel
”01” M 1111"'
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