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Tlepeamona

INIEPEJIMOBA

Po3pobOka BOymoBaHWX KOMIT'IOTEPHHUX CHCTEM  HEPO3PHUBHO
MOB’3aHA 3 PO3BUTKOM E€JIEMEHTHOI 0a3u, Ha SIKiii BUKOHY€ETHCS peai3arlis
nporpamu. Bin e)eKTHBHOCTI BUKOPUCTAHHS aliapaTHUX 3aC00iB 3aJICKUTh
HIBUJIKICTH peatizallii aaropuTMiB Ta iX epeKTUBHICTh. TpaauIiiiHo, 3 1€
METOI0 BHKOPHCTOBYIOTBHCA CHEIlialli30BaHI MIKPOCXEMH, SKi MOXHA
pPO3MOIIIATH Ha JEKiUTbKa TPYN B 3aJEKHOCTI BiJ] TOrO, HACKIIBKH
apxiTeKTypa MIKpOCXEeMH 3aJIeKUTh BiJl 11 007acTi BAKOPUCTAHHSI.

Haii0inpm By3pKOCIEITiali30BaHUMH € TaK 3BaHI MIKPOCXeMH
crieriianbroro  mpu3HaueHnss (ASIC - application-specific  integrated
circuit). Taki MiKkpocxeMH pO3pOOJISIOTBCS A BUKOPUCTAHHS Y
KOHKPETHOMY CEPEIOBHINI 1 JJIs BUPINICHHS 3a3JaJieriib BU3HAYCHUX
3amady. lle [mo3Bomsie TakWMM MiKpocxemMaMm HaWOimbInl  eeKTHBHO
BUPILITYBATH 3aJadi, U SIKAX PO3po0IIsiack 1t Mikpocxema. Ilpukinagamu
mikpocxeM ASIC MOKyTh OyTH MIKpOCXEMH YillCeTy MaTEpPUHCBHKOI TUIaTH
nepcoHanmsHOTO  Komm 'torepa  (chipset),  MikpocxeMu  KepyBaHHSA
MOOITEHUMH TeneoHaMu, KOAyBaHHS Ta JCKOyBaHHS BiJl€O/JaHMX.

3 PO3BHUTKOM TEXHOJIOTIT 3pOCTAE 1 CKIAJHICTh Ta BapTiCTh PO3POOKH
MIKPOCXEM CHEIiaIbHOIO MPU3HAYECHHS B HOBOMY TE€XHOJIOTTYHOMY Oa3HCi.
Hanpuknan, Bapricte po3poOku Mmikpocxemu ASIC npu TexHONOTiUHIN
Hopmi 180 HM ckiafana 7-8 MITH. I0J1., IPH TEXHOJIOTi4Hild HOpMi 90 HM —
Oinsg 40 MJH. J0J1., & IPH TEXHOJIOTIUHIN HOpMi 65 HM — 70-80 MuH. 10
IIpu upomy 3apa3 po3poOka wmikpocxem ASIC okymaerbcs mpu
BUpOOHUNTBI He MeHie Hixk 100 000 mit., a ’sTh pokiB ToMy — Juiie 10
000 mr.

KpiM 3MeHIIEHHS TEXHOJNOTiYHOI HOPMH TpH BUPOOHHUITBI
MIKPOCXEM YCKJIaTHIOETBCS 1 TPYAOMICTKICTH HpOLECY HPOEKTYBaHHS
CepenHs HIBHAKICTH poOOTH pO3poOHMKA amapaTypu ckjiagae Outs 100
BeHTWIIB a6o 30 crpok RTL xomy B mens. [na mikpocxemu B 100 000
BeHTWIIB 1e cTaHoBUTh 1000 moguHO-mHIB. ToOTO 5 pO3poOHUKIB
MIPOEKTYIOTh OJHY MIKpOCXeMY 3a pik. A Juist Mikpocxemu B 10 MiIbHOHIB
TPAH3UCTOPIB 1 OJIHOTO POKY PO3pOOKH HeoOXiHO Bxke 500 po3pOOHUKIB.

SIK BHOHO, BUKOPUCTAaHHSI MIKPOCXEM CIELIaJbHOTO MPHU3HAYECHHS
MoOKe OYTH BUIPABIAHUM IIPH BEJIMKUX MapTisiX BUIIYCKY Ta IJIS1 BEIHUKUX
KOMITaHi#, 0 3aiMaroThCsl pO3pOOKOI0 TaKWX CHUCTEM. B Toi ke dac s
00’eMiB BUIYCKY, AOCIIJHHUX 3pa3KiB UM TECTOBUX MapTili KOMIT IOTEPHUX
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Tlepeamona

CHCTEM Ta MPUCTPOiB, II0 MOXYTh 3MiHIOBATH CBOIO KOH(]Irypamito min
yac poOOTH, Kpalle BUKOPHCTOBYBATH MPOTPaMOBaHi JIOTIUHI iHTETpaibHi
Mmikpocxemu — [TJIIC

CKAQAHICTb PO3POBKM, AKLAMHO-POKIB

120
100 4 —

80 A

60 4
40 4
0 I -

018

0,35 0,25 0,15 0,13

TEXHOAOTIYHA HOPMA, MKM

Ha punky mikpocxem nporpamoanoi noriku y 2012 6nusbko 90%
3aiiManu 1Bi kommanii —Altera Ta Xilinx. Ha vactky xommanii Xilinx
npuranano 47%, a kommnanii anbrana — 41% punky [LIIC.

ITpu nopiBasai 3 ASIC wmikpocemu IIJIIC mo3BONSIOTH 3HAYHO
3MEHIIUTH Yac pO3pOOKH TPUCTPOIO Ta BApTICTh HEBENUKOI cepii
MIKpOCXEM, OJHAK IPH BHITYCKY OiNibllie HiK KUTbKa THCSY MPHCTPOIB
Bukopuctanus [IJIIC He € exoHomiuno BuTimHUM. Ille omHMM HemoIiKOM
ITUIIC y nopiBusaHI 3 ASIC € ix Olnblie CHOXHMBaHHS €HEprii mpu THX
camMux QyHKITisIX.

Mo nepesar [UJIIC cnin BigHecTH:

- MOXJIMBICTH PO3pOOKH CIeliani3oBaHoi cuCTeMU IJisi 00poOKH
Oynb-SIKUX JaHWX 3 MPOIYCKHOK CIPOMOXHICTIO J0 OJMHUIL
I'6it/cex;

- MOXKJIMBICTB MEPEeNpOrpaMyBaHHs CHUCTEMH Ha IUIATI, a 3HAYMTH 1
3MIHM  CTPYKTYpPH  amapaTHOr0  MOIYJs, IO  JO3BOJISIE
BUKOPUCTOBYBaTH OJIMH 1 TOH CaMUWil TPUCTPId JUIT BUKOHAHHS
pi3HUX omnepariii;

- MOXJIMBICTh IIBUAKOTO TPOTOTUIYBAaHHA MPUCTPOIB  Ta
BIJUIarOJKCHHSI TPOEKTY Ha IJIaTi 3a JIOTIOMOTOI BOYIOBaHOTO
JIOTIYHOTO aHaJi3aTopa;
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- moOynoBa CHCTEMH Ha KpHCTalIi — MOAYId B SKOMi Ha
mikpocxemi TJIIC po3mimryeTbesi Mikponpouecop 31 3MiHIOEMOIO
nepudepiero, KoHTposiepu pizHomaHiTHuX iHTEepdeticiB (PCI, PCI-
Express, USB, SPI, I2C, CAN, Ethernet), KoHTpoJIepiB 30BHIITHLOT
nam’sti (Flash, SDRAM, DDR, DDR2/3), BOynoBaHux OJOKiB
nam’sITi, creniagizoBaHi 0OYMCIIOBAIBHI MOAYIi (KpunTorpadivni
Moy, 010kH mBHAKOTO obummoBanHI Dyp’e, uppoBi PinbTpH
Ta iHIIe);

- mobynoBa Ha Mikpocxemi [IJIIC mepexi Ha KpucTami — Tpynu
00YMITIOBATFHUX MOJYJIB, IO 3 €IHaHI MK COOOI JOKAIBFHOIO
00YHCITIOBAITEHOIO MEPEKEIO.

[Mepmmii po3ain MPHUCBSYECHUH PO3TISLy NPHHLUIIB OpraHizamii
mikpocxem IIJIIC FPGA Ta CPLD TumiB. PosrmsHyTo apxiTekTypy
JOTIYHOTO  €JIeMeHTa,  JIoTiYHOro  OmoKy,  OmokiB  (asoBoro
aBTOIMIICTPOIOBAHHSI YaCTOTH i yOyJoBaHHX OJOKiB muppoBoi 00poOku
curHamy. Takok y TepHmioMy pPO3JiIi  PO3MISHYTI  MPHHIUIN
nporpamMyBaHHsA i koH]irypysanasa Mmikpocxem [IJINC.

Jpyruii i TpeTiii po3Aii NMPUCBSYCHI PO3TIISAY OCHOB MOBH OIHCY
anmaparypu VHDL 1 nmpuHmumam onucy pi3HHX OHUGPOBUX TPUCTPOIB
moBoro VHDL. HaBengeno mnpukiagy omucy pi3HHX KOMOIHaIiWHUX 1
MOCIIIOBHICTHUX TPUCTPOiB, MOJIYJIIB Mam'siTi, ITU(PPOBUX aBTOMATIB.
Takox mokaszana peaiizarist 0i0miorek, npouenyp, QyHKIIiH 1 KOMIIOHEHTIB,
110 J03BOJISIE Peai3oByBaTH 01kl nmpoekTu MoBoto VHDL.

B derBeproMy Ta m'ATOMY pO3[iiiaXx pO3IIITHYTa poOOTa B MaKeTi
Quartus I mounHaroun Bij cTBOpeHHsS (ailyliB Ta MPOEKTIB 1 3aKiHIYIOUH
nporpamyBaHsiM Mikpocxemu [IJIIC. Takox poO3MIISTHYTI NPHUKIAIH
po3poOKK MoayIiB maM'aTi i tu(pPOBUX aBTOMATIB 3a JOMOMOI0OI0 3aC00iB
nakera Quartus I, wmerommka ontumizamii npoekry Ha [UIIC i
BHYTPiCUCTEMHE HaJIaroPKeHHSI.



Pos A in Apximekmypa Mikpocxem

nporpaMOBaHo'i AOT KN

o  Kuacudikarist [IIIC. ......cocoiiiiiiiiii e 10
® ApxitekTypa MikpocxeMm cimeiricTBa Cyclone Il..........cccovvviiiiiiienns 15
®  ADXITEKTYPA MIKPOCXEM SPATLAI ....vvvvevirreesreiresieereseeesresneseesresreenens 30
®  ApxiTekTypa MIKPOCXeM CPLD .......cccooiiiiiiiii e 32
®  ApxitekTypa MIKPOCXeM MAX I ....ccciiiiiiiiiiiiecc e 34
® KoupirypysanHs MiKpocXeM TIJIIC...........ccoooviiiiiii e 36

9



1. Kaacuixayia TIAIC

7.1. Knacndixayis TNIC

Haii6inem mpocty moOymoBy cepel MIKpOCXeM MpOrpaMOBaHOL
JIOTIKM Maju TporpamoBani Jorigai matpumi — ITJIM. Ili Mikpocxemu
CKJIaJanucs 3 mporpaMoBanux Matpuilb «I» ta «ABO». Sk npuknan Takux
MiKpocxeM Mo)kHa HaBecTH Mikpocxemu PT1, PT2, PT21 cepii 556. Ha
pucyHnky 1.1 300paxeHa BHyTpilIHA CTpyKTypa Mikpocxemu [1JIM [5].

k AiHIM
CAIB
. ——]
N BXIAHMX | ———
..o . MOTDMLI,FI . MOTDMLLH
AIHI M . .
, | ABO
L N ]
m BXIAHMX
AIHIM

Pucynox 1.1 — Cnpowena apximexmypa IIJIM

BXigHuit curHan po3psaHICTIO N MOTpaIuIse A0 MEPIIol MaTPHIli, Je
HaJl BXIJIHUMH JaHUMH BHKOHYEThCS JjoriuHa QyHKiis «I». Pesympratn K
KOH FOHKIIH BXOJATh A0 Marpuili «AbO», e Hajg HUMH BUKOHYETHCS
ormeparlisi JIOTIYHOrO jgojaBaHHsa (KOH'IOHKINI). Takum uuHom y I1JIM
MOKHa MoOyayBatu M QyHKLiH BUAY:

Y =X, Xy Xg X, + X X, X5 X,
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1. Kaacuixayia TIAIC

B mnopanpmomy apxiTekTypa MIKpOCXeM MPOrpamMOBaHOl JIOTIKH
YCKIIQAHIOBANACh. 3MIHIOBaJach apXiTEKTypa OKpPEMOi YapyHKH, IX
KUTBKICTh Ta CXeMa 3B’S3KiB, JOJaBANIHCh HOBI (PyHKIT Ta Momymi. [lepm
HIXK TIEPEeUTH O PO3TIAY apXITEeKTYpPH CYYaCHHX MIKPOCXEM CIOYaTKy
PO3TIISIHEMO OCHOBHI apXiTekTypHi ocobimuBocti [TJIIC.

CxeMaTHYHO MiIKpOoCcXeMa Ta MUISIXW [POXOKEHHS CHUTHAIIIB
MmoKa3aHi Ha puUcyHKY 1.2. Mikpocxema MICTHTH €IeMEHTH BBOJY-BHBOLY,
JIOTiUHI eNeMeHTH Ta JiHil 3B’S3Ky — pAakud i cToBOwi. CrporieHuit
MexaHi3m pobotu mpuctporo Ha [UJIIC Burisigae TakuM YWHOM: CHUTHAI
yepe3 eJIeMEHTH BBOIY-BUBOJIY MOTPAIUISE B MIKPOCXEMY, /1€ B JOTTYHOMY
€JIeMEHTI HaJ] HUM BHKOHYIOThCS HeoOXimHi omeparii. [lotiM mo miHisgx
3B’SI3KY Uepe3 eIEMEHTH BBOAY-BHBO/Y CUTHA BUXOAUTH 3 MIKPOCXEMH.
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1. Kaacuixayia TIAIC

[IporpaMyBaHHS Ta TMEpeNporpaMyBaHHSl BIUIMBAE Ha PEXUMHU
poOOTH JIOTIYHUX EJIEMEHTIB, EJIEMEHTIB BBOJIy-BUBOY, 3B SI3KU CICMCHTIB
B MIKpPOCXeMi — fK 1 B SIKOMY MOPSAIKY 3’ €IHYIOTHCS JIOTIYHI €JIeMEHTH, K
PO3TaIIOBYIOTECS (QYHKIII B JIOTiYHUX eneMeHTax. [y 30epexeHHs BCix
mux mapameTpiB B Mikpocxemi [UJIIC icHye koHirypaniiina mam’sTb,
JOCTYI JI0 sIKOI KOPHCTYBauy HE MOXKE OTpUMATH, i MPOTrpaMyBaHHsS SKOL
BHUKOHYETHCS CIIEiali30BaHUM MTPOTPAMHUM 320€3IIeUeHHSIM.

ApxiTektypa Ta MoxnuBocTi cydacHux [IJIIC myxe pisHOMaHITHI,
ane y OLTBIIOCTI BWITAAKIB MOKHA HABECTH MAEKiNbKa KiIach(iKamiiHuX
O3HAaK:

CTYIiHB 1HTErpalii a00 JIOTiYHA EMHICTB;

apXiTEKTypa JIOTIYHOTO eIEMEHTa MiKPOCXEMHU;

THUTI 3alaM’ATOBYIOUOTO €JIeMEHTa IS TTaM ATi KOHQIrypartii;

HasBHICTh  BOYIOBaHMX  MOJAyNiB  (BHYTpIIIHBOI  mam’sTi,
MOMHOXYBa4iB, OJIOKiB HU(PPOBOi 0OpOOKHM CHUTHAMIB, iHTEpQEuciB s
PI3HOMaHITHUX MPOTOKOJIIB Ta 1HIIHNX).

Cmynine inmeepayii abo no2iuna eMHicmv — HAWOLIBII BaXKJIMBUN
noka3auk Mikpocxem IIJIIC. CydacHi MiKpocXeMH BKIIOYAIOTh B cebe
COTHI MUIBHOHIB TpaH3UCTOPiB, ane Mikpocxema IIJIIC mae myxe Benmky
HaJUTUIIKOBICTh CTPYKTYPH, TOMY Ul OUIBII KOPEKTHOTO BH3HAYCHHS
00’eMy MiKpocxeM BUPOOHMKH BHKOPHCTOBYBAJHM TaKWi MmapaMeTp sK
KUJIBKICTh €KBiBaJIEHTHHX JIoriuHMX BeHTwIiB Ty 21-HI a6o 2ABO-HI, siki
0 BHKOPUCTOBYBAJIMCH JIJIS pealtizaiii MPUCTPOIB Ti€l K caMoi CKIIaTHOCTI,
mo i wa IIJIIC. Takuiéi cmoci6 pospaxynky o60’emy [UIIC
BUKOpUCTOBYBaBcsi mnpubmuzno g0 2004  poky. Mikpocxemu, siki
BUIIyCKJIUCh HAa TOW dYac, Maimu obcar Bix 10 THCAY eKBIBaJICHTHUX
noriuaux enemeHtiB (uist Mikpocxemu Flex 10K10 dipmu ALTERA) no
5,3 MINBHOHIB EKBIBAJIEHTHHUX JIOTIYHHX EJIEMEHTIB (Ui MIKpOCXeMHU
APEX 1II ¢ipmu ALTERA). Cuig BigmiTuTH, 10 KOXHa 3 ¢ipMm, L0
BUIIYCKa€ MIKPOCXEMH IPOrpaMOBaHOI JIOTiKH, PpO3PaxoBY€ KiJIbKIiCTb
€KBIBaJICHTHHX BEHTHJIB 3a BJIACHOID METOJHMKOI0, IO YCKJIAJHIOE
MOPIBHSIHHS MIKPOCXEM Pi3HHX TUMIB. KpiM TOTO, B CTPYKTYPY MiKpOCXEMH
KpiM BJIaCHE JIOTIYHUX €JIEMEHTIB BXOAMTS IIIe YK€ 0arato pi3HOMaHITHUX
By3IliB (€JeMEHTH BBOJY-BHBOAY iH(popmarii, OJIOKM mam’sTi, pecypcH
TpacyBaHHS CHTHAJIB 1 T.1.), KO)KCH 3 SKHX OIMHCYETHCS Pi3HOIO KiJIBKIiCTIO
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1. Kaacuixayia TIAIC

€KBIBAJICHTHUX JIOTIYHUX €IEMEHTIB. lle Takoxk yCKIaIHIOE pO3paxyHOK y
€KBiBaJICHTHUX BEHTHJISIX.

Tomy cporomni JuUis BUMIPIOBAaHHS  €MHOCTI  MIKPOCXEMH
BUKOPHCTOBYIOTh TaKUil TapaMeTp SIK KUTBbKICTh JIOTIYHUX eJIeMeHTiB. Aure,
OCKIUTBKU apXiTeKTypa JIOTIYHHUX eJIEMEHTIB AJISl Pi3HUX MIKpOCXEM HaBiTbh
OJTHOTO BUPOOHUKA BiAPI3HAETHCS BijA 1HIIOI, TO MOPIBHSHHA MIiKpOCXEM
crae mie Oimpm ycknagaeHum. g nopiBasaas [UIIC pisanx BHpOOHUKIB
MO’KHA MOPEKOMEH/TyBaTH CTaTTIO [1].

3 iHmoro 60Ky Mikpocxemu ocHOBHUX BHpoOHHKIB [TJIIC MoxyTh
OyTH TOAIIEHUMH Ha TakKi YMOBHI Kjacu SIK jaemeBi mikpocxemu (Lowest
Cost), mikpocxemu cepenauaboro kiaacy (middle) ta hi-end mikpocxemu. Tak
cepen mpoaykuii kommanii Altera mo wmikpocxem kimacy Lowest Cost
BimHOCATBCA Mikpocxemu ciMmedcTB Cyclone. Jlns MikpocxeM KoMIaHii
Xilinx e cimeiicta Spartan [3, 7, 13, 16]. BapricTs HaiiMeHIIOl 3 TaKUX
MIKpOCXeM cKkjanae Onms3bko 12 mosutapiB. JIo MIiKpOCXeM CepelIHbOro
KIacy Kommadis Altera BiZHOCHTH MiKpocxeMu cimeiictBa Arria, mo
Opi€HTOBaHI Ha peani3allifo MBUAKICHUX iHTEpQEiCciB BBOIY-BUBOMY.
BapricTh HaliMEHIIOI 3 UX MIKpPOCXeM CKiaaae Onau3bko 170 mosiapis.
Mikpocxemu kiacy hi-end € HalKpamuMm JOCSTHEHHSM BHPOOHHKA 1 JI0
TaKMX MIKPOCXEM BIJHOCATHCS MIKpocxeMH cimeiicTB Statix kKommasii
Altera ta Virtex xomnanii Xilinx [3, 8, 17, 18]. BapricTs Takux Mikpocxem
MOYKE CATATH KITbKOX THCSY J0JIapiB.

3a apximexmyporo nociunoco enemenmy (Logic Element — LE)
HaWOUIBII YaCTO MIKPOCXEMH PO3IIIISIOTH Ha J1Ba TUIH [2, 4]:

— CPLD — Complex Programmable Logic Devices — npuctpiit 3i
CKJIaTHOIO TIPOTPaMOBaHOIO JIOTIKOIO;

— FPGA - Field Programmable Gate Array — wMaTpuis
NPOrpaMy€eMUX JIOTIYHUX EJIEMEHTIB.

Mikpocxemu 3 apximexmypor CPLD peanizoBylOTb B JIOTIYHOMY
€JIEMEHTI CKIIaJIHY JIOT19HY (DYHKIIFO Y BUTIISIL JIOTIYHOTO PIBHSHHS, SIKE
dopmyerbess 3a  jgonomoror ¢yskmii «I» Ta «ABOy». lle Oinbm
ycknagnennit  Bapiant [IJIM  wmikpocxem. Kondirypauiiini nmani B
MIKpocxeMax IbOro BUay 30epiraeTbcsi y BOymyBaHiit mam’siti tumy Flash,
TOMY JUISI CBOEl pPOOOTH MIKPOCXEMH HE MOTpeOye 30BHIIIHBOIO
3aBaHTaKyBaua KoH(pirypaiiii. HaiOinpln XxapaKTepHUMHU MPEACTaBHUKAMU
takoro Buny IIJIIC mMoxyTh cinyryBatu Mikpocxemu cimeiictB MAX7000
ta MAX3000 ¢dipmu ALTERA a6o CoolRunner ta XC9500 dipmu
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1. Kaacuixayia TIAIC

XILINX [6, 9, 10, 12, 14]. binbm aeTaqbHO apXiTEKTypa MIKPOCXEMH
MAX3000 6yne po3risayTa y naparpadi 1.3.

OcHoBHa ines mikpocxem FPGA monsrae B tomy, mo Oynb-ska
¢dynkmis Moxe Oytm ommcaHa Tabiwmero JificHocTi. Tomy Mikpocxemu
OBOT0 TUIY peani3yloTh JIOTiuHy (YHKIII0O Ha OCHOBI Tabmumi
nepekoayBants (look-up table), sika 3a mpunimnmom po6otu nomiOHa 10
HOCTIHHOTO 3amaM’ ITOBYIOUOT0 TIPUCTPOI0. KitacH4HNM IPHKIIaoM TaKoro
TUIY MikpocxeM MoskHa Ha3Batu cimeiictBo FLEX 10K dipmu Altera, sike
CBOTO yacy OyJo Jayke MOIIMpEeHE 1 OmucaHe B 0araThbOX KHHMrax Ta
nigpyunukax [9, 11]. Mu x posrisiHemo apxitektypy FPGA mikpocxem Ha
npukiani mikpocxem Cyclone II ¢gipmu ALTERA B maparpadi 1.1. Jlo
FPGA wmikpocxem Takox BigHOocsaThes [IJIIC cimeticTs Stratix ¢ipmu Altera
ta Spartan i Virtex kommanii Xilinx [3, 10].

Tun 3anam ’amogyouo2o eiemenma nam’simi Kougicypayii BU3HAYAE
moxumBoeti  IIJIIC mo mporpamyBaHHIO, TeEpenporpaMmyBaHHIO i
30epeKeHHIO 1H(pOPMALIil TPY BiIKIIOYCHHI KUBJICHHS.

CyyacHi mikpocxemu BukopuctoByiorb EEPROM, Flash abo SRAM
TEXHOJIOTIE€I0 JUIsi BUTOTOBJICHHS 3aliaM’SITOBYIOUOI'O CJIEMEHTY, IO Ja€
MOYKJIUBICTH MEPENPOTrPAMOBYBATH MIKPOCXEMY.

MikpocxemH, 10 BUKOPUCTOBYIOTH TexHojorito EEPROM a6o Flash
3a0e3MeuyloTh CHeproHe3aiekHe 30epekeHHs KOH]iryparii, a Takox i
OaraTopa3oBe ImporpamyBaHHs Mikpocxemu. Mikpocxema Ha SRAM
NOBHHHA KOXXEH pa3 MporpaMyBaTUCs TPH BBIMKHEHHI >KHBIICHHS.
Kondirypaniiini gasi B ipboMy BUNaKy 30epiraerbcs y 30BHimHOMY 11311
a00 y mepcoHaIbHOMY KOMII FOTEPi.

Hasenicmo  60yoosanux mooynie. OKpiM CTaHAAPTHUX JIOTIYHUX
enemenTiB IIJIIC Moke MICTHTH TakoX amapartHi OJOKH, SIKi BUKOHYIOTbH
cnemianizoBani QyHkiii. HaitGinem yacto B MikpocxeMax pO3MIIIyIOTh
ONOKM Tam’siTi, MOMHOXYBadi, OJOKM (a30BOr0 aBTOMIJICTPOIOBAHHS
yacToTu. KiTbKiCTh Ta HasBHICTh TaKUX OJIOKIB BH3HAYAETHCS CKIATHICTIO
Ta MPU3HAYEHHSAM Mikpocxemu. HasBHICTH Takux OJIOKiB 3 OIHOTO OOKY
YCKIIQJHIOE MIKpOCXEMY, MiJBHUINYIOYH ii BapTicTh. 3 1HIIOTO OOKY
arnaparHi sJipa 3Ha4YHO MOTYXHIII 32 IBUAKOIIEI0 Y MOPIBHIHHI 3 TAKUMHA
CaMUMH TIPUCTPOSIMU, CTBOPESHUMH Ha JIOTIYHHX eleMeHTax [4].
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1.2. Apximepxmypa mixpocxem cimericmea Cyclone Il

1.2. Apximeximypa mixpocxem cimevicmsa Cyclone Il

Mikpocxemu Cyclone BIZHOCSATBCS 0 TaK 3BaHUX «ICIIEBUX)
mikpocxem IUIIC. Ilepmi mikpocxemu cimeiictBa Cyclone 3’sBuimch y
2002 pomi. 3 TOro dyacy OyJlO BHUIYHNICHO KiJIbka CIMEHCTB 1 Ha
ceoroanimuid gens ¢ipma ALTERA Bumyckae Mmikpocxemu cimeiicTBa
Cyclone V. V ganoMmy po3mili MH PO3IJSIHEMO apXiTeKTypy ciMeiicTBa

Cyclone 11 [13].

PAMY EAemeHTH BBOAY-BHBOAY (EBB) PAMM
b b
A M A
o) o o
K M K
7] H 7

EBB | AB A | O AB AB | EBB

n x n
a Y a
m' B M
f a A
T 4 T
i [ i

PAMY EanemenTH BBOAY-BMBOAY (EBB) PAMY

Pucynox 1.3 — 3acanvna apximexmypa mikpocxemu Cyclone 11

15



1.2. Apximepxmypa mixpocxem cimericmea Cyclone Il

3aranpHa apxiTektypa mikpocxemu Cyclone Il mokazana Ha puCyHKY
1.3. B cTpyKTypi MiKpocxeMmH IOKa3aHi JHUIIE Ti pecypcH, AKi po3poOHHK
MOK€ BHUKOPHCTOBYBAaTH B CBOIX MpOEKTaxX 1 SKi JOCTYIHI HOMy JuIf
nporpamyBanHsa. OCHOBHHIA eJleMEHT MiKpocxemH 1ie Jorigawii 610k (JIb),
SKHH BKIIOYae B cebe eJIeMEHTapHI YapyHKH MIiKpOCXEMH — JIOTi4Hi
enementu (JIE). B macuBi 5oriyHMX OJIOKIB pO3TAIIOBaHI CTOBITYMKH
OmokiB maMm’sAiTi Ta TOMHOXYyBadiB. [lo mepuMerpy MiKpocxeMu
PO3MIIIYIOTECS eleMeHTH BBoAy-BUBOAY (EBB), ckpi3b siki BUKOHY€ETBCS
oOMiH Mikpocxemu iHQopMaliclo 3 HaBKOMWIIHIM cBiToM. [lo KyTax
KpUCTATy pO3MilleHi OMoku (ha30BOTO aBTOMIICTPOIOBAHHS YaCTOTH
(DAITY). Kpim nokazaHoro Ha pucyHKy 1.3 Ha KpHCTali pO3MIIIYEThCS IIIe
By30J KOH(IirypyBaHHs Ta KOH]irypaiiiiHa mam’siTb, SIKi HEIOCSXKHI
KopucTyBauy. llepernik pecypciB HalMeHIIOi Ta HaHOINBIIOI MIKpOCXeM
cimetictBa Cyclone II maBeneni B Tabmwmmi 1.1.

Tabnuys 1.1 — Hapamempu mixpocxem cimeticmea Cyclone 11

[Tapametp EP2C5 EP2C70
KinbKicTh JTOTIYHHMX €JIEMEHTIB 4608 68 416
Kinbkicte 6110kiB mam’siti M4K 26 250
3arajapHui 00’ €M maM’ATi, OIT 119 808 1152 000
Bbirokis ®AITH 2 4
BOynoBaHNX MOMHOXKYBauiB 13 150
BuBoiB, 1ocTynmHuX 158 622
KOPHUCTyBady

1.2.1. ApxiTeKkTypa JOri4HOro ejleMeHTa

IIJIIC Cyclone II — e FPGA wmikpocxemMa i OCHOBOKO JIOT1YHOTO
Onoky B Hii € Tabmuug mnepekomysanus (Look-Up Table — LUT).
ApXiTeKTypa JIOTi4HOro OJIOKY IOKa3aHa Ha PUCYHKY 1.4.

Tabnuiis MepeKoyBaHHS MOXE T'eHEepyBaTH Oylb-sKYy JIOTIYHY Bij
YOTUPHOX 3MiHHHMX. KpiM TaOmuii nepekoayBaHHS JIOTiYHHNA €JIEeMEHT
MICTHTB TakoX KoHQirypyemuii Tpurep (Programmable Register) ta cxemy
HIEPEHOCY.
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1.2. Apximepxmypa mixpocxem cimericmea Cyclone Il

JloriuHwuii eleMeHT MOXKe TPaLIOBAaTH Y IBOX peKUMax poOoTu:
—  HOPMaJbHOMY PEXUMI,
—  apupMETUUHOMY PEKHUMI.

CHHXPOHHI
Bxia nepeHocy JABAHTAXKEHHA TA
(Carry-In) l CKHUAQHHS

Ao marpuui
Cxema 3'€AHOHHb

data 1 T

LUT | Koo > 30BAHTOXEHHS D >
|
|

—
data 2
data 3

—

daia 4

nepeHocy TA CKMAQHHS KoHdoirypy-
- > EMUIA
Tpurep

Braxia
3arasbHe nepeHocy | ENA
CKMAQHHA (Carry-Out)
KPUWCTAA

p Y CLRn

CKMAQHHA | Cxema Y

CKMAQHHS 5 CKMAQHHA
—_—

clk

clk 2 TaKTYBOHHA TQ
_’- .
AO3BIA

ena |
TAKTYBAHHA

ena 2

Pucynox 1.4 — 3azanvna apximexmypa noziunozo enemenma FPGA
MIKpocxemu

B HOpManbHOMY pekuMi poOoTH (pUcyHOK 1.5) Ha BXoau Tabmui
HepeKoIyBaHH HAJIXOAATh YOTHPH cUrHaiu Janux (data 1 .. data 4), a 3
BUXOJYy JaHi MOXYTh MOCTyNaTH ab0 Ha BXiJl KOHQIrypyeMOTro Tpurepa,
abo depe3 MaTpUI0 3’€JIHAHb Ha IHINI eJleMeHTH MikpocxemH. Kpim
BXIJIHUX JTaHUX B JIOTIYHUH €JIEMEHT 3 JIOT1YHOTO OJIOKY HAIXOMIATh TaKOXK
JiHil JBOX JOKaJIbHUX cUrHaiB cuaxpoHizaiii (clk 1, clk 2), nBox curnanis
no3Bosly poboru (ena 1, ena 2), ABOX CHUTHAJiB CKHUIAHHS Ta CUTHAIY
3arajlbHOrO CKHJAHHS KpPUCTaly, a TaKoXX CHTHAJM CHHXPOHHOTO
3aBaHTaKEHHA Ta ckuaaHHs. KoHgirypyemmuii Tpurep, B 3aJ€KHOCTI Bix
pexumy pobotH, Moke npatoBaru sk D, T, JK abo RS tpurep. Buxinnuit
CHTHAJI TpUTepa HAJXOIUTh B MAaTPHIIIO 3’ €IHAHB 1 MOKE MOJABATHCS Yepe3
TiHii 3B’A3Ky Ha OyAb-SIKUI €1eMEHT MiKPOCXEMH.
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1.2. Apximepxmypa mixpocxem cimericmea Cyclone Il

CUHXPOHHI
3ABAHTCPKEHHS TA
CKMAQHHS

data 1 Ao matpuui
— 3'€AHAHHb

Cxema
data 2
— LUT > 3aBAHTOKEHHS >{D —>

datad | TG CKMAQHHS KoHdpirypy-

EMUM
datfa 4 >

TpUrep

3araabHe
CKMAQHHA > ENA
KPUCTaAY, CLRn

CknaaHHs 1 Cxema s
CKMAQHHS -2) CKMAQHHA
—

clk 1

clk 2 TOKTYBGHHR Ta
AO3BIA

enal
—>| TAKTYBOHHS

ena 2 N

Pucynox 1.5 — Jlociunuii enemenm FPGA mixpocxemu 8 HOpMATbHOMY
pedicumi pobomu

Ilepen BUBUEHHAM apH(PMETHYHOTO PEKUMY POOOTH MPUTafaEMO SK

BUKOHYETBCSI OTIEpAllisi JOIaBaHHS y ABIMKOBOMY KOI.
Jns  nmonaBaHHS JABOX 0araTopo3psiIHUX YWCENl HajJ KOXHUM
PO3psaoM (KpiM MOJIOZIIOr0) HE0OXiTHO BUKOHATH TaKi Omepartii:

S =A ®B ®P,
P =AB +R.(A ®B)

Ie Si— cyma i-ro po3psay,
Pi — Buxiz mepeHocy 3 i-ro po3psay,
Pi1 — BXig mepenocy 3 i-1-ro po3psiny,
A, Bi —i-i1 po3psin nonanka A ta B.
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1.2. Apximepxmypa mixpocxem cimericmea Cyclone Il

3 HaBeZieHUX BHIIE (OPMYN BUAHO, IO JUIS BHUKOHAHHS OIepaii
JI0JlaBaHHsl HEOOXiHO BUKOpUCTaTH Tpu 3MiHHI: A, B, P, axi moBunHI
HaIIATH 10 JIOTIYHOTO eJleMeHTa MikpocxeMu. KpiM Toro, HeoOXimHO
OpraHi3yBaTH IEPEHOC 3 MOJIOJIIOTO PO3PSAIY i 10 CTapIIoro PO3psiy.
TakuMm 4uHOM, HEOOXiJHAa iHIIA apXiTEeKTypa JIOTiYHOTO eJeMEHTa, sKa
noka3aHa Ha pHCyHKy 1.6. Taka apxiTekTypa BHUKOPUCTOBYE TaOJIHIIIO
MEepeKoAyBaHHs, IO TOMiJIeHa Ha JBI  TPHOXBXOAOBI  TaOMHIN
nepexonyBaHHsa. OnHa TaOnMUs BHUKOPUCTOBYETHCA UIS (OPMYBaHHS
CHTHAJTy CyMH, a Ipyra — Ui popMyBaHHs curaaiy neperocy (Carry-Out).
B skocTi cuTHaNIB JaHWX BUKOPHUCTOBYIOTHCSA 1OBa Bxonmu nanux (datal,
data2) ta Bxin nmepenocy (Carry-In).

CHHXPOHHI
3CBAHTCKEHHS TA
CKMAQHHS
datg 1 > c Ao marpuui
g . Xema 3'€AHOHHb
datg 2 LUT 3QBAHTAPKEHHS > D —
| TQ CKMACHHS KoHdpirypy-
> EMUM
TRUrEP
Buxia nepeHocy
BXiA 1N LUT (Carry-Out) > ENA
nepeHocy |
(Carry-In] i CLRn
3araasHe
CKMAQHHS
KPUCTOAY
CKMAGHHS | Cxema
CKMAGHHS 2 CKMAQHHS
clk 1 o
clk 2 TakTyBAHHA TQ
ena 1 g AO3BIA
> TQKTYBAHHS
ena 2

Pucynox 1.6 — Jlociunuii enemenm FPGA mikpocxemu 6 apugpmemuuromy
pedrcumi pobomu
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1.2. Apximepxmypa mixpocxem cimericmea Cyclone Il

Jns  cknmamaHHs —0araTOpO3pSIHOTO  YWCHA  JIOTIYHI  CJIEMEHTH
MOBHHHI OyTH 00’ €HaHI y 3arajibHy CTPYKTYPY, CTPYKTYPY SKOi IIOKa3aHO
Ha pucyHKy 1.7. 3 pHCYHKY BHUAHO, IO OKpeMi pPO3PSON TOaHKIB
Haaxomate no cycigaix JIE, sxi ¢opmyiors OiTH pesymbrary. Ko
PO3PSITHICTh JTOJAHKIB IEPEBUINYE KUIBKICTh JIOTIYHUX CIIEMEHTIB Y
jorivHoMy Ouori (muist mikpocxeMm cimeiictBa Cyclone Il — me 16), To
(hopMyeThCsl CUTHAN TIEPEHOCY 3 OJHOTO JIOTigHOTO 010Ky 10 iHmmoro (LAB
Carry-Out).

Cino
AQ AOTMHMIA S0,
—_—
BO eaemert  [Couto
—_—
|C\r|l S

Al AOridHUKM >
—_—
R1 earemeHTr [ Coutl
—_—

in2 52
A2 AOTMHUK [
—_—
B2 esremeHt | Cout2
—_—

in3 3
A3 AOriYHUK [ >

Cout3

B3 EAEMEHT

g — "€OHANHS TO2TYHUX enemenmié 0Jisl 000ABAHHS
Pucynox 1.7 — O6
4-po3psaonux uucen

1.2.2. Jloriuamii 0J10K

Jloriunmii 610k (Logic Array Block — LAB) mikpocxemu MicTUTB y
co0l MIICTHAAUATL JOTIYHMX €JEMEHTIB, sKI 3’€IHaHl JOKaILHOIO
Mmarpunero 3’exaanp (Local interconnect), maHmiory CUTHANIIB KEpPyBaHHS
JIOT1YHUM OJIOKOM, JIAHIIOT MEPEHOCY AJIS JIOTIYHHMX €JIEMEHTIB OJOKy Ta
JAHLIIOT TIEPEHOCY 3 OJHOTO JIoriuHOro 010Ky A0 iHmoro. Ha pucynky 1.8
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1.2. Apximepxmypa mixpocxem cimericmea Cyclone Il

MOKa3aHO JIBA JIOTIYHUX OJIOKH Ta 3’€JHaHHS iX 3 TJI00aTbHOI0 MaTpHIEIO
3’€JHAHb.

Jloriuni OJMOKWM po3TalIoOBaHI psSAKAMH Ta CTOBOYMKAMH 1
3’€HYIOTBCSA MK COOOI0 3a JOMOMOTOI0 TI00ANbHOI MaTpwili 3’€IHAHB
(MultiTrack interconnect).

(o C C
T PAAOK TAOBQALHOT | T | maTpmLi 3'€AHAHb T
o] o o]
s | 1 . Ly :
6 AE 6 <« AE 6
e «—>| AE e AE e
LL -« AE L AE L
b AE b AE b
<> AE AE
M AE M AE M
a AE a AE a
AOKOABHO AOKTABHC!
T T T
MATPHLS AE MATPMLLA AE
P 3'€AHAHb AE P 3'€AHOHDb [e—>| AE P
7] M M
u AE AE u
i AE L|L AE i
AE AE
3 <> AE 3 AE 3
c AE e AE €
A AE A AE A
H AE H AE H
a a T a
H H H
b b b
ACTIHHMIA BACK AOri4yHMM BAOK

Pucynox 1.8 — Jlociuni 6noxu mixpocxemu Cyclone I1

1.2.3. Kongirypyemuii 610k nam’siti M4K

Mikpocxemu cimerictea Cyclone Il mictsate B co0i 0ok mam’sti
tuny M4K, 06’em sxux cknagae 4 098 6it. 3aranpHuii 06’eM BOYJ0BaHOT
nam’siTi MiKpocXeMHu cTaHoBHUTH BIT 104 kOiT 10 1 MOiTa, a MakcuMaibHa
TaKTOBa 4yacTota podoTH csrae 250 MI .

brnok mam’sati M4K Moke KOHQIrypyBaTUChb B HACTYIHI BHIH
nam’siTi:
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1.2. Apximepxmypa mixpocxem cimericmea Cyclone Il

— OlepaTUBHA IaM’SITh,

— TOCTIHHU 3amam’ATOBYIOUWH MPHUCTPIH;

— nBoxnoproBuit O3II;

—  pericTp 3cyBY;

— ©6nok FIFO.

Kpim Toro moxinuBa po6oTa 3 6iTOM MapHOCT.

OcHoBHOIO BiAMiHHICTIO BOynoBaHux OmnokiB mam’sti [UIIC e ix
KOHQITYpYEMICTh, TOOTO OJIOK TIaM’ATi MOKE MaTH KiJTbKa Pi3HUX BapiaHTIB
oprasizariii, 00’eM IKUX HE MEepeBHINye 00’ €M camoro Oioky mam’sti. [Ipu
po6orti 610k M4K nomyckae HacTyIHiI KOHITypanii:

4Kx1; 256x16;
2Kx2; 256x18;
1Kx4; 128x32;
512x8; 128x36.
512x9;

Sxu1o )k HEOOXiHO BUKOPUCTOBYBATH MOAYJb BOYJAOBAHOI mam’siTi
OinpIIoro 00’eMy, TO KuIbKa OJIOKIB 00’ €IHYIOTHCSA B OJMH MOIyJb. B
Oinpmr crapux Mikpocxemax IUIIC, manpuxmag Flex10K, 6ok mam’sri
BB2)KaBCS BUKOPHUCTAHUM, SIKIO B HHOMY OYB 3aifHATHN X04a O ofuH OiT.
HeBukopucrani OiTH maM’sITi po3pOOHHK BXKE HE MII BHKOPHCTOBYBATH B
CBOEMY TIpoekTi. Y MikpocxeMax cimerictea Cyclone € MOXIHMBICTB
BUKOPHCTOBYBaTH OXUH Moayiab M4K s aBoX oxHONOPTOBUX OJIOKIB
nam’sITi, 10 3HAYHO MiJIBUIILY€ BUKOPUCTAHHS OJIOKIB MaM’SITi.

1.2.4. Apxitextypa 010ky PAIIY

broku dazoBoro asromifctporoBanHs dvactotu (PAITY, Phase-
locked loop, PLL) MOyTh BUKOPHUCTOBYBATHCH TSI MHOXKEHHS Ta TiJIEHHS
YacTOTH, 3CYB (pa3H TaKTOBOTO CHUTHAIY BIJJHOCHO OCHOBHOI YacTOTH Ta
OTPUMAaHHS POrPaMOBAHOI IINAPYBATOCTI TAKTOBOT'O CUTHAITY.

PosrnsgaemMo ocHoBHWIT mpuHIMI pobotm cuctemu  DAIIY,
CTPYKTYpHa cXeMa 5IKoi 300pakeHa Ha pUcyHKy 1.9.

22



1.2. Apximepxmypa mixpocxem cimericmea Cyclone Il

- PiAbT leH TOP,
ﬂ» Pazosun > Hl43bK|/|F:< » KZ %F;gHOM% founx >
AETEKTOP P
yacTtoTt HaNpyrow

A

Pucynox 1.9 — Cmpyxkmypna cxema @AY

Ho cxnamy cucteMu BXOIUTh (Da30BUH JETEKTOp, KU BHU3HAYA€E
pi3HUITIO B (pa3i Ta 4acTOTi BXiTHOTO CUTHANY (f8x) Ta CHTHAITY 3BOPOTHOTO
3B’s3Ky. Buximamit curHanm ¢GopMyeThCs TeHEepaTOpoOM, IO KepYEThCS
Hanpyrot. @OiTbTp HU3BKMX YacTOT HEOOXIAHMU I  3armo0iraHHs
caMO030Y/PKEHHIO CUCTEMH BLIJIOMY.

B pe3ynbpTaTi poOOTH TaKOi CHCTEMH B i/I€ATbHOMY BHIAJIKy MOXHA
OTPUMATH HA BUXOJIi CUTHAI, 110 CIIBIAAAE 3 BXiTHUM CUTHAJIOM.

[Mpu mopanemomy ycknagHeHHi cuctemu (pucyHok 1.10) mo Hel
JOJTAIOTHCS. TPH JIYWIBHUKA — TUIBHUKH YacTOTH: BXigHUH (KoedimieHT
ninenHs M), Buximauii (koedimient mineHHs K) Ta miymimpHUK y JaHIl
3BOPOTHOTO 3B’s3KY (KoedilieHT aineHHs N).

Sxuio yBIMKHYTH y JIaHKY 3BOPOTHOTO 3B’SI3Ky JUIBHUK 31
3MiHIOEMHM KoedillieHToM paxyBaHHS N, TO yacToTa Ha BHUXOJi IIOTO
JinbHUKa 3MeHmUThess B N pa3 y mopiBHsHHI 3 curHaiiom fn. Cucrema
(a30BOrO aBTOIMIJICTPOIOBAHHSI YacTOTH OyAe MiATPUMYBaTH 3HAYCHHS
4acTOT Ha BXOAl ()a30BOro AETEKTOpa PIBHUMH OIMH OJHOMY. A 1e
O3Hayae, 10 YacTOTa Ha BUXOJI T'€HEpaTopa, L0 KEPYEThCS HANpyrolo,
Oyne 30inbmryBaTiich B N pa3iB y TOpIBHSHHI 3 BXIJIHOIO 4YacToOTO fiI.
3MiHIOIOYH KOe]ilieHT paxyBaHHS AIIFHHKA 3BOPOTHOTO 3B’S3KY MOXHA
OTPUMYBATH Pi3Hi 3HAUEHHS 4aCTOT reHeparopa.

Bxianmp - i X BUxiAHHA
fax . famtesng | Pasomuit PirbTR BHERATOR, | £ fo /M A fany
LN AlABHK actexrop [ HM3bKMX —{ o kepyeTecs AABHWUK  |——
H4aCTOTH (M) 4ACTOT HANPYrow sacrotm (K]

fa

AJABHMK 4OCTOTH
3BOPOTHBOTO
3B'33Ky (N

Pucynok 1.10 — Cmpyxmypua cxema @AY ¢ ILJIIC Cyclone 11
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1.2. Apximepxmypa mixpocxem cimericmea Cyclone Il

JonaBaHHs 1O CXEMH BXiIHOTO [IiIbHHKA YacTOTH 3 TOCTIHHUM
kKoedimieHTOM paxyBaHHA M 03BOJII€E OTPUMAaTH HU3BKY YacTOTY JUIs
MOPIBHSAHHA Ha BXomax ¢a3oBoro merekropa. Ha Buxomi remeparopa, IIo
KEepPYEThCS HAINPYTOIO, MOJAETHCA 1€ OWH JUTFHUK, ajle BXKe 31 3MIHHUM
koedimieHToM paxyBanHs K. B pesynapraTi BuXigHa dYactoTa Oyxe
BU3HA4YaTHCS (DOPMYJIOHO:
f..= & N/K

M

81U.

1.2.5. Apxitektypa BOYI0BAaHOr0 MOMHOKYBauya i
0J10Ky HM(poBOi 00POOKHU CUTHATY

Jns  MigBUINICHHS WIBUAKOMIT BUKOHAHHS oOmepaiid  1udpoBoi
00poOku curHaniB y cydacHux I[IJIIC BOymoByroTh ab0 TOMHOXYyBaui
(Embedded multiplier) a6o 6moku mudpoBoi 00podku curHaizy (DSP
block). Crtpykrypa BOymOBaHOrO MOMHOKyBada HaBEICHAa Ha PHCYHKY
1.11. BOynoBanmii MOMHOXXYBad MOXKE MpAIIOBAaTH B OJHOMY 3 JBOX
pexxuMmiB: onuH 18-0iTHMI TIOMHOXKyBad a0o JBa He3alneXKHUX 9-0iTHHX
MOMHOXYBava. MakcuMalbHa TaKTOBa YacTOTa POOOTH TOMHOXKYyBaua
nocsrae 250 MI'n. KinbkicTh BOyJ0BaHHMX 18-0iTHMX MOMHOXKYBadiB B
Mikpocxemax cimericrBa Cyclone II moxxe noxomutu 10 150.

CLRn
TExiAHWZ perictp

—ENA
CLRn

— MUX

—ENA
CLRN

BuxiaHmi perictp

|
I
|
|
|
dafaB |
|
|
|
|

TBxiAHMDl pericTp

3Hak A
3Hak B

ACHHXDOHHE CKHMAGHHA
Ao3sia poBoti
clk

Pucynox 1.11 — Cmyxmypua cxema nomrnooxcysaua y IHJIIC Cyclone 11
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1.2. Apximepxmypa mixpocxem cimericmea Cyclone Il

SIK BUAHO 3 PUCYHKY, IOMHOXYBa4 MiCTHUTb PETiCTPH IO BXOAY Ta
BUXOJ1Y, IO A3a€ MOKIIUBICTh CTBOPIOBATH CHHXPOHHI cXeMH. 3a OaskaHHAM
Il pericTpm MOXYTh 1 HE BUKOPHCTOBYBAaTUCH B cxeMmi. s IIbOro B cxemi
BUKOPHUCTOBYIOTbCA MynbTuIuiekcopu (MUX), sxi ¢popMyrOTh CHTHaK Ha
BXOJIi Ta BUXOZ1 MOMHOXYBaya.

B  wMikpocxemax  cimeiicTB  Stratix = 3amicTh  BOyIOBaHHUX
MOMHOXXYBa4iB BHUKOPHCTOBYIOTBCA OIIBII CKIAAHI OJOKH IH(PPOBOL
00pobku curnany (LHOC). OcHOBHMM MpH3HAYEHHSIM OJOKY LU(PPOBOI
00poOku curHany € ontumizamis anroputMmiB L[OC, ski moTpeOyroTh
BHCOKOI TPOIYCKHOI CHPOMOXKHOCTI. Jl0 TakuX anropuTMiB BiTHOCSTHCA
nudpoBa QinbTpamis, mBuAKe rneperBopeHHs Dyp’e, KOmyBaHHS TaHHX.
TumoBMMH 3afadaMu, SIKi HOTPeOYIOTh BHKOHAHHS TaKHX OIepamiii €
nudpose TenebaueHHs, [P-renedonis Ta TenexomyHikarii. st Beix mmx
3amad  BUKOpHcTaHHS BOymoBanmx OnokiB [[OC mo3Bomse 3HA4HO
HiIBUIIATH MPOIYCKHY CHPOMOXKHICTh QITOPUTMY Ta 3MEHIIUTH PECYpCH,
SIK1 HEOOXIHI JUTs peatizallii airopuTMy.

AO[17..0] 52-6iTHAIA QKYMYAITOD [
\
1
1
L0 36
A
—
BO[17..0] !
P0[36..0]
—
Al[17..0] % —> ¥ +
s o
(o} [¢]
5 % g
a = 2 a
= Z = 5
£ |81117.0] < 5 2
144 GQJ_ g . R 38 2 8 |4!4
> 5 | A2n7.0 2 — iae g s [
5 : 3 5
3 g 2 3 e
(o) v § =]
Q o
C
B2[17..0] 2 P1[36..0]
g — ¥ +#
A3[17..0] 9
Q
< 3‘6
B3[17..0]
L

Pucynox 1.12— Cmpyxmypra cxema nonosunu 6noky L{OC
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1.2. Apximepxmypa mixpocxem cimericmea Cyclone Il

bnok IOC cknanmaerscsi 3 ABOX OAHAKOBHX YaCTHH, OJHA 3 SKUX
nokazaHa Ha pucyHky 1.12 [17]. bnox MiCTUTh TOMHOXyBadi 3
MPOTPaMy€EMOIO PO3PAIHICTIO, CyMAaTOPHU Ta PETiCTpH s 30epeKeHHS
MPOMIXKHHX PE3YyIbTATIB po3paxyHKiB. [[oMHOXyBadi MOXYTh MpaIfoBaTH
y IeKuTbkoX pexxumax — 9, 12, 18 ta 36-po3psimHomy.

[Tpu BUKOpHCTaHHI TakOro OJIOKY Mpu poOOTi MOMHOXKYBaviB y 18-
PO3PATHOMY PEXHMMI Ha BHUXOAI KOXHOTO CyMaTopa ), MOXXKHa OTPHUMATH
HacTynHuit Bupa3 i onepanii MAC (multiply-accumulate):

PO[36..0] = AO[17..0] x BO[17..0] = A1[17..0] x B1[17..0].

Kpim momHOXyBadiB Ta cymartopiB Omoku LHOC MicTiATh maHIfOTH
JUTSL TIEpEHOCY pe3ynbTatiB 3 ogHoro O1oky LIOC mo iHmoro, mo 3Ha49HO
NPUCKOPIOE 00YHCIIeHHS Yy ocHOBHUX onepaiisx [{OC.

1.2.6. EnemeHTH BBOAY-BHBOAY i OaHKM BBOIY-
BHUBOJY

Enement BBOmy-BuBOay MikpocxeM cimeiictBa Cyclone II moxe
NpaIoBaTH B OJHOMY 3 PEXHMIB, SIKUH 3a7aeThCsl MPU MPOTpaMyBaHH1
MIKpOCXEMH:  BXiJ, BUXiJ, /JBOHANpaBICHWA BHUBIA, BHUBIA Yy
BUCOKOIMIIEZJaHCHOMY cTaHi. KpiM TOro enemMeHT BBOAY-BHBOAY
3a0e3rneyye TaKOXK MiITPUMKY pi3HOMaHITHHX CTaHAApTiB, YBIMKHEHHS
miaTsryrounx pesuctopiB (pull-up) mixm dgac koHdirypamii Mikpocxemu,
poOoty nanitoriB yrpumanus mmHU (bus-hold), mporpamyemy 3aTpumky
CUTHAITy JUTS BXOJy Ta BUXOXY, MIATPUMKY HEOOXIJHOI CHIIM CTPyMy s
JIESIKUX CTaH/IapTiB, IpOrpaMyeMe YBIMKHEHHSI MIATATYIOYHX PE3UCTOPIB.

Enement BBomy-BMBOLYy MICTUTH BHXiAHUU Oydep, BXigHHUH,
BUXIJHUHA PEricTpu Ta PETricTp N03BOIY POOOTH, SIKMH MEPEBOAMTH BHXIiX
MIKpOCXEMH B Z-CTaH, [Ki 3a0e31euyr0Th JBOHAPABICHHUA PEKUM POOOTH,
BBezeHHs aanux B [1IJIIC Ta BUBeAeHHS AaHUX 3 MIKpOCXEMHU. APXITEKTypa
€JIEMEHTIB BBOJy-BUBOJY IIOKa3aHa Ha pucyHKy 1.13.
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1.2. Apximepxmypa Mikpocxem cimericmaa Cyc[one 1

QOutput Enable
D

—ENA
CLRn
Busia
Q\Aglﬁg;l: BuxiaHUWI pericTp MIKPOCXEMI
b —=3
—ENA
CLRNn

|/|

A

BxiaHWMI pericTp

D
—Pp

—ENA
CLRn

i

Pucynox 1.13 — Apximexmypa 610Ky 6600y-6u800y

Cygacai IUIIC ™MoXyTh mpaIiioBaT OJHOYACHO 3 KUIBKOMa
CTaHIapTaMH BBOAY-BUBOAY onmHOo4YacHO (pucynok 1.14). Ile mae
MoxuuBicTh BukopuctoByBatu IIJIIC B cucremax 3 pisHUMHU CTaHIapTaMH
BBONy-BUBOJy. Tak, Hampukinaa, no Mikpocxemu IIJIIC moxyts Oytn
MiIKITIOYEHI CUTHANIM 3 Hampyroro >kusieHHs 2,5 B, 3,3 B, audepenmniiini
CUTHaJIM, curHanu pizHoManiTHuX nporokomis: PCI, PCI-X, DDR. Ane
cmpa 3BepHytH yBary Ha Te, mo I[IJIIC He Moxyrh 3abe3meuuTu
MOBHOIIIHHY poboty 3 cranmaptHuMud TTJI-piBHsmu. B OinbliiocTi
BUIAJIKIB MIKPOCXEMH MpaliooTh 3 curHajgamu 1o 3,3 B. s pobotu 3
curHanamu  TTJI ta 5B KMOH HeoOxigzHO BHKOPHCTOBYBAaTH
MEePETBOPIOBAYI PiBHSL.

27



1.2. Apximepxmypa mixpocxem cimericmea Cyclone Il

MNpucTtpin
3 HaMpYrow
>KMBAEHHS
1,58

Mikpocxema
Cyclonel ll

Mpuctpin
3 HaMpYyrow
>KMBAEHHS
3.3B

MpucTtpin
3 HaMpyroto
>KMBAGHHS
2,58

Pucynox 1.14 — Poboma mikpocxemu 3 pisHuMU Clmanoapmamu 6600y-
8UB0OY

3a0e3neueHHs MIATPUMKH JEKUIBKOX CTaHAapTiB BBOIY-BUBOIY
nmocsraetbes 3aBmsaku apxiTekTypi [JIIC ta po3ainbHUM NTiHISAM KUBIEHHS
1St pi3HUX OaHKiB (pucyHOK 1.15).

AOAATKOBC
niatpvimka PCI,
PCI-X

BaHK eAeMEHTIB BBOAY-BUBOAY 2

A~ I Qo

Bci 6aHKM NIATOMMYIOT:
3.3-V LVTTL/LVCMOS
2.5-V LVTTL/LVCMOS
1.8-V LVTTL/LYVCMOS

1.5-V LVCMOS
LVDS

IHAMBIAY QIABHI LLIMHM
KMBASHHA AAS OQHKB

A I Qo

w

BaHkK eAemeHTiB BBOAY-BMBOAY 4

AoAQTKOBA
niatprimka PCI,
PCI-X

Pucynox 1.15 — bauku 8600y-6usody 6 mikpocxemi IIJIIC
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1.2. Apximepxmypa mixpocxem cimericmea Cyclone Il

Enementu BBOIY-BUBOAY 00’ €IHYIOTHCS B TPYNH, SIKI HA3UBAIOTHCS
O6ankaMu. Oco0IMBiCTIO OAHKIB € BUKOPUCTAHHS OKPEMHUX JIIHIN KUBICHHS
JUTST KOXKHOTO 3 OaHKiB. /[ uBneHHs OaHKIB €€MEHTIB BBOIY-BHBOIY
MoOke OyTH BHKOPHCTAHO JeKinbka piBHIB Hampyr: 1,5 B; 1,8 B; 2,5 B;
3,3B. Tobto okpema IiHisi He Moke OyTH CKOH(}IrypoBaHa Ha iHIIHMN
CTaHJIapT, a JHIIE BeCh OaHK BIIOMY, SIKUH BKJIIOYAE€ KUTbKA JICCATKIB
BHUBOMIB. PiBeHp Hampyrn BU3HAYAETHCS CTAaHAAPTAMH BBOAY-BHUBOIY, SIKi
OyAyTb BUKOPUCTaHI B €JEMEHTax BBOJY-BHBOAY. B Mikpocxemax
cimetictea Cyclone II moxe Oytu 4 abo 8 OankiB. KimbkicTh OaHKIB
3aNeXUTh BiJl 00’€My MIKPOCXEMH Ta KIIBKOCTI BHBOJIIB y KOpITyCi
(tabmurs 1.2).

BukopucTaHHS pi3HUX THITIB KOPIYCIB Ta MiKPOCXEM Pi3HOT JIOTT4HOT
€MHOCT] J]a€ MOXKJIUBICTh TaK 3BaHOi BEPTHUKAIBHOI Mirparlii, KOJu OJuH i
TOH caMHil KOPIlyC MO)KE€ BHKOPHUCTOBYBATHCH MIKpOCXEMaMHd Ppi3HOI
noriuHoi emHocti. [Ipu 1mpomy po3rTamnryBaHHS CIYKOOBHX BHBOMIB Ta
BUBOJIIB JKMBJICHHS y MIKpPOCXeM pi3HOi e€MHocTi Oyne onxHakoBuM. B
IIbOMY BHIIaJKy MOKHa BHKOPHCTOBYBATH Ty K CaMy JPYKOBaHy IUIaTy,
3aMiHUBIIH JIUIIIE MIKpOCXeMY Ha OibIry abo MeHIy.

Tabnuys 1.2 — Kinokicmo 71initl, OOCMYNHUX KOPUCMY8AYY 8
3AeHCHOCTI 8I0 MUNY KOPNYCY MIKpOCXeMu
Tun xopnycy
Tun TQFP, TQFP, | PQFP, BGA, BGA, BGA,
MIKpOCXEeMH 100 144 240 256 324 400
BUBO/JI1B BUBOJU | BHUBO/JIIB BHUBOJIB | BUBOJIU BUBOJ1B

EPIC3 65 104 - - - -
EPIC4 - - - - 249 301
EPIC6 - 98 185 185 - —
EPICI2 - - 173 185 249 —
EP1C20 - - - - 233 301

Kpim niniii nporpamyBanHs Ta xxuBieHHS Mikpocxemu [1JIIC marots
TAaKOX BUBOIOM JJIsl MiIKIIOUEHHS TAaKTOBUX cHrHaiiB. CHrHamMm 3 IHUX
BUBOJIIB IIAKITIOYAIOTHCS 10 JIHIL 2100ANbHO20 PO3NOECIOONCEHHS CUSHATLY .
KinpkicTh cremiami3oBaHUX TaKTOBHX CHUTHAIIB 3aJI€KUTh BiJ| THITY
KOpITyCy MIKpOcXeMH i Moxke AopiBHIoBaTH 8 ab6o 20. Jlinii rimobanbHOTO
PO3NOBCIO/DKEHHS CUTHATIB  JO3BOJIIIOTH NPUCKOPUTH  ITPOXOJPKCHHS
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1.2. Apximepxmypa mixpocxem cimericmea Cyclone Il

CUTHAJIIB TI0O MIKpOCXeMi y MOpIBHSHHI 3 MPOXOKEHHSIM CHUTHAIY uepes
cTaHmapTHi JiHil 3B’sa3ky. lle mo3Boisie NMOCATTH Maiike OIHOYACHOTO
CIIpaITIOBaHHS TPUTEPIB, SKi PO3TAMIOBAHI B PI3HUX MICISIX MIKPOCXEMH.

Kpim Toro mxepenoM mis riio0agbHUX CHTHAIIB MOXYTh CIIyTYBaTH
TakoX BUBOAM mojsiiiHoro Bukopuctanus DPCLK (Dual-Purpose Clock),
KUTBKICTh SIKUX HopiBHIOE 8 a0o 16, Buxoau BOynoBanux OsiokiB GATTY
(PLL) ta BHyTpimHS Jiorika mpoekTy. [lifkiTfoYeHHs CHTHANIB O JiHIHA
r100aIBHOTO PO3MOBCIOKEHHSI MOXE BHKOHYBATHUCh a00 aBTOMATHYHO
camuM Komminstopom nakery Quartus II (ommiss Auto Global Clock B
nianosi More Settings cropinku Fitter Settings menro Settings) a6o
po3pobHMKOM 3a jgomomororo mnpumituBa Global sk B rpadiunomy
penakTopi Tak i Mpy BUKOPUCTaHHI MOBH OIHCY amaparypH.

1.3. Apximexmypa mixpocxem Spartan
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(Carmy-in] (Carry-in}
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Pucynox 1.16 — Apximexmypa cexyii (Slice) mikpocxemu Spartan 3
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1.3. Apximexmypa mixpocxem Spartan

Mikpocxemu CiMEHCTB Spartan HalieKaTh IO TaK 3BaHUX JCIHICBUX
mikpocxeM (Lowest Cost). ApxitekTypy FPGA mikpocxem kommanii Xilinx
pPO3MIITHEMO Ha MpHKIaAi Mikpocxemu Spartan 3. OcHOBY MiKpocXeMH
CKJIQIaloTh KOHQITypyeMi JIOTiuHI OJOKH, SKi CKIANAIOTHCS 3 YOTHPHOX
JOTIYHUX YapyHOK, IO OPraHi3OBYIOTHCS Y BHIJISIAI JBOX OJHAKOBHX
cekuiii (Slice). OmHa 3 TakuX CeKIlid Moka3aHa Ha pUCYHKY 1.16.

YapyHka Ma€e B CBOEMy Ckiiaji Tabnuiro nepexkonysanns (LUT) Ta
KoH]irypyemuii Tpurep. ToOTo apxiTekTypa JOTiYHOTO eJeMEeHTa
MiKpocxeM ciMelcTBa Spartan ayke MofiOHa 10 apXiTeKTypu JIOTi4HOTO
eneMeHTa MikpocxeM cimeiictBa Cyclone. BiaMmiHHICTE TOISTaE B TOMY, IO
JOTiYHUNA OJIOK BKITFOYAaE B ceOe YOTHPH YapyHKH. YapyHKH 3TpyIOBaHi B
napu SliceM Ta Slicel, siki MalOTh CHiNBHI JAaHIIOTH TepeHocy. Sk i B
Mmikpocxemax Cyclone 4apyHKH MOXXYyTh TpamioBaTH B 3BHYAHOMY Ta
apudpmernaromMy pexumax. TooTo mikpocxemu Cyclone Ta Spartan MaroTh
0araTo CHOIIBHOTO 1 TOMY JETalbHO 3yIMHHATUCh HA OCOOJMBOCTSIX
apxiTekTypu Mu He Oynaemo. J[ms Oinbln JOKIamgHOTO O3HAWOMIICHHS 3
Mikpocxemamu Spartan MoxHa 3BepHyTHCh g0 [10, 16]. Ilapamerpu
HaliMeHIIol Ta HaWOIBIIOI 3 MIKpocXeM ciMmeiicTBa Spartan 3 HaBeneHi B
Tabaum 1.3.

Tabnuys 1.3 — [apamempu mixpocxem cimeticmea Spartan 3

[Mapametp XC3S50 XC3S5000
JloriuHux enemMeHTiB 1728 74 880
3aranpHuii 00’ em mam’ati, Koit 84 2392
Bbnokis ®AITY 2 4
BOynoBaHux moMHOXyBauiB 4 104
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1.4. Apximexmypa mixpocxem CPLD

Apxitektypy CPLD MikpocxeM po3risiHeMO Ha MPHKIALi ciMelcTBa
MAX 3000 xommanii Altera. Ha cporommimHiii nenp kommanis Altera
BHUITyCKa€e JiBa ciMericTBa 3 kiacuuHoro CPLD apxitektyporo: MAX 3000
ta MAX 7000. B HomeHnkmatypi kommanii Xilinx momiOHy apXiTekTypy
MaroTh Mikpocxemu cimeiictB XC9500 Ta CoolRunner. Ilapamerpu
mikpocxem cimeiictBa MAX 3000 uaBeneni B tabmuii 1.4 [14]. Yacosi
napaMeTpH, 1110 BUKOPUCTOBYIOTHCS B TaOJIMIIl, MAIOTh HACTYITHE 3HAUCHHS:
tpp — 3aTpPHUMKa TIPOXOKEHHSI CUTHAITY 0€3 TaKTYBaHHS KPi3b MIKPOCXEMY,
tco — Yac MiXK MPUXOJIOM TAKTOBOTO CHTHATY JIO MOSIBM CHTHATY HA BUXOJI
MiKkpocxemH, font — MaKCUMaibHa TAKTOBA YacTOTA JUIS TPUTEPIB.

Tabnuys 1.4 — lapamempu mikpocxem MAX3000

[MTapameTp EPM3032A EPM3064A EPM3512A
MaxkpoyapyHOK 32 64 512
JloriuHux OJNOKiB 2 4 32

trp, HC 4,5 4,5 7,5

tco, HC 3,0 3,1 47
fent, MI' 227,3 222,2 116,3

Ax BuaHo 3 pucyHky 1.17 ocHoBoro mikpocxemun MAX 3000 €
makpouapyska (Macrocell), sika ckiamaeTbcs 3 MaTpHIL PO3NOILTY TEPMIB
(Product-Term Select Matrix) Ta kougirypyemoro tpurepa (Programmable
Register).

Hns peamizanii noriuHoi ¢yHKLIT BHKOPHCTOBYIOTHCSA JIOKAJIbHA
nporpamyema martpuis 3’enHanb (Logic Array Block Local Array) ta
MaTpHIS PO3MOJUTY TEPMiB, SKIi MOXYTh 00 €IHYBAaTH 3a JOIOMOTOIO
¢ynkuii «<ABO» abo «BunsatkoBe ABO» pe3ynbpraT J0riuHUX 100yTKIB.

Hnsa  peamizamii  sgoriyHoi  ¢QyHKmii Ha  OCHOBI  JEKIJIBKOX
MaKpOYapyHOK OJHOTO JIOTIYHOTO OJIOKa BHUKOPHUCTOBYETHLCS JIOTIIHHIA
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1.4.. Apximexmypa mixpocxem CPLD

posumproBady  (Expander Product Terms). Posnpinsemwuii moriynmii
po3uuproBad opMye iHBEpCit0 TepMa i mojae Horo 3HaUeHHS Ha JIOKaJIbHY
NpOrpaMyeMy MATPHIIO Jie¢ BiH MOXKE BHKOPHCTOBYBATUCH OYIb-SIKOIO
MaKpO4YapyHKOIO JorigHoro 0iyoky. [lapamenpHuii TOTIYHUNA PO3MHPIOBAY
JO3BOJIIE BUKOPHCTOBYBATH TEPMH 3 CYCIIHIX MaKpO4YapyHOK JUis
pearnizanii cknaaHux GYHKIIH, 10 CKIIaay SKUX BXOJUTH OUIbILE 5 TepMiB.

Sk BugHO 3 pucynky 1.17 B MaTpuitio 3’€JHAHb Ma€e B CBOEMY CKIIafi
HAAXoodATh 36 CUrHamiB 3 IHIIMUX JIOTIYHHUX OJIOKIB Ta 16 curHauiB 3
PO3AUILEMOTrO MapajeibHOTO JOTIYHOTO po3IIupioBava. TOOTO Ha OCHOBI
OJTHOTO JIOTIYHOTO OJIOKY MO’KHA pealli3yBaTH JOTiuHy (YHKIi0 3 52
TEpMiB.

MaTpmus 3'€AHOHHS

MapaaeabHKiA

! I A\ | AOTIYHMH
M/ | pO3LLMpIOBaY
[ |
|
I_ —_ e
By > ]
D_ Marpmus A matpuL
poANGAiAY D 3’ €AHOHHB
Tepmis | * Kondcpirypy- >
. > €M
TRMre,|
clk prrep
By ol
I___—______' CLRn
D = 7

|
AR .
.o .
' [
16 curHanis Po3aiaRemmi
| | AOQMIYHMEA

36 CUTHOAIE =~ == = = = = — — — — — PO3LLIMPIoBaY
Pucynoxl.17 — Maxpouapyuxa mikpocxemu MAX 3000

MakpouapyHkH 00’ €JJHYIOTbcs B JoTiuHi Osoku (pucyHok 1.18) sixi,
B CBOIO uUepry, 3’€HaHi Mixk co0o0r0 Ta 30BHIiNHIME KoHTakTamu [IJIIC 3a
JOIIOMOT010 ITporpaMoBanoi MaTpuli 3B’ s3kiB ([IM3).

SAx 1 B wMikpocxemax Ttuiry FPGA MAX 3000 mo3Bomsie
BUKOPHCTOBYBATH IJI00AbHI CUTHAIH. AJie 1X KUJIBKICTh 3HAYHO MEHINA —
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munre nBi miHil TaktyBanHs (GCLK1, GCLK2), curnan ckumanHs Ta JABi
niHii no3Bony podoru (OEL, OE2).

EnemMenTHn BBOAY-BHBOLYy MAarOTh apXiTeKTypy, NOMIOHY 10
apxiTekTypu 1ux 61okiB B Mikpocxemax Cyclone II. Tomy ii HaBoguTH He
Oynemo.

GCLK E=
GCLK2E=
OEl E= T
OE2 E= l ¢‘}
EH | AOTIHHMH BAOK A AoriuHmi 6aok b
ES
BuBoamM g ERB 816 MakpovapyHku 36 36 Makpo4apyHK1 BrBoam
fAIC - 1-16 17-32 NAIC
E 16 16
ll’ i 8-16 M3 8-16 Il l
ESH AofiyHmi Baok B AoriyHuiA Back [
36
Busoan B2 gag 8-16| [ Makpouapyrkm || 34 Makposapyrid | B8] con B Busoau
nalc 33-48 49-64 : MNAIC
S 16 16
ESH
—| ] g1¢ 816 [ ] F
vy i

Pucynox 1.18 — Apximexmypa mixpocxemu MAX 3000

1.5. Apximexaypa mixpocxem MAX 1]

Mikpocxemu cimerictBa MAX Il 3aiiMaroTh NMPOMIXHY JIAHKY MiX
knacnayauMu CPLD ta FPGA wmikpocxemamu. Sk i Bci CPLD mikpocxemu
y MAX II konirypauiiina inpopmaris 30epiraetecst y BHyTpimHil Flash
mam’sti 1 gng mux  MikpocxeMm  30BHImHIA [I3[1  mns  30epiranHs
koHbirypamii He motTpibeH. Jloriunwii enemeHT Mikpocxem MAX I
noniOHMi 10 sorivHux enemeHTiB FPGA wmikpocxem. PoGora morigyamx
€JIEMEHTIB OINHUCaHa B pO3AUI mpucBsueHoMy Mikpocxemam Cyclone II,
TOMYy TyT Ha Hii MU 3ymuHIATHCSI He Oyzaemo. Takok B Mikpocxemax
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1.5.. Apximexmypa mikpocxem MAX 11

cimeiictrBa MAX Il BHKOPHCTOBYETBCS apXiTeKTypa MPOrpamMoOBaHOl
MaTpulli 3B’s3kiB monmiOHa g0 FPGA. Jlns 3abe3meucHHsS 3B’S3Ky Mik
JOTIYHUMH OJIOKaMH BUKOPHUCTOBYIOTBCS DPSIKM 1 CTOBITYMKK MAaTpPHILL
Ile mo3Bonsie 3HAYHO
3MEHIIUTH PO3Mip KpHCTaIly MPH 30UIbIIEHHI KiIIBKOCTI JIOT1YHUX OJIOKIB Y

3B’S3KIB  3aMICTh OJHIET 3arajlbHOI MAaTpHIII.

nopiBHsHHI 3 kiacnunumu CPLD (pucynok 1.19).

Mikpocxemu cimeiictBa MAX 1l Z wmaioTh HU3BKY CIIOKHBaHY
NOTOXKHICTh y pexkuMi standby — 29 MxA (ans mikpocxemu EPM240Z)

[15].

[Tapamerpu Mikpocxem cimerictBa MAX Il HaBeneni B Tabmuti 1.5.

KAQCHYHI
CPLD
AB AB
NM3
AB AB
AB AB
AB AB
AB AB
MM3
AB AB
AB AB
AB AB
AB AB
AB AB

MAXII
AB || AB
AB || AB
AB [| AB || AB || AB
AB [| AB || AB || AB
AB [| AB || AB || AB
AB [| AB || AB || AB

Pucynox 1.19 — lHopisusnus naowi kpucmany oas kiacuunux CPLD ma

MAX 1T
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Tabnuys 1.5 — lapamempu mikpocxem cimeticmea MAX 11

ITapamerp EPM240 | EPM240G | EPM2210 | EPM240Z
Jloriumnx 240 240 2210 240
€JIEMEHTIB

tep, HC 4,7 4,7 7,0 7,5
tco, HC 4.3 4.3 4,6 6,5
fent, MI' 304 304 304 152
lcc stanDBY 12 MA 2 MA 12 MA 29 MKA

1.6. Kondirypysarns mixpocxem TINIC

s pobotu IVIIC HeoOxinHO 3aBaHTaXHUTH B HET KOH]irypamito. Sk
BKe Oylo 3a3HayeHo paHime, KOHQIryparis Moxe 30epiratuch sK
cratuyHii mam’sati (SRAM), Tak 1 B MOCTIHHOMY 3amam’sITOBYIOYOMY
npuctpoi (EEPROM a6o Flash). 1o SRAM wMikpocxeM MoXHa BiHECTH
Flex10K, Cyclone, Stratix, Arria xommanii Altera ta Virtex i Spartan
kommaHii Xilinx. /o mikpocxem 3 II13I1: MAX3000, MAX7000, MAXII
kommanii Altera tTa CoolRunner i XC9500 xommanii Xilinx.

s mporpamyBanHs Ta kKoH(pirypyBanusa mikpocxem [IJIIC moxyTh
BUKOPHUCTOBYBAaTHCh nporpamaropu, 3oBHimHiI [I3I1 Ta 3aBaHTa)KyBanbHi
kaOenmi. 3aBaHTaXyBaJbHI Ka0elni MOXYTh BHKOPHCTOBYBATHUCH MPHU
NporpaMyBaHHI MIKPOCXEMH, SIKa BXKE€ BCTAaHOBJICHA Ha APYKOBaHY ILIATY.
Taka TeXHOJIOTiSl HOCUTh Ha3BY BHYTPIIIHBOCXEMHOIO porpaMmysanHs (In-
System programming — ISP).

I[pu Bukopucrani 3oBHImHIX [13[1 koHpirypaniiiHa iHdopMarlis
30epiraeThCsl B CrIELialli30BaHUX MIKpPOCXEMax 1 MPH BKJIIOYEHH] KUBJICHHS
3aBaHTaxyerbcst 10 [IJIIC. Coig Bigmituth, mo koHdirypamirni [13I1
BiIpi3HsOThCs BiJ 3BnuaiiHux [13I1 M, o kpim 30epexenHs iHpopmarrii
BOHM IlI¢ NMOBWHHI mpamtoBaTH 3 Mikpocxemoro ILJIIC 3a cranmapTHuM
OPOTOKOJIOM  KOH(QirypyBaHHs. [IpOTOKON 3aJeKUTh Bil  PEKUMY
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koHGirypyBanHs. [Jlns mikpocxem IIJIIC MOXIMBO JAEKiIbKa PEXKHUMIB
nporpamysanus [13, 17]:

— macuBHHi mociigosuuii (Passive Serial);

— acMHXpOHHMI TmacwBHuA mocmigoBuuii (Passive Parallel
Asynchronous);

— macuBHHUH napanenpHui (Passive Parallel);

— mBuUAKU nacuBHUH napanenpHuil (Fast Passive Parallel);

— mporpamyBanHs depe3 JTAG-iaTepdeiic;

—  aKTUBHHH mocmimoBHUH (Active Serial).

Bubip pexumy KoOH]IrypyBaHHS BH3HAYAETHCS KOMOIHAIi€0 Ha
Bxomax MSEL. J[ns pi3HHX CiMEHCTB MIKpOCXEM KIJIBKICTh BXOJIiB MOXKeE
oyru 2 a6o 3. Hna mpuximaxy B Tabmumi 1.6 HaBemeHi pexumu
KOH(ITYpYBaHHS MIKPOCXeM ciMeicTBa Stratix.

Tabnuys 1.6 — Peoscumu koughicypyeanms mikpocxemu Stratix

MSEL2 | MSEL1 | MSELO | Pexxum xoH(piryparii

0 0 0 [[IBuakuii napajieabHUN  NACUBHUU
(Fast Passive Parallel — FPP)

0 0 1 [TacuBHMI1 napanenbHU aCUHXPOHHUMI
(Passive Parallel Asynchronous — PPA)
IMacupHuii mocoigosumii (Passive Serial

0 1 0
—PS)

1 0 0 Ononenns koHpiryparii (FPP)

1 0 1 Omnosnenns koHgirypaunii (PPA)

1 1 0 Onosnenns koHgirypaii (PS)

X X X HporpanEyBaHHs[ 3a gonomoror JTAG
iHTepdericy

Ha pucynky 1.20 naBenena cxema KOH(ITypyBaHHS MiKpOCXeM
[UTIC 3a ngomoMoror TMOCHiZOBHOTO KOH(pirypamiiHoro unpuctpor. B
TAKOMY PEXHMIi Npolec KOH(DIrypyBaHHS KOHTPOJIOETHCS MIKPOCXEMOIO
[I3I1. Tobtro wmikpocxema II3[1 kpiM BracHe mam’sTi TakOX MiCTHTb
KOHTpoJIep KoHGIryparii, sKuii BUpOOJIsie KOMaHAM i1 KOH(IrypyBaHHS
IUIIC. Y ToMmy BUNAAKy, KOJM HEOOXITHO MPOBECTH KOHQIrypyBaHHS
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kibkox MikpocxeM I[UJIIC cxema Tpoxu 3MiHIOETBCS 1 KOH(DIrypyBaHHs
MiKpocXeM BigOyBaeThCsl MOCTIJOBHO, OJHA 3a OXHOK. BukopucranHs
aKTUBHUX KOH(]IrypamiifHuX MPHUCTPOIB ITiIBUIIYBAJO BapTICTh CHCTEMH,
TOMy TpH po3pobmi MikpocxeM cimeiictBa Cyclone Oyno BupimeHo
TIEPEHECTH KOHTposiep KoHQiryparii mo mikpocxemu [LJIIC, a 30BHImIHIO
nam’siTh BUKOPHCTOBYBaTH TiNBKM IS 30epexeHHs KOH]irypauidHOi
iHpopMarrii.

KondirypyBaHas 3a JOMOMOTOI0 3aBAaHTAXXYBAJIBHOTO Kalelo €
OCHOBHHM PEXKUMOM TPH MPOBEJICHHI eKCTIEPUMEHTAIBHUX TOCIIIKCHD Ta
nabopaTopHuUX MpakTHKyMiB. CxeMa MiAKIIOYEHHS 3aBaHTaXyBaJIbHOTO
kabemro o [IJIIC naBenena Ha pucysky 1.21.

5B
MoCAIACBHMIA 10k | |10k 10k
KOHdDIry paLLiHmi
npUcTpin FPGA
nSTATUS
CONF_DONE nCEOQ}——
NCONFIG

nCE

DATA DATAQ

DCLK DCLK

nCs nCsO MSEL1

ASDI ASDO MSELO q

Pucynox 1.20 — Kougbieypysanmsi 3a 00nomo2oro nociioo6Ho2o
KOH@i2ypayitino2o npucmporo

B npomy BHUMaaxKy HEOOXiTHO TiJ’€HATH Kabeib JI0 MapaielbHOTOo
iHTepdeiicy  NepcoHaNbHOrO  KOMIT'IOTepa. B mpoMy — BHNAmKy
BUKOPUCTOBYETBCS 3aBaHTaxXyBaJlbHMH Kabenb ByteBlaster II  abo
ByteBlaster MV. Cyvacui wmikpocxemu [IIIC Takox MOXYTh
nporpamysatvcs depe3 mopT mopt USB 3a momomororo kabemst USB
Blaster [17].
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5B

— 5B
10k| |10k
10| f1ok| |10k FPGA
CONRS?,SFEE_ KoH.[ Koao
L msELo n —+— 1 [ocLk
— MSEL1 2 [cno
+—nCE nCEQ|- 3 | CONF_DONE
1 58-] 4 [vCC
Bi;io 5 [nCONFIG
Vio=— 6 | Vio
nCONFIG 7 [nSTATUS
— 8 -
9 | DATAD
0
s GND

Pucynox 1.21 — Kondgbieypyeanus HJIIC 3a donomoeoro
3A6aHMAICYBATILHO20 KADEO

Sxmo B cucremi BukpoctoByroerbes [IJIIC Benmmkoro 00’emy, TO
HEOOXiZITHO BUKOPHCTOBYBAaTH 1 BENHKY 3a 00’€MOM KOHQIrypauiiiny
nam’sitb.  J{inst 3MeHineHHs 00’eMy KoH(irypaiiifiHoro Qaity MoxHa
BUKOPHCTATH KOMIIPECIF0 KOH(IrypariifHuX IaHuX, 10 3MEHIIye 00’eM
KoH}irypauiliHoro ¢ainy npubnuzHo Ha 50 %. s nexomnpecii JaHuX B
[UTIC HeoOXigHO BCTAHOBUTH CIIEIiajbHY CXeMy, SKa OyJe BUKOHYBaTH
ITI0 OTIeparliro.

Jyxe wyacTo BHHMKA€ MNUTAHHSA: a YW MOXJIMBO, HPOYUTABIIH
KOH]irypamiliHy iHpoOpMallilo, OTpUMATH CXEeMy IMpPOEKTy abo daiin Ha
MOBI omucy araparypu? BianoBinp Ha 1ie TUTaHHS HEraTuBHA. MoXHa mpu
KOHQITYpYBaHHI TPUCTPOIO TIPOYMTATH OITOBHH TOTIK, IO #ae 3
KoH]irypauiriHoro npuctpoto a0 [UJIIC, ane 1e 103BOAUTH OTPUMATH JIUIIIE
KoHQirypamiiHuii  ¢ait, a He cxemy npoekTy. KoHdirypariiina
iH(popMaLlis HE € aHAJIOTOM MAallMHHUX KOAIB Y pOrpaMi i KOMII loTepa
abo xontposiepa. Tomy HaBiTh MalouH KOHQIrypamiiHux (aiiyl HEeMOXKIMBO
3 HBOTO OTPUMATH CXEeMy TMpPOEKTy abo Mporpamy Ha MOBI OIHUCY
amaparypH.

i yHEeMOKNMBJIIOBaHHS 3YMTYyBaHHA iH(popMmamii 3 MiKpocxeMmu
I[UIIC B wMikpocxemax cimeiicte MAX 7000, MAX 3000, MAX Il
BUKOPHUCTOBYETHCS OIT CEKPETHOCTI, SIKUH HEMOXIWBO 3HATH. [l
MIKpOCcXeM CciMelcTB StratiX BHKOPHCTOBYETHCS KOMYBaHHA JaHHX 32
noromMoror 128-po3psaHoro kKirova, skl 30epiraeThcs B CHEIalbHIN
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mam’sITi  caMoi MIKpOCXeMH, a 3 KOH(irypamiiiHoro mpHCTpOIO e
KOJIOBaHWH MOTIK JaHUX, SKHUH JIEKOYETHCS BXKE B CaMiii MIKPOCXEMi.
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2.1. MoBu onucy anapamypu

2.1. Mosu onncy anapamypn.

IlocrifiHe yCKIagHEHHS €JIEKTPOHHUX IMPUCTPOIB BUMArae Bix
PO3pOOHHUKIB TiIBHIEHHS MIBUAKOCTI PO3POOKH, MTPOCTOTO MEPEXOTY MiXK
wiaThopMaMyd  NPOEKTYBaHHSI Ta  HArIAJHOTO  ONKHCY  MPOEKTY.
BukopuctanHs ~MOB  ONUCY amaparypud  JO03BOJsie  3a0e3MeunTH
BHCOKODIBHEBUH OMUC CKIQJHUX CHUCTEM, MIATPUMKY Oibmiorek
MPOEKTYBAHHSA, CYMICHICTh KOy, HAIMCAHOTO JUIA PI3HUX CEepeIOBHII
po3poOku. Ha choroaHiniHil 1eHh HAROIIBII YaCTO BUKOPUCTOBYIOTHCS JIB
MoBH onmcy amapatypu: VHDL ta Verilog HDL. Ili MoBu BBakaroThCs
CTaHIAPTHUMHU i MATPUMYIOTECS Maibke BciMa 3aco0aMH MOJISITIOBAHHS Ta
cunresy npuctpoiB Ha [IJIIC. KpiM nux MOB iCHYIOTH MEHII HONIMPEHi
AHDL, Abel, SystemC, SystemVerilog, Verilog-ASM [1, 5, 6, 8, 10]. V
IFOMY BHIaHHI MU 3yITMHUMOCH Ha po3risiai MoBu VHDL.

Mosa VHDL (VHSIC (Very-high Speed Integrated Circuits)
Hardware Description Language) Oyna po3pobnena y CIIA 3 iHimiaTueu
MiHicTepcTBa 000OpoHM Iii€i KpaiHu. [lepBMHHMM IpU3HAYEHHSM MOBH
VHDL 0yn0 AOKyMEHTYBaHHS IPOEKTIB 1 €JIEKTPOHHUX BHUPOOIB Pi3HUX
PiBHIB ckjaaHOCTI. Lle 103BOIsII0 PO3pOOHHKAM | KOPUCTYBAUYaM JIETKO Ta
OJTHO3HAYHO PO3yMiTH (YHKII pi3HWX TpHUCTpoiB. Hanami xoyo 3aBnaHs,
AKi po3B's3yBaiuck 3a nornomororo VHDL, posmmupunocs. B 1981 poumi
BinOynacs nepira KoHdepeHis, Ha sKii Oynu chopMyIboBaHi BUMOTH JI0
moBH. Bepcis VHDL 7.2, 1o 3'siBunack B ceprHi 1985 poky, 3a10BOJIbHSIIA
Oimpmocti BUMOr 1 Oyna mpuifHATa B SIKOCTI CTAaHZApTy B paMKax
Minictepctea O6oporn CIHA. ¥V ueprHi 1986 Buiinmia nepma poGoua
Bepciss mociOnnka 3 MoBu (Language Reference Manual). Ocratouna
Bepcis MPOEeKTy MOBM Oysia BUHECEHO Ha rosocyBaHHs 11 rpymns 1987
poky 1 mpuiiHsaTta B sakocti cranmapry IEEE STD 1076-1987. lanuit
cTaHzapt yacto Ha3uBaroTh VHDL'87.

B iHCTHTYTI iHXXEHEPIiB 3 €IEeKTPOTEXHIKH Ta eyekTpoHiku (Institute
of Electrical and Electronics Engineers, IEEE) yci cranmaptu mnoBuHHI
neperisiaTiucs KOoXHi Mm'saTh pokiB. [lepmmii meperisin craHmapty Ha
VHDL Bigbyscs B 1992 porii, Xo4a miATOTOBKa JO ITHOTO Iodanacs B
yepBHi 1990 poky. Hoswii crangapt ANSI/IEEE Std 1076-1993 (crannapr
VHDL'93) 3'sBuBcs B 1993 p.
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2.1. MoBu onucy anapamypu

B 1999 p. 3arBepmkenuit cranmapt Std 1076.1-1999 (aGo OinbIn
posmoBciomkene  HalimenyBanHs ~ VHDL-AMS),  sxuii  BkiIrodae
PO3LIMPEHHS, L0 MAATh MOXJIMBICTH ONKMCY MOJENEH aHaJIOroBHX 1
3Mmimannx  (mudpo-aramoroBux) cxem. B 2000 pormi 3'sBumacs
noomnpanboBana Bepcisi IEEE Std 1076-2000. OctanHs Ha ChOTOHIIIHIN
nenb Bepcigs moBu VHDL omucana B cranaapti 2008 poky. B Pocii moBa
VHDL onucana B aepxaBaoMy cranmapti 1995 poky [11].

SIK TOBOpWIIOCS, IOYAaTKOBOIO METOI0 CTBOPEHHS MOBH OyII0
MOJICJIFOBAaHHS 1 omuc oOyiagHaHHs, a (YHKIS CHHTe3y Oylia JoaaHa
mizHime. [le mpu3Beno 10 Toro, M0 HE BCi KOHCTPYKIIii, OMIEPaTOpH 1 THITH
maanx VHDL MoxyTh OyTH aBTOMAaTHYHO TIEPETBOPEHI B MPHHIIUIIOBY
cxemy. ToMy pO3AUISIOTh CHHTE30BaHI Ta HECHMHTE30BaHI IiIMHOXHHH
VHDL. B npoMy BumaHHI Mu ORIy YacTHHY yBard 3BEpHEMO came Ha
CUHTE30BaHy miaMHOXuHY MoBH VHDL. ToMy npu HamvicaHHI mporpam Ha
moBi VHDL cnix mam’sitatu, mo VHDL koj cuHTE3y€EThCS B €IEKTPHUHY
UQpoBYy cxemy, sika oTiM Oyzae nporpamysatucst B [IJIIC.

B nogansmomy Mu OyZeMO BUKOPHUCTOBYBATH AJISI POOOTH 3 MOBOIO
VHDL naker Quartus II. Bukopucranus 1poro makeTy He 00OB’sS3KOBE i
YUTa4 MOXKE BHKOPHUCTOBYBAaTH OyAb-KWi KommiisTop miei moBu. Ilepen
BUKOPHUCTaHHIM HEOOXiHO JIMILE 3BEPHYTH yBary Ha Te, K caMme B IaKeTi
MiATPUMYETBCS MOBa, M BCl KOHCTPYKIIi JOMYCTUMI TIpW HaINUCaHHI
nporpaM. Hanpukian, npu BukopucranHi mnakery Quartus I moxkHa
3BEPHYTHCH /10 0BiKku y po3aiii Quartus I VHDL Support.

KopoTko 3ynmuHMMOCH Ha  jiTeparypi, SKka MOxe OyTH
pexoMeH10oBaHa /i BUBYeHHA MoBUM VHDL.

Cranmapt moBu VHDL [13] Tta #oro pociiceknit anamor [11]
MOXYTh OYTH PEKOMEHOBaHI IIMIIE JOCBIJYEHOMY pPO3POOHUKY.
[TouaTkiBIIfO i CTAaHAAPTH BUKOPUCTOBYBATH OyJIe CKJIAIHO.

Kopotkuii kypc VHDL naBeneno B kuu3i [10]. [Ipu HeBenmmukomy
o0cs13i B KHHM31 HaBeneHI HaOinbll mHomMpeHi KoHCTpykuii moBH. Ilo
TEKCTY KHUTH HaBOJIUTHCS 0arato NpukiagiB onucy HuppoBux OJIOKIB.

Kuuru 6inopyceroro aBropa bioino I1.H. MoxyTh OyTH BUKOpHCTaHI
SK JIOBIAHMK. A KHura [3] HABOIUTH BEIIMKY KIJIBKICTh MPHUKIAJIB KOAY,
TOTOBOTO JI0 CHHTEZY.

Kuuru [3, 7, 9] naBogsath nmoBauit ormc MmoBu VHDL 1 MoxyTh OyTH
KOPHUCHUMH TIPH BUBYCHHI SK MOBU B IIIJIOMY, TaK 1 OKPEMHX AacCICKTIB
Y)KUBaHHSA, aJie MiCTATh MPUKJIaId HECHHTE3yEMOI YaCTHHU MOBH.
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2.1. MoBu onucy anapamypu

Jns BuBueHHs MoBH Verilog MOKHa BUKOPHCTOBYBaTH KHHTY [6].
TaKoX CITijl 3BepHYTH yBary Ha IHKI ctateil M. Kapmen6oiiva B xypHai
«KommonenTu i Trexuomorii» [5].

AHTIIOMOBHA JIiTepaTypa MpeAcTaBlieHa BEIMKOIO KUTbKICTIO BUIaHb.
3 HUX MOkHa mopexoMeHayBatu [12, 14]. Takox ciig 3BepHYTH yBary Ha
po3ain Recommended HDL Coding Styles xauru Quartus I Handbook
[15].

2.2. Pisri npoexmyBarHa Mixpocxem

[udpoBa Mikpocxema B 3aJI€KHOCTI BiI TOUKH 30py Ha 11 CTPYKTYPY
Ta TPUHIWNY (QYHKIIOHYBaHHS MOXXe OyTH OIMCaHa MOJENSIMH TPHOX
ctumiB [9, 10]: crpykTypHOro, (QyHKIIOHaIHHOTO (IIOBEIIHKOBOTO) Ta
FCOMETPUYHOIO  (TOIMOJIOTIYHOK). Take MpeiCTaBICHHS MIiKPOCXEMHU
HOCHTh Ha3By giarpamm [aiicekoro-Kama (Gajski and Kuhn).
[IpoexTyBaHHS MIKpOCXEMH HOCHTBH TOCHIJIOBHUH XapakTep Mepexoay Bil
OUTBII CKJIaJHHUX PiBHIB N0 mpocTimux. [Ipy [bOMy BUKOHYETHCS TAKOXK i
MIEPEeXiT BiJl OJTHOTO CTHIIIO OIHCY JIO 1HIIOTO.

Koxen ctunb opMye CBOIO i€papXito MPENCTaBICHHS MiKPOCXEMH.
KoxxHuil HacTynmHU# piBeHb ONMHUCY B KOXKHIH iepapxii Oifbil aOCTPaKTHUH,
HiXk momnepenHiii (pucyHok 2.1). IlosiBa KOXHOTO HACTYITHOTO piBHA
nepeadavae, Mo Nepexia Ha HIKYi PiBHI ONMHUCY BUKOHYETHCS MPOrpaMaMu
aBTOMATH30BaHOTO TMpPOEKTyBaHHSA. YuM Ounbll aOCTpakTHUH piBEHb
NPOCKTYBaHHS, TUM OLJIBII CKJIaJHAa CHCTEMa PO3POOISETHCS, 1 TUM BHIIL
BUMOTH JI0 IPOTPaHOro 3abe3neyeHHs. st MPOCTUX CUCTEM OIKC Bixpasy
K KOMITUTIOETBCSI B TIPUHIIMIIOBY CXEMY, JUIS CKJIaJHUX CHUCTEM TOji0Ha
oriepallisi B HAKpaioMy pa3i IpUBOJUTH JIO HEONTHMAILHUX 1 TPOMI3IIKUX
peamizamiii. Tomy B Takux BUIaJKax HEOoOXiJHa Aeramizallis MPOEKTY, 0
JO3BOJIIE MIACWINTH BIUIUB PO3POOHMKA HA KOMIUIALIIO IPOEKTY 1
3arajJbHUNA Pe3yibTaT B ILIIOMY.
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komyTtatop”
PerictpoBmii piBeHb

BEHTHABHMI piBEHb

PiseHb
TRAH3IMCTOPIB

CTpYKTYPHO PYHKLIOHAABHO

MOAEADL MOAEADL
S1 Fl
PipeHb AATORUTAMIYHMIEA
“Mpouecop, Nam'aTb, ” piBeHb

'l ACriyHi piBHAHHS
AnchbepeHuinHi
l PIBHAHHA
MaCKK AAR BUTOTOBAEHHS

gRNe

/ MIKpOCXEMH

NNy,
(X

E‘G
\

MoAIroHM

Tonoaoris YapyHoK

TAHACQPTHI HOPYHKKH

A c i

reomeTpuyHa PiBEHb KOMMNOHOBKM
MOAEAL KpHCTaaa

Pucynox 2.1 — Pieni mooeneii npu npoexmyeanni CBIC.

Hiaepama I'aiicoxoeo-Kana

JJis cTpyKTYpHOI MojieJti BUIIISIOTh TaKi piBHi:
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pisenv mpansucmopie (Transistors Level). Tyt npunimmnosa
cXeMa  TPEJACTABISAETHCA  TPAH3UCTOpAMH  Ta  IHIIUMH
JUCKPETHUMU €JIEMEHTAMU.

eenmunvruil pieenv (Gates Level). Ha oMy piBHI cxema
MIPENICTABISIETHCS K 3’ €JHAHHS BEHTWIIIB. A TIepexij Ha piBeHb
TPaH3UCTOPIB  BUKOHYETHCS  ABTOMATUYHO  MPOrPaMHHUM
3a0e3MeYeHHsM.

pecicmposuii pieenv (RTL — Register Transfer Level). Pisens
(yHKLUIOHATbHUX  OJIOKIB  —  pericTpi,  JIYWIBHUKIB,
nemudpaTopiB, MyJIbTHIUIEKCOPIB 1 T.4. Ha mpomy piBHI
HAMOIIBII YacTO BHKOHYEThCS POOOTa PO3POOHMKA 1 OIUC
CXEMH Ha JIOTIOMOTOI0 MOB OIHCY anaparypHu.

piseHv eenukux ¢hynxkyionanvhux 6aoxig. llpu ommci 1mbOro
0JIOKYy HaHOUIBIT YacTO 3TramyloThCs IPOIEcop, IaM sATh i



2.2. PiBHi nipoexmyBaHHa Mikpocxem

cucremHa 1mmHa 3 apOitpom (Processor, Memory, Switch —
PMS-level). Takox 11e#f piBeHb 1HKOJIIM Ha3UBAKOTh CUCTEMHUM
piBHeM. [lpoekTyBaHHS Ha [BbOMY piBHI BHUKOHYETHCS 3a
JIOTIOMOT'OI0 TIPOTPAMHOTO 3a0e3MeveHHs JIIsl ONUCY CUCTEM.
YactkoBo Taki (yHKOii MOXYTh BHKOHYBaTH IHaKeTd
MATLAB/Simulink a6o SOPC Builder gus ITJIIC Altera.

DyHKIiOHAJbLHA MO/Je]Ib IIOCTYHNOBO IPOXOJHUTH B alrOpPUTMY
poOOTH MIKPOCXEMH JIO MAaCOK JIJIsl BATOTOBJICHHS OKPEMHUX CJICMEHTIB.

I'eomeTpuyHa MoIeJib TMpAIfOE 3 TOIMOJIOTIEI0 MIKPOCXEMHU 1
PO3MIIIEHHSM OKPEMHUX €NeMEHTIB CHCcTeMH Ha Kpucram. [Ipu poboTi B
makeri Quartus II moXxHa mpamoBaTH IUIIE HAa PiBHI KOMIIOHOBKH
kpucrana (Floor plan), mo omucyerscss B posmimi 4. Bei iHmi piBHi
po3poouuky cucteM Ha [IJIIC HemocskHI.

2.3. Cmpyxmypa npoexmy Ha mosi VHDL.

[poexT Ha moBi VHDL npencTaBisieTbesi CyKyMHICTIO i€papXiqHO
3B'SI3aHUX TEKCTOBUX (aililiB, sIKI HA3MBAIOTHCS MPOEKTHUMH MOAYJISIMH.
TunoBuit Texkcr nporpamu MoBoro VHDL Mae HacTynmHy CTpyKTYpy
(pucyHok 2.2):

— nekiapaiis 0i0JioTek;
— iHTepdeiic 00’ €KTa MPOEKTY;
— apXiTeKTypa 00’€KTa MPOEKTY.

2.3.1. lekaapanis 0i01ioTex

biomioreka y VHDL cknagaerbes 3 makeTiB, sSKi B CBOIO 4epry — 3
OKPEeMHX MOJYJIIB — Ipoueayp, GyHkiii, 010KiB i T.1. i BUKOPUCTaHHS
iX y TekcTi mporpamMu HEOOXiZHO OroyiocuTH O0i0dioTekH, siKi OyayTb
BUKOPUCTOBYBaTHCh B JaHOMy TpoekTi. [licns aekmaparii 0i0miorekn
HEOOX1IHO BU3HAYMTH MAKETH 3 JaHOi 010I0TEKHM Ta MOAYNI 3 OOPaHOro
MaKeTy.
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Aekaapauis 6ibaioTek
IHTepdoenc 0b'ekTa NPOEeKTy
- ApXiTekTypa 06'ekTa NpoekTy

AEKAQPALLIf KOMMOHEHTIB TA CMITHAOAIB

MapaaeabHi cneparopu

- OnepaTop npouecy

AESKAQPALLA 3MIHHMX

MNMocAiAOBHI OnepaTopuv

Pucynox 2.2 — Cmpyxmypa npoexmy na mosi VADL

use IimM's Oi6jioTeku.liM 'S nakeTa.iM's MOIyJid;
use im's OibsioTeku.iM's nakera.all;

BapianT 3anucy use .. all 3a0e3redye JOCTYI O BCiX MOJIYJIiB
OTOJIONICHOTO TMakeTa. SIKI0 B TEKCTI MPOrpaMu BUKOPHUCTOBYETHCS
JISKiTTbKa TaKeTiB 3 0i0Ji0TeKH, TO BOHH OIUCYIOThCS 0O€3 J0AaTKOBOI
00’s1BU BUKOPUCTAHHS 010J10TEKH.

HaBenemo  mpukiiaj  BUKOPUCTaHHS  HAHOUIBII  MOIIMPEHUX
0ibmioTek.

library ieee;
use lieee.std logic 1164.all;
use ieee.numeric std.all;

B mpoekTi 3a 3aMOBYYBaHHSM BHKOPHCTOBYEThCsi OibmioTeka Std,
BUKOPHCTAHHS SKOi OTOJIONIYBAaTH He MOTpiOHO. bibmioreku std_logic_1164
Ta humeric_std omucani B po3mimi 2.3.

bi0mioTeyHHni MOy Ib MOXKE MICTUTH HACTYIHY 1H()OpPMAILIitO:
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2.3. Cmpyxmypa npoexmy Ha mosi VHDL

—  OMNHCH IpoLenyp Ta PyHKUiH;
—  OINHKCH KOMIIOHCHTIB;

—  OTOJIOIICHHS KOHCTAHT;

—  OTOJIOUICHHS THUIIIB.

2.3.2. InTepeiic 00’€KkTa MPOEKTY

Iarepdeiic o0'ekTy, CyTHICTH HpoekTy (entity) Bu3Hauae iioro
iM's, BXOJM-BUXO/M Ta MapaMeTpu. Bxoau-Buxomum — lie Mepelik MOopTiB
(port), ix iMeHa, HANPSIMOK Tepeiadi JaHuX (BXOAW — in, BUX0au — out,
JBOHATIpaBlIeHI — inout), THIM CHTHAJNIB, AKi ONKHCYIOTH PO3PSIHICTH
(omuu GiT — bit, std_logic a6o Bexkrop — bit_vector, std_logic_vector),
andasiT koxyBaHHS cuTHaNIB (Hanpukiax, 0, 1), cmoci® npeacraBieHHs iX
3HaueHb (Uuinuii — integer, nivicauii — real) i 1.1

Tino o00'ekTy MNpOEKTy BH3HAYa€ HOro CTPYKTYypy 1 (yHKIIrO,
TOBEIIHKY, AIrOpPHTM. MOro OMMC BHAIIAETBCS B OKPEMy YACTHHY i
HaBEJICHWH B OIHCI apxiTekTypH 00'ekTy (architecture).

CrpoieHa popma 3anucy Jeknapaiiii entity mae BUIIISL:

entity im’a npoexty is

port (1M’ curHasy: HaOpsAMOK Ieperadil
THUII CHUTHAJY;

iM’A CuTHaJly: HaNOPSAMOK Ieperadl Tull CUIHAJLY;

iM’ A CHUI'HaJy: HanpsMoOK _Iepenadi
THUII _CHUTHAJIY) ;
end imM'd IPOEKTY;

VYeBara! Ilpu Buxopucranni makery Quartus II caix mam’sitatn, mo

iM’l  mpoekTy, siKe 3amHCy€ThCS Micasi cjaoBa entity moBHHHO

cniBnajgaTu 3 iMeHeM (aiiny, B sxomMy 30epiraerbcs 1A mporpama.
OroJomeHHs TIOPTiB

port (iM'sa curHamy: HanpsMOK _Iepenadi
TUII CUTHAJY;
iM'a curHady: HaOpAMOK Hepenadl Tul CHUIHAIY
) i
HamnpsmMoxk meperadi CUTHATY MOXKE IPHHMATH TaKi 3HAYCHHS:
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2.3. Cmpyxmypa npoexmy Ha mosi VHDL

in — BXIJHMI CUTHAII HAa BXOJI 00’ €KTa;

out — BUXIHMH CHTHaJl HA BUXOAI 00’€KTa; 3HAYEHHS CHUTHATY
HEMOJXJIMBO 3YATYBATH BCEpeauHi 00’€KkTa, HOro 3HAYEHHS IOCTYITHE
TiNBKH 00’ €KTaM, SIKi BHKOPUCTOBYIOTh TaHHUH 00’ €KT;

inout — nBOHAaNpaBIEHUI CUTHAN, SKUH MOXe OyTH SK BXiTHUM
TaK 1 BUXITHAM.

Hanpuknan, B o0'ekta mpoekTy 3 imeHeM SM (pucyHok 2.3) Tpu
BximHi (in) muii: A, B, C i mBi Buxigai (out): S i P, Ha ski MOXYyThH
HaIXOMUTH CHTHAJH, IO MaroTh ABiiikoBI (bit) 3mauenns 0 ado 1. Lleit
00’ekT Oyze MaTu HacTynHUH iHTepdelcHuil omuc.

—A|[SM|S —
—1B S —
— C

Pucynox 2.3 — Cymamop

entity SM is

port (A, B, C: in bit;
S, P: out bit);

end SM;

OroJiolieHHsT TTapaMeTpiB HAJANITYBaHHS BKJIIOYA€ThCs B entity st
CTBOPEHHS 00’ €KTIB, fKi mependayaeTbcsi BAKOPUCTOBYBATH SIK ()parMeHTH
B pI3HOMaHITHMX iHmWMX Moxaynsx. Lle [o3Bomsge  CTBOpIOBaTH
nmapaMeTpu30BaHi MOIYJi B SKHX MOXJIMBA MoOIuQIKalis JISIKUX
BJIACTUBOCTEH (pparMeHTa 3a JIOIIOMOTOK BHOOpPY Mapamerpa 3 MHOXHHU
3Ha4YeHb, BU3HAYECHOI TUIIOM MapamMeTpa.

OrouoieH s TapaMeTpiB HACTPOIOBAHHSI:

generic (im'a nmapamepa: THI:=
3HaAJYeHHA IapaMeTrpa) ;
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BusnadenHs mopTiB 3ajae iMeHa JIiHINA Tepefadi CUTHATIB Ta THII
JaHWX, SIKI TepenaroTbes depe3 MmopTH. OroJomieHHS MOPTIB HE €
000B's13k0BUM. Taka KOHCTPYKIIA 103BOIIAE€ €EKTUBHO TMOENHYBATH OIIHC
o0IraiHaHHS, SIKe TIPOSKTYETHCS Ta AITOPUTM Horo TecTyBaHHA. [Iporpamuy,
SK1 CTBOPIOIOTBCSI JUIS HANAro[KEHHS Ta TeCTYBaHHS, HOCATH Ha3By Test-
bench. 3a3Buyaii Taka nmporpama BKJIIOYA€ OMHC K CAMOTO MPOEKTOBAHOT'O
obmaHaHHsA, TaK 1 MOJIETh 30BHINTHLOTO CEPEIOBHUINA, 30KpeMa reHepaTopa
TECTOBOT'O BILIUBY.

s mapaMeTpiB i BXiJHHX IOPTIB MOXKHA 3a/laBaTd 3HAUCHHS 3a
3aMOBYYBaHHSM, IO TPEACTABISIETECS BUPA30M, BIIMIIEHUM BiJl THITY
3HakamMu :=. L[i 3HaYeHHS BUKOPHUCTOBYIOTHCS B TOMY BHIAJKy, KOJIH
BIJIMOBIAHUM MapaMeTpaM a00 TOopTaM He NPHUCBOEHI iHINI 3HAYCHHS B
MOIYINISAX BHUINOTO piBHS iepapxii. Takok HEOOXiTHO Tam’ATaTH, IO
3HAaYEHHS 32 3aMOBYYBAaHHSIM IS BXIJHHUX TIOPTIB MOXKYTh OyTH MPHCBOEHI
JHIIEe B TOMY BHINAJAKY, KOJH TIOPTH 3HAXOMSATHCS BCEPEIUHI MIKpPOCXEMH
[UIC. ¥ ToMy X BHNAAKY, KOJMM BXiAHWHA NOPT MiAKIIOYEHUHA [0
30BHILIHBOTO BHBOJIy MiKPOCXEMH 3HAYCHHS 32 3aMOBUYBAHHSIM IIPUCBOEHE
He Oyie.

2.3.3. ApxiTeKkTypa 00’€KTa NPOEKTY

APpXITEKTYpHI TiJla TPEACTABISAIOTh 3MICTOBHHM OIHC MPOEKTY.
Po3pi3HSAIOTE CTPYKTYpHI apXiTEKTYpHI Tilla, IO OMHUCYIOTh TPOEKT Y
BUTIISA/II CYKYITHOCTI KOMIIOHEHTIB 1 iX 3'€ZJHaHb, IOBEIIHKOBI apXiTeKTYpHI
Tijla, SKi ONUCYIOTHh MPOEKT K CYKYIHICTH [id, IO BHUKOHYIOTHCH, 1
3Mimadi Tia. PopManbHUX O3HAK, MO SIKUX apXITEKTypHE TIJI0 MOXKHA
Oyio O BigHECTH [0 TI€BHOTO THUIY, HE BBOJHUTHCS — BiIIMIHHICTb
BUSIBIIIETBCA Y CKJIAJi OIEPaTOpiB, SIKI BHKOPHUCTOBYIOTHCS y MPOTpaMi.
Bu3HaveHi HacTyITHI MpaBmIIa 3aMUCy apXiTeKTYPHUX TiJ:

architecture im'‘'s apxiTextypum of im's entity
is
nexjiaparlis THII1B
nexjiapaliis CHMIHAJI1B
Oexjapaiils KOHCTAHT
nexjapanis QyHKI[1N
Oekjapaillis npolenyp

51



2.3. Cmpyxmypa npoexmy Ha mosi VHDL

nexjapaliis KOMIOHEHTIB
begin
rnapajesbH1 onepaTropu

rnapajiejibH1 onepaTopu
end iM'd apxIiTeKTypwu;

Tyt iM'st apxiTexTypu — 11e Oynb-sKe IHINBiAyaIbHE IM'ST IPOEKTHOTO
Moayis. IM's entity 3amae  mepBUHHUH — MOAYNb,  SIKOMY
MiATOPSAKOBYETHCS — apXiTEKTypHEe TUI0. Y  PO3II  JeKiIapariii
OTOJIOIIYIOTHCSI JIOKANBHI Ui IBOTO MOXYyINs iH(opMamiiHi OXWHUI —
TUNU JaHWX, CUTHAIM, Mmignporpamu i T.1. Po3min onepartopiB omucye
npaBwia (YHKI[IOHyBaHHS Ta (a00) KOHCTPYIOBaHHS OOJIaJlHAHHS B
tepminax MoBu. OnHiH iHTepdelcHI YacTHHI MOKEe BIIMOBIAATH JEeKiTbKa
apxiTekTypHuX Tij. L{i apXiTekTypHi Tijla 3alMCYIOTBECA B OJHOMY (paiii,
ajie KOMITUJISITOp aHali3ye JIUIIE OCTaHHIO apXiTeKTypy B Qaiini. Jlekinbka
apXiTeKTypHUX Tid B omHOMY (aiimi HEOOXimHI Ui JOKYMEHTYBaHHS
npoekty. KokHa HacTynmHa apXiTekTypa € OuUIbII AeTajdbHOI0, HiX
NOTIEPEIHS, TIEPEXO/ISTM TIOCTYIIOBO 3 OUIBII a0CTPaKTHUX PiBHIB JIO OUTBII
JIeTaTi30BaHUX OIHUCIB.

2.3.4. CnpouleHuii NpUKJIA]A NporpaMM Ha MOBI
VHDL

Hwxue HaBeneHMi IpuKiIaa Iporpamu, ska onucye D-tpurep,
nokazanuii Ha pucyHky 2.4. Tpurep mo ¢ponrty curnamy clk 3ammcye
iHpopmaito 3 Bxoay D. Buxinuuii curnan tpurepy HaJIXxOAWUTh 10 MOPTY

Q.

—D| T |Qf—
clkl

- 7

Pucynox 2.4 — D-mpucep
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Mpuxnang 2.1 — D-Tpurep.

1 library ieee;

2 use ieee.std logic 1l64.all;

3

4 entity d trigger is

5 port (

6 d: in std logic;

7 clk: in std logic;

8 q: out std logic);

9 end d trigger;

10

11 architecture arh of d trigger is
begin

12 process (clk)

begin
13 if (clk'event and clk = '1")

14 then g <= d; end if;
15 end process;
16 end arh;

Po3bepemo TekcT mporpamu.

Psnxu 1-2 MicTATh OroJjiolieHHs Oi0MIOTeKH Ta MakeTy siKuii Oyne
BUKOPUCTOBYBATHCh. 3 00paHOro makeTy OyAyTh BUKOPHUCTaHi BCi DyHKI.
bi6mioreky Std orosomryBaTH He TOTPIOHO — BOHA MIAKIIOYEHA 32
3aMOBYYBaHHSIM.

Psanxu 5-9 mictars onuc iHTepdeiicy (entity) tpurepa. Intepdeiic
HocuTh Ha3By d_trigger i mictuth aBa BXigHux (in) moptu d ta clk Tumy
std_logic, a Takox BuxinHuii (out) nmopt g takox Tumy Std_logic.

Psanxu 11-18 MicTats iHTepdelicHy YaCTHHY TpUTEpY.

Psaku 11 BBOAMTH apXiTeKTypy 3 Ha3Boro arh, sika HaIeKUTh 0
intepdeiicnoi wacturu d_trigger.

Psnku 12 Ta 18 mounnatoth (begin) Ta 3akiHuyoTh (end) omuc
apxitekrypu. [licist 3apesepBoBaHoro cioBa end HEOOXiJTHO BKa3aTH
Ha3By apxiTekTypu — arh.

Pagxu 13-17 wMicTate omeparop mpouecy (process) Oinbin
JTIOKJIQTHHM OTUC SIKOTO HAaBEICHUH B po3aii 2.5.
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2.4. Turm pannx. Aimepaan

2.4. Tunn gannx. Aimepann.

VHDL € wmoBoro 3 cyBopor Tumizamiero. lle o3Hawae, mio
3aCTOCYBaHHSl PI3HUX THITB JaHUX 1 JiTepaliB B OJHIN omepamii €
MOMHJIKOIO. 3aCO0M CYBOPOTO KOHTPOJIIO THUIIB BiAirpaloTh BEIHKY POJIb,
OCKIIBKM  JTO3BOJIAIOTH ~ YTOUHIOBATH Hamipu po3poOHHKa. Moga
BUKOPHUCTOBYETBCSI  JUISI  TIPEICTABICHHS  amapaTHUX  IPOEKTIB Yy
PI3HOMaHITHUX BapiaHTaX, TOMY 3aCOOM KOHTPOJIO TUMI3allil JaHUX MalOTh
TYT OCOOJIMBO BeNMKE 3Ha4YeHHs. Hampukiaa, BOHU Jar0Th pO3POOHHKY
MOJKJIMBICTh TPEACTABUTH TPYIy JiHIN (MPOBIMHWKIB) IIMHA y BUTIISIL
MacuBy OiTiB ab0 mijioro 4yrcna.

Tun — moliMeHOBaHa MHOXXHMHA 3HA4YCHb i3 JCAKHMH 3araJlbHUMH
xapaktepuctukamu. Koxxuuit tun nanux B VHDL mae meBHuii HaOip
MPUHHATUX 3HA4eHb, (hopMaT 30epexeHHs Ta TepeAadi MaHwx i HaOip
JI03BOJICHUX OIepalliii. ¥ MOBI BU3HA4YeHA JOCTATHS KIIbKICTh MPOCTHX 1
CKJIa[ICHUX THUIIB, & TaKOX € 3aco0W JUIsl YTBOPEHHs THUIIB, BU3HAYEHUX
KOPHCTYBaueM.

Po3pisusitors ckansgpHi TMOM gaHux 1 arperaTHi TUnU. OO'ekT,
BiJTHECEHHI JI0 CKAJSIPHOTO THITY, PO3TJBIIAETHCS SIK 3aKiHUYEHA OJIUHHMIIS
iHdopMmartii. Arperat sBIsi€ cCOO0I0 BIIOPSIKOBAHY CYKYITHICTD CKaJIIPHHUX
ONIMHUIb, 00'€THAHUX OJHAKOBUM iM’siM. KpiMm Toro, TWmu IinsThca Ha
0a30Bi Ta Ti, SIKi BU3HAYAIOTHCSI KOPUCTYBaUEM.

2.4.1. Ba3osBi Tunu

Bazosi Tunm gapux onucadi B makeri standart 6i6miorexkm std. o
TaKMX THIIB BimHOCSTHCS: integer, real, bit, bit_vector, boolean, character,
string, time, severity_level, file_open_status, file_open_kind.

Ille pa3 mnaramaemo, 3a3HaumTH, IO MoBa VHDL wMicTuTth
CHUHTE30BaHy Ta HCCMHTC30BaHY MHOXXWHHU MOBH. CunTe30BaHa YacTHHA 3a
JIOTIOMOTO0 TIPOTPAMHOTO 3a0€3MeUeHHs] MOXKE CHHTE3YBaTU NPUHITUIIOBY
cxeMmy, ska moTiM peami3yerbcss Ha [IJIIC abo crmemniamizoBaHuX
Mikpocxemax. HecwHTe30BaHa MHOXXKHHA, SK 3pO3YMIIO 3 Ha3BHU, HE
peanizyeThcsl Ha PiBHI MPUHIIAIIOBOI CXEMH 1 BAKOPUCTOBYETHCS JJISI OTIHCY
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2.4. Turm pannx. Aimepaan

cxeMH Ta ii mozemoBaHHs. KpiM Toro cmij mam’staTd, o0 MOXKE TaKOX
BIIPI3HATUCH 1 MIATPUMKAa MOBH ONHCY amapaTrypd NpOrpaMHHUM
3a0e3MmeyeHHsIM PisHUM (GipM-BUPOOHHKIB [2]. V Wikl KHU31 OMHCAHI JIHILE
KOHCTpYKIii Ta Tumm mMoBu VHDL, ski MoXyTh OyTH CHHTE30BaHI 3a
noromororo nporpamuoro makery Quartus II. Ie koncTpykiii mopu VHDL
Bepciit 1987 Ta 1993 pokis. Ilepenik po3ainiB cranaapty moBu VHDL, sxi
niaTpuMyroThest makerom Quartus 11, MoxkHa 3HaiiTn y posmini Quartus Il
VHDL Support noBiaku nakery.

OCKiNbKH HE BCi TUMH MOXYTh OyTH CHHTE30BaHI B EJEKTPUYHY
CXeMy TOMY JJIsI CHHTE3y JOLIIHHO BHKOPHCTOBYBATH TiIIBKHM TaKi THITH
manmx: integer, bit, bit vector, boolean, character, string. s
O3HAMOMJICHHS 3 BCIMa IHIIMMH THIIAMHA MOXKHA 3BEpHYTHCH 110 [13].

Hani tamy bit MoxyTh MaTi 3Ha4eHHs 3 MHOKUHHU {'0', '1'}. Tum bit
OTIHCYE JIHIIe OHOOITHI curHamy. Hampukman:

signal x: bit;
Tun bit_vector Bu3HaueHuii sk HeoOMexeHHH MacuB OiTiB. [lpu
BM3HAYCHHI MacWBY OiTiB HEOOXiJHO BKa3aTH MEXi 3HaU€Hb 1 HAMPSMOK
3MiHM HOMepa Oita — Bropy (to) abo Buu3 (downto).

Bzarani, s Oyap-sIKOTO THIy BHU3HAYCHHS OOMEKEHOTO THITY
T IKOPSETHCSI CHHTAKCUYHOMY TIPaBUITY:

type 6asoBmri Tumn is giamasoH;
BusnaueHHs nmiamazoHy:
range oOMexeHHs 1 HanpsMOK OOMEXeHHS 2

OOmexxeHHSI TPOBOAUTHCA 3a momomMororo ciiB downto Ta to.
CinoBo to BUKOPUCTOBYETbCS TPH  3POCTaHHI  3HAaueHb, TOOTO

obmedicenns 1 MeHIe HIK obOmedicenns 2, a cioBo downto — mipu
3MEHIICHHI: 0OMmedcenHs_1 OinbILe HIX 0OMedcenHs 2.
Hampuxnan:

signal y: bit vector (0 to 3);
signal z: bit vector (7 downto 0);

VY nmnepuioMy npukiaai ONHUCAaHWKW CHUTHAN Y, KU € 4 OITHUM
BekTopoM 1 crapumii 6itr (MSB — Most Significant Bit) B HbOMY
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2.4. Turm pannx. Aimepaan

3HAaXOAMUTHCS crpaBa. Y APYroMmy MPHKIaAi CUTHAN Z € 8-0iTHUM BEKTOPOM
31 cTapmM OiTOM, KM 3HAXOJUTHCS 37iBa.

HaBezemo npHKiIaan NPHCBOIOBAHHS 3HAYCHb CHTHAJIAM THITy Dit Ta
bit_vector.

x <= '17;
y <= “0111”;
z <= “00010001";

Curnany X npucBoene 3HaueHHs '1°. Ilpu mpucBoeHHI 3Ha4YEeHb
OHOOITHUM CUTHaJaM HEOOXiJHO BUKOPHCTOBYBAaTH OXWHApHI Janku (* ).
Curnany y npucBoene 3HaueHHst "0111" i crapmwmii 0iT Mae 3HadeHHs 1.
Curnany z npucBoere 3HadeHHs "00010001" i crapmmii 6iT mopiBHioe O.
IIpu omeparmisix MPHCBOIOBaHHS BEKTOpaM HEOOXiHO BUKOPHCTOBYBATH
noaBitHi mamku (" ).

Han oneparopamu tumy bit MOXyTh BUKOHYBATHCh JIOTI4HI onepaiii,
neperik siIKkux HaBeneHo B Tabnwmi 2.1. Ciig 3a3HauuTH, 10 oreparllis not
Mae OiTBIINH TPIOPUTET HIX 1HIII JIOTiYHI omneparii i BUKOHYETHCS B TIEPITY
yepry. [y OULTbIn 3py4HOTO YMTaHHS Ta aHalli3y BHUpa3iB BCE X Kpale
BUKOHYBATHU IPYIyBaHHS BUPA3iB 10 JyXKKax.

Tabnuys 2.1 — Onepayii ons muny bit

Onepartis 3HaueHHs
and I
or AJIE
nand I-HI
nor AJIE-HI
Xor Buxmoune AJIE
xnor Buxmoune AJIE-HI
not IuBepcis

[Mpuknaau oneparrii aas Ty bit.

y <= not a and b; -- a'xb
y <= not (a and Db); -— (axb)'
y <= a nand b; -- (axb)'
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Hani Tuny boolean takoxx MOXyTh mpuiiMaTH 1Ba 3HaueHHs: {true,
false} i Hax HUMUK BH3HAueHI Ti Xk cami omepaii, IO W HaJ JAHUMHU THUITY
bit (tabmumus 2.1). Pisuuns mixk Tunamu bit i boolean monsirae B Tomy, 1110
TIepIIi BUKOPHUCTOBYIOTHCS ISl IPECTaBIEHHS PiBHIB JIOTIYHUX CUTHAIIIB B
amaparypi, a Ipyri — ajas poOoTH 3 pe3yibTaTaMH JIOTIYHHUX OIEpaTopiB,
HaNpUKJIaj, pe3yibTariB mopiBHsHHs. Tak, skiio 3MiHHa Select BuzHauena
gK OIT, TO HE MOYKHA 3aITMCaTH YMOBHHUM ONIepaTop Y BUTIISAIL

if select then

Cnin 3anucaru

if select = '1l' then...

SIkbu 3minnHa Select Oyna BusHaueHa sk 3miHHa Ty boolean, o,
HaBMaKW, MepImuil BapianT OyB OW mpuycTUMul, a napyruid — Hi. [ani
Pi3HUX THITIB HECYMiCHi, TOMY HAaBEJICHHUI HIKYE BUPA3 HETPHUITY CTUMHIA

'0' and true

Tunum integer i real Bu3HAUarOTH YMCENBHI JaHi — I(Il Ta MikcHI,
BignmoBimHO. Jliarma3oH TpeCTaBIIEHHS 4YHCEN MOXE 3alexaTH BiJ
peaizanii, ane CTaHAAPTHUMM BBAXKAKOTHCA miamasonu {-231+1, +23-1}
quist tary integer i { —1.0E38, +1.0E38} s real.

Omepariii 1yis Tury integer HaBeaeHi B Taduwmi 2.2.

Tabnuys 2.2 — Onepamopu 0ns muny integer

Onepartis 3HaueHHs

+ JlomaBanHs

- BigniMaHHS

* MHOKeHHs

/ Jinenns

mod JineHns mo Moaysiro

rem 3aUIIOK BiJl MIJICHHS IO MOJIYJIIO
abs AOCOIIOTHE 3HAYCHHS

** Cremninp uncna
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He Bci omepauii Han curHamamu Ty INteger Moxyte OyTu
peanizoBaHi y Oynb-skoMy anapatHoMy Oaswuci. Tak oneparii 1oaBaHHs Ta
BimHIMaHHS 0e3 Oymb-SKHX OOMEXEHb CHHTE3yIOTHCA B TPUHIUIIOBY
cxemy. Tex came cTocyeThcs 1 onepartii MHOKeHHs. J{J1s1 omeparii giieHHs
0e3 00OMeXeHb peati3yeThbesl omepais AiIEHHS Ha CTYMHiHb JBIHKH, TOOTO
omepartis 3cyBy. [y oneparii po3paxyHKy CTyICHs YMCIia TIIbKU CTaTUYHI
3HAYeHHS OCHOBU Ta MOKa3HWKa MOXYTh OyTH 0e3 0OMeXeHb BUKOPHCTaH1
st cuHTesy cxemu. Omepanii mod, rem Ta abs 3a3Buyaii 3a jgomoMoror
CTaHJapTHHUX 0107i0TeK a00 30BCIM HE CHHTE3YIOTHCS 200 YacTKOBO.

2.4.2. Tunu, BU3HAYEHi KOpUCTyBaueM

KopucrtyBau Mae  MOXIMBICTh  BH3HAUUTH  BJACHI  TUIIH,
BUKOPUCTOBYIOUH JICKIIAPAIli0 TUIY:

type imM'a Tuny is BMBHAYEHHSA THUIIY;

[lpu BU3HAYECHHI THUIY MOXYTh OYTH BUKOPUCTaHI HACTYIHI THIIHU:
TIepesIiYOBaIIbHI, 11U, TIHCHI, (Pi3U4HI, MACHBH Ta 3aIIKCH.

BusHaueHHs mepenidyBalIbHUX THUIIB KOPHCTyBada JOIIBHO, IIO-
niepie, AJisi KOHTPOJIIO CYMICHOCTI JaHHWX y Mporpamax, a Hmo-Apyre, JUIs
TOYHOTO 3aBJIAaHHS PO3PSIHOCTI CJIB, IO MPEACTABISAIOTH JIaHi B 00'€KTI,
10 TIPOEKTYETHCS.

[Ipuknan:

type my unsigned short is integer range 0 to
255;
type my data is integer range 15 downto O;

Kpim TwmiB, mo omucani B 6i6mioremi Std i ommcani B craHmapTi
moBu VHDL icHye mie aekinbka THITB, IO HE OMHCaHI CTaHAAPTOM, aje
Iy’e PO3MOBCIOJUKEHI 1 BXKE CTalM CTaHIAPTHUMU «ae-pakToy». bidmiorekn
3 IUMH THUIAMH TIOCTABISIOThCA 3 yciMa 3aco0aMu MOJETIOBaHHS Ta
cunTe3y MmoBu VHDL.

i Tunu onucani B Takux 010Ji0TeKax Ta Mmakerax:

IMaxer std_logic_1164 6iomiorexku ieee mictuts Tumm: Std_logic ta
std_ulogic, a TakoX pO3MIMPEHHS [WUX THINB JO BEKTOPHOTO
npezcrasienns: std_logic_vector Ta std_ulogic_vector.
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IMTaxeT humerc_bit 6i6mioTexn ieee omucye Tumu Signed ta unsigned,
siKi 0a3yroThcs Ha THMi DIt, Ta QyHKUIT 1715 B3aEMHOTO MEPETBOPSHHS LIUX
THIIIB.

IMaker numeric_std 6iGmiotekn ieee omucye Tunm Signed Ta
unsigned, ski ocnoBani Ha Tumi Std_logic_vector, ta ¢yHKil g
KOHBEPTALlil [IUX TUIIB.

Binpa3y sx cmin Bim3nauutu, mo Oi6mioreky std_logic_arith, ska
IHKONTM 3yCTpidaeTbcs y npukiagax nporpam Ha VHDL, kpame He
BHUKOPHUCTOBYBATH, OCKUIbKM BOHA 3aMiHEHa Ha NUMeric_std i BimcyTHs y
cTaHmapTHiN mocrasil nakety Quartus II.

Hasenemo BusHavenns tumy Std_ulogic:

type std ulogic is ('U', 'X', '0O', '1', 'z',
va, 'L', 'H', l_l};

Tun std_ulogic i nopomkyBanuii Ha Horo ocHosi miarun Std_logic
BUKOPUCTOBYIOTHCSI JAJISl NPEACTaBICHHS CHTHAIIB y JAEB’SITH3HAYHOMY
andasiTi:

'U'" — mne inimiamizoBaHo (y mporpami B3arajli CUTHaJIy He
MIPUBIIACHIOBAIHCS OY/b-SIKi 3HAYECHHS);

'X' — akTMBHUH HEBU3HAYCHUH CTaH;

‘0, '1l' — akTUBHUH HYJIb, AKTUBHA OJIUHUIIS;

'Z' — NiHig 3HAXOUTHCS Y BUCOKOIMITEJJAHCHOMY CTaHi;

‘W' — c1a0Kuii HEBU3HAYEHUN CTaH;

'L' — cnabkuii HyJIb;

'H' — cmabka oguHuIs;

'-' — He BaxUIMBO (BHOIp HAAETHCSA KOMIIIIATOPY).

bBinboricte piBHIB THIY Std_lOgiC BHKOPHCTOBYETBCS JHIIE IS
MOJICITIOBAHHSI MPOEKTIiB. [lJisT CHHTE3y MOXYyTh OyTH BHUKOPHCTAaHI JIHIIE
curHany 3i 3Hauennsmu '0', '1', 'Z'. YV tumni bit, sx Oymo BkazaHo BwIIle,
icHye nuire aBa 3HavyeHHs '0' Ta 'l', 4oro Moxke He BUCTAyaTH JJIS OIHUCY
peanbHHX cxeM. ToMmy mpu HamucaHHi nporpam Ha MoBi VHDL O6imbimn
JIOITFHO BUKOpHCTOBYBaTH Tu Std_logic.

PizHnmg Mixk c1abKUMH Ta aKTUBHUMH CTaHAMH MOJISITAa€ B TOMY, IO
caOkuii curHan (GopMyeThbcs Bij JpKepell, Ha3WBaHHUX JpadBepamu, IO
MalOTh TIJBUIICHUA BUXIJIHUH OMip y TOPIBHSHHI 3 AaKTUBHUMH
JDKepenaMd. Y IIbOMY BHIAJAKY DKEpEso, IO TeHepy€e aKTUBHHUN CHUTHAI,
MpUTHIYY€E CIa0KWiA, SKIO BiH HE BIAKIIIOUEHUH. Y BUIIAJIKY, KOJH 3’ €HAHI
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nBa curHamu Tumy Std_logic 3 omHAKOBUMH DIBHAMH JJISl BU3HAUYCHHS
Pe3YJIBTYOUOTO 3HAYCHHS HEOOXiTHO CKOpUCTATHCS TabmuIiero 2.3.

Tabnuys 2.3 — 3nauenns pe3yromyroyux cueHanie o muny std_logic

Bxigauii curaan

Bximauit curaan
I r|S|IN|~|o|X

X TS| S|T|~|o|X|T
XX XXX | X | XX

XSS |ir|~lo|x|r

X|ZZ2|Z|E|R|o|X]|E

Xk IXIX]-
X| T[S |N|r|o|X]|N

XXX XXX X|X]|X
X|lo|lojlo|lo|X|o|X]|o

Hns  Bukopuctanus tumy Std_logic HeoOXimHO 3acTocyBath
HACTYITHY KOHCTPYKIIO:

library ieee;
use ieee.std logic 1164.all;

Kpim Tumy std_logic 3HayHOTrO pO3MOBCIOKEHHS HAOYIM THITH
JMaHuX, sKi € moxigaumu Bix Ty Std_logic. Ile tumm unsigned ta signed,
SIKI BUKOPHUCTOBYIOTHCS JIJIsl OTKMCY O€33HAKOBHX Ta 3HAKOBHX uucen. [Ipu
BUKOPHCTaHHI THITy UNSigned unciia He MOoXyTh OyTH Bin Hyns. Hanpukian
"0101" mpencraBusie yucno 5, a "1101" — uucno 13. Ilpu BukopucTaHHi
3HAKOBUX 4HWcend Tuiy Signed BiI’€eMHI 4YHCIa TPEACTABISIOTHCS Y
nonatkoBoMy koai. Tomy umcno "0101" Oyne tak camo JopiBHIOBATH 5, a
"1101", 3anmcane y 10AaTKOBOMY KOJIi, BIIIIOBIJaTUME YUCITY -3.

Tumm unsigned rta signed BusHaueni sk macuBu Tumy Std_logic Ta
omnucani B maketi numeric_std. J[is BUKOPHCTaHHS 1UX TUITIB 000B’SI3KOBO
JIeKJIapyBaT BUKOPUCTaHHs 0i0Ti0TeKH ieee Ta makety numeric_std.

library ieee;
use ieee.numeric std.all;
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CuHTakcHC CHTHATMIB Tumy unsigned ta signed myke momiOHMi 10
cunTakcucy Std_logic_vector i HaBeneHMii HIDKYE.

signal x : signed (7 downto 0);
signal y : unsigned (0 to 16);

He motpi6buo mtyratu Tumu integer ta signed. O6uaBa TUIH TpU
00poO1i cipuiiMaroThCs SIK Yrcia Ta 00MIBa CUHTE3YIOThCS B cXeMy. Aue
cinij mam’srtaty, mo integer — ue uucno, signed — nie Bektop, T00TO Hadip
6itiB. I sik Hag Habopom OiTiB Haj curHamamu TumiB unsigned ta signed
MOXHA BUKOHYBaTH JIOTi4HI omepamii Ta omepamii 3cyBy. Ilpu
BUKOPUCTaHHI THITY INtEger ciix oOMe)KyBaTH Jliala3oH 3HAYCHb CUTHAIY.
IMpu BukopucTanHi Ty Signed Iie BHKOHY€ThCS MPH OMKCI MOPTIB Ta
CHUTHAJIIB.

Jns  TepeTBOPEHHs THUMIB JaHUX BUKOPUCTOBYIOTH HACTYIHI
(yHKIIT:

to_integer () — mst meperBopenns TumiB uUnsigned a6o signed B
integer.

to_unsigned () — mepeTBOpeHHs HEBiJ EMHOTO 4HCiIa TUIy integer
y BEKTOp THITY UNSigned 3alaHoro po3mipy.

to_signed () — mepeTBOpeHHs HEBiJ €MHOTO YMCIa THUITy integer y
BeKTOp TUITy Signed 3aaHoro po3mipy.

Insxu epeTBOPSHHSI TUITIB CXEMAaTUYHO MMOKa3aHi Ha PUCYHKY 2.5.
Ha 1npoMy pUCYHKY THITHM JaHUX TOKa3aHi y MPSIMOKYTHHKaX, Ol SKUX
BKa3aHa Ha3Ba 0107i0TeKH, B SIKii onucaHuii 1ei Tum. (s nepeTBopeHHs
TUIIB HEOOXIJHO BUKOPUCTOBYBATU (PYHKIIIO, KA HaBEJEHA Ha Jy3i, 110
3’ennye tunu. e pas BigmiTmo, 1o Oibmioreky Std He moTpiOHO
OIMCYBATH B IIPOrpaMi — BOHA i1’ €AHYETHCS JI0 POSKTY aBTOMATHUYHO.

s mpukiaxy pos3risiHeMO TiepeTBopeHHst curHany Address turmy
std_logic_vector B curman tumy integer. B mpoMy BHIaaKy HEOOXiIHO
NPOBECTH J(Ba MOCIHIJOBHUX TepeTBopeHHs: 3 tuiy Std_logic_vector no
tuny unsigned 3a gomomororo ¢yHkii unsigned () ta Tumy unsigned mo
tumy integer 3a momomororo ¢yHkiii to_integer (). Takox HeoOXimHO
HiIKITI0YUTH 10 nporpamu Oidmiorexu Sstd_logic_1164 Ta numeric_std. B
[[bOMY BHIAJKy KOHCTDPYKIlisSi IMEPETBOPCHHS THIy OyIe MaTH TaKui
BUTJISII:

to integer (unsigned (Address))
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numeric_std

signed () \ fo_integer ()

to_signed ()
std_logic_vector ()

std_logic_vector

STd

unsigned () to_integer () /

std_logic_vector () to_unsigned ()

numeric_std

Pucynox 2.5 — Ilepemeopenns munie y mosi VHDL

2.4.3. IliaTunu

[TigTum — miIMHOXKMHA 3HA4YEHb qaHoro tumy. O0'ekTH, BiHECEHI 10
MiATHITY, 30€epiratoTh CYMICHICTH i3 JaHWMHU THUITY, 3 SKOT'O BHIIISETHCA
HIJITHIT TaK 3BaHOTO 06a30Boro Tumy. OHAK YBEJCHHS MiATHITY:

— BH3HA4Ya€ MHOXUWHY NPUITYCTUMUX 3HAYUCHb JAHUX Hi,Z[TI/IHy SIK
Hi,I[MHO)KI/IHy MNpUIyCTUMHUX 3HAYUCHDb 0a30BOro TUITY,

— JO3BOJIIE  BBOJUTH  JOJAaTKOBI  (yHKLii IEpeTBOPEHHS,
00YMOBIICHI TIBKH JJIS1 TaHUX MiATHITY.
CuHTaKcuc AeKiapanii miATUIy BU3HAYSHUH Y TaKuH c1ocio:

subtype iMm'sa nigTHIy is 6a30BOM THUIO
OBOMEXEHHS;

Hanpukian, Bu3HauuMo migTun Tumy integer. Jadi 1bOro miATHITY
nepeadavaeTbcsl BUKOPUCTOBYBATH Uil iHIeKcalii OiTiB B S-po3psaHoMy
KO, 10 MOXe mpuiimMati 32 3HadeHHs. Lli maHi CyMicHI 3 TaHUMHU THITY
integer. OpHak NPUCBOEHHS MM JIaHAM 3HA4YeHb 11032 3a3HAYCHUM
niama3oHoM OyJe BUKIIMKATU MOBIAOMIICHHS IIPO MOMUJIKY.
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2.4. Turm pannx. Aimepaan

subtype bit in is integer range 31 downto 0;
2.4.4. ATpudyTH THIIB.

Tun BU3HaYae MHOXKHUHY 3HaY€Hb 1| MHOXKHHY OTIepalliii, Iki MOXyTb
3aCTOCOBYBaTHCh 10 Hboro. llpm BH3HAUeHHI THIy OJHOYACHO
BU3HAYAETHCS TAKOXK MHOXKHMHA aTpUOYTiB THITY, SIKi JO3BOJISIOTH OJICPKATH
iH(hopMaIIito Mpo Jiana3oH 3HAYEHB, IO BXOATh y [IeH TUI. 3BEPTaHHSA [0
aTpuOyTiB Ma€ HACTYITHUH CHHTAKCHUC!

iMm'sa Tuny'aTpubyT

[Mepenik neskux aTpuOyTiB CKAISAPHUX TUIIB HaBeACHO B TaOIHII
2.4. Y uii T — iM's Tury abo 00'ekTa JaHOTO THITY.

Tabruya 2.4 — Ampubymu CKaIAPHUX MUNie

ATpubyT Omnuc

T'left [Neprie 3HaueHHs y TUM (J1iBa TPaHUIS IHTEPBAIY )

T'right OcranHe 3HaueHHs Yy Tui ([IpaBa TpaHUL
iHTEpBaITY)

T'low HaiimeH1ie 3HaueHHS y THITI

T'high HaiiGinpiie 3Ha4eHHs y THTI

PosriissHemo 1Ba Tunu Aanux: index Ta index2. Y mepuiomy BUMajaky
tun onucye 3HadeHHs Big 20 g0 0, a y apyromy — Bix 0 mgo 20. Jlns mux
JIBOX THUINB HafMeHIIle Ta HaiOiIbIIe 3HAYEHHS OYIyTh OJHAKOBHMH, a OT
JiBa Ta MpaBa 'PaHMLi TUIIIB — PI3HUMH.

type index is range 20 type index? is range 0 to

downto O; 20;

index'left = 20; index2'left = 0;
index'right = 0; index2'right = 20;
index'low = 0; index2'low = 0;
index'high = 20; index2'high = 20;
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2.4. Turm pannx. Aimepaan

2.4.5. Jlitepanu.

JliTepanm — 1e TEKCHYHI €IEMEHTH, K1 3aJIUIMIAI0THCS MIOCTIHHUMHA B
mporpami Ta MpUHAMAIOTh MEBHE 3HAYCHHs micis koMmisiii. KoHcranTwy,
OTIepaH/M y BUPa3ax, iAeHTH(IKATOpH — BC1 BOHH € JTepajaMH.

Jlitepanu ginarecs Ha (pUCYHOK 2.6):

1. Yucnosi.
1.1. AGcTpakTHi.
1.1.1. JlecsaTkoBi.
1.1.2. bazosi.
1.2. HiticHi.
2. [Mepemiymmi.
3. CTpOKOBI.
4. Panok OiT
5. Null.

Aitepaau
Yucaosi —\ \

AGCTPAKTHI _\ [ MNepeidnmi

AecsaTKoBI
CTtpokKoBi

Basosi ]/

AincHi ] /

\
K [ PasoK 6t ] /

Pucynox 2.6 — Jlimepanu mosu VHDL

)

I

null
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2.4. Turm pannx. Aimepaan

JecaTkoBi JiTepainy 3anUCyIOThCS y BUTIISIL:

yine.yine cmyniHb eKCNHOHeHma

Tyr mimi 4ucma 3amaroTh MaHTHCy uwucna. [lpm HeoOXimHOCTI
BUKOPHUCTOBYETbChsl CTymiHb 10 a7 3aBOaHHS NOKa3HUKA CTYHEHA. Y
YHCII MOXKYTh BUKOPUCTOBYBATHCH 3HAKU MMIAKPECIeHHS () ISl MOJiny Ha
rpymnu.

TIpuxnamu:

Line: 21, 0, 1E2, 3e4, 452

Hiiicue: 11.0, 0.0, 0.476, 3.14_15 926

JikicHe 3 ekcioneHToro: 1.34E-12, 1.0E+6,

bazoBi miTepanu 3ammmcyrOThCS y BUTIIAIL:

baszucttuucio e _bazuci #excnonenma

Basuc (ocHOBa CHCTEMH YHCICHHS) — ITiJI€ YUCIIO.

JIBiiikoBa 2#1111 1100#

IicTHagUATKOBA 16#fc# Bet ni mitepany
MaroTh 3Ha4eHHS 252

IicTHaguATKOBA 016#0FC#

HecsaTkoBa 10#252#

CiMKoBa T#510#

Jlitepanu "cTpoka OiT":

bazuc’yucno_e6_bazuci’
basuc:

B — GinapHsrii,

O — BICIMKOBHIA,

X — HIICTHAAATKOBHIA.

B”101010”, b”1001 100~
O/Il26/l, 01123611
X"34f", x"FC05”

2.4.6. MacuBu i 3anucu

MacuB, Sk 1 B IHIIMX MOBax, — II¢ Halip HaHWX, 00'€THAHUX
3araJibHUM iMEHeM, AOCTYH 10 iX 3HaueHb BiIOYBA€TbCSA 3a JOMOMOTOIO
omepauii iHAEKCYBaHHS, BXKUTOI michs imeni macuBy. s Toro mo0
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2.4. Turm pannx. Aimepaan

OroJIOCUTH OO0'€KT THUIY MacuB, HEOOXiIHO TMOMEpPeJHbO BBECTU
BiJINIOBITHUH THIT HA OCHOBI HACTYITHUX CHHTAKCUYHUX MTPABWIL:

type im’sa Tuny is array (nianaszoH sHaueHn) of
TUII eJIeMeHT1B MacuBa

Hianazon 3amae 06e3mid JOMYyCTUMHUX 3HadeHb iHAEKCYy. Ilpm
BU3HAYCHHI Jlialla30Hy 3HAYCHb MOXKJIMBA 3MiHA 1HACKCY Bij OLIBIIOrO IO
mermioro (downto) a6o Bia Menmoro 1o 6inerroro (t0) iHaeKCy:

novarkoBe 3BHayeHHs to KiHI[eBe BHaYeHHS
novarkoBe 3HayeHHs downto kiHIeBe BHaYeHHS

Skmo niama3oH 3aJaHUK KOHCTPYKIi€l0 range<>, TO 1€ €
OTOJIOIICHHSIM HEOOMEKEHOTO MacUBY. Y I[bOMY BUMAJIKy BU3HAYA€THCS HE
Jliama3oH 3HAYEHb 1HAEKCY, a TUTBKH THII iHAEKCHOI 3MiHHOi. AJle Take
BUKOPHCTaHHS MAaCHBY HE € pEKOMEHIOBAHIM, OCKLUITBKH MOXKE TTPU3BOIUTH
O HEBIPHUX pE3yJbTAaTiB MpHU KOMMALil mporpamu. Tomy HeoOXiTHO
3aBXKJM BH3HAYaTH MEXKI 3HAYCHb IHICKCIB MacHBY JUISI KOPEKTHOTO
CHHTE3y CXEMH.

MacuBr HalOiIbII YacTO BUKOPHCTOBYIOTHCS TPW OMHCI OJOKiB
nam’sti. Hwkde HaBefeHMI MPUKIIAN ACKIapalii THITY Ui OMHUCY OJIOKY
mam’siTi, MO CKJIAJAEThCSA 3 32 4apyHOK, KOXKHA 3 SKHX MICTUTH MO 8 OIT
JAHUX.

type ROM Array is array (0 to 31) of
std logic vector (7 downto 0);

Hexnapanii 00'€KTiB, IO HaJIe)KaTh HABEJCHOMY THITY, MOXYTb
BHUIJISIIATH TAKUM YHHOM:

signal ROM : ROM Array;
abo

constant Content: ROM Array:= (
0 => "oo0o00001",
1 => "00000010",
2 => "00000011",
14 => "00001111",
others => "11111111");

[Ipu 3BepTaHHi 4O €NEMEHTIB MaCHBY B IPOTpaMi iHAEKCH MiCTATHCS
B Iy)KKax TMiclg iMeHI MacuBy. Twm iHIZEKCHOTO BHpa3y IIOBHHEH
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2.4. Turm pannx. Aimepaan

BiI[l'IOBiI[aTI/I TUITY iHI[eKcy, OT'0JIOIICHOI'0 IIpU I[CKJ'IapaHi'l' TUITY MACHUBY.
3ammc 3BCPTAaHHA N0 CJICMCHTA MaCHMBY TIOBUHCH MaTU HaCTyT[HI/II‘/'I BUTJISA:

imM’ g MacwuBa (1HOEKC eJIeMeHTa)

iMm’ s MacuBa (iHmexc esnemenTa to
IHIEeKC eJIeMeHTa)

im’ s MacuBa (iHpexc esnemenTa downto
IHIEeKC eJIeMeHTa)

[Tpuknan: 3BepHEHHS 40 KOHKPETHOTO €JIEMEHTa MAaCHBY:

memory (5)
byte (7)

3BEpHEHHS JI0 ICKIJIbKOX CJICMEHTIB MacHBY:

memory (5 to 7)
byte (7 downto 5)

Ilpu 3BepraHHi 10 emeMeHTa OaraTOMipHOTO MAacHBY 1HJEKCHI
BUPa3H 3alUCYIOThCS 4epe3 KOMH B TIOPSIKY, OMHCAHOMY B JEKJIaparlii
TUITY.

[puknan:

ram instance (2, 3) := 5;

JJis OJHOMIpHUX MacWBiB BH3HAYEHO KUIbKa TPYNOBUX OMEpalliid, y
SKHUX MAacWB PO3TJIsIaeThes K enune mute. lle, Hacammepen , omepariis
koHKateHamii & (00’eaHaHHs psakiB). Hampukinan, HaBelneHa HIDKYE
HOCJTIIOBHICTH OIlepaTopiB 3amucye B curuai b snauerns"11011001".

a:= "1001";
b<= "1101" & a;

Tyt a i b — psaku abo 6iTOBI BeKTOpH, NIPUUOMY a — 3MiHHA, D —
cHUrHai. Pi3HHIS MK CUTHAJIOM Ta 3MIHHOIO OolrcaHa B 1. 2.4.

Omnepamnii 3cyBy BHU3HAYCHI Ui OJHOMIPHHX MACHBIB THUITY
bit_vector i 3anucyroThcs B TakHid Criocio:

iM'a MacuBa CHMMBOJI _oHepanli 3CyBy L1Jjie ducJio

BuzHaueHi HACTYIHI omnepartii 3CyBY:
—  JoriuHi 3cyBH BiiBo Ta Bripaso Sl i srl,
— apudMeTnyHi 3cyBH BIIiBO Ta BIpaBo Sla i sra,
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2.4. Turm pannx. Aimepaan

—  LHUKJIIYHI 3CYBH BJiBO Ta Bripaso rol i ror.
Lline B 3amuci Bupasy Ajsl 3CyBy BH3HAaYa€ YUCIO PO3PSAiB, Ha SIKi
3MIHCHIOETHCS 3CYB KOIY.

Hanpuknan.
Oneparist Pesynbrar
a = 00000011 b<=asll5 b=01100000
a =10110000 b<=aslr5 b=00000101
a =00000011 b<=asla5 b=01111111
a=10110000 b<=asla5 b=11111101
a=00100011 b<=arol5 b=01100100
a =10010001 b<=aror5 b=10001100

3anuc — e CTpyKTypa JaHuX, KOKHA iH(opMaliiHa OJUHHIS SKOi
Ma€ IHIUBIAyanbHE IM'S 1 MOXe OyTH OKpEeMOTro THIY. 3a3BHYail 3amucH
BUKOPUCTOBYIOTBCSI ~ JUIl ~ arperaryBaHHs  pi3HUX  JaHUX, IO
XapaKTepU3ylTh OAMH 00'eKT. JJis BUKOPUCTAHHS 3aIlUCIB, K 3MIHHUX,
CIoYaTKy Tpebda OroJOCHUTH BiIMOBIAHUNA THIT:

record CHMCOK HOJI1B 3ammMcy: TUII;
CHMCOK IOJI1B 3ammMcy : THUI
end record;

Hpuxnaa. BusnaumMo Tun pixel, mo mnpencrarise CKIamao0Bi
KOJIbOPIB 300pakeHHs Kpanku Ha ekpadi y popmari FULL COLOR (nmoBHa
nepegada KoJbopy), LIO Tependadac BOCBMHUPO3PSIHE IPEACTaBICHHS
TPHOX KOJIIPHUX CKJIaJJOBUX.

type pixel is
record red,green,blue: integer range O

to 255;
end record;
Toni Tum "BimeonaM'saTs" MOke OYTH BU3HAUCHUH SIK
array (integer

type video ram is range

<>,integer range <>) of pixel;

Exzemmsip Bimeonmam'sti Oyje BH3HAUYATHCS, HANPUKIAA, Y TaKHM
crocio:
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2.4. Turm pannx. Aimepaan

signal vram : video ram (639 downto 0, 479
downto 0);

Lleit exsemIuisip Moxke 30epiratu iHdopmaiiro mpo 300paskeHHs
po3mipom 640 psakie mo 480 enemeHTiB y psaaky. Bubipka 3HaueHHS
YEepPBOHOI CKJIAJ0BOi BEPXHBHOTO JIBOTO €leMeHTa 300pakeHHS 3 TaKoi
nam'sTi OMUCYETHCS OIIEPaTOPOM

Out red <= vram (0,0) .red;

2.5. Koncmarmu, curans ma amiHH(

bynp-skuii ipoext Ha MoBi VHDL € omucoM SBUII y AUCKPETHUX
cucremax. Lli sBHINA MOXYTb TIPEACTaBIATUCS TPhOMAa PI3HUMHU
KaTeropisiMu TaHNX: KOHCTaHTHU, CUTHAJIU Ta 3MiHHI.

KoncranTn

Koncrantu (constant) y VHDL, sx 1 B Oyxap-skid MOBi
MpOrpaMyBaHHs, HEOOXiZHI i1 BHU3HAYCHHS IMOCTIMHMX 3Ha4deHb. [licis
OTOJIONICHHS! KOHCTaHTH MPUCBOIOBAaHHS i HOBUX 3HA4Y€Hb 3a00POHEHO.

OrooneHHs: KOHCTAHT.

constant crmmMcok KOHCTaHT: TMI := BUPAS3;
constant period: time:= 100 ns;
constant PI: real:= 3.14159;

constant WIDTH: integer:= 32;
constant DEFAULT: bit vector (0 to 3)
"o101";

Curnamau

Curnan (signal) - me imdopmariis, IO TEPETAETHCA MK
MOJIYJISIMU TIPOEKTY a00 MpPEJICTaBIISIE BXiHI Ta BUXiTHI JaHi 00IaHAHHS,
SKE OIMCYETHCS MPOEKTOM (pucyHOK 2.7). BiH cuHTe3yeTbcs B MpOBIiA,
CUTHAJILHY JIiHIIO, 3HAYCHHSM Ha SIKii TPUTaMaHHI BJIACTHUBOCTI 3MIHU B
qaci.
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oo e
H i :_ iy

Pucynox 2.7 — Illopmu i cuenanu

3aranpHa KOHCTPYKIIiSl OTOJIOMICHHS CUTHATY BUTJIS/IA€ TaK:
signal imM’sg: Tmo := HDOYaTKOBE 3HAYEHHS;
[TpuKkiaay OroiomeHb CUTHATIB:

signal CLK, RESETn: bit;
signal COUNTER: integer range 0 to 31 := 25;
signal INSTRUCTION: bit vector (15 downto O0);

[l mpUCBOIOBAaHHS CUTHATY 3HaUY€Hb BUKOPHCTOBYETHCS OIIEPATOP
napajejIbHOTO IIPUCBOIOBAHHS <=.
ATpudyTH CHTHAJTIB
ATpuOyTH CUTHAIIB BU3HAIOTHCS TaK CaMoO SIK i aTpUOYTH THITIB:
iM’a curHamgy ' 1iM’sa arpubyTa
VY rtabnumi 2.5 HaBeneHi JesKi aTpUOYyTH CHTHANIB, SIKi MU OymemMo
BUKOPUCTOBYBATH B TIOAAJIBILIOMY.

Tabnuys 2.5 — Ampubymu cuenanis

s Tun
Im’st atpuOyTa 3HaueHHs
aTpubyra

S'event boolean CurHaiisye npo 3MiHy CUTHAITY

S'stable boolean S'stable = not S'event

S'active boolean true, SKIIO TPHUCBOEHHS CHUTHAITY
BUKOHAHE, aje 3HayeHHs IIe He
3MiHeHe (H€ KIHYeHUH 4acoBHUil
iHTepBaJl, 3aJaHU  BUPAKCHHSIM
after)

S'quiet boolean S'active = not S'quiet
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3minHi

3minHa (variable) — me gomoMikHa iH(GopMaliiHa OIUHUIS, KA
BUKOPUCTOBYETBCS IS OMKUCY BHYTPIIIHIX omepauii y NporpaMHUX
Omokax. 3MiHHA MOKE CHHTE3YBaTHUCh Y YapyHKH Ham siTi, 0 30epiraroTh
JaHi. 3aragpbHa KOHCTPYKI[iSl OTOJIOMICHHS 3MiHHOT BUTJISIIA€ TaK:

variable imM’sg: Tun := noyaTkoBE 3SHAYEHHS;
IIpuknanu:

variable ROM: integer range 0 to 15;
variable count: positive:= 100;

variable a, b, ¢, d: bit:= '1";

2.6. Onepamopm mosn VHDL.

Oneparopu y moBi VHDL MmoHa po3aiuTH Ha JBi BEIHUKI TPYIH —
MOCJIIZIOBHI 1 TapayesbHi.

IMocainoBui omeparopu (Sequential Statement) 3a xapaktepom
BUKOHAHHS TOJIOHI JI0 ONEpaTopiB TPaJUILIKNHUX MOB MPOTrpaMyBaHHS.
Omneparopu 1[pOT0 TUIY OOOB'I3KOBO "BKIIajieHi" B OINEpaTOp process
abo mignporpamy procedure uu function i BUKOHYIOTHCS IOCIIiOBHO
OJIMH 32 OJTHUM Y TOPSJIKY 3amucy. Pe3yiapTaTi BUKOHAHHS MOCIiIOBHUX
orepaTopiB HEJOCTYIHI iHIIMM TPOTpaMHUM MOAYJISIM TPUHANMHI 10
TOro, Ik OyJe BHKOHaHMH oreparop o4ikyBaHHS wait, abo He OymyThb
BHUKOHaHI JIO KiHIIS BC1 ITPOIIECH, 1HIIIHOBaHI 3aralibHO0 TOJII€IO0.

Hwxye HaBereHO IOBHUH CIMCOK MOCIiZOBHUX OIIEpaTOpiB MOBU:

— TOCIIIOBHE CUTHAIIbHE TIprcBotoBaHHs (Signal assignment);
— TpucBOrOBaHHs 3MiHHOT (Variable assignment);
— ymoBHwuii oneparop (if);
— omeparop BuOOpy (Case);
— omneparop nostopy (loop);
— oleparop mepexo.y 10 HOBOro UKy (Next);
— omeparop BHXOAY i3 UKy (exit);
— ormeparop moBepHeHHs (return);
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— mopoxHiii orreparop (null);
— omeparop odikyBaHHs (Walit);
— BUKJIKK miporieaypu (procedure call);
— ormeparop nepesipku (assertion);
— ollepaTop BHBE/ICHHS MOBIIOMIICHD (report).
IMapaneasHi onepaTopu (concurrent statement) BUKOHYIOTbCS TIPH

Oyab-siKil 3MiHI CUTHAIIB, SIKi BHKOPUCTOBYIOTBCS Y SIKOCTi HOTO BUXiIHUX
nmaHux. J{o mapanenpHUX onepaTopiB BiAHOCATHCS:

— ormeparop mporiecy (Process);

— omeparop HapajielbHOro MprcBooBaHH (Signal assignment);
— TmapaienbHuil BUKINK mporeaypu (procedure call);

— mapajeiabHUi onepaTop neperipku (assertion);

— omeparop 650Ky (block);

— ormepaTop BXODKCHHS KOMIIOHEHTa (Component instantiation);
— omeparop reHepartii (generate).

BukonaHHsT mapanelbHHX ~— ONEpaTOpiB  IHIIIIOETBCS HE  TIO
HOCITIZIOBHOMY, @ IO MOAIHHOMY INPHHIMITY, TOOTO BOHHM BHKOHYIOTHCS
TOJI, KOJM peaizallisi iHIIUX ONepaTopiB MPOrpaMH CTBOPWIIA YMOBH JIJIs
iXHPOTO BUKOHaHHs. [lapaienbHi orepaTopy MPEACTABISIOTh YaCTUHU
NTOPUTMY, 5K B pealibHill CUCTEMI MOXYTh BUKOHYBAaTHUCS OAHOYAcHO. Lli

YaCTHHU B3aEMOJIIOTh MiXK COOO0IO 1 3 OTOYCHHSM MPOEKTOBAHOI CUCTEMH 1
€ He3aJIe)KHO CHHTE30BAaHUMH OKPEMHUMH OJIOKaMH.

Onepamopu nozivnux ma apu@memuyHux onepayii, onepauii
€3y6y HaWOUIBII MPOCTO ONUCYIOTh HECKJIaaHI KOMOIHAIiiHI MPUCTPOI.
[Tepenik Takux oreparopiB HaBeieHuH B Tabmuii 2.6. st ommcy Oiibin
CKJIaJHUX  KOMOIHAIIMHMX 1  MOCHJIOBHICTHUX CXeM  3pydHille
BUKOPHCTOBYBATH OIEpaTop mporecy (Process).
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Tabnuys 2.6 — Jloeiuni, apugmemuuni onepamopu ma onepamopu
3cy8y

Tun Omneparopu Tun nanux
onepaTopy
Jloriuni not, and, nand, or, | bit, bit_vector, std_ulogic, std_log
nor, xor, xnor ic, std_logic_vector,
std_ulogic_vector, unsigned,
signed
Apudmernuni | +, -, *, [, mod, | integer, signed, unsigned, natural
rem, abs
IMopiBHAHHS =, /=, <, >, <=, >= | integer, signed, unsigned, natural
3cyBy sll, srl, sla, sra, | bit_vector, signed, unsigned
rol, ror
shift_left, signed, unsigned
shift_right,
rotate_left,
rotate_right
Konkarenamii | &, (,,,) Tak camo fK 1 JUIA JIOTIYHUX
orepaTopiB

2.6.1. OnepaTopu NpUCBOOBAHHSA

i1 puCBOIOBAaHHS 3HAYEHb CHUTHAJIaM, 3MIHHUM Ta KOHCTaHTaMm
MOXYTh  BHKODHCTOBYBATHMCh  JIEKiJIbKa  PI3HOBHIIB  omeparopa
NPUCBOIOBAHHS:

— mapajebHe NMPHUCBOIOBaHHSA (<=), sIKE BUKOPHCTOBYETHCS AJIS
TIPUCBOIOBAHHS 3HAYCHH CHTHaIaM (signal);

— TIOCTiJIOBHE MPHUCBOIOBAHHS (:=), iK€ BUKOPUCTOBYETHCS IS
MIPUCBOIOBAHHS 3HaueHb 3MIHHUM (variable), KOHCTaHTaM
(constant), Bu3HAaueHHS T[IOYATKOBHX 3HAYE€Hb Ta Yy
omneparopi renepaiiii (generic).

ITo cuHTakcucy 1 TpaBuiiaX BUKOHAaHHS Oe3yMOBHE MapajeiibHe
MIPUCBOIOBAHHSA 30ITa€ThCsl 3 TIOCTIJOBHUM IIPHCBOIOBAHHSM CHUTHAIY.
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Bapiantu pi3HATBCS TO JOKami3alii B Mporpami i XapakTepu3yHTbCs
pi3HUMH yMOBaMy BUKOHAHHS. HalO1bII iCTOTHI BIAMiHHOCTI:

— TapajeibHE TIPHCBOIOBAHHS JIOKATI3YETHCS B 3arajJbHOMY
pO3ALI apXiTeKTypHOTO TiNla, a MOCHiAOBHE — TUTBKH B TiJi
npoLecy;

— MOCTiIOBHE TPUCBOIOBAHHS CHUTHATY BUKOHYETBCS MICIsl TOTO,
SIK 1HINIHOBAaHO BHKOHAHHS IMPOIECY 1 BUKOHAHI BCI MOTepeHi
OIIEpaTOpH B TiJli IpoLIECY;

—  omeparop mapajelbHOTO NMPUCBOIOBAHHS BUKOHYETHCS BiIpasy
(3 moTNAMY MOJENBHOTO Yacy) IMicisl 3MiHU CHTHAIIB y TIpaBiid
YaCcTHHI I[LOTO OTIepaTopa.

IlocninoBHe MPUCBOIOBAHHS.

OmepaTop MOCIIZOBHOTO MPUCBOIOBAHHS Ma€ TaKUd BUIIAL = i
BUKOPHCTOBYETHCS /ISl TIPHCBOIOBAaHHA 3Ha4eHb 3MiHHUM. Lleit omeparop
MOYKE€ BUKOPUCTOBYBATHCH JIMIIE BCEPEANHI MPOLECIB, @ TAKOXK MiIIpOrpam
(mpouenyp i1 pynkuiit). ToOTO nuIE 3 MOCTiTOBHUMHU OIIEpaTOPaMHU.

IlapaJie1bHe IPUCBOKBAHHS
[apanenbHe NPUCBOIOBAHHSI MOYKE MATH JIEKIJIbKa BapiaHTIB:
—  0e3yMOBHE MapaliesibHe MPUCBOIOBAHHS,
— YMOBHE IPUCBOIOBAHHS,
—  TIPUCBOIOBAaHHS 32 BHOOPOM.
[Tpu BukoOpucTaHHI OyJb-IKOTO 3 BapiaHTIB MPHUCBOIOBAHHS MOXKHA
BUKOPHCTOBYBATH MITKH ISl OUTBII 3pyYHOTO YATAHHS Ta aHAJTI3Y KOY.

be3ymoBHe mnapaje/ibHe TNPHUCBOIOBAHHS  3alHMCY€EThCS 34
JIOTIOMOTOI0  oTiepaTopa <= 1 BXe 3ycTpidanocss panime. B skocTi
NpUKIaNy PpO3MIISTHEMO 3allUC PiBHSHb MYJBTHILIEKCOPA 3 YOTHpPMA
Bxomamu x0, xI, x2, x3 Ta omgHUM BuUXOAOM Y. Jns KepyBaHHA
BUKOpPUCTOBYEThCs n1Ba curHanmu SO, S1 (pucynok 2.8). Buximnuii curnan
(hopMy€eTbCs SIK pe3yIbTaT MYJIBTUIUIEKCHOTO PIBHSHHS BiJI BXOJIB JaHUX
Ta KEpyHUYuX BXOMiB. Pe3ynbraT MOIENIOBaHHS MYJBTHILIEKCOPa
MOKa3aHuil Ha PUCYHKY 2.9.
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x0[MUX|
x1
X2
x3
sO
s

[ L]

Pucynox 2.8 - Mynemunnexcop

Mpukaan 2.2. MyasTuniexcop 4--1.

library ieee;
use ieece.std logic 1164.all;

entity mux is
port (x0, x1, x2, x3: in std logic;
sO0, sl: in std logic;
% : out std logic);
end mux;

architecture pure logic of mux is
begin
y <= (x0 and not sl and not s0) or
(x1 and not sl and s0) or
(x2 and s1 and not s0) or
(x3 and s1 and sO);
end pure logic;

| B0 LT LT LT L L L L T L1
«1 BO
«2| BO

< s (NNMUUUUUUUUr U UL
0| BOD EEEEE RN EEEEE NN
T IRRRRER R NenannnnnnniiERR R R R A nnnnnnEEE:
vy oBO VL rLrennner e L

Pucynok 2.9 — Yacoei diacpamu pobomu myasmuniexcopa
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YMmoBHe NPUCBOIOBAHHA Ma€ HaCTynHI/Iﬁ CHHTAKCHC:

opunMay <=
3HaueHHs when ymMoBa else
3HaueHHs when ymMoBa else

e o o7

Hpuxnag 2.3. MynIbTHIDIEKCOP i3 TPETIM CTAHOM Ha BHXOJI MOXeE
OyTH TIpe/ICTABICHUI HACTYITHUM OTICPATOPOM:

Zz out <= x0 when (adr='0' and en='1l') else
x1 when (adr='l' and en='1l') else 'Z';
Craix mam’sitaty, o curHan Z_out mosuHen Oytu tumy Std_logic,
OCKLTBKY BiH MpHUMae 3Ha4YeHHS ‘Z’.

IIpucBoroBanHs o BUOGOPY

with xmouoBurt Brpas select
npunmay <= 3HaAUYeHHsS when ywMmoBa,
3HaveHHsS when ymMmoBa,

Hpukaaag 2.4. MyJabTHIIEKCOP 3 TPETiM CTAHOM Ha BUXO[I.

MynbTUIIIEKCOp 3 TpETiM CTaHOM TpejCTaBlieHHH BUlme. Y
HACTYITHOMY TPHKIIAAI BHKOPUCTOBYEThCS omeparop &, SKWU mpaimroe 3i
3MiHHAMHE THITY Dit. Pe3ynbraT MoiemoBaHHs MoKa3aHi Ha pucyHKy 2.10.

library ieee;
use ieece.std logic 1164.all;

entity mux z is
port (x0,x1: in std logic;
adr, en : in bit;
Zz out: out std logic);
end mux z;

architecture concurrent of mux z is
begin
with adr & en select
Z out<= x0 when "01",
x1 when "11",

76



2.6. Onepamopu mosu VHDL

'Z' when others;
end concurrent;

w0 adi BO | [ ¢ ¢ Lt
E1 | en B0 | L
2| B

<l I e UM U UL
D4z | E2 T UUUUL—

Pucynox 2.10 — Yacosi diaepamu pobomu Mynbmuniekcopa

2.6.2. IlocrinoBHi onepaTopu

YMmoBHMI onepaTop i oneparop BUOOpY
i onepaTopu T03BONSIOTH OMUCYBATH CYKYITHOCTI IiH, AESKi 3 SIKUX
BUKOHYIOTHCSl TIPY BHHUKHEHHI NIEBHUX YMOB y peaJlbHOMY OOJaJHaHHI i
NpY MOJICTIFOBAHHI, a iHIII 32 THX CAMHX YMOB HE BUKOHYIOThCSI.
YmoBHuii onepartop if.

if 6ynesmri Bupas then
omnepaTopu;
elsif Oynesmri Bupas then
onepaTopu;
else
onepaTopu;
end if;

YMoBa MOBHHHA MaTu OyJIeBHH BHpa3, SIKWH MICIS BUKOHAHHS Ja€
pesynbrar Tuny boolean. B omHomy oneparopi if moxke Oytu oxHa (abo
)konHoi) abo Oinbmie uvactTuH elsif. KimtouoBe cioBo elsif cimix
BiZpi3HATH Bij ciliB else. UacTuHa else TakoX MOKe OyTH TUIBKH OJHA
abo He Oyze >xonHoi. [licna onepatopa elsif 3amucyeTbcsi HOBa yMOBa,
MIpU BUKOHAHHI SIKOT pealizyeThcsl YacTuHa else.
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Mpuxnag 2.5. Croporniena sorika podbotu RS-tpurepa.

if s='1' then g<='l";
elsif r='1' then g<='0"';
end if;

Buxiganii curaan ( fopiBHIOE | y BUMaIKy, KOJHU BXiJ S JOPiBHIOE 1.
3HaveHHs BXOAY I'' y IbOMY BHUIAJKYy HE Mae 3HaueHHs. SIkmo xx S=0Ta r
= 1 BUXIiJTHUI CUTHAJ CKUIAETHCSI B HYJIb.

Mpuxnag 2.6. JliynnpHUK 3 BXOJAMU CKHUJIAHHS, 3aBaHTAKCHHS Ta
JO3BOJTy paxyBaHHA. Y HaBEACHOMY HIDKYE MPHUKIAAl YMOBHI OINEpaTOpH
BUKOHYIOTBbCS OZIMH 32 OJHUM 1 YMM OLIbIlle BKJIQJCHHS Omeparopa, THM
OLIBII CKJTATHUM BHSIBIIIETHCS OyIIeBUN BUpA3, KU PO3PAaXOBYETHCS MPH
aHai3i.

1 if clrn = '0' then csignal <= 0;
2 elsif (clk'event and clk = '1l') then
3 if load = '1' then csignal <= d;
else
if ena = 'l' then csignal <= csignal +
1;
4 else csignal <= csignal;
5 end if;
6 end if;
7 end if;

[MporpamMa ckiiagaeTbes 3 HOTUPHOX BKIIAJICHUX ONIEPATOpPiB YMOBH.

B nepmiomy omnepatopi nmepeBipsAroThCs ACHHXPOHHI CHT'HAIIM — TOOTO
Ti, SIKI aHaJI3ylOThcs Oe3 ypaxyBaHHs TaktoBoro curHaiy Clk. Jlo Takmx
CHTHAJIB HAJICKUTh CUTHAN cKumaHHA Clrn. SIkmo meit curnan mopiBHIOE
HYJIIO, TO Yy BHXimHMH curHan csignal samucyetbcs Hynb (psmok |
NPUKIIAAY) | TPUMAETBCS 0 THUX Mip, MOKA He Oyae 3HATHI curHan clrn.
[Ipu npoMmy iHIII CHrHaJAM HE MOXYTh BIUIMBATH Ha CTaH BHXIiJHOTO
curHaiy (pucyHok 2.11).

B npyromy omeparopi if BHKOHYETbCS TMepeBipKa CHHXPOHHHX
CHTHAJIB, TOOTO THX, poOOTa SIKMX MPUB’s3aHa J0 TakToBOro curHaiy clk.
V mHaBenenomy mpukiazi e curHamd load i ena. 3HaveHHs X CHUTHAIIB
mepeBipseThCs PY HaaxokeHHi ppouty curnany clk. Bei omeparopwu, mo
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OmucaHi BcepenuHi OyAyThb BHKOHYBAaTHUCh JHIIE€ TOMi, KOJHW YMOBa
NpUXOJy nepeanboro pponry curnany Clk Oyae BukoHaHa.

IepeBipka crany takroBoro curHany Clk BimOyBaThes y 2 psimky
npukiany. Koucrpykiis clk'event and clk = '1' e soriuaum 100yTKOM 1BOX
norivanx BupasiB. [lepumii clk'event nosBonsie mepeBipuTH HasBHICTH
Oynp-skoi noxii 3 curnanom Clk (muB. arpubyTn curnanis i Tadbauio 2.5).
Hpyruii BUpa3 A03BOJISE TIEPEBIPUTH YH JOPIBHIOE pIiBEHb CHTHAlA
onuHHMILI. B pe3ynpTati oTpuMyeMO mepeBipKy HAassBHOCTI MOJIl 3 CUTHAIOM
clk, BHacmigok KO CHWrHad TPUAHAB 3HAYEHHS OJMHUIN. Taka
KOHCTPYKIliST MOXe OyTH 3aMiHEHOI Ha BHpa3 [rising_edge (cuenan) 3
6i6miorexu Std_logic_1164. Curnan B myxkax mae Oytu tuiy Std_logic.

[ BU3HA4YeHHS 3aJHBOTO (PPOHTY CHTHATY MOKHA BUKOPHCTATH
abo KOHCTPYKIII O clk'event and clk =0’ abo byHKIIi10
falling_edge (cuenan) 3 6i6miorexu std_logic_1164.

Tperiit psiiok nepeBipse HASBHICTH Ha BXO/i CUTHAY CHHXPOHHOTO
3aBaHTaXeHHs load. Ko 1e#t curHan JopiBHIOE OJWHMII, TO JaHi 3 BXOAY
d mepenucyroThCs Ha BUXII.

SIkiio 3aBaHTa)kKeHHS HEMa 1 CHHXPOHHHUH CHUTHAJ JI03BOJIy pPOOOTH
ena JopiBHIOE OJIMHMUIII, TO BAKOHYETHCS paxyBaHHS (PSIOK 5). Y BUNAIKY,
KOJI CHTHAII JIO3BOJIy pOOOTH JOPIBHIOE HYJIO 3HAYEHHS JIYWIBHHKA HE
3MIHIOETBCS (PSIOK 6).

EEEEE Lieiidid]
IEEEERREIREE NN RN
i
EEEEEEEE
e e e e L L e L e
T G W I S (] 00 ) I U R

Pucynox 2.11 — Yacosi diacpamu pobomu nivuibHuKa

Onepartop BuboOpy case.

Ile#i omepatop oOWpae OMWUH 3 BapiaHTIB, SKWH BU3HAYAETHCS
3HAa4YEeHHSIM KJIIOUOBOTO BHpa3dy. Bupas moBuHEH OyTH AMCKPETHOTO THITY
a0o0 TUIY OJJTHOPO3MIPHOTO MacHUBY CUMBOJIIB, 3HAYEHHSI IKHX MOXYTh OyTH
npeJICTaBlIeH] K PsIKKA a0 psiyiok OiTiB. BapiaHT 3HaYeHHs MOBHHEH OyTH
TaKOTO X TUIY, K 1 KIIOUOBHH BHpa3. YCi MOXKIUBI 3HAUEHHS BapiaHTy
MOBUHHI OyTH mepeOpani. [Ipu BU3HAUYECHHI 3HAYCHb BapiaHTy MOXKIUBHHA
3aITUC SIK OJIMHOYHOTO 3HAUCHHS TaK 1 Jllaria30Hy 3HaueHb. TakoX MOXKIIHBE
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BUKOPUCTaHHS ciioBa Others — To0To Bci iHII BapiaHTH KpiM THX, 110 Oyiin
nepepaxoBasi. [y Bunanky others moBuHHe OyTH Take 3HAUYCHHS, SIKE HE
BIINIOBiAa€ B)KE€ ONMCAHUM BUILE.

case KJIOYOBMI Bupas is
when BapiaHT => omepaTop;
when BapiadT => omeparTop;

when others => omepaTop;
end case;

Hpuxnan 2.7. Jlemudpatop ceMHCErMEHTHOTO IHANKATOPA.

process (code)
begin
case code is
when x"0" => led <= b"1111110";
when x"1" => led <= b"0110000";
when x"2" => led <= b"1101101";
when x"3" => led <= b"1111001";
when x"4" => led <= b"0110011";
when x"5" => led <= b"1011011";
when x"6" => led <= b"1011111";
when x"7" => led <= b"1110000";
when x"8" => led <= b"1111111";
when x"9" => led <= b"1111011";
when x"a" => led <= b"1110111";
when x"b" => led <= b"1110111";
when x"c" => led <= b"1001110";
when x"d" => led <= b"0111101";
when x"e" => led <= b"1001111";
when x"f" => led <= b"1000111";
end case;
end process;

Omneparop nukiy loop

Oneparop nuKIy 10op BUKOPHCTOBYETHCS y TOMY BHITJIKY, KOJIA
HEOOXITHO TIOBTOPIOBATH JICAKY ONEPAIIiio ASKiIbKa pasiB. SIKmIo oneparop
IUKIY BHKOPUCTOBYEThCS caM, TO OyJle BHKOHYBAaTHCh HECKIHUCHHUI
IUKII. BUKOHAHHS MOKe OYTH TIepepBaHE TUTBKHU CHEIiaTbHIM KEPYIOUUM
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oneparopoM. Lluknu loop MOXyTh OyTH BKiIageHUMU. [Ipu BUKOpHCTaHHI
omeparopa LUKIy HEOOXiTHO BHUKOPHCTOBYBaTH MITKY LMKy, sKa
JTO3BOJISIE OMHO3HAYHO 1AEHTH(IKYBATH IUKIIH.

B oneparopi nukiny mMoke BUKOPUCTOBYBATH [IBi iTepamiiiHi CXEMHU:
while i for. Cunrakcuc onepaTopiB nukiy while i for mokazanuit
HIDKYE.

MiTka Imkxia: while YMOBAa loop
ornepaTop
ornepaTop

end loop MiITKa IMKJA;

MiTka nmkna: for I1TepaTop LMKJIA loop
ornepaTop
ornepaTop
end loop MiITKa IMKJA;

Konu B 3anmuci UKy BUKOPHCTOBYETHCS KIIFOUOBE CJIOBO while, TO
CIOYATKy OOYHMCITIOETHCS YMOBa BXO/DKCHHS IO TiJIa IUKITY. SIKIo ymoBa
BUKOHYETBHCS, TO BHUKOHYIOTHCSI BCI ONEpaTOpH B TUTI LUKy, iHAKIIE
orepaTop IUKIY 3aBEPIIYETHCS 1 OOUMCIICHHS MEPEXOIUTh HA HACTYITHHI
onepatop. Konm B 3amuci UKty BUKOPUCTOBYETHCS KIIFOYOBE ClIoBO for,
TO iTEepaTop BHM3HAYAE HMapaMeTp LHUKIY 3 0a30BHUM JAMCKPETHUM THIIOM,
3HAYCHHS SKOTO BHU3HAYAIOTHCS  JIalma3oHOM. ITeparop HUKIY €
KOHCTAHTOIO 10 BiJIHOIIEHHIO J0 BCIiX Aiil B TiN omepaTopa NUKIY i HoMmy
HE MOX€ IMPUCBOIOBATHCH 3HAYCHHSI.

Mpuxnang 2.8. [lpucBoroBanHs BuxigHOMy Bekrtopy data_out
po3psimHicTIO 4 0iTa MOJOMIIMX YOTHUPHOX OITiB BXiJHOrO CHUTHaIa S
PO3PSAIHICTIO 8 OIT 3a JOMOMOI0I0 MKy 1oop Ta KIIIo4oBOro ciiosa for.

clk: in std logic;

s: in std logic vector (7 downto O0);
data out: out std logic vector (3 downto 0);
process (clk)

variable i: integer range 0 to 3;
begin

if rising edge (clk) then
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for i in 0 to 3 loop
data out (i) <= s(i);
end loop;
end if;
end process;

OmnepaTop nepexoay 10 HOBOTo HUKJIY next

Omepatop next BXHUBAaeTbCA IS TEPEAYACHOTO 3aBEPIICHHS
iTepaliif MUKy, IO 3aJOBOJBHSIOTH AEIKMM yMmoBaMm. [lpu mpomy
OJIOKY€EThCS BUKOHAHHS BCIX HACTYMHHX OIEPATOpiB y MOTOYHIHM iTeparii
UKITy. BUKOHAaHHS TPOMOBXKYETbCS 3 MOYATKY LMKy, aje HapameTp
UKy 30UIBIIYETHCS HA OAMHUINIO. SIKIIO X HapaMeTp MUKIY AOCAT CBOTO
HaO1IBIIOro 3HaYEeHHS, TO BUKOHAHHS IUKJTY 3aBEPIIYEThCSL.

Mpuknang 2.9. B nporeci BUKOPHCTOBYETHCS OMEpaTop LHUKIY, B
SKOMY BUKOHYETHCS JIOTiYHa onepauis «» Haj OiTaMu BXiJHUX CUTHATIB
i b. Jlnsa mepeBipku HEOOXiAHOCTI BUKOHAHHS 1€l Onepartii KOHTPOTIOETHCS
cTaH MmoTo4YHOro Oita 3 MacuBy done. Skmo BiH gopiBHIOE true, ToO
JIOT1YHUH T00YTOK HE PO3PaXOBYETHCS 1 BUKOHAHHSI IIUKITY MIEPEXOUTh JI0
HOBOI iTeparii. Skmo »x 6iT macuBy done nopisuioe false, To iioro
3HA4YEHHS 3MIHIOETHCS Ha {FUE 1 BUKOHYETHCSI OOUUCIICHHS.

a, b: in std logic vector (7 downto 0);
data out: out std logic vector (7 downto 0);

process (a, Db)

begin
for i in 0 to 7 loop
if (done (i) = true) then
next;
else
done (i) := true;
end if;
data out (i) <= a(i) and b(i);
end loop;

end process;
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Onepartop BUX0Ay 3 HUKJIY exit
Mirka: exit miTka nmkra when ymosa;

Omneparop exit BUKOPUCTOBYETHCS JUIS 3aBEpIICHHS BUKOHAHHS 1
3aKpHUTTs oreparopa ukiay. Skmo ymosa (condition) Bukonyerbcs (true),
TO 3IIWCHIOEThCS BUXiJ i3 1uKiIy. [IpM BUKOPUCTaHHI BKJIaJEHUX ITUKIIB
MITKa UKy B omepaTopi exit m03Boisie BUKOHATH BHXiA 3 BKa3aHOTO
IUKITY. SIKIO K MiTKa HE BKAa3YETHCS, TO BUKOHYETHCS BHXiJ 3 MOTOYHOTO
TUKITY.

Mpuxnan 2.10. BkiageHi muxm.

outer: loop
inner: loop
exit outer when condition 1
iHCTPYKII1I;
exit when condition 2 iHcTpykuii;
end loop inner;
exit when condition 3 iHCcTpykuii;
end loop outer;

B HaBeneHoMy TIpHKIaai BHKOPHUCTOBYETHCS [(Ba HECKIHUCHHI
IMKJIM: 30BHIIIHIA Outer i BHyTpimHii inner. Tlpu BUKOHAHHI TepHIOT
ymoBu (condition_1) BUKOHY€TbCS BUXiZl 3 BHYTPIIIHBOTO 1 30BHILIHBOTO
ukiiB. [Ipu BUKOHaHHI Jpyroi ymoBu (CONdition_2) BUKOHYETHCS BHXiJT 3
BHYTPIIIHBOTO LUKy, a TMPH BUKOHAHHI TpeThoi ymoBu (condition_3) —
BHX1JT 3 30BHIIIHBOTO IUKITY.

Ilopoxwiii omeparop null

Omneparop null He mopomkye Aiil. BiH BKUBaeThes, 100 TOYHO
cneunQikyBarty, O HeMa HisIKuX Aii. Tumose 3acTOCyBaHHA — B OIlepaTopi
case, 1100 BU3HAYMUTU il y BCIX BUNAaIKax. Y HaBEICHOMY HIDKYE
npukiaai cursan OPcode moxe npuiimatu Oynb-sike 3HaueHHs Big 000 1o
111. B oneparopi case ananisytotscs nuiie Tpu ctanu: 001, 010 ta 100.
Bci inmni komOiHamii (others) He MOBUHHI BUKIMKATH JKOJHOI Jii, TOMY
BUKOPHUCTOBYETHCA oIlepaTop null.

case OPcode is
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when "001" => TmpData := RegA and RegB;
when "010" => TmpData := RegA or RegB;
when "100" => TmpData := not Regh;
when others => null;

end case;

2.6.3. IlapanesbHi onepaTopu

[lapanenbHi omeparopu MOXYTh OYTH NMPOCTUMH Ta CKJIaJICHUMH.
CkrnazieHuii orepaTop BKIIOYaE B ceOe JeKilibKka MPOCTHX ONepaTopiB, s
SKUX BHU3HAYEHI 3aranbHi yMoBH iHimiamizamii. Taka CykymHICTh
OIlepaTopiB HA3UBAETHCS TIIOM CKJIJICHOTO OIepaTopa.

CrianeHi mapajieipHI omepaTopu II€ — OIEepaTop IMpolecy
(process) Ta oneparop 610Ky (block).

Omneparop process

Omeparop mpoiecy (process) — 1€ CKIQICHHI OIepaTop
napanenpHoro tuny. MyHKIIOHYBaHHS TMPOIECIB BCEPEIUHI apXiTEKTypH
BiIOYBa€ThCsl MapajelibHO, a BCEPEIUHI CaMUX TPOIIECIB OlepaTopH
(GYHKIIOHYIOTH TTOCHTiI0BHO. CHHTaKCHC ONepaTropa BH3HAUYCHHUH y TaKWUH
crocio:

MITKa Hpoleca:
process (cromcoxk 1HII[1aJ113aTOPIB)
pos3nis mekjgapalili
begin
posmis omepaToplB
end process MiTkKa [pOLECa;

MiTtka omeparopa Imporecy MoOXe OyTH BIICYTHBOIO, aye ii
BUKOPUCTAHHS 3HAYHO IMOJIETIIYE CTPYKTYPOBaHICTh Iporpamu. Pozmin
JeKIapaliii BHU3HAYa€ JIOKaJIbHI O0'€KTH, III0 BHUKOPUCTOBYIOTHCS B
HACTYITHOMY 32 HUM HpPOrpaMHOMY OJIOLi, Y HbOMY BHUIAIKy — B PO3Zii
ormepaTopiB. Y po3ali  ONEpPaTopiB BUKOPHUCTOBYIOTHCSA  IIOCIIIIOBHI
OTIepaTopH.

Omneparop nporecy NOYHMHAE BUKOHYBATUCH IPU 3MiHI CUTHAMIB, IO
BXOAATh Yy CHHCOK YYyTJIMBOCTI, SKHH MICTHTh IiHimiamizatopu (mpu
BIJICYTHOCTI TaKOT'O CITMCKY — 0€3yMOBHO TIiCJISI BUKOHAHHS BCiX BKIIAICHUX
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omeparopiB), a pe3yabTaTd HOro BHUKOHAHHA JOCTYNHI iHIIMM
napaieilbHUM OIepaTopaM TiNBKH MiCIs BHKOHAHHSA BCiX OMNEpPaToOpiB,
IHIIIHOBAHUX THMHU K MOIISIMHU, Y TOMY YHCIIi TIPOIIECIB.

[Tix yac MoxeTrOBaHHA OIEPAaTOpPH, BKJIA/IEHI B OIIEPaTOp Process,
OyAyTb BUKOHYBaTHCS OAMH 3a OJHHUM IIiCJII BAHUKHEHHS B CHCTEMI MO,
gKa iHimiamizye mpouec. IlapamenpHi omepaTtopu B Tili MpoOIECy HE
BU3HAYEHI.

Jlesiki mapasienbHi 1 TIOCHIIOBHI orepaTtopu 30iratoThes 3a GOpMOro
3amucy. Y IbOMY BHUIAAKY BiAMIHHICTh YCTaHOBIIOETHCSI B KOHTEKCTI:
SKIIO OTepaTop IJIOKANi30BaHWH y TUII TMPOLECY, BiH TPAKTYETHCSA SIK
TIOCITITOBHUH, a SIKIIO B iHIIOMY MICIi POTpaMH — SIK apaJIebHUH.

B omneparopi mpoliecy MOKJIMBE BUKOPUCTAHHS SIK CHUTHAJIB Tak 1
3MiHHMX. 3MiHHI MOXYTh OyTH BHW3HAY€HI TiTBKM B Tl TpoIecy, a
CUTHAJIM y BCBOMY apXiTeKTypHOMY Tiii. HalOinemr sIBHO pi3HULS MiX
CHUTHAJIaMH Ta 3MIHHUMH BHABISIETHCS TPU IHTEpHpETalii omeparopiB
MOCIIIOBHUX TPHUCBOEHB. {1l 000X BHIIB 30epiraerbcs 3araibHE I
HOCITIZIOBHUX OIEPATOPiB MPABMIIO IMOYATKy BUKOHAHHS: TIEPIIHIA OIlepaTop
y Tpolieci BUKOHYEThCS MIiCIsl BUKOHAHHS YMOB iHimiamizamii mporecy, a
KOXKHUI HACTYIHHWH — Bipa3y IMicis BUKOHAHHA monepenHboro. OjmHak
pe3ysIbTaT MPUCBOEHHS 3MIHHOI 0€3MOCepeHbO JOCTYIMHHUN OYAb-SKOMY
HACTYITHOMY OIEepaTopoBi B Tl mporecy. TpakTyBaHHS —oneparopa
MOCHTIIOBHOTO ~ TIPUCBOEHHSI ~CHTHAJYy CYTTEBO  BIAPI3HSETHCS  Bif
TPaKTyBaHHS IPUCBOEHHS 3MiHHOI a00 OmepaTopiB NPHCBOIOBAHHI B
TPaJUIIIHHIX MOBax mporpamyBaHHs. [IpUCBOEHHS CHTHATy HE MPUBOIUTH
Oe3mocepelHbO JI0 3MiHM HOro 3HadeHHs. HoBe 3HAaYEeHHS CIIOYATKY
3aHOCHUTBCS B Oydep, sIKHii Ha3UBAEThCI 0patiGepoOM CUCHALY, @ CaM CHTHAII
3aJIMIIAETHCS HE3MIHHMM JI0 3aKiHUEHHS BHKOHAHHS OIepaTopa IMpoLecy.
®dakTHYHA 3MiHA 3HAYEHHS CHTHANy BUKOHYETHCS TUIBKH ITICIIS BHKOHAHHS
JI0 KIHI[ Tpolecy 1 IHIIMX MapajielbHUX OIepaTopiB, iHIIHOBAaHUX
3arajibHOIO TIOAI€10, a00 TicIsl BUKOHAHHS OIlepaTopa 3ylMUHKN wait.

PosrnsitHeMo mpUKIIaan, MO UTFOCTPYIOTH PI3HUIIO MiXK OllepaTopamMu
Ta 3MIHHUMH.

signal clk: bit;

signal cS, b: integer;
constant a,d:
integer:=10;

signal clk:bit;
signal b: integer;
constant
integer:=10;
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RN process (clk)

process (clk) variable cV;
begin begin
cS<= a; cV:i= a;
b<=c5+d; b<=cV+d;
- cS<= b; - cV:=b;
HEeIIpPUITy CTMMO end process;

end process;

SIKIo Tmiepes; BUKOHAHHAM IMX MPOIECiB (Micis 3MiHH CUTHAIY clK)
CUrHaym CS i 3MiHHA CV Maiu 3HaueHHs 4, a b = 3, To micmsa peamizaii
npoliecy B JIBOMY CTOBIUHKY CS i b mpuiimMyTh 3HaueHHs 14, Tomy mio
NPUCBOEHHS 3HAYEHHS CUTHAIYy CS y MEpLIOMY OIEpaTopoBi Tija He
BILIMBA€E HA HACTYIIHI OTICPATOPH.

VY apyromy BUMajKy MpU THX K€ BUXITHUX JaHUX MICIs 3aBEPIICHHS
nporiecy oxepskumo b =201 cv = 3.

Omneparop ovikyBaHHsl wait
Icnye kinbka Monudikamiii onepatopa wait:

wait;
wait on im'sa curmamna, im's curHana;
wait until ymoma;

Omneparop OYiKyBaHHS MPHU3BOAUTH OO THMYACOBOTO NPHUIIWHEHHS
oreparopa Iporecy ado MpoueaypH.

Bapiant omnepatopa wait 0e3 0JaTKOBUX  YTOUHIOHOUHX
KOHCTPYKUiH BinnoBifae "HecKiHUEHHIN 3ynuHL". Y IbOMY BUNAAKY HicCIs
JOCSATHEHHs Takoro omneparopa Ipouec Hikonu Oinbimie He Oyze
BUKOHYBATHCS. 3a3Ha4yeHy BEpPCil0 MOXXHA BHKOPHUCTOBYBATH JUIS OIUCY
npouenyp iHimiamizamii cucteM, a TakoX (parMeHTiB, poOoTa SIKHX 3a
JESIKUX YMOB MPHUIIMHSETHCS HA3aBXKIW. 3BHYAHO Takud omnepaTop
3aBepIlye MPOrpaMy reHepallii TeCTiB, O3HAYaro4YM 3aKiHUYECHHS TECTOBOI
TIOCJTiIOBHOCTI.

Crucok curHajiiB y BapiaHTi wait on ekBiBaJCeHTHHH CIIMCKY
IHIMIi3aTOPiB TPOIECy: BUKOHAHHSA Oye TPOIOBKEHO IIICIS TOTO, SK
OJIUH 13 CUTHAJIIB CIIMUCKY 3MIHUTH CBOE 3HAUEHHS.
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wait on clk;

OuikyBaHHS, 3a/laHe KOHCTPYKIli€er0o wait wuntil, 3akiHuyeThCH,
KOJIM BUKOHAHA 3a/laHa OMepaTopoM yMoOBa, TOOTO BiATOBITHWI BHpa3
npuiiMae 3HaueHHs true.

wait until clk = '1"';

Hpuxaax 2.11. Bukopucranns omneparopa wait. Hasenenwii
mporec Oyze 3aIrycKaTHCh BiApasy IMICHs 3allycKy 1 MEpIINil )X oreparop
3YNUHUTH Horo po6oty. [IpomgoBkeHHs] BUKOHAHHS NPOrpaMu BigOyneThCs
TIJIBKY TICJIA 3MIHM OJTHOTO 13 CUTHAJIIB y CIHUCKY iHIIiaii3allii oneparopa
wait.

C 1: process

begin
wait on a,b;
if a = '1l' and b = '1l' then
g <= 'l'; p<:|1|;
elsif a = '0' and b = '0' then

g <= "'0"'; p<="1l";
else g <= '0'; p<= "'1";
end if;

end process C 1;

Hpuknang 2.12. Y ganomy Mozayli TpH omepatopu wait — Tomy
NPU3YNMHEHHS BUKOHAHHS TIpoliecy OyJe Bif0yBarucs Tpudi. Y Hepuiomy
BUIAJKY BiOYBA€THCS OUiKyBaHHS MOMEHTY, KOJM CHTHamu a i b Oynyth
piBHi 1, y npyromy Bunanxy — 0, a B TpeTbOMy —3yNHHKa Oyae TpUBaTH 110
3MiHH OJJHOTO i3 CUTHAJIB.

C 2 : process

begin
wait until a 'l1' and b= '1l"';
g <= 'l'; P <= 'l';
wait until a = '0' and b = '0';
g <= vov; p<: lll;
wait on a, b;
g <= vov; P <= 'l';

end process C 2;
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3aranpHi TpaBWia iHTEpHpeTalii omepaTopa process MOXKHA
3BECTH JI0 HACTYIHUX:

1. BxomkeHHS A0 Tiia mpolecy mpH 3MiHiI Oyab-IKOTO CHUTHANY,
NepepaxoBaHOr0 B CIHCKY 1HiLIami3aTopiB mpomecy. SKI0 CHHCOK
iHiIiamizaTopiB MOPOXHIH, TO mpouec O0e3yMOBHO BHKOHYETHCS MpHU
MOYAaTKOBOMY 3aIyCKy, a TaKOX BiIpa3y 3a BUKOHAHHSIM OCTaHHBOTO
orepaTopa B pO3ALI omeparopiB mporo mporecy. [Ipu mpomy Tpeba maTh
Ha yBasi, IO OIlepaTop Mpolecy 0e3 CIHCKY iHimiani3aTopiB 0OO0B'SI3KOBO
NOBUHEH MICTHTH Yy CBO€MY TiJli omepaTop OuiKyBaHHA wait. Inakmie
BUKOHAHHS Oynb-fKWX IHIIUX ONepaTopiB y Tmporpami OJIOKyeThCs
0OE3KiHEYHIM BUKOHAHHSIM IPOIIECY.

2. VYci omeparopu, IO 3HAXOMATHCA BCEPEOUHI oOleparopa
MIPOIIECY, BUKOHYIOTHCA ITOCIITOBHO OJIMH 33 OJHUM BiJ TOYATKY IO KiHII,
3a BUHSATKOM BUIIAJKiB MPU3YNHUHEHHS BUKOHAHHS Jiii omeparopoM wait.
Tomi micias mpU3YMUHEHHS MOXKe OYyTH iHIMiOBaHE BWUKOHAHHS 1HIIMX
MPOIECiB 1 TapaleldbHUX OIepaTopiB, a pealizamis OIeparopiB, IO
3HaXO/ATHCS 3a ONEPATOPOM wait, NPOJOBKUTHCS MIC/IS HACTaHHS TOJII,
OTOJIONICHOTO B I[LOMY OIIEPATOPI.

3. OpgHOYacHe BUKOPUCTAHHS II. 1 1 2 HENPUILYCTUMO.

[IpoinrocTpyeMo 11i mpaBuia 3a JIOMOMOTOK JBOX OIIEPaTOPiB
nporiecy. Ilepmuii mictute curHan Signal_1 B crmcky iHimiamizarii, a
Opyruii — omepatop wait i coucok iHimiamizamii y LbOMY BHIQAKY
BiJICYTHIH.

process (signal 1) process
statement 1; statement 1;
statement 2; statement 2;
end process; wait on signal 1;

end process;
dopma  3amucy  omeparopa  Ipoliecy — HaBeJcHa  HIKYE,
HETPUITyCTUMAa OCKUILKH MICTUTb 1 CITHCOK 1HIIiai3allii i oneparop wait:

process (signal 1)
statement 1;
statement 2;

wait on signal 2;
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end process;

HeoOxigHo TakoX ypaxyBaTH, IIO 3allliCH, HaBEJCHI HW)KYE, HE €
EKBIBAJICHTHUMH, TOOTO OUiKyBaHHs (wait) Ha modaTky mpoIecy He
€KBIBAJICHTHO OYiKyBaHHIO HANPHUKIHII TPOIIECY.

process process
statement 1; wait on signal 1;
statement 2; statement 1;
statement 2;
wait on
signal 1; end process;

end process;

PosrnsiHeMo SIKMM YMHOM BIUIMBA€ HAsSBHICTh CHUTHANLY B CIIUCKY
iHimiam3anii Ha #oro aHami3 B omepaTtopi mporecy. B sKocTi mpukmamy
OyzeMo BHKOpUCTOBYBaTH D-Tpurep, HaBemeHuii Ha pucyHky 2.12. Ile
npumituB DFF-tpurepa, sikwmii BUKOpHCTOBYyeThCs maketoM Quartus II.
Tabmums  miicHOCTI Tpurepa HaBeneHa y Tabmumi 2.7. PesympraTtm
MOJICITIOBaHHS — Ha PUCYHKY 2.13.

DFF
PRN
s o

5

inst

CLRN

Pucynox 2.12 — Tpueep DFF

Tabnuys 2.7 — Tabauys oiicnocmi mpueepa DFF
PRN CLRN CLK
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Sk BuAHO 3 Tabnumii, curHanu Prn ta clrn € acuHXpoHHMMH 1 He
3ajexath BiJ TakToBOro curnany Clk. Curnan nanux d — cMHXpOHHUI 60
HOTO cTaH TepeBipSeThCS MPU HASIBHOCTI (POHTY TaKTOBOTO cHTHaITy. B
CIUCOK iHimiamizamii mpomecy, skuid Oyme ommcyBatn DFF-tpurep,
BKJIFOYMMO aCHHXPOHHI curHaimu Prn Ta clrn i takroBumit curnan clk.
Curnan d 1o civcky iHiriamizaiii BKIoYaTu He 0yaemMo.

Hpukaan 2.13. DFF-tpurep.

library iecee;
use lieece.std logic 11l64.all;

entity d ff is

port
(clk : in std logic;
prn, clrn: in std logic;
d : in std logic;
g : out std logic);

end d ff;

architecture rtl of d ff is

begin
process (clk, prn, clrn)
begin
if prn = '0' then g <= '1"'";
elsif clrn = '0' then g <= '0"';
elsif clk'event and clk = '1'
then g <= d;
end if;
end process;
end rtl;
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Pucynox 2.13 — Hacosi diazpamu pobomu DFF mpuzepa

SK BUIHO 3 MpOrpaMH, aCHMHXPOHHI CHUTHAIIM TOBHHHI HE TUIBKH
BKIIIOUATHCS] B CIMCOK IHIIiami3allii, aje W aHamiyBaTHCS B THpOIleCi
HE3aJISKHO BiJ TaKTOBOro curHany. CHHXpOHHU#T curHan d aHai3yeTbesl B
omeparopi if micist mepeBipku HasiBHOCTI (POHTY TakToBOro curnany Clk.
Binpm goxmagHo Npo BUKOPUCTAHHI Ta OIUC CHHXPOHHHUX Ta ACHHXPOHHHUX
CHTHAJIIB MOYKHA MTOJIMBUTHCH y CTATTAX [5].

Omnepatop 0.10Ky.

Omneparop 610Ky (block) 1e napaienbHUR CKIaJeHUH OnepaTop,
KUl BUKOPUCTOBYETHCS ISl 1€papXidHOI CTPYKTypH3alii mporpaMu Ha
moBi VHDL, ynpaBminHsS MexaMu Jii 3MiHHHX, Tpoleayp Ta (QyHKIIiH.
IcHye nBa TumM 3amucy orepaTopy OJOKYy — CIpOLICHWH Ta 3amuc 3
OXOPOHHHUM BHpa3oM. CHHTaKCHUC omepaTopa OJIOKY BUITISIAE TaK:

miTra: block (oxopoHHMI BHMpPas)
pos3aijs gekjapaliiry 6J0Ka
begin
posnis omnepaTropiB OJIOKAa
end block mMiTka;

Omneparopu Tina OJOKy, $K 1 iHII [apajieibHi ONEPaToOpH,
320€3MeuyoTh MOXIIMBICTh BHKOPHUCTAHHS Tapalielli3My B MOJICIbOBaHIM
cuctemi. Ili omeparopu IHILIIOIOTBCS HE IO IMOCIIZOBHOMY, a IIO
NOJITHOMY NPHUHIMITY, a PEe3yIbTaTH X BUKOHAHHS CTAlOTh JOCTYIMHHUMHU
IHIIUM omeparopaM SK BKIIOUYEHHM Y OJIOK, TaK 1 PO3MIlIEHUM B 1HIIMX
Osiokax a0o "IHIMBIAyalbHO", TUILKM IIICJIS BUKOHAHHS BCIX OIEpaTOpiB,
IHIIOBaHHUX OJIHIEIO MOJIIETO.

VY 1pOMy CEHCi OmepaTopH, BKIIOUEHI B OJIOK, HE BiAPI3HAIOTHCS Bil
"{HAMBIAyaThbHUX" TIapaIeIbHUX OTIEPATOPIB.

OO0'enHanHs ontepaTopiB y OJO0KH 3a0e3Meuy€e HACTYITHI MOYKIMBOCTI:
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— CTPYKTypH3allisi TEKCTy OIMHUCY, TOOTO MOJIHBICTb SBHOTO M
HAOYHOTO BHAUJIEHHS CYKYIHOCTI OIepaTropiB, IO OMHUCYIOThH
3aKiHYeHUH (YHKI1OHAIEHUHI BY30IT;

— MOJKJIMBICTD OTOJIOIIEHHS B OJIOI JIOKAJILHUX THUIIIB, CUTHAIB,
TIITPOTpaM 1 IESKUX IHITHX JOKATBHHUX 00'€KTIB;

— MOJKIIMBICTh TIPUCBOIOBAHHS BCiM a00 JCIKHM oOIepaTopam
OJIOKy 3araJlbHUX YMOB iHIIliami3arlii.

Haii6inemr  cnenmdiuHuMu  acniekTamMu  OJIOKOBOI  opraHizaiii €
MOHSATTS OXOPOHHOTO BHPAXKEHHsI Ta OIeparopa NPUCBOIOBAaHHSI, IO
OXOPOHSETHCSL.

OxopoHHUII BHpa3 — 1€ OyIb-AKHI BHpa3 JOTIYHOTO THILY,
apryMeHTaMH SIKOTO € CHUTHaNU. Byab-sika 3MiHa CUTHAIIIB, IO BXOASATH B
OXOPOHHHWH BHpAa3, BHKIMKAE OOYMCICHHS 3HAYCHHS LBOTO BHUpa3y i
NPUCBOEHHS OTPUMAHOTO 3HaYeHHs 3MiHHiM guard. O6macts il 3MiHHOT
guard — yce Tito 670Ky, i BOHa MOX€E BHKOPHCTOBYBATHCS SIK 3BHYAiHA
JoriyHa 3MiHHa y BKIQJCHHUX omeparopax Oinoky. Omnepartop
NPUCBOIOBAHHS, SIKMH OXOPOHSETHCS, BHKOPHUCTOBYE 3HAYEHHS 3MiHHOI
guard Ge3 siBHOT BKa3iBku ymoBH B mporpami. Skmo guard = '0', To
BUKOHAHHS ONEpaTOpiB MPUCBOIOBAHHS, IO MICTATh KIIIOUOBE CIIOBO
guarded, y Takomy 671011 3800pOHEHE.

Ipuxaan 2.14. OgHOPO3pAIHUN CyMaTOp.

entity addl e is

port (bl, b2, enable : in bit;
cl, sl : out bit);

end addl e;

architecture struct of addl e is
begin
p0O: block (enable = '1")
begin
sl<= guarded (bl xor Db2)
cl<= guarded (bl and b2)
end block p0;
end struct;

.
4

.
4
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OXOopoHHUM BUpa3oM OJIOKY € Bupas enable = ‘I°. Slxmio ue Bupas
JOpIiBHIOE 3HAuYCHHIO true (icTWHA), TO KOHCTPYKIII NPHCBOIOBAHHS
CHTHAJIB, IO OXOPOHSIOTHCS, BHKOHYIOTHCS, TOOTO OIHOPO3PSIHUI
CyMarop CKJIQJa€ YHCIa, SKIIO > 3HA4YCHHs BHpasy 1opiBHioe false
(x1OHO), TO MPUCBOIOBAHHS CUTHAJIB, 1[0 OXOPOHSETHCS, HE BUKOHYIOTHCS,
TOOTO cymarop He ckianae yucna bl, b2. [IpucBoroBaHHsS CHTHAMIB, IO
OXOPOHSIETHCS, BUKOHYETHCS 3 BHUKOPHCTAHHSIM KIFOYOBOTO  CJIOBa
guarded.

Hpuxnag 2.15. D-tpurep 3 acHHXPOHHUM CKHJIAHHSIM Y BHTIISAII
010Ky 3 OXOpOHHUM BHpas3oM (clk = ‘1" or clr = ‘1").

D LATCH: block (clk ='1l' or clr = '1")
begin
Q <= guarded '0' when clr = '1';
else D when clk = '1"';
else Q;

end block D LATCH;

VY nanomy mpuknaai Clk — BXix cunxponizauii, CIr — acHHXpOHHE
ckupanus, D — Bxin ganmx, Q — Buxia tpurepa. Komu oxopoHHH# BUpas
npuiiMae 3HAYCHHS «XHOHO», TO curHay Q y JiBil yacTuHI 30epirae cBoe
KOJIMIIHE 3HaYeHHs. CHrHAll aCHHXPOHHOTO CKHAaHHs CIr mae mpioputer
cTocoBHO curHaiy Clk.

[TizcymoBytoun 3a3Ha4yeHE BHUINE MOXXHA MOPIBHATH OMNEpaTOpH
block ta process. Omneparopu OIIOKy Ta mpolecy — I€ CKJIaJeHi
napaieibHi OrepaTopd, aje B Tl OmepaTtopa Mpolecy 3HaXOISAThCs
MOCJIIZIOBHI OIepaTopu, a Tl omeparopa OJOKY — mapajeibHi. 3aImyck
oreparopa Mpolecy BiAOYBaeTbcs NpPU 3MiHI CHTHAIiB Y CHHCKY
iHiIia3ariii, a oneparopa 0JIOKy — IPH 3MiHI OXOPOHHOT'O BUpPa3sy.

2.6.4. Oneparop resepamii

JlaHuii orepatop BUKOPUCTOBYETHCS JJIs TeHepallii CXeM, 10 MaloTh
peryJisipHy, IIOBTOPIOBaHy CTPYKTYypy. Hampukian, cymaTopis Ta pericTpis.
CuHTaKCcHUC oreparopa reHepartii:

miTka: for mapamerp remepanii generate
rmapajsejibH1 oneparTropu
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end generate;

abo

miTrka: if ymoBa remeparnii generate
rmapajejibH1 oneparTropu
end generate;

Hpuxnag 2.16. Ommmemo CTBOpPEHHS pericTpy Ha OcHOBI D-
Tpurepa. B upomy nmpukiani 1 reHepanii BUKOPUCTOBYETHCSI KOMIIOHEHT
D FF, 4Axkuil BUKOPUCTOBYETbCS YOTHPU Ppa3d Uil  CTBOPEHHS
YOTHUPBOXPO3PAOHOTO MapajelbHOro perictpa. BukopucranHs omepartopa
KOMIIOHEHTA OIMCAHE HIDKYE.

entity reg is
port (clk : in bit;
d: in bit vector (3 downto 0);
Q: out bit vector (3 downto 0));
end entity reg;
architecture STRUCT of reg is
component D FF
port (D, clk : in bit; Q: out bit);
end component D FF;

begin
Gen: for i in 0 to 3 generate
DFF i : D FF port map (d(i), clk,
a(i));

end generate;
end STRUCT;

entity D FF is
port (D,clk : in bit;
Q : out bit);
end entity D FF;
architecture F of D FF is
begin
process (clk)
begin
if clk = '1l' and clk'Event
then Q <= D;
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end if;
end process;
end architecture F;

2.6.5. KomnmoneHnr

[ToHATTS KOMIOHEHTa BBOJHUTHCS UL CTPYKTYpHOI oOprasizarii
npoekTy. Ilix KOMIOHEHTOM pO3yMI€ThCS OKpeMa IiJcxema JaHOro
mpoekTy, 1o onucyerbest B VHDL sk entity i mae cBoe im's. Ilizcxema
Ma€ CBOI OPTH, iMEHa SIKUX MOXYTh 30iratucs abo He 30iraTrcs 3 iMeHaMu
MOPTiB 200 CUTHAIB Y MIPOEKTIi, B IKOMY BKHBA€ETHCSI CXEMa.

Ta cama migcxema Moke BXOAHWTH B MPOEKT KillbKa pasiB, TOMY IS
PI3HUX €K3eMIUISPIB KOMIIOHEHTa BHKOPHUCTOBYIOTH Pi3HI iMeHa. Tak sk
CXeMa MOKEe MaTu Pi3Hi 3B'I3KH, TO JUIS BHU3HAYCHHS 3B'S3KIB
BUKOPHUCTOBYETHCS OIIEPATOP BXOIKCHHS KOMIIOHCHTA.

[HTEpdeiic KOMITOHEHT AEKIAPYEThCS B TAKWUH CTIOCIO:

component iM’sS KOMIIOHEHTA
generic (cmnmMCOK napaMeTpis) ;
port (cmmcox mopTiB);

end component imM’A KOMIOHEHTA;

BusHaueHHs KOMIIOHEHTIB MOXE BilOyBaTHCS B JCKJIAPATUBHIN
YaCTHHI TPOTpaMH — pa3oM 3 OINUCOM THINIB, IMiATHITB, a MOXKe
3HAXOJIUTUCH B OKpeMoMy (haiiii abo Gibmiorert.

Onvic KOMITOHEHTIB Ja€ Tak OM MOBHTHU CTPYKTYpHY 200 iepapxiuHy
CTPYKTYpy TpoekTy. Jlis BHKOpPHUCTaHHS KOMIIOHEHTa HEOOXiJTHO
BUKOPUCTOBYBATH ONIEPATOP BXOHKEHHSI KOMIIOHEHTA:

MiTka: IM’sA KOMIOHEHTa
generic (cmmMCoOK napaMeTpis)
port map (cmmcox HOpTiB);

MiTka KOMIIOHEHTa € O0OB'SI3KOBOI0, TOMY III0 BOHA € YHIKaJIbHHM
iM’SIM TaHOTO €K3eMILIsIpa KOMIOHEeHTa. IM’s1 KoMIIoOHeHTa — e (haKTUUHO
iM'st TUIY, a MiTKa — 11e iM'd 00'eKTa IEBHOTO TUITY.

J11s1 3aBIaHHS TOPTIB NP CTBOPEHHI KOMIIOHEHTA BUKOPHUCTOBYIOTH!

- KJIIOYOBY BiAMOBIAHICTH 13 BUKOPUCTAHHIM oreparopa "=>";
- MO3UIIHY BiJIIOBiTHICTb.
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[  BHKOpPHUCTaHHS €K3eMIUIAPIB KOMIIOHEHTa 3 OyIb-sIKUM
BapiaHTOM BiJIMOBITHOCTI BUKOPUCTOBYETHCS KOHCTPYKIIis port map.

Ilpu  xmrOYOBIM  BIMMOBIZHOCTI 10  TOPTIB  KOMITOHEHTA
i’ €IHYIOTHCS CUTHAITU 3 BUKOPUCTAHHIM KOHCTPYKII1
«nopm => cuenan». IlopT € BHYTpIilIHIM 00 €KTOM Ui KOMIIOHEHTa, a
CUTHAJ — 30BHIMHIM 00’ €KTOM 7151 KOMIIOHEHTa. [lopamok nepepaxyBaHHS
MOPTIB B I[bOMY BHITaJKy HE BIITpaE HIIKOTO 3HAYCHHSI.

[To3uuiiiHa BiANOBIAHICT BHMarae mo0 MOPSIOK NepepaxyBaHHS
CUTHAJIIB CITIBIa/IaB 3 IOPSIKOM MOPTIB P OT'OJIOIIEHHI KOMIIOHEHTA.

Hpukaan 2.17. Po3rasiHeMo cxemy, IOKa3aHy Ha pUCYHKY 2.14. Tyt
3HAXOMSATHCSI TP KOMIIOHEHTH: JIBa EK3eMIUIAPH KOMIIOHEHTa A 1 OAWH
€K3eMIUIIP KOMIIOHEHTa B.

X A i B W A Y
—>» q bpF—>»cC er—>»a b F—>

Pucynox 2.14 — Cxema 0ns npuxiady 8ionogionocmi nopmie KOMNOHEeHMi6

OnuueMo KOMIIOHEHTH.

component a
port(a : in bit;
b : out bit);
end component;

component b
port(c : in bit;
e : out bit);
end component;

Temep omnumeMo eK3EMIUIIPH KOMIIOHEHTIB 3 BHKOPHUCTAHHSIM
KJIFOYOBOI BIAOBIIHOCTI.

Pl: A port map (a=>X, b=>Z)
P2: B port map (e=>W, c=>Z7);
P3: A port map (a=>W, b=>Y)

~e

Tenep no3wuiiifHa BiAMOBIHICTh 0€3 SBHOTO 3HAUCHHS KITFOYA!
Pl: A port map (X, Z);
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P2: B port map (Z, W);
P3: A port map (W, Y);

Hpuxnag 2.18. Komnonent AND4 peanizye GpyHKIit0 /, KOMIOHEHT
OR3 — ABO (pucynok 2.15). Kommonentr AND4 mae aBa eK3eMILISApH:
DD1, DD2. Komnonent OR3 — ogun (DD3).

DD1
R1 Al AND4
Sl v INal
Hle
N DD3
b Alor3
P Oo
DD2 B Y
UL Al AND4 c
" B v Na?2
Llc
M| D

Pucynox 2.15 — Cxema 0ns npuxiady 6ionogionocmi nopmie KOMNOHeHmie

Tak sk omepaTrop BXO/HKEHHS KOMIIOHEHTAa € TMapajielbHUM, TO He
Ma€ 3Ha4YCHHS MOPSIOK OMUCY KOMIOHEHTIB. CTpyKTypa mporpamu MoxKe
OyTH npeAcTaBiIeHa TakK:

entity mia Bciel cxemm
port mmisa Bciel cxemu

architecture nnsg Bciel cxemu
OI'OJIOHICHHS KOMIIOHEHTI1B 1 CHUI'HAJILB
begin
OI'OJIOHWIEHHS 1 BMKOPMUCTAHHS KOMIIOHEHTIB
end na Bciel cxemu

entity mepmoro koMmoHeHTa
architecture nmepmoro komMmoHeHTa
entity npyroro kxoMmmoHeHTa
architecture gpyroro KoMIOHeHTa

TekcT mporpamu:
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entity comp example is
port(r, g, h, n, p, u, j, 1, m: in bit;
00 : outbit);
end comp example;

architecture a of comp example is
component AND4
port(a, b, c, d : in bit;
y : out bit);
end component;
component OR3
port(w, x, v : in bit;
y : out bit);
end component;
signal nal, na2 : bit;
begin
dd3: OR3 port map (nal, p, na2, oo0);
ddl: AND4 port map (r, g, h, n, nal);
dd2: AND4 port map (a=>u, b=>j, c=>1,
d=>m, y=>na2);
end a;
entity AND4 is
port(a, b, ¢, d : in Dbit;
y : out bit);

end AND4;
architecture behl of AND4 is
begin

y<=a and b and c and d;
end behl;

entity OR3 is
port(w, x, v : in  bit;
y : out bit);

end OR3;
architecture beh2?2 of OR3 is
begin
y<=W Or X Or V;
end beh?2;
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2.7. Ilopagn no nanvcarrro mexcmis na mosi VHDL

B mpomy maparpadi OyayTe HaBe[eHi 3araibHi PEKOMEHAIII] 010
obopmiieHHss mporpamM  MoBoro VHDL.  bimemricte  HaBemeHHX
peKoMeHaaliil Bxke 3HaloMa 4HuTady 3 KypciB NpOrpaMyBaHHs, aie, sIK
MOKa3ye MPaKTUKa, 11l PeKOMEHIAIll Maibke 3aBK/Iu ITHOPYIOThCS. Xoua iX
BUKOPHCTAHHS 3HAYHO IOJIETIIYE BHBYECHHS Ta PO3YMIHHSA MPOTPaMH,
pOOUTH MOXKJIMBUM TOBTOpHE BHUKOPHCTAaHHS KOIy, a TaKOX 3HAYHO
CKOPOYYE 1HIIUM PO3POOHUKAM Yac, MOTPIOHMIA ISl YCBIOMIICHHS pOOOTH
npuctporo [4].

1. Ilpm wanmcamHi mnporpam MoBorww VHDL HeobximHO
nam’siTatd, Mo OyAb-fKa TMporpamMa Ta KOHCTPYKLiSE B pe3ynbTari
KOMIIUISIIIT Oy/ie CHHTe30BaHa y MeBHUHN ITU(PPOBUI BY30I1.

2. Hemnpumyctnme BHKOPUCTaHHS Ha3B, SIKI HE MAlOTh 3B’SI3KY 3
JOTiYHUMH (QYHKIISIMH CaMOTO CHUTHaly abo 3MiHHOI, apXiTeKTypu abo
BCi€l Mporpamu.

3. BoxuBaiite B iMe€Hax CHIrHaIIB, KOHCTAHT, 3MIHHUX, THIIB 1
napaMeTpiB TITBKY MalIEHBbKI 1 BEHKI JIITEPH AJIs1 TOKPAIICHHS CIPUAHATTS
imen curnamis. Hampukian, LocalReadEnable. Tamim BapianToM po3miiay
CIIiB € BUKOPHCTAHHS TMiIKpecIroBanHs Mixk ciioBamu: Local_Read_Enable,
local_read_enable.

4. Jlns HallMEeHYBaHHS BCiX TAKTOBUX CHTI'HaNIB 3acTocoByiite ClK,
SK B sIKOCTI mpedikca abo 4aCTHMHM HA3BW CUTHANY. BUKOpWCTaHHS Takoi
Ha3BU JJIS1 TAKTOBUX CUTHAIIIB iH(QOPMYE PO T€, 10 BCi BOHU MAlOTh OJHE
crijibHe JpKepeno TaktoBoro curHaiy: clk_n, clk_50MHz. SIkmio takToBHX
CUTHaJIIB JBa a00 Oimblle, TOMI [0 HA3BH CHUTHAIY CIiJl J0JaBaTH
NOPSIIKOBUM HOMep a0o Ha3By (YHKLIOHAJIBHOTO BY3Ja, SKHH TaKTye
nmanuii curaan — clk2, clk3 i Bigmosiguo clk2_n, clk3_50MHz.

5. Jlns cUrHaiiB CKMJIaHHS BUKOPUCTOBY#TE nipedikcu rst, reset.

6. BuxopucroByiiTe MOCHiIOBHHUN MOPSAAOK OIiTIB BiJ O1IBIIOrO
0O MEHLIOTO MPH ONHKCi 0araTopo3psigHUX 3MIHHUX ab0 CHUTHaIIB, TOOTO
Bin (n-1) no 0. Lle mo3BONMTHL HE TIOMHISTHCH TpPU 3B SI3yBaHHI
0araTopo3psIHAX 3MIHHAX MiX CO0O0¥0.

7. JlomaBaiite _Nn abo N g TOro, MO0 MOKAa3aTH iHBEPCHUH
curHan. Hampuknan, we_n, nWE. YV ToMmy BHmaaky, KOJM iMeHa IBOX
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CHUTHAIIIB BIAPI3HAIOThCA JUiie cuMmBoidamu N (N), TO HEOOXimHO
BIICBHUTHUCH, UM HE € 1Ii CUTHAJIN iHBEPCIEI0 OAUH OHOTO.

8. 3acrocoByiiTe KOHCTAaHTH B TEKCTi OJOKYy abo mporpamu
3aMicTh Oe3mocepeIHiX 3HAYCHb.

9. BixwusaiiTe iMena ¢aiiniB, sIKi MOSCHIOIOTH IX MpPHU3HAYCHHS.
Imena ¢aiiniB He ciig podoTH 3aHaATO HoBruMHU. Lle x came cTocyeThes i
Ha3B apXiTEKTyp Ta CyTHOCTEH MPOTpamH.

10. Haspa (aiity moBMHHA CITIBIIaAaTH 3 Ha3BOIO CYTHOCTI (entity).

11. llpy  HamucaHHI  OpOTpaMH 33  MOXJMBICTIO  CJiI
BHUKOPHUCTOBYBAaTH CTaHIapTHI Oi0mioTeku ieee. Ile m03BONMTH OTpUMATH
KOJ, SKAW Oyle HEe3aJeKHUM BiJl KOHKPETHOTO BUPOOHHKA MPOTPaMHOTO
3a0e3MeueHHS.

12. Jlekmaparmito mOpTiB Tpeba poOUTH JIOTIYHOIO Ta 0€3 MPOTUPI.
Haspa mopTy moBmHHa BiAmoBimaTu Horo mpm3HadeHHIO. KoxeH mopT
HEOOXiZIHO OMHUCYBAaTH B OKpEMOMY DPsIKY. | momaBaTh 1O HBOTO CTHCIHN
KOMEHTap, SKII0 HOro MpH3HAYEHHS HE3pO3yMisio 3 Ha3Bu. lloptu cuin
TpymyBaTd 10 (YHKIIOHATGHOMY TPH3HAYCHHIO: BXOJAW, BUXOJM,
JIBOHATIPABJICHI.

13. He BukopucroByiite pexxum nepenadi buf fer mis nopris.

14. He BuxopucTOByHTEe MOpTH TUIy inout s BHYTpPILIHIX
CUTHAIIIB TPOEKTY, OCKIIBKM BOHH 3aMIHIOIOTHCS MYJIBTHUILIEKCOPAMH
BCEpEeIMHI MiKpocxeMH. Tum mopty inout MoOKHa BHKOPHUCTOBYBATH
JIUIIIe JJ1s1 IOPTiB, AKi BigkmoueHi 1o susoxiB [JIIC.

15. BukopucroByiite  mnosnauku  (label:),  saxi  cTucio
XapaKTepu3yIOTh IPH3HAUYCHHs mporecy. KpiM TOro, BHKOpPHCTaHHS
MO3HAYOK Ha IIOYaTKy Ta HANpHKiHII oIleparopa IpoLecy I03BOJIIE
HIBHJIKO OPIEHTYBATHCh B TEKCTI IIPOTPaAMH.

16. Po0iTh cIICOK YyTIUBOCTI TpoIeciB HaOLIbIT TOBHEM. Komu
CIHMCOK YYTJIMBOCTI HEMOBHUH — pe3yJibTaTH MOJEIIOBAHHS CXEMH [0
cunte3y (pre-synthesis) MoxyThb He 30iratucs 3  pe3ylibTaTaMH
MOJICITIOBAHHS CXEMH Iicisi cuHTe3y (post-synthesis). YV komOiHamiiHUX
NPUCTPOSX CIIMCOK YYTJIMBOCTI IIOBUHEH BKJIIOUATH B ceOe BCl CUTHAJH, SIKi
BUKOPHUCTOBYIOTBCSI B IIporieci. B MOC/IiJOBHICTHUX MPUCTPOSX HEOOXiTHO
JOJlaBaTH JI0 CHHCKY CHUTHal TaKTyBaHHS Ta aCHHXPOHHI CHTHAaJH.
HapnumkoBicTe y CIUCKY YYTJIMBOCTI MPHU3BOAMTH 0 30UIBIICHHS Yacy,
SIKUH BUTPAYAETHCS HA MOJCTIIOBAHHS IIPOCKTY.
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17. He MoxHa mmcaTd JI0 OJHOTO CUTHANTy Oe3mocepefHbO 3a
JOTIOMOTOI0 JIEKITBKOX IPOIECiB, OCKUTBKM 1€ €KBIBaJCHTHO 3’ €IHAHHIO
BUXO/IB pa3oM. UUTaTH OAMH CUIHAJ MOKHA Y PI3HUX MOYJISX.

18. He mnamaraiiTecs mnucaTd BEIHKI MPOLECH UM OIEPAaTOPU
BUCOKOTO CTyIleHs BKJIAJEHOCTi, 00 1e 3aBakae YHTAaHHIO U
BIVIATOMKCHHIO KONy Ta TNPHUBOAWTH /[0 BaKKOCHHTE30BaHUX M
HEOJHO3HAYHO NPAIFOI0UYNX KOHCTPYKIIIH.

19. [lig yac ommcy cxeM HEOOXiZHO ONKMCYBAaTH BCi BapiaHTH
pobotu cxemu. HaBith Tomi, KOAM TakWé BapiaHT pPOOOTH € AyXKe
ManoimoBipauM. lle mependavae BUKOpHCTaHHS Jis KOXHOTO if
YacTHHU, else YacTWHU, a TaKOXK KOHCTPyKIii when others mis
oreparopa case.

20. [Ins daiinmy BepXHBOIO piBHS BUKOPUCTOBYHTE TpadiuHmii
penaktop. B npomy Bumamky mnpoekt Oyae OUTbII HArJIsSAHUAM, a
inTepdeticna yacTuHa (ailiB HWKHBOTO PIBHA MOXE OyTH OTpuMaHa
ABTOMATHYHO 3 rpadiyHUX CUMBOJIIB 33 JOMOMOTOI0 MyHKTY MeHio File =
Create/Update = Create HDL Design File for Current File [15].
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3.7. Onnc xombinayisiznx mpucmpois

IIpu omuci koMOiHAIIHHUX MPUCTPOIB PO3TITHEMO HACTYIITHI METOAH
OTIHCY: anreOpaiyHuil OMKC Ta TAOIHYHHI OTIHIC.

Peamizanis koM0iHaniiiHoi cxeMu Ha OCHOBI anreOpaiuyHoi dopmu
3amucy JoriuHoi (YHKLIi BHKOPHCTOBYE OIEpaTOp HPUCBOIOBAHHS, Y
MpaBiii YacTWHI SKOTO 3alHCy€THCSA EKBIBAJICHTHUH JIOTIYHUI BUpas3.
OnHak, cmix 3BepHYTH yBary, IO IIPH BHKOPUCTaHHI ITapajeibHOTro
oreparopa TPHUCBOIOBAHHS iHIIami3allisi omeparopiB BiAOyBaeTbcs IO
noxiliHoMy npuHIumy. [Topsaok 3amucy omepartopiB B IbOMY BHITQJIKy He
Ma€ 3HaYeHHS.

Hpuxnax 3.1. Ilporpama mnpexacramisie omuc KOMOIHAIIHHOL
JIOTIYHOI CXeMH 13 JBOMa BHXOJAaMH, 3 BUKOPHCTaHHAM HapalielbHUX
MIPUCBOIOBAHb.

library ieee;
use ieee.std logic_1l164.all;
entity simple logic is
port (
a,b,c,d : in std logic;
outl, out2 : out std logic);
end simple logic;

architecture concurrent of simple logic is
signal a and b: std _logic;
begin
outl<= a and b or (c and d and not b)
or (not a and not b and d);
out2<= a and b or (not a and c¢c and d)

or
(c and not b and not d) or (b and not c
and d) ;

a and b <= a and b;
end concurrent;
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MoskHa 3aCTOCOBYBATH TaKOXK 1 MOCIIOBHY (hOpMY 3aIlUCy MpaBuiia
(hyHKI[IOHYBaHHS 3 BUKOPHCTaHHSIM OIEpaTropa Mpolecy. ApXITEKTypHE
TiJIO OTIMCAHOTO B Il popmi 0OIaAHAHHS HaBeIECHO y mMpuKiami 3.5.

Hpuxnag 3.2. Crmovarky BiI3HAYMMO, IO BCi BXiJHI CHTHAJIA
KoMOiHamiifHOi cXeMH MOBWHHI OyTH BKJIIOUEHI B CIIMCOK iHiNiani3aTopiB
MIPOIIECY YISl TOTO, 00 Oyab-sKa 3MiHA iX 3HAYCHb BHKJIMKAJa BUKOHAHHS
oreparopa MpHCBOOBaHHA. KpiM TOro, y oMy BHIIAJKy HEHPHITYCTHMO
a_and_b mexmapyBatu sik curhai. I{e 000B'I3K0BO MOBMHHA OiTH 3MiHHA,
MpUYOMY 11 pO3PaxXyHOK 33Ja€ThCS OMEPATOPOM, IO MEPEAYE ONEePaTOpPoOM
OOYNCIIEHHIO Pe3yNbTYIOUNX CHTHaNiB. [Hakmie Oynme CcrocTepiraTch
HEKOpEKTHa  TIOBEIiHKa CXeMH, sKa I[ojsra€ B  TOMY, IIO
BUKOPHCTOBYIOTbCS 3HAueHHS He Oe3lmocepeHhO OTPUMaHi B MpOIlECi
MOTOYHOTO BUKOHAHHs oOIepaTopa process, a 3HaueHHs, OOYHCIeHi
pasiie, micis monepeIHbOi 3MiHH OTHOTO 13 BXiJJTHUX CUTHAIIB.

architecture sequential of simple logic is
-— signal a and b: std logic;
—— HENPUNYCTMMO Yy LbOMY BUIAOKY
begin
process (a,b)
variable a and b: std logic;
begin
a and b := a and b;
outl <= a and b or (c and d and not D)
or (not a and not b and d);
out2 <= a and b or (not a and ¢ and d)
or
(c and not b and not d) or (b and not c
and d);
end process;
end sequential;

Hpuknag 3.3. Sxmo a and b ne Bce-Taku curHai (HampuKIai,
HEeoOXiAHUH AJs mepenadi iHpopMaii iHIUM omepaTropaM Iporpamu ado
JI0 TIOPTiB), TO CJi/i BUJIUIATH HOrO OOYUCICHHS B OKpEeMHil mporec abo
napasneiabHUN orepaTop.

architecture two processes of simple logic
is
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signal a and b: std logic;
begin

process (a,b)

begin
a and b <= a and b;

end process;

process (a,b,c,d,a and Db)

begin
outl<= a and b or (c and d and not
b) or (not a and not b and d);
out2<= a and b or (not a and c and
d) or
(c and not b and not d) or (b and
not c and d);

end process;

end two processes;

Peamizariss  Tabnuii gidicHocTi JioriuHol  (QyHKIT Moxe OyTu
BHKOHAHA B TaKUH CcIOCiO:

— 3a JIONOMOrOK)  Iapajie/IbHOrO YMOBHOTO IPHUCBOIOBAHHS
when..else;

— 3 BUKOPHUCTAHHSM TapajejbHOrO MPHUCBOIOBAHHS 3a BHOOPOM
with.select;

— 3 BUKOPHUCTAHHAM yMOBHOro oreparopa if..then,

— 3a JIOTIOMOT0I0 OIlepaTopa BUOOpy case.
[Tpuknanym BUKOPHUCTAaHHS MapajelbHOTO YMOBHOTO NPHCBOIOBaHHS
Ta TPUCBOIOBAHHS 3a BUOOpPOM HaBeaeHi y maparpadi 2.5. Hwkue mu
PO3MIITHEMO BUKOPHUCTAaHHS IOCTIJIOBHHX OMNEpaTopiB Ui peaiizaii
KOMOIHAIIHUX MTPUCTPOIB.

Ipuxnan 3.4. Bydep 3 Tperim cranom Ha Buxoai. PosrisHemo
NPOCTUH BOCEMU-pO3psiHUET Oydep 3 TperiM craHoM Ha Buxomi. Llei
Oydep 3a cBOe€ JIOTriKO poOoTH Haramye Mikpocxemy K555ATTS
(74LS244): axumo curHaja en AOPIBHIOE OJWHII — BXizHa iHdopmais
HaJXOAWTh Ha BHXiA. SIKIIO X CHUTHAI en [OpiBHIOE HYJIO — BHXIiX
BIJIKJTFOYA€ETHCS 1 IEPEXOAUTH Y TPETiH CTaH.
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Peamnizaris Takoi IporpaMu MO>KIIMBA JIMIIE TIPU POOOTI 3 BUXiAHUMHU
nopramu Mikpocxemu IUJIIC (guB. maparpad 1.1). Ilpu poboti Takoro
Monmyns 3 BHyTpimHiME curHanamu [UJIIC Oydep 3 Tpetim cranom Oyze
aBTOMAaTUYHO 3aMiHEeHHU a00 Ha MYJIbTHUIUIEKCOpH ab0 Ha MPUMITHBH Wire
B 3QJIC)KHOCTI BiJl KOHTEKCTY peaizallii.

library ieee;

use ieee.std logic_1164.all;
entity tristate dr is

port (
d in : in std_logic_vector (7 downto 0);
en : in std logic;
d out : out std logic vector (7 downto 0));

end tristate dr;
architecture behavior of tristate dr is
begin
process (d in, en)
begin
if en='1"' then
d out <= d in;
else
d out <= "ZZZZZZ7Z7";
end if;
end process;
end behavior;

Pesynmprar xommimsmii Oydepa 3 Tperim cranom y RTL viewer
MMOKa3aHWi Ha PUCYHKY 3.1, a 9acoBi giarpamMu poOOTH — HA PUCYHKY 3.2.

o>
d_in[7..0 D>

1> >»d out[7.0]

10_BUF (TRI)

Pucynox 3.1 — Bygep 3 mpemim cmanom y RTL viewer
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&N I |
& d_in 03 D9 " DF Y 5 '
D10 | & dou 03 I EET z

HE

Pucynox 3.2 — Yacosi diacpamu pobomu 6ypepa 3 mpemim cmanom

ITpu omuci KOMOIHAIIHKUX MPUCTPOIB MOXKJIMBE BUKOPUCTAHHS K
napajeiIbHUX OIEpaTopiB YMOBHOTO IIPHCBOIOBAaHHA TakK 1 omeparopa
nporecy.

Mpukaang 3.5. Onuc MynbTUIUIEKCOpa 3a JOMOMOIOIO OIEpaTopa
nporecy.

Ha BXomm MynbTHIUICKCOpAa HAIXOIUTh YOTHPU TPHOX PO3PSITHHUX
man 13, 12, 11, 10, ki KOMyTYIOThCS Ha OAMH TPbOXpo3psaHuit Buxia O.
Ockinbku Led TpUKIaj ONMUCYE ACHHXPOHHUH TPHUCTPid, TO Yy CHHCKY
iHiIiami3alii omeparopa mporecy MpucyTHI Bei BXigHi curHamm — 13, 12, 11,
10, S. 3mina Oynp-sIKOTO 3 HHUX NPHU3BEAE JO 3allyCKy MPOLECY i 3MiHH
BUXIIHOTO CHTHAITY.

library ieee;

use leee.std logic 1164.all;

entity Mux is

port ( I3 : in std logic vector (2
downto 0);
12 : in std logic vector (2 downto 0);
I1 : in std logic vector (2 downto 0);
I0 : in std logic vector (2 downto 0);

S :in std logic vector (1 downto 0);
O :out std logic vector (2 downto 0)

) ;

end Mux;
architecture beh of Mux is
begin
process (I3, 12, Il1, 10, S)
begin

case S is
when "00" =>0 <= IO0;
when "01" =>0 <= I1;
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when "10" =>0 <= I2;
when "11" =>0 <= I3;
when others => O <= "Zz72";
end case;
end process;
end beh;

Pesynbrar kommissanii y RTL viewer moka3anuii Ha pucynky 3.3. Sk
BUJHO 3 HBOTO IpOrpaMa 3KOMIIUIIOBAJAChk Yy TPU MYJBTHILIEKCOPU — 32
PO3PAAHICTIO BUXiAHOTO MOPTY. KoXeH 3 MyIbTHIUIEKCOPIB Ma€ MO YOTHPH
iHpOpMaLliHHIX BXOIW — 32 KUIBKICTIO BXiIHUX WIMH, i JBa KEPyHOUYUX
Bxomgu S [1..0]. PesympraTé cumymsmii MyJbTHIDIEKCOpa TMOKa3aHI Ha
PUCYHKY 3.4.

Ilux0

SM.0|
32.0] 2
1220 2
2.0 =
n[2.0| =

M

Pucynox3.3 — Peanizayis mynemunnexcopa y RTL viewer
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3. Onme kombinauivtnmx npucmpois
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Pucynox3.4 — Pesynemamu cumynayii Mmynemuniexcopa

HMemudparop. dns ommcy nemmdparopa 3HOBY BHKOPHUCTAEMO
orepaTop IMpolecy i omeparop case. B TakoMy BHIagky mporpama Oyze
Iy’e CXOKa Ha Mporpamy MyJbTHIUIEKcopa. HeoOxiaHo e mpaBUIIbHO
OTIMCATH JIOTIKY po0oTH Aemudparopa 3a JOIIOMOTO0 Oleparopa case.

Hpuxnag 3.6. lemudparop.

library ieee;
use ieee.std_logic_1164.all;

entity decoder is
port (
I : in std logic_vector (1 downto 0);
O : out std logic vector (3 downto 0));
end decoder;

architecture beh of decoder is

begin
process (I)
begin
case I is

when "00" => O <= "0001";
when "01" => O <= "0010";
when "10" => O <= "0100";
when "11" => O <= "1000";

when others => 0 <= "XXXX";
end case;
end process;
end beh;
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3. Onme kombinauivtnmx npucmpois

Pesynprar xomminsiuii aemmdparopa y RTL viewer nmokazanuii Ha
pucyHky 3.5. [k BumHO, nemmgpatop OyB peayizoBaHHUi 3a JOMOMOTOIO
YOTHPHOX MYJIBTHIDIEKCOPIB, SIKi KepyIOThCs BXiqHUM curHaiiom [[1..0]. Ha
iHpopMariiHi  BXOAM  KOXHOTO 3  MYJBTHIUIEKCOPIB ~ HAJXOIUTH
YOTHPHOXPO3pSAAHE uncio. Hampuknaa, A Mepmoro MyJNbTHUILIEKCOpa,
akuii kepye BuxonoM O[3], ue umncno 8 ado 1000 y asiiikoBomy komi. s
npyroro — uuciio 4 abo x 0100 y nBilikoBomy Kozi. ToOTO KoOXeH 3
MYJBTUIUIEKCOpPIB Ha iH(opMmamiiiHoMy BXoxi Mae Ha0Op BHXIIHUX
3HAYEHB JUISI OTHOTO BUXOY.

[l

M. Q]D_|—|SEL[1 0] out

DS - e—ATAR.0]

[1.0]
DATAR..0]

4 bl —

[1.0]
DATAR..0]

4 hZ - —

.01
DATA.0]

A —

Pucynox 3.5 — JJewughpamop y RTL viewer
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3. Onme kombinauivtnmx npucmpois
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Pucynox 3.6 — HYacosi diaepamu pobomu oewugpamopa

Kommaparopu. Ilpu omumci xommaparopis

MIPHUKJIATN — 0€33HAKOBHI Ta 3HAKOBUI KOMIIApaTop.

PO3TJITHEMO  IBa

Ipukaan 3.7. Bbe33nakoBuii kommapatop. Ha iioro Bxomm
HAJXOIUTh N1Ba TPhoxOiTHHX curHamm: A 1 B. Kommapartop MicTUTh Tpu
BUXiHUX curHanu: MeHie (less), mopiBHroe (equal) Ta Outble (greater).

PoGota xomnapaTopa onucyerscs Tadbmumeto 3.1.

Tabmuus 3.1 — Tabmuis gificHocTi 6€33HAKOBOTO KOMITapaTopa

less equal Greater
A<B 1 0 0
A=B 0 1 0
A>B 0 0 1
library ieee;
use ieee.std logic_1l164.all;
entity Comparator is
generic (n: natural :=2);
port (
A : in std logic_vector (n-1 downto
0) 7
B : in std _logic_vector (n-1 downto
0) 7
Less : out std logic;
equal : out std logic;
greater : out std logic);
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3. Onme kombinauivtnmx npucmpois

end Comparator;
architecture behv of Comparator is
begin
process (A, B)
begin
if (A<B) then
less <= '1"';
equal <= '0"';
greater <= '0';
elsif (A=B) then
less <= '0"';
equal <= '1"';

greater <= '0';
else
less <= '0"';
equal <= '0';
greater <= '1"';
end if;
end process;
end behv;

Pesynprar kommimsimii y RTL viewer mokazanuii Ha pucyHky 3.7.
Kommaparop npencrasinennii 1soma kommapaTtopamu — nopiHoe (Equal0)
ta meHmre (LessThan0), siki ¢opMyIOTh CHTHaN OIWHHMIN NPH BUKOHAHHI
yMOBH. Po3risitHeMo po0OoTy 11i€l cxemMu OiIbII JTOKJIaIHO.

Konu curnan A menme HiK curHaia B, To Ha BEXOAi KoMIaparopa
Equal0 curnan nyns, a komnaparopa LessThen0 — onunanmi. Toxai o6unsa
MYJIBTUIUIEKCOPU TIEPEMHUKAIOThCS Ha TIepe/lady HWKHBOTO BXIiJHOTO
CHUTHAILy i MM OTPUMY€EMO TaKy KOMOiHalil0 BUXiJHUX CHUTHANIB: greater —
0, equal — 0, less — 1.

Komu curnan A popiBHIoe curHany B, To Ha BHXOj1 kKommaparopa
Equal0 curman onpuHuni, a kommapatopa LessThen0 — Hyns
MyJbTUIUIEKCOPH BUBOISATH CUTHAIIM 3 BEPXHBOI'O MOPTY 1 MU OTPUMAEMO
TaKy KOMOIHaIif0 BUXigHux curHaiis: greater — 0, equal — 1, less — 0.

OcraHHii BUMAMOK — curHaj A Oijbine HiDX curHan B. Sk 1y
MONIEPEHBOMY BHUMAJIKYy MYJIBTUIUIEKCOPH BUBOIATH JAaHI 3 BEPXHBOTO
mopty. Ha Buxozi 000X KOMITapaTOpiB CHTHAIM HYJS 1 BUXIIHI TOPTH
MAarOTh TaKuii cTaH: greater — 1, equal — 0, less — 0.
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3. Onme kombinauivtnmx npucmpois

Sk 0aunMo, KOMIIApaTop MpPAIOE TaK, K 1 OyJI0 ONMUCaHO B TaOIUIT
3.1. Yacogi aiarpamu poO0OTH KOMIapaTopa HaBeJAeHi Ha PUCYHKY 3.8.

Equald
Af 0]
B[1..0][Cop—— —_—
A0 u . [ greater
£&48Thano greater
Al 0]
B0l ; D equal
LESS_THAN equal
Y——— > less

Pucynox3.7 — bezsnaxosuii komnapamop y RTL viewer
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Pucynox 8 — Hacogi diazpamu pobomu pobomu komnapamopa

Ipuxnaxy 3.8. 3nakoBuii kommaparop. Omnuc 3HaKOBOTO
KOMIIapaTopa 3po0MMO Ha OCHOBI 0€33HAKOBOTrO. J1Jis I[bOTO 3MIHMMO JIUIIIE
TUNH BXiTHUX nopTiB: Trn std_logic_vector aist moptiB A i B 3aminnmMo Ha
signed. Jlns 1mporo TakoXK HEOOXIAHO JOMATH JCKIAPAII0 TaKEeTy
numeric_std 3 6i0mioTeku ieee. ApXiTEKTypHE TiJO MPOTPaMy 3aJTUILIUTHCS
HE3MIHHUM TOMY HOr0 HaBOAMTHU HE Oy1eMO.

library ieee;

use ieee.std logic_1164.all;
use ieee.numeric_std.all;
entity Signed Comparator is
generic (n: natural :=2);
port (
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3. Onme kombinauivtnmx npucmpois

A : in signed (n-1 downto 0);
B : in signed (n-1 downto 0);
Less : out std logic;
equal : out std logic;

greater : out std _logic
)

end Signed Comparator;

Pesynprar kommisamii 3HakoBoro kommaparopa y RTL viewer
HaBeJCHUN HA PUCYHKY 3.9. SIk BUIHO BiH BiJPi3HAETHCS BiJl 0€33HAKOBOTO
JIMIIIC ONIEPATOPOM «MEHIIIE»: Ha BEPXHIH MOPT HaxolATh curHamu B[1] Ta
A[0], a na HmxHiit — A[1] Ta B[0]. Lle moB’si3aHO 3 HEOOXITHICTIO POOOTH
KOMITapaTopa y J0JaTKOBOMY KOJIi.

Equall
A[1 0] A0
O
! = o
B[1..0] > — \_/ D? 1 greater
EQUAL greater
LessThan0 >
'7].01 o equal
B[1.0] [ <
_] equal
LESS THAN M less

Pucynox 3.9 — 3naxosuii komnapamop y RTL viewer

YacoBi niarpamu poOOTH 3HAKOBOTO KOMIIAapaTopa HaBeIeHI Ha
pucysky 3.10.

B0 8 B X

>3 B 2 b 1 A 0 }
£ 6 areater | T
7 equal | |

¥ 5 lesz oo 7 L

Pucynox 3.10 — Hacosi diacpamu pobomu 3HaK08020 KOMNApamopa
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3.2.. Onme nocaipoBHM1X cxem

3.2. Onmc nocaigoBrmx cxem

3.2.1. Onuc Tpurepis

Tpurep 3pyuno onucysatu B VHDL 3a gomomororo omeparopa
PROCESS, npuyoMy kepyodi CHUTHaIM Kpalle BKIIOYATH O CIHCKY
iHiIiam3aTopiB, a He OO omeparopa wait. BukopucraHHS TakTOBOTO
CUTHAIly y CIIMCKY 1Hilliani3aTopiB Ta KOHCTPYKLil Ty clk’ event and
clk = ‘1’ aBTOMAaTHYHO CHHTE3y€ TpHrep. TakoX HEoOXiJHO
mam’sitati, mo B maketri Quartus Il Bci Tpurepm peamizyroTecs 3a
noromororo  D-tpurepiB. [Ins  peamizamii  BCIX IHIIMX  TpHUrepiB
BUKOPHUCTOBYETHCS D-Tpurep Ta 101aTKOBa JIOTiYHA CXEMa.

PosrnssaeMo HacTymHI criocoOu KepyBaHHS TPUTEpaMHU:

— ACHHXPOHHE KepyBaHHS;

— JMHaMIiYHE KepyBaHHs, a00 KepyBaHHS (JPOHTOM;

— 3MillIaHi BapiaHTH.

Hpuxnag 3.9. RS-Tpurep. AcCUHXpOHHE KepyBaHHS
XapakTepu3yeTbcss TUM, 10 ToAil Ha iHQopMamiifHMX  BXoJax
Oe3mocepelHbO0 BUKIMKAIOTh 3MiHY CTaHy Tpurepa. €OIuHMHA Tpurep 3

ACHHXPOHHUM KepyBaHHSM 1ie RS-tpurep, ¢yHKIiOHANbHA MOJENH SKOTO
MoyKe OYTH IpeCTaBIcHa B TaKUH CIOCiO:

entity rs trigger is

port (
r, s : in bit;
q : out bit);

end rs trigger;
architecture a of rs trigger is
begin
process (r, s)
begin
if s='1' then g<='1";
elsif r="'1"' then g<='0";
end if;
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3.2.. Onme nocaipoBHM1X cxem

end process;
end a;

Pesynpratn kommisimii y RTL-viewer RS-tpurepa mokaszani Ha
pucynky 3.11. fx BuaHo, 1y peanmizauii Tpurepa BUKOPUCTOBYETHCS
TITPKA aCHHXPOHHE KEepyBaHHS, a 3 BOyIOBAaHOTO TpUTepa — TUTBKH
ACUHXPOHHI BXOAM YCTaHOBKY (pre) i ckumanag (clr).

v il comk-1
=S
camb-0
—D— q¥Rch
E.

PR
R e

o—

a—{Ena
CLR

L]

Pucynox 3.11 — RS-mpueep y RTL viewer
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Pucynox 3.12 — Pesynomam cumynayii RS-mpuzepa

CuHXpOHHMH TpHUTep

BinpicTe peanbHUX TPUTEPIB € CUHXPOHHUMH TNPHUCTPOSIMH, SIKi
MpaIiolTh ado MO TepeIHbOMY abo MO 33aJHBOMY (POHTY TaKTOBOL
yactoTtu. [y omucy TakuMx NPUCTPOIB HEOOXiAHO BKIIIOYMTH JI0 CIIUCKY
iHimianmi3amii mporecy TaKTOBUN CUTHAJ Ta BCl aCHHXPOHHI CUTHAIH.
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3.2.. Onme nocaipoBHM1X cxem

Hpuxnag 3.10. B npomy npuknaai HaBeneHut koa D-tpurepa, mo
npamioe 3a mepegHiM (QPOHTOM TaKTOBOi 4YacToTH. s mepeBipku
nepeHbOro (POHTY BUKOPUCTOBYETHCS KOHCTPYKLiA clk'event and
clk= '1', B sKill mepeBipsIOTbCS HASABHICTH MOl y curHam clk
(mepeBipsieTbest aTpuOyYT CUTHATY event)Ta 3HaueHHS TAKTOBOI'O CHTHAIY.

library ieee;
use ieee.std logic_1164.all;
entity d trigger is

port (
d : in std logic;
clk : in std logic;
g : out std logic);

end d trigger ;

architecture a of d trigger is

begin
process (clk)
begin
if (clk'event and clk= '1l")
then qg<= d;
end if;
end process;
end a;

Pesynbratn MopnemoBaHHs poOOTH Tpurepa HaBeJCHI Ha PHCYHKY
3.13.

w0 clk I I I I I I I L
1 d | |
oo q

Pucynox 3.13 — Hacosgi diacpamu pobomu D-mpueepa
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3.2.. Onme nocaipoBHM1X cxem

Hpukaanx 3.11. JK-Ttpurep. Po3rissHeMo OLIBIT CKITaIHAN TPUKIIA],
B SKOMY KpiM CHHXPOHHHUX CHUTHaJiB OyAyTh TaKkOoX 1 acHHXpOHHi. Y
npukiaai posrisinaetbes omuc JK-tpurepa. s Bu3HadeHHs QpOHTY
CHTHAJTy B IIbOMY MPUKJIai BHKOPUCTOBYEThCS KOHCTPYKINis rising_edge,
sika onrcana B 6i6mioreri std_logic_1164.

Jns onmCy cTaHy TpHrepa BUKOPHCTOBYETHCS BHYTPIIIHINA CHUTHAI
state, sgKkAA TcAA KOMIUIAMIT Oynme peami3oBaHWiA Ha  OCHOBI
NPOrpaMyeMOro TPUTEPa, IO BXOJUTH JO CKJIAAY JIOTIYHOTO EJIEMEHTa
mikpocxemu [IJIIC (pucyHok 3.14).

Mux0
]% I— SELLT 0] state
k PRE
ouT o Q [q
2'h2-- DATAL3.0)
ERA
CLR

clk >
reset s

Pucynox 3.14 — JK mpuzep y RTL viewer

s peanizauii Tabnuni aiicHOCTI Tpurepa GopMyeTbes 1BOXOITHUHA
CHTHAI input, CTapImuii 6iT AKOTO SABJSE COOOK CHTHAI j, a MOJIOIIIH — K.
B omeparopi mporiecy 3HaYeHHS IIbOTO BHYTPIIIHBOTO CHT'HATY KEPYIOTh
BUOOPOM HACTYIHOTO 3HAa4YeHHs CHUTHaly state B omeparopi case. Ha
pucyaky 3.14 BumgHo, 1o omepatop Case  CHHTE3YEThCA Yy
YOTHPHOXBXOJIOBHI MYJIBTUILIEKCOP.

VY cnmcky iHinianizauii nmporecy 3amicaHi JBa CUTHAJIM — TAKTOBHM
clk Ta curnan ckuganss reset. CUrHAN CKUAAaHHS aCHHXPOHHHM, TOMY HOTro
3HA4YeHHS B OIEpaTopi MpOIeCy IepeBipsEThCs paHille 3a IMepeBipKy
TAaKTOBOTO CUTHAITY.

Pesyneratu mozentoBanns JK-Tpurepa HaBeneHi Ha pucyHKy 3.15.

library ieee;
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use ieee.std logic_1164.all;
entity jk ff is

port (
clk : in std _logic;
j, k : in std logic;
reset : in std _logic;
q : out std _logic

)7

end jk ff;

architecture behv of jk ff is
signal state: std_logic;

signal input: std logic_vector (1 downto
0);
begin
input <= j & k;
process (clk, reset) is
begin
if (reset='1') then state <= '0';
elsif (rising edge(clk)) then
case (input) is
when "11" => state <= not
state;
when "10" => state <= '1"';
when "01" => state <= '0';
when others => null;
end case;
end if;
end process;
q <= state;
end behv;
reset |—|—
ok | | | | | | | [ | T
N N O O S O [

Pucynox 3.15 — Hacosi diacpamu pobomu JK-mpucepa
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3.2.. Onme nocaipoBHM1X cxem

3.2.2. Onuc pericTpiB

Onuc nmapanenbHUX PETiCTpiB HIYNM HE BiApi3HAETHCS Bin onucy D-
TpurepiB. €IWHA BIAMIHHICTE — II€ 3MiHA PO3PSTHOCTI BXITHOTO Ta
BHUXIJHOI'O CUTHAJIIB.

Hpukaax 3.11. Bocbmupaspsiinuii perictp 3i cKkugaHHsaM i
no3BosioM 3ammcy. Kpim Toro, 3poOumo 1ieii omuc mapaMeTpH30BaHUX,
TOOTO BH3HAYMMO TapaMeTp, 3MIHIOIOUM SKAH MOXHAa OTPUMYBATH
perictpa HeoOXimHOi pospsaHocTi. llpy BUKOHaHHI omepamii CKUTaHHS
HEOOXiTHO 3amucaTH y ApaiiBep BUXITHOTO CUTHAIY HYJbOBI 3HAYCHHS.
OCKiNbKH MOAYJIb TapaMeTPU3yEMHUI TO KUTBKICTh PO3PSAIiB 3MIHIOETHCA.
ToMy ans 3amucy HyJIBbOBHX 3Ha4eHb BHKOPHCTOBYIOTBCS OIEpaToOpu
MIEPEeTBOPEHHS THUIIIB, onucaHi y maparpadi 2.3. Onepatop to_unsigned st
BU3HAUEHHSI PO3PSIIHOCTI BHKOpHUCTOBYE Tapamerp data width, skwit i
BU3HAYAE 3aralibHy PO3PSAHICT MPUCTPOIO.

Perictp BUKOpPHCTOBYE 3MilllaHE KEPYBAaHHS: ACHHXPOHHE KEPYBaHHS
10 BXOJly CKHJaHHS reset, CAHXpOHHE KEepyBaHHS 110 TaKTOBOMY Bxony clk
i KepyBaHHS piBHEM 10 BXOJy J03BOJy 3amucy ena. CIHCOK iHimiamizamii
MPOIECY MICTUTh JHINE CHUTHAIM CKHJAHHS Ta TakTyBaHHSA. Bci iHmmn
CHUTHAJIM AHANI3YIOTBCS IPHU HAIXOHKEHHI (POHTY TAaKTOBOI YACTOTH.
3anuc y perictp Bii0yBa€ThCSA MPU TAKUX 3HAYCHHSAX KEPYHOUUX CHUTHAIIB:
CUTHAIIM CKHJIAHHS reset Ta J03BOITy 3allicy ena JOPiBHIOKTH OJJMHHII.

Pesynpratn MopmenmoBaHHSI pericTpa TMOKa3aHi Ha pUCYHKY 3.16, a
pesynbratr kommisinii y RTL viewer — Ha pucynky 3.17. Sk BuaHo 3
pe3yNbTaTiB KOMIIUJIAIIT perictp peanizyerbcsi Ha D-Tpurepax, a cUrHaIH
CKUAAHHS Ta JO03BOJAY pPOOOTH BHKOPHUCTOBYIOTH Kepyloui BXOAd
BOYZOBaHOTO TpHUTrepa JIOTTYHOTO eJIeMEHTA.

library ieee;
use ieee.std logic_1164.all;
use ieee.numeric std.all;

entity reg is

generic (data width: integer:= 32);
port (
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3.2.. Onme nocaipoBHM1X cxem

d: in std logic_vector (data width-1
downto 0);

clk : in std logic;

reset: in std_logic;

ena : in std logic;

q: out std logic_vector (data width-1
downto 0));
end reg;

architecture beh of reg is
begin
process (clk, reset)
begin
if reset = '0' then
g <= std logic_vector (to_unsigned
(0, data width));

elsif (clk'event and clk = 'l') then
if ena = '1l' then
q <= d;
end if;
end if;
end process;
end beh;
0 Teset
[l ek | L I
@2 | Ed FEFFFFO0 o FRFFFFOT 4 FFFFFFOZ ¥ FRFFFFO3 H
5| Ha [T § FFFFFFOD b FEFFFFT ¥ 00000000 ¥ FF

Pucynox 3.16 — Yacosi diacpamu pobomu napanensno2o pezicmpa
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dq[31..0]~reg0
TR e SRS S B SETN
clk [ >
ena[r——===JEnA
CLR

reset D—-—J

Pucynox 3.17 — Ilapanenvnuti pecicmp y RTL viewer

Mpuknaan 3.12. Perictp 3cyBy. Lleit perictp Mae oqHO poO3psITHUIA
BXiJl Ta OMHO pPO3psSAHWNA BUXiA. BXimHI JaHi MOCTYHOBO 3CYBarOTHCS
BCEPEIMHI pericTpa i 3arajbHa 3aTpUMKa JaHUX CKianae 8 TakriB. s
TOrO, 100 BHKOHATH 3CYB JaHHUX CTBOPHMO CHUTHAN, IO SIBJSE COOOIO
MacuB 3 BOCbMHU 4apyHOK Tumy std logic. Ilpn HagxomKeHHI MepenHbOro
(pPOHTY TaKTOBOI YaCTOTH BHKOHYETHCS 3CYB JAHHX BIpaBo. llpu mpomy
MOJIOJIIII CIM PO3PSJIiB MacHBY MEPEMUCYIOThCS y cTapiri ciM po3psizis sr(7
downto 1) <= sr(6 downto 0), a y MOJOAImIMI PO3PSI 3aMKCYETHCS
BXIJTHUM CUTHAII.

library ieee;
use ieee.std logic_1l164.all;
entity shift register is

port (
clk : in std logic;
enable : in std logic;
sr in : in std_logic;
sr_out : out std logic);

end entity;

architecture rtl of shift register is
type sr length is array (7 downto 0) of
std logic;
signal sr: sr length;
begin
process (clk)
begin
if (rising_edge (clk)) then

123



3.2.. Onme nocaipoBHM1X cxem

if (enable = '1') then
sr(7 downto 1) <= sr (6 downto
0);
sr(0) <= sr in;
end if;
end if;
end process;
sr out <= sr(7);
end rtl;

Pesynprar xomminsrii perictpy 3cyBy y Technology Map Viewer
MoKa3aHuil Ha puCyHKY 3.18, a dacoBi giarpamMum poOOTH — Ha PHUCYHKY
3.19.
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<4 slf] 1 LI L
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<8 sil5] 1 L L L
] si[E] EEESEENEE e N
<10 (7] 1 i
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Pucynoxk 3.19 — Yacosi diacpamu pobomu pecicmpy 3¢cy8y
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3.2.3. Onuc JiYnJIbHUKIB

Hpuxnag 3.13. lpoctuii cymywunii divuasauk. Bin Oyge martn
JIUIIIEe OWH TAaKTOBHU BXiJ 1 YOTUPHOX PO3PSIAHUHN BuXil. Buxinuuit mopt y
BOMY TPUKJIaJi OMUCAHWI 3a JONOMOTOI0 THILY integer 3 Jiama3oHoM
3HaueHb Bix 0 mo 15. [lnsg poOOTH JMiYMIBHMKA HEOOXiTHO OMKCATH
BHYTpIIIHIi curaan csignal Takoro sk caMoro THIy, IO i BUXIAHHHA TOPT.
Cama omeparlisi IHKDEMEHTY OIMCYEThCSA SK JOMABAHHA OIWHHUIN [0
MOMEPEHBOr0 3HaueHH. OCKIIbKY BUXITHUHI MOPT HE MOXE BUCTYIATH B
SIKOCTI JDKEpeTia CUTHAITY, TO i BHKOPUCTOBYETHCSI BHYTPILITHIN CUTHAI.

library ieee;
use ieee.std_logic_1164.all;
entity count is

port (clk : in std _logic;

out data : out integer range 0 to 15 );

end count;
architecture a of count is

signal csignal: integer range 0 to 15;

begin
process (clk)
begin
if (clk'event and clk = '1l') then
csignal <= csignal + 1;
end if;

end process;
out data<= csignal;
end a;

Pesynmprar komminsmii nmiynnpauka y RTL viewer mokazanuii Ha
pucynky 3.20. Sk BHAHO, JIYMJIBHMK pEATi30BaHMH y BHUIJIAL
YOTHUPBOXPO3PATHOTO CyMaToOpa, L0 IOJA€ OJHUHIIO 10 HONEPeAHBOTO
pe3yibTaTy Ta 4YOTHPHOX TpUTEpiB st 30epeskeHHs gaHux. Yacosi
Jiarpamu JiYMJbHUKA TI0Ka3aHi Ha pUCYHKY 3.21.
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3.2.. Onme nocaipoBHM1X cxem

csignal[3..0]
PRE

D Q [>»out_data[3..0]

ADDER ElA,

cli > CLR

Pucynox 3.20 — Jlivunenux y RTL viewer

ek
I  out_dsla 00 Y T AU AR LD SR SR ARAU LA AR

Pucynox 3.21 — Hacosi diazpamu pobomu nivunbHuKa

Hpuxnag 3.13. JliymabHUMK 3 AaCHHXPOHHHUM CKHUAAHHAM,
CUHXPOHHMM MONEepPeAHIM 3anMcOM i CHITHAJIOM [03BOJY Ji40u.
Hactynauii mnpukmang 3pobuMo JeImo CKIAJHIIMM — peajizyeMo
napaMeTpU30BaHUH JIIYMIBHHK, B SKOMY Oylle 3MIHIOBATHUCH PO3PSIIHICTH
JYHIIbHUKA.

s toro mo0 3pobuTH MOAYNIb MAapaMETPU30BAHUX JOAAMO
KOHCTPYKILIO 3 CIIOBOM (eNeric, B sKiii Bu3Haunmo mapametp width, sxwii
Oyse BU3HAUATH PO3PSIHICTh JIYWIBHUKA, TOOTO JYMIBHUK Oyje
paxyBaTH Bijl HyJis o 2Vdh-1,

Sx Oyno onucaHo B TONEPEAHBOMY MpPUKIAAi, Uil pOOOTH
JYMJIBHUKA HEOOXITHO ONMMCATH BHYTPIIIHIN cHrHa csignal, po3psiHiCTh
SAKOTO JIOPIBHIOE PO3PSOHOCTI BHXIZHOTO TIOpTa 1 BHU3HAYAETHCA
napamerpoM width. ITicns komminsamii ueii curHan Oyne peani3oBaHHN Ha
BOYZOBaHHX TpHrepax (pUcyHOK 3.23).

OCKUTBPKH JIYWIBHUK MICTHTH JIMIIE OJM ACHHXPOHHHUN CHTHAI —
CKHUJAHH], TO y CIHMCOK iHIiIiai3alii Mpouecy BKIYUMO JIHIIE JIBa
curHanu — taktouii clk Ta ckumanHs clrn. CurHan clm B mporeci
aHaJTi3yeMO 70 HAAXOKEHHS TaKTOBOTO 1 SKIIO BiH JOPIBHIOE HYIIO, TO Y
BHYTPILIHIN curHan csignal Oyne 3anucaHe HyJIbOBE 3HAYCHHSI.
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3.2.. Onme nocaipoBHM1X cxem

Ilpn HagxomKeHHI MepenHbOro (POHTY TAKTOBOTO CHTHAILY
aHaJli3yeMO CTaHM LI JBOX KEPYIOUMX CHUTHANIIB — 3aBaHTaxeHHs load Ta
no3Boiy pobotu ena. Skmo curHan load nopiBHIOE oaMHULE, TO Y
BHYTpIIIHIA CHUTHAJ 3amUCyeEMO AaHi 3 BXigHoro moprta d. CurHam ena
Jo3BOJIsIE 200 3a00pOHsE IHKPEMEHT 3HAYEeHHS BHYTPIITHBOTO CHUTHAITY
csignal. YacoBi aiarpamu poOOTH NiYMIbHUKA TOKA3aHi Ha PUCYHKY 3.22.

library ieee;
use ieece.std logic 1164.all;

entity count is

generic (width: natural:= 4);

port (

d : in integer range 0 to
2**width-1;

clk : in std logic;

clrn : in std logic;

ena : in std logic;

load : in std logic;

out data : out integer range O to
2**width-1

) ;
end count;

architecture a of count is

signal csignal: integer range 0 to
2**width-1;
begin
process (clk, clrn)
begin
if clrn = '0' then csignal <= 0;
elsif (clk'event and clk = '1') then
if load = '1l' then csignal <= d;
else
if ena = '1' then
csignal <= csignal + 1;
else
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3.2.. Onme nocaipoBHM1X cxem

csignal <= csignal;
end if;
end if;
end if;
end process;
out data<= csignal;
end a;

i load
- cna
-cim
i clk
|

S out_data
@’ csignal

Pucynox 3.22 — Yacosi diaepamu pobomu J1iuuIbHUK 31 CKUOAHHSIM,
nonepeoHim 3a8aAHMANCEHHAM Ma 0038010M POOOMU

Ha pucynky 3.23 nokazanuii BUrs Jiuniabauka y RTL-viewer. [{ns
30UIBIICHHS] HAa OJUHHMII0 BUKOPUCTOBYEThCs cymarop Add0, 3HaueHHs
SKOT'O HOAAETHCS HAa MYJBTUIUIEKCOP, IO KEPYETHCS CUTHAIOM J03BOJY
pobotu ena. Sxmio miyba 3abopoHeHa Ha Bxin D-TpurepiB momaerscs
moTiepeiHe 3Ha4deHHs. SIKmio sk Jiuba M03BOJICHA, TO HA BXiJ TPHUTEPiB
HAJXOAWTh CHUTHAJ 3 BHUXOLy cymartopa. HacTymHuil MynbTHIIIEKCOD
KEpYEThCSl CUTHAJIOM 3aBaHTakeHHs load 1 momae Ha BXig D-TpurepiB abo
3Ha4eHHs 3 BXigHoro mopra d abo 3 BHXOJY TOMNEPEIHLOTO
MyJbTUILUIEKcOpa. CKHUIAHHS JIYMJIbHUKA 3a0€3EUyEThCS 3a PaxyHOK
CUTHAJIIB CKUJIAaHHS TPUTEPiB clr.
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3.2.. Onme nocaipoBHM1X cxem

Ena e

Addl

a5
aprgEal

ADDER

0L data[3. 0]

cim >

CIK [
|oac s
(3.0

Pucynox 3.23 — JlivunbHux 3i CKUOGHHAM, RONEPEOHIM 3A6AHMANCEHHIM
ma 0o36o10m pobomu y RTL-viewer

3.3 Onne yndposux asmomamis

CxematnyHO TH(POBUII aBTOMAT MOXe OyTH TpeACTaBICHHWHA 3a
JIOTIOMOTO  JIBOX B3a€EMOIOB’s3aHUX dYacTHH (pucyHok 3.24). HmxHs
YacTUHA MICTHTh TIOCHiZIOBHICHY 4YacTUHY (TpUTEpH), a BEPXHA —
KOMOIHaIiiHY JIOTiIKYy IU(POBOT0 aBTOMATA.

—Lin ut KombiHauinHa _)_ou’rpu’r

4YACTMHO
next st present_st
MocAiAOBHICHO
YOCTUHO
A A
clk
reset

Pucynox 3.24 — Cxemamuune 3006pasicentns yughposozo agmomama
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3.3. Onnc undposnx asmomamis

B mocnigoBHICHY 4YacTHHY BXOAWTH TpHu Bxoaw: Taktoswii (clk),
ckuaaHHs (reset) Ta KoJ HAcTyMmHOro craHy (next st). TakToBuii curHanm Ta
CHUTHAJl CKUAAHHS TpU3HAuYCHI IJIsl TpUrepiB, sKi 30epiraloTe CTaH
mudpoBoro aBTOMara. BuXimHMH CcHUTHaN HWKHBOI YaCTHHH KOIYE
MOTOYHUH CTaH UGPOBOTo aBTOMara (present_st).

Kom0inarmiliHa yacTUHA Ha CBid BXiJl OTPUMYE KOJ MOTOYHOTO CTaHy
m(pOBOTO aBTOMAaTa Ta 30BHIMIHI CHUTHaMU (input). BuxomoMm BepXHBOTO
Otoka Oy/ie HACTYITHHM CTaH aBTOMAaTa Ta Horo BUXigHI curHaiy (output).

SIkmo BUXigHUE CUTHANI ITU(PPOBOTO aBTOMATa 3aJICKHTh JIUIIE Bif
MOTOYHOTO CTaHy, TO TAKUI aBTOMAaT Ha3MBA€EThCS aBToMaToM Mypa, sSKII0
K BUXITHHI CHUTHAN 3aJIS)KUATH BiJ MOTOYHOTO CTaHY Ta BXiJHWUX CHUTHAJIB,
TO TaKUi HUPPOBHUI aBTOMAT HOCUTDH Ha3By aBToMara Miji.

Posmnonin mudpoBoro aBroMara Ha JIBi YACTHHH JIO3BOJISE OIUCATH
HOro 3a JOMOMOTOI0 ABOX TMPOIIECIB, SKi OMHCYIOTh BEPXHIO 1 HIDKHIO
yacTMHU. TakWid BapiaHT OMUCY IM(PPOBOTO aBTOMAaTa JO3BOJISE
PO3pOOHHKY pO3IUIATH JIOTIKY TEpPEeXOiB BiJ JOTIKH (OpPMYBaHHS
BUXIJIHUX CUTHaNiB. A 1le, B CBOI 4Yepry, IO3BOJSE€ OULIBII IPOCTO
OTIMCYBATH 1 BiJTaro/KyBaTH MU(POBUIA aBTOMAT.

HwxHs 4acTHHA B CIHCKY iHIIIANIi3aTOPIB MPOLIECY MICTUTh CHTHAJIH
clk ta reset. [lpu Hamgxo/keHHI curHamy reset HU(pPOBUII aBTOMAT
HEePEXOANUTH 10 TOYATKOBOIO CTaHy, 3 SKOTO MOYMHAETHCS PoOOTa BCHOTO
aBTomara. [lepenniit ppoHT curnany clk mpu3BOANTH 10 3aNIKCY TOTOYHOTO
crany L1A, ToOTo curnany present_st.

Hns  ommcy  craHiB  IUQpPOBOrO  aBTOMara  HEOOXiJTHO
BUKOPHUCTOBYBAaTH IepeivnMuid  TUIL. JlJIs [BOro ONMHCYETHCS THII,
3HAYCHHSIMHM SIKOTO € CTaHW LUGPOBOro apromata. [IOTIM ONMUCYEThCS
CHUTHAII IIbOTO0, B SIKOMY 1 Oyjie 30epiraTich NOTOYHHI CTaH aBTOMATA.

type state type is (Init, statel, statez, ..);
signal state: state type;

Ockinbku 3a 30epekeHHs cTaHy LU(PPOBOro aBTOMAara BiJNOBiJae
HWKHS YaCcTHHA cxemu Ha puc. 3.24. [Ipu peanizamii Oyne oTpumMaHa cxema
3 JIEKUIBKOX TpurepiB. B 3ayeXHOCTI Bil METOAYy KOIYBaHHS CTaHIiB
KUTBKICTh TPUTEPiB MOXKE 3MIiHIOBATHCH, IO BILTUBAE HA IIBHIKOMIID Ta
00’eM cxeMH. biigbIn JOKIIaTHO MPO METOMW KOMYBaHHS AWB. Iaparpad
5.4.2.
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3.3. Onnc undposnx asmomamis

IIpomec, mo onucye MOCTITOBHICTHY YaCTHHY HHA(POBOTO aBTOMATa
MoO2ke OyTH ONUCAHUM 33 JOIOMOI'OI0 TAKOro MAabJI0Ha IPOLECY:

process (clk, reset)
begin
if reset = 'l' then present st <= Init;
elsif (rising edge(clk)) then
case state is
when stateX =>
present st <= next st;

end case;
end if;
end process;

Onucanuii MpoIec JyKe MPOCTUN 1 MICTUTH JIMIIE aHAIi3 CUTHAITY
ckugaHHs reset Ta TaktoBoi yactotu clk. [lo curnany ckumaHHs TUPPOBUit
aBTOMAT TEPEXOAWUTH N0 ToYaTKoBOro craHy Init. Bei iHmn mepexomu
BUKOHYIOTBCSI 1O TepeAHboMY (GPOHTY TakToBoi wacToTH. [lo ¢dpoHTy
TaKTOBOT YaCTOTH 3HAYEHHs HACTYIHOTO cTaHy (next st) 3amucyeTbes 110
Tpurepa, skuii 30epirae crad nudposoro aBromara (present _st). [lis onmcy
poboTu 1MdpoBOro aBroMaTa B IIJIOMY HEOOXiIHO TpoaHalli3yBaTH BCi
CTaHW [U(POBOTO aBTOMaTa, TOOTO TaOMUIFO mepexoniB. s 1BOro
MO’KHa BUKOPHCTOBYBATH OniepaTop Case.

BepxHs yacTHHa, sIKa ONKMCye KOMOIHAIIHHY CXeMy 3a JOMOMOTOO
orepaTopa Ipolecy, MOBUHHA B CIHHMCKY IHII[IaNi3aTOPiB MICTUTH BXIHI
CHUTHAJIM Ta CUTHAJ HACTYIIHOTO CTaHy (next_st).

Hpuknag 3.14. PosrmissHeMO B SKOCTI NPHUKIAAY LUPPOBHI
aBTOMAT, KM OmUCcye poOoTy cBiTiodopy. Lle# 1udposuit aBToMaT mMae
’sath craHiB: novarkoBuid (Init), yepBonuit (R), 3enenmit (G) Ta nBa
JKOBTUX — OJIMH AJIsl Iepexoty 3 yepBoHoro 1o 3eseHoro (RG), a npyruii 3
3eneHoro o yepBoHoro (GR). ¥ Tomy BUmanky, Komu BXijg cnt JOPIBHIOE
HYJIIO HISKMX [TEPEXO/IiB HE BUKOHYEThCS, KOJIM BX1J JIOPIBHIOE OMHHMIII TO
BinOyBaeThCsl Tepexig B HacTymHuil ctaH. ['pad mudpoBoro aBTomara
300pakeHHii Ha PUCYHKY 3.25.

Ileti ke aBTOMAT MOKE OYTH IPEACTABIICHUI 3a JTOIIOMOrOK0 TaOJIHIII
nepexoaiB (tabmuus 3.2) ta Tabnumi BuxomiB (Tabmuus 3.3). Y Tabwmimi
Nepexo/iB y KOXKHIM KITHHII 3amuCcyeTbcs HACTYNMHHHA CTaH, B SKHHA

131



3.3. Onnc undposnx asmomamis

HEepPEeXOANTh aBTOMAT B 3aJIKHOCTI BiJl YMOBH II€PEXOXy Ta HOTOYHOTO
ctany. TaOnuis BUXOIIB UIIOCTPY€E BIAMOBIAHICTH MIX CTaHAMU aBTOMAara
Ta MOTO BUXOAAaMH.

Pucynox 3.25 — I'pagh yupposozo asmomama ceimnrogpopa

Tabnuys 3.2 — Tabauys nepexodis yughposoco aemomama

[ToTounuii ctan Hacrtynnuii cran VMoBa niepexony
(present_st) (next_st)
Init Init cnt
Init R cnt
R R cnt
R RG cnt
RG RG cnt
RG G cnt
G G cnt
G GR cnt
GR GR cnt
GR R cnt
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Tabauya 3.3 — Tabauys euxoodis yughposozo asmomama

[Torounwmii cran (present_st) Buxinnuii curnan
Init 000
R 100
RG 010
G 001
GR 010

Hns ommcy craniB L[A HEOOXigHO omMCaTH TMEPENiYNMHNA THI, B
AKOMY OyIyTh TIepepaxoBaHi Bci CTaHH. Y HaBEIECHOMY MpPHUKIAI]
BBOJIMTHCA THN State_type, sxwii MmicTuTh I'sTh 3HadYeHs: Init, R, RG, G,
GR. 11t poOOTH KOHKPETHOTO €K3eMILIsIpa u(POBOrO aBTOMaTa NOTpiOHO
OITMCATH CUTHAJ IIbOTO THITy. Y NMpHKIajl e curran state. [Ipu BukonanHi
MpoIECiB e curHaia Oyjae mnpuiiMaTH 3HAYCHHS IMOTOYHOTO CTaHy
UQPOBOTO aBTOMATA.

library ieee;
use ieece.std logic 1164.all;

entity traffic is

port (clk : in std logic;
cnt : in std logic;
reset : in std logic;
output : out std logic vector (2
downto 0));

end entity;

architecture rtl of traffic is
type state type is (Init, R, RG, G, GR);
signal state: state type;

begin

—— OINNC IMOCJI1OOBHICTHOI YAaCTMHU
state proc: process (clk, reset)
begin
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3.3. Onnc undposnx asmomamis

if reset = '1l' then state <= Init;
elsif (rising edge(clk)) then
case state is
when Init => if cnt = '1'
then state <= R;
else state <= Init;
end if;
when R => if cnt = '1"
then state <= RG;
else state <= R;
end if;
when RG => if cnt = '1'
then state <= G;
else state <= RG;
end if;
when G => if cnt = '1"
then state <= GR;
else state <= G;
end if;
when GR => if cnt = '1'
then state <= R;
else state <= GR;
end if;
end case;
end if;
end process;

-— onuc koMOiHaAuLiMHOI YaCTUHU
out proc: process (state)
begin
case state is
when Init => output <= "000";
when R => output <= "100";
when RG => output <= "010";
when G => output <= "001";
when GR => output <= "010";
end case;
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3.3. Onnc undposnx asmomamis

end process;
end rtl;

Yacogi giarpamMu poO0OTH U(PPOBOTO aBTOMATA HABEJCHI HA PUCYHKY
3.26. Ha pucyHky KpiM TOpPTIB TOKa3aHI TaKOX CTaHH IH(PPOBOTO
aBTomara. /J[ns 1iMEH CTaHIB BHUKOPUCTOBYETHCS TAaKHi CHHTAKCHUC:
im’a_cuenana.3navenns_cmany. Hanpuknan, state.R.

|0 | et [ ] ]

> o |1 L L L L L L L L
2 ont

ﬁ output 000 100 mo [} 100 [i[] [1if] [ii[1] 100
; e shate:Init state.R state.RG state it state.R state.RG state.G state.GR state.H

Pucynox 3.26 —Hacoei diacpamu pobomu yugposozo asmomama
Kepy8anHs ceimaoghopom

Onwucannii Bume nupoBuil aBTOMaT (HOPMYE ACHHXPOHHI BHXIiAHI
curHany. OJTHaK BelMKa KUTBKICTh CUCTEM TOTpedye mo0 BUXiHI CUTHAIN
Oyl CHHXPOHHMMHU BiJIHOCHO (POHTY CHTHaNy TaKTOBOi dacToTH. [lis
TOro, 1100 OTPUMAaTH CHUHXPOHHI BHXIJHI CHUTHalU Ipolec out proc
MOBUHEH MICTUTH B CIHCKY IHII[IaNi3aTOPIB KPIM CHTHAJIy CTaHy
UQPOBOTO aBTOMATA TAKOXK CUTHAI TAKTOBOI YaCTOTH.

out proc: process (state, clk)
begin
if (rising edge(clk)) then
case state is
when Init => output <= "000";
when R => output <= "100"
when RG => output <= "010"
when G => output <= "001"
when GR => output <= "010"
end case;
end if;
end process;

’
’
’
’
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3-4. Omnc namami 3 Buxopmcmaririam VHDL

3arajibHi MOJI0KeHHS

IMlam’sste Ha MoBi VHDL onmcyeTscsi SK MacuB BEKTOPIB.
PospsimHicTh BEKTOpa BH3HAYAETHCS PO3PSIIHICTIO YapyHKH TIaMm ATi, a
KUTBKICTh BEKTOPIB KUIBKICTIO YAPYHOK B MOJYJIi TTaM’SITi.

Hanpuknaa, mist momynas mam’sTi 3 32 4yapyHOK, KOXKHa 3 SIKHX
MICTUTH 8 OIT HEOOXiTHO OTOIOCHTH MacHB, B IKOMY 32 BEKTOPH, KOXKEH 3
AKHX € BOCBMUPO3PSIHNM.

type mem is array (0 to 31) of
std logic vector (7 downto 0);

Jani HeoOXigHO OMMCAaTH BXOIU aapeCcH, BXOJIU Ta BUXOAM JaHHX.
Twur HopTiB aHUX TMOBHHEH CIIBIAIATH 3 TUIIOM JAHUX OKPEMOI YapyHKH.
Jlns HaBenenoro Buiie npukiana — e Std_logic_vector (7 downto 0).

data in: in std logic vector (7 downto 0);
data out: out std logic vector (7 downto 0);

Tun nanux s aapecu — integer abo 3acHOBaHi HA HbOMY TUTH. TuI
integer HeoOXiqHMIT TOMY, 110 aJpeca BAKOPUCTOBYETHCS SIK IHIEKC MACHBY
nam’sTi.

addr: in integer range 0 to 31;

Omnuc nam’siTi Kpawie BUKOHYBaTU 3a JIOTIOMOI'O¥0
napaMeTpu30BaHuX MoayJiB. Lle 103Bojsie TIOBTOPHO BHKOPHUCTOBYBATH
HanmucaHuii koa. Hwkve HaBeqeHUi NpUKIIaa napaMeTpu30BaHOTO MOYJIS
po3mipoMm  32x8. Y  mpukiami Ui ONKMCY  MOAYJS  IaM’sTi
BUKOpUCTOBYeThCsl mapamerpu addr_width Ta data_width, sxi 3aparots
PO3PSITHICTh HIMH agpecyd Ta JaHWX BianoBimHO. KiNbKiCTh YapyHOK B
Onomi mam’ATi B IBOMY BHIAAKy BH3HAYaeThcs sk 2300-Width 5 gy
po3psaaHiCTh HopiBHIOE data_width.

generic (addr width: natural:= 5;
data width: natural:=8);
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port (addr: in integer range 0 to
2**addr width - 1;

data in: in std logic vector (data width-
1 downto 0)

data out: out std logic vector
(data width-1 downto 0)
) ;
type mem is array (2**addr width-1 downto 0)
of std logic vector (7 downto 0);

3.4.1. Onuc nocTiiHUX 3am’SITOBYIOYHUX NPUCTPOIB
Ha moBi VHDL

[Ipu omwmci MOCTIHHAUX 3amaM’ATOBYIOUHX MPHUCTPOIB BMICT YapyHOK
HEOOXiIHO BU3HAYATH TPW HANMCAHHI MPOrpaMu. MOKINBO BUKOPUCTAHHS
JIEKITbKOX BapiaHTIiB BU3HAYCHHS BMICTY IaM’sITi:

—  CTBOPEHHs KOHCTaHTH a00 CUTHAITY THITYy «MacHUB»;
—  BUKOPHUCTaHHsI OIlepaTopa case;
— BukopuctanHs *.mif ¢aiiny Ta aTpuOyTiB CHHTE3Y.

3 TprOX BapiaHTIB JABa Mmepumwli MOXYTh OyTH peani3oBaHi Ha
mikpocxemax [IJIIC Oynb-sikoro BUpOOHWKA, a TPETid MOXKIUBHHA JIHIIE Y
naketi Quartus II.

BuzHauenHsi BMicTy mam’siTi 3a JOIOMOI0K0 KOHCTAHTH
a0o macusy.

ITpu BUKOpUCTaHHI LBOTO BapiaHTy CIOYATKy HEOOXiHO OTOJIOCUTH
THI, 10 Oyne BiAmoBimaTH po3Mipy Onoka mam’sti. [1oTiM oromomyerbes
KOHCTaHTa I[bOTO TUITY 1 BU3BHAYAETHCS BMICT BCiX YaPYHOK MACHBY.

Hampuxian, oroinocumo HoBuit Tunt ROM, sikwuii sBiisie co00r0 MacuB
3 8 yapyHOK, KOKHA 3 SIKUX Mae po3mip 8 OiT. [ToTiM BU3HAYMMO KOHCTAHTY
Content Tty ROM.

type ROM is array (0 to 7) of
std logic vector

(7 downto 0);
constant Content: ROM := (
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=> "(Q0000001",
=> "00000010",
=> "(00000011",
=> "00000100",
=> "00000101",
=> "00000110",
=> "00000111",
=> "00001000",

~ oo dbd WP O

) ;

Jis  BUKOpPUCTaHHS Takoi KOHCTAaHTH HEOOXITHO TMPOCTO
aZipecyBaTy HEOOXiHY YapyHKY B MacHBi 3a JONIOMOTOIO BXiJHHX JaHUX 3
nmiHi angpecu. [lpu mpoMy HEOOXimHO, IIO0 ajpECHH MOPT MaB THI
integer, ab0 MOXiAHMN 3 HHOro. BUXIAHMI TOPT NAHUX TMOBHHEH MAaTH
TaKWi CaMUil THII, SIK 1 THIT YapyHKH 070Ky 1am’ti. J{7s1 HaBeneHoro BHIIE
npuKiaga Buxinauii mopt Data_out moBuHen matu tun std_logic vector (7
downto 0). Toctyn g0 BMicTy iam’siti Oy/ie BUTIISAATH TAKHM YHHOM:

Data out <= Content (Addr);

Hpuknan 3.15. Posrisaemo npukian nosHoro onucy 6maoxy 311 3
BUKOPHUCTAHHSAM KOHCTAaHTH. biiok mam’sTi, 10 BiANOBiIA€ LBOMY OIHKCY,
MoKa3aHuil Ha pUCYHKY 3.27.

—3— addres [ROM do’ro_ou’r—i
—t Cclk
—{ rd
— cs

Pucynox 3.27 — bnox nam’sami, onucanuii y npuxiadi 3.15

Psanku 13 ta 14 oronomyroTes THN MacuB 3 32 yapyHOK, KOXKHa 3
SKUX MICTUTH 8 0iT. Pk 3 15 o 23 3a1ar0Th 3HaYSHHS YapYHOK MaCHBY.
OxpemMO BH3HAYAIOTHCS 3HAYEHHS TUTHKH JUIS IEpuX 16 9apyHOK — PSIIKH
3 16 mo 22. Bci iHII YapyHKH 3allOBHIOKOTHCS OJHAKOBHUM 3HAYCHHIM
«1111 1111» 3a gommomororo ciaoBa others — psagok 23.
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PoGora momynsi mam’sTi ONHCYEThCS 3a JOMOMOTOIO OIEpaTop
amporeca, y CHOHCOK iHimiamizamii sIKoro BXOAATH CHUTHaMM clk, cs,
address — TakTOBWH, BUOOpY KpHCTana Ta aJpecd BiAMmoBimHO. SKmio
CUTHaJ Cs JopiBHIOE onuHUI BuxifgHi niHii T13[1 nepexonste y Z-ctan
(pamxu 27 Ta 28). SIKmO X CHUTHAN CS JOPIBHIOE HYIIO, TO BHXOIU
MIEPEXOIATH 10 poOOUOTOo CTaHy 1 BiAOyBaeTbCa poOOTa MIKPOCXEMH.

Psanok 29 mepeBipsie HasBHICTH HEpeIHBOTO (PPOHTY TaKTOBOTO
cursaiy clk.

Psimkm 30-35 omucyrots mponec untanas indopmartii 3 11311, Sxkmro
curHajn rd AOPIBHIOE OAMHUII JO3BOJSETHCS YUTAHHS iH(POPMAIIil, SIKIIO K
BiH JTIOPIBHIOE HYIIO — BUXIiTHI JiHII iepexosaTsh y Z-ctaH (psaok 34). s
JOCTYIy OO KOHKPETHOI YapyHKH B MOZYJi Ham’Ti BUKOPHUCTOBYIOTHCS
psaaku 31 Tta 32. KoHcranta content Mae THUN JaHUX YapyHKHU
std logic vector, 1m0 BIANOBiAa€ THUIy BUXIZHOTO CHUTHATY
data out. CurHan ajpecu B MOIydl MaM’ATi TaKOX THUI
std logic vector, ToMy [ ajpecalii YapyHKH B MacHBi content
HeoOXiJHe mepeTBopeHHs Tuly std logic vector po tumy
integer, MO BHKOHYEThCA 3a JOIOMOIOK KOHCTPYKLii to integer
(unsigned (address). B mili KOHCTPYKIIil CHOYATKy CHUTHAN THUIY
std logic vector NmepeTBOPIOETLCS 10 CHTHANY THITy unsigned, a
BXKE TOTIM — 10 TUNYy integer. Bijblml JOKIaJHO MPO NMEPETBOPEHHS
TUMIB AuB. naparpad 2.3.

library ieee;
use leee.std logic 1164.all;
use lieee.numeric_std.all;

entity ROM is

port (clk : in std logic;
cs : in std logic;
rd : in std logic;
address : in std logic vector (4 downto 0);

data out: out std logic vector(7 downto 0));
end ROM;

architecture behav of ROM is
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type ROM array is array (0 to 31)
of std logic vector (7 downto 0);

constant content: ROM array := (
0 => "00000001",
1 => "00000010",
2 => "00000011",

12 => "00001101",
13 => "00001110",
14 => "00001111",
others => "11111111");
begin
process (clk, cs, address)
begin
if(cs = '1l' ) then
data out <= "ZZZZZ7Z727Z";
elsif (clk'event and clk = '1l') then
if rd = 'l' then
data out <= content(to integer
(unsigned (address)));
else
data_out <= "ZZ2727277Z77";
end if;
end if;
end process;
end behav;

PesynpTatn MozperoBaHHS HaBeJCHI Ha PUCYHKY 3.28.

0ps ED.Iﬂ ng 1EEI‘U ng 24EI‘EI hg BZUiU ng A1EIEI‘D ng 4EU‘U hg SEDiU ng E#U‘D
Name
0| @ sdhes
6| ok A e e Ty e e e e M |
[ X8 s IR D
I8 rd |
Lok data_out &5 SN WA | SIS z ) 4 FF

Pucynox 3.28 — Pesyromamu MoOent08anus O10KY nam 'smi
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Buznauennsi BMicTy mam’sATi 3a 10I0MOrolw omneparopa
case.

[Tpu BUKOpHCTaHHI omepaTopa case HEOOXiTHO OTOJIOCHTH IOPTH, a
BU3HAUEHHS BMICTy TMaMm’sTi BiIOYBa€Tbcs B apXiTEKTYpHOMY TiJi.
KoxHOMy 3Ha4eHHIO aJpecH CTaBUTHCA Y BIANOBIMHICT BMICT IIi€l
yapyHKH mam’ Ti. KoHcTpyKkiis Oyne MaTi TaKuil BUTIIS;

when agnpeca => BuxIigHMNE HOPT <=

BM1CT YapyHKM;

Hpuxnag 3.16. B sxocTi npuknagy po3rISTHEMO OMHC MOXYJIsI
nam’aTi 06°emoM 256%6. Anpec OMUCYETHCS BOCBMHUPO3PSITHAM BEKTOPOM
tumy std_logic, BUXix qaHNX — mecTHpo3paTHUM BekTopoM Ty std logic.
3a JIOMOMOrOI0 Ofeparopa case OKpeMO BH3HAYAETHCS BMICT IMEPIIUX
JECATH YapyHOK OJIOKy TIam’sTi, BCi IHIII BHW3HAYAIOTHCA pa3oM 3a
JOIIOMOT010 oneparopiB when others.

library iecee;
use ieece.std logic 1164.all;

entity mem is

port (

clock : in std logic;

address : in std logic vector (7 downto
0);

data out : out std logic vector (5 downto
0))7
end mem;

architecture rtl of mem is
begin
process (clock)
begin
if rising edge (clock) then
case address is
when "00000000" => data out <= "000111";
when "00000001"™ => data out <= "000110";
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when "00000010"
when "00000011"
when "00000100"
when "00000101"
when "00000110"
when "00000111"
when "00001000"
when "00001001"
when

end case;

end

if;

end process;

end rtl;

data out
data out
data out
data out
data out
data out
data out
data out

"000010";
"100000";
"100010";
"001110";
"111100";

"110111";

"111000";
"100110";

others => data out <= "101111";

Pesynprat MonmenroBaHHS OJOKY mam’sTi 3 mpukiaay 3.16 HaBeaeHi
Ha pUCyHKY 3.29.

0 ps

80.0ns

16000 2400ne  3200ns  4000ne  4800ne  B5600ns  B400ns  7200ns |

Name

w0

1

& 10

SIKHI MICTUTH 1H(OPMAIIit0 TIPO MOYATKOBUI BMICT I1aM’sITi.

clock

13125 ns
A

S S S i ) S g i

address

N I S |

02

X

Wy

X

I3

LN

o

data_out

DDDE* 000171 7 000170 " 000070 7§ 100000 7 100070 F 007170 F 179100 f 110711 % 111000

Pucynox 3.29 — Mooemosanns 610ky nam ’smi 3 npukiady 3.16

BusnavenHs: BMicTy mam’sti 3a qonomororo mif ¢gaiiry.

Le#t BapianT BU3HAUEHHS BMICTY TIaM’ sTi
MPOAyKIiero Kommanii Altera, ane ¥ 03BOJIsAE TyKe IMIBUIKO 3MIHIOBATH
BMicT mam’sTi. s onucy HeoOXigHO MiAKIounTH 0i0ioTeKy aTpuOyTiB
cunTe3y Kommanii Altera altera_syn_attributes Tta BuKopucToByBaTH
atpuOyt ram_init file. 3a 3amoBuyBaHHsM O0i0JliOTEKa 3HAXOAUTHCS Y
nanui nanka_quartus\libraries\vhd\altera. Leit arpubyt 3amae mif daiin,

npamoe Jume 3

Jns  BUKOpHCTaHHA WBOro arpudyTa HEOOXiJHO JeKIapyBaTH
aTpuOyT CUHTE3a, K PSAKOBHMA THIIL:
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attribute ram init file : string;

CrtBoputH 3B’s130K arpuOyTta ram_init file 3 curaamgom, mo ommcye
Omok mam’sTi. 3HaueHHs aTpuOyTa MOBMHHO CIIBMNAAATH 3 iMeHeM *.mif

taitny:

attribute ram init file of rom : signal is
"mem.mif";

Hpuxnag 3.17. B npuknani po3rasmaeTsCcs omuc OJOKY Iam sTi
00’emMoM 256x8. Pk 1-4 onucyroTh 0i0ioTekH Ta MOy, BuaHo, 1110 ¥
psaakax 1 ta 4 onmcyerses 6i01i0TEKa aTpUOYTIB CHHTE3Y.

Psinku 5-9 onucytots iHTephelicHy YacTHHY MOJTYJIS.

VY paakax 11 ta 12 BBOAATHCA THUI mem t Ta CUTHAJI rom IbOTO
THUILY, IO OMUCYIOTh MOIYJb [aM SITi.

B psinky 13 3amaerscs atpuOyT ram_init_file Tumy psaok, a y psaaxy
14 neit arpubyT MOB’SI3y€THCSA 3 CUTHAJIOM rom i poOUTHCS TMOCHIIAHHS Ha
(aitn mem.mif, B sKoMy HaBEZCHWUH BMiCT MOJIYJISI TTaM ’SITi.

BuxopucranHs Momynsi mam’sTi omucaHe B psaaky 19 i sBise
co0OI0 JMIIe BUBEICHHA Ha BHXIIHHUM NOPT BMICTY 4YapyHKH, IIO
BH3HAYA€THCS JIPECHUM CUTHAJIOM.

1 1library ieee, altera;

use lieee.std logic 1164.all;
use leee.numeric_std.all;
use altera.altera syn attributes.all;
entity mem is
port (clk: in std logic;
addr: in natural range 0 to 255;
g: out std logic vector (7 downto 0));
end entity;
0 architecture rtl of mem is
1 type mem t is array (255 downto O0) of
std logic vector (7 downto 0);
12 signal rom: mem t;
13 attribute ram init file: string;
14 attribute ram init file of rom: signal is
"mem.mif";

P OWOo Jo U b Wi

15 begin
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16
17
18
19
20
21
22

process (clk)
begin
if (rising edge(clk)) then

q

<= rom (addr) ;

end if;
end process;
end rtl;

Bmict mif ¢aiiny Bu3HayaeThCs 3a NOMOMOTO penaktopa mif
(haiiniB, skuit ommcaHuit B maparpadi 5.3.1. ns HaBeqeHOTO MPUKIATy
BIKHO 3 BMICTOM IaM’siTi ToOKa3aHe Ha pucyHky 3.30, a pe3ympraTth
MOJIYJIIOBaHHS — Ha pUcyHKy 3.31.

mem. mif l &

Addr | +0 | +1 | +2 | +3 | 4| +5 | +6 | 47 |

1

1] 2 4 G g 10 12 14

g

16 14 20 22 24 26 25 30

16

32 34 36 38 40 42 44 45

24

43 al a2 a4 a6 a8 G0 52

32

G4 3133 G5 70 T2 74 76 T3

40

30 g2 a4 a6 a3 90 92 94

43

36 93 100|102 104|106 103 110

a6

2 114 16 118 120 122 |124 126

G4

128 130 132 134 136 138 [140 142

72

144 146 143 (190 152 134|156 |138

g0

160 162 164 (1668 163 170|172 174

g5

176 178 180 182 |184 186 |183 190

96

192 194 196 198 (200 (202 |204 206

Pucynox 3.30 — Buicm modyas nam’simi

Name

0 ps a0, ID na 180‘0 ns 24DiD ns 320iD ns 4UUiD ns 4EDiD na SBUiD ns E4UiU 3 720‘0 na |

w0

clk
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o 10

addr

Hq

13125 ns

et e e e 1t 1 r

o0y oy @y 03 % 0 Y U5 Y U5 ¥ 07 ¥ 08 % 03
] [ G T T G ¥ 10

Pucynox 3.31 — Yacosi diacpamu pobomu Mo0yist nam 'smi 3 Rpuxiady
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3.4.2. Onuc onepaTHBHHUX 3amamM’SITOBYIOUHX
NMPHUCTPOIB

Onuc  omepaTuBHHX 3amam siTtoBytounx  npuctpoiB  (O3II)
BIZIPI3HAETHCA Bil OMHMCY MOCTIHHUX 3amaM STOBYIOUMX IMPHUCTPOIB JIMIIE
M, mo B O3I1 MokHA MPOBOAWUTH 3amuc. 3a HEOOXITHICTIO BH3HAYCHHS

noyatkoBoro Bmicty mam’siti B O3I1 MokHa TPOBOAMTH Tak camo fK i B
T1311.

. Hpuxnag 3.18. Cunxponnuii O3I1, mokazanuii Ha pucyHkKy 3.32.
Horo pobota onucyerses Tadbnuteto 3.4.

—1 addr [RAM| Do |-
e C”(

— WNn_R

e CSn

— Di

Pucynox 3.32 — Brox nam smi, onucanuii y npukiadi 3.18

Sk 1 B monepenHiX NPUKIaAax Juisi poOOTH 3 maM’SITTIO BU3HAYAEMO
HOBHM THI SK MacHWB, IO Ma€ pPO3MIpH HEOOXIHOTO MOJIYJS Tmam SiTi.

Binpi qokIazHO MPO THI BHYTPIIIHBOTO CUTHANY Ta MOPTIB AMB. IPHUKIIAL
3.15.

Tabnuys 3.4 — Tabnauysa oiticnocmi O311

Wn_R CSn Do[3..0] Pexum pobotn
0 0 2777 3aruc
1 0 Buxigxi gaHi Yuranas
X 1 7277 30epexeHHs
iH(popmaii

library ieee;
use ieee.std logic_1l164.all;
use jieee.std logic_unsigned.all;
use ieee.numeric std.all;
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entity mem is

port (clk : in std logic;

Wn R : in std logic;

CSn : in std _logic;

addr : in std logic_vector (4 downto
0);

Di : in std logic_vector (3 downto
0);

Do : out std logic_vector (3 downto
0)):

end mem;

architecture syn of mem is
type ram type is array (31 downto 0) of
std logic_vector (3 downto 0);
signal RAM : ram type;

begin
process (clk, CSn)
begin
if CSn = '0' then
if (clk'event and clk = '1l') then
if (Wn R = '0") then

RAM (to_integer (unsigned (addr))) <=
Di;
Do <= "Z727272";
else Do <=
RAM (to_integer (unsigned (addr))) ;
end if;
end if;
else
Do <= "ZZzz";
end if;
end process;
end syn;
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Pesynprati pobOTH CTHUMYyNATOpa MOMYJISA TaM’ STi 300pakeHi Ha
pucynky 3.33. TyT HeoOXiZHO 3BEpHYTH yBary Ha Te, IO MOYaTKOBHIi
BMICT BCIX YapyHOK MaM’sTi AOpiBHIOE Hym0. Lle BuAHO mig yac unTaHHA
YapyHOK 3 HOMepaMHu 6-8 3HaueHH:, 10 BUBOAWTHCS HA BUXIJ JOPIBHIOE

HYJIIO.

>0 [ 5@
e | ok I O 0 O e O O 0 O
7 £Sn N
e | B D [ s T e s A YEY 0 B

13 | E Do z ¥ 0 ¥ i b1 z
18 Wr R |

Pucynox 3.33 — Yacoei diacpamu pobomu O3I1

Hpukaax 3.19. Ilam’aTh 3 ABOHANIPABJIEHHUM NOPTOM AaHuMX. B
SKOCTI MpHKJIaxy OyJeMO BHKOPHCTOBYBATH MaM’SiTh 3 TAaKOIO YK CaMOIO
JIOTiKOI0 poboTH Ta 00’eMoM, sik Oyjia ommcaHa BUIe. AJie B I[bOMY
MpUKIai 1Ba mopTH — BXigHuit Di Ta Buxigauit Do OyayTs mpenctaBieHi
OJIHMM JIBOHampasieHuM noprom DIO.

library ieee;

use ieee.std logic_1l164.all;

use ieee.std logic_unsigned.all;
use ieee.numeric std.all;

entity bidirmem is

port (clk : in std_logic;
Wn R : in std logic;
CSn : in std logic;

addr : in std _logic_vector (4 downto O0);
DIO : inout std_logic_vector (3 downto 0));
end bidirmem;

architecture syn of bidirmem is
type ram type is array (31 downto 0) of

std logic _vector (3 downto 0);

signal RAM : ram type;

begin
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process (clk, CSn)

begin
if CSn = '0'" then
if (clk'event and clk = '1l') then
if (Wn R = '0") then
RAM (to_integer (unsigned (addr))) <=
DIO;
else
DIO <=
RAM (to_integer (unsigned (addr)) ) ;
end if;
end if;
else
DIO <= "ZZzZz7";
end if;
end process;
end syn;

PesynbTar cumymsmii mam’ati 300pakeHuii Ha pucyHky 3.34. [leprri
Tpu TakTH 4yactoTu clk iHpopMaliis 3amucyeTbesi B aM’siTh, TOTIM OJIMH
TaKT 1aM’sSTh MEPEBOAUTHCA B TpeTii cran curHamoM CSn. Tpu ocranHi
TaKTH BUKOHYETHCSI YMTAaHHs 3amucaHoi iHdopmamii 3 mam’srti. Takum
YMHOM Teplri TpU TakTu iHpopmaiito Ha BuBogax DIO renepye 30BHIIIHE
JOKEepeJIo CUTHaly, a IOTIM IIe JDKEPeJIo BiJKIIoYaeThes 1 iHpopmarlis
BUBOJUTHCS 3 MIKPOCXEMH.

B pesynbrari cumyiisiii 3’SIBUTHCS JOJATKOBA TpyNa BHXITHUX
curHaiiB, ski HazuBaroThcsi DIO~result. Ha BuBomax DIO BimoOpaxkeHi
JaHi, SKi TeHepye 30BHIIIHE KEPENIOo CHUTHANy — L€ Meplli TPH TaKTH
yactotd clk. IloTiM 30BHILIHE JKEPEIO CUTHAIY BIJKIIOYAETHCS, IO
300pakeHo 3HaueHHsmu 7777 ua suBoaax DIO. Ha BuBogax DIO~result —
peaibHe 3HA4YCHHs, SIKE ICHYE Ha BHMBOJAX MiKpocxeMH. BoHo Moxe
KEepYBaTHCh SIK 30BHILIHIM TaK 1 BHYTPIIIHIM JPKEPEIOM B 3aJIeKHOCTI BiX
pexXuMy poOOTH — BBOAY 200 BUBOY JaHHX.
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=0 CSn |

[l Wr_R |

2 ok J | I | I | J | ] | J | ] |
3 addh 00000 00007 00010 Q0077 ¥ oooog 00007 [
B3 Do 070 100 ] 23

14 ploop=eewt [ 0 pe— [ 1
15 Dioffest 1 p—
S8 | Dot | L p— [
@17 DID[E]“result . pe—

Pucynox 3.34 — Hacosi diazpamu nam’ami 3 060HanpasieHum nopmom
OaHux

3.4.3. Onuc ABOXMOPTOBOI MaM’ATI

Mpuknaan 3.20. [{nsg npukiagy JBOXIOPTOBOI IaM’sITi Bi3bMEMO TaK
3BaHy JAIMCHO TBOXIOPTOBY Mam’sITh 3 OJHUM TakToBuM curHaioMm (True
Dual-Port RAM with Single Clock). Ile o3nauae mo 070K mam’siTi
(pucyHok 3.35) MICTUTH JBa HE3aIEKHHX IMOPTH JOCTYMY A0 CIHJIBHOT
maM’sati — A 1 B ta onuH 3aransHuii TaktoBuil cur"ain clk. IToseminka
JBOXIIOPTOBOTO MOJYJIS 11aM’sITi BU3HadaeThest Mikpocxemoro [IJIIC, B sikii
pearnizoBaHo npoekT. [lomanbin pe3ynbTaTH MOAETIOBAHHS MOKa3aHi IS
mikpocxeMm cimeiictB Cyclone II i BOynoBaHoro 61oky mam’siti M9K.

= a_addr | Dual-Port| b_addr —3—
-5 o_\g_r RAM l:l)a_(;l/yr BB
a_din _din
j'(z a_dout b_dout —,_@

— clk

Pucynok 3.35 — Mooyas 06oxnopmosoi nam ’sami

OcCoO0JIMBICTIO JBOXIIOPTOBOI MaM’sATI € HEOOXITHICTh peaizarii
OJTHOYACHOI'O JOCTYIY [0 BMICTy mam’sTi BiJ 1BoX moprtiB. Ilpu mpomy
MOYJIMBO JIeKiJIbKa BapiaHTiB poOOTH aM’sITi:

— 3anuc abo0 YMTaHHS MOPTaMH Pi3HUX YapyHOK B MOJIYJI Mam sTi.
B npomy BUMagKy MO)KHA CIpUIMAaTH ABOXIOPTOBY IaM’ATh SIK
JIBa PI3HUX MOIYJIi ITaM’ATi, SIKi HE BIUIMBAIOThH OJTWH Ha OJTHUH.
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— Uwuranaa mopTaMu OfHi€l i Ti€l K YapyHKH B MOZYNi Iam’ATi.
Cutyaniss Oyne anajoriuHa mnomnepenHid. BrnmuB — mopris
BiJICYTHIH.

— 3amuc iHQOpMarii B YapyHKY OJHUM ITOPTOM 1 YATAHHS 3 Ii€i XK
YapyHKH 1HIIMM MOPTOM. Takuii pexuM Ha3UBAIOTh YATAHHS i
gac 3ammcy (Read-During-Write Mode). TloBeminka O6soky
mam’aTi B [bOMY BHIAAKYy BH3HAYAE€THCA MOXKIMBOCTSIMH
mikpocxemu [IJIIC, mo BHUKOPHUCTOBYETBCSA I MPOEKTy. Tomy
pO3TIsTHEMO [1Ba HAWOIUNBIN BIPOTIMHWX BapiaHTH MOBENIHKH
MIiKpOCXeM:

o Crapi gani (Old Data) — npu uyuTaHHi Ha BUXOJI
BiOOpaKaloThCS Ta JaHi, SKi OyiaW 3amucaHi B
YapyHKy mam’sati. HoBi naHi 3anucyroThCs B YapyHKY 1
Ha BUXOJAl MOpPTa, IO YUTAE JaHi, 3’SBJIATHCA B
HACTYITHOMY TaKTi.

o He BawumBo (Don’t Care) — Ha BHXOII B pEXHMIi
cumyIiiii Oyne mokaszanwii curHanm «Don’t Carey,
TOOTO SIKECH HEBIIOME 3HAYEHHS.

—  OpaHodacHMi 3amuc JBOMa MOPTaMu iH(GOpMallii B OJHY YapyHKY
nam’sati. Taka cuTyalisi NpU3BOJUTH A0 KOHQIIIKTY, TOMY ii
pe3yabpTaT HEMOXIMBO mnepenadaunti. OCKUIbKM OJIOK mam’siTi
MOK He MicTUTh JIOTiKM, IO Tependadac BUPILNICHHS TaKWX
KOH(QJIIKTIB, TO ii HEOOXiZIHO peali3oByBaTH OKPEMO B JIOTIYHHX
eslemenTtax mikpocxemu [JIIC.

[ npukiagiB BUKOPUCTAEMO MOXYJb IaM’ATi 00’€MOM OAWH
KinoOaiit. Moxmyns Oyne mapaMeTpU30BaHMM, IO JO3BOJIUTH JIETKO
3MiHIOBaTH #oro o0’em. [Ipu onmci TOPTIB JBOXIOPTOBOI IaM’sTi
onucyemMo o0uaBa moptH. BuBoau mopty A OyAayTh MICTHTH OYKBH «a_ »
nepes HaB30l0, a MoTpy B — «b ». B iHmomy noptu omHakoBi. s
TaKTYBaHHs BUKOPUCTOBYEThCS 3arajlbHUN TaKTOBHIA curHal clk.

SAx 1 mpu ommci O3II i [I3I1 orosomryemMo cUrHall THUIy MacuB, IO
Mmae po3mip 1Kx8. Bin Oyzae npeacTaBisaT 3arajbHUNA OJI0K mam’sITi.

ApXITeKTypHa YacTUHa TPOrpaMH BKIOYa€e B ceOe JBa MpOIECH,
KOXKEH 3 SIKMX OmHcye poOOoTy OKpemoro mopTry. BoHH omHaKoBi, Tomy
PO3IIISIHEMO POOOTY JIHILE OJHOTO ONIEpaTOpa MpoLecy — AJS MOPTy A.

150



3-4. Orme nam’saimi 3 Bukopuemanusm VHDL

IIpm HagxomkeHHI mepenHHOr0 (POHTY TaKTOBOI YaCTOTH
NPOBOAMTHCS aHAIII3 CUTHAY 3alucy a_ Wr. SIKIIO BiH AOPIBHIOE OAWHMUIIL,
TO BUKOHYETHCS 3amuc iHpopmauii 3 mopty a_din B wapyHky. Ha Buxin
a_dout BuBoguThCA iHPOpMAaIisg 3 BxigHOTO TTopTy. Ko x curHan 3ammcy
a_Wr JOpiBHIOE HYIIO Ha BuXiZ a_dout BUBOTUTHCS BMICT YapyHKH, IO
azpecyeThcst mopToM a_addr.

Sk BHOHO, TIpH OMHUCI OKPEMOTO MOPTy A JKOIHUM YHHOM HE
omucyeTbess poboTta mopty B. ToOTO XogHMX KOH(IIKTHUX CHUTYaIlii HE
OIKCYETHCS 1 MOBEAIHKA JBOXIIOPTOBOT IMaM’sITI MIJTKOM OyJie BU3HAYATHUCh
apxiTeKkTyporo BOyaoBaHOro Moayiist mam’siti M9K.

library ieee;

use ieee.std_logic_1164.all;

use ieee.std logic_unsigned.all;
use ieee.numeric_std.all;

entity dualport is
generic (
DATA : integer := §;
ADDR : integer := 10
)7
port (
clk : in std logic;
-— Port A
a wr : in std logic;
a addr : in std logic_vector (ADDR-1
downto 0);
a din : in std logic_vector (DATA-1
downto 0);
a _dout : out std logic_ wvector (DATA-1
downto 0);

-- Port B

b wr : in std logic;

b addr : in std _logic_vector (ADDR-1
downto 0);

b din : in std logic_vector (DATA-1
downto 0);
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b dout : out std logic_vector (DATA-1
downto 0)
) ;
end dualport;

architecture rtl of dualport is

type mem type is array ( (2**ADDR)-1
downto 0 ) of std logic_ vector (DATA-1
downto 0);
signal mem : mem type;
begin
-— Port A
process (clk)
begin

if(clk'event and clk='1l"') then
if(a wr='1") then

mem (to_integer (unsigned(a addr))) <=
a din;
a dout <= a din;
else
a_dout <=
mem (to_integer (unsigned(a_ addr))) ;
end if;
end if;

end process;

-— Port B
process (clk)
begin
if (clk'event and clk='1l'"') then
if(b wr="'1"') then

mem (to_integer (unsigned (b _addr))) <=
b din;
b dout <= b din;
else B
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b dout <=
mem (to_integer (unsigned (b _addr))) ;
end if;
end if;
end process;

end rtl;

PesynpTaTi cumysisinii ABOXMOPTOBOI MMaM’ATi MOKa3aHi HA PUCYHKY
3.36. Ha HpoMy po3risigaeThcsi ogHOYacHa poboTa aBoX moptiB A i B 3
onHiero yapynkoto 2BC. Tlonepenns indopmarist B yapyrmi — 00.

B mepmoMy TakTi BUKOHY€EThCS 3alHMC YUcia SA B 4apyHKY 3 MOPTY
A 1 yntanHs yapyHku 3 opTy B. Ha Buximamii mopt a_dout depe3 neskuit
Yyac HaJXOJIUTh HOBE 3alycaHe 4ucio SA, a Ha BUXiZHOMY mopTi b_dout —
crapa inpopmartis 00.

B npyromy TakTi BUKOHYETBCS YUTAHHSI IBOMA MOpTaMu iHpopmarii
3 OIHI€1 YapyHKH 1 HAa 000X BHXITHHUX MOPTaxX OJHaKoBa iH(opMarris — SA.

B TperpoMy TakTi opT A uuTae naHi, a nopt B — 3anucye uncio 02.
Ha Buxozi mopty A — Tex came uuciio SA, a mopty B — HoBa indopmarris —
02.

YeTBepTuil TaKT — YUTAHHS 3 YapyHKH ABoMa mopramu. Curyaris
nojibHa 7O OmKMcaHOi B JAPYroMy TakKTi — Ha 000X BHXIJIHUX IOpTax
onHakoBa iHpopmaris — 02.

I’sTrif TakT — OAHOYACHWU 3ammc pi3HOI iHQopMamii B OHY
YyapyHKy 3 1BoX noprtiB. [lopt A 3amucye uucio SE, mopt B — uuncno 04. B
BOMY TaKTi Ha BUXOJaX MOPTIB Ta iH(popMallis, SKy BOHH 3alHCYIOTh B
yapyHKy — Ha Buxofi a_dout — uucio SE, Ha Buxoni b_dout — uucno 04.
Taka cuTyalis MOBHICTIO BIANOBiAaE mporpami, IO OMNHUCYE OJIOK
nBoxmnoptooro O3I1.

octuii TakT — OJHOYACHE YHUTAaHHS [BOMa MOPTaMHU MLi€i XK
yapyHkd. Ha BuxigHux moprax HeBu3HadeHa iHdopmaris. ToOTo peanbHa
cuTyallis Oyje BU3HAYATHCh YaCOBUMH CITiBBIIHOIICHHIMM MIX BXITHHUMH
CUTHaJIaMH 000X TOPTIB 1 KOXHOTO pazy Oyne pisHow. Tomy st
3ano0iraHHsl TakUM KOH(JIIKTHUM CHTYyallisiM HEOOXigHO mependadyuTu
OKpeMy cxemy apOiTpaxKy.
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-0 clk 1 1 1

1 [ I e | e —

2 a_addr ZHC

i>13 a_din £ £ 5l 5l ES o &0
D2 a_dout [ 4 B b4 02 )4 B ) 4 =
5 b st D R e E—]

mF32 b_addr Z6C

[otE] b_din I ] i3] [13
[E1 b_dout [} 4 ) ) i y 0 ) 4 o

Pucynox 3.36 — Hacosi diacpamu pobomu 060xnopmosoi nam ‘smi

Sk Oynmo BkazaHO BwWIE, IS apOiTpaky Wi 4Yac OJHOYACHOTO
3amucy pi3HUMH moptamu  iHQopMmamii oaHiel dYapyHKH HE0O0XiTHO
CTBOPHUTH JIOJATKOBY cxeMy. Y HaBeJIeHOMY HIDKYe MPUKIIAli Taka cxema
aHami3ye BXiJHI agpecu 3 000X MOPTIB i, SKIIO0 BOHU OJHAKOBI, JO3BOJIIE
3ammmc iHpopmarii 3 mopty A. [ndopmaris 3 mopty B irHopyerscs. Himkue
HaBEJICHA JIMIIE YacTHHA Iporpamu, o onucye noprt B. IHma dactuHa
MIpOrpaMu HE 3a3Haja 3MiH.

-— Port B
process (clk)
begin

if(clk'event and clk='1l') then
if (b wr='1"') then
if a addr = b_addr and a wr='l' then
b dout <=
mem (to_integer (unsigned (b _addr))) ;
else
mem (to_integer (unsigned (b addr))) <=
b din;
b dout <= b din;
end if;
else
b dout <=
mem (to_integer (unsigned (b _addr))) ;
end if;
end if;
end process;

B pesymprari xommimmii Takoi mporpamu B Mikpocxemi IIJIIC
3’IBUTBbCA KOMIIapaTop, U0 OyzAe mopiBHIOBATH agpec HopTiB A i B. Taka
cxema s 10-po3psgHux aapec morpedye Oumbiie 24 THCSY JOTIYHUX
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enemeHTiB y Mikpocxemi Cyclone III. B Toii ke gac cxema 6e3 apOiTpaxy
ajipec 30BCIM HE MOTpeOyBasia JIOTIYHUX EJIEMEHTIB I peaiisamii — BCs
cxema OyIa pealli3oBaHa 3a paXyHOK BOYJIOBaHOTO OJIOKY TIaM’STi.

Ha pucynky 3.37 HaBezieHi 9acoBi giarpamu poOOTH, 3 SKOTO BHIHO,
M0 y IIOCTOMY TaKTi MiJ 4Yac 4YnTaHHS iHQopMamii Ha BCIX BUXITHUX
noprtax Oyzae onHakoBa iH(opmariist SE.

ok | 1 1
aw L T 1 1
a_addr £
a_din = 5 5 5 £ Ed B0
a_dout [N ) ¥ 0z ;4 5
b I R S e N B
b_addr £
b_din z ig 07 i3 [
b_dout ] y 5 ¥ 0z ¥ E

Pucynox 3.37 — Hacosi diazpamu pobomu 060xnopmosoi nam ami 3i
cxeMoro apoimpanicy 00OHOYACHO20 3aNUcy

35. Tlaxemm, npoyeqypm ma gyrxyii
3.5.1. IlakeTn

[laker mo3Bossie 3rpymyBaTH OMWCH OJIOKIB, THIIIB, MiAIpOTpaM, SKi
9acTO BHKOPHCTOBYIOTBCS B €IUHY CYKYIHICTb, SIKa MOXe Jaii
OaraTopa3oBO BHKOPHUCTOBYBATHCS B PI3HUX IpoekTax. [laker Moxe
BUKOPUCTOBYBATHCS SIK Y PI3HUX YacTWHAX OJHIET MOJENi, Tak i B pI3HUX
MOJIEIISIX.

ITaker (package) — 1e OOk, SKHH MOXe BKIIOYATH Oe3Imid
JIeKJIaparii:

- TUIIIB,
- IIJTHIIIB,
- KOHCTaHT,
- KOMITOHEHTIB,
- Ipouenyp,
- GyHKuii,
- (haitmis.
Onuc nakeTa CKIAAAEThCA 3 ACKIapaTHBHOI YACTUHH 1 Tijia MaKeTa.
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(0)117(¢ I[CKHapaTHBHOI YaCTUHHU Ma€ HaCTynHI/Iﬁ CHUHTaKCHUC:

package im’sg makera is
Po3min mekJjapalin:
mekJjapallisg nignporpawm;
mekJjapalis TuniB Ta nigTunis;
oekJjapallis KOHCTAaHT;
oekJjapallis curHajuis;
oekJjiapallis KOMIIOHEHTI1B
end imM’g nakera;

Omnuc Tina makeTa Ma€ HACTYITHUI BHTIISI

package body im’sa nakera is
IekJjlapalliga nianporpam;
OekJjlapauisa Tunie Ta nigTunis;
oekJjapallis KOHCTAaHT;
end im’' A makera;

Jexnapariis Tija nakeTa ayke noAiOHa 70 Aekiapariii caMmoro makera
3a BUKJIIOUEHHSM 3ape3epBoBaHOro cjiosa body micns cinoBa package.
Tino makeTra MOBMHHO MICTHTH JEKJapallilo MiAnporpaM, SKIIO BOHH
OroJIOIIEHI y JeKjapaiii mnakera. Ajie HEoOXiJIHO mam’sTaTd, IO I
JIeKJIapariii MoBUHHI MaTH TaKy X caMy KiJIbKiCTh MapaMeTpiB, iX THM, 5K 1
OroJIOIIeH] B Jiekiapallii makera. KpiM 1bOTO TUIO MakeTa MOXE MICTUTH
peamizanito HaBeAeHUX mimnmporpaM. [Ipu ommci B T makera THIMIB,
MiATHITB, KOHCTAaHT BAXKJIMBO BPaxOBYBAaTH, IO Ii 00 €KTH HE OyayTh
JOCSDKHI 32 MEXKaMH TiJla aKeTa.

Mpukaan — 3.21. B sxocti npukiaay po3riisiHEMO MakeT auxiliary,
akuii onucye nBa poxatkoBux tunu MUX input Ta operation_set, miaTumn
MUX_Address, ¢pynkuito Compute Address ta xoncranty Deferred Con.
[lpu pexnmapanii THIY OMUCYIOTHCS BCI IIi CYTHOCTI, a MpPU OIUCI Tina
MAKEeTy OINHUCYEThCS JIHMINE peamizainio (QyHKIii Ta 3HaYCHHS KOHCTAHTH.
JJ1s BUKOpUCTaHHS OTO MAaKeTy HOro HEOOXiAHO Mia’€IHATH J0 MPOEKTY
sIK 010J1I0TEKY.

library ieee;
use ieee.std logic_1164.all;

package auxiliary is
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type MUX input is array (integer range<>)
of std logic_vector (0 to 7);
type operation set is (SHIFT LEFT, ADD);
subtype MUX Address is positive;
function Compute Address (IN1 : MUX input)
return MUX address;
constant Deferred Con : integer;
end auxiliary;
package body auxiliary is
function Compute Address (IN1 : MUX input)
return MUX address is
begin
end;
constant Deferred Con : integer := 177;
end package body AUXILIARY;

3.5.2. Ipouenypu i pynkuii

IMpouenypu i ¢dysknii B moBi VHDL BHKOHYIOTH Taky X camy
(yHKIIIO, 1O 1 B IHIIMX MOBaX MPOTpaMyBaHHs — BOHU OIUCYIOTh YACTHHY
AITOPUTMY POOOTH CXEMHU, SIKa MOXE MOTIM BUKOPUCTOBYBATHCS B 1HIIUX
HPOTPaMHUX MOJYJISX.

3aranbHUAN BUTIIS ONUCY MPOLETYPH

procedure im’sa nponenypu (mapaMerpy) 1is
poO3mis mekaapariin

begin
IOCJIILHOBHI OHmepaTopu

end procedure im’s nponenypu;

Criucok napameTpiB, sIKi IepeJaroThesl 40 NPOLUEAYPU MOXKE MiCTUTH
curHanmu (signal), 3minui (variable) Ta koncrantu (constant). us
napameTpiB HeOOXiTHO BKa3yBaTH HampsIMOK Iepenaui iHpopmamii — BXin
(in), Buxim (out), nBoHampaBieHui curHan (inout). 3a 3aMOBYYBAHHAM
BXIJTHI TTapaMeTPH BBAXKAIOTHCS KOHCTAHTAMHM, BUXIIHI Ta TBOHAIIPABICHI —
3MiHHUMH. He pekoMeHyeThcsi BAKOPUCTOBYBATH TPOIEAYpH Oe3 CrHcKa
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nmapaMeTpiB. B Tim mporemypu MOXKyTh 3alFCYBaTHCh TLTBKH IOCIHITOBHI

orepaTopH.

Mpuknag 3.22. PosrissHemMo npouenypy, sKa oOmpcaHa B Tii

nporecy.

process (al, a2, a3)

23

24

25
26
27
28
29
30
31
32
33

34
35
36
37
38
39
40

variable bl, b2, b3: integer;

procedure sort (variable x1, x2: inout
integer)
is
variable t: integer;
begin
if x1>x2 then
return;
else
t:i=x1; xl:= x2; x2:= t;
end if;
end procedure;

begin

bl:= al; b2:= a2; b3:= a3;
sort (b2, b3);

sort (bl, b2);

sort (b2, b3);

c<= bl; c2<= b2; c3<= b3;

end process;

Psinku 1 1 2 oronomryroTs mporiec 3i criuckoM iHimiamzamii (al, a2,
a3) ta 3minsi (b1, b2, b3) 1inoro Tumy, sKi BAKOPUCTOBYIOTHCS B MPOIIECI
Ta BKJIJICHUX B HHOTO Tporeaypax. Psaku 3 1 4 onmucyroTh Mporenypy
SOrt, B siKy mepenaeThcs JBi JBOHAINpPAaBIIEHI 3MiHHI mioro tuimy (X1, x2).
Panok 5 oronomye BHyTpimHIO 3MiHHY mnpouexypu (t). Psmkm 7 1 8
OIMCYIOTh BapiaHT JIOCTPOKOBOTO TIEPEPUBAHHS POOOTH MPOIECIYypH —
KoMmaHZy return. Temep po3risiHEMO MPHUKJIAJ BUKOPUCTAHHS MPOLETYPH.
Le psaxu 15-17. B mpoueaypy MoOKHa IepeaaBaTH MapaMeTpH TiTbKH
tumy inout. IIpyu BUKOpHCTaHHI NPOLEAYPH BUKOPHCTOBYETHCS MO3HUIIIHA
BIIITOBIHICTE.
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Hpuxnag 3.23. IlepenaBanHs A0 MpOIEAypH HE BCiX MapaMmeTpiB.
Crouatky omumemo mpoueaypy and4. Cromcok mapaMeTpiB MpOLEaypH
MICTUTh 3MiHHI Ta curHai. HanpsMok mepenadi ajisi 3MiHHUX — BXif, JUIS
CUTHaJy — BHUXi. B 1iboMy mpukiani y — BUXiTHWN CHTHAIL

procedure and4

(variable x1, x2, x3, x4: in bit:= '1'";
signal y: out bit) is

begin

y<= x1 and x2 and x3 and x4;
end procedure;

Buknuk mpomenypu 3 HENOBHHUM CIIHCKOM TapameTpiB  Oyze
BUIISIAATH HACTYITHUM YHHOM:
and4 (al, a2, a3, open, Db);
KitroueBe ¢10BO open Bka3ye Ha Te, IO 3aMiCTh HHOT'O HEOOXITHO
BCTAHOBHTH 3HAYEHHS 32 3aMOBUYBAHHSIM, TOOTO OJIMHUITIO.
3aranpHAN BUTIISA ONUCY (PYyHKINL:
function imM’sa QymxOII
CHOMCOK IapaMeTpiB
return Twun napamerpa is
pos3ais mexjaapallin
begin
IIOCJIILHOBHI OHmepaTopu
end function imM’g QyHKIII;

IM’s Qynkmii Moxe OyTH SIK 3BHYAiHIM IMEHEM TakK i CHMBOJIOM
omnepariii. Hanpukian, «+», sk Oyae nokazaHo Huwxkue. CIIMCOK mapaMeTpiB
Ma€ TaKy came MeTy SIK 1 B pOLeaypi, alie BiH He MOXKE BKITFOUATH PEXUMU
out i inout. Ilicms cnmoBa return Bka3syeTbcs THII TNapameTpa, SKHN
noBeprae QyHkuis. Ilpum BukopuctanHi ¢yHKUIH coig BpaxoByBaTu
HACTYITHI OCOOJIMBOCTI:

— 3MiHHA HE MO)KE BUCTYITATH B SIKOCTi apameTpa QyHKIIIT;

— BHKOHAaHHS (YHKUIl TOBHHHO 3aKiHUYBaTHCh OIEpaTOPOM
return;

— (yHKUis, Ha BIAMIHHICTH BiJ] NPOLEIYypPH, MOXE IOBEPTATH
JIUILIE OWH MapaMeTp;
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— mapameTp, SKWil MmoBepTae (HYHKIiS MOKHA BHKOPUCTOBYBATH
SIK OTIEPaH]] Y BUpa3ax.
B saxocTi mpukiamy po3risHEMO CTaHAAPTHY (QYHKIIO 3 0107i0TeKH
numeric_std. Ile ¢pyHkItis 10aaTKy «+».

function "+" (l: unsigned; r: natural)
return unsigned is
begin
return 1 + to_unsigned(r, 1'length);
end "+";

SIx BEITHO 3 OMHCY B SKOCTI iIMEHI BUKOPUCTOBYETHCS CUMBOI «+». B
SKOCT1 BXIIHUX TapaMeTpiB (QYHKIisS OTPUMYE IBi 3MiHHI Pi3HOTO THUIY:
unsigned Tta natural. Ockinbku ¢QyHKIS TMOBEpTAaE 3HAYCHHS TUITY
unsigned, To i OTPUMaHHS IBOX OIEPAH/IB OJHOIO THUITy HEOOXiTHO
BHKOHATH MEPETBOPEHHS THIIB U1 3MiHHOI TUITy Natural.

Ilepe3aBanTaskeHHs1 Mpoueayp Ta GpyHKIiH

MoxiuBa CHUTYyallisl, KOJH B MPOrpaMi OMKMCAHO JIEKUIbKA MPOLEAYP
abo ¢yHKIIH 3 ogHaKOBMMH iMeHaMH. B 1poMy BHUMamky Oyze
BUKOHYBAaTHUCh  Tepe3aBaHTakeHHs (overloading)  ¢dynkuii. ToOrto
BUKOPUCTaHHS HaWKpamioi 3 TOYKH 30py CYMICHOCTI THIB JaHWUX Ta
KUTBKOCTI TapameTpiB mignporpamu. IlpukiagoM mepe3aBaHTaXeHHS
(GYHKIIH € BUKOPHCTaHHS ONepauii Jo1aBaHHS 3 OJHAKOBHM ITO3HAYECHHSIM
«+». TIpu BUKOpPUCTaHHI Takol oneparttii 3 TUIoM integer BUKOPHCTOBYETHCS
orepartis goxaBanus 3 6i6iorexu Std, a mpu BukopucTanHi TumiB Signed ta
unsigned BukopucTOBy€eThCs Oibmioreka numeric_std. B Takiit curyariii
KOMIIISITOp 00Mpae HeoOXiqHY (HYHKIIITO.

3.6. CmBoperna dasiny Ha mosi onncy anapamypm 8
naxemi Quartus 11

CTBOpeHHsI IPOEKTY, 3arajibHi mpaBuia podoTu B makeri Quartus I1
onucadi B po3aun 4. TyT Mu 3yNUHUMOCH JHMIIE HA TOMY, SKUM YHHOM
cTBOpHTH (haityr Ha MOBI ormcy anaparypu. ONMrUCaHi METOAM I IXOIATh IS
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CTBOpEHHS (aiimy Ha Oyap-sAKili MOBI ommcy amapaTypu B makeTi Quartus
.

st ctBopenns daiiny Ha moBi VHDL neoOxiaHo 3 menio File —
New... BuOparu mynkt Design Files i BuGpatn nyaxkr VHDL File
(pucynok 3.38).

B pesynbrari OyAe BiAKpUTE BIKHO 3 MyCTUM apKylIeM, B SIKOMY
MO’KHA HaOMpaTH TEKCTH HA MOBI OMHCY alapaTrypu.

Kpim Habopy TeKCTy mporpaM B pelakTopi € MOXKIMBICTh BCTaBIISITH
rotoBi maodyionu (template). [l 1poro € aekinapka nuisixis (pucyHok 3.39):

- BUOIip nyHKTy MeHto Edit — Insert Template...

- BiOip myHkTy Insert Template... 3 KOHTEKCTHOTO MEHIO
penakTopa;

- BCTaBKa I11a0JI0Ha 3a JOIIOMOI'00 KHOITIKH lﬁ .

New El

Mew Quartus |1 Project
SOPC Builder Spstem
=|- Design Files

AHDL File
Block Diagram/Schematic File
EDIF File
State Machine Fils
Spsteryerlog HDL File
Tl Script File
“Yerilog HDL File

—|- Memary Files
Hexradecimal (Intel-Farmat) File
Memary Initialization File

= Werification/Debugging Files
In-System Sources and Probes File
Logic Analyzer Interface File
SignalT ap Il Logic Analyzer File
Wechor Waveform File

=1 Other Files
AHDL Include File
Block Symbol File
Chain Description File
Synopsps Design Constraints File
Text File

Cancel

Pucynox 3.38 — Cmeopenns nosozo ¢aiiny
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¥, Quartus II - [vhdl1.vhd*]

% File | Edt View Project Assignments Processing Tools Window Help
HDE'IﬂUndnlnsertText cul+z —_‘I, iﬁi:’@@‘&"@\”f’@ s |0 |e ‘
Cliy
ProjectN = X % Vhdil.vhd |
[E e 1l = ENTITY entity_neme IS
& Cc By copy CltC B =
& Cc | GENERIC
= Undo Insert Text Cukz
(i Chrk+y m i 8 Chrl+y
K Delete Del ar 1 : ostring (50 ik
o i o | perameverz : intege oy,
1 Copy. GHIHC
@A Find... Ctrl+F TQRT Paste i
# Fi Delete Dl
= Find Next = inputl, input2 e B
3 Find Matching Delimiter ~ Ctrl+M input3 Locate » (range_wsh DOVWNTO range_lsh):
A7 Replace... Chr+H bidirl, bidir2 —————————————
%5 ,
01%: '3 ) Decrease Indent.
Increase Indent % END entity name; Find Matching Delimiter  Ctrk+M
Decrease Indent = TR
= Insert Page Break
¥ Insert Page Break ] Insert Fi
) Insert File. s
— Open Selected Entity
e — ¥ Open Syl File
et Bookmark il = o oL Tncluds Fi
T Spen AHDL Includs File:
¥ Delete Buskmark E —_—
Cx o ‘Comment Selection
Jump: k ab/
dr L ! | Uncomment Selection
Replace Tabs With Spaces
AHierarchy [ B Fies ] 6 Desion

Pucynox 3.39 - Bcmaska wabnoHie npoepam

B pesynbTari Oyze BiIKpUTHIA Iiajor BCTaBKH I1a0JIOHa, TOKa3aHUH
Ha pucyHKy 3.40.

Insert Template r5_<

Language templates: Preview:
+ Werlog HOL = = -~ Quartus 11 WHOL Template ~
+ Systeniveriiog = -- Binary Counter
=1 YHDL library ieee;
=1 Full Designs use ieee.std_logic_1164.all;
- Réms and ROMs use ieee.numeric_std.all;
: g:’:ig:j:;ﬁ:; B entity binary_counter is
=1+ Aarithmetic generic
# - Adders =
= Courters MIN_COUNT @ natural 1= 0;
MaxX_COUNT : natural := 255
%
Binay Up/D own Coun
Binary Up/Down Coun port
Gray Counter = { . .
+ Mulipliers clk 1in std_logic;
reset :in std_logic;
# Mult\plyAchfmylalurs enable »in std_lagic
+ Sums of Multipliers a | out integer range MIN_COUNT ta MAS
- Configurations %
+- Constucts
end entity;
+)- Logic ¥
- Synithesis Attributes ~ 2 architecture rtl of binary_counter is
< I > | T >
| Insert | Close

Pucynox 3.40 — [lianoe scmasxu uiabiomny
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SIk BUIHO 3 PHUCYHKY PO3pOOHHMK MOXE BHMKOPHCTOBYBaTH abo
HOBHICTIO TOTOBI Mmadiaonu npoctux moxynie (Full Design) abo yacTkoBi
m1abJI0HH, SIKi OMHCYIOTh OKpeMmi KoHcTpykiii moBu VHDL (Constructs)
abo okpemi momyni (Logic). KpiMm Toro MokHa mogaBaTH arpuOyTH
CHHTE3Y, 1110 omucaHi B 6iomioreni altera.altera_syn_attributes (Synthesis
Primitives), ta npumituBu Oydepi Ta TpurepiB kommanii Altera (Altera
Primitives).

YacTo BUHHMKAaE HEOOXIIHICTH CTBOPCHHS CHUMBONIY 3 TEKCTY
nporpamu Ha Mol VHDL. [Iyns 1isoro HeoOXinHO BiakpuTH (aiia Ha MOBI
omucy anaparypu i oopatu myHkt menio File — Create/Update — Create
Symbol Files for Current File. ITicist woro Oyae CTBOpEHHUI CUMBOJI, IKHAN
MOYKHa BHKOPHCTOBYBAaTH B TpadiuHoMy penakrtopi. [Ipu BukopucTanHi B
rpadgigHOMy pemakTopi IMapaMeTpH30BaHWX OJIOKiB, B fAKHX Oyna
BHUKOPHUCTAaHA KOHCTPYKINs generic () MokHa 3MiHIOBATH TapaMeTpH He
PEIaKTyHOUYH TEKCT MPOTrPaMH.

B sikocTi npuknagy po3risiHeMO poOOTy 3 CUMBOJIOM HapasieIbHOTO
perictpy, mo OyB ommcanuii B maparpadi 3.2. [licist cTBOpeHHS A7 HBOTO
CHUMBOJY, SIK OyJI0O OMHMCAaHO BHUIIIE, BCTABUMO M€ CHUMBOJI y rpadiuHmii
¢daiin makery Quartus II. Y KOHTEKCTHOMY MEHIO 00epeMoO MyHKT
Proporties i 3aknagky Parameters (prucynok 3.41).

Symbol Properties @
Genersl | Ports  Parsmeters | Fomat |

arameter |Val Type

ata_width [32 _ |Signed Intege Parameter 4
[ - i Mame: [data_widtH j
(] didata_wickh-1.0]  qldata_wicth-1.0] ==t S @ - %
[—1 e
e ] TIvpe [Sianed Integer =
e

Description: |

inst
b o i

Esisting parameter settings:

Name Yalue | Type Description

dats_vidth 32 Signed Integer

e

Pucynox 3.41 — 3mina napamempie ¢paiiny
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4. 3HartomcmBo 3 nakemom Quartus 11

4.1. Snariomempo 3 naxemom Quartus 1/

4.1.1. OcobauBocTi poootu 3 makerom Quartus |1

Quartus Il — e iHTerpoBane cepenoBuIe A1 po3pOOKH NPUOCKTIB
Ha [TJIIC dipmu Altera. Ileli makeT 703BOJISIE MPOBOAUTH PO3POOKY CUCTEM
OyIb-sKOi CKJIQTHOCTi, BKJIFOYAIOYM CHUCTEMH Ha KpHCTami (system-0n-a-
programmable-chip SOPC) Bim BBOomy TPOEKTYy 10 TeHeparlii
KoH]irypamiiiHoro ¢aitnmy i mporpamyBaHHS Mikpocxemu. Quartus II
miaTpuMye  KoMaHAHY ~— po3poOky  (Incremental Compilation),
BiJTaro/KeHHS MpoekTy Ha kpuctani (SignalTap II), po3mimenHs mpoekTy
Ha KPUCTA.

IcHye mekinbka Bepciit makety Quartus II: BUTbHO pO3MOBCIOIKYBaHA
Bepcis Quartus II Web Edition, siky Mo)XHa 3aBaHTaXWUTH 3 CalTy Ta
KoMmepmiiHa Bepcis maketry (Subscription Edition). Bepcis Web Edition
MiATPUMYE BCi TI MOXJIMBOCTI, II0 OMHUCaHI B i KHU3I. Pi3HMIIO MK
BEPCIsAMHU MaKeTy MO>KHA TIOJJUBUTHCH B [2].

Ho cepemman 2000-x pokiB kommaHis Altera BUIyckana makeT
MAX+PLUSII, sgxuii Ha CBHOTOAHINIHIA [E€HH IOBHICTIO 3aMIIEHUI
naketoM Quartus I 1 HOBI cimMelicTBa MiKpocxeM He TiaTpumye. Y Kau3i [1]
HaBeJCHUH TpHKIa] pPOOOTH 3 LUM TIAKeTOM, SKHH (AKTHYHO €
nepekianoM Getting Started.

Crig BIIMITUTH JIeKibka ocoOauBocTel makery Quartus I1.

1. ITakeT HEe HOITycKae BUKOPUCTAHHS POCIHCHKUX OYKB 1 IPOOILITiB,
AK B iMeHax (paiiiniB, Tak i B iIMEHaX KaTaJIOT1iB.

2. HebaxxaHe MaHIMyJIOBaHHS i3 CHCTEMHOIO JAaTOI KOMITTOTEpa,
OCKIJTBKM TaKeT MepeBipsie AaTy CTBOPEHHS Ta 3MiHH POEKTY.

3. Ilpu cTBOpeHHI MpOEKTy HEOOXiAHO mam'sITaTH, M0 Ipu poOoTi
MaKeT CTBOPIOE BEIMKY KiNbKicTh (aitniB. Tomy OaxkaHO KOXKHHUE 13
MPOEKTIiB CTBOPIOBATH B OKPEMOMY KaTayo3i.

i1 BUBYEHHS TakKeTy MOXKHa IMOpeKoMeHayBaTu po3ain Getting
Started Tutorial moBinkm makery Quartus II, kHury 3 makery [3] Ta ii
YaCTKOBMH NEpeKJiajg Ha POCIHCHKY MOBY [5].

Ha caiiti xommanii Altera icHye po3min 3 OpUKIagaMH
Pi3HOMaHITHHX MPOEKTIB, SIKi JOCTYIIHI A7l 3aBaHTaKeHHS [4].
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4. 3HartomcmBo 3 nakemom Quartus 11

4.1.2. HukJa po3pooku npoekty Ha IIJIIC

Hukn po3pobku npoekty Ha 06azi [IJIIC mokazanuit Ha pucyHKy 4.1.

Huk po3poOku MicTHTH y o0l IeKiibKa eTarmiB:

CrBopenHs1 mpoekTy. llpm CTBOpeHHI NOpPOEKTY MOXYThb OyTH
Bukopuctani rpadiuni (.gdf, .bdf) i tekcroi (.tdf, .vhd, .v) daiinmn.
MoXIMBHI TakoXX IMIOPT (aiiiB 3 IHMMX 3ac00iB MPOEKTYBaHHS Ta
BUKOPHCTAHHS CIIEIiai30BaHUX 010Ii0TEK.

PanAM
NpPOEKTy

AHQOAI3 TO
YTOYHEHHHS
v
PYHKLLIOHOABHE | 30raAbHUM QHOAI3 le—] YCTQHOBKM TA
MOAEAIOBAHHS TA CUHTE3 MO3HAYEHHS
Cnucok 38'g3kiB l
MoaeAioBaHHs 3 ,_@,_ KOMMOHYBAAbHUK [T YCTaHOBKM TA |
YPOXYBOHHSIM MO3HAYEHHS
3ATPUMOK
CUrHAAB Paiian 3
PE3YABTATAMM
PO3MILLLEHHS BukoHaHI
vo, .vho, .sdo BUMOTM MO Hi
LLIBUAKOAIT ,
MAOLLL?
Tak
PANAM AAS
NPOrPAMYBAHHS
abo

KOHODIrypyBaAHHS

MporpamysaHHs a6o
KOHIrypysarHs MAIC

Pucynox 4.1 — Luxn po3pobru npoexmy na 6asi IIJIIC ¢ nakemi Quartus 11
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4. 3HartomcmBo 3 nakemom Quartus 11

VY pesynbraTi aHamizy Ta KOMIuIi ¢ainis npoekty (Analysis &
Synthesis) O6yne oTpuMaHWii CNHCOK 3B'S3KiB, IO JO3BOJISE MPOBECTH
(yHKLIiIOHAaTbHE MOJENIOBAaHHA MPOEKTy, TOOTO MonemoBaHHS 0e3
ypaxyBaHHSl 3aTPUMOK CHTHAIIIB BCepenuHI Mikpocxemu. llanwii eTtam €
Iy’)Ke€ BAXKJIMBHM, OCKUTBKM JIO3BOJIIE TPOAHANI3yBaTH Mpale3daTHICTh
ANTOPUTMY.

Hami  xommanyBaabuuk (Fitter) posmingye mpoekT BcepeauHi
Mikpocxemu. llicis mporo 3'SBISE€THCS MOXKIUBICTH OTPUMATH JaHI TPO
3aTPUMKH CHUTHAJIIB, MaKCUMAaJIbHI TaKTOBI 4acTOoTH. Lli MaHi HO3BOJISIOTH
NPOBECTH MOJICTIOBAHHS 3 YypaxyBaHHSIM 3arpuMok curHany (Timing
Analysis), po3paxyBaTH CHOXHTY TWOTYKHICTH mpuctporo (PowerPlay
Power Analysis) i T.1.

SK1io BUMOTHM TIO BUKOPHUCTaHIM IUIOMI KpUCTATy 1 IIBUAKOAIT
BUKOHAHI, TO TeHepywTbhcs (aimm ams  mporpamyBaHHS — abo
koHOirypyBanus ~ wmikpocxemu  IIJIIC  (Assembler  (Generate
programming file)). SIkmo sk BUMOrM He BHWKOHAHi, TO POOJATHCS
JIOMIaTKOBI TMpH3HAueHHs Ta ycraHoBku (Settings & Assignments,
Floorplan Location Assignments), a KOMIiJISIIisE BAKOHY€ETHCSI TTOBTOPHO.

B pesynbTari poOOTH KOMMIISATOpPa HA PI3HUX €Tarax reHepyeThes
Jekinbka (aitmiB, mo wicTaTe crnucku 3B’s3kiB  mpoekty  (Netlist).
PosrnsitHemMo iX JIeTanbHO, OCKUIBKM 11 (paiiii BUKOPHUCTOBYIOTHCS B
MOJNAJBIIOMY JUIsl CHUMYJISIIiI, YacOBOrO aHaji3y Ta BiAJIaro KeHHS
MIPOCKTY.

Pre-synthesis netlist — crmcok 3B’s3kiB, sIKHii Oyne OTpUMaHHI
MICIs aHANi3y MPOEKTY, TEPEeBIpKH CUHTAKCHCY (aillliB Ta MpaBUIBHOCTI
3’eaHaHb. J10 I[LOTO CIIMCKY HE 3aCTOCOBYIOThCS OyIb-AKi ONTHMI3aIlil 1 BiH
MICTHTH BC1 BBEJICHI KOPHUCTyBayeM iMeHa.

Post-synthesis netlist — crincok 3B’s13kiB, SIKMI OTPUMYETHCS MICIS
CUHTE3Y MPOeKTy. Moro ckiaj 3ajaeXuTh Bija OMIiHA ONTHMI3AIlil i B HbOMY
MOXYTh OyTH BiICYTHI IesIKi CHTHAMM, 110 Oyim y pre-synthesis netlist.

Post-fitting netlist — crucox TuX 3B’S3KiB, MO 3aJIHMIIMCH MICIS
onruMizauii mpoexTy Ta Horo po3mimenHs Ha kpuctani [UIIC. Lleit cnmcok
MICTHTh HAMOUIBII pealibHy KapTHHY MPOEKTY 1 J03BOJISIE HAUOUIBII TOYHO
NPOBOAMTH CUMYJISLIIO Ta BiJIaroIKeHHSI.
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4. 3nartomemso 3 nakemom Quartus 11

I[pu po3pobui mpoekty Ha ocHoBi [IJIIC MoxnuBe cHinbHE
BUKOPHCTAaHHS JEKUIBKOX CHCTEM aBTOMAaTHYHOTO NpoekTyBaHHs. [lpu
OMY CIOJNyYHOR JiaHkoto st mikpocxem [UJIIC ¢ipmu Altera Oyne
makeT Quartus II.

Burmsan makera Quartus Il micns 3amycky mMoka3aHWid Ha PHCYHKY
4.2.

¢ Quartus Il
Fle Edt Wew Froject Assignments Frocessing Jooks Window Help

OSHd || ma|oa[ X sews | o|rrnon|k | e|®|w|e
Project Navigator ax
Enti

Ly Compiton Hisrarchy HOBIFOTOD
NpOeKTy

AITERAN

~ Hierarchy [B Fies | & Design Units

Tasks =

Flow: [Ful Design =| ®

TakZ Time® | * UI U II
2] spoen BikHO Q
e cTarycy
S

B Proamie ; -

Type |H=ssa¢e

( BikHo nosiaomaeHb |

System { Processing , Eralnio J Info J\ Waning J,_Citicdl Warning J\ Encr J, Suppressed J, Flag /

= ] ¥ H
=

[For Help, press F1 [ [Lem+® [ Idle

ssageEs -

Pucynox 4.2 — Buensio nakema Quartus Il nicaa 3anycky

BikHa B makeTi MOXKYTh HepeMIlllaTHCs HE3aJeKHO BiJi OCHOBHOTO
inTepdeiicy. s nporo HeoOXiTHO CKOPUCTATUCS KHOIKOK TPHUB'SI3KU
Bikua B3| . Jlna moBepHeHHs BikHa B OCHOBHMIA iHTepdeiic HeoOXimHO

TaK0X CKOPHCTATHUC II€I0 KHOMKOK (PUCYHOK 4.3).
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4. 3HartomcmBo 3 nakemom Quartus 11

R Quartus II - D:fwork/quartus/niosl|_lab/niosl|_lab - niosll_lab - [niosl]_lab.bdf] (9 (=11
File Edk Wiew Project Processing Tools Window

& SR
RAD| e
011 a0
ik

@ —————in_port_to_the_bution g

KHonka
nNpPMB' 13KM
BiKHQ

chipenablel_n ey

oo N ex1_rom_ous
NN IR ext_ram_ki
sty outputensble_n_to_t

< >
For Help, press F1 UM

Pucynox 4.3 — Ilpus’s3xa sixna

Kpim 3BuuHOTO iHTEpdeiicy 3 xkHOomkoBHUMHU (opmamu, Quartus II
TaKOX MIATPUMY€ CreuiaqbHy MoBy mporpamyBanus — TCL (Tool
Command Language), Ha sKiii MOXyTh OyTH HamUcaHi MPOrpaMu
(ckpHIITH), SIKi TO3BOJISIFOTH TPUCKOPUTH POOOTY 3 MAKETOM Ta BU3HAYCHHS
omuii mpoekry. Jnst Bimkputtss BikHa TCL ckpuntiB (pucyHok 4.4)
HEeoOXiqHO BHOpaTH HAcTyIHI myHKTH MeHio View = Utility = Windows
= TCL console (Alt+2).

x

Quartus II Tcl Console ;]
# project_close|

-

Tel Console

L]

i
[ [Eomo® [ Idie [ om [

Pucynox 4.4 — TCL console

4.1.3. CTBOpEeHHH NPOEKTY

IIpu CTBOpEHHI MPOEKTYy HEOOXIAHO BU3HAYMTH KiJIbKAa T'OJOBHHUX
napameTpiB:
1. Karaor, y sskoMy Oyze 30€peKeHO MPOEKT.
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4. 3HartomcmBo 3 nakemom Quartus 11

n

Ha3By npoexry.
3. HasBy ¢aiiny BepxHbOro piBHS i€papxii. 3a3Buyail e im'a
30iraeTbes 3 Ha3BOIO MPOECKTY.

4. BuKOpPHUCTOBYBaHY MIKPOCXEMY.

5. @aiinu nomaTkoBUX 0i0IiOTEK.

6. Jomarkose nporpaMHe 3a0e3neueHHs, SIKE
BUKOPHCTOBYETBCS  UI CHUMYJSIii Ta  Bepudikarii
MPOCKTY.

s cTBOpEeHHS HOBOTO MPOEKTY HEOOXiAHO BUOpATH MYHKT MEHIO
File = New Project Wizard... (pucynox 4.5). Ilpu 1upomy Oyne
3alylIeHUu MaicTep, 3a JOMOMOIOK SKOrO MOXHa OyJe BH3HAYUTH
OCHOBHI TapaMeTpH MpoeKTy. PO3riIssHEMO IIOCTIIOBHO TNpHU3HAYCHHS
JanoriB y BiKHaX MaicTpa mpoekTy. Ilepexim Mixk BikHAMU BUKOHYETHCS
NpY HaTUCKaHHI Ha KHOMKY Next >.

VBara! Ilynkr menro File = New... 3a 3aMoBuyBaHHSM Ta KHOIKa

[ crBOpIOIOTH HOBHIA (aii, a HE HOBH TPOEKT!
mm View Project Assignments Processing Tools Window Help

D new... Cirkh
@ Open... Crrio

[niosn_ian

M ROG 2 P B

New Project Wizard: Directory, Name, Top-Level Entity [page 1 of 5]

Elienproect s, |
Bubip pobouoro

‘What is the name of this prioject?
KATAAOTY ;.gm =

| 1 What is the name of the topevel design enlity for this project? This name is case sensitive and must
M1 enactly maich the erkiy name in the design fll,
npoeKTy | | == =]
Y = Use E visting Project Setiings
Im's chanay

BEPXHBOIO
CTBOpPEHHS NPOEKTY
HCl OCHOBI BXXE ICHYIOYOTro

What is the working directory for this project?
work\quatus\exaple

I‘v

piBHs

Nest > Finish Ormeena

Pucynox 4.5 — Bixno maiicmpa cmeopenHs npoexmy
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4. 3HartomcmBo 3 nakemom Quartus 11

Ilepuie BikHO MalicTpa CTBOPEHHS MPOEKTY

What is the working directory for this project? — u6ip po6ouoro
KaTaJIoTy TPOEKTY.

What is the name of this project? — Busnauenns imMeHi npoekry. Le
Moxke Oyt Oyap-ske iM'sl, ajJe PEeKOMEHIYEThCS BHKOPHCTOBYBATH 1M A
(haitry BepxXHBOTO PiBHSL.

What is the name of the top—level design entity for this project? —
BU3HaueHHs iMeHi (aimy BepxHboro piBHA. [lpm BBemeHHI iMeHi ciifg
mam’sITaTy, 10 MaKeT YyTIUBUH 10 3MIiHU PETicTpy.

Use EXxisting Project Settings... — BU3Ha4YeHHSs TapaMeTPiB MPOCKTY
Ha OCHOBI iCHYIOYOTO TIPOEKTY.

Jpyre BikHO MaliicTpa CTBOPEHHSI IPOEKTY

Y mpoMy BiKHI 33JafOTbCA JOAATKOBI Oi0mioTekun Ta (haitmu
KOPHCTYyBaua, SKi HEOOXIHO MiJKIFYUTH 10 MPoeKTy (pucyHok 4.6). [o
MPOEKTy MOXYTh OyTH nmonmaHi (aiinm HacTymHuX TUMiB: rpadivni (.bdf,
.gdf), ommmc cxem 3a gomomororo MoB ommcy amapatypu (AHDL, VHDL,
Verilog), a Takox ¢aitnmu tuny EDIF. HeoOxinno nmam'statu, mo (ainm,
SK1 3HAXOMATHCS y POOOUOMY KaTayo3i MPOEKTY, J0JaBaTh HE MOTPIOHO.
Kpim 1mporo mMoxuiiBe nomaBaHHs 0i0NIOTEK KOPUCTyBada 3a JIOTIOMOTOHO
kHomku User Libraries...

New Project Wizard: Add Files [page 2 of 5]

Select the desion fies you want ta include in the projsct. Click Add Allto add al desion files in the
project directary to the project. Note: you can akways add desion files to the projsct later
File name:
File name: [Tvpe Loy [Designent Add Al
7Bk, Teahen vhd VHDL Fie
Select File
Dana: [ paraleLreg v e ®dckE-
(bt
J (Eincremental_db
Recent [#]req
Pagowst cron
i =
Specf MounokuMerT!
-]
58
Moit kotnbioTep
i
L | Ceresoe Unmoaina | | Orepers
oKpyeHHE
Timwainos  [Design Fils [ vha"vhd" v vig:" verlog v | Orera

Pucynox 4.6 — Jlooasanus aiiny 0o npoexmy
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4. 3HartomcmBo 3 nakemom Quartus 11

Jnst nomaBauHs Qaitiry 10 IPOeKTy HeoOXiTHO HATUCHYTH Ha KHOTIKY
... |, BHOparnm moOTpiOHWIT (akin 1 HaTHCHYTH KHONKY "OTKpPBITH'.

O6panwuii daiin 3'sButhes B paaxy ""File name:™. Tlicas 1poro HeoOXigHO
HaTtUcHYTH KHomiky ""Add..."" 1 daiin Oyae momaHuit 10 MPOCKTY.

Tpere BikHO MalicTPa CTBOPEHHSI IPOEKTY

B npomy BikHI 3amaroTbesi CIMEHCTBO MIKpOCXEM Ta MapaMeTpu

MIKpOCXEMH 3 TAaHOTO ciMeiicTBa (prcyHOK 4.7).

New Project Wizard: Family & Device Settings [page 3 of 5] E|

Select the Family and device pou want to target for compilation.

Device family Show in 'Available device' list
Eamily: |Eyc\nne ] ﬂ Package: FBGA -
| J Pir count: 324
Target device Spged grade: |8 :Iv
" futo device selected by the Fitter ¥ Show advanced devices
™ Specific device selected in Avalable devices' list r
Awailable devices:
Name | coev. [LEs [ Useils [ Memor [ Embed. [ FLL |1
EP3C25F324C8 1.2y 24624 218 E08256 132 4 1
EP3CA0F324C8 12 39600 196 1E1216 252 4
< ¥

[l

< Back | Mewt > Firish ‘ OTriena |

Pucynox 4.7 — Bikno subopy mixpocxemu

Family — 3aaeTbcst ciM@HCTBO MIKpOCXEM.
Target device — Bubip Mmikpocxemu:
— Auto device selected by the Fitter — aBromaruunuii BUOip
MIKpOCXEMHU KOMIIaHyBaJIbHUKOM nakeTy Quartus II.
— Specific device selected in 'Available devices' list — BuGip
KOHKPETHOI MiKPOCXEMH 31 CIIHCKY TOCTYITHUX.
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Show in 'Available devices' list — Bubip mapamerpiB MiKpocxem, 3a
akuMu Oyne GopMyBaTHCsS CIUCOK AOCTYMHUX MikpocxeM. KopuctyBauy
JOCTYIHI Taki (iIbTpU BiTOOpaKeHHs CIIUCKY MiKPOCXEM:

Package — BuOip Triy KOprycy MiKpOCXeMH.

Pin count — BuGip KiTbKOCTI BUBO/IIB Y KOPITYCi.

Speed grade — Bu3HaYeHHS rpajaii MBUIKOCTI.

Core voltage — BimoOpakaeThCsi Hampyra >KHBICHHS siapa
MIKPOCXEMHU.

Show advanced devices — mnpu BrIIOYEHHI Iri€i oMl
BiOOpaXKalOThCSI  TIJIBKM ~ MIKPOCXEMH 3  HaWKpamuMu
napamMeTpamH.

YeTBepTe BiKHO MalicTPpa CTBOPEHHS MPOEKTY

B 11b0My BikHI pOOUTBCS BUOIp JIOJIATKOBUX 3aCO0IB HAIATOKCHHS,
Bepudikamii Ta cuHTe3y NpoekTy (pucyHok 4.8). Ockinbku mpu poOoTi
Oyzne BUKOpUCTOBYBaTHCS Timbku makeT Quartus I, Tomy gonaTkosi 3acodu
NPOCKTYBaHHsI BU3HAYATH HE OYIEeMO.

New Project Wizard: EDA Tool Settinas [page 4 of 5] El
Specily the other EDA taols - in addition to the Quartus || software -- used with the praject
Design Entry/Synthesis
Tool name: |55'ﬂD‘ifP j
Format: |VDM j
™ Run this toal automatically to sprthesize the cument design
Simulation
Tool name: |Mnde|5\m-AIlera j
Farmat: |VHDL j

™ Run gate-level simulation automatically after compilation

Timing Analysis

Tool name: SRR

< Back Next » | Firiish | OTriena |

Pucynox 4.8 — Bikno 0odasarnHs 000amK08020 NPOSPAMHO20 3a0e3NneUeHH
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II'aTe BikHO MailicTpa CTBOPEHHS NMPOEKTY

e BikHO mpu3HA4YeHE M BiIOOpaKEHHA CyMapHOTO pEe3yibTaTy
CTBOPEHHS HOBOTO MPOEKTY (pucyHok 4.9). Hisikux niii TyT BUKOHYBaTH HE
notpiono. HaTuckanns Ha kHomky Finish mpusBomute 10 CTBOpEeHHS
MIPOEKTY Ta 3aKPUTTS MalcTpa.

New Project Wizard: Summary [page 5 of 5] g]

When you click Finish, the project will be created with the following settings:

Praject directon:
D:/work/quartus/example’

Project hame: register

Top-level design entity: register

Number of files added: 1

Number of user libraries added: 1

Device assignments:

Family name: Cypclone 1l

Device: EP3C40F324CE
EDA took:

Design entry/synthesis: <Manes

Simulatior: <Monex

Timing analysis: <Monhe»
Operating conditions:

VECIMT waltage: 1.2¢

Junction temperature range:  0-85°C

ey

< Back | Otmena |

Pucynox 4.9 — Pesynomam pobomu maiicmpa cmeopenHs npoeKmy

4.1.4. BiakpuTTs iICHYI040r0 NPOEKTY

BikpHuTTst HOBOTO MPOEKTY MPU3BOUTH J0 3aKPHUTTS HOMEPETHBHOTO
npoekty. Tomy HeoOXigHO 30epertd BCi 3MIHM B IMOTOYHOMY IPOEKTI
nepes  BIAKPUTTSAM HOBOTO. BIiAKpUTH ICHYIOUMI TIPOGKT MOXKHA
JIEKLTbKOMa CIIOCOOaMH:

1.  3a momomororo menro File = Open Project... (pucyrok 4.10).
VYV BigKpuTOMY BiKHI, IO 3'IBMJIOCSA, HEOOXigHO BHOpartu ¢ain i3
po3uupeHasaM *.gpf.
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4. 3HartomcmBo 3 nakemom Quartus 11

2.  BuOpati mpoekT 3i CIUCKY MPOEKTIB, SKi BXKE BIIKPHUBAIHCS,
3a I0NOMOroro MyHKTy MeHio File = Recent Projects.

3. Bukopucraru TCL KOMaHy project open
iM'a OPOEeKTy.

HeoOxinHo nmam'sitaTh, 1m0 BigkpuTts daiiny (mento File = Open...)
Ta BiAKpUTTS npoekty (MeHto File = Open Project...) He € ineHTHYHUMU
KOMaH/IaMH.

Ed\t View Project Assignments Processing Tools Window Help

O ew... Chrbh niosll_lab RAl =g X X2
= open... ctreo =
Save Project
Close Project
ax
Create [ Update r :I'
ime (5 i
Convert Programming Files... 1 D:hworkiquartus\niosII_lab\niosII_lab
2 D:\workibook_example|example3|dff
3 C:\altera\@1iqdesiansifir_filker\fir_fiker
4 D:\workibook_example|led-decodeldecoder
S D:\Deleteleholeho
Recent Files L4
E Recent Projects 4
Exk alesrq  PO0OT

Pucynox 4.10 — Cnocobu giokpummsi npoexmy

BinkputTTss TpOEKTy TpPU3BOAUTH JIO TOSBM y BiKHI HaBiraropa
NPOEKTY Horo iepapxii (pucyHok 4.11).
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Froject Navigator «x  Froject Navigator ax Project Navigator ix

Entity ~ 3 Files ~ =)
&y Cyelone |l EPAC25F324C8 B akera_vhd_support.vhd
-2 riosl_lsb ] 2 niosl|_lab.bof

i Units ~
dpfifo_hi31 (AHDL entity)
fefifa_7ef (AHDL entity)
Jd_hubsauto_hub - 5ga timing_constiaints. sde ) alt_tag_atlantic {verlog HDL entity)
- rioskinst 2B niosiiaip )0 altera_std_synchronizer (Verllog HDL entity)
Y risei_seseL_clk_0_demi. (B avalon_pum_hw.cl [ altera_vhdl_support_lib (vHDL package)
o : -] altera_vhdl_support_ib-body (VHDL package body)
) altmult_ackd (AHDL entty)
& pll (AHDL entity)

Q wiosii_resel_sys_chk_do..

-+ button_pio_s1_arhitrator s s — .
o £ < > < >

AyHierarchy Ié Files r;’ E;ign Units dyHierarchy | B Files | 6 Design Units Ry Hierarchy | B Files | &7 Design Units
a o 8

Pucynox 4.11 — 3axnaoku eikna Hagieamopa npoexmy

HagiraTop mpoexTy Aa€ MOXJIHMBICTh TMEPETISHYTH HOTO i€papXiro,
(hatinm Ta MOAyNi, IO BXOAATH y TMPOEKT. BikHO HaBiraropa mpoekty
CKJIQJIA€THCS 13 TPHOX 3aKJIA/I0K:

- Hierarchy — iepapxis npoekry (pucynok 4.11 a). L{s 3aknanka
BUKOPUCTOBYETBCS JIsl BU3HA4YeHHs (ailly BEpXHBOTO piBHS iepapxii,
Heperyisily BHUKOPHCTAaHHX PECYpCiB  MIKPOCXEMH, MOUIYKY OKpeMoi
YaCTUHH MPOEKTY B PI3HUX pelakTopax i MIaHyBaJbHUKAX.

- Files — ¢aitmun (pucynok 4.11 6). Lls 3akmagka m03BOJIsIE
BIIKpUTH (ailiv, BUAATHTH (Qaiiau i3 MPOEKTy, BU3HAUYUTH HOBHU (aiin
BEPXHBOTO PiBHS i€papxii, BUOpaTH crierialibHi 3aC00U CHHTE3Y JUTsl (paiiiy.

- Design Units — wmoxym mpoekry (pucyHok 4.11 B).
BimoOpaxkae pi3Hi Momyni mpoekTy — iHTepdelcHi Ta apXiTeKTypHi Tija
pi3HHX OJIOKIB Ha MOBaX OIMCY anaparypu.

4.1.5. KepyBaHHsI IPOEKTOM

Kpim pobotu 3 daiinamu npoekry maker Quartus Il mae takox
MOYJIMBOCT] YIPABIIiHHS IPOEKTOM BLIJIOMY, a caMe:
—  apxiBalisi IPOEKTY;
—  CTBOPEHHS KOIii POEKTY;
—  CTBOpEHHSI BEPCill MPOEKTY.

ApxiBalist IPOEKTy

[lig yac pobOTH MakeTy B Karano3i MPOEKTY CTBOPIOETHCS BEIHKA
KUIbKicTh ¢aimiB. TiNbKM YacTHHA 3 HUX MOTPIOHA IJIA OMHUCY MPOEKTY.
[ami ¢daiim € gomoMiXKHUMU Ta HEOOXiaHi st podotu makety Quartus II.
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4. 3HartomcmBo 3 nakemom Quartus 11

Tomy mnst mepeHocy MPOEKTIB MK POOOYMMH CTaHIISIMU OLUTBII 3pydHO
BUKOPUCTOBYBATH apXiBHUI MPOEKT. ApXiBallis Ta BiJHOBJICHHS MPOCKTY 3
apxiBy poouTbcs B cepenopuini Quartus 11 3 Bukoprcrannsm meHto Project
= Archive Project... ta Project = Restore Archived Project... Ilpu
apxiBallii CTBOpIOIOTBCSA ABa (Qaitmu: daitn i3 apxiBoM HpoekTy *.qar i
MPOTOKON apXxiBarii *.qarlog.

Binminnicte apxiBy, mo cTtBoproe makeT Quartus II, Bim apxiBy
KaTaJIoTy i3 MPOEKTOM IOJISITa€ B TOMY, IO B apXiB MPOEKTY BXOJSATH HE
TITBKK (Al 3 KaTajioraMy IMPOEKTY, aje TakoX 1 ¢aimm 3 0ibmoTex
KOPUCTYBaua, MiJKII0UYEHUX JI0 MPOEKTY, a TAKOXK HANaroKeHHS IMaKeTa,
OPUAHSATI IPU poOOTi 3 JaHUM IPOCKTOM.

TCL komaHna s CTBOpEHHs apXiBy: project archive
iM'sa IpoekTy.

TCL xomaHna Juii pos3lakyBaHHs apXiBy: project restore
iM's OPOEKTY.

CTBOpeHHs KOl NPOEeKTY

Skmo B mpormeci poOOTH HajA MPOEKTOM HEOOXiMHO 3poOuTH
KOMiIOBaHHS IOro B iHIIy MAankKy, TO B [bOMY BHIAJKy HEOOXiIHO
ckopucTatrcs komanaow Project = Copy Project... Y npoMy BUIagKy B
IHITY HanKy OyAyTh CKOTiHOBaHi:

- (atin, 110 30epirae Bepciro Makera i 1aTy, a TaKOX 3MiHH, 110
BiZIOyBaroThCH 13 mpoekToM (*.qpf);

- (haiinm mpoexry;

- (aiinu ycTaHOBOK 1 IPU3HAYEHB.

CTBOpeHHs Bepciil MPoeKTy

Bepcist npoekty — 1e Tpyna Npu3HA4eHb Ta YCTAHOBOK IPOEKTY.
BukopuctanHsi pi3HHX Bepciii NPOEKTy [O3BONSAE BU3HAUUTH, SIK
KOHKPETHO YCTAaHOBKH BIIMBAIOTh HA PE3YNbTAT KOMITUISIIT poekty. s
BUKJIMKY [iaJIOTy CTBOpEHHA Bepcii HEOOXiAHO CKOpPUCTATHCA MEHIO
Project = Revisions... [liajgor cTBOpeHHs Bepcii NPOEKTY MOKa3aHWi Ha
pucyHKy 4.12.
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Jnst cTBOpeHHS HOBOI Bepcii MPOEKTy HeoOXiMHO HATHCHYTH Ha
kHonky ‘''Create...". B pesynbrati Oyze Bimkpure BikHo ''Create
Revision™.

- Revision name — im'st HOBOT Bepcii MpoekTy.

- Based on revision — Tyt MoxHa BUOpaTH BEpCitO MPOCKTY, Ha
OCHOBI fIKOi Oyzme cTBOproBathcsi HOBa. Ilpm mpOoMy B HOBY Bepciro 3a
nonomororo myHkTy ‘‘Copy database™ mokHa BKIOYMTH 0a3y JaHHX
HPOCKTY.

—  Description — ommc Bepcii mpoekTy, HapuKiIaj, JaTa i 4ac
CTBOpEHHSL.

—  Setas current revision — Bubip HOBOI Bepcii B IKOCTiI po60YOi.

Specify the cument revision for the project. create a new revision. delste an existing
rewvision, or edit the description of a revision
Revisions:
Revizion Mame | Toplevel E... | Family Device |
 nigsll_lab riosll_lah Cyclonelll  EP3C25F32
Create...
Create Revision Q
Compare...
Specity a name and description for the new revision,
Yiou can base the revision on an existing revision, and Customize.
specify the revision a3 the current revision,
Rievision name: ]
Based on revision: niosl|_lab hd
Drescription;

Created on: Saturday, Movember 09, 2013
Bazedon: nicsll_lab

oK Cancel

v Copy databaze

¥ Set as cument revision

Ok Cancel

Pucynox 4.12 — Cmeopenns eepcii npoexmy

ITpu po6ori B maketi Quartus II MojxHa BUOMpATH BEPCIIO IPOCKTY 3a
JIOTIOMOTOI0  CIIMCKY, SIKMi pO3TalllOBaHWM Ha TaHENl IHCTPYMEHTIB
(pucynok 4.13).
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4!, Quartus II - E:/work/quartus/tutorial/ex1 /pipemult - fast

File Edit Yiew Project Assignments Processing Tools Window Help

[O@E &% Ba|o o =] |3
Project Navigator ! i
= = pipemu
Entity Logic Cells [1f pipemult_Ic
Cyclone: EP1C20F400C7
(- 2 pipemult 104(0) |64

Pucynox 4.13 — Bubip sepcii npoexmy

Pesynprar poOoTH KOMITIISTOpPA TIPH PI3HOMY HaJIAIITYBaHHI MOXHA
HeperyiTHyTH 3a J0MoMororw kHorku Compare... BikHa Revisions (MeHto
Project). Pe3yipTaT mOpiBHAHHS Pi3HUX BEpPCiii HANAIITYBaHHb TOKA3aHUH
Ha puCyHKY 4.14.

x

Results | Assignments |

E-/work/ T [

z q AER q NS q
Revision fast Revision pipemult Revision pipemult_lc.
Fitter Status - Sun Dec... - Sun Dec...
Quartus Il Version 6.1 Build 201 11/27/2...| 6.1 Build 201 11/27/2...| 6.1 Build 201 11/27/2..
Revision Name fast pipemult pipemult_lc
Top-level Entity Name ipemult pipemult pipemult
Family Cyclone Cyclone Cyclone
Device EP1C20F400C7 EP1C20F400C7 EP1C20F400C7
iming Models Final Final Final
otal logic elements 4/20060(<1%) |104/20060(<1%)
otal pins 4/301(15%) 4/301(15%) 44/30(15%)
otal virtual pins 1]
otal memory bits 12/234.912(<1%) | 5127294912 (<1 %)
otal PLLs /2(0%) /2(0%) 0/2(0%)
170 Analysis Stat... - Sun Nov...
EI & _Classic Timing Analyzer =
BE Worstcase tsu
Slack. N/& NZ& NZA&
Required Time None None None
Actual Time 4792 ns 4792 ns 5.012ns
From datab[3] datab[3] datab[3]
To multinstlipm_multlpm... | multinstipm_mult:lpm... | multinstipm_mult:pm...
From Clock = = E
Ta Clock clkl cki ck1
- Failed Paths 0 a a
& Worst-case tco
Slack N/A NZ& NZA&
Required Time None None None
Actual Time 14.009 ns 14.009 ns 13.707 ns
From inst3[7] inst3[7] inst3[0]
To al7] q[7] g[0]
From Clock clk1 ckil clk1 -
| Custornize... I Close Export...

Pucynox 4.14 — lopisuaneha mabauysi pizHux eepciil npoexmy

3a monomororo kHormku CUStomize... MoXKHa MPOBECTH MOPIBHSHHS 3
IHIIAM TIPOEKTOM, a 3a JONOMOToI0 KHomku EXport.. — mposectu

30epexxenHs ganux B CSV ¢aiin, skuii Moxe OyTH BIJKPUTHHA B IMakeTax
MATLAB a6o Excel.
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4.2. CmBopenna rpadiumoro gaviny B naxemi Quartus Il
4.2.1. CtBopeHHs HOBOTO (aiiny

Jns cTBOpeHHS HOBOTO (ailily HEOOXiJHO CKOPHUCTATUCS ITYHKTOM

menio File= New... a6o kHomkoo [ Ha mamenmi iHcTpymentis. Y

pe3ynpTaTi Oyde CTBOpeHe BiKHO BHOOpy Tthily ¢hailimy, moka3aHe Ha
pucyHKy 4.15.

BiKHO MIiCTUTB CIHCOK, 3 IKOTO OOMPAIOTh Pi3HI TUIH CTBOPIOBAHUX
(aiimiB.  PosrmsiHemo  ocHoBHI  Tmmu  daitmiB, Aki  OyayTh
BUKOPHUCTOBYBATHUCS 1 HaJaIli B il KHU3I.

N ®

New Quartus Il Project
SOPC Buider System
= Design Files
AHDL File

EDIF File:
State Machine Fils
Systemverilog HDL File
Tcl Seript File
Weilog HDL File
WHOL File:

=1 Memory Files
Hexadecimal (IntelFormat] File
Memory Initialization File

= Werification/Debugging Files
In-Systern Sources and Probes File
Logic Analyzer Interface File
SignalTap Il Logic Analyzer File
Wector W aveform File

=/ Other Files
AHOL Include File
Block Symbol File:
LChain Description File
Synopsys Design Constraints File
Text File

Cancel

Pucynox 4.15 — Tunu ¢aiinie y Quartus 11

3aksazaka Device Design Files:
— New Quartus Il Project — cTBopeHHST HOBOTO IIPOEKTY.
— AHDL File — ¢aitn mosoro Altera HDL.
— Block Diagram/Schematic File — gaiin-cxema.
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— SOPC Builder System — crBopeHHS CHCTEMH Ha
pOrpaMyBajJbHOMY KPHCTAITI.

— Verilog HDL File — ¢aiin moBoro Verilog.
VHDL File — ¢aiin moBoro VHDL.

3aKﬂa)1Ka Other Files:

— Memory Initialization File — ¢aiin, mo MictuTs "npormeky"
JUIA IaM'sSTi.

— Vector Waveform File — aiin wacoBux miarpam st
MOJICITIOBaHHS POOOTH MPOCKTY.

CrBopeHHs rpagiunoro gaiixy

Jnst ctBopeHHs rpadidHoro (aiiiny HeoOxinHo BuOpaTu myHKT Block
Diagram/Schematic File y 3axmanii Device Design Files. Ile npussene mo
CTBOPEHHS HOBOTO (pailiry, BUIJISL BiKHA peJlaryBaHHS SIKOTO TIOKa3aHUH Ha
pUcyHKy 4.16.

" 3aKAQAKQO BIKHO
Block1 bdf

8 | MNarens
kA . i Libraiies:
oQ HCTRYMEHTIB )| e [ .
= e "’“?é‘J'L”g:ff}';iff;"“"m"“’ [ 306paxeHHs |
A | Crmcok | UL e e, 5
|| Bibalotek [k ©] obpaHoro
& oo e | KOMMoHeHTY
H " - - - - -
Im's “w—‘:“' "
©| oBpaHoro
ool | KoOMNoHEHTY
N e
BMUKQHHS ="'
1 PeXMMY [ pewemmpae. ([ :
| NOBTOPEHHS |- — g TR SRR E RS R R RS
BCTOBKM — KHOMKQ 3QMyCKy MQiCTPa

Legoleord Plug-In Manager

Pucynox 4.16 — Bixno ecmasku cumsony

Bcei Bikma B Quartus Il micTars 3akimagkd, MOZIOHI 3aKiagkam
apkyma B Microsoft Excel. AkTuBHa 3akiazka Mae OLTBII TEMHI KOJIBOPH.
JliBopyu Big BikHa TpadiuHOrO peJakTopa pO3TAllOBaHA MaHENb
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IHCTPYMEHTIB. 3aKiiaJika MOXE PO3TAIIOBYBATHCH 1 OKPEMO BiJ| 3arajlbHOTO
BikHa mnakery Quartus II. Jng 1poro HeoOXiZHO HATHCHYTH KHOIIKY
npuB’si3ku  BikHa (pucyHok 4.3). [ns moBepHeHHs BiKHAa Ha3aa, A0
3arajqbHOTO BiKHA IMaKeTy HEOOXiMHO HATHUCHYTH KHOIIKY TPHB’S3KH IIE

pas.

Came none rpadiqHOrO peaakTopa 3alOBHEHE CITKOI, HMapamMeTpu
K01 MOXYTh OyTH BCTaHOBJIEHI 3a jormomororo kareropii Block/Symbol
Editor mento Tools = Options... OcHOBHI MyHKTH I1i€l KaTeropii HaBeIeHI

B TaOu 4.1.

Tabnuys. 4.1 — Kameezopis Block/Symbol Editor menio Options

HasBa kareropii

Ormmc

Show guidelines

Binobpaskae IiHii CiTKM Ha eKpaHi.

Guideline spacing

BcraHoBieHHS KPOKY CITKH.

Snap to grid

[Tpus's3ka 00'exTiB o CITKH.
BHKOPUCTOBY€EThCS TiJIBKH B CHMBOJIBHOMY
peaaxkTopi.

Use rubberbanding

"Hepo3pusHicTs" THIH. Jo3Bomsie
MepeMilyBaTd  O0'€KTH HE  PO3PHUBAIOYM
3B'I3KY MK HUMH. AJIe I OMIIisl HE MPAIIOE,
SIKIIO 00'€KT TepeBepHYTH ab0 BimoOpa3uTH
JI3EPKATBHO.

Use line

selection

partial

Jo3Bosisie BUOMpATH YacTUHY JIiHil, a HE BCIO
JIHIFO IJIKOM.

Ommii, SKi ITOYMHAIOTHCS
3i cinoBa Show

KepytoTh BinoOpakeHHSIM pi3HUX MapameTpiB
00'€KTiB CXEMHU.

[lpu3HavyeHHs KHOMOK Ha TaHenm

IHCTpYMEHTIB  rpagiqHOro

penakTopa HaBeeHO B Ta0wmli 4.2.
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Tabnuys. 4.2 — IlpusnayeHns KHONOK HAHeNi IHCMPYMEHMI8
epagiunozo pedaxmopy
=] | Knonka npus'si3ku BikHa = MaroBaHHS KaHaITy
[+ Knonka Bubopy =: | "Hepo3puBHicTh" miHiit
A | Becraska Tekcry =1’ | YacTkoBwuii BHOIp JiHIT
1) | BcraBka rpadiunoro | &, | Macura6
CUMBOITY
O Bcragka Gmoky IToBHOEKpaHHUH peXUM
"] | MamoBanHs NpoBiAHKKA i ITomryk
-1 MauttoBaHHS IMHU

Jns BcTaBkH cHMBONy y aiim HeoOXiTHO HATUCHYTH KHOIKY
BCTaBKM CUMBOJIy 1} a00 BUKOHATH IOJBIMHE KIIAI[AHHS 10 TIOPOXKHBOMY

MicIf0 Ha poOoyoMy JHCTKY. lIpM 1BOMY 3'IBUTBCSI BIKHO BCTaBKH
CHUMBOITY, TTIOKa3aHe Ha pUcyHKY 4.16. [l BUOOpy CHMBOIIY MOYKHa BBECTH
fioro iM's B mome Name: abo BHOpaTH CHMBOJ 31 CIHCKY JOCTYITHHX
6i0miorek, 1m0 BimoOpaxyrooThes B moii Libraries. ¥V momi Libraries
BiZJOOpa)KalOThCSI CUMBOJIH, SIKI MICTSTBCA B POOOYOMY KaTajo3i MPOEKTY,
CHUMBOJIU 3 1HIIMX 010JIIOTEK, a TAKOK CUMBOJIM 31 CTaHAAPTHHUX Oi0IIOTEK,
SIKI BCTAHOBJTIOKOTHCS Pa30M 3 MTAKETOM.
3a 3aMOBUYYBaHHSIM KOPUCTYBaudy AOCTYIHI Taki 0i0gioTeKu:
1. primitives — 6i0ioTexa MPUMITHBIB:
— buffer — 6ydpepu SOTF, WIRE, LCELL, GLOBAL i 1.1
— logic — norika: enementu I, ABO, HI i T.1.
— other — npumituBu 3emni (GND), xwusnenus (VCC),
KOHCTaHTH;
— pin - BumBomm: Bxim (INPUT), sBuximx (OUTPUT),
nsonanpasieHuii (BIDIR);
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— storage — tpurepwu;
2. other — iHII NPUMITHBH.
— maxplus2 — npumituu 74 cepii. He pekomeHmyeTbes st
3aCTOCYBaHHSI.
3. megafunctions — wMeradyHkiii, $SKi BHKOPHUCTOBYHOTHCS
Mmatictpom MegaWizard. Ckian 6i0mioTeku Oyie OnMcaHUi HUXKYE.
Sk mpuKIaa po3rISIHEMO MOOYIOBY CXEMH, MOKa3aHOi Ha PUCYHKY

4.17.
E —— D° [
[b = ‘Ng'g } | lOUTPUT —— ¢
inst
a
INAND2
%b [ E— | Cy QTR
< st
0

Pucynox 4.17 — lpuxnaou cxemu

Jiist ManroBaHHS 11i€1 cXeMH 3HaA00IAThCST HACTYITHI TPHMITHBH:
NAND?2 — exement 2I-HI;

INPUT — npumitus Bxomy;

OUTPUT — npuMiTHB BUXOJTY.

CTBOpeHHdA cxeMu

CrBopiTsb rpadiunuii daitn (Block Diagram/Schematics File).

BuxonaliTe mojBifiHe KJIallaHHS Ta BCTaBTE€ HEOOXiTHI MPUMITHUBH.
I[Ipu poGOTI B pemakTopi MOXKIWBE BHKOPHCTAHHS MHUIINI B PEXKHMI
"HATHCHYTH 1 NEpeTSITHyTH" .

3'emHaHHA elleMeHTiB. Jlasg 3'€eqHAHHSA €JIEeMEHTIB CXEMH HeMae
HEOOXITHOCTI TEPEXOAWTH B PEXUM MAIOBaHHS MPOBIAHUKA. KO
MIBECTH Kypcop IO BHBOAY C€IIEMEHTa, OUII Kypcopy 3'SIBUTHCS
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300pa)keHHs 3HAYKa Ha KHOIII MAallOBaHHA INPOBiTHMKIB: ] .

Haruckaroun Ha 11iBy KHOIIKY MHUIIIL, 3'€JHANTE €JIEMEHTH TaK, K MOKa3aHO
Ha pucyHky 4.17 a.

KpiM 3BHYHOTO BCiM 3'€JIHaHHS E€JIEMEHTIB CXCMH IPOBIJIHUKAMU
MOJJINBE BUKOPUCTAHHS IMEH MpPOBIAHUKIB Ui 3'€qHAHHS. Y LHOMY
BUIAJKY JIBa TPOBIIHUKH BBAKAIOTHCS 3'€THAHUMH, SKIIO BOHH MAalOTh
oJTHaKoBI iMeHa (pucyHok 4.17, 0).

s BU3HAYEHHsI iIMEHi MPOBiIHUKA HEOOX1IHO BUOPATH MPOBIIHHUK 1
HATUCHYTH TpaBy KHOIIKY MHIIi. ¥ KOHTEKCTHOMY MEHIO, IO BiJKPHIIOCS,
HeoOxiaHo BubOpatu myHKT "Brnactusocti" (Properties) (pucynok 4.18). ¥V
BikHi, 110 Bigkpumocs, Node Properties y skmaami "3aransui" (General) y
nosie Name HeoOXiTHO BBECTH iM'd MPOBIMHUKA. Y BHUITAJIKy BUKOPHUCTAHHS
TPynH TPOBITHUKIB HEOOXiMHO BHUKOPHCTOBYBATH Ti X TMpaBWia, IO
OPUAHSTI A1 KOHTAKTiB.

D

Cerx ] e e 5 5 5 5 el 2 2 i) 2 ) 3
i 51

General | Font | Format |

Locate » Hlame: o

Condut Line I~ Hide name in black design file
Bus Line
[* ode Line

Toagle Connection Dot

AN Fiip Horizontal
S Flip Yertical
Rotate by Degrees »

Zoom >

orns

Pucynox 4.18 — Peoazyeanns imeni npogionuxa

[epetimenyBaHHsT BXOIB Ta BUXOXy. st iepeliMeHyBaHHS BXOJIIB
Ta BUXOJAY HEOOXiJIHO BUKOHATH TOJIBIHE KIAIlaHHS MO BXOXy, IO
npu3Beie 0 BiIAKPUTTS Aialory, OKa3aHoro Ha pUCyHKY 4.19.
Tyt:
— Pin name(s) — imM'st koHTaKTy a60 KOHTaKTiB.
— Default value - 3HaueHHs 3a 3aMOBYyBaHHSIM, TOOTO
3Ha4YeHHs, 10 Oyle IOoJaBaTUCS Ha KOHTAaKT y TOMY BUIAJKY, SIKIIO BiH
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3aNUIIMBCS HemiaKIoYeHnM. [Ipu nboMy HEOOXigHO MmaM'sTaTH, MO0 TakKe
3HAYEHHS CTOCYEThCS TUIBKH BHYTPILIHIX BY3/iB CXEMH. 30BHIIIHI BUBOAU
MOBHHHI YIPaBIISATUCS €IEMEHTaMH BBOAY—BUBOY.

Y Tomy BUNaAKy, KOJIM HEOOXiTHO 3a7aTH TPYIy KOHTAKTIB, TO iXHIO
Ha3By  BBOJATH y  HACTyIIHOMY ¢dopmari: im's_KkoHmaxmy
[cmapwuii_po3pso .. moroowiul_po3psio].

Hampukiman: addr[7..0], count[16..8].

VY 3ammcax Tpyn KOHTakKTiB y MporpaMHOMY 3a0e3nedeHHi ¢ipMmu
Altera TpuWitHATO 3amMCyBaTH CTaplIMKA 3HAYyIIUE OIiT JiBOpydY, a
MOJIOAIIUH 3HA4YyIIUii OIT — mpaBopyd. 3BOPOTHHUH MOPSIOK MPHU3BOIUTH
IO TIOSIBY TIoTiepe/pkeHHs (Warning).

Jns  3BepHEHHs [O OKpEeMHX KOHTAaKkTiB 13 Tpymd BapTo
KOPHCTYBATHUCS HACTYITHUM (popmatoMm: im's kormakmy [Homep po3psioy].

Hamnpuknan: addr[7], addr[5], count[10].

Beenits y mosie Pin name(s) 3HavyeHHs BiAMOBIAHO 10 prcyHKa 4.17.

Pin Properties g\

General ] Formnat I

To create multiple ping, enter a name in AHDL bus notation [for example,
"name[3..0]"). or enter a comma-separated list of names.

FPin name(s): |data[?. 0]

OThiEHs

Pucynox 4.19 — Peoazysanns imeni eugooy I1JI11C

Ha pucynky 4.20 mokazana po6orta 3 mmHowo (bus) Ta kKaHaioMm
(conduit). [lluxa — e rpyna JiHii, M0 Mae oaHe iM’s Ta pi3Hi HUDPOBI
ingekcd. Hampuxman, addr [15..0]. Ilpu poGoTi 3 IMIMHOK MOXHA
OTIepyBaTH SIK 3 YCIi€I0 TPYMNOI0 B LIIOMY TaK i 3 OKPEMHUMH CHTHaJIaMH.
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4.2. CmBopennsa rpairnoro daiiay B naxemi Quartus 11

Ilpu 3’emHaHHI IIUH HEOOXIMHO KOHTPOJIOBATH, MO0 PO3PSIHICTH ITHH
Oyna ognakoBoto. Kanan — mie rpyna miHiH, SIKi MOXYTh MaTH pi3Hi iMeHa
Ta PpO3PSIHOCTI, TOOTO KaHaJl MOXE BKJIKOYATH B cebe SK OKpemi
MPOBITHUKK TaK 1 MMHA. bimpmn moxmagHo mpo poOOTy 3 KaHaIaMH IHB.
naparpad 5.1.

addr[15..0]
BUTBUT
3¢ : > addi[15.0]

addr7

addré

addrb

addrd

addr3

Pucynox 4.20 — Poboma 3 wuHow ma Kauaiom

30epe:xxenns cxemu. [Ipu 30epexxenni Quartus Il 3ampomnonye im's
¢aiiny, ske cmiBmazatiMe 3 iM'AM mpoekTy. Skmo daiin e ¢aitnom
BepxHbOro piBHA iepapxii (Top-Level Entity), To 3miHfoBaTH Horo He
noTpibHo. B ycix iHmmxX Bumamkax OaxkaHo, moO iMm’s (aiimy Oyio
VHIKaJIbHUM 1 HE MOBTOPIOBAJIO HAa3BM KOMIIOHCHTIB Y TPOCKTI 1 caMoMy
(haiimi.

4.2.2. CTBOpeHHsl eJIeMEHTIB 3a J0NOMOI0I0
maiictpa MegaWizard Plug-In Manager

Maiictep MegaWizard Plug-In Manager JIO3BOJISIE,
BUKOPUCTOBYIOUM TapamMeTpu3oBaHi  (yHKIWii, CTBOPIOBAaTH BEJIHKY
KUTBKICTh PI3HUX IUQPPOBHUX OJOKIB: IMOYMHAIOYM BiJl HANMPOCTIIIUX
JIOTIYHMX €JIEMEHTIB 3aKIHYYIOYH CHCTEMaMH Ha KpUCTasi. Y MPHUKIaI, 110
po3rIsIaeThes HIbK4Ye Oyne modynoBaHui 8-po3psaHUN iHKpEMEHTYIOUni
JTYWITHHIK.

Maiictep siBisge cO0OI0 MOCTIAOBHICTH JIaOTOBUX BIKOH, Y SIKHX
KOPUCTYBau BBOAUTH NapameTpu oopaHoro 610ky. KibkicTe KpOKiB MOXe
3HAYHO PI3HUTHUCA B 3AJIC)KHOCTI BiJl CKIaJHOCTI enemeHTa. [Ipu cTBOpenHi
€JIEMEHTIB 0a)kaHO 30epiraTv ix B poO0OUOMY KaTayio3i IPOCKTY.
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4.2. CmBopennsa rpairnoro daiiay B naxemi Quartus 11

3amyck wmaiictpa MegaWizard Plug-In Manager wmoximmBuit
HACTYIIHUMH MeToJaMu: BuOpatu merto T00ls = MegaWizard Plug-In
Manager... abo BUKOHATH MOJBiiHE KJAIlaHHA IO MOPOKHBOMY MOJIO B
rpadiyHOMy penmakTopi 1 y BikHI, MmO Bigkpwiocs (pucyHok 4.16),
HaTHCHYTH KHONIKY MegaWizard Plug—In Manager...

Ilepmre BikHO MaiicTpa MmoKa3aHe Ha pUCYHKY 4.21.

MepaWizard Plug-In Manager [page 1] EJ

The Megaw/izard Plug-n Manager helpz you create or modify
design files that contain custom wariations of megafunctions.

\ which action do you want to perform?
& Create a new custom megafunction wvariatiorg

" Edit an existing custom megafunction variation

" Copy an existing custom megafunction variation

Copyright [C] 1331-2001 Altera Corporation

Cancel | | MNext > | ‘

Pucynox 4.21 — Bixno sanycky MegaWizard Plug—In Manager

TyT HEeoOXigHO BUOpATH OJHY 3 TPHOX Aiil:

1. Create a new custom megafunction variation — cTBopuTu
HOBY Mera)yHKIIIF0 KOpHUCTyBaya.

2. Edit an existing custom megafunction variation -
penaryBary icHyro4y MeradyHKIIIO.

3. Copy an existing custom megafunction variation -
KOTIIOBATH iCHYI0Uy MerayHKIIIO.

Bubupaemo mnepmmii MyHKT — CTBOPIOEMO HOBY Mera(yHKIIIo.
Haruckaemo xHonky Next. Ile mpu3BOIUTE 0 BIIKPUTTS APYrOro BiKHA
Mmaiictpa (pucynok 4.22). B HpoMmy HeoOXigHO BuOpaTH 3 0i0mioTeku
HeoOXinmHy MeradyHkmiro. Crnucok O0i0MOTEeK MOXKe BIAPIHATHCA BiJ
BKa3aHOTO Ha PHUCYHKY 4.21 1 3aleXHuTh BiJi BCTAHOBICHHX Oi0JIIOTEK.
Jesiki eneMenTH 010110TEeKH MOXYTh OyTH HEAKTHBHUMH, TOMY IO BOHH
HE MIATPUMYIOTHCS MIKpOCXeMaMHu 00paHoTro ciMencTBa.

CranpaprtHa 6i6aioTeka MerayHKLIN BKIIIOYA€ HACTYIIHI PO3ALIH:

— Arithmetic -  apudmernuni  mpuCTpoi:  CyMmaropw,
MOMHOKYBayi, KOMIIAPAaTOPH 1 T.1.
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4.2. CmBopennsa rpairnoro daiiay B naxemi Quartus 11

— DSP — 6noku mudpoBoi 06poOku curHany: QiIbTpH, OJOKH
IIBUJIKOTO TiepeTBopeHHs Dyp'e.

— Gates - Beutumi: emementd I, ABO 1 1.1 OcHoBHA
BIIMIHHICTH BiJ] €JIEMEHTIB, III0 BXOSITH J0 CKIamy 6i0mioTekn
MIPUMITHBIB — 1€ MacIITabOBaHICTh, TOOTO MOXKIJIMBICTH BUOOPY
PO3PSAHOCTI BXiJHOT IIMHH.

— 1/O - iurepdeticn pizamx TumiB mam'sti (DDR, EPCS),
TpaHCHBEPIB i T.1I.

— Interfaces — intepdeiic mikpocxem DDR SDRAM, DDR2
SDRAM.

— Memory Compiler — pizni tinu nmam'sti: O3I1, TT311.

— Storage — pericTpu Ta TpUTrepH.

Cimencreo

MegaWizard Plug-In Manager [page 2a] @ MiKDOCXeM
‘Which megafunction would you like to customize?  ‘Which device family will you be Cyclone Il *
1y =

Selact & megafuncion from the st below ueinge

= it file da you want to create?
CrMcoK |2|ual|ed Plugins ~
Abera SOPC Buider  AHDL
BCTAHOBAESHMX |t & Lithmelic # yHOL MO_BO onmey %M
e ] ALTACCUMULATE -
MerachyHKLUI A e © Verlog HOL BAXIAHOTO ChaitAy

2] ALTFF_AES
2] ALTFP_ADD_SUB
d ALTFP_COMPARE ‘IJ fwwork \quartustnios!|_lab\cor

ALTFP_CONVERT n
ﬁ ALTFP_DIV Wasx Taim’a
£l ALTFPBP BMXIAHOTO cpaiay
ALTFP_INV
’jl Presiiph v ™ Rietum to this page for another creale cperaion
z N

2] ALTFP_LOG Note: To compie a project suceassfull in the Quartus Il software,
n yous design fles must be in the project diectory, in the global user

lioasies specitied in the Options dialog box (T ools menu), of 3 user
libvasy specified in the Lses Librarizs page of the Setiings disiog
b [Assignments menu).

What nama do you want for the cuput fis? Browse... |

]
[ ALTFP_MULT
2] ALTFP_SORT

1 ALTMEMMULT Your current user ibrary diectories are:
d ALTMULT_ACCUM [MAC) Project User Libraries:
1 ALTMULT ADD c:haltera\G1 i ateravddr_high_perfibh

~] ALTMULT_COMPLEX - N
j Areanr Cnncok Bibaiotex
21 LPH_2BS KOPMWCTYBOHO

| LPM_ADD_SUB -

Carcel | ¢Back |[ Het> |

Pucynox 4.22 — Bixno eubopy mecapynryii

PosrnstHeMo 1o, 1110 po3TalloBaHi y 1ibOMY BiKHI:

Which device family will you be using? — Bubip BimnosigHoro
ciMelcTBa MIKPOCXEM 3a JJOIIOMOTOIO CITUCKY, III0 PO3TOPTAETHCS.

Select a megafunction from the list below — Bubip HeoOximHOI
MeradyHKIii 31 CIOUCKY BCTaHOBIEHHMX MeradyHkmii. [Iyis cTBOpeHHs
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4.2. CmBopennsa rpairnoro daiiay B naxemi Quartus 11

miynnpHUKa HeoOxigHo BuOpatnm Qynkmito LPM _COUNTER posmimy
Arithmetics.

Which type of output file do you want to create? — Bu6ip MmoBH, Ha
AKiit Oyze HammcaHa BiMmoBinHa MeradyHkiig. SIk MoBa ommcy Moxe OyTH
obpana oxna 3 moB: AHDL, VHDL, Verilog HDL. fxmo Bubip MoBU He
Mae 0cOOIMBOTO 3HAYEHHS, TO Kpalle 3aJIUIINTH BHOIp 32 3aMOBUYBaHHSIM.

What name do you want for the output file? — Busnauenus imemi i
NUIAXY po3TanryBaHHS BuximHoro Qaitmy. Ilpm HeoOximHOCTI BHOOpY
KaTajory Juis pOo3MilleHHs (aiaiB MOXHA CKOPUCTATHCS KHOIKOMO
Browse...

Next — mepexij 10 HACTYITHOTO BiKHA.

Tpu HacTymHI BiKHa BU3HAYAIOTh MapaMeTpu oOpaHol MeradyHKIii.
B skocti mpukmamy  posriiTHEMO ~CTBOPEHHS  BOCBMHPO3PSIAHOTO
IHKpPEMEHTYIOYOTO JTIYMIbHUKA.

1. Parameter settings — ycranoBka napameTpiB (pucyHoK 4.23).

JaHna 3aknagka npu3HAYeHA JUIS BU3HAYCHHS MapaMmeTpiB (YyHKII:
PO3pSATHOCTI, HEOOXiMHWUX TMOPTiB, KOHCTAaHT 1 T.0. Ha mid Brmamgmi
NOKA3yeTbcs CUMBOJI  (YHKII, SKUH Oyne BHKOPHUCTOBYBAaTHCH B
rpadivHOMY pelaKTopi Ta KUTbKICTh BUKOPUCTAHUX PECYPCIB.

MegaWizard Plug In Manager - LPM_COUNTER [page 3 of 7] | -
= = AoBiaka no
= LPM_COUNTER 0BpaHiA doyHKLIT

|

TpW 3aKAQAKM
AAS BU3HOYEHHA
napameTpis doyHKLT

Currently sslectad devica Family: [ ]

2 Watch project/default

How wide should the ‘g cutput busbe? (B [ s
CHMBOA
oyHKLU What should the counter direction be?
= Up enly
Desn anly

Create an ‘updown’ input: port to allow me to do both
FeCprM NAIC, aki (1 courts up; 0 counts down]
HeOoBXIAHI AAR
peaaizauii

[ concel || <gack || test> | nish |

Pucynox 4.23 — Bubip pospsaonocmi ma Hanpamy paxy@ansi IiduibHUKA
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Jns cTBOpeHHS JNYWIBHMKA B JaHIA 3aKjiadll BCTAaHOBIIOEMO
po3psaHicTh ska gopieHoe 8 y mone ""How wide should the 'q" output
bus be?".

VY mone "What shoud the counter direction be?" — BusHagaemo
HaIpPSIMOK MiAPaxyHKY:

— Up only — iHKpeMeHTY04Hi TIYUITEHUK

— Down only — nekpeMeHTyrouHii JTIYHIbHUK

— Create an ‘updown’ input port to allow me to do both (1
counts up; 0 counts down) — peBepcUBHHUIl JTIYMIBHUK: | — paxyHOK
Bropy, 0 — BHU3.

Bubupaemo Up only i Hatuckaemo kaonky Next.

Hacrtynne BikHO (pucyHok 4.24) Bu3Ha4ya€e KOeQillieHT paXxyBaHHS, a
TaKOX J0JaTKOBI MOPTH MEPEHOCY Ta A03BOJy paxyBaHHs. TyT 3anuiaemMo
Bce 0e3 3MiH 1 HaTuckaemo KHomKy Next.

MegaWizard Plug-In Manager - LPM_COUNTER [page 4 of 7]

a LPM_COUNTER

Documentation

E‘ Parameter
Settings

General » [Generatz
count o Which type of counter do you want? —
- . ) Plain binary ¢ KoerILLleHT
a7 0= . _ Modulus, with a count modulus of l:l PAxXyBOHHA

3 Carry-in
Count Enable Carry-out

AOAQTKOBI BMBOAM
NEpPEeHOCY TA AO3BOAY POBOTH
Resource Usage

Blut + 8 rey

Optional Inputs

| Cancel || < Back ” Mext = || Finish |

Manwonoxk 4.24 — Busnauenns 000amko8ux napamempis iiduibHUKa

Bikxo ""Optional Inputs' Bu3Havae 1me OxHYy Tpymy JOJATKOBHX
BUBOJIIB: CHHXPOHHUX Ta aCHHXPOHHUX BXOJIB YCTaHOBKH, CKUJIaHHS Ta
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3aBaHTXEHHS. Y [bOMY BiKHI 3alHIIA€EMO Bce 0e3 3MiH 1 HATHCKAEMO
kHomky Next.

2. Hacrynna 3aknagka — Simulation Library — mpusnauena mns
BU3Ha4YeHHS (ailniB, HEOOXITHUX JUIA CUMYJAMii maHoi meradyHKIIl B
IHIHX 3aco0ax MpoeKTyBaHHA (pucyHOK 4.25), Hampukian, ModelSim.

TyT He BUOMpPAEMO HiSIKHX ONMLiK 1 HaTUcKaeMo KHOTIKY NexXt.

MegaWizard Plug-In Manager - LPM_COUNTER [page 6 of 7] -- EDA

‘,a LPM_COUNTER

Documentation

Sirulation Libraties

To properly simulake the generated design files, the following simulation model
file{s) are nesded

File | Description

Ipm  LPM megafunction simulation libray

Timing and resource estimation

Generates a netlist for timing and resource estimation For this megafunction, IF
woul are synthesizing your design with a third-party synthesis tool, using a
timing and resource estimation netlist can allow For better design optimization.

Mot all third-party synthesis tools support this Feature - check with the tool
wendor For complete support information.

Mote: Metlist generation can be a time-intensive process, The size of the
design and the speed of your system affect the time it takes for netlist
generation to complete,

Generate netlist
Bt + Breg

‘ Cancel H < Back ” Mext = ” Einish |

Pucynox 4.25 — Busnauenns gpaiinie 0t cumynsayii 1iuuibHuUKa
3. Bkiagka Summary (pucynok 4.26). TyT BinoOpakaeTbcsi CIMCOK

(aiinis, siki OyayTh 3reHepoBani mMaiictpom MegaWizard Plug—In Manager
(Tabm. 4.3).
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Manager

Tabnuys. 4.3 — Cnucok ¢atinis, seeneposanux MegaWizard Plug—In

MGTOI[ BBCJICHHS IMPOCKTY

@aiinum, 3reneposani MegaWizard Plug—In

VHDL

mult.vhd, mult.cmp & mult_inst.vhd

Verilog

mult.v & mult_inst.v

Schematic

mult(.vhd or .v) & mult.bsf

Y mifi  3akmazani
HaTUCKaeMo KHOMKY Finish.

MegaWizard Plug-In Manager - LPM_COUNTER [page 7 of 7] -- Summary

3aJiuIa€eMO  3HA4Y€HHA 3a 3aMOBYYBaHHAM

<2
Summary
Turn on the Files you wish ko generate. & gray checkmark indicates & File that is
Count autamaticaly generated, and a red checkmark indicates an aptianal fi. Click
Finish to generate the selected files. The state of each checkhax: is maintained in
I clock subsequent Megavizard Plug-In Manager sessions.
The Plug-In Manager creates the selected files in the Following
directory:
DéiworkiuartustriosIl_labl
File | Desciption
[ count.vhd \iariatio fle
& count.inc AHDL Include fl:
O court.cmp WHDL companent declaration file
F court bst Quartus Il symbol il
O counl_instvhd Instantiation template e
& coun_waveloms. bl Sample vwaveforms in summary
e COUNL_Wave® jpg Sample waveform file(s]
Ghit+Greg

Pucynox 4.26 — Buznauenns 0o0amkosux ¢atinie st MOOETOBAHHS

Haruckanns Ha kHonKy Finish mpusBoauts 10 3aKkpuTTs MaiicTpa i
NOBEPHEHHIO y BiKHO BHOOpPY enemeHTa (pucyHok 4.27). Ilpum mpomy y
BiKHI Oyjie BimoOpakeHU CUMBOJ po3po0sieHoi Meradynkiiii. HaTuckauHs
Ha kHonky OK mpuBeze 10 BKIIIOUYEHHS] OTPUMAHOTO CUMBOJTY B TpadiuHumii

(haiin.
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4.2. CmBopennsa rpairnoro daiiay B naxemi Quartus 11

Slkmo BUHMKHE HEOOXIAHICTD 3MIHUTH BXK€ CTBOPEHY Merad)yHKIIITo,
TO TIOBTOPHO BiAKpUTH BikHO MaicTpa MegaWizard Plug—In Manager
MOYKHa 32 IOTIOMOTOI0 TTO/IBIHHOTO KITallaHHA MO0 CUMBOITY (DYHKIIi.

Symbal &‘

Libraries:

B Project

=] B‘ o/altera/91 fquartus/libraries !
BIEY megafunctions
BEY others
B primitives

HName

o —

I~ Repeatinsett made

Pucynok 4.27 — Cumeon po3pobnenozo nivunvHuKa

4.3. Komnirayia npoexmy

[Iponec komminsnii B makeri Quartus Il y cBoemy Tumosomy BUrmsiai
MoXe OyTH oOmnMcaHW{d 3a JIOTIOMOTOI0 aJrOpPUTMY, IIOKAa3aHOI'O Ha
pucyHky 4.1. JIo 1poro mporecy MOXyTh OyTH JOJaHi J0JaTKOBI MOIYJII,
NPU3HAYEHHS SIKUX BHU3HAYAETHCS IPOTPAMHUM 3a0€3MEUEeHHSIM i1HIINX
BUPOOHUKIB.

3amyck KOMIUIATOpa 3A1MCHIOETHCS ab0 NMPU HATUCHEHHI KHOIKH

P . abo BuGopom myHkTy MeHio Processing = Start Compilation. V

1IOMY BHIMaJKy Oyje BHKOHaHAa IMOBHA KOMIUIAMisS. OmHAK, MOXIUBHIM
3aIyCK OKpEeMUX CKJIaJIOBUX Kommiisropa. s 1iporo HeoOXifHO BUOpaTH
OyHKT MeHio Processing = Start (pucysok 4.28).
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4.3. Komniaaujis npoexmy

Processing Tools  Window  Help

S BB LA S

W Start Compilation Chr+L
Update Memary Initislization File B2 Start Analysis & Synthesis ChrkHk
@ Compilation Report Chrl+R E‘E Start Partition Merge

BE® Start Fitter

"M Start Assembler

4 Start Classic Timing Analyzer Chrshift+L
, "t Start TmeQuest Timing Analyzer  Ctrl4Shft+T

"4 Start EDA Matlist Writer

Start Compilation and Simulation  Ctrl+-Shift+
Generate Functional Simulation Metlist
P Start Simulation Ctrl+I

Simulation Debug

&b simujation Report CtrbeshifrR

%5 Start Design Assistant
B campiler Taol BF Start PowerPlay Power Analyzer  Ctrk-Shift+P
£ Simulater Tool My Start SSN Analyzer

B Classic Timing Analyzer Tool -
¥ Start SignalProbe Compilation Chrl+Shift+5
a;'-’/’ PowerPlay Power Analyzer Toal

W SSM Anal Tool ¥, Start 1O Assignment Analysis
M Analyzer Tool

Start Classic Timing Analyzer (Fast Timing Model)
2% Start Early Timing Estimats

Start Classic Timing Analyzer Constraint Check.

Start Check & Save All Netlist Changes

Skart ¥QM Writer
Start Equation Writer (Post-synthesis)
Start Equation Writer (Post-fitking)
Start Test Bench Template Writer

. Start EDA Synthesis
Start EDA Physical Synthesis

Pucynox 4.28 — 3anyck mooynie komninamopa

PosrmsinemMo  fmesiki MOmyni  KOMIIUIATOpA, JOCTYN  JIO  SIKHX
3IICHIOETHCS 32 JOTIOMOT'OF0 MEHIO:

— Start Analysis & Elaboration — 36epirae Bci ¢aiinu npoekry,
3aIyCKa€e TMEPeBIPKY CHUHTAKCHCY Ta CEMaHTHKH NpoekTy. Ilicias podoTu
IIbOTO MOJIYJISI MOXKIIMBHUI TeperyIsil iepapXii MpoeKTy Ta meperisiy daiiiis
npoekty B RTL Viewer (auB. Huxue).

— Start Analysis & Synthesis — Bximrouae Bci mii Analysis &
Elaboration, dopmye daiin 38'13kiB /151 CTBOpeHHST 0a3u JaHUX MPOCKTY,
TaK0X BUKOHYE CHHTE3 MPOCKTY.

— Start Fitter — po3mimye npoekr Ha kpuctani [TIIC. Ilepen
3aIlyCKOM [bOTO MOJIYJI HEOOXIHO BHKOHATH CHHTE3 IPOCKTY 3a
nonomororo Moyt Analysis & Synthesis.

— Start Assembler — Momynb, IO CTBOPIOE 3 pE3yJIbTATIB
pobotn kommanyBanbHuMka (fitter) daiinm mms mporpamysadHs a6o
koH}irypysanus [IJIIC.
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4.3. Komniaaujis npoexmy

— Start Classic Timing Analyzer a6o TimeQuest Timing
Analyzer — 3amyck MOXyJiB Uil PO3PaxyHKY YacCOBHX MapaMerpiB i
noOyZ0BY YaCOBUX Aiarpam MPOEKTY.

— Start Design Assistant — moxysb, 10 MepeBipse MPOEKT Ha
BiJIMOBIAHICTh MPaBHJIaM NPOCKTYBAaHHSI.

B mpomeci poGoTu cTaTyc KOMIIALIT Ta 11 pe3yIbTaT BUBOIATHCS Y
BIJIMIOBITHUX BIKHAaX MakeTy (pucyHok 4.29).

[Faki [Tmed [ ~
= B Compile Desigr
v £ P Analysis & Synthesis 00:00:33 (C T KOAATiAal T
T L0 tatein Cratyc KommiaaLi
| - View Repart —~—— NPOEKTY
w | k=P Anabsis & Elaboratior

I - Patiion Merge
| B3 Nethst Viewers
& RTL Viewer
€ State Maching Viewst
i =8 Technalogy Map Viewe: PostMapping),
| Bl Design Assistant [Post-Mapping]
I [ 1/0 Azsignment Analysis
i W Eally Timing Estimate
W - Filler [Place & Route) 00.00:24
] ] Edit Seffings
{ e[ View Report
| -« Chip Plarner (Floorplan and Chip Edilor]
~&, Technology Map Viewer (Post-Fiting)
| BB Design Assistant [Post Fiting) —

BB 5P Assenbler [Generste programming ies) BikHO BMBOAY

" J_ MNOBIAOMAEHD KOMNIASTORG )
< >
B

generating device programming files
tion completed successfully

<
System (1]}, Processing (256) { Extalnio J, Inio(175) J, Wamng[B1) J, Citicalwaming J\ Enor }| Suppressed (6] ) Flag ]

[Message Dol 781 2| ®l]

Messages

Pucynox 4.29 — Bixno nogioomnenv ma cmamycy KOMRIAAyii

Pesynpratn koMmisimii IPOEKTY MOXYTb OyTH NeEperisHyTi
JIeKITbKOMa CIIOCO0aMH:
1. 3 BukopucTaHHsIM 3BiTy mpo kommimsmito (Compilation Report).
2. BUKOpUCTOBYIOUH CHELialIbHI TIeperiisiaayi:
— meperisgad MPOeKTy y BHIUIAL CTPYKTYPHOI CXeMH Ta
texHousoriunux OsokiB (RTL & Technology Map);
— mepersim rpadiB mudposux astomarie (State Machine
Viewer).
3. 3 BHKOpPHCTaHHSM IUIaHyBaJbHUKA pecypciB Mikpocxemu (Chip
Planner).
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4.3. Komniaaujis npoexmy

Jns eperisiry OKpeMUX eJIEMEHTIB MPOEKTY B 3a3HAYEHHX MOJYJISIX
HEOoOXiZIHO BUOpaTy MOTPIOHUH €NEMEHT CXeMH 1 Y KOHTEKCTHOMY MEHIO
BuOparu nyHkt Locate (Po3ramryBanns). [lami BiIKpUETBCS CITUCOK, SIKHI
JI03BOJIUTH OTPHMATH JOCTYII A0 3a3HAUYEHOTO BUILE MOYJIS.

4.3.1. 3BiT npo koMmijsiuiro

3BIT Mpo KOMIUIAIIIO sBIsiE cOo00r0 BikHO (pucyHok 4.30), sike
ABTOMATUYHO BIJKPUBAETHCA IMICHS KOMIIJIAII Ta MICTHTH BCHO
iH(pOpMAaLIiI0 PO Pe3yJIbTATH KOMITLIISIIII:
—  BHKOPHCTaHHI peCypCcH MIKpOCXEMHU;
—  BHBOJH MiKPOCXEMHU;
—  HAQJAIITYBAaHHS Ta MIPU3HAYCHHS, @ TAKOXK IXHE BUKOHAHHS,
— iHdopMariifHi TOBINOMIIEHHS, CIHCKH TIONEPE/DKeHb 1
HOMHJIOK.
Takox pe3ymbTaTé KOMITIJIAIIT MOXYTh OyTH TeperisHyTi B
TEKCTOBUX (paiiyiaX, sIKi pO3TAlIOBYIOTHCS B POOOYOMY KaTayio3i MPOCKTY.
e wactrynui daiinu: in's_npoexmy.fit.rpt Ta im's_npoexmy.map.rpt.

(= Quartus Il - D:fworkiquartus/niosll_labfniosll_lab - niosll_lab - [Compilation Report - Flow S... EI@@
File Edit WYew Toos ‘Window

SR Legal Notice
ST Flow Summary Flows Status Successful - Wed Sep 25 21:51:19 2013
&R Flow Settings Quartus 1l Version 9.1 Build 222 10/21/2009 5. Full Yersion

B Flow Non-Default Global Settings

+- &[] Assembler

For Help, press F1

Total logic elements
Total combinational functions
Dedicated logic registers

Total registers

Total pine

Taotal virtual ping

Tatal memary bits

Embedded Multiplier 9-bit elements

Tatal FLLs

Revizion Mame ningl|_lab
gz E:DW g:pssed Time Topevel Entiy Name el [l
; o Ly Farnily Cyclone I
EB Flow Log R
+-¢&B10 Analysis & Synthesis Device EP3C25F324C8
+- &3] Fitter Timing Models Final
+- &[] TimeQuest Timing Analyzer Met timing requirements MNia

4072/ 24 524 (17 %)
3575/ 24 524 (15 %)
2,267/ 24524 (9%
24001

94/ 216 [44% )

i
04,224 / GOR256 14 % )
4/132(3%)
1/4[25%)

NUM

Pucynox 4.30 — 36im npo pezyromamu xomninayii
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4.3. Komniaaujis npoexmy

4.3.2. RTL Viewer Ta Technology Map Viewer

I'pacdiune mpencraBnenHs By3niB mpoekty B 0Oasuci IIJIIC moxe
Oytu orpumane mpu Bukopuctanni RTL Viewer (pucynok 4.31). s
BIJIKPHTTS I[LOTO Ieperiisiaada HeoOXiqHO BUOpATH MyHKT MeHio T00Is =
Netlist Viewer = RTL Viewer. HeoOxigHo nmam'staTi, M0 Pe3yJbTaTH Yy
BUTIIAAI (DYHKIIOHANBHOI CXEMH MOYKHA IMOOAYUTH TUTBKH MICIS 3aIyCKy
moayiniB Analysis & Elaboration abo Analysis & Synthesis.

4% RTL Viewer |
Hierarchy 1 e = =
(=] W Herarchy Lt age Tile: [ tapsiinet e [1 a1 =
I% = filtref - N
S Instances i
all ~ogT, L lepapsis J y
8 — B
LV 4 D takesiretz = Y 0] 0 10.0] .01 o i
B mut:insté . it ey e e o
-8 it K . H:’_E:'J ﬁ‘_‘ . é_ I —
# . | _—
LE_T il Il i -
1 I i o
02 \;\
“ 1
s
1
"
3 4’m
® (CxemaTmiHkmii BMFA?A] 'i‘__\
|__obpaHoro Baoky I a
(" Bikro Hasirauli 3_ -
|“Bird's Eye View" 5 L
- -
>

Pucynox 4.31 — Bixno RTL Viewer

RTL Viewer moka3ye cxemMaTudHe 300paKeHHs BHYTPIIIHBOI
CTPYKTYpH MIKPOCXEMH, OTPUMaHe B pe3ynbTari KoMnusiii. [Ipu mpomy €
MOJJIUBICTD TOAWBUTHCS SIK MPOEKT BUKOPHCTOBYE PECYPCH MIKPOCXEMH,
TOOTO JoriuHi OJIOKH, €JNeMEHTH BBOIYy—BUBOJY, MYJIBTHUIUIEKCOPH,
TPUTEPH.

Technology Map Viewer — 103Boisi€e BH3HAYHMTH, SK OKpeEMIi
€JIEMEHTU TPOEKTY BHKOPHUCTOBYIOTH PECYpCH JIOTIYHUX €JIEMEHTIB:
TabNMLi TepeKoyBaHHs, KOHQITYpyeMi TpUrepu, MYJIbTUIUIEKCOPH 1 T.A.
(pucynox 4.32).

Pisnnus mix npexncrasienssm B RTL Viewer ta Technology Map
Viewer momsrae B TOMY, IIO B MEpPIIOMY BiOOpaXKa€ThCsl TOAAHHS
MPOEKTY Y BHUIVIAAI (PYHKIIOHAJLHUX OJIOKIB, a B APYroMy — y BHIJISAI
peCypcCiB JIOTIYHUX €JIEMCHTIB.
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4.3. Komniaaujis npoexmy

i

pelnakTopu

MOXYTh  3aCTOCOBYBaTHCS

JJIA  BH3HAYCHHIA

KPUTUYHUX IUIIXiB MPH ONTHMi3alil MPOEKTy MO MBHAKOAI abo s
BUsIBIICHHsI TOMIIIOK B Verilog a6o VHDL kogi.

ﬁ Technology Map Viewer - Post-Mapping ‘

Hierarchy
@ "= Hierarchy List
By ||= O fikref
@, - B Instances
+ acciinst3
& = mult:insté
o + Instances
# = Pins
# o Nets
= B state_m:inst1
4 = 03 Primitives
= £% Atoms
£ fier idle
£3 filter tapl
C'Ef £7 filter kap2
£7 filter kap3
£7 filcer kap4
= lepapxis
- MOAYAIB
MNPOEeKTY
=1} Primitives
= £3 Atoms
7 insta v
£ >
Hierarchy List r{ Find f

Page Title: [ Post-Mapping: Display content

Tof1 -l

Page:

AOTIMHMI
EAEMEHT

Tabamua
NepeKoAYBAHHS

KoHirypyemhia
TpMrep

.4
¥
-

¥

state_m:inst1 [fiter.idle, LOGIC_CELL (FF50)
= <> filter.idle

=DFFEAS(
((IDATAD] # (IDATAA & DATAC]). CLK. IACLR. .

ACLR =reset

CLK = clk

DATAA = fiter.tapd
DATAC = fiter.idle
DATAD = newt

- T BUKOPUCTAHHS

pecypcis

AOTMHOTO
eAreMEeHTa

Pucynox 4.32 — Bixno Technology Map Viewer

4.3.3. State Machine Viewer

Januit Monynb 1o03Boisse TOOAuUTH TpadidHe TNpeACTaBICHHS
IU(QPOBOTr0 aBTOMAaTa, a TAKOXX TAOJHMIIO MEepPexXoiB HU(pPOBOro aBTOMAaTa
(pucyHnok 4.33). Ins BiAKpUTTSA LBOTO Ieperisgada HeoOXinHO BUOpaTh
nyHKT MeHto T00ls = Netlist Viewer = State Machine Viewer. Po6ora 3
UQPOBUMH aBTOMAaTaMH OITMCAHA B PO3JILTI 5.
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4.3. Komniaaujis npoexmy

& State Machine Viewer | state_minstllfiter |

= e ———————————————————————————

[

(=]

L2

23

©

o4

Source State | Destination S Condtion

1] tap3 tapd
2] tap2 tap3
3| tapt tap2
4] tapd tapl [newt)
5| tapd ide (newt)
6| ide tapl [newt)
(7] iae ide (Inewt)

Pucynox 4.33 — Bikno State Machine Viewer

4.3.4. Chip Planner

Chip Planner (mranyBanpHMK  Kpucrama) mgae  rpadidne
NpEeICTAaBICHHS KPUCTaly BUKOPHUCTOBYBAHOT MiKpocXxeMu (pUCYHOK 4.34).
st BIAKPUTTS 1[bOTO IUIAHYBaJbHMKA HEOOXITHO BHOPATHU IMYyHKT MEHIO
Tools = Chip Planner =Floorplan & Chip Editor a6o natucuytn

KHOIIKY @ Ha MaHesi IHCTPYMEHTIB.

MaclTabyBaHHA AAR
NEPErAAY BUKOPUCTOHMUX

pecypcis MAIC

BUrAfA BCbOrO KPUCTOAY
MIKPOCXEMH

Pucynox 4.34 — Bixno nianyeanbHuKa Kpucmania
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4.3. Komniaaujis npoexmy

[MnanyBagbHHUK KpUCTaa JO3BOJISE MOOAYUTH TpadivyHe 300parkeHHS
pecypciB MIKpPOCXEMH, a TaKoX KaHald 3'€IHAHHA MDK eJeMEeHTaMH
MiKpocxeMu (pucyHok 4.35).

38’13k ACTMHOTO EAEMEHTT
D o Pamee 3 IHLIMMM TA 3ATPUAMKA CHUTHAAY
HO LLMX AiHiSX

[Pocoin Eara =] @]

AoriHHKA
SAEMEHT

KHOMKM BIAOBPOXKEHHS| & &
3B'A3KIB EASMEHTIB =
MIKpOCXE MU

PR PR

PO e

Fanin j4/4) <BoTs Equasora (111)

- n QL6 frsscnstuod_
BxiaHi curHaam (Fun-in) LB RIS . L2 AL
oBpaHoro AcrivHoro

EAEMEHTA

@ 012
<

BuxiaHi curHaam (Fun-Out)
OBPAHOrO ACTHHOrO
SABMEHTA

0BpaHOro AcriYHOTO
EAEMEHTA

[’\oriqﬂi pieHaHHA (Equations)

Pucynox 4.35 — Bioobpaosicenns 36 ’s13Kig Midic enemeHmams Mikpocxemu

Takox 1151 00paHOTO eneMeHTa MIKpocXeMH OyayThb BimoOpaxeHi
BximHi (Fan—In), Buxigni (Fan—-Out) 3B's3ku Ta JOTiIYHI PiBHSAHHS, SKi
BiZoOpaXkaroTh 3B'130K BXOiB i BuxoiB (Equations).

4-4. YcmarioBxn ma rpmsHaueHHA TIPoexy

OynkiionysanHs npuctporo Ha [1JIIC 6arato B oMy BU3HAYAETHCS
YCTaHOBKAMH KOMITUIATOpPA Ta TMPHU3HAYCHHSIMH, SIKI BHUKOHYIOTHCS JUIS
BU3HAUCHHS BHUBOJIB MIKPOCXEMH Ta CTHJIIB CHHTE3y MpoekTy. Ertam
BU3HAYCHHS OII[il CHHTE3y MPOXOAWTH 3a AJITOPUTMOM, HABEICHUM Ha
pucyHky 4.36. YcTaHOBKHM, BHKOHaHI 3a JIOMOMOror miamory Settings,
penakropa mpu3HaueHb (Assignment Editor), riaHyBaibHHKA BHBOJIB
(Pin Planner) i wdacoBux aHaji3aTOpiB IiJCYMOBYIOTbCS Yy (aiimi
ycraHoBok mnakety Quartus II (Quartus II Settings File — *.qsf). Lli nawi,
HapiBHI 3 (aiiamMu, IO ONUCYIOTh IPOCKT, BH3HAYAIOTH PE3YJIbTAT
KOMITUIALIT.

202



4.4. Ycemanosku ma TPUSHAUCHHSA TIPOEKTILY

Aiaror
YCTAHOBOK
PeaakTop - Param
NMPU3HAYEHb
[MAQHYBAABHMK » AHOAI3 TO
BMBOAIB Pin Planner L/ CUHTE3
Po3AI PanA
O3AIAEHHS - NPOEKTY
NMPOEKTA HA -
H4ACTMHM
- L7
KAOCL:HHI/IM ‘ PAiA
4ACOBMIM AHAAI3 yCTQHOBOK

Pucynox 4.36 — Busnauenus napamempie npoexmy

Jns BigkputTs gianory Settings HeoOXimHO BHOpAaTH MyHKT MEHIO
Assignments = Settings (pucynok 4.37).

File Edit View Project

Oz d

Processing Tools ‘Window Help

2? Device...

Project Navigatar '@ Pins
E ntity Ef Timing Analysis Settings...
Ay Cyclone Il: EP2caF2| 22 EDA Tool Sektings...
- 2 i ) G’ Settings... Ctrhshift+E

Classic Timing Analyzer Wizard...

<& pssignment Editor  Clrl+Shift+A
‘:@ Pin Planner Crl+Shift+n

Remove Assignments...

diyHierarchy | B Fies ! i"'p Back-Annotate Assignments...

Tasks Import Assignments...
Flowe: | Full Design Export Assignments...
[Taskm Assignment (Time) Groups...

S ‘E:; @2 Timing Closure Floorplan
#-# Eal & Logiclock Regions Window A+

~ B Flle [P 73] Design Pattitions Window  Alt+D

Pucynox 4.37 — Menio npuznauenv npoekmy
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4.4. Ycemanosku ma TPUSHAUCHHSA TIPOEKTILY

3a momomMororo fgianory Settings MokHa BHKOHATH YCTAaHOBKH, SIKi
BUKOHYBAJIUCSI TPU CTBOPEHHI MPOEKTY 3a JOMOMOIOI0 MaiicTpa (AuB.
naparpad 4.1) — e nyukru General, Files, User Libraries (Current
Project), Device, EDA Toll Settings (prucynok 4.38).

Settings - combinatory x|
Category:
Files
User Libraries (Current Project] Select the family and device you want to target for compilation.
Device
#1- Operating Condiions oy | 3] [ Showin‘avalable devces'ist —
Compilation Process Settings DN
£ EDA Tool Settings Derea TR el
Design Entip/Synthesis Pincourt.  [400 ~
Simulation Target device
Timing Analysis € Auto device selected by the Fitter Speed giade: |7 2
Formal Verfication & Speciic device selected in ‘Available devices' list Core voltage: 1.5%
Physical Synthesis B
BoardLevel fizi: il [~ Show advanced devices
(=) Analysis & Synthesis Settings I~ HardCc ble orly
VHDL Input Ayailable devices:

Veriog HDL Input
Default Parameters
Synthesis Nest Dptimizations
[=I- Fitter Settings
Physical Synthesis Optimizations
5} Tiring Analysis Setlings
Assembler
Design Assistant
SignalTap I Logic Analyzer
Logic Analyze Interface
5} Gimulator Settings
PowerPlay Power Analyzer Settings

[LEs [ Memor. [PLL [
4000 el 2
4000 783 2
295122

20060 234912 2

Migration bl
’( Migration Devices...

0 migration devices selected

Pucynox 4.38 — Bixno eubopy mikpocxemu

KepyBanHs mporiecoM KOMIUJIAIiT BHUKOHYEThCS Yy  BKIAQJIII
Compilation Process Settings (pucynok 4.39). Ha miit Bkmaami HaiOiabIm
BaxumBUM € myHKT Use Smart compilation (Bukopucratu "po3ymny"
KOMIIUIsAMir0). Ll ormigis 103BoJIslE 3MEHIIMTH Yac KOMIIUIALIL, ane Mpu
IbOMY 30UIBIIYETHCS OOCAT 3aMHITOrO MPOEKTOM IHUCKOBOTO IPOCTOPY.
[licna mpoBeaeHHs mepiioi Takoi KOMMUIAMII BCi HACTYNMHI KOMITLISALIT
MPOEKTy OyAyTh TPOBOIUTHUCS TaKUM YHHOM, W00 MpOoIec KOMITiISIT
BUKOPUCTOBYBaB TUIbKH HEOOXiZHI MOJyNi KomIistopa. SKmo x Oymu
NpOBeJIeH] 3MiHM B JIOTiLi MPOEKTY, TO MPOBOAMTHCS MMOBHA KOMITLJISIIA.
ToOTo maHa omiisi MOBUHHA BUKOPHCTOBYBATHCH Ha €Talli HANATOKEHHS
HPOEKTY, KOJIU IPOBOANTHCS 3MiHA HAJIArO/UKEHb Ta YCTAHOBOK IIPOEKTY.
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4.4. Ycemanosku ma TPUSHAUCHHSA TIPOEKTILY

Seitings - filtref [x
Category
Generdl Compilation Process Settings
Files
Libraries Specity Compiation Frocess options
Device
+ Dperaiing Sefings and Cordion: R JETGETED
¥ (+ Use global paralisl compilation setting
% EDA Tool Seltings (" Usa all available processors
%] Anslysis & Synthesis Selfings Wi |
Fitter Settings
=1 Timing Analysis Settings @ Uss smart compilation
T t
me(Quest Tining Analyzer % Preserve fewer node names to save disk space
=1 Classic Timing Analyzer Seitings *
Classic Trming Anskyzes Repos | | Fun /0 assignment analsis before compiation
Assembler ¥ Run Assembler duing complation
Design Assistant I RunBTL Viewsr preprocessing duing compiation
SignalT ap Il Logic Analyzer
Logic Anslyzer Interface I~ Save a node-level netlist of the eniire design into a persistent source fle
=) Simulator Settings (This option specifies VQM File name for full comgilation and Start VG Wiiter command)
Simulation Vedfication |
Simulation Qutput Fles
PowerPlay Power dnalyzer Settings I™ Export yersion-compatible database
SSN Analyzer |
I™ Save project gutput fles in specified drectory
More Settings...
Desciption:
¢ > Corcel

Pucynox 4.39 — Bixno onyiu komninamopa

Pesynprar komminsmii mpoekTy Oarato B 4YOMY 3aJI€KHTh 1 Bif
TEXHIKM CHHTE3Y, 1[0 BCTAHOBIOEThCS y BKiaami Analysis & Synthesis
Settings (pucynok 4.40).

Tyt notpiGHO 3BepHyTH yBary Ha myHkt Optimization Technique
(TexHnika onrumizartii):

— Speed — onrumizamisi MPOEKTY IO MIBUAKOCTI. Y IOMY
BUTIAJIKY MTPOEKT OyJie 3aiMaTh OUIbIY TUIOIY KPHCTAla.

— Area — onrtumisalis IpoeKTy Mo 3aiiMaHii IJIONI KpHCTAala.
[Tpu oMy TIPOEKT MOYKE MPAIIOBATH MOBIIbHIIIIE.

— Balanced - cepenne 3HaueHHs MK IIBUJAKICTIO Ta
BUKOPUCTOBYBAHOIO IUIOLICIO KPUCTAY.

Onmii KOMIMaHyBaJIbHMKA BCTAHOBIIOIOTHCS 32  JOMOMOTOIO
Bitanku Fitter Settings (pucynok 4.41). HaiiGinbpinl BaXKIMBUM TYT €
nyHkT Fitter effort (3ycwmis komnanyBanbHHKa), 110 MICTUTh HACTYIHI
MYHKTH:
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4.4. Ycemanosku ma TPUSHAUCHHSA TIPOEKTILY

Settings - filtref

Category:
General Analysis & Synthesis Settings
Files
Libraries Specify options for analysis & synthesis. These options control Quartus || Integrated Synthesis and
Device do not affect VOM or EDIF netlists unless WYSIWYG primitive resynthesis is enabled.
+| Operating Settings and Conditions
+| Compilation Process Settings Optimization Technique
4 EDA Tool Seftings & Speed
8 el & Syrithesis Settings ]
Fitter Settings L
=) Tiing Analysis Setlings  Area
Timefuest Timing Analyzer
= Classic Timing Analyzer Settings O
Classic Timing Analyzer Repol ¥ PowerUp Don't Care
Assembler B I Perform WYSIWYG primitive resynthesis
Design Assistant
SignalTap Il Logic Analyzer PoweiPlay power optimization: | Normal compilation -
Logic Analyzer Interface ’—4|
= Simulator Settings HDL Message Level Level2 - Advanced .

Simulation Verification

Simulation Output Files More Settings...

PowerPlay Power &nalyzer Settings
SSN Analyzer

Description:

‘ > Carce

Pucynox 4.40 — Bixno onyiii 102iunoco cunmesy

— Standard Fit — ug ommis HamoiieHa Ha  30UIBLIEHHS
MaKCHUMaJbHOI TaKTOBOI 4YacTOTH TpoekTy. [Ipu mpomMy 4Yac KOMMOUIALT
301TBIIYETHCS.

— Fast Fit — 3meHmenHs yacy kommiranii npubimsHo Ha 50%.
Ane 1e Npu3BOAMTH 10 3MEHIIEHHS MAaKCHUMaJbHOI TaKTOBOI 4YacTOTH
MPOEKTy B cepeanpomy Ha 10%

— Auto Fit — kommiiATOp Tpaltoe Takox, SK i y Bumajaky Fast
Fit, ajge sKIm0 € yCTAaHOBKM YacoOBHX IapaMeTpiB abo mapamerpiB
PO3MIIIEHHS TPOEKTY, TO Yac KOMITUISIII 30iIbIIyEThCS JUII BUKOHAHHS
BUMOT MpPOEKTyBaIbHUKA. Lle# cTHIb poOOTH KOMIAaHYBaIbHUKA Kpalie
BUKOPUCTOBYBATH JIJIs HOBUX TPOEKTIB.

HactporoBanHs mapameTpiB KOMIaHyBaJbHHKA Ta CTUIIB CHHTE3Y
BUKOPUCTOBYETHCS NMPH ONTUMI3aLil MPOEKTYy MO MWIBHIAKOXII abo 00’emy,
1o 3aiitmMae mpoekT. Li mii omucani B po3mii 5.
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4.4. Ycemanosku ma TPUSHAUCHHSA TIPOEKTILY

Settings - filtref X
Category:
General Fitter Settings
Files
Libraries Specily options for fitting
Device
#) Dperaling Setings snd Condiions T Srneme
+) Compilation Process Settings
+ EDA Tool Settings ¥ DOptimize hold timing: [1/0 Paths and Minimum TPD Faths -l
+)- Analysis & Synthesis Settings I | Dplirizs musk comer tirng
=/ Timing Analysis Settings .
TimeQuest Timing Analyzer PowerPlay power optimization: | J
= Classic Timing Analyzer Settings

Fitter effort

& Standard Fit (highest effort)

" EastFit (up to 50% faster compilation / may reduce fmax)
 Auto Fit (reduce Fitter effort after mesting timing requirsments)

Classic Timing Analyzer Repar
Assembler
Design Assistant
SignalT ap Il Logic Analyzer

Logic Analyzer Interface
=1 Simulator Settings :I
Simulation Verification
Simulation Output Files [~ Limit ta one Titting atiempt
PoweiPlay Power Analyzer Settings
SSN Analyzer Seed: |1
More Settings...
Description:
‘ > Carel

Pucynox 4.41 — Bixno napamempis KoMnany8aibHUKa

4.5. Tlomsraerria BuBoys mixpocxemn 8 Quartus 1

[Ipuznauenns BuBoxiB y makeri Quartus Il mMoxke OyTH BHUKOHaHO
JeKiibkoMa criocobamu. HalOinblr 4acTo BUKOPUCTOBYIOTHCSI HACTYIIHI
METOJIN:

— 3 BUKOPHCTaHHSM IUIaHyBajJbHUKA BUBOIB (Pin Planner);
— iMmopr i3 Tabmmni B CSV ¢dopmari;

— penaryBanHsM (airy npusHaueHb npoekty (QSF);

— 32 JIONIOMOT'OI0 IIPOTpaMH.

VY wiit kHu3i OyAe po3rIsIHYyTHH TITBKW METOA NPU3HAYCHHS BUBOJIIB
3a JIONOMOTO0 TUIAHYBAJIEHUKA BHBOJIIB.

[InanyBaidbHUK BUBOJIB — II€ IHTEPAaKTUBHHH 3aci0, KU MOXke OyTH
BIIKpUTHII 3a IOMOMOror BuUOOpY MyHKTY MeHio Assignments = Pin
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4.5. ThpusHaueHHs BuBoAB Mikpocxemu B Quartus 11

Planner aGo xuonku &8 (pucynok 4.42). Moro BikHO ckmamaeThes i3

TPbOX YaCTHUH:

CIHCKY BCIX BHBO/IIB;
CIHCKY T'PYyIl BUBOIIB;
300pakeHHsT Mikpocxemu — Buay 3ropu (Top view) abo Buay
3uu3y (Bottom view).

Crucok BUBOJIB MiCTUTH HACTYITHI TTOJIS:

BikHO cnuck:
rpyn BUBOAIB

Cnmcok BCix
BMBOAIB, X TN

TA PO3TALLYBAHHA

Node Name — im'st BuBOIY.

Direction — HampsiMOK Tepemavi JaHWX: BXiA, BHXiZ abo
JBOHAIIPABJICHUM.

Location — posramryBansi, TOOTO HOMEP BUBOIY B KOPITYCi.
I/0 Bank — 6aHk BBOly—BHBOLY.

Vref Group — omopHa Hanpyra JJsi TPy BUBOIIB.

I/0O Standart — crangapt BBOIy—BHBO/Y.

Reserved — pesepByBaHHs, TOOTO BKa3iBKa Ha T€ IO
HeoOXimHO  poOWUTH 3  THMH  BHUBOJAMH, SKi  HE
BUKOPHCTOBYIOTHCSI.

Group — rpyma BUBO/IIB.

Top View - Wire Bond

ﬂ/@(ﬁm i =l Cyclone - EP1CBF256C6

306paxeHHs kopnycy
MIKPOCXEMM 3 YMOBHUM
MO3HQYEHHAM BMBOAIB

rew no

BBOAY-BMBOAY
BEOAY-BAROAY.

ot LBOHK eAeMeHTiB

=] ©l ek X VI[2 Fitec: [Pins: all ~l

Hiode Name | Owecon | lowaton |  GoBak | REFGow [ A
y [irpu PN G1 f B1 m1 3
o Jirpat PIN_BS f2 82 N2 I3
7] input PIN B13 2 82 N0 E]
di6] Jirput PIN_B1 I 61 N0 3
> d[5) Input PIN_ALL 2 |82 N1 3

Pucynok 4.42 — Bikno pedacysanms usodie npoexmy
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4.5. ThpusHaueHHs BuBoAB Mikpocxemu B Quartus 11

IMopsinoxk npusHavyeHHsi BUBOAiIB y naketi Quartus I1

Po3srisHeMO MOPSIOK IPH3HAYEHHS BHUBOIIB 3a JOIOMOrow Pin

Planner.

1. BinkpuBaeMo MpOEKT.

2. Tligroryemo mianyBajIbHUK J0O pOOOTH.

2.1. BinkpuBaeMo mMjaHyBaJbHUK BHBOMIB 3a JIOTIOMOTOI MEHIO
Assignments = Pin Planner.

2.2. ITepekoHaeMocs, IO AJIS BUIIALY MiKpPOCXEMHU BCTaHOBIICHHUN
Bux 3ropu (Top view). SIkmio Hi, TO HOro HEOOXiJHO BCTaHOBUTH 32
Jonomoror nyHkTy MeHto View = Show = Package Top.

2.3. IlepekoHaemocsi, mo0 OOpaHO pEXHM BiTOOpaKeHHsS OaHKIB

BBOAy—BuBOAy (Show 1/O bank) — xHomka IT'- HaTHCHYTa. binbm

e
JIOKJIATHO TIpo OaHKW BBOAY-BUBOY AWB. Y po3aiii 1.

3. IlpuszHaueHHs BUBOJIIB.

3.1.V Bikni cnucky rpyn BuBojiB (Group) mianyBaibHHKa Pin
Planner BuGupaemo rpymy BxonxiB, Hampukian, data[7..0]. Yrpumyroun
IO TPYITy, 332 JOMOMOIOIO JIIBOI KJIaBillli MEPETATyeEMO 1 Ha MO3HAYCHHS
Oanky esnemeHTiB BBoay—BuBogay IOBank 2 y BikHi 300paxkeHHs
Mmikpocxemu. [Ipu mpomy Quartus Il aBTOMaTH4YHO NPU3HAYUTH BHBOAAM
MPOEKTY OCTYIHI BUBOAM MiKpOcXeMH. Takuil METO BUKOPUCTOBYETHCS B
TOMY BWIIAJKY, KOJIM II[e HEMaE TOIOJIOTi] JAPYKOBAHOI IUIaTH, TOOTO HE
iCHY€ KOPCTKOT NPHB'A3KH BUBOJIIB IIPOEKTY.

3.2.Y ToMy BUIaJIKy, KOJH MOTPiOHO MPHU3HAYATH OKpeMi BUBOIM,
MOYKHa KOPUCTYBATHCSI HACTYITHUMH CITIOCOOaMU:

3.2.1.Bubpatu HeOOXiJHWH BHBIJ Yy CIHCKY BCIX BHBOJIB I
NepeTsIrHyTH Ha MOTPiOHMH BUBiJ Yy BiKHI 300paskeHHS MiKPOCXEMH.

3.2.2.Bubpatn HeoOXigHMH BHBII y CIHMCKY BCIX BHBOAIB Ta Y
TabnuIi TapaMeTpiB 3poOWTH MOJBiliHE KianaHHs no mojir Location
(pucyHok 4.43). B cnucky BuOpaT NOoTpiOHUIA BUBI.
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4.5. ThpusHaueHHs BuBoAB Mikpocxemu B Quartus 11

X Named [+ | AllPins Fiter. [Pins: a |
Node Name | Direction Location 1j0 Bank Vref Group / 10 Standard Rex ﬂ

6 |0 slad [input PIN_P3 1 B1_N2 3.3 LVTTL (default)

7_|® q [output PIN_R4 1 Bl N2 3.3 LVTTL (default)

8 |0 datalt] [nput PIN_B13 2 B2_t0 2.5¢

9 | dataln] [input PIN_B14 2 B2_t0 254

10 |» |Input ~|2 B2_NO 3.3V LYTTL (default)

n e r [input | EnEr — B2_N0 3.3V LYTTL (default)

2|0 datal7) [input PIN_D17 B2 N2 25¢

3 > i [input ﬁ}[“,—gig — B3_N0 3.3V LVTTL (defaul)

14 |®> [input oI D2 B3_0 3.3V LYTTL (default)

15 |0 data5) [input PIN_D20 B3_Nt 2.5y

16 |0 datals) [Input PIN_D3 632 254

i PIN D4

17 |0 data3) [nput e % B4_10 254

18 |0 data[2] |Input PIN_W14 14 B4_NO 2.5Y

19 [® d0 | PIN_V13 4 B4_NO 3.3V LYTTL (default)

20 |0 datal4] PIN_W12 4 B4_N1L 25v

2| D g6 PIN_E 4 B4_N1t 3,30 LVTTL (defaul)

2 |o qs PIN_V9 4 B4 Nt 3.3 LVTTL (default)
Elm T aa Tow e oM win Ta Ra it R AMIUTTI (dafanlky 24
zl4 | .'_IJ

Pucynox 4.43 — Tabauys 6u600ié mikpocxemu

4. TlpusHaueHHS BIIACTHBOCTEH BHBOJIB. Bmsnauenns
BIIACTMBOCTEH MepIl 3a Bce mnependadae BH3HAUCHHS CTaHAAPTY BBOIY—
BUBOJAY JJIsi OJHOro abo JCKUIbKOX BHBOMIB. I JOCTymy J0 BikHa
BJIACTUBOCTEN HEOOXiTHO BUKOHATH OJIHY 3 ONMCAHUX JIiii:
— VYV BikHi cnucky rpyn BuBoxiB ((Group) HaTHCHYTH IIpaBy
KHONIKY Ha mmuHi 1 BuOparn mynkt Node Properties, o
MpU3BeEJIE IO BIAKPUTTS BiKHA, TOKA3aHOTO HA PUCYHKY 4.44.

— Y BIKHI CHOHUCKY BCiX BHBOJIB BHOpaTH OAWH abo0 KilbKa
BUBO/IB Ta y KOHTEKCTHOMY MeHIO0 BuOparu myHkT Node

Properties.
f Node Properties ® ;

Node name: follow
Localian [FIN_C11 =]
170 standard: |2 5 j
Roseved [ ~ |
Froperties:

Name ‘ Walue |
140 Bank 2

General Function Colurnn /0

Special Function LYD529n

Fad D 163

WREF Pad ID 159

Pucynox 4.44 — Bikno éracmusocmeii U800y
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4.5. ThpusHaueHHs BuBoAB Mikpocxemu B Quartus 11

BixHOo BmacTHBOCTEH MICTUTH HACTYITHI TIOJIS:

Location — Bka3syerbcsi po3TairyBaHHsS BUBOAY. sl IEKinbKOX
BUBO/IiB MO’KE BKa3yBaTHCs OaHK €JIEMEHTIB BBEJICHHS — BUBEICHHSI.

I/O standart — crangapT BBeJIEHHS — BUBEIECHHS.

Reserved — 3ape3epBoBaHuii. BUKOPHCTOBY€ETHCS B TOMY BUIIAJIKY,
KOJIM HEOOX1THO JTAaHWI BUBIJI 3ape3epBYyBaTH Ha MallOyTHE.

Properties — crircok BIaCTUBOCTEH BUBEICHHSI.

5. 'V BimkpuTOMY BiKHI HEOOXiTHO BHOpaTH MOTPIOHHUN CTaHIAPT
BBeJicHHS-BUBeeHHS. [l MikpocxeM cimelictBa Cyclone cranmapT
BBOAY-BUBOIY — 3,3V LVTTL.

IlepeBipka npaBuJIbLHOCTI NPU3HAYEHb BUBOAIB

IlepeBipka TpPaBUIBHOCTI TPU3HAYECHHS BUBOIIB POOHUTHCS abo
ABTOMATUYHO TPH IMOBHIA KOMIUISAIII MPOEKTYy, ab0o 3alyCKOM MOMYJIs
KOMIIUISITOPA, BIAMOBINAIILHOTO 32 TaKy MEPEBIPKY.

Jns mepeBipkn TpHU3HAYSHHS BUBOJIB HEOOXIMHO BHOpaTH MyHKT
mento Processing = Start = Start 1/0O Assignment Analysis a6o

- .. . .
HATHCHYTH KHOIKY = | Ha MIaHEJi iIHCTPYMEHTIB IJIaHyBaJIbHUKA BUBO/IIB.

Lle m03BONMUTH TMEPEBIpUTH NPABWIBHICTH MPH3HAYEHb 0€3 MOBHOL
kommismii. J{ns 3amycky miepeBipkM TpWU3HAYeHHS BUBOJIB HEOOXiITHO
TITBKA 3pOOWTH TIPU3HAYEHHS BHBOJIB (HANPSAMOK Iiepenavi JaHUX,
CTaHJApTH BBEJICHHS — BUBEJCHHS, OAHKH).

PesynbTaTti mepeBipku MOXKYTh OyTH TeperfisiHyTi B posaim Fitter
3BiTY KOMIuIsii. ISt 1bOr0 MOKHA CKOpHCTATHCs myHKTamu Pin—Out
File, Resource Section. Takox HeOOXigHO IIe pa3 MEPEBIPUTH CTaH
HEBMKOPHMCTAaHMX BHBOJIB, IO MOXHA TOAMBUTHCH y 3akiammi Unused
Pins niamory Device and Pin Options 3 3akmaaku Assignments =Device.

4.6. Yacoswit ananiz 8 Quartus 17

Yacosuii anamiz y nakeri Quartus II mMoxe OyTu BuKOHaHHWH a0
knacuaanM Mmetomom (Classic Timing Analysis) abo 3a mgomoMororo
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4.6. Hacosuit ananis 8 Quartus 11

nporpamu TimeQuest. V oMy po3aii Oyne po3TISSHYTHH KIACHYHUN
YacOBUH aHaJi3aTop.

YacoBuil aHami3 € CKJIaJOBOI0 YACTHHOIO MOBHOI KOMIIIALII.
Pesynpraty yacoBOTO aHai3y JO3BOJSIOTH OIIHUTH HIBHUAKOJIIO TMPOEKTY
Ta BUSBUTH HAHOUTBII KPUTHYHI TUISTHKH, SKi TIOTIM MOXHA ONITUMI3yBaTH
cxeMoTexHiYHO a0o 3amaTh iM iHmI onmii kxomminsaropa. I[loBTopHa
KOMTIUISIIS TPOEKTY MOKaXKe 3MIHY 9aCOBHX MapaMeTpiB 3MiHEHUX OJIOKIB.

[MapameTpy 4acoBOTO aHANi3aTOpa BCTAHOBIIOIOTHCS 32 JOMOMOTOI0
saxmanku Classic Timing Analyzer Settings mianory Settings (meHto
Assignments = Settings...), sika moka3aHa Ha pUCYHKY 4.45.

[ Settings - fittref |
Category:
General Classic Timing Analyzer Settings
Files
Libraries Specify settings for the Classic Timing Analyzer, Use the Assignment Editor for individus! timing
Device assignments. Mote: These settings affect the Classic Timing &nalyzer only. To specify Time(uest
< Dperating Settings and Condiicns Tirming Analyzer settings. use the Timeluest Timing Analyzet (Tiring Analysis Setings menu).
%1 Complation Process Setings .
+ EDA Tool Settings Delay requirements
= Analysis & Synthesis Settings ™ Beport minimum timing checks

VHOL Input y =
Verlog HDL Input T e =
Default Parameters e i

Fitter Settings tpd: [ =
=1 Timing Analysis Settings
Timeluest Timing Analyzer th nso >
=1 Classic Timing Analyzer Settings

Classic Timing Analyzer Repo Clock Setlings
Aszembler

Design Assistant Default required max: |50 MHz ~
SignalTap Il Logic Analyzer
Logic Analyzer Imerface Indrvidual Clacks...

Simulator Seflings

PowerFlay Fower Analyzer Settings Q
SSM Analyzer More Settings.

5

Description:

Speciics the minimwm acceptabie clock requency, that is, the masimum clack frequency that
can be achieved without violating intemal sstup and hold fime requirements.

4| n v Cancel

Pucynok 4.45 — Bcmanognenns uacosux napamempis

IIpu poboTi 4YacoBuWii aHami3aTOp BUKOPUCTOBYE HACTYIHI
HaJIarOKSHHS MaKeTa:
fmAax — MakcUManbHa TAKTOBA YaCTOTA;
tsu — yac nepeABCTaHOBIECHHS (setup time) AT pericTpiB;
tpo — Yac 3aTpUMKM TPOXOKCHHS CUTHATY BiJl BXOAY 4Yepes
BHYTPIIITHIO KOMOiHAI[iiHY JIOTiKy 10 Buxomdy (pin-to-pin delay);
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4.6. Hacosuit ananis 8 Quartus 11

tco — 3aTprMKa BUXiTHOTO CHTHAITY IIIOJI0 TakToBOiI 4acToTH (clock
to output delay);
th — wac yrpumanns (clock hold time).

OOMerxeHHS 9aCOBHX MapaMeTpiB YHCIOBIMH 3HAYCHHAMU 301TbITy€
yac Kommumsmii, ockinmbku Quartus Il cmodaTtky BHUKOHYE KOMIUISAIIO
NPOEKTY, TOTIM TepeBipse #HOro Ha BiAMOBIAHICT BCTaHOBICHUM
mapaMeTpaMm i, TIpW HAsSBHOCTI HEBIAMOBIAHOCTI, BUKOHYE OITHMI3aIlif0
HPOCKTY.

st meperiisiy pe3ysibTaTiB 4acoBOTO aHai3y HEOOXITHO BiIKPUTH
BIKHO pe3y/bTaTiB KOMMUIALIi Ta BuOpatu myHKT Timing Analyzer
(pucyHok 4.46).

&+ Quartus I - C:/alteraf91/qdesigns/fir_filter/fir_filter - filtref - [Compilation Report - Timing Analyzer Summary]

Fle Edt Yew Tools indow

[Z complation Report L T
&S Legal Natice Fiequired Actual
S Flow summary Tope Slack | Tine Time Fram
SHER Flow Settings 1| Worst-case lsu N4 [MNone 4523 ns newt
R Flow Non-Default Global Settic | 2 worst-case te N/& None 7.059 s inst5[E]
&HER Flow Elapsed Tine 3] worst-case th Ni& |Nane T e
&= F:”W 05 Summary [4] Clock Setup: o 1564 ne| 100.00 MHz | period = 10.000 ns ) 11995 MHz [ period = 8 336 ne | state_minst fiter tsp3
: g :gyff&sy”thasis [5] Clock Setup: ok 3595 ns| 200,00 MHz | period = 5.000 s | | N/A instd
& Fitter E Clock Hold: 'clk’ 0.674 ng| 100.00 MHz [ period = 10000 ns ] N4& taps:instizn_2[6]
¥ & Assembler 7] Clock Hold: ok’ 5483 ns| 20000 MHz ( period =5.000 n1s ) | N/ accinstalesull5]
-2 Timing Analyzer 8| Taotal number of failed paths
summary
gg Settings

SR Clack Settings Summary
SR Cock Setup: 'dk'
SR Clack Setup: 'dhxz
S Clock Hold: 'k

SEF Clack Hold: 'clkx2'

S tsu
S8t
= =k
2 Messages
< m R m o
For Help, press FL UM

Pucynox 4.46 — Pe3ynomamu yacosozo ananizy

Jana 3aknajka pe3yiabTaTiB KOMIUALIT MiCTUTh HACTYITHI MyHKTH:

Summary — 3aranbHe 3BeJCHHS Pe3y/bTaTiB YacoBOTO aHamizy. TyT
BKa3ylOThCS HAWTIPII 3 MOXKJIMBUX 3HAYCHb MMOKA3HMKIB (Worst—case) yacy
NepeayCTaHOBKH, YTPUMAaHHs, MaKCUMaJlbHEe 3HaYCHHS TAKTOBUX YacToT i
T.IL.
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4.6. Hacosuit ananis 8 Quartus 11

Settings — Hamaro/pKeHHs, SKi BHUKOPHCTOBYIOTBCS B MPOIECI
yacoBoro aHamzy. [nsg ixHpoi 3MiHM HEOOXiTHO BUKOPUCTOBYBATH JiaJloT
Settings.

— Clock Settings Summary — 36ipka ycTaHOBOK I10 BCIiX TAaKTOBHX
YacTOTaX, sIKi BHKOPUCTOBYIOTHCS B TIPOEKTI.

— Clock Setup — w9ac mpenBCTaHOBIIEHHS CHTHAIiB JaHHX,
BIJIHOCHO CHTHAJIy TAaKTOBOI 4acTOTH. BimoOpaxaerbcst B momi Slack.
MakcuManbHO MOXKJIMBA YacTOTa YISl JIAHOTO JIAHIFOTa BiTOOPaKaeThCs B
noni Actual fmax.

Clock Hold — wac yrpumaHHs cUTHAIIIB TaHUX BITHOCHO TIEPioay
TaKTOBOI YaCTOTH.

— tsu, tco, th — yacu mepeaycTaHOBKH, TAKTOBUM CHUTHAI-BHXIJ Ta
YTpUMaHHS U1 00paHUX BY3JiB CXEMHU.

— Messages — TOBiIOMIIEHHS, IO 3'ABISIOTHCA B PE3yibTarTi
4acOBOTO aHAJI3y.

s monaBaHHS By3JIiB Yy TaOJMIFO YacOBOTO aHali3y HEOOXiTHO
BubOparn tynkt Advanced List Paths... y konTexcTHOMY MeHIO (PHCYHOK
4.47).

KA Compilation Report

& B Legal Notice Slack |Redired [Bctual | T To
SHE Flow Summary ack sy tsu fom | te Clock

SHER Flow settings [1 | /s Nome  [4523ns|newt tapsinstin 1(5) ok

SHEE Flow Non-Default Globsl Settings — [2 ] /& None | 4523 ns|newt tapsinsthn_3(5) clk.

SHEE Flow Elapsed Time [3] e None 4523 s newt | taps:instian_2[5] ok

g E:ga f’;gs“m"“’y [4 | NA Nome  452Ens|newt epsimsthn 28] ok

© BT Anaysts 5. syrthess [5 ¢ L b T 5 v e ram-mrllm Bl clk

= S Fitter 6 [ nj Cor chie ok,

+ B ool 7w Select Al JaCTT- S

=1 &= Timing Anslyzsr 8] Nl o st Lett D

g% Summary |9 | M/ Algn Right | clk

B Settings 10| N chk

BB Clock Settings Summary [7] | LstPaths -

&BER Parallel Compllation Mzl Advanced List Paths. .. i o

BB Clock Setup: 'k M3l N‘ Locate N K

& Clack Setup: 'dhec?’ IR L °

5B Clock Hald: ok [14] Ny Timing Settings. .. clk

SR Clock Hold: 'dhx2’ 1151 N Lok

=1 [16] | save Current Report Section As... | ok

S to [17] N/&" THone 4284 ns[newt tapsinstian_3(2] clk

C =Ly [18] N/& Nome  4.284nsinewt tapsinstbn 102 ck

£ Messages [19] M Mone 4284 ns|newt  tapeinstn_2[1] ok

20| N#& (None  4.284 ns|newt | tapsinsthn_3(0] ok

Pucynok 4.47 — Ilepeansnd pe3yromamis waco8o2o anaiizy
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4.6. Hacosuit ananis 8 Quartus 11

Bikno, xotpe Bimkpminocs (pucyHok 4.48) MICTUTH Aiajor, Y SKOMY
HEOOXiZHO BKa3aTu:
— KinbkicTs nusxis, siki 101a0Thcs B cxemy — Path to report.
— Jlxepeno curnany (From) Ta iioro onepxxysad (T0).
— Tabmuui, y skux Oyzne mpooautucs anamiz (Report window
sections).

[ e |
Advanced List Paths =

Specify values to list intermediate timing delay paths. Delay information must be
represented in the Timing &nalyzer section of the Compilation Report window,
Results are displayed in the Spstem tab of the Messages window.

Paths ta repart:

Modes:

From: |

=
To: [ J
=l

Clock fiter: |

Dutput ta fe:
File name o gpen

FReport window sections:

[ tsu [~ Minimum tco [ Clock setup (140 paths)
[ th [~ Minimum tpd [ Clock hold (140 paths)
[ teo ¥ Clack setup
[ tpd I Clock hald

Tel command. list_path -npaths 1 -clock_setup

Pucynox 4.48 — Jlooasanus winaxie 0o wacoeoco ananizy

4.7. Tlob6ypoBa wacosnx giarpam npoexmy

CuMyJIALis IPOEKTy — Iie MoOyA0Ba HOro 4acoBUX jaiarpaM poOOTH.
e mo3BOJsIE TPOMOJENIOBATH POOOTY CHCTEMH MpPH TEBHUX BXIJIHUX
BIUIMBAaX, BU3HAYMTH 3HAYCHHS BHYTPIIIHIX Ta BUXIJHUX CHTHAIIB
MIPOEKTY.
ITaket Quartus II miaTprMye HaCTYITHI METOIM BH3HAYUCHHS BXiTHUX
CUTHAJIIB JIJISl CUMYJISIIIIi:
—  VWEF (vector waveform file) — ¢aiixn i3 wacoBiuMu niarpamamu;
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4.7. TlobyA0Ba 4acoBUX Alarpam Tpoexmy

— CVWEF (compressed vector waveform file) — crucna Ginapua
Bepcist VWF aiiny;

— VCD (value charge dump file), VEC (vector file) — Tekcrose
NoJaHHs (aiiis;

— TCL ckpurr.

Posrnsremo nodynoy VWF (aiiny yacoBux miarpam.

BcranoBieHst napamMeTpiB cCHMYJIALil

YcraHoBKa mapaMeTpiB  CHUMYJALil  poOUTBCA Y  BiKHI, IO
BiZIKpUBaeThes 3 MeHio Assignments = Settings = Simulator Settings
(pucyHok 4.49).

Settings - dff X
Category:
General Simulator Settings
Files
Librasies Select simulation options.
Device
- Operating Settings and Condiions
- Complation Process Selfings Simulaticn mode: | Functonal El
# EDA Tool Settings Simulation input: [t | Add Muliple Fies...
- Anslysis & Syrthesis Setiings
Fitter Settings Simulation period
= T-'-T\g"\'aa‘s's‘f_el}mgz , % Fiun simulation unil al wecter stimul are used
meluest Timing Analyzer
= Classic Timing Analyzer Settings " End simulation at s x|
Classic Timing Anslyzer Repor
Assembler Gltch fitering options: [ Auta =
Design Assistant

SignalTap Il Logic Analyzer More Setfings...
Simulator Settings

Description:
Specifies the end time for simulation.

¢ » [0 ] _omes

Pucynok 4.49 — Busnauenns onyii cumyaamopa
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4.7. Tlobyp0Ba uacoBux piarpam npoekmy

B nomi Simulation mode (meton cumyisiii) MosKHa BUOpATH OJTHH 3
BapiaHTIB:

— Functional - d¢yHkuionanbHa cuMmynsLis, 0Opu  SKid  He
BPaxOBYIOTbCSl 3aTPHMKH Ha €JIEMCHTaX CXCMH, a MEPEBIPSAEThCS TUIBKU
MPaNe3IaTHICTh aITOPUTMY B IILIOMY.

— Timing — cumynsmis 3 ypaxyBaHHSAM peajbHUX 3aTPHMOK
CHTHAIIY Y By3J1aX MiKPOCXEMH.

— Timing using Fast Timing Model — cumysnsis 3 ypaxyBaHHAM
HAHOUIBII CIIPUSTINBOI CUTYAIIIT IBUIKOAIT MIKPOCXEMHU.

IToe Simulation input — 3amaetbest (aiin, MO0 MICTUTH BEKTOPH
BXITHUX CUTHAJIB.

ITone Simulation period (uac cumynALii) — BCTAaHOBITIOE KiHI[CBHIMA
Yac CUMYJISLIT 10 THX Tip, MOKH icHyroTh curHanu (Run simulation until
all vector stimuli are used) a6o mo skoroce meBHoro dacy (End
simulation at).

Bimsmaunmo Takok mynkt Glitch detection, mo mosBomse
BU3HA4YaTH 'TONKH' B CHUTHajaX 3aJaHol TPUBAIOCTI Ta BHUBOIUTH
MTOB1IOMJICHHS TIPO HUX Y BIKHO ITOBiJJOMJICHb.

st cTBOpeHHst HOBOTO (hailily yacoBUX JiarpaM HEOOXiJTHO BHOpaTH
nyHkt menio File = New = Vector Waveform File (zaxnaaka Other
Files).

4.7.1. lonaBanus xiarpam y gaiii
Jlist mo1aBaHHs 4acoOBHUX JiarpaM HeOOX1JHO BUOpATH IMyHKT MEHIO

Edit = Insert = Insert Node or Bus ... a00 3poOuTH MOABIiHE KIAIlAHHS
B nojii Name. Bigkpuerscs BIKHO, ITOKa3aHe Ha PUCYHKY 4.50.
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4.7. Tlobyp0Ba uacoBux piarpam npoekmy

|Insert Node or Bus

Mame: || ak.

Type: [IMPUT - Cancel

i

Yalue type: | SLevel j Mode Finder...
Fiadis: |ascil |
Bus width: |'I

Start jndex: |D

I Display gray code count as binary count

Pucynox 4.50 — JJooasanns 6ugody 6 aiin cumynayii

BikHO MiCTUTB HACTYIIHI TIOJIS:

1. Name — iM's BuBO/Iy 200 IIMHH.

2. Type — tun BuBoay abo BHBOAIB. MOKIUBHIA BHOIp OZHOTO 3
HACTYITHUX THITIB:

— Bidir — nBonanpasienmi,

— Buried — BuyTpiHiii,

— Comb - komO0iHaliiiHKi, TOOTO OTPHUMaHUH B pPeE3yJbTATI
po0OTH KOMOIHAIIIMHOT CXEMH,

— Input — Bxiz,

— Machine — cran uugpoBoro aBromara,

— Memory — BMmicT nam'sri,

— Output — Buxin,

— Reg — pericTpoBuii BuBizI, TOOTO BUXif pericTpa abo Tpurepa.

Value type — Tum 3HaueHb, SKi MOXKE MPUAMATH CHUTHAI:

9-Level a6o Enum — tunu panux moB VHDL Tta Verilog. Omnuc
tuny 9-Level HaBenenuii B riasi 2 mipu omrci Trry Std_logic.

3. Radix — cucrema umcieHHs, y sKiii Oyne BimoOpakaTucs
pe3yJbTar:

— ASCII — xoau Tabmumi ASCII;

— Binary — nBiiikoBuit Ko;

— Fractional — npo6oBe uncio;

— Hexadecimal — micTHaAIATKOBUHA KOX;

— Octal — BiciMKOBMI1 KOII;

— Signed Decimal — 3nakoBe aecsATKOBE;
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4.7. Tlobyp0Ba uacoBux piarpam npoekmy

— Unsigned Decimal — 6e33HakoBe gecsSTKOBE.

4. Bus width — pospsamicTe muaM. SIKIIO 3aMa€THCA INIHHA, TO
MOKHAa BKa3aTH ii PO3PSAAHICTH, SKIIO TPOBITHHK — TO ME MOJe
HEJIOCTYIIHE.

5. Start index — moyaTKOBHIA iHAEKC HyMmepallil BUBOIIB IIUHU.
MosxiiBe BUKOPUCTAHHS OYAb—IKOTO I[LIOTO YUCIIA.

6. Display gray code count as binary count - BigoOpakeHHs
koxy I'pest y BUTIIs11i 3BHUAtHOTO ABIKOBOTO KOMY.

JIast BBEAGHHS AaHHMX 3pydHIlle KOPUCTYBATHCS MialOTOM, SIKHA
BiJIKpHBAEThCS Npu HaTHcKaHHI Ha kHOnKy Node Finder... (pucynok 4.51).

Node Finder ﬁl
Named: |i j Filter. ‘P\ns all j Customize... | List ‘ oK
Look in: | jJ ¥ Inchude subertities Cancel
Nodes Found: Selected Modes:
Hame | Assignments [ Type | Creator IR Name | Assignments [ Type | Creatar |
B ck Unassigned  Input  User entered 5~ (d_flick Unassigned  Input User ente
B clin Unassigned  Input User entered £
e d Unassigned  Input User entered <
5= pm Unassigned  Input User entered
& q Unassigned  Output  User entered «

Pucynox 4.51 — [owyx cuenanise 3a donomozoro Node Finder

Jly1st BcTaBKM CUTHAJIIB 200 IUH HEOOX1HO BUKOHATH HACTYIIHI JIii:

1. Bukopucratu ¢inetp (Filter). B crnmcky, morpioHO BHOpaTH
MOTPiOHMIA THUIT BUBOY:

— Pins: input — 3HaxouTh BCi BXOJH MPOEKTY;

— Pins: output — 3HaxoaUTh BCi BUXOIH POCKTY;

— Pins: bi-directional - 3maxogwTe ABOHAINpaBIEHI BHUBOIM
HPOCKTY;

— Pins: all — Bci BuBOaM mpoeKTy;

— Pins: virtual — BipTyanbHi BHBOJM — BHUKOPHCTOBYIOThCS MPH
IHKpeMeHTaJIbHIN OpraHi3aiii IpoeKTy.

— Registers: pre-synthesis — Bci BUXOIU peTiCTpiB Ta TpPUTepiB,
SKi ICHYIOTh B TIPOEKTI micis mpoBeaeHHs omnepauii Analysis & Synthesis
10 3Tany Gi3UYHOrO CUHTE3Y.

— Registers: post-fitting — Bci Buxoau pericTpiB Ta Tpurepis, sKi
ICHYIOTB B IIPOEKTI MicIIs 3Tamy ¢isuunoro cunresy Fitting.
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4.7. Tlobyp0Ba uacoBux piarpam npoekmy

— Design Entry (all names) — Bci imena, mo Oyiu BBeieHi
KOPUCTYyBA4uCM.

— Post-Compilation — Bci By3am, $Ki 3aJUIIMIACH  ITICIS
ONITUMI3alii MPOEKTY.
— SignalTap Il — BuBoau anst norivnoro ananizaropa SignalTap .

— SignalProbe — BuBou, siki BUKOPUCTOBYIOThCS B SignalProbe.

2. HatucHyTr KHONKY List.

3. B moni Node Found 6yne BimoOpakeHH#l CHHCOK CHTHAIIB,
BiJIiOpaHuX 3a JOMOMOTOI0 (ijbTpa.

4. Bubpatu noTpiOHi cHTHaNM W HaTUCHYTH KHOMKY * . OOpaHi
curHaiu 3'SBIsThCS B criucky Selected Nodes.

5. Hatucuytu kxonky OK.

Jami HeoOXimHO BCTAHOBUTH KIHIEBHH dYac MOJEITIOBAHHS
(pucynok 4.52). Jlns uporo notpibHo BHOpaT myHKT MeHio Edit = End
Time ... ¥V Bikai End Time B momi Time BCTAaHOBUTH KIiHIIEBUU dYac
MoneroBaHHs. [Ipu 1IbOMy BUKOPHUCTOBYIOTHCSI HACTYITHI OJWHUII BUMIpY
4acy: s — ¢, ms — MC, US — MKC, 'S — HC, pS — IIC.

Edit Wiew Project Assignments Processing Tools ‘Window Help

Time: ug -

Default extension options:

Paste 4 Extension value: |Last clock pattern j

Select 4 End time extension per signal

Find and Replace . Signal Mame | Direction | Fadiz | Extengion value |
newt Input ASCI Default extension value

—+ GoTo... Chrl+G

Insert »

Yalue 4

Grouping 3

Time Bar 13
T

Garid Size. ..

Group and Bus Bit Order 4

Cancel

Pucynox 4.52 — Bcmanoenenus Kinyegoeo 4acy cumyaayii
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4.7. Tlobyp0Ba uacoBux piarpam npoekmy

4.7.2. BctaHOBJIEHHSI MapaMeTpiB CUTHAJIiB

B pesynbrati #miif, omrcaHuX BHUIIE, BIKHO Oyae MaTd BUTIISAL, IO
HaBeZieHUH Ha pUCYHKY 4.53. [Ipu3HadeHHsT KHOIIOK TaHeJi IHCTPYMEHTIB,
siKa 3HAXOJIUThLCS JIIBOPYY Bijl YaCOBHX JliarpaM, HaBeJCHO B Tabnuili 4.4.

@ I aster Time Bar.

4| *|Painter | 238.44ns  Interval  238.44ns  Staikt End

0 ps 80.0 ns 1600 ns 2400ns 3200ns 400.0
kA R v o .
s & i
-0 clk B
Ll clkx2 B
# 4 [ g 1} i3
e i e B 1 1 1 1 1
o 1 |DF12 1eset B
i 53] alid B i 1 —
— 14 follow B 1 1 1 1
E XE 15 yn_out B 000 00000000 ¥ 00000111 §  O00C100 f  ooo0iiil
o WY
L
8% 44
4] m | IR T r|

Pucynox 4.53 — Bikno cumynsmopa

Tabmurs 4.4 — [Ipu3HavyeHHS KHOTIOK Ha ITaHeNi iIHCTPYMEHTIB

Knonka

BuxonyBana ¢pyHkuis

BunineHHs 4acTHHU YacOBHX JiarpamM

BcraBka koMeHTapro 10 giarpaMm

Uninitialized — geininianizoBano

Forcing unknown — cunpHuI HEBiIOMU CHUTHAT

Forcing low — "cusbHuii" Hy1b

Forcing high — "cunpna" opnHMIS

High impedance — Tperiii cran

Weak unknown — ciaGkuii HEBIIOMMI CUTHAI

Weak low — "ciabkuit" Hyb

| g | 1N 3= | Co x| 2> | i

Weak high — "crmabka" oxuauis
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4.7. Tlobyp0Ba uacoBux piarpam npoekmy

Knonka BuxonyBana QpyHKILis

Don't care — 6e3 pizuuIti

Invert — inBepcist curnamy

Count value — niunnbHUK (TUB. HIKYE)

Clock — TakToBi iMITyJTbCH (JIUB. HIDKYE)
Arbitrary value — 3HaueHHS rpyITH

ElElEiGHEE

Random — BunaaxoBuii curnain

IloOymoBa wacoBHX jiarpaM MOKe OyTH BHKOHAHa JCKiJIbKOMa
METOIaMH:

1. BwupimenHs dacTUHH OfHi€i a00 MAEKITBKOX Jiarpam 3a
JIOIOMOTOI0 JIIBOI KHOIIKM MHINI Ta 3aJaHHS HEOOXIIHOTO 3HAUYEHHs 3a
JIOTIOMOTO0 KHOIIOK ITaHeNl iHCTpYMEHTIB (Tabmuils 4.4).

2. BwupaineHHs Bci€i miarpaMu HaTHCKaHHSM Ha KHOMKY EE=[ |
Ta 3aJ[aHHs 3HAYCHHSI 32 JIOTIOMOTOI0 MaHe)Tl IHCTPYMEHTIB.

Jns  3amaHHS  TOCTIOBHOCTI TAaKTOBHX IMITYNIbCIB TOTPiOHO
HATHCHYTH KHONKYy MAC Ha MaHen iHCTpymeHTiB. B pesynbrari Gyne

BIJIKpHUTE JialioroBe BIKHO, MOKa3zaHe Ha pUCYHKY 4.54. BoHO MicTHTh
HACTYITHI TTOJISL:

1. Time range — miama3oH 4Yacy, JO SIKOTO 3aCTOCOBYIOTHCSI
napaMeTpHu:

—  Start time — gac movarky.

—  End time — gac 3akinyenus.

2. Base waveform on — mapamerpu curHamy:

— Time period — niepiox curnany

— Period — tpuBamicts nepiony.

—  Offset — 3cyB mouatky iMIyJIbCY BiJHOCHO OYATKY TEPiozy.
— Duty cycle (%) — mmapysaricTs.
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4.7. Tlobyp0Ba uacoBux piarpam npoekmy

[Clock i
Time range
Start time: |D |ps ﬂ
Endtime: [700.0 Ins =]

Base waveform on
" Clock settings:

Period: ’T m
Diffzet: 0o ns -
Dty cpcle [%]: (50 _|:|

QK | Cancel |

Pucynox 4.54 — Bcmanoenenus napamempie maxmogo2o CUSHATY

s 3aBAaHHS 4YacOBMX JiarpaM IIOCIIJOBHOCTI 4YHCEN 3 TNEBHUM
3aKOHOM 3MiHH BUKOPHUCTOBYIOTH Iiasiorose BikHo Count Value (pucyHok
4.55). Tepra 3axnaaka — Radix — MiCTUTh HACTYTIHI TTOJIS:

— Radix — cucrema yucieHns;

— Start value — nouaTkoBe 3HaYECHHSI;

— End value — xinnese 3HaueHns;

— Increment by: xoeditieHT paxyBaHHS;

— Count type — binary — gsiiikoBuii kox, gray code — xox I'pest.
Hpyra 3axnazaka (Timing) MiCTUTh HACTYIIHI TOJIS:

— Start time, End time — omuc aHamoriuHui HaBEIEHOMY BHIIIE;

— Count every — uac, uepe3 sikuii OymyThb BinOyBaTucsi 3MiHH
CHTHAJTy Ha HACTYITHI 3HAUCHHSI.

— Multiplied by — xoedimieHT MHOXEHHS, TOOTO Ha CKUIBKA
noTpiOHO MOMHOXHUTH dnciio B mosi Count every, mo0 BU3HAYUTH Yac
HACTYIHO{ 3MiHH.
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4.7. Tlobyp0Ba uacoBux piarpam npoekmy

Counting 1 Timing ]

fee [ EET |

Start value: |[D]
Endvalue: 1

Increment by:
Counting ~ Timing }

Count type

+ Binary Start time: [T ps -
" Gray code End time:  [700.0 re =

Transitiohs occur

" Relative to clock settings:
-
)

& At sbsolute times:

Count every:  |10.0 ns -

Multiplied by |1

(OTieHa

Pucynox 4.55 — Bcmanoenenus napamempie epynu cucHanie

B Tomy BHmajaKy, KOJM CHMYJIAILII BHKOPHCTOBYIOTHCS TPYIH
CUTHAIIIB, MOXXHA pe3yAbTaTH CUMYJALII TPEACTABUTH Yy BHUIISII
aHAJIOTOBOTO CUTHaNY (pucyHOK 4.56). lyis 1iboro HEOOXiTHO BUALTUTH
HOTPiOHY TpyIMy CHUTHAIIB 1 y KOHTEKCTHOMY MEHIO0 abo y meHio View
obpartu myukt Display Format — Analog Waveform.

[ 1) clk

1| B outdats

2 outdatal3 ] | -
@ o daalyy | — 1. 1 1
o A3 out_datal] J | J | J | J | J | -

out_data0]

Pucynox 4.56 — Ananoeose npedcmasnenms cuehaiie
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4.8. Tlporpamysaris ma kondirypysarns 8 Quartus 11

4.8, Tlyorpamysarra ma xongirypysarna 8 Quartus I

BuszHavyeHHs1 pe:xxuMiB pod0oTH MiKpocxemMu

[lepen npoBeneHHsM onepatii KoH}irypyBanHas HeoOXiTHO 3poOUTH
MPU3HAYEHHS PEXHUMIB POOOTH MIKpPOCXeMH B Ipolieci KoH(iryparii Ta
micist i 3akiHYeHHsA. [[ms 1boro HEOOXigHO BHOpaTH IYHKT MEHIO
Assignments = Device = Device & Pin Options... (pucynok 4.57).

JlaHe BIKHO Ma€ BEIHUKY KUIBKICTh BKJIQJOK. PO3ristHEMO HaHOUIBII
HEeOOX1IH1 3 HUX:

— General — 3aranpni mapamerpu (pucyHok 4.58). V  mii
3aKiaai  HEoOXimHO  3poOWTH  akTHWBHMM  omiito  Auto-restart
configuration after error — aBTo pecTapt npu MOMWIII KOHDIrypyBaHHSI.
Y upoMy BuIAAKy Mikpocxema Oyae 3aHOBO IepeKOH(pIrypoBaHa y
BUTIAAKY MOMIUJIKA 3aBaHTaXXeHHs KOHQIiryparii. ¥ BHIMAAKY BiJICyTHOCTI
JTAaHO1 OMIIii ITPY MOMUIIITI KOH(ITypyBaHHs HEOOXiqHO Oy1e poOUTH 3aITycK
npoiiecy KoHQIirypaiii 30BHIITHIM CUTHAJIOM.

Settings - niosl|_lab X
Category.
Fies
Librasies Select the tamiy and device you want to target for complation,
Device
#1 Operaling Seltings and Condtions: Device famiy Shaw in Avalable devices' it
+1 Compiation Process Seitings
+1 EDA Taol Settings Eamiy: [Cyclone =] Peckase  [fEGA  ¥|
#1 Analysis & Synthess Seltings. ‘ ] Pin gourt 324 =
Fitter Settings.
=1 Timing Andysis Seltings Spesd grade: [any -
Timeusst Tiring Analyzer Terget device I i e vy
= Clazsic Timing Analyzer Setting: " Auto device selected by the Fiter r
Classic Tming Analyzer Repo = . .
eseanblet Specific device selected in es' st —
Design Assistant e [ Tizvs and Pin Opbon: . |
Signall ap Il Logic Analyzer
Logic Analyzet Intertace. Ayailsble devices:
= Simudotor Sellings Name [Coev. [LEs | Usel/ | Memor. [ Embed. [PLL 4
Simudaltion Vesification EPIC2SFI2447 12V 24624 218 B0 1R 4
Simudaon Output Fies EP3C25F324CE 12¢ 24624 218 s085% 132 4
PowerPlay Poner Anabzer Seitigs EPILIEFIACT 1 264 216 655 12 4
SSH Analyzer EPICZ5F324C8 12v 264 26 B0 12 4
EPILSF AT 12 e 2016 606 12 4
EPIC4OFT2AT 12 30 1% 16126 /2 4
EP3CAOF324CE 12V 33600 196 1161216 262 4 b
< >
Migiation compalibiiy
Migration Devices. =l
O migration devices selected
< > oK. Cancel

Pucynox 4.57 — Bcmanoenenns dodamkosux napamempis IJIIC
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4.8. Tlporpamysaris ma kondirypysarns 8 Quartus 11

(' Device and Pin Options =
Yaoltage ] Pin Placement ] Enrar Detection CRC ]
Capacitive Loading ] Board Trace Model ] 140 Timing ]

General l Configuration ] Programrming Files ] Unuzed Pins } Dual-Purpose Fing ]

Specify general device optionz. These oplions are not dependent on the configuration
scheme.

Optiong:

Biuto-restart configuration after error

[]FRelease clears before bi-states

[]Enable user-supplied start-up clock [CLEJSR)
[1Enable device-wide reset [DEY_CLRn)
[]Enable device-wide output enable (DEY_OE)
[1Enable INIT_DOMNE output

[ Auta uzercode

JTAG user code [32-bit hexadecimal).  |FFFFFFFF

Description:

Directs the device to restart the configuration process automatically if a data emor iz
encountered. |f this option iz turned off, you must externally direct the device to
restart the configuration process if an emor ocours.

Reset
oK | Orrena |

Pucynox 4.58 — Bcmanoenenns peszcumie pooomu Mikpocxemu nicJis
KOMRIAYIT

Unused pins — BuBOIM, $IKi HE BUKOPHCTOBYIOThCS. Bu3Hauae B
SKOMY pexuMi OynyTh TiepeOyBaTH HEBUKOPUCTOBYBaHI  BHBOJHU
MIKpOCXEMH MiCisl MPOrpamMyBaHHSA. 3 JOCTYIHHMX BapiaHTIB HEOOXiTHO
BuOpatu As inputs tri-stated — sk Bxoaum i3 Tppoma craHamu. ToOTo BCi
HEBHKOPHCTOBYBaHI BUBOJIU OY/IyTh MPAIIOBATH HA BBEJICHHS iH(QopMallii B
TUTIC i mepekioveHi B TpeTiit cTaH.
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4.8. Tlporpamysaris ma kondirypysarns 8 Quartus 11

Device and Pin Options E\

Voltage | Fin Placement | Etror Detection CRC |
Capacitive Loading | Board Trace Model | 1/0 Timing |
General | Configuration | Programming Files  Unused Pins | Dual Purpose Pins |

Specity device-wide options for reserving all unused pins on the device. Ta resarve
individual dual-purpose configuration ping, go to the DualPurpose Pins tab. To
teserve ather pins individually, use the Assignment Editor.

Eesewe all unused pins: | As input ti-stated ﬂj

Description:
Reserves all unused pins on the target device in one of 5 states: as inputs that are

tri-stated. a5 outputs that dive ground, as outputs that drive an unspecified signal,
as input tii-stated with bus-hold, or as input tri-stated with weak pull-up.

oK Ormena

Pucynox 4.59 — Bcmanosnenns npasun pobomu 3 Henio'€OHanumu
8UB00aAMU

Kongirypysanus IIVIIC

IIpn KOH(}irypyBaHHi TIIC HEOOXiaHO BUKOPHCTaTH
KOHQIrypamiiHui ¢aiin, s CTBOPEHHS SKOTO BUKOPUCTOBYETHCS MOIYJb
Assembler. Jlns #oro 3amycky HeoOXimHO ab0 BHKOHATH TIOBHY
KOMITUTAIO TPOeKTy abo BuOpatu myHKT MeHro Processing = Start =
Start Assembler. daiinu crBopeHi B mporeci podotu moaynst Assembler,
HeoOxiaHo 3aBanTaxxyBatH B [1JIIC 3a monmomororo Moxynst Programmer.

V pe3ynbrati Oyzie BiIKpUTE BIKHO IPOrpamMaropa, sKe MoKa3aHo Ha
pucynky 4.60. PoGoue nojie Moayist Programmer MiCTUTh HACTYITHI OMIiT
porpaMyBaHHS:

— Program/configure — nporpamyBanHs a00 KOH(IrypyBaHHS
MIiKpPOCXEMHU.

— Verify, Blank—check, Examine, Erase - mepeBipka
KoHGIrypalii B MIKpOCXeMi, CTUPAaHHS, KOHTPOJIb CTUPAHHS KOH(Iryparii —
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4.8. Tlporpamysaris ma kondirypysarns 8 Quartus 11

s MmikpocxeM cimericte MAX I, MAX 7000, MAX 3000 Ta
koH}irypamiiinux I13I1.

— Security bit — BcTaHOBJNEeHHS 0iTa TAEMHOCTI ISl MIKPOCXEM
cimeiicte MAX 11, MAX 7000, MAX 3000.

&, Hardware Setup. .| | USE-Blaster [USB-0] Mode: [JTaG «| Progress: 0z
I~ Enable reahtime ISP to alow background programming (for MEX I devices)
Wb Start ‘ File Device Checksum Usercode E’D”n%:;z;g Verify gfe"é‘k Examine SEE“‘{““ Erase :ﬂzp

countsol  EF2C35FE72  OO2FSEIE FFFFFFFF O [m] O [m] [m] [m]
b Auito Detect
G Add File..
(& Add Device.

Pucynox 4.60 — Bixno npoepamamopa

Januii MOIydb TaKOX JIO3BOJSE BH3HAYMTH BHUKOPUCTOBYBaHHIA
3aBaHTa)XyBaJbHHI Kabenb (pUCYHOK 4.61).

(2 Hacwae Sep. [JUse Blstes UsE0) Mode [lTaG  v] Puogess 0%
I~ Enable resHiMm|SP to alow background programming (for MX I devices)

W start | n\
count sof

0 Auto Detect

(& Add File Hasdware Seitngs | JTAG Setings |

Select a programming hardware sefup (o use when progiamming devices. This programming
hardware sabup applies only to the curment programmer wirdow.

Bsaerie. | Cusrertly selected hardware
@ AcdDevice Availatle harcware Rems
Hardware | Sewver | Port | AddHadware.

USE-Blaster Local USB-D

| (i

Frogram/ B
Device |m.<km Usercode | EE\M | Verly | o
POCIGFET2  DOZFEESE FFFFFFFF

lank- Secuity
heck. | Examine | Bi

Erase ISP
CLAMP

hardware Setup.

Pucynox 4.61 — JJooasanns xongicypayitinozo xabento
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4.8. Tlporpamysaris ma kondirypysarns 8 Quartus 11

IIpu pobGori 3 makerom Quartus II MoOXIHMBE BHUKOPHUCTAHHS
HACTYNMHUX 3aBaHTaKyBaJbHUX KabemiB: Byteblaster 1, Byteblaster MV,
Usb-blaster, Masterblaster cable. 1li kabemi MOXyTb MiAKIFOYATUCS O
PI3HMX amapaTHHX TIOPTIB BBOJY—BHBOJY II€PCOHAIBHOTO KOMI'TOTepa:
LPT, COM, USB.

[Tpu nepiomMy BBIMKHEHHI MoayJisi Programmer HeoOXiaHO 3poOUTH
BUOIp BUKOPHCTOBYBAaHOTO 3aBaHTAXyBAIBHOTO Kabemro. /I 1poro
HeoOXigHO HaTUCHYTH KHomky Hardware Setup... VY  Bikni, 1m0
BIJIKpHJIOCS, MOKHA BHOpaTH MiAKIIOYeHUH Kabenb 3i crrcky Currently
selected hardware (morounwuii o6panuit anapaTauii 3aci6). s mogaBaHHs
00paHOTo 3aBaHTAKYBAILHOTO KaOesr0 HeoOXiMHO HaTHCHYTH KHONKy Add
Hardware... Tloganemi omepaiii 3 KoOH}IrypyBaHHs MIcTATb B co0i
HACTYITHI €TaIu:

— Bubip HeoOximHoro  koHbirypamiiiHoro — ¢aimy  (3a
3aMOBYYBaHHSM BiIKpUBA€ThCs (haili, HEOOXITHWIA IJIs 3aBaHTAXCHHA B
o0pany MikpocxeMy. ToMy naHuii MyHKT HaifdacTiie HemMae HeOoOXiTHOCTI
BHUKOHYBATH).

— VYcranoska ommii Program/Configure.

— Haruckanns xkHorku Start.

Aimepamypa

1. Komomnos JI.A., Msabsk P.A., 300enko A.A., ®ummmmnos A.C.
Cucrembpl aBTOMAaTH3UPOBAHHOTO TIPOEKTHPOBAHHUS (HUPMBI
Altera MAX+plus Il u Quartus II. Kpatkoe omucanme u
camoyuutenb. — M.: PamnoCodr, 2002. — 352 c.

2. Altera Quartus Il Software v12.0 — Subscription Edition vs.

Web Edition. http://www.altera.com/literature/po/

ss_quartussevswe.pdf

Quartus Il Handbook. Version 9.1. Altera, 2009. — 1820 p.

4. Design Examples http://www.altera.com/support/
examples/exm-list.jsp

5. http://www.naliwator.narod.ru/index.html

w
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230

259



5.1. CmBopenHs. iepapxiuHoro mpoexmy

5.1. CBopenHA iepapxitHoro mpoexmy

lepapxiuna OymoBa mpoekTy Tiepeadayae HasBHICTH B IMPOEKTI
JIEKITPKOX YAaCTHH, SIKi 3B’si3aHI B OJHE IJIE 3a OMOMOror ¢airy
BEpPXHBOTO piBHA. lepapxist mpoekTy B makeri Quartus I BimoOpakaeTses y
BikHI HaBiraropa mpoekty (Project Navigator) 3akmagka (Hierarchy) —
pucyHok 5.1. Im's ¢afiny BepXHbOro piBHS 3a3BU4Yail 30ira€ThbCs 3 IMCHEM
HPOCKTY.

Project Mavigatar . X
Entity S
Cyclone |I: EP2C3IEFET2CE

E----; test g,EE

- b sld_hub: auto_hub
zld_multitap: auto_lai_0

zld_signaltap:auto_signaltap 0

3&3 zld_signaltap_impl:sld_signaltap_body

counteringt
counter] Qingtl
counterfiinst2
zeq_decodeinst3
seq_decode:instd
zeg_decode:ingth
counterinsts
counterinst?

& Counteringtd
position_dec:ingtd
------ 2be zeq decodeinsti

YHD

...... ahe counterfinat b

_Hierarchy Files J & Design Units J

Pucynox 5.2 — lepapxis npoexmy
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5.1. CmBopenHs. iepapxiuHoro mpoexmy

5.1.1. Po6oTa 3 kanainamu (conduit)

Ilpu poboti 3 pizanMu o0’ektamu B Quartus Il HeoOXimHO
BUKOPHUCTOBYBATH BiJIOBITHI MPOBIAHUKH IS 3'€THAHHS YAaCTHH MPOEKTY
Mik coboro. Quartus Il MiCTHTh HACTYIHI THUIK MPOBITHHUKIB: MPOBiT Wire,
muHa bus Tta kaman conduit. Ilpm ix BuKOpHCTaHHI HEOOXiITHO
JMOTPUMYBATUCH TIPABWII 3'€ JTHAHHS, HABEACHNUX B Ta0muI 5.1.

Tabmuns 5.1 — IpaBuna 3'exnanns B Quartus 11

O0’ekTH I 3'€AHAHHS Tun ninii 38’ 13Ky
Bbiox Ta BUBII Kanan
brok Ta cumBon [IpoBix abo mmHA
bnok Ta 610k Kanan
Busizg Ta cuMBOII [IpoBix abo muHa
CHMBOJI Ta CUMBOJI [TpoBix abo muHa

Ha pucysky 5.2 moka3aHuil TpUKIA] MIJKIIOYEHHS CHTHAITY
(key_clk) Ta mmau (control[1..0]) mo kanamy.

cantrol[1..0]

by ik

Pucynox 5.3 — Kanan 3 nioxnoueHumMu WuHow ma nposooom

Jlns BU3HAYEHHS BJIACTMBOCTEH KaHATy y KOHTEKCTHOMY MEHIO
HeoOximaHo obpatn mynkt Conduit Properties

Briagka 3aransHux BractuBocteit (General) Busnagae im's kaHary
B osti Conduit name. Moro MoskHa He BBOIUTH.
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5.1. CmBopenHs. iepapxiuHoro mpoexmy

Brimazaka Signals (curaasim) Bu3HaA4ae sIKi CHTHAIN MIPOXOIATEH UEPE3
KaHaJ i 10 SKUX TOPTIB y OJIOIi IPUEIHAHI Ii CUTHAIIU (PUCYHOK 5.3).

Jlns momaBaHHS CHTHANY HeoOXiaHo B momi Signal motpibHO BBeCTH
fioro im'st. ITicist Hatuckanust kHonku Add 1ieli curHan 3'SIBUThCS B TaOHII
Connections — 3'equanns. B ToMy BUMaaKy, KOJH CUTHAJI MPHETHAHUI J10
610Ky, To B Tabiuii Connections y psiaky 3 iMEHEM CHrHajy 3'SBUTHCS
TaKOX 1 iM'st TOPTY OJIOKY.

Conduit Properties 3 x|

General  Signals |Fonl | Furmall

Signal: | Aidd

Connections:

Signal instd.

| key clk
control[1..0]
<<news>

Otmera

Pucynox 5.4 — Jlooasanus cuenanie 0o kanauy

Bakmagku Font (mpudt) ta Format (dopmar) mM03BONISIOTH
pelaryBaTi 30BHIIIHINA BUTIIS]] KaHATY.

5.1.2. Po0ora 3 6;10kamMu

bnok pazoM 3 cHMBOIaMH €JEMEHTIB TpeJICTaBisie rpadidae
300paXeHHs SKOi-HeOyIOb 4YacTHHH cxeMu. [ cTBopeHHS OJOKy
HEOOXiZHO HaTMCHYTHM KHONKy [[]] Ha mamenm iHCTpyMeHTiB, a MOTIM 3a

JIOTIOMOTOI0 MMIIII PO3TallyBaTH OJIOK Ha BUIBHOMY TIONI B PEIAKTOPi
rpadiunux ¢aiaie. B pesynprari Oyae OTpMMaHa paMKa 3 IIyCTOHO
tabmuneto (pucyHok 5.4). Jlns BUKOpHCTaHHS OJIOKA B ONKCI TPOEKTY
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5.1. CmBopenHs. iepapxiuHoro mpoexmy

HEOOXiMHO TPU3HAYUTH HOMY iIM's, TIOPTH, a TaKOXX NPUETHATH TOPTH
0JIOKY JTO CXEMH.

w
hlock_name

[flu] Type

jnst2? -

Pucynox 5.5 — Cumeon Hosozo 010Ky

[lpu3HaueHHss iMeHi OIOKYy Ta WOTO TOPTIB TPOBOIUTHECS 32
JIOTTOMOTOI0 KOHTEKCTHOTO MeHI0 (pucyHOK 5.5). Ilepra Bkmaaka General
(pucyHok 5.6) mictute aBa moist: Name (im's 61oky) ta Instance name
(im's ememenTy rpadivHoro daiiny). s KopekTHOT poOOTH MaKeTy MOXKHA
HE 3MIHIOBATH 3HAYEHHS Yy TOJAX, aje s OUThIIoi 3pyYHOCTI B poOOTI 3
MPOEKTOM OakaHO B 1ojai Name BBecTH Take iM's, sIKe BiANOBigae QyHKIIiT
omoky. [Tone Instance name moxxHa He 3MIHIOBATH.

block_name i
| [0 Twe | |

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, & cut Ctri+X
Copy Ctri+C
2 paste Gy
X Delete Del

AutoFit

Locate >

Create Design File from Selected Block...
Updat 0 fram Selected Block. .
Open Design File

B Update Symbol o Block...

Zoom »

Pucynox 5.6 — Konmexcmue menro 6ioxa

234



5.1. CmBopenHs. iepapxiuHoro mpoexmy

Block Properties 3 x|
General |IJIJs | Parameters | Fomat |
Name:
Instance name:  |instd
O

Pucynox 5.7 — llepwa exnaoka menio eracmugocmeii 610ka

Hpyra Brmaaka 1/Os (pucynok 5.7) micture rpymy moiis 1/O 3
nonssimu Name (im'st mopty) Ta Type (tun mopry). Tunu moptiB OyBarOTh
Input (Bxinx), Output (Buxin), Bidir (1Bonanpasnenuii mopr).

Block Properties =

General 1/0s lParamelelsl Format |

~1/0

x|

sdd |

Name: [clk

Iype: [INPUT =]

=

BIDIR
Existing bl OUTPUT

Delete

Name Direction

control[1..0] OUTPUT
key_clk OUTPUT

Pucynox 5.8 — JIpyea exradka menio enacmugocmeii O10Ka

[ o 1]

Otmena |
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5.1. CmBopenHs. iepapxiuHoro mpoexmy

V tabmuni Existing block 1/0s BimoOpakaroTbes Ti MOPTH, SKi BXKE €
B JIJAHOMY OJIOIIi.

Jlnst momaBaHHs MOPTY 0 OJIOKY HEOOXiHO BBECTH HOTO iM'sl B MO
Name, 3a qomomororo ciucky TYPe BU3HAYHTH HAIPSIMOK IMepeadi TaHuX
i HatucHytn KHonky Add. HoBuit moprt 3'sButhes y Tabmmimi EXisting
block 1/Os.

Bxnagka Parameters — mapamMeTpu — MICTHUTh YHCIIOBI 3HAYCHHS
nmapaMeTpiB OJIOKY, SKi MOTPiOHI MPH BUKOPHUCTaHHI MapaMeTpPH30BaHUX
0JIOKIB, TOOTO OJIOKIB 31 3MIHHOKO CTPYKTYPOIO.

Brutagka Format no3Bosisie 3MiHIOBaTH CTHIIb OPOPMIICHHS OJIOKY.

B pesymnbrari poboTH 3 IiasioroM BIacTUBOCTEH Oyne OTpUMaHUit
0JIOK, MIOKa3aHUN Ha PUCYHKY 5.8.

5 110 [ Twoe §
P ok [InPLIT 5
i fkey_clk OUTPUT :
: [control[1.0] OUTPUT 5

Pucynox 5.9 — Buensio cmeopenoco 610ky

Biiok MoXHa BUKOpPUCTATH Il CTBOPEHHS (paiily HIXKYOTO PiBHS.
Jly1st IbOTO B KOHTEKCTHOMY MEHIO 0JioKa 1oTpiOHO BuOpaTu nmyHkT Create
Design File from Selected Block ... — cTBoputi HOBuit (aiiia mpoexTy 3
oOpanoro Onoky. lle mpu3Bexe g0 MMOSBU Jialiory, HaBEIEHOTO Ha
PUCYHKY 5.9.
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5.1. CmBopenHs. iepapxiuHoro mpoexmy

x
File type
" AHDL
" YHDL
" Verilog HDL
Q c

[V Add the new desian file to the current project

FEile name: |c|ockingbdf l

oK I Cancel I

Pucynox 5.10 — [lianoe cmeopernus Hogoz2o atiny

B npomy miano3i MoxHa moOaYuTH TaKi MOJIS:
File type — tum HOBOTO (haiity:

— AHDL, VHDL, Verilog HDL — ¢aiinu Ha ofHii 3 MOB OITUCY
anmapatypu. B 1poMmy Bumanky Oyne CTBOpeHa iHTepdelicHa dYacTHHA
(hatiny.

— Schematic — ¢aitn rpadiunoro pemaktopa.

Add the new design file to the current project — nomatu HOBHit
(haiin 1o poeKTy.

File name — im's HoBOro daiimy. J[Ba OCTaHHIX MO Kparie
3aJIMIIATH TAKUMH, SIKI BCTAHOBJICHO 32 3aMOBYYBaHHSIM.

PesynbTaTroM poOOTH 3 HaBEACHUM JiaioromM OyJe CTBOPEHHS
HOBOTO (paitiy 3 mopramu (pucyHok 5.10).

) lab1 bo | 8 clocking.baf

Y .

A clk D_INEUJ_VCC - QUIPIT __— key_clk
EDg =

o SIUTRIT " contral[1..d]
-

-

a

[

E

Pucynox 5.11 — @aiin, cmeopenuii 3 610Ky
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5.1. CmBopenHs. iepapxiuHoro mpoexmy

Ha pucynky 5.11 mokasane BikHO 31 cTBOpeHHM (haiiiioM Ha MOBI
VHDL. Orpumanuid mMoxmyns Oylde MaTd Taki caMi MOPTH, SIK 1 OJOK 3
BEPXHBOTO PiBHA i€papXii. 3MiHIOBaTH TOPTH HE MOXHA, OCKUIBKMA HA3BU
MOpTIB OJIOKY Ha BEpPXHHOMY piBHI Ta (haiiily HMKHBOTO PiBHS ITOBUHHI

CITIBIIAIATH.
1 A4 WARNING: Do NOT edit the input and output ports in this file in a cexc
2 S¢ editor if you plan to continue editing the block that represents it in
3 /¢ the Block Editor! File morruption is VERY likely to ocour.
4
g /¢ Module Declaration
1 Emodule clocking
TOEI
=] i {{ALTERL ARGS BEGIMN}} DO NOT REMOVE THIS LINE!
=] clk, key_clk, control
in0 44 {{ALTERL_ARGS_END}}; DO NOT REMOVE THIS LINE!
11 1
1z /¢ Port Declaration
13
14 #/ {{ALTERAL IQ BEGIN}}: DO NOT REMOVE THIS LINE!
15 input clk;
16 output key clk;
17 output [1:0] control;
18 i {{ALTERL_IO END}} DO NOT REMOVE THIS LINE!
158
z0
21
2z endmodule
23
< >

Pucynox 5.11 — 32eneposanuii mexcm na mosi VHDL

5.1.3. IlpueananHda 0JIOKY 10 CXeMH

Jlns npueaHaHHS OJIOKY O CXEMHU HEOOXIJHO MEPeHTH B PEIKUM
PHUCYBaHHS MPOBOJY, MMHU a00 KaHAJIy Ta MPOBECTH 3’ €IHYBAJIbHI JIiHIN
10 Omoky. B pesynbraTi Ha KOpAOHI OJIOKY 3'SBISTHCS MEPETBOPIOBAYI
currany (mapper) senenoro komsopy MM, mo mpamoroTe B pexmmi
JIBOHAIIPABJICHOTO MTOPTY (PUCYHOK 5.12).

clocking

1o

T

vpe

clk

INPUT

8 [|key_ck

OUTPUT

control[1..0]

OUTPUT

inst

Pucynox 5.12 — Bnok 3 cmgopeHumu nepemeoprogasamu CUSHaLy
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5.1. CmBopenHs. iepapxiuHoro mpoexmy

Yeaza! Jlna pobomu 3 nepemeoprosauem cuzHaiy HeoOXiOHO
3a0asamu iMena cuzHANié HA NPOGIOHUKAX, WO NPUCOHAHI 00 ONOKY.

x
General l Mappingsl
Block name: shift
Block instance name:  inst2
Type: %

oK I Otmena I

Pucynox 5.13 — llepwa exnadxa enacmugocmeti nepemsoprosaida CUSHATY

Jns BU3HAYCHHS CUTHAIIB, IO NPUEAHAHI JO OJIOKYy uepes
KOHKPETHHH TEepeTBOPIOBaY CHUTHAJTYy HEOOXiJHO IMiJBECTH Kypcop 10
NepeTBOpIoBaya 1 KIAIHyTH Ha HBOMY IPaBOI0 KHONKOIO M. 3
KOHTEKCTHOTO  MEHI0O TMOTpiOHO  BHOpaTH MyHKT  BIACTHBOCTEH
neperBoproBaya (Mapper Properties). Lle mnpu3seme 10 BiAKPUTTS
Jianory, HaBeJeHoro Ha pucyHky 5.13. Ilepma Bkianka General no3Bossie
BU3HAYUTH HAMPSIMOK CUTHAITY — BXiJl, BUX1/1 a00 BOHATIPABJICHUI CUTHAIL.

Hpyra Bkimamka Mappings (pucyHok 5.14) 103BoJjisie BU3HAYMTH
BIJIMIOBIAHICTh CUTHAMIB Ha MIPOBIAHMKAX KaHATy Ta CUTHAIIB y OJIOLi.

Pesynmbrar po0OOTH 3 BIACTHUBOCTSIMH II€PETBOPIOBAYA CHUTHAIIB
MMOKa3aHWi Ha pUCYHKY 5.15.
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5.1. CmBopenHs. iepapxiuHoro mpoexmy

x
General Mappings |
— Conduit mapping T
170 on block: Icnntlnl[1 .0 z]
Delete
Signals in conduit LI = I

Existing mappings:

140 on black [ Signalin conduit |
key_clk key_clk

OtmeHa

Pucynox 5.14 — Jlpyea exnaoka enacmusocmeri nepemseoprogaia CUSHALY

clocking
| [Lv] Type
IS SR IMPLIT
key ok CUTPUT .
[Block] Hode | control[1 0] CUTPLT
clk ) Block | Conduit
finstd ke _clk keyv_clk

control[1..0] |control[1..0]

Pucynox 5.15 — Bnok 3 nid'eonanumu npogionuxamu

5.1.3. CTBOpeHHsI CHMBOJLY IS (pailiry

Sxmo onuH 3 QaiimiB NpoeKTy HEOOXiIHO BHUKOPHCTOBYBATH SK
yacTuHy OuTbII ckiagHoro rpadivnoro ¢aiury, To B makeri Quartus Il €
MOYJIMBICTh CTBOPEHHsI TpadiyHOro CHUMBOJNY Ui BiINOBigHOro ¢aiiny.
Jns uporo moTpiOHO BiAKpHUTH HeoOXximHuii ¢aitn. B mento File mynkri
Create/Update neobximno BubOparu mynkt Create Symbol Files for
Current File. B pesynbrari HOBMiI (aiin cuMBOIy Oyme CTBOpEHO i
PO3MIIIEHO B MAaMi IPOEKTY.
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5.2. Cmuai npoexmyBaHHs

5.2. Cynaé npoeximysanms

Ilpu cTBOpeHHI TPOEKTy MOXXE€ BUKOPHUCTOBYBATHCH JBa CTHII
npoekTyBaHH: "3HU3Y-Bropy" (Bottom-Up) abo "sropu-monmsy" (Top-
Down).

[epmuii cTHIL MPOEKTYBaHHs Iependadae CTBOPCHHS CKJIaJI0OBHX
YAaCTHH MPOEKTY, AKi MOTIM CKJIaJar0ThCs B OLIBII 3arajibHi i HA BEPXHbOMY
piBHI  00’emHyIOTBCS  (aiimom  BepxHbOro  piBHA. Ller  cTuib
BUKOPHUCTOBYIOTh B TOMY BHUMAJIKY, KOJH PO3pO0OKa MPOEKTY BHUKOHYETHCS
OJTHIEIO JIIOJJMHOIO 1 pO3Mip MPOEKTY MOpiBHAHO Manuil. Bes indopmartis
PO alNTOPUTM POOOTH MICTUTBCS B OJHOMY IIPOEKTi, a YIpaBIiHHS
MPOEKTOM BHKOHYETHCS JyKe Jierko. OHaK, Py 3MiHI OyIb-sIKO1 3 YaCTHH
a00 mapaMeTpiB MPOEKTY BECh IMPOCKT KOMIIUIIOIOTH 3aHOBO, a 1€ MOXKE
3MIHUTH NTAPaMETPH BXKE BiJKOMITIIbOBAHUX YaCTHH.

[Ipu BHKOpHCTaHHI CTHIIIO "3rOpHU-IOHU3Y" CIOYATKy CTBOPIOIOTH
(haiiyn BEepXHBOTO PiBHS, KM MOTIM PO30MBAIOTh HA CKJIAJOBI YaCTHUHU i
JEeTai3yloTh anroput™ podotH. Llel cTiilb 3pydyHO BHKOPHUCTOBYBATH MPH
BEJIMKUX TPOEKTaX, Haj SKUMHU Hpalioe rpyna po3poOHukiB. Lle nae
MOJMJIMBICTh OJHOYACHO 1 HE3aJCKHO TMpalfoBaTH HaJ JCKiJIbKOMa
YaCTMHAMHU TMPOEKTY, BKJIIOYAOYM iX KOMIIUIAINIO 1 PO3MIIIEHHS Ha
kpuctasmi. Ha BepXHBOMY piBHI NMPOEKTYBAaHHS BUKOHYETHCS IHTETparlis
OKpEeMHUX MOJIYJIB y MPOEKT. AJie sl TAKOTO CTHJIIO PO3POOKH MOKIKBA
CUTYyAIlisl, KOJIW YaCTHHH MPOEKTY, sIKI MPaIfOI0Th OKPEMO OJHa BiJ OJHOI
Pa3oM MOXYTb HE MpaloBaTH.

[Ipu BUKOpHCTaHHI CTHIIO PO3POOKH "3ropH-AOHHU3Y" MOMKIHUBO
BUKOpHUCTaHHs Tak 3BaHWX LogicLock minsHOk. Ile mpsimokyTHa ninsHka
Ha KPUCTAaJi MIKPOCXEMH, SIKa 3aKPIMJIeHa 32 OKPEMOIO YACTHHOKO MPOEKTY.
Posmip Ta posramryBaHHs W€l OUISHKA MOXYTh 3MIHIOBATHUCH a0o
ABTOMAaTHYHO MIPOTPaMHUM 3a0e3leyeHHsIM abo po3poOHukoM. [linTpumka
LogicLock minsHOK MOJMBa TIJIBKH B IOPIBHSIHO HOBHUX CIMEWCTBaX
mikpocxeM dipmu Altera: Stratix, Cyclone, MAX |1, Arria.

Buxopuctanns pginsHok LogicLock Ta po3poOka mpoekTy 1o
gactuHaxX B makeri Quartus Il 3a0e3medyeTbest pe:KUMOM, SIKHA Ma€ Ha3BYy
Incremental Design. Takuii cTuiab mepeadadae pO3MOMIT IMPOSKTY Ha

241



5.2. Cmuai npoexmyBaHHs

OKpEMi YaCTHHH Ta OKPEeMY PO3pOOKY KOXKHOI YacTUHH. [Ipu 1isoMy mporiec
BiJVIAaTOJKCHHS TSI KOXKHOI YacTUHHM MPOXOIUTH OKpeMO. AJle OCKUIbKU
MPOEKT KOMILTIOETCS HE BECh, & JIMIIEC HOTO YacTUHA, TO Yac, BUTpauCHHUN
Ha KOMITUIAIIIO 3MEHIIyeThcsl TpuOmm3Ho Ha 40 BigCOTKIB. A SKIIO
BpaxyBaTH OJHOYACHY pOOOTY NEKIbKOX PO3POOHHUKIB, TO 3arajlbHHUIA 4Yac
Ha PO3poOKy MPOEKTY 3HAYHO CKOpouyeThes. [Ipu posmomini mpoexTy Ha
YaCTHHU CJIiJ{ BHKOPHUCTOBYBATH IIPaBHIIA, sIKi HaBeneHi y maparpadi 5.5.1.

5.3. Peanizayia zanam smosyrounx npucmpois 8 TINIC

Binpmricts cydacHux mikpocxeM ITJIIC MicTUTh Ha KpUCTati MOAYIMI
mam'siTi, IKi MOXXYTh BUKOPHCTOBYBATUCH B PI3HUX (popMax: IMOCTIHHUX 200
OTIEPaTHBHHX 3allaM’ATOBYIOYHX MPHCTPOiB. OmHC TakuxX OJOKIB HaBEIEHO
y maparpadi 1.1.3.

Jns  Bu3HaueHHs  TUMy  BOyIOBaHOI  mamM'siTi  HEOOXiJIHO
BUKOpUCTOBYBatH Maiicrep MegaWizard Plug-In Manager. B makeri
Quartus II [7] € MOXNIMBICTh OEKiIbKA THIIB HaM'sTi, ajge iX KIIbKICTh
3aJISKUTH BiJl 00paHOro CIMEHCTBA MIKPOCXEM:

— FIFO — mam’sTh THTTY «IIepIInid BBIWIIIOB — MEPIIAN BUHIIIOBY.

— FIFO partioner — iHCTpyMeHT ajisi PO3MILICHHS JCKIJIBKOX
6nokiB FIFO na ogaomy kpuctani [TJIIC.

- RAM: 1 PORT —  ojHONOpPTOBHWI  OmEpaTUBHUI
3anam’aroByrounii npuctpii (O3I1).

— RAM: 2 PORT - nBoxmnoptoBuii cuaxponuauii O3I1.

— RAM: 3 PORT — tproxnoprosuii O3I1.

— ROM: 1 PORT -  opHomopToBWUM  mWOCTIMHHN
3amam’stoByrounii npuctpin (T1311).

— ROM: 2 PORT — ngoxnoprosuii O3I1.

—  Shift register (RAM-based) — perictp 3cyBy, BUKOHaHMI Ha
ocHosi [13I1.
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5.3. Peanizauia sanam’smosyiounx npucmpois 8 TAIC

5.3.1. CrBopennsi MIF-daiiny

Hns poborm 3 II3Il HeobOximHO mami, mo OyxyTh B HBOTO
3aMMCyBaTHCh TPEACTAaBUTH y BHUIIAAI hex- abo mif-¢gaitmis. B mpomy
naparpadi onuiemo ctBopenHsi mif-haiiny, a Takox poOOTy B peaakTopi
mif-gaiinis.

st crBopenns mif-gaiiny Heobxigno B Mento File Bubpatu myHKT
New... Ham Bigkputu 3akmaaky Other Files, B sxiit BuOpatu myHKT
Memory Initialization File (pucynox 5.16).

MNew El

Mew Quartus 1 Project
SOPC Builder System
=I- Design Files

AHDL File
Black Diagram/S chematic File
EDIF File
State Machine File
Systermerilog HOL File
Tel Seript File
‘Yerlog HOL File
YHOL Flle

E temary Files
Hexadecimal [Intel-Format] File

temomn Initialization File|

ekl e = L = R
In-Sypstem Sources and Probes File
Logic Analyzer Interface File
SignalT ap Il Logic Analyzer File
“echar wavefarm File

= Other Files
AHDL Include File
Block Symbol File
Chain Description File
Synopsys Design Constraints File
Text File

Cancel

Pucynox 5.16 — Cmeopenns mif-gaiiny

B HactynHOMy BikHI MOTpiOHO BKa3aT Kijbkicth ciiB (Number of
words) ta posmip ciioBa (Word size) — pucyrok 5.17. B HammoMy BUMaiKy
e 32 cioBa 1o 8 OiT B KOXKHOMY.
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5.3. Peanizauia sanam’smosyiounx npucmpois 8 TAIC

Number of Words & Word £

Number of words; |32|
Word size: I8
| 0K I Cancel |

Pucynox 5.17 — [lapamempu b610ka nam’ami

[Ticns uporo BigKpHEThea penaktop mif-aiiniB, kUil Mae BHUIIIS,
MoKa3aHuil Ha pucyHKY 5.18. Bin Mae Burisin Tabmuli, B sIKiil B 3aroloBKax
PAAKIB BKa3aHWH ajpec YapyHKH B TMaM’sTi, a B 3arojOBKax CTOBIIIIB —
3MIIIIEHHS BIAHOCHO 1bOro anapecy. Cama TaOnuis MICTUTh 1H(QOPMAIIiO
311

%) Mif1.mif |

Addr | +0 +1 +2 +3 +4 +5 +6 +7
0 0 0 0 0 0 0 0
0 0 0 0 0 0 ] 0
16 0 0 0 0 0 0 ] 0
24 0 0 0 0 0 0 0 0

Pucynox 5.18- Peoaxmop emicmy nam ’sami

[Ipu poOOTi 3 peaakTopoM € MOKIIUBICTD 3MIHIOBATH HOTO BUTIISA 38
JIOTIOMOTOF0 ITyHKTIB MeHI0 View (pucyHOK 5.19): KiIbKICTh 4apyHOK Y
psaky (Cells Per Row), cucrema uncnenns st aapecu nam'sti (Address
Radix) ta manux B mam'sti (Memory Radix). OcraHHiii MyHKT MIiCTHUTb
Taki BapiaHTH:

— Binary — nBiiikoBuii Ko/,

— Hexadecimal — micTHaqUATKOBHI KO,

— Octal — BiciMKOBHI1 KOZ,

— Decimal — gecsatkoBuii ko,

— Signed Decimal — 3HakoBuit JeCATKOBHIA KO,

— Unsigned Decimal — 6e33HakoBHii 1eCATKOBHI KOJI.
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5.3. Peanizauia sanam’smosyiounx npucmpois 8 TAIC

View Project Assignments Processing Tools Window Help

Utility Windows » ZI [i 2 @ @ @ ’ 4
Full Screen  Cri+-Alt+Space if
Cells Per Row 1 +3 +4 +5 +6 +7
Address Radix » 2 7 9 11 13 |15
Memory Radix » 4 23 25 27 29 3
[T : 39 41 43 45 47

Show Delimiter Spaces D 55 |57 |59 |81 |63
Show ASCII Equivalents 16

32

AutoFit

Pucynox 5.19 — 3mina napamempie uensady emicmy nam smi

3MiCT 4YapyHOK B pEJaKkTopi MOXHAa KOpEeryBaTH JCKiIbKOMa
crocodamu:

1. BuOpatn notpiOHy 4apyHKY Ta 3amucaTH TyIW HEOOXiJTHE
3HAYCHHSI.

2. BuOparu niana3oH 4YapyHOK Ta 3 KOHTEKCTHOTO MEHIO
(pucyHok 5.20) BUOpaTH OJVH 3 TTYHKTIB:

—  Fill Cells with 0's — 3anoBHHTH YapyHKH HYJISAMH;

— Fill Cells with 1's — 3amoBHUTH 4YapyHKH
OJTMHUIISIMH;

— Custom Fill Cells — penarysanns mociinoBHocTel
JUIS 3aIIOBHEHHS YapYHOK (IJMB. HU)KYE);

— Reverse Address Contents — inBepcist 3MicTy
YapPYHOK.

3. BcraButH 3HaueHHA 4YapyHOK 3 iHImOI Tabmumi abo
nporpamu, Hanpukian, Excel.
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5.3. Peanizauia sanam’smosyiounx npucmpois 8 TAIC

Addr | +0 +1 +2 +3 +4 +5 +6 +7 |
0 1 3 5 7 9 1M 13 15
3 o cu xR
125 m = Copy Ctrl+C —
Paste Chrl+v —
Paste Insert
Insert Cells
Delete Del
Fill Cells with 0's

Fill Cells with 1's

Cells Per Row | AutoFit

Pucynox 5.20 — Konmexcmmue menro pedoakmopa mif-¢ghaiinie

Custom Fill Cells

Allows you to custom fill an address range with either a repeating sequence, or
from a starting point with incrementing or decrementing values.

—~Address range
The current address radix is: unsigned decimal

Starting address: Ending address: 120

i~ Custom value(s)

The current memory radix is: unsigned decimal

¢ Repeating sequence [numbers can be delimited by either a space or a
comma)

" Incrementing / decrementing

Starting value: |
Ilr'u:remenl 'I by I

oK I Cancel I

Pucynok 5.21 — 3anoeuenns nam ’ami nociioosHicmio wucen

Hianor Custom Fill Cells no3Boisie 3armoBHIOBaTH YapyHKH T1aM’sITi
MOCHIiIOBHUMH Habopamu yucen. Lleii gianor MiCTUTh HACTYIHI OIS

Address range — aagpecHuWil Aianma3oH YapyHOK, 3 SKUMH Oyne
npoBoAuTHCE pobora. Starting address — mouarkoBa ampeca, Ending
address — kiHIeBa aapeca.
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5.3. Peanizauia sanam’smosyiounx npucmpois 8 TAIC

Custom value(s) — 3Ha4eHHs, sIKi 3a71a€ KOPUCTYBaH.

Repeating sequence — mociI0BHICTb, 110 MOBTOPIOEThCS. Hucna B
MOCITiIOBHOCTI MMOBUHHI PO3IIISATHCS MPOITYCKOM 200 KOMOIO.

Incrementing/decrementing — iakpemeHT ab0 IEKPEMEHT YHCIIA.
ITpu 1boMy BKa3yrOTh MmouyatkoBe 3HaueHHs (Starting value) manpsmox
3MIHH YHCEJI, @ TAKOXK KPOK 3MiHHU 3HAYEHb.

5.3.2. CtBopeHHs1 0JIOKY maM’siTi 3a JONOMOIOK
MegaWizard Plug—In Manager

Jnisi cTBOpeHHST HOBOTO OJIOKY MaM’SITi HEOOXiJHO BHUKOPUCTATH
MegaWizard Plug-In Manager. Y BigkpuToMy BikHI BHOpaTH IyHKT
Memory Compiler, a motim — BUOpaTi HEOOXIAHUI TUII MOYJIS TIaM’SITi.
Burmsin Bikna MegaWizard Plug-In Manager moxe Biapi3HSATHCH Bix
HABEJCHOIO Ha PHCYHKY 5.22 1 3aJleXuTh Bi 00paHOro ciMeHcTBa
mikpocxem (mynkt Which device family will you be using?)

MegaWizard Plug-In Manager [page 2a]

‘which megafunction would you like to customize? ‘Which device family will you be j
2 5

Select a megafunction from the list below using?

. ) OBbpane
= (¥ Installed Plug-ins Which type of output file do you want to create? . -
[Z) Abers SOPC Buider © aHDL CIMEUNCTBO
+ & Aithmelic & VHDL MIKDOCXEM
+ @ Communications -
« & DSP " Verlog HDL
w &l Gates
2
& /0 ‘What name do you want for the output file’ Browse... |
* @ Interfaces [D:workquartusidel,
* &l JTAG-accessible Extensions
B Memory Compiler
ne pei\l K d FIFO I Retum to this page for another create operation
AOCTYMHMX =

. Note: To compils a project successfully in the Quartus 1l software,
THMIB FAM initializer your design files must be in the project directory, in the global user
P RAM: 1-PORT libraries specified in the Options dialog box [Tools menu), or a user
MM 4Tl library specified in the Lser Libraries page of the Settings dislog
RaM: 2.PORT bos (Assignments menu)
RaM: 3-PORT

ROM: 1PORT Your current user libiary directories are
ROM: 2.PORT
2| Shift register (R&M-based
+ Storage
+- @8 |P MegaStore

R R L L

Cancel | < Back | Mext > I |

Pucynox 5.22 — Bixno MegaWizard Plug-In Manager npu cmeopenHi
MO0y nam ’sami
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5.3. Peanizauia sanam’smosyiounx npucmpois 8 TAIC

Ilicns matuckanas KHOMkKW NexXt BIAKPHETHCS ITialor CTBOPEHHS
Onoka mam’sTi. Y npomy maparpadi Mu po3risiHeMo ctBopeHHs 6moky O3I1
1uist yoro y Biakpuromy Bikai MegaWizard Plug—In Manager neo6xinHo
obpatu RAM: 1-PORT. Byne BifkpuTe miepiiie BiKHO MaiicTpa CTBOPEHHS
0JI0Ky omlepaTUBHOI mam'sTi (prucyHOK 5.23).

MegaWizard Plug-In Manager - RAM: 1-PORT [page 3 of B]

RAM

Currently selected device Family: [ |

data[7.0] o[7..0] 1 Match project/dsFault
‘wren _
=Yy Po3psaHICTe
How wide should the ‘q" output bus be? 8 |& bits H"G DVH KI_/I
:j;ztk How many 8-bit words of memory? a2 ¥ wards TQA IX KIABKICTb
Block type: AUTO ‘What should the memory block type be? H
% uto - Bubip tmny
Ics BOYAOBOHHOI
Set the maximum block depth to futo [ words nam'ari
‘\ What clocking method would you like to use?
BMKOPHCTAHHS P~ MeTtoa
pecypcis © ual dock: use separate npt and 'output’ clocks TAKTYBAHHA
MNAIC = MOAYAS )
| Cancel H < Back ” Next > ” Finish |

Pucynox 5.23 — Ilepute gixno maticmpa npoexmy

Y pisanx BikHax MegaWizard Plug-In Manager moTpi6bHO
BU3HAYUTH PO3PSAAHICTh IMUHU JaHWX (BUXia '(Q'), KUIBKICTh YapyHOK B
nam'sTi (pucyHOK 5.23), HasiBHICTH CHHXpOHI3allii 1o Bxomy 'address’ ta
Buxoay 'q" (pucyHok 5.24), a TakoX MMOYATKOBUH 3MIiCT MOJYJsSl (PUCYHOK
5.25).

VY nmepuioMy BiKHi AiaJory HeoOXiJHO BiAMITUTH HACTYIIHI MOJIS:

Currently selected device family — o6pane cimeiicTBO MikpocxeMm.

How wide should the 'q" output bus be? — sxoi po3psaHOCTI
NOBUHEH OyTH BUXiJ?

How many 8-bit words of memory? — ska KUIBKICTH CIiB
MICTHTBCS B ITam'siTi?
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5.3. Peanizauia sanam’smosyiounx npucmpois 8 TAIC

MegaWizard Plug-In Manager - RAM: 1-PORT [page 4 of B]

Docurmentation

Read During Write Option

‘which ports should be registered?

data[7..0]

MVEEN

address[4.0 -

jt=

] ’__q'

32 dords

g

inclock

Create one clock enable signal for each =
clock signal. A&ll registered ports are Mare Options ...

controlled by the enable signalis).

outclock

Block type: AUTO

Create an ‘aclr’ asynchronous clear =
For the registered ports IMare Options ...

Create a 'rden’ read enable signal

Rezource Usage
1 k3K

| Cancel ” < Back ” Mext > ” Finish ‘

Pucynox 5.24 — J[pyee sixno maticmpa npoexmy

What should the RAM block type be? — skuit Tun BOysoBaHOi
nam'saTi notpiOHo Bukopucratu? Lleit mapamerp 3anekuTh Bif 0OpaHOTO
ciMeHCTBa MIKpOCXeM 1 MOXKe MPUIMAaTH TaKi 3HAUYESHHS:

— Auto — BuOip THITy AJis pO3MILICHHS 1MaM’ATi BiIOYBa€eThCS 3a
JOTIOMOT00 KOMITIJISITOPA;
— MLAB — 650k nam’sti po3mipom 640 6iT;
MOK — 6ok mam’siti po3mipom 9 kOiT;
M144K — 6ok mam’sti po3mipoM 144k0irta;
— LCs — peanizanis 010Ky mam’sTi 3a JONOMOTOIO JIOTTYHHX
eJICMEHTIB.
Jpyre BIKHO MaicTpa TPOEKTY BHKOPHCTOBYETHCS LIS
BU3HAYEHHS, SIKi 3 TIOPTIiB MaM'sITi OyAyTh CHHXPOHHUMH (PUCYHOK 5.24).
Which ports should be registered? — sxi noptu OynyTh
TaKTyBaTHCS?
'data’ input port — Bxigni gani
‘address" input port - agpeca
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5.3. Peanizauia sanam’smosyiounx npucmpois 8 TAIC

'q" output port — BuxinHi maHi

Jaxi HeoOXigHO BHU3HAYMUTH BIACTHBOCTI TAaKTOBHX CHUTHANIB, SKi
OyJIyTh BHUKOPHUCTOBYBATHUCh JUISl TAaKTYBaHHS BXIJHHX Ta BHUXIJIHUX
CUTHAJIB.

HacrtymHa Bkimagka MICTHTH [iaior BHOOPY IOYAaTKOBOTO BMICTY
nam'sati. Tobro O3Il moxe oxapa3dy Tmmicias 3amyCKy MICTHTH SKYCh
iH(opMaItito, SIKy MOTIM MOXKHA BUIATUTH (PHCYHOK 5.25).

Do you want to specify the initial content of the memory? — Yu
OaxxaeTe By BU3HAYUTH [TOYATKOBUH BMICT IaM'sITi.

No, leave it blank — Hi, 3anummutu myctum.

Yes, use this file for the memory content data — Tak Bukopucrati
(haiin 1 3aBaHTaKCHHS TTaM'STi.

VY noni File name motpiObHo BuOpatu crBopenuit *.mif ado *.hex
thaiin. Ilpm mpomMy HeoOXimHO 3BEPHYTH yBary Ha Te, MO0 PO3PSATHICTH
nmam'sITi Ta po3Mip TaHuX B (aiiii CIiBIaaaiy.

MegaWizard Plug In Manager - RAM: 1-PORT [page 6 of B] =3

a RAM

Documentation

ClkenjByte Enablefacls

Do you want to specify the initial content of the memaory?
Mo, leave it blank
“ren 4
address(d 0 =l =]
il =1 *! ¥es, use this File For the memory content dats
({fou can use a Hexadecimal (Intel-format) File [.hex] or a Memary
Initialization File [.mif])
nclock
outclock
Block type: AUTO File name:
| Cancel ” < Back ” [ext > ” Finish ‘

Pucynox 5.25 — Buznauenns nouamkogoz2o emicmy nam ’sami
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5.4. P060ma 3 IJ,MC’)]OOBVLMVL asmomaimammn

5.4 Poboma 3 yndposumm asmomamamn

[ludposi aBroMaTH 3a3BUYAll ONKHCYIOTBCS Ha MOBi OIUCY
amaparypu. [ns cTBOpeHHsS IHM(POBOTO AaBTOMATy MOXKHA BHKOPHCTATH
JEKiIbKa CIIOCO0iB:

— HamucaTH Kojx HHU(POBOro aBTOMAaTy CaMOCTIMHO Ha MOBI
onucy anaparypu (onuc 1udpoBoro apromara Ha Moei VHDL
HaBeieHni y aparpadi 3.3);

— HapucyBaTH rpad HUppPOBOro aBTOMATy B PEAAKTOPI;

— mobOyaysatu rpad 1MGPOBOrO aBTOMATy 3a JOIMOMOTOIO
nomiunnka State Machine Wizard.

IIpu BukopuctamHi rpady UUPPOBOTO aBTOMATy HEOOXiTHO
nornepeanso moOyayBaTH TaONHIl MEepexoliB Ta CTaHIiB Ta TaONHII0
BuxofiB. llicms mporo 3 rpady mudppoBOoro apromMary Moxe OyTH
3reHEPOBaHMIA TEKCT OMUCY aBTOMATy Ha MOBI omucy amnapatyp [5-8].

Posrisinemo pucyBanHs Tpady B penakTopi. s cTBopeHHsT HOBOTo
(aitny mudposux aBToMaTiB BHOHpaemo myHKT MeHIO File — New, B
skoMy obupaemo myHkT State Machine File.

5.4.1. Pooora 3 State Machine Wizard.

s 3anmycky State Machine Wizard HeoOxiHO BiIKpUTH peaakTop
mudposux aBromatiB (State Machine Viewer) i BuOpaTu MyHKT MEHIO

Tools — State Machine Wizard a6o marucuytu xnonky < . 3amyck

1[LOTO0 MaKCTpa NPU3BOIUTH JI0 MOSIBH BiKHA, TOKA3aHOTO HA PUCYHKY 5.26.

State Machine Wizard @

State Machine Wizard helps you create or modify a state
machine design,

which action do you want to perfarm?

@+ Edit an existing state machine design

Pucynok5.26 — 3anycx State Machine Wizard
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5.4. P06oma 3 U,Vl(i)pOBVLMVL asmomaimammn

Tyt po3poOHMKY HE0OXimHO BHOpaTH OAWH 3 JBOX BapiaHTIB:
CTBOpeHHs1 HOBoro nudposoro aBromara (Create a new state machine
design) abo penarysanns ke icayrouoro (Edit an existing state machine
design).

Iepme Bikao State Machine Wizard (pucynok 5.27) mo3Bosise
BU3HAYHUTH CUHXpOHI3aliro curHany ckunanns (Which reset mode do you
want to use?), #oro akTuBHui piseHs (Reset is active high) ta nomaBanus
perictpiB y Buxini moptu (Register the output ports).

State Machine Wizard: General [page 1 of 4] g|

Which reset mode do pou want to uze?

o E\Synchronous:;

" Asynchronous
v Resetis active-high

v Register the output ports

Mest » | Finizh ‘ OTena |

Pucynok 5.27 — Ilepuwie sixno State Machine Wizard

Y nmpyromy BikHI (pUCyHOK 5.28) mepepaxoBYIOTHCS CTaHH
nudpoBoro aBTomara (tabmuns States), BximHi moptu (tabmmms Input
ports) ta maBommTHCA Tabmmis mepexomiB (State transitions). Omis
Transition to source state if not all transition conditions are specified
BKa3ye, 10 HEOOXiTHO NePEXOAUTH y BUXIJHHNA CTaH, SKIIO 1HIII MepeXoIu
HE BU3HAYCHI.
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5.4 Poboma 3 undposnmn asmomamamn

State Machine Wizal

Transitions [page Z of 4]

States: Input parts:
State Mame Input Port Mame

R D

|2_|RG |2 |reset

|3 |& |3 |cnk

|4 &R |4 | << new input port =

|5 |« new state =x

< 3 < 3
State Iransitions:

Source State Destination State | Transition [~

1 |R RG cnt

2 |R 3 ~ent

|3 |RG G cnt
|4 | RG RG ~cnit
5 |s GR cnt
6 |& G ~cnk

7 v
[¥ Transition to source state if nat all bansition conditions are specified
<Back New > Frish | Oreess |

Pucynok 5.28 — J[pyee sixno State Machine Wizard

Y TperboMy BikHi (pucyHok 5.29) State Machine Wizard
BHU3HAYAIOTHCSA HA3BH BUXIJHUX IOPTIB Ta TaONHIS BUXOMIB ITUPPOBOTO

aBToMara.

State Machine Wizard: Actions [page 3 of 4]

OutpuE Port Name [

OutpUE State [

Dutput ports:
11 | outputo
12| outputl
|3 | outputz
1+

Current clock cycle
Current clock cycle
Current clock cycle

<« new output pork ==

]

Action conditions:
Qukput Port Qutput Value | In State | additional Conditions -~
|1 | output2 1 R << condition ==
|2 | outputl a R << condition ==
|3 [ outputo a R << condition ==
|4 [ outputz a RG << condition >
|S [ outputl 1 RG << condition ==
|6 [ outputo o RG <« condition >
|7_| outputz a G <« condition > -
<Bark New) | Finsh | Omea |

Pucynox 5.29 — Tpeme sixno State Machine Wizard
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5.4. Po6oma 3 U,Vl(b]OOBVLMVL asmomaimammn

B ocrannbomy Bikui State Machine Wizard npencrasinena cymapna
iHpopMaLis ipo po3podiaeHuit HupPOBHIA aBTOMAT.

B pesynasrari pobotn State Machine Wizard 6yme otpumanuit
1 poBUi aBTOMAT, AKHUH MMOKazaHui Ha pucyHKyY 5.30. Lleit aBTOMaT MOXKe
OyTH 30epexkeHnid y okpeMuit daitn tumy *.smf.

Input Tablz . x

B O e |
ka B ck

E- reset
e | |p
i
=S

Tl
i Qutput Table -x

=4 Output Port
£ outputo
£ output!
o outputz

Source State | Destination Stats Transition
RG RG et
G GR cnt
G G -t
GR GR s
GR R cnt

m‘-.l a\‘m‘a

State Table

General f States A Inputs A Outputs j Transitions ji Actions

Pucynox 5.30 — Pezynomyrouuii yugposuii agmomam y pedaxmopi
yupposux asmomamis

Penakrop nndpoBux aBTOMaTiB € TpadiYHIM MAKETOM, SKHH JTyKe
noiOHUM 10 pemakTopa s moOyaoBu rpadiunux (aiiais. Buriasa msoro
peaakTopa mokaszaHui Ha pucyHky 5.30. 3miBa Bix MOJS pelakTopa
PO3MINIYIOTECS TAOJUII BXOJIB Ta BHUXOJIB, a IIijJ TOJEM peJaKkTopa
PO3MIIIYIOTHCS Ta0JIHUIII, IIEPEITiK SKUX HaBeJACHUH B Ta0muii 5.2.

3 oTpuUMaHOro IUPPOBOr0 aBTOMATy MOXE OYTH 3reHepOBaHUIA
KOJ Ha MOBi omucy amapatypd. s mporo HeoOXigHO BHOpaTH MyHKT
meHio Tools — Generate HDL File a6o HatucHyTH KHONKY Ha

naHesi iIHCTPYMEHTIB pelakTopa (G pPOBUX aBTOMATIB.
[Ipru3HaueHHs 1HCTPYMEHTIB pedakTopa HU(POBHUX aBTOMATIB
HaBeleHe B Tadimil 5.3.
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5.4. P060ma 3 IJ,MC’)]OOBVLMVL asmomaimammn

Tabnuys 5.2 — Brxnadku 6ikHa peoazysamHs UYUPGpPo8o2o
asmomama
Hassa .
[Tpu3HavyeHHs Tabuuii
3aKJIaJIKH
General BkasyeTbcsi TMI cUTHaly CKHIaHHS (reset) — CHHXPOHHHHR
a00 aCHHXPOHHMI Ta HOT0 aKTUBHHUU PiBEHL — BUCOKHUI 200
HU3BKHH.
States [lepepaxoByroThest ctanu LA
Inputs [lepepaxoByrOThCsI BXiHI TOPTH Ta iX CUTHAIN KEPYBAHHS
Outputs [lepepaxoByrOThCS BUXIHI TOPTH
Transitions | [TepepaxoBylOThCs MONEPEIHI CTAHU Ta PE3yJIbTYIOUi CTaHH,
a TAaKO’K YMOBH IIEpEXO/JIiB
Actions [lepepaxoByrOThCsSl BHXiJHI TOPTH, iX 3HAYEHHS Ta CTaHU
IIA, skl BiANOBIZAXOTH IIMM BUXITHUM 3HAYECHHSIM. Takox
TYT MOXYTh [IEpEPaxOByBaTHCh JI0JIATKOBI YMOBH.
Tabnuys 5.3 — Incmpymenmu  pedaxmopa  yugposux
asmomamie
Ixonka Hasga .
. . [Ipu3HavyeHHs iHCTpyMEHTY
IHCTPYMEHTY IHCTPYMEHTY
. State Tool [HCTpYMEHT 1y pucCyBaHHS CTaHiB
LA
Transition Tool IncTpymeHT JUTSL pHUCYBaHHS
nepexonis LA
Input Port Tool JonaBaHHs BXiZHUX MOPTiB
Output Port Tool JlonaBaHHS BUXiTHUX TIOPTIB
Rubberbanding [lepemyukaHHs  THYYKOCTI  JiHIH
Tool 3B 3Ky
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5.4. Po6oma 3 U,Vle]OOBVLMVL asmomamammn

B pesynprari kowmmimsmii 3reHepoBaHoro HDL xomy Oyzde
oTpuMaHNii U(pPOBUH aBTOMAaT, rpad SKOro MOKHA MOOAYUTH y BiKHI
State Machine Viewer. flk BugHo 3 pucyHky 5.31, 3reHepoBaHMit
nuppoBUid aBTOMAT Ma€ Ie W TMepexoad y TNeplmil CcTaH, sKi
00YMOBITIOIOTHCS CHTHAJIOM CKHJaHHS.

State Machine:  |[|afficfetate

5 2@ (3plw &

A

Source State | D estination State | Condition |
1| G G [lent).[lreset)
HE GR [ent] [rsset]
i G R [reset]
4 | GR GR [lent).[lreset)
s |

T

GAR A [lent) [reset] + [cnt]

lansiliunsA Encoding /

Pucynox 5.31 — [ugposuii asmomam y State Machine Viewer

5.4.2. KonyBaHH# cTaHIB HH(PPOBOro aBToOMaTa

Ilpy  komyBaHHi cTaHiB [U(QPOBOIO  aBTOMAara  MOJXKJIHBE
BUKOPUCTaHHS KUIBKOX METOJIB, SIKi JOCTYIHI NpW MPHU3HAYEHHI OMNLIiH
KOMITUISIIT:

— auto — aBTOMaTUYHUI BUOIp METOMy KOJyBaHHS B 3aJIE)KHOCTI
BiJl KUIBKOCTi cTaHiB Hu}poBoro asTomara. SKIIO cTaHIB
MEHIE HiX IT'SiTh, TO BUKOPHUCTOBYETHCS METOJ KOJyBaHHS
sequential. SIkiIo KiIbKICTh CTaHIB OLNbIIA IT°ATH aje MEHIIA
50, TO BHMKOPHCTOBYEThCS MeTOj one-hot. B ycix iHmmx
BUIAJIKaX BUKOPUCTOBYETHCS METOJ 3 BHUKOPHUCTAHHSIM KOAY
I'pes (gray).

— one-hot — neit meTox morpebye N 6iT s koxyBanus N cTaHiB
nudpoBoro aBroMaTa. ¥ OyAb-KOMY CTaHi JIUIIE OIUH 3 OiTiB
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5.4. Po6oma 3 U,Vl(b]OOBVLMVL asmomaimammn

mae 3HadeHHs 1. Bei immi — 0. Le# cTiiap BUKOPUCTOBYETHCS
32 3aMOBYYBaHHSIM.

— gray — KoayBaHHS CTaHiB 3a gonomoroto koay ['pes. B upomy
BHIIAJKy CYCIIHI KOAW BIIPI3HSAETHCS NUIIE OTHUM OiToM i1 N
Oitanii xon I['pes Moxe komyBatu 2N craHiB 1H(pPOBOTO
aBTOMATa.

— Johnson — komyBaHHs 3a mormomMoror koxy Jlxoncona. Llei
KoJ moxibHuit no koxy I'pes, ame morpeOye MEHIMY KilIbKiCTh
JIOTIKHM JUIS peaizallii KoJayBaHHS.

— minimal bits — xomminsTop Oyzme MiHIMi3yBaTH KiJIbKICTh
CTaHiB IU(POBOTO aBTOMATA, a BiJIMOBITHO 1 KUTBKICTH OIT, 110
HEoOXiTHa IS 1X KOAyBaHHS.

— sequential — BHKOPHUCTOBYETHCS 3BHYANHMIA JBIHKOBHN KOJ
JUTSL OTIFICY CTaHiB ITU(POBOTO aBTOMATA.

— user-encoded — BHKOPHCTOBYETHCSI KOAYBaHHSI, [0 BU3HAYAE
po3poOHMK. B 1IbOMYy BUIIAJKy HEOOXIIHO OMUCATU KOJU JIS
OIHCY CTaHiB IU(PPOBOTO aBTOMATa CaMOCTIIHO.

B tabmui 5.4 HaBeneHi koau it yucen Big 0 10 7 B pi3HUX KOJIax

Tabnuys 5.4 — Kooysanmns yucen 8 pisHux cucmemax

JgitikoBuii kon | Kon I'pesst | Kox Ixxoncona | Kox «one-hot»
000 000 00000 0000 0001
001 001 00001 0000 0010
010 011 00011 0000 0100
011 010 00111 0000 1000
100 110 01111 0001 0000
101 111 11111 0010 0000
110 101 11110 0100 0000
111 100 11100 1000 0000

Cruiib KOIyBaHHS BH3HAYAETHCS TNIOOAIBLHO IS BCHOTO IPOEKTY
nyHkrom State Machine Processing, 1o BuOHpaeThesi Ipy HATHCKaHHI Ha
kaonky More Settings cropinku Analysis & Synthesis Settings miamory
Settings abo nokanpHO 1 OKpemMoro nudposoro aBromara y Assignment
Editor.
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IIpu Bukopucranai mosu VHDL mist BU3HAUEHHS CTHITIO KOTyBaHHS
BHKOPHCTOBY€TbCSA ~aTpuOYT cuHTe3y enum encoding. Ilopamox
BUKOPHUCTAHHS aTpUOYTy HACTYITHHIA:

1. Busnaumtu arpubyr enum encoding TuUmy POk
(string).

2. 3B’sa3aTM BH3HAYCHWH aTpHOyT 3 TEpPENiYMMHM THIIOM, IO
BUKOPHUCTOBYETHCA AJISl CTaHIB IM(POBOrO aBTOMATA.

3. 3naueHHa arpuOyTa MOBHHHO OYTH DAIKOM, SIKUH MOXKe
KOAyBaTh cTaHu 1u(ppoBoro apromMara abo MpUAMaTH
3HAYEHHS "default", "sequential”, "gray",
"Johnson", "one-hot".

HageneMo mpukian KoJyBaHHS CTaHIB IHU(POBOro aBTOMaTa, IO
omucye cBiTaodop.

type color is (Red, RedGreen, Green,
GreenRed) ;

attribute enum encoding: string;

attribute enum encoding of color: type is
"gray";

SIKIO0 BHKOPHCTOBYETHCS MeTon USer encoding, To HeoOXiaHO
BU3HAYUTH MEPESIIYUMHUI THII, a TMOTIM TPHUCBOITH 3HAYCHHS THUITY
std_ulogic kokHOMY 00’€KTy NepenuuMoro TUMy. B mpukiami HuKYe
BH3HAa4YaeThbcs TUN color, skuii Mae 3HadeHHS Red, RedGreen, Green,
GreenRed.

type color is (Red, RedGreen, Green,
GreenRed) ;

attribute enum encoding: string;

attribute enum encoding of color: type is "1l
01 10 00"™;

B pesynbrari xomminsinii 3HaueHHA THIY color OyayTh 3aKOZOBaHi
HACTYITHUM YHUHOM:

Red = "11"
RedGreen = "01"
Green = "10"
GreenRed = "00"
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5.5. Onmmmisayia npoexmis B naxemi Quartus 11

Onrtumizamiss mMpoekTy Mae€ 3a MeTy MOKpalleHHS Horo
XapaKTePUCTHK: MIBUAKOMIl, 3MEHIIeHHS 00 €My, M0 3aliMa€ MpPOEKT,
CHOKMBaHOi TOTyXHOCTi. lle HeoOXimHO y BHIIAAKy, KOMHA TOTPiOHO
3MEHIIUTH COOIBAPTICTh MPOEKTY, CIPOOYBATH BMICTUTH MPOEKT y MEHIILY
MiKpOCXeMY Ta MiIBUIIUTH HOTO TaKTOBY 4acToTy [2, 3, 7].

Crovarky MM ONWIIEMO Ti [ii, SKi HEOOXigHO BHKOHATH M0
onTuMizamii NPOEKTYy, OCKUIBKM BOHH B TIOAAJBIIOMY JIO3BOJISTH
0e30071iCHO BHOCHUTH 3MiHM J0 MpoekTy. Haiinepine, HeoOXigHO mpH
PO3p0o0IIi MPOEKTY MPaBUIHHO PO3MLTUTH MOTO HAa YaCTUHH Ta BHU3HAYUTH
BAMOTH JI0 TPOEKTY. A TICIII TOTO SK MPOEKT BXKE 3pOOJIEHO HEOOXiTHO
NpoaHani3yBaTH BCi TONEpEeKEeHHs, siKi BHBOAWUTH makeT Quartus II, a
TaKOK MPOaHai3yBaT CUCTEMY TaKTyBaHHs IIPOCKTY.

5.5.1. Po3moijI NpOeKTy HA YACTUHH.

Ilin posmoxmioM TPOEKTy MaeThCs Ha YyBa3i He incremental
compilation, a po30MBKa NPOEKTy Ha PyHKIIOHAIBHI OJIOKH.
Taka po30HBKa JyKe BayKIIMBA, OCKIIBKH :
—  JI03BOJISI€ BUKOPUCTATH TICBHI METOJM ONTHUMI3aIl IS Pi3HUX
YaCTHH MPOCKTY;
— TOTiM 3acTocyBaty incremental compilation;
— pos3ramryBaTH Ha KpucTam (QYHKIIOHANbHI OJOKH Micis
KOMITLISLIT;

—  CHpOLIYETHCS HACTYITHA 3MiHA CXEMH IPOEKTY.

PosrnsitHeMo OinbIll JOKIAHO JIesiKi MpaBUJia po3moAily MpoeKTy
HA YACTHHH.

1. HeoOxigHo monepenHs0 0OMIpKyBaTH, sIKi pecypcu HeoOXimHi
JIaHoMmy Tmpoekty. [Ipu 1mpoMy HE0OXiTHO 3aBXKIM MaM'sITaTH, M0 SIKUM Ou
Croco0OM He POOHBCS ONHC MPOEKTY (CXeMa, MOBU OIHCY anaparypu) y
pe3ynbraTi KoMmMmuamii Oynme oOTpuMaHa cxema, L0 TOBHHHA OyTH
peailizoBaHa B 3aJlaHOMy eJieMeHTHOMY 0asuci, To6to B I[LJIIC oGpanoro
ciMeiicTBa. A 1Ie O3Hadae, MO HEOOXIMHO BU3HAYUTH IepeadauvyBaHHI
o0csar BOymoBanoi mam'sti IIJIIC, HeoOxigHicTe OnokiB DAIIY,
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noMHOXXyBauiB abo 6mokiB LIOC, a Takox BUMOTH 70 iHTep(eliciB mopTiB
BBOJYy-BUBOAY 1 iX Kinbkocti. Ilicns mpoBeneHHs MoAiOHOTO aHamizy
3'SIBJIAETHCS OUTBIN sicHe OaueHHs BUMoOr 10 mikpocxemu [TJTIC.

2. Po30uBKy HaWOLIBNI 3py4yHO pOOUTH  BIAMOBIAHO IO
(hyHKITIOHATFHOTO TPHU3HAYEHHS BY3MiB MPUCTPOIO. Y PE3yibTaTi KOXKEH
OoKpeMuil (QyHKIIOHATBHUN BY30J1 OyJe OMHCYBATUCS OKPEMOIO YaCTHHOIO
npoekty. llpm momiOHiIH po30HWBII  3pyYHHM MOXKE  BUSBUTHCS
BUKOPHUCTaHHS rpadigHOTO MMOJaHHS BEPXHBOTO PiBHS MMPOCKTY.

3. HeoOximHo MiHIMI3yBaTH KIJIBKICTh 3B'SI3KIB MIX OJIOKaMu
BEpXHbOTO piBHA. Lle 103BOJMUTH TOTIM OUIBII TPOCTO peaizyBaTH
KOJIEKTUBY PO3pOOKY IIPOEKTY.

4. HeoOximHo MiHIMI3yBaTH KUIBKICTH 0OMExkeHb (Construct) mo
KOXKHOTO KOHKpETHOro Onoky. BukopucTanHs oOMexeHb IJIsi OKPEMOTO
OJIOKY [TO3BOJIIE BUKOPHCTATH 1HIWBIMyaldbHY TEXHIKY ONTHMI3aIii ISt
KOkHOTO Onoky. OnmHak, MpU3HAYEHHs 1HIWBIAYATbHHX BHUMOT JI0 OJIOKY
NOTPiOHO BUKOPUCTOBYBaTH IyXe 00ayHO, MO0 He 30iIblIyBaTH dac
KoMmmistii mpoekty. [Ipo mpu3HaueHHs 1HAWBITyanTbHUX BHMOT JIO OJIOKY
naparpad 5.5.4.

5. MiHimi3yBaTH KUIBKICTh TaKTOBHX JOMEHIB JUIS KOXKHOIO
omoky. lle 103BONHTH ONTHMATbHO BHKOPHCTATH JIAHIFOTH TAaKTYBaHHS
ITUIIC. Ilpum npoMy HaBiTh HEBEIMKHH OJIOK MOXXE€ BHUKOPUCTATH CBOIO
TaKTOBY YacTOTY.

6. PosramyBatu nudpoBi aBToMaTH B OKpeMux Omnokax. lLle
MiJICHJINTh KOHTPOJb 3a IPABHIIBHICTIO KOAYBaHHS CTaHIB IUGPOBOTO
aBTOMATa, a TAKOXK POOUTH ONTUMI3aIlit0 JAHOTO OJIOKY IO IIBUIKOCTI.

7. 3BecTd BCi KPUTHUYHI 110 IIBUAKO/IIT JaHIIOTK B oauH 0ok, Lle
MOJICTIINTh PO3MIIIEHHS TAaKWX JIAHIIOTIB HAa KPUCTAJi, TPOBEJCHHS
ontuMi3aii ¢aiiny 3B's3kiB (physical synthesis optimization).

8. Bukopucratu perictpy Ui BCIX BXOMIB 1 BHXOIB
(yHKIIOHANBHUX OJIOKIB MpoekTy. Take pillleHHS J03BOJISIE 3MEHIIUTH
3alIeKHICTh OJIOKIB OJIMH BiJl OJTHOTO B YaCOBOMY CEHCI, TOMY IO MPHU3BEIC
O CMHXPOHHOT'O 3alMCy Ta 3YMTyBaHHS AaHUX. Llfo BUMOTy HEOOXiTHO
3aCTOCOBYBATH JJIsl OLTBII BUCOKHX PiBHIB i€papXii MPOEKTY.

9. He BuxopucroByBatn ¢yHKLii 13 TpeTiM CTaHOM Ta
JBOHAIPABICHI BUBOJAM BCEPEIWHI MPOEKTY, OCKUIBKHA BOHU (i3WYHO HE
icaytote y IIJIIC. Buxmrodennsi cTaHoBiATh TUThku BuBoAuM ILJIIC, 1o
BUXOJSATh HAa30BHI.

260



5.5. Onmumisauis npoexmis 8 naxemi Quartus 11

Bumoru 10 napaMeTpiB NMpPoeKTY.

1. HeoOximHO BHM3HAYMTH BCi BUMOTH [0 YaCOBHX IapaMeTpiB
npoekty. Lle no3ponsie monymnsam nakery (fitter, timing analyzer) 6inbm
YiTKO MPAIFOBATH 3 MPOEKTOM. Y 1IbOMY BUTIAIKy KoMnoHyBanbHUK (fitter)
pOOHUTH  ONTHUMI3AIlil0 KPUTHYHHX TI0 INBUAKOMII  JIAHIIOTIB, a
MOBIJOMJICHHSI CHCTEMH JO3BOJISIIOTH BU3HAYUTH BHKOHAaHHSA  a0o
HEBUKOHAHHS TaHUX BUMOT.

2. llepeBipka nmaHmoriB TakTyBaHHA. HeoOXiMHO YHUKATH TOSBU
KOMOIHAIIMHUX (QYHKIIA y naHmforax TaktyBanHs (T.3B. gated clock).
3a3BUYail MpU TAKTOBI CUTHAIM MPOXOSTH MO MIKPOCXEMi 33 JOTIOMOTOIO
JiHIA T700aHOTO PO3MOBCIOKEHHs curHaliB. Lle mo3Bosse 3MeHmHTH
3aTPUMKH TaKTOBHX CHUTHANiB. Y TOMY > BHIIQJIKy, KOJIH B JIAHIFO31
TaKTyBaHHsI BUKOPUCTOBYEThCS KOMOiHAIliHA cXeMa, sika Kepye TMOSBOIO
TaKTOBOTO CHTHANIy, TO TAKTOBHH CHIHAI MOXE OYTH TpaKTOBaHHA
KOMIIUTSTOPOM SIK 3BUYaifHW# curHai. Lle Moxke mpu3BecTH 0 TOTO, IO BiH
Oyze pO3MOBCIOKYBATHCH 3a JIONIOMOTO MATPHUIb 3’€JHAHb, a IIc B CBOIO
4epry MO)Ke INPHBECTH 10 TOSIBU TOHOK CHrHadiB. TakoX HEOoOXiTHO
3BEpHYTH yBary Ha JIAHIFOTH, Ki IPALOIOTH 110 MEPeHBOMY Ta 33 HBOMY
(poHTaM TaKTOBOI'O CHTHANy, OCKUIbKH JIAHIFOTH 3 TaKUM TaKTYBaHHSIM
(haKTUYHO TIPAIIOIOTH 13 TTOJJBOEHOIO YaCTOTOIO.

3. HeoOxigHO mepeBipuTH Te, SKHUM YHHOM BigOyBaeThcs
NepeTHHAHHS CUTHAJIAMH TPAHUIb TAKTOBHX JOMEHIB.

5.5.2. AnaJui3 noBigoMJIeHb KOMIIISATOPA.

1. AwnaJi3 NOBiJIOMJICHb KOMITLISITOPA HEOOXITHUM I TOrO 100
BU3HAYMUTH, 110 caMe POOUTh KOMMUIATOP. TakoX HEOOXIAHO Ham'sTatw,
10 HE BCi MOBIIOMJICHHS KOMIIATOPA MOKa3yloTh MPOOJIEMH B MPOEKTI.
Tomy HeoOXiaHO BigibpaTy MOBIAOMIIEHHS 33 IOTIOMOTOI0 (iNbTpa.

PosrnsHemo mporec Bimbopy mnosimomiieHb. Taka QinbTparis
JO3BOJIUTH CXOBATH MOBIIOMJICHHS, SIK P MMOTOYHIM KOMIIALIT, TaK 1 mpu
HacTynHuX. BiadineTpoBani noBigoMieHHs Oya1yTh BUBOJUTUCH B OKpEMil
3aknaini, a cami mnpaBwia QinbrTpamii 30epiraroThes y dadm  <iM's
npoekty>.srf.

Hnst  dinerpanii moBigoMiIeHE HEOOXiMHO BUOpaTH MOTPiOHE
MOBIJOMJICHHSI Ta Y KOHTEKCTHOMY MEHIO BHOpaTtu myHKT Suppress Lle
KOHTEKCTHE MEHIO MICTHTh HaCTYIHI IIYHKTH:
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Suppress Exact Selected Messages — Bimbip came Takoro
ITOB1IOMJICHHS;

Suppress All Similar Messages — Bifbip cX0KHUX MOBIAOMIICHD;

Message Suppression Manager — BHKINK MeHemKepa (inbTpariii
MOB1JIOMJIEHE;

Import Message Suppression Rule File, Export Message
Suppression Rule File — iMmopT Ta ekcrmopT (GiABTPiB MMOBiZOMIIEHD B/3
(haiimis.

BiniOpaHi TOBIIOMJICHHS BHBOJATHCS B OKpPEeMiil 3akmajil, Mo
HOCHUTH Ha3By Suppressed (pucyHok 5.32).

1€ Chip Plarrer (Floot Message Column 4
% Technology Map'y Message Tab r
v W Design dssistant [ Flas '
v W Assembler [Generate pi fide u
F ‘ ss ] Suppress Exact Selected Messages
< v P Cassic Titing Analysis &8 Suppress All Similar Messages
" Help Message Suppresion Manager...
Tyme |Hessaqa v Enable Docking
Tnfo: Rumming o Import Message Suppression Rule File, ..
Info: Commanc. Export Message Suppression Rule File. .. Eilter —c filtret
L) Info: Only ome processor detected - disahling parGllel Compilaciom
L) Info: Elsborating entity “Eiltref” for the top level hierarchy
L Info: Elaborated megafunction instantiation "acc:inst3|accum:inst_1|lpm_add_sub: lpu_sdd_sub_component”
L) Info: Instantiated megafunction "acc:inst3laccum:inst_1|lpm add sub:lpm add_sub_cowponent” with the following
< ) Trfn: Blahnrared merafimerinn insrancianion il rsinarsllnm e inm mal e sampmenr”
% Swstem [2] )\Plncessing [78) j Extralnfo Infa (78] “warning (2] Critical 'Warning (1] Erar Suppressed (71) Flag

Pucynox 5.32 — @inempayisn nogioomienb KomMniisimopa

Menemkep ¢inbTpanii noBiqoMiIeHs sBIsIE cOOO0IO aiajor BUOOPY
TOBiIOMJIEHB [T PinbTpalii Ta BikHO poOoTH 3 QinbTpamu. Burisn mporo
Jiajiory moKa3aHui Ha pUCYHKY 5.33.

IIpu aHamizi HOBIIOMJICHH KOMIIJIATOpa HE CIiJ 3a0yBaTdh IPo
BOynoBaHy joromory makery Quartus II. JlocTym 10 OMOMOTH 3 KOKHOTO
KOHKPETHOTO TOBIJOMJIEHHS MOXJIMBHM 32 JONOMOIOI0 KOHTEKCTHOTO
MEHIO, B sIKOMY HeoOxiqHo BuOpatu nyHkT Help. [Jomomora moGynoBana

Ha mnpuHimni — omuc mnpodbaemu (CAUSE) — nuisixu  BHpilICHHS
(ACTION).
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[%] Message Suppression Manager X
Suppressble Messages | Suppression Fules | Suppressed Messages | Suppressible Messages  Suppressian Fules | Suppressed Messages |
Note: You can also specily projectwids messape onthe
-
Type [Message Suppression page, undst Messages, in the Options dislog bow and HDL Message Level
Info: Running Quactus I knalysis ¢ Synthesis on'the Anaysis & Synihesis Seings pogs. in Sellings didog
Tnfo: Command: quarcus_pap —-read_settings_files=on| mpor. |
Info: Only one processor detected - disabling paral [ Tepe [Message n
Info: Elsborating enticy "filtref” for the top leve ¢ Quartus IT Design Assistant was successful. C ik

Info: Elaborated megafunction instantiation "acc:in
Infe: Instantiated megafunction "acc:instd|acouw:in
Info: Elaborated on instantiation "multid
Infa: Instantiated megafunction "mult:inses|lpn mul
Infa: 2 registers lost all their fanouts during net
Info: Generated suppressed messages file C:/altera/!
Info: Implemented 143 device resources after synthe
Info: Muartus I1 Analysis & Synthesis vas successtu
Info: Rumning Quartus IT Fitter

Info: Commend: quartus_fit —-read settings filessof:

) P Aararrad - 4%esh) e maral

< >

¢ Suippizss Eract aolecied Messagss Suppress All Simiar Messages
»
oK Orvena 0K Oriiera

Coupleted @
tomatically promoted signal "*" t
Elahorated negafunction instantiation
: Elaborating entity "+" for hierarchy "+

¢ Found * design wnits, including * entities, i

Pucynox 5.33 — Meneooicep ghinompayii nosioomiensb

5.5.3. IloMmiyHMKH oNITHMIi3alil

V wmento Tools 3naxomuthes myHkT AdViSOrS, 110 MiCTHTH KijdbKa
MOJYJIiB, MPU3HAYEHHUX JUIsL JONIOMOTH IMPOEKTYBaJIbHUKY Npu poOoTi 3
npoekToM (pucyHok 5.34). Lli Momyii naroTh peKOMeHIAIll 3 ONTHMi3alii
PI3HHX aCIIeKTiB MPOEKTY.

Window Help

‘ Run ED Simulation Taol ‘PSR -
Run ED Timing Anakysis Taal

Launch EDA Simulation Library Compiler

E Launch Design Space Explorer

|
% TmeQuest Timing Analyzer

&’, Resource Optimization Advisor
'g?@ Tirning Optimization Advisor
e

N 'é)& Incremental Compilation Advisor

@ i_hip Planner {Floorplan and Chip Editor)
B Design Partition Planner

Pawer Optimization Advisor

Metlist Yiewers

G4 1P advisar
ignalTap 11 Logic Analyzer %L Compilation Time Advisor
&= In-Systern Memary Content Editor G Pin Advisor
(B Logic Analyzer Interface Editor # HardCopy Advisor

Pucynox 5.34 — IHomiunuxu onmumizayii npoexmy
Y naHoMy IMyHKTI MEHIO JAOCTYIIHI HACTYITHI MTOMiYHHUKH:

Resource Optimization Advisor — mnOMIYHHK ONTUMI3AIT
BUKOPHUCTAaHUX PECYPCIB,
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Timing Optimization Advisor — momiuHuk omTuMi3aimii 4acoBHX
napameTpiB,

Power Optimization Advisor — moMiuHUK ONTHMI3AIIi1 CITIOKUBAHOT
MOTY>KHOCTI,

Incremental Compilation Advisor — moMiYHMK ONTHMi3alii MpH
KOMITUJIALIT TPOEKTY MO YacTUHAX,

IP Advisor — moMiyHpK orrTuMi3arii npu BuKopucTanHi IP siep,

Compilation Time Advisor — moMiYHHK omnTHMI3alii dYacy
KOMITLJISILIIT,

Pin Advisor — moMigHHK ONTHMI3allil BUBOIIiB MIKPOCXEMH,

HardCopy Advisor — nomiuyHHK onTHMi3ailii Npd BHKOPHCTaHHI
Mmikpocxem tuiry HardCopy.

Bci 3a3Haueni BUIE BUAW MOMIYHHKIB MOXYTh OyTH 3rpyHoOBaHi B
TPU THWIIM: ONTHMI3allisl YaCOBHX MapaMeTpiB, ONTHMI3allisl pecypcis,
OTITHMI3aIlisl CTTIO’KUBAHOI MOTYKHOCTI.

PosrasiHeMo sk mpukiag poOOTY MOMIYHHMKA ONTUMI3allii 4acoBHX
napaMmeTpiB (pUCYHOK 5.36).

Q Timing O ptimization Advisor

E| Tirning Surnmaty
How ta use the Timing Optimizatic
+-% 1) General Recommendations

Recommendation | Direct Quartus |1 Integrated Spnthesis to optimize the design for speed.

= Maximum Frequency (Frac) Description “when the Optimization Technique is set to Speed, Analpsis & Synthesis will optimize the design for
= A Stage 1 perfarmance.
wd Specify Fitter effart
_ - Summary The following areas will be affected by the recommended changes:

speed

By Timin en Synthesis

+ Delay may decrease (fmax may increase)

: - Logic element usage may increase
0y Perform WYSIVAYG Primiti = Compilation time iz unaffected
w Turn on Auto Global Clack . . — . .
A% Use global clacks Action For Quartus || Integrated Synthesis, choose Speed under Optimization Technique in the Analysis &
= Synthesiz Settings page of the Settings dialog box [Assighments). [t iz also recommended to set the
£ Constrain the docks optimization techrique to Balanced if it is cunently set to Area. Balanced technique gives better fmas
+- Wy Stage 2 than &rea, worse than Speed. But resource usage is better than with Speed (worse than with Area).
¥ A Stage 3 You can also gpecify the Optimization Technigue logic option for individual partitions in your design
o 10 Timing tsu, ko, tpd) wzing the Assignment Editor [Assignments menu), while leaving the project Optimization Technigue

setting at Balanced [for the best trade off between aiea and speed for certain device families) or Area
[if area is an impartant concem).

=

Hold Time: & Minimum Delay Timing

Current Global Settings:
Optimization Technique = BALANCED [Recommended: SPEED]

Carrect the Settings

Open Settings dislog box - Analusis & Synthesis Settings page
Open Assignment E ditor - Sunthesis category

Pucynox 5.36 — [omiunux onmumizayii yacosux napamempis npoexmy
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JliBa dYacthHa BiKHAa MICTHTh CHHCOK PI3HHX TpoOJIieM, o
BUHUKAIOTh TP YacoBOMY aHami3i: 3araibHi pekomenpauii (General
recommendations), makcumanpHa TakTOoBa 4actora (Maximum
frequency (fmax)), vacoBi mapamerpu enemeHTiB BBOay-BuBOay (1/O
timing (tsu, tco, tep)), wac yTpumanHs Ta MiHiManbHa 3aTpumMka (Hold
time and minimum delay timing).

IlpaBa dacThHAa BiKHa MICTUTh TaOJMIIO, IO CKJIATAETHCA 3
HACTYITHUX PO3/ILTIB:

Description — omuc npUYMHU pEeKOMEHIAllii, iH(pOpMaIli PO
YCTAaHOBKM Ta TPU3HAUCHHS, SKIi MOXYTh BUKOPHCTOBYBAaTHCS. Takox
JAHUA PO3IUT MOXKE MICTUTH TOCHJIAHHS Ha iHIN pPO3AINK JOBimKH abo
yactunu kauru Quartus 11 Handbook.

Summary - omucyerbcs edekt, MmO MOXKe TPUHECTH JaHa
pexomermaniss y mpoekti. Edekr Bim pekoMeHmamii MmO3HAYaE€THCS
HACTYITHUMH CHMBOJIAMHU:

(+) — pexomeHzaIlis Ma€ IO3UTUBHUIN e(DEKT IS TPOCKTY;
(-) — pekomeHallisi Ma€ HEraTUBHHI e(PEKT /IS TIPOCKTY;
(=) — pekomeHmaIlist MOXKe He AaTH ePeKTy JJIst IPOEKTY.

Action — omucyroTees i, SKi HEOOXiAHO 3POOUTH AT BUKOHAHHS
JlaHOT pEeKOMEHJalli, a TaKoX T[OTOYHWIA CTaH MapaMerpa, IIo
PEKOMEHTy€ThCs 3MiHIOBATU. JIOAATKOBO PO3MiN MICTUTh TMOCHIIAHHS Ha
BIAMOBIAHUA po3ain  mianory Settings abo karteropito B pemakTopi
npusHadeHb Assignment Editor.

CIUCOK iIKOHOK IMOMIYHHKA, SKi BUKOPUCTOBYIOThLCS JUTS TO3HAYCHHS
BIJTHOCHHH JIAHOT PEKOMEH/IAITii 10 MOTOYHUX

KoxkeH nmoMivyHUK BioOpakae pe3yinbTaTH KOMIUISI] Y 3BEIEHOMY
Bumi. s 1poro HeoOXiIHO 3BEpHYTHCSA a0 po3airy Summary. Ilpu
BUKOPHCTAaHHI TIOMIYHHMKIB HEOOXiJHO TMaM'saTaTH, W0 MOpagu IO
ONTHMI3allii € 3araJlbHAMHU JJIs BCIX THIIIB NMPOEKTIB 1 HE BPaxOBYIOTh
0CcOONMMBOCTEH KOHKPETHOTO TMpOeKTy. ToMy He 3aBXIH pe3yJIbTaTh
BUKOPUCTAHHS ~ TMOpaj  TOMIYHHKA  MOXYTh  JaBaTd  Kpaliui
pe3yAbTaTyCTAaHOBOK MpoeKkTy. CHMCOK IUX iKOHOK HaBeIeHWH y TaOmuIi
5.5.
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Tabauys 5.5 — Ixonku cmamycy nopao y noMiuHuKy

Ixonka Omuc

Q Bkasye Ha mpoOsiemy B naHiil kateropii nopas.

Bxasye Ha omiii, HaCTpPOIOBaHHS, YCTAHOBKHA MPOEKTYy SKi HE
3 | BiANOBIAIOTH PEKOMEH/IOBAHUM.

ITokazye, mo mNpU3HAYEHHS BiANOBIAAIOTH 3HAYCHHSIM 32
i 3aMOBYYBaHHSAM, aje e(eKT BiJg IXHPOTO BHKOPHUCTAHHS

MiHIMaJTbHAN.
Iloka3ye, 1m0 mpU3HAYEHHS BIJAMOBIIAIOTh 3HAYCHHSAM 3a
3aMOBUYYBaHHSIM.

IToka3zye, M0 MOMIYHUK ONMTHUMI3aIlii HE MOXe BU3HAYUTH €PEKT

b ) .
3 B1J JaHUX MPHU3HAYCHB Y IPOCKTI.

5.5.4. AnaJji3 npoekry

[Ticnst npoBenenns kommisnii maker Quartus II Bumae 3BiT, aHami3
SIKOTO JIO3BOJINTh BUSIBUTH LUISIXH ONTHMIi3alil MpoeKkTy. MokHA BUAUTUTH
HACTYITHI €TaIy aHalizy:

1. AHani3 pecypciB, 0 BAKOPUCTOBYIOTHCS B TIPOCKTI.

2. AHami3 3aTPUMOK CHT'HAIB.

3. AHani3 MakCUMaJIbHOT TAKTOBOT YAaCTOTH.

AHani3 pecypciB HEOOXiZTHO BUKOPUCTOBYBAaTH y TOMY BHIAJIKY,
KOJIM TIPOEKT HE BMIILIYEThCS Y BUKOPUCTOBYBaHY Mikpocxemy. Jlist Toro,
mo® BHU3HAYUTH OOCSAT BHKOPHUCTOBYBAaHMX pecypciB  HE0oOXiTHO
CKOpHUCTATHCS 3BiTOM, F€HEpOBaHMM KoMmmiisTopoM. B makeri Quartus Il
3BiT MOKHA TOoOaunTH BigkpuBmm i#oro Processing — Compilation
Report — Fitter — Resource Section — Resource Usage Summary.

B npomy 3BiTI MOKHa MOOAYUTH, SKMUM YMHOM BHUKOPHCTOBYIOTHCS
pecypcu MikpocxeMu. Pecypcu TpynyroThCs 3a THOAMM 1 i OLIbII
JOKJIanHOi iH(popMallii 3 KOXXHOI'O THITy PECypCiB MOXHA MEPETJSIHYTH
okpeMi po3xinm 3BiTy Resource Section (pucynok 5.37).
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@ Compilation Report - Fitter Resource .. l

SHE8 Flow Nor-Default Global Se A
B8 Flow Elapsed Time

er Resource Usage Summary

@% Flow 05 & Resource Lzage
o Lk -
: Y 1 }El Total logic elemerts 90/4608(2%)
&R FlowlLog o - -
- B Analysis & Synthesis 12 | - Com.blnatlonal with no register 28
= B4 Fitter 13 | - Register only 13
ST surmary 14 | - Combinational with a register 43
SHER settings E
&HER Metlist Cptimizations E | B Logic element uzage by number of LUT inputs
+- &1 Incremental Compilatio 7 | — 4 input funclions 16
& Fin-Out File _ EN - 3 input functions 45
- &HH Resource Section = . .
19 | - =2 input functionz 16

SR Resource Usage SU

SHER Input Pins |10 - Register only 13

SHER Output Pins 111

SHER /0 Bank Usage 112 | =1 Logic elements by mode

SHE All Package Pins 13 - nommal mode 50

@E Output Pin Default W - arthmetic mode 27

SHER Resource Utilzation | [J5]

B Delay Chain Summ. | 5 o 7 b eisterse 7074851 (1%]
SERPadToCorsDelay [Tl L g regiters B2/4508(1%)
SHER Control Signals | X

é% Global 2 Other Fas 18 - 10 renisters 2437033

ZHER Mon-Global High Fz * Register count does not include registers inside RaM blocks or DSP blocks.

+-¢&(] Logic and Routing !
LB Navica Nnkane At
< ¥

Pucynox 5.37 — 36im npo suxopucmannsa pecypcie mikpocxemu

AHaJi3 3aTPUMOK CHUTHAJIB.

st Toro, 1100 MEePerJITHYTH 3BIT 31 3HAYEHHSIMU 3aTPUMOK CHUTHAIIB
HEeoOXigHO BimkpuTH 3akimanky Timing Analyzer: Processing —
Compilation Report — Timing Analyzer (pucynok 5.38).

13 complation Report Timing Analyzer Summary
&B) Leoal Notice o Slack | Feauied Actual F B Fiom To Faled
EBE Flow Summary wB lac! Time Time fom o Clock Clock Paths
S Flow Settings 1 [ Waream i W Wone SH104 e (S FFT BLOCK et T, spenarder: oA 5
B Flow Nen-Default Gisbal St [7 | st case too N/A None 13377 ns Wb, CORE:instlvGia_B{S) VGA_BIE] ok 50 - [
SHER Flow Elepsed Time [3 | worstcase tod N None 2612ns altera_intemal_tag~TD0 alera_reserved tdo - - o
PR Flow 05 Summary 1| Warstcaseth N/A Nane 4145 ns altera_intemal_tag™ TDIUTAP Sd_hubsauto_hbltag_ir_reglS] alera_intemal... |0
&0 FonLog [ | 50,00 H d[13.40 W [ perod =
e &1 Analysis & Syrthesis 5 | Clock Setup: ‘el 50" 27.301 rs| “50 g js[]“”“ 74 802 "SZ][“”“ ~|FFT_BLOCK:inst Tlout_sysiinst1 Oled.. |COMUNICATION_BUFFER:inst8IC... | ok_50 ok_50 15160
w G0 river [5 | Clock Setu 2349 H -
» ne 2 [period 72,62 MHz (period = ins uarting actinsiBlatpl:.. | ackinciSll
B nesoribler 16 | St e sl comp... | 100720 2 BEE COMUNICATION_BUFFER:instBC0... | uartindSPEG(2] tactinsiBlakpl.. | tackineiBlahpl. |
= G Tiving Analyzer Clock Setup: 17838 MHz  peried
pE R e R L e s <id_hubauto_hublee_tom_srhub_info... dd_hubzato_hubido allera_intemal . | atera_infermal... |0
SR settings B | e e fog-ikp, WA Nore etz peted |, impk pacyq_i... | pac < imptpacyy.. alera intemal . | alera_intermal.. |0
SHER Clock Settings Summar — o ka ) - Featicted to 500,00
& Paralel Complation g Closk Setup: e ogupos, VA None MHz ( period = 2.000 . imphpecyqy_i {_implpzdycs...| alters_intemal... | ahers_intemal... (0
ST Clock Setup: tactinste || ‘eraintemal tag ns)
gg gmt ?E“D‘ :““tj“‘ 10| Dk Hoit ok s 0zggns | SO00MH2 [peried yys WGA_COREinstPOS_Y(0] VGA_COREinstPOS_Y(0] ck_50 ck_50 0
lock Setup: akera_int || =
SR Clock Setup: ‘akera_int [ 11 5‘;‘;’?";“3:%” sl comp, | 039118 zﬁagsa’(‘;;sllpe”ﬂd N Contiol_MUK inst 3icount0] Control_MUX inst1 Jlcouni{0] tact instBlaltpl. | tactinstGlaltpl. |0
S ok sekpi ko121 (751 7o s o o phs 15160

Pucynox 5.38 — 36im uacosozo ananizamopa
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CymapHuii 3BIT 9aCOBOTO aHANi3aToOpa BIOPSAKOBAHWN CIIOYATKY 3a
TUIIOM  4YacoBoro mapamerpy (Type), moTiM 3a  BiOXWJICHHIM
po3paxoBaHOro 3HaueHHs Bix HeoOxigHoro (Slack) i B ocranHio yepry — 3a
3HAYCHHSM [[LOTO BiIXUIICHHS.

B moni TumiB 9acoBUX mapaMeTpiB MOXIIHBI TaKi 3HAUCHHS:

— HaWripmMid BHIAAOK Ui 4Yacy MEpeAyCTaHOBICHHS CUTHAIY
(Worst-case tsy);

—  HaWTipmwii BUMAMOK Uid 4yacy yrpumanss curHairy (Worst-
case tn);

— HaWripmui BUMAQAOK IS Yacy, [0 HPOXOAUTh BiA
HAJXOJ/DKEHHS TAKTOBOI'O CHTHATY JIO MOMEHTY, KOIHU
3’BUThCS curHan Ha Buxoi (Worst-case teo);

— HaWripmui BUMAQAOK IS Yacy, [0 HPOXOAUTh BiA
HAJXOJPKEHHS ACHHXPOHHOTO CHTHAY 1O MOMEHTY, KOIHU
curnain 3’siButhes Ha Buxoai (Worst-case tpq);

— "ac mepedycraHoBieHHs i TaktoBoro curHainy (Clock
Setup). SIkmo TakTOBMX CHTHANIB y TPOEKTI AEKIIbKa, TO
BUBOJIUTHCS YaC MEPEYCTAHOBICHHS JJISI KOXKHOTO TAKTOBOTO
CUTHAITy OKPEMO;

— yac yTpuMaHHs s KoxHoro TakroBoro curHany (Clock
Hold);

— 3arajbHa KiNBKICTh IIISAXIB CHTHAIB, Ha SKUX HE BHKOHAHI
BUMOTH Mo uacoBuM mapamerpam (Total number of failed
path).

3nauenHs BiaxmwieHHs (Slack) BigoOpaxaeThCst YOPHUM, SKIIIO BOHO
BXOJUTh Y BiJBEICHUH Jliana3oH, aO0 YePBOHUM, KOJIU IEPEBUIIIYE HOTO.

AHaJi3 MaKkcuMAaJbHOI TAKTOBOI YaCTOTH.

Hns Toro, mo0 meperfasHyTH 3BIT 3 TaKTOBUX YacTOT HPOEKTY
HeoOxiaHo BigkpuTh 3aknaaky Clock Setup: Processing — Compilation
Report — Clock Setup (pucymox 5.39). Tabawi TakKTOBHX YacTOT
mictuth cnucok TakToBux uactor mnpoekty (Clock Node Name), ix
mkepena (Type), mapaMeTpu TaKTOBHX CHTHAJIB: MaKCHUMAJIbHY TaKTOBY
gacrory (Fmax Requirement) ta BHMOTHM 10 KOXHOTO 3 CHTHajdiB. B
3aJIe)KHOCTI BiA JDKepela TaKTOBOI'O CHTHAly MOXYTh BiJoOpakaTHCS
JOJATKOBI TapaMeTpu. Tak, HampuKiIaj, Ha PHUCYHKY 5.39 moxazaHuit
curHar, mo reHepyerbes 6mokom @AY (PLL output), m1s sKOTro IoKasaHi
mwkepeno curHany (clk 50), koedimientn maoxenust (Multiply Base Fmax
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by) ta ninenns (Divide Base Fmax by) mis 6ioky ®AITY, 3cyB curnamry
BIJIHOCHO OCHOBHOTO TakToBOro curnany (Offset).

|53 Compilation Report Clock Settings Summary
&3 Leod untice Clock Node Clock Setting [ Fmax Ealy [Late [Based [MuliplyBase |DivideBase [, [Phase
SR Flow Summary Hame Hame Ype FRequiement | Latency |Latency |on Frnax by Frnax by =t | aifset
EHEB Flow Settings tactinstElatplahpl_component_clkD PLL oulput 2343 MHz 00001 [0.000ns ok 50 |23 E2] 238 s

&SR Flow Non-Default Global Se 3] ol _50 UserFin 500MHz  |0.000ns [0.000ns - M N N
allera_intemal_tag™UPDATELISER UserFin_ None 0.000ns [0.000ns - N7t A /A
allera_intemal_jtag™TCKUTAR UserFin_ None 0.000ns [0.000ns - N7t A /A
sltera_intemal_tag™CLKDRUSER UserFin | one 0.000ns |0.000ns - [ [ [

SHEB Flow Elapsed Time
SER Flow 05 Summary
&B Flowlog
+- &1 Analysis & Synthesis
=& Fitter
-] Assembler
=1 &2 Timing Analyzer
SER summary
SR settings
SER Clock Settings Summar

[o]s[e]m]=T

Pucynox 5.39 — Ananiz maxmosux yvacmom

5.5.5. OnrTumizaniss  BHMKOPHUCTAHHHA  pecypciB
MIKpOCXeMH.

Onrtumizamito BUKOPHUCTaHHS PECypCiB  MIKPOCXEMH HPOBOISTH
JIEKIIbKOMA NUIAXaMU:

—  ONTHUMI3alisg KOy Ha MOBi ONHCY anapaTypu;
—  ONTHMIi3allisi BAKOPUCTAHHSA OJIOKIB TIaM’ATi;
— omruMmizamis Bukopucranus 6mokis LHOC.

Takox Ui TpOBeIEHHS Oyab-iKOi ONTHMi3allii HEoOXiTHO
BU3HAYUTH TTI00aTBHY Ta JIOKAIbHY TEXHIKY ONTHUMI3allii.

OnTumizanisi KOAY HA MOBI ONKCY anapaTypH.

Ilpu HamucaHHI KOAy Ha MOBI ONHCY amapaTypd HEOOXigHO OyTh
BIIEBHEHUM, IO IaM’sTh, BY31M LU(POBOi 00poOku curHaiy OynyTh
peanizoBaHi Ha BOymoBaHux Onokax mam’sti Ta LHOC, a He Ha JIOTiYHHX
eneMenTax. J{ns nporo komminsitop nakery Quartus II moBuHeH posnizHaTh
B KO/, 110 ONKCYE BHILEHA3BaHI 0JIokK came mam’ath Ta ook LIOC. Jlis
TOro, mo0 OyTH BIEBHEHHMM B LbOMY HeoOXigHo Bukopucratu Chip
Planner mns mepernsgy po3TalryBaHHS YacTHH IPOEKTY Ha KPHCTAJI.
Bukopucranus Chip Planner onmcane B maparpadi 4.3.

Takoxk HEOOXiTHO IIOJAWBUTUCH PE3YJIBTATH KOMITUJIAINT  Ta
ontumizamii mUPpPoBUX aBTOMaTiB. g 1pOro MOTPIOHO BHKOpHCTATH
myHkT Processing — Compilation Report — Analysis & Synthesis —
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State Machines. binsmr geransHO Ipo omrc NupPOBUX aBTOMATIB Ha MOBI
VHDL nuB. naparpad 3.3.

Takox HeoOXiTHO 3a MOXKJIMBICTIO BHUKOPWUCTOBYBAaTH LIaOJOHH
nakety Quartus II (quB. maparpad 3.6).

Hns  onTmMmizariii pecypciB MIKpOCXeMH HEOOXIJHO BHU3HAYUTH
rj00anbHy TexHiky omrumizamii. [lormepenHbo HEOOXiTHO BIICBHHUTHUCH,
0 BCl TPHU3HAYEHHS, SKI BCTAHOBIEHI /I TPOEKTYy KOPEKTHI Ta
aktyanpHi. lle mpu3HavyeHHS MiKpocXeMmH, YacoBUX mapamerpiB. Jlis
BU3HAYCHHS TJ00QJIBHOI TEXHIKM ONTUMI3alii HeoOXiHO BHOpaTH
sakmanky Analysis and Synthesis Settings mianory Settings (pucynok
5.40)

]

Settings - traffic

Calegory
General
Files

Libraties

Device
+ Operating Settings and Condtions
+ Compilation Process Settings
+ EDA Tool Settings

Fitter Seftings
= Timing Analysis Seftings
Timeluest Timing Analyzer
=) Classic Timing Analyzer Seltings
Classic Timing &nalyzer Repol
Assembler
Design Assistant
Signallap Il Logic Analyzer
Logic Analyzer Interface
= Simulztar Settings
Simulation Y erification
Simulation Dutput Files
PowerPlay Power Analyzer Setings
SN Analyzer

Specily opfians for analysis & syrthesis. These options contiol Quartus I Integrated Syrthesis and
do not affect VM or EDIF netlsts urless WYSIWYG privitive resynthesis is enabled

Optimization Technique:
 Speed

# Balanced
 frea

r
¥ PowerUp Don't Care
I Perform WYSIWYG primitive respnthesis

BowweiPlay power optimization: | Nomal compilation -

HDL Message Level: Level2 x|  Advanced
More Settings.
Description:

Pucynox 5.40 — Hapamempu enobanvnoi onmumizayii

Texuika

riIo0aILHOT

oIrTumizarii

00UpaEThCS 3 TPHOX BaPiaHTIB:
Speed — onrTumizariist 3a MBUAKOIIELO.
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— Balanced - cepente 3HaYeHHS MiK IMIBHIKOIIEIO T IUIOLIEI —
3HAYEHHS 3a 3aMOBUYBaHHSIM.

I'moGanpHa TexHiKa ONTUMI3alil CTOCYETbCA BCHOTO IPOCKTY B
mizoMy. Ane ISl OKpeMHX OJIOKIB MOXYTh OyTH BCTaHOBJIEHI CBOi OMmIIii
cuHTe3y. B TakoMy BHMaAKy 0pH KOMIIUIAIIT oMMl onTuMi3arii
JIOKAJILHOTO 00’€KTY BIAMIHAIOTH TJ00aibHI omiii onrtumizamii. Jlis
BU3HAYCHHS JIOKAJFHUX MapaMeTpiB ONTHMi3amii UII OKpeMOro OIOoKY
HEOOXiTHO BHIUIMTHA HEOOXiTHUI OJIOK i B KOHTEKCTHOMY MEHIO OOpaTh
nyukt Locate — Locate in Assignment Editor (pucynok 5.41).

o1 jouTeoT |

muttiplication -

U0 [ Tvpe & Cut crrhx
4
se1.0] JNPUT | By Chlsc
RZ.0] JoutPg - = !

P Delete el

AutoFit

Locate in Assignment Editor

Locate in Pin Planner

Create Design File From Selected Block...

e Update Design File from Selected Block. ..
. @4 Locate in Chip Planner (Floorplan & Chip Editor)

: Open Design File

Locate in Resource Property Editor

Locate in Technology Map Wiewer B1Y Update Symbal ar Black, .

Locate in RTL Viewst
Zoom 4

Mapper Properkies
Block Properties

Pucynok 5.41 — 3anyck Assignment Editor

[licnga 1pOro BIAKPUETHCS PEAAKTOP, SIKMK J03BOJISIE BUKOHYBATH
pi3HI TpU3HAYCHHA NapaMeTpiB Npoekty (pucyHok 5.42). B momi
Assignment Name o6epemo mapamerp Optimization Technique -
TeXHiKa ONTUMi3auii. 3HaueHHs LbOro MapaMeTpa, sKe BCTAHOBIIIOETHCS B
none Value mpuiiMae TH X cami 3HA4YeHHS, 0 ¥ TpH TII0OATBbHIN
orrrumizamii: Speed, Balanced, Area.
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filtref bof ] @ Agsignment Editor ]

@ dq Categary: |»Q|| ﬂ| ﬁ Al @ Timing | #® Logic Options

A +|  Mode Filter: Click the Mode Filter button to view mare aptions

><
J + Information: | Specifies the overall optimization goal for Analysis & Synthesis: attempt ko maximize performance, minimize logic usage, or balance hic

B |4 Edit: X[ [ |
=

AT Fram |TD | Assignment Marne |Va\ue |Enabled |

iRl |@ hvalues:instz | = [ttes |
12 Minimurm Delay (Accepts wildcardsfaroups) ~
= Minimurn koo Requirement (Accepts wildcards/groups)

i Minimurn tpd Requirement (Accepts wildcardsgroups)

B Multicycle {Accepts wildcards/groups)

o Multicycle Hold {Accepts wildcardsfgroups)

2 Metlist Optirizations
0 Mot a Clock

s NOT Gate Push-Back
&

B,
£

Optimization Technique

Output Enable Group (Accepts wildcardsfgroups)

Qukput Maximum Delay (Accepts widcards/groups)

Qutput Minimum Delay {Accepts wildcards/groups)

Output Pin Load

Passive Resistor

PiCI 100 {Accephs wildeards/groups)

Perform Asynchronous Signal Pipelining {Accepts wildcards/groups)

Perfarm Physical Synthesis for Combinational Logic for Performance (Accepts wildcardsfgroups s

Pucynox 5.42 — Peoaxmop npusnauens Assignment Editor

Benuky 4yacTuHy OyAb-sIKOTO IMPOEKTY 3aiiMarOTh MYJIBTHIUIEKCODH,
SKi  YTBOPIOIOTbCS ~ TIPH  BHKOPUCTAHHI ~ CHCTEMHHMX IOMH B
MIKpOMPOIIECOPHHUX CHCTeMax, pearizaiii omnepariiit 1f .. then, case,
muppoBux  aBromariB. J[usg  onTHMizamii TakMX ~ CXEMOTEXHIYHHX
KOHCTPYKIIii ~ HEOOXiZITHO  BHKOPUCTOBYBATH  OMIII0  KOMITIJISTOPA
Restructure Multiplexers, sixa moctymua a6o B Assignment Editor a6o B
CIIMCKY, IO BIIKPHUBAEThCA TPU HATHUCKaHHI KHONMKW More Settings Ha
cropinui Analysis & Synthesis Settings nianmory Settings. Pesymbrar
BHKOPHUCTaHHS i€l omiii Mo)kHa mobaunth Ha cropinmi Multiplexer
Restructuring Statistics 3sity kommimsmii (Analysis & Synthesis —
Optimization Result) i BiH Moxe naBatu 10 20% 3MEHIICHHS PO3MIpy
CXeMH MYJIBTHILIEKCOPIB (pucyHOK 5.43) - moxe Saving if Restructed.
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@a Campilation Report Pl Multiplexer Restructuring Statistics (Restructuring Perfors
&HB Legal Notice Multiplexer | Bus Baseline |Area if Savingif
& Flow Summary Inputs Width | Area Restructured | Restruct
EHEE Flow Settings 118 2hits 96LEs 32LEs G4LEs
EHER Flow Non-Default Global Settings 2 | B1 1Ebits |E4LEs | 32LEs 32 LEs
S Flow Elapsed Time EXEX 15bits |90LEs | BOLEs LEs
EHEE Flows 05 Summery B 13bits |52LEs  2LEs 2LEs

S flo e e e s

: its s s s

+ g% :::;::;;Y Z a1 10bits |20LEs  [10LEs 10LEs
é% Parallel Compilation 8 | 41 Sbits | 18LEs 9LEs 9LEs
ég Source Files Read EI_ 21 2bits  |T0LEs 4 LEs ELEs
&HEB Resource Usage Summary 10| &1 2bits |BLEs 2LEs ELEs
EHER Resource Utilization by Entity 91] 31 Abite |BLEs ALEs 4LEs
gé ;“yﬂf:;”;;n:‘r’nw [z 61 Zbis |BLEs  4LEs 4LEs
+1-&H(] State Machines |13 51 dbits [12LEs  |BLEs 4LEs
- &H= optimization Results |14] 31 Z2hbits |[12LEs  |BLEs 4LEs
=& Register Statistics 115] 31 Jbits |ELEs 3LEs 3LEs
=& Multipleer Statistics 18] 21 3bitz |ELEs ALEs ILEs
é% Multiplexer Restructuring Statistics (Restructuring Performed) 17| 81 3bits |9LEs ELEs 3LEs

Pucynox 5.43 — Pe3ynomam suxopucmanHs onmumizayii My1omuniexcopis

Jyxe yacto mpu po3poOlli BUHUKAE CUTYyallis, KOJU y JIOTIYHOMY
€JIEMEHTI BUKOPUCTOBYETHCS JIHMIIE TaOMUIsl MEpeKoAyBaHHS abo Juiie
Tpurep. B TakomMy BUNAaAKy MOXIIMBE BHKOPHCTAHHS  TaOIUIl
MEPEeKOJyBaHHS Ta TpUTEpa OJIHOTO JIOTIYHOTO €JIeMEHTa Ui Pi3HHUX
omepaniii (pucyHok 5.44). Taka omnepaiis Ha3UBAE€TbCS IAKyBaHHS
perictpiB (Register Packing). BukopucranHs 11i€i MOXJIMBOCTI IPUBOIUTH
JI0 3MEHIIIEHHS BHUKOPHCTOBYBAaHUX PECYpCiB 1 0 3MEHIIEHHS poOodvoi
yactoTd. s Mikpocxem cimeiictB Stratix, Stratix GX, Cyclone tumose
3MEHIICHHs 3aiiMaHoro oo0csary jmo 90% Bijg MOYaTKOBOTO, a TaKTOBOL
gacTtoTd 10 94 % Bij 110Y4aTKOBOI.

RGI

F‘RG =T

mn2

r RG2 —1—

Pucynox 5.44 — Ilakysanus pecicmpis
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s BBiMKHeHHS Iii€i ommii HeoOximmo BubGpatm Auto Packed
Registers na cropinmi Fitter Settings (pucyroxk 5.45).

More Fitter Settings g|
Specify the settings for the logic options in vour project. Assignments made to an individual node or
entity in the Assignment Editor will override the option setlings in this dislog bos

Option Reset

=
Name: [ auto Packed Regsters | —
Sefrg [Auta B s
D i
SCTPION [ rimize Avea
[Allows the C3 binimize: Avea with Chairs
of b implEme N armal
instead of lod jf
Existing option seftings:

Name: Setting: -

Auto Delay Chains On

Auto Global Clock. On

Auto Global Memory Control Signals off

Auto Global Register Control Signals i

Auto Merge PLLs i

Auto Packed Registers Auta

Auto Register Duplication Suta

Enable Bus-Hold Circuity off

Final Placement Optimizations Automatically

Fit Attempts to Skip

Fitter Aggressive Routability 0 ptinizations Automatically

Farce Fitter to Avoid Periphery Placement Warnings off

1/ Plarement t Ntz afinne fn A

Pucynox 5.45 — Buznauenus onyiti naxy@anHs pecicmpis

st BUOOpyY AOCTYNHI AEKiTbKa BapiaHTIB ONTHMI3allii:

Off — xoMminsaTop HEe po3Millye TaOJIHUIIO MEPEKOYBaHHS Ta
TpHUTep B OJHOMY JIOTIYHOMY €JIEMEHTI.

Nornal — po3mimienss Tab/uIli MEpPEeKOIyBaHHSA Ta TPUrepa B
OJTHOMY JIOTIYHOMY E€JIEMEHTI TUIBKM Y BHIIQJIKy KOJM LI He
BIUIMBA€E HA IIBUAKOIIIO IPOEKTY.

Minimize Area with Chains — kommiasTop 3B0JUTH TaOHIIO
MEPEeKOyBaHHsI Ta TpPUrep JJIsl JIAHIIOTIB IEpeHocy B
apu(METHIHUX OTIEPaLlisiX.

Minimize Area — KOMIIATOp pO3MIILy€E  TaOJIMIIO
MEPEKOyBaHHS Ta TPUI'EpP Pa30M 3 METOI 3MEHIICHHS 00CsTY
MPOEKTY HE3BAKAIOUM HA 3MEHIICHHS IIBUAKOMII.

Auto — aBToMaTHYHUH BHOIp METOMY.

Sk Oyno BKe BKa3aHO BUIIE, MOXJIMBE BUKOPHUCTAHHS HE TIIBKH
r1o0aIbHUX OMILINA KOMMUIALIl, ane W JokaneHuX. [Ipuknan npusHayeHHs
JIOKaJbHUX OMLIH MAaKyBaHHS PEricTpiB MOKa3aHUH HA PUCYHKY 5.46.
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@ Assignment E ditor= ]
@ Fram Ta Assigriment MNarme value |Enabled
1 & firtinst 1 Auto Packed Registers | j es
z e <Enews <news =
Aubo
Minimize Area
= Minirnize Area with Chains
Mormal
= Off

Pucynox 5.46 — Busnauenus 10KanvHux onyiti NAKy8aHHs pecicmpie

OnTumizaniss BUKopucTaHHS 0JIOKIB mam’ATi

MegaWizard Plug-In Manager - RAM: 1-PORT [page 3 of 7]

RAM

Currently selected device Family: | |

t Match projectidefaul:
wren

sddress{4 10

s

b
32 iwords

How wids: should the 'q’ output bus bs? E ¥ bis
clock

_ ? ~
Block type: ALTO Howe many 8-bit words of memary 32 words

What should the memory Block byps be?

e Auto M512 4K
M-RamM LCs
Set the maximum block depth to Auto [ words

What clocking method would you liks ko use?
' Single clack.

Dual dock: use separate ‘input’ and 'output’ clocks
256 ram_bits (AUTO)

[ cancel |[ <Back ][ mext> || Emsh |

Pucynok 5.47 — Busnauenns muny 610Ky nam 'ami

[Ipu BukopucTaHHS OJOKIB MaM’dTi  CIiJ] KOHTPOJIIOBATH
BIJMOBiAHICTE 00°€My MOZIYNS HaM’SITi SKUH MU XO4YeMO peaji3yBaTH i
omoky BOymoBanoi nmam’siti. CyuacHi Mikpocxemu [IJIIC MaioTh B cBoeEMy
CKJIaJl JIEKUJIbKA PI3HUX 3a PO3MipoM OyokiB mam’sti. ToMy HEOOXiaHO,
100 MoayNb Mam’ATi 3aiiMaB SIKOMOTa OUIbIIy YacTHHY OJ0Ky BOymOBaHOT
mam’sTi. A JUIA HEBENIMKMX MOJYJIB TaM’sSTi  iHOMI  JOIJIEHO
BHKOPHCTOBYBATH JIOTIYHI €JIGMEHTH. Bci Il mpomemypw BHUMararoTh
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BIIKITIOYEHHS aBTOMATUYHOTO PO3TAITYBaHHS OJIOKIB TIaM’ATi 1 BU3HAYEHHS
[IUX OTIIIH B MPOIEC] MPOSKTYBaHHS.

[Tpu po3podui moayst mam’siTi 3a gonomororo MegaWizard Plug-
In Manager HeoOXimHO BHU3HAYaTH THIT OJIOKIB, AKHMI Oyae BUKOPHUCTAHHHA
JUTSE TAHOTO MOJYJsS maM siTi (pucyHOK 5.47), a mpu BUKOPHUCTaHHI MOBHU
OMHKCY amapaTypu NOTPiIOHO BHKOPHCTOBYBATH aTpHOyT CHUHTE3Y
ramsyle.

Takox HEOOXiHO BIJAKIIFOUUTH OMIlii aBTOMAaTHYHOTO PO3MIIICHHS
nam’siti. [y Beboro mpoekTy B oMy e omuii Auto RAM Replacement
ta Auto ROM Replacement, siki goctynHi npu HaTUCKaHHI KHOMKH More
Settings na cropinmi Analysis & Synthesis Settings mianory Settings. s
JIOKaJbHUX OINIi KOHKPETHUX OJIOKIB HEOOXiHO BUKOPHCTOBYBATH
Assignment Editor.

OnTumizanis Bukopuctanns 6aokis HOC.

MegaWizard Plug-In Manager - LPM_MULT [page 4 of 7]

<2
ikt Does the 'datab’ input bus have a constank value?
* Mo
geter. Ves, thevaes ||
X resulf15. 0]
atab(7_g] Signed
mutiplication thich bype of multiplication da you want?
unsigned
& Signed
“which multiplier implementation should be used?
%! Use the default implementation
Use dedicated multiplisr circuitry (Mot available For all Familiss)
Use logic elements
1 dsp_Shit
[Ccancel |[ <ok || wests |[ Emen |

Pucynok 5.48 — Busnauenns gapianmy peanizayii NoMHoONiCy8aua

IMpu Bukopucranni [UJIIC nans BUKOHAHHS BEJNHMKOI KUTBKOCTI
PO3paxyHKIB MOXKJIMBA CHUTYyallis, KOJM MOXXE HE BHCTa4aTH OJIOKIiB
mudposoi 06podku curHaniB (DSP block). Heenuki 3a obcsirom abo He
KPUTHYHI 10 IMBUAKOMII OJIOKM MOXIIHBO PO3MIIIYBaTH Y JIOTIYHUX
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enemeHTax. s 1iporo HEOOXITHO BHKOPHUCTOBYBATH ab0 MPU3HAYEHHS B
MegaWizard Plug-In Manager (pucynok 5.48) a6o onmiro DSP Block
Balancing (pucynox 5.49).

Ha pucynky 5.48 mokasane cTBOpeHHSI TOMHOXKYBada 3a JOTIOMOTOF0
MegaWizard Plug-ln Manager. BugHo, 0 IpH KOMIIUIAINI MOMHa
BUKOPDHUCTOBYBaTH 3Ha4yeHHS 3a 3amoBuyBanHsMm (Use the default
implementation), sike 103BOJIsiE BpaxOBYBaTH PO3PSIHICTH MIOMHOXYBadya
11t BHOOpY pecypciB. Ha prcyHKy mokaszaHo, IO 3HAaKOBHH TTOMHOXYBa4
8x8 BukopuctoBye oaun Osok [[IOC — mynkr Resource Usage. B tomy x
Bunanky, komu Onoku LIOC BimcytHi B wmikpocxemi IUIIC To mms
peamizamii OymyTb BHKOpPHCTaHI BOymOBaHI TOMHOXyBadi. HacTymHe
3HAYEHHS OMIii — Ile TpuMycoBe BuKopuctanHs OmnokiB L[OC (Use
dedicated multiplier circuitry). ITs omrist MOke OyTH HEIOCTYIHOO IS
neskux cimeiictB. OcTaHHIH BapiaHT — pPO3MIIEHHS ITOMHOXKyBada B
noriuanx enemenTax (Use logic elements).

More Analysis & Synthesis Settings @

Specify the zettings for the logic options in your project. Aszsignments made to an individual node or
entity in the Assignment Editor will override the option seltings in this dialog box.

Option Reset
Mame: |D5F‘ Block Balancing ﬂ -
Setting: |Auto ﬂ el

A

Description: DSF_‘ blocks

Allows you ta | ogic Elements

DSP block b) o

Simple 18-bit Multipliers

Simple Multipliers ™

Existing option settings:

MName: Setting: ~

Auta ROM Replacement On

Auta Shift Register Replacement Auta

Block Design Naming Auta

Cany Chain Length il

Clock MU Protection On

Create Debugaing Modes for IP Cores [uli3

Dizable Register Merging Across Hierarchies Auta

D5P Block Balancing Auta

Extract Werillog State Machines On

Extract WHDL State Machines On

Force Use of Synchronous Clear Signals [uli3

HDL message level Lewel2

lannre CERRAY Riffers il b
careol_|

Pucynox 5.49 — Busnauenns onyii posmawysanns onoxie [JOC
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5.5. Onmumisauis npoexmis 8 naxemi Quartus 11

st moBHOTO KOHTpOIIO Haf mporiecoM po3mimenHs [{OC 6mokiB y
[UIC wMoxHa BUKOPHUCTOBYBaTH TJo0anbHi abo JIOKalmbHI Ol
po3mimenns OnokiB LIOC. [Ins uporo HeoOximHO oOpatu myHKT DSP
Block Balancing, sikumii mocTymHuii nmpu HaTHCKaHHI Ha KHomky More
Settings ma cropinmi Analysis & Synthesis Settings miamory Settings.
Abo0 obpatu 110 omiiro B Assignment Editor.

5.6. Sacobn BHYMPUHBOCHCTTIEMHOTO
Hanarogkysanna gna TNIC Altera

Hanaromxysanus mpoekty Ha IIJIIC Ha momati B oToueHHI
peanbHUX TMPHUCTPOIB O3BOJISE BHSBUTH MPOOJIEMH, IOB’s3aHi 3
JPYKOBaHOIO IIIaTOI, BHUSBUTH HEY3TOIKCHICTh 1HTepderHcHuX
YaCTUH MPOEKTY Ta B3aralli mepeBipuTH (DYHKIIOHYBaHHS BCHOTO
npuctporo. HanaromkeHHs IpoeKTy Ha IUIaTi Mae JeKijbKa repeBar
nepes; CUMYISIIEI TPOEKTY 3a  JIOMOMOTOK  MPOrPamMHOTrO
3a0e3MeUYeHHs, cepell SKUX CJIiJ] BUIIJIMTH IIBHIKICTh Bepuikariii,
OCKUIBKHM TpOrpaMHa CHMYJIALIA 3aiiMae OLUTbIIe Yacy, a TaKOXK
mporpaMHa Bepudikamiss oOMexeHa B JOCTOBIPHOCTI MOJENi
BXi/IHOTO BIUIMBY y TOPIBHSHHI 3 peaJlbHUM CUTHAJIOM. HalOinmbI
4acTo npu HaJIaro/KyBaHHI CJIEKTPOHHUX HPUCTPOiB
BUKOPDHCTOBYIOTh Taki TpHOOpH SK ocIwiorpad, JOTidHUH
aHaJi3aTop Ta Pi3HOMAHITHI reHeparopu curaamis [ 1, 4, 7].

ITaker Quartus II Hamae kKOMITIEKC 3acO0IB AJIS CHCTEMHOIO
BiJIUTArOJKCHHS TIPOCKTIB, SAKi JO03BOJSAIOTH SK 3aMIHUTH 30BHIIIHI
NpWiIagyd BUMIPY Ta aHami3y, Tak 1 MOJIETIIMTH MiIKIFOYEHHs IHX
30BHIIIHIX mpwuiaaiB. [1o 3ac00iB CHCTEMHOIO HAIAr0KSHHS MaKeTy
Quartus II (puc. 5.50) BigHOCATHCS:

—  pemaxkTop BiJUIarOJIKYBaJILHUX BUBO/IiB
(SignalProbe Pins);
— penakTop iHTEpdeiicy A 30BHINIHBOTO JIOTIYHOTO
ananizaropa (Logic Analyzer Interface Editor);
—  pemakTop BMICTy TMaM'siTi B CUCTEMHOMY OTOYCHHI
(In-System Memory Content Editor);
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56 3aCO6Vl BHYmMp {UHbOCUCTIEMHOTO HaAaroAXKEHHS

— BOymoBauwmii Jyioriunmii aHamizarop Signal Tap Il
(Signal Tap 11 Logic Analyzer).

[lpu BuKOpHUCTaHHI 3ac00iB CHUCTEMHOTO BiJUIarO/PKCHHS
CAIIP Quartus Il pekomMeHIyeTbCS BHUKOHYBAaTH 1HKPEMEHTAJIHHY
kommimsiro (Incremental Compilation). Tlpu oMy momaBaHHS
3aco0iB HaJaro/keHHs He OyAe BHOCHTH 3MiH y pPO3MIILEHHS Ta
pPO3BEIEHHS MPOEKTYy 1 HOro XapaKTepPUCTHKH  3aJIUIIATHCS
He3MiHHUMHU. KpiM Toro, y BHMaaKy 3MiHM HAcTPOIOBaHb 3ac00iB
HaJIaroJKCHHS 4ac MOBTOPHOT KOMIUIALIT Oy/ie 3HAYHO CKOPOUCHO.

% Quartus I - D: Avorkfquartus/SignalProbel ab/test - test - [test. bdf]

% File Edit Wiew Project Assignments Processing [ Window  Help

0= (= = tesl Run ED4 Simulation Tool 4 5 @ @
Project Mavigator . x Run EDA Timing Analysis Tool

Enity Launch ED4 Simulation Library Compiler

Cyclone Il: EP2C35FE7 206 B Launch Design Space Explarer

> test E@ |

CI} TimeQuest Timing Analyzer
Advisors 4

@ Chip Planner {Floorplan and Chip Editor)
@ Design Partition Planner

Metlist viewers 4

SignalTap II Logic Analyzer

s [n-System Memory Content Editor
Hierarchy I Files I & Design Urits =] Lowgic Analyzer Inkerface Editar

#1 In-System Sources and Probes Editor

Tasks s
Flov: |Eompilation > ol
@ Programmer
Task »
B ’ Compile Design \ Megaiizard Plug-In Manager..,
v El- P Analysis & Synthesis 5 SOPC Buider
Edit Setti
i ] EditSettings = Tel Scripts. ..

Pucynox 5.50 — 3acobu snimpiwinbocucmemno2o 8i0aaz004cy8ants
6 Quartus 11

Bumenepeniueni  3aco0M HaNaro/pKyBaHHS  BiAPI3HAIOTHCS

BIUINBOM Ha LiJLOBUH MPOEKT, KIABKICTIO HEOOXiAHUX pecypcis
[JIIC — oriyHuX eJIEMEHTIB Ta BOYI0OBaHUX OJIOKIB mamM’sTi.
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5.6.1. HanaromxyBauabHi BuBoau (SignalProbe)

HamaromxyBanpHi BUBOIM HAWOLIBII €KOHOMHHM BapiaHTOM
BHYTPILIHBOCUCTEMHOI'0 HaJIaro/xyBaHHs. Llei meron He noTpedye
BHyTpimHiX pecypciB I[IJIIC i BUKOpUCTOBYE InIe BiIbHI BUBOIH
MIKpOCXEMHU JJIsl KOMYyTalii BHYTDILIHIX CHTHAJiB MPOEKTy Ha
BUXOAM MiKpocxeMu. llepm HiX po3modaTd 3HAHOMCTBO 3 IIHMM
METOIOM HEOOXITHO BIAMITHUTHA MO0 BiAMIHHICTH BIJ ITIAKIFOYECHHS
BHYTpIIIHIX CHUTHATIB MPOEKTY IO BHUBOJIIB Mikpocxemu. [lpu
migKIroYeHHi curHary a0 BuBoxay [UUIIC By3om, sikuit miagkitogaeTbes
3aJUIIAETHCS B TPOEKTI 1 HE MOke OyTH MiHi30BaHWHA. Sk Bxke
ONMMCYBAIOCH paHimie (auB. maparpad 4.3) npu KOMIUIALII MPOEKTY
Ha erami aHamizy Ta cuHTesy mpoekty (Analysis & Synthesis)
BHKOHY€ETHCSI MiHIMIi3allis JOTIYHAX pPiBHAHb. B pe3ynpTaTi yacTHHA
BHYTPIIIHIX CHUTHANIB MOXXE OYTH BiICYTHBOIO Y CKOMIIJILOBAHOMY
npoekTi. B ToMy » BUmagky KOMM CHTHAl MiAKIIOYAETHCS [0
30BHiIIHBOrO BuBoxy IIJIIC iioro HasBHICTH B PE3YJIBTYIOUOMY
MPOEKTi € 000B’s13K0BOK0. Lle MoXke mpu3BecTH 3MiHU MOBEIIHKH Ta
IIBUAKOIIT TIPOCKTY.

IIpu BuxopucranHi 3aco0y SignalProbe miaxmoueHHs
BiJI0YBa€THCS 10 BXKE CKOMIILIHOBAHOTO MPOEKTY 1 HOTO BHYTPIIIHS
CTPpYKTypa He 3MiHIO€ThCs. [Ip BUKOpHCTaHHI 3aco0y Bij
nmarompkeHHs  SignalProbe cming maMm’sTatv, 1m0 BiH  MOXe
BHUKOPUCTOBYBATHCH JIMILE 3 HOBUMH ciMelicTBamMu Mikpocxem I1JIIC
Altera: Arria GX, Stratix, Cyclone, MAX I1.

PosrnsiHemo mopsijok pobotu 3 3acobom SignalProbe, sixa
HaBeJIeHa Ha pUcyHKy 5.51 [4].

PobGora 3 SignalProbe BukoHyeThCSI Ha TOMY eTami, KOJH
MPOEKT BXKE CKOMITUTHLOBAHO 1 BUKOHAHI BCi MPU3HAYEHHS B IPOEKTI.

Curnan s SignalProbe Moxke OyTy sk KOMOiHAIIHHIM, TakK i
perictpoBuM. [l nomaBaHHs curHany B crmucok  SignalProbe
HeoOXiaHo Bimkpuru miamor SignalProbe Pins, sxuit moctymmmiz
yepe3 myHKT MeHio T100ls — SignalProbe Pins. Burmsn BikHa
MOKa3aHW{ Ha PUCYHKY 5.52. Po3risiHeMo eJIeMEeHTH bOTo BiKHA.
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56 3ac06m BHYmMp {UHbOCUCTIEMHOTO HaAaroAXKEHHS

Current and potential SignalProbe pins — morouni Ta
noTeHuiiHi  BuBoaM  Mikpocxemu  IUIIC, mo  MOxyTh
BHUKOPUCTOBYBaTHCH AJist SignalProbe.

3anyck Quartus Il

Biakpuru
HOAQrOAXYBOHUKM NPOEKT

Bcranosmk “"Use Smart Compilation”
Assignments — Settings —
Compilation Process Settings

Biakputi peackTtop SignalProbe Pins
Tools — SignalProbe Pins

Biapeaarysaru
HCIAGFOA)KYBG/\bHi BMBOAM

BukoHat SignalProbe Compilation |

HeobxiaHo NosTopeHH

Processing — Start —
LIMKAY HOAQrOAXYBOHHA

Start SignalProbe Compilation

3ANPOrpaMYBATH MIKPOCTXEMY.
BMKOHQTHA HOAQrOAXEHHS NPOEKTY

Pucynox 5.51 — Ilocrioosnicme pobomu 3 SignalProbe

SignalProbe pin settings — HamamTyBaHHS JUIS BHWBOJIIB
SignalProbe. [lns nonaBanns BuBoxy B SignalProbe HeoOXigHO
BU3HAYMTH HOro imM’s B osri Pin name, kepesio CurHaiy Juist Iboro
BUBOAY (SOUrCE), a TaKOX JOAATKOBI MapaMeTpH, sIKi BH3HAYAIOTh
JOCTYIHICTE 1bOTO cHurHaimy mis pobdoru (SignalProbe enable),
TAaKTOBMH curHan s cuuxponisaiii BuBomy (Clock), xinbkicth
pericTpiB, mo OyIyTh pPO3TAlIOBaHi MK JPKEPEIIOM CHUTHAIY Ta
BUBOZIOM Mikpocxemu (Registers), soriuni piBHI Ha BHXOmII
mikpocxemu (1/0 standard).
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SignalProbe Pins

Fiesaive pin: a3 Sig i
viewed i the Change Manager,

Cunent and potertial SignalProbe pine

9. SlanalProbs

be

Hurber [ Name [ Seurce

a2

[} o
€5 o
FEB off
cz carry counterinst2icany On
c3 oif
G5 o
GE ot
&l o
<

SignalPtobe pin setings

[ Enabled | Status
aif

[=
|

Finpame: ~ [cany

Souce  |counlerinataicany
idPicbe eiable

Clock [

Boptes |

/0 standard: |33V LYTTL =)

r
r

3

Change.
Delets
Enable All
Disable Al

Cancel

Pucynok 5.52 — Jlianoe oooasanns susooie SignalProbe Pins

Jnsi BU3HAuUEHHS JDKEpesa CUTHATy BHKOPHCTOBYETHCS TOMH

camuii nianor Node Finder, sixkuit posrnsaaBcs B naparpadi 4.7 npu
omuci ctumynaropa makery Quartus II. BiaMinHICTE noNsiTae y Tomy,
mo y ¢insTpi Node Finder neoOximHo oOpatu myHkT SignalProbe,
SIKUI 00Mpae By3Iu, 10 AocTymHi ans SignalProbe micms koMminsii
MIPOEKTY (PUCYHOK 5.53).

Node

Named: [§

| Fiter: [SigralFrabe

- Customize.. | List

®
.

Fins: all

Look in:

Registers: pre-synthesis

Nodes Found Registers: postfitting
Name [ Assignmerts | Type | Creator _|Design Enity (all names)

< counter1Dinst1 eni{0] Unassigned  Registsred  User snte|pocy o rihesis
ost-Lompilstion

< counter1linstllent{Q["3  Unassigned  Combinatio..  Compier §SignalTapIl: pre-synthesis

& counter BrinstTeni{1] Unassigned  Registered

G counter! DrinstT ent(2] Unassigned  Registered

< counter Dinstllent(2]1 Unassigned  Combinatio...  Compiler gener

<& counter rinstt entf3] Unassigned  Registered  User entered

< counter! rinst lent~0 Unassigned  Combinatio...  Compiler ganer j

<@ counter (rinstTlent™2 Unassigned  Combinatio...  Compiler gener

<0 countert:instZicany Unassigned  Flegistered  User entered d

< counterfinst2lent{0] Unassigned  Flegistered  User entered

& counterfinst2lent{]"2 Unassigned  Combinalio...  Compiler gener <l

4 counterf:instZieni[1] Unassigned  Registered  User entered ﬁ

@ countertiinst2lent(2] Unassigned  Registered  User entered

< counterinst2lent™0 Unassigned  Combinatio...  Compiler gener

< counterfinst2lent1 Unassigned  Combinatio...  Compiler ganer

<@ counterfinst2Equall™l Unassigned  Combinatio..  Compiler gener

<9 seq_decodeinst3Mu0"0  Unassigned  Combinalio..  Compiler gener

<9 seq_decodeinstMus1™0  Unassigned  Combinalio..  Compiler gener

i ran dacodeinct Wb W0 Hnascianad  Camhinatin P rvarilar nanar

< > <

Pins: al & Registers: post fiting

User entelSignalTap Il post-fittng
Wv
User ent;

¥ Include subentities
T ]

igned  Fiegistered  User entered

Q

Caneel

Pucynox 5.53 — Qinompayis eysnis SignalProbe y Node Finder
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Taka ¢inpTpariist HeoOXiHAa OCKUIBKHM YacTHHA BY3JiB 3HUKAE
MiCJIs KOMIJISILIT TPOEKTY 1 He BC1 BY3JH MOXXYTh OyTH PO3BECHI 5K
SignalProbe BuBomu. Hampukman, perictpu Ta By3iM TirabiTHOTO
TpaHcuBepa y  Mikpocxemi  Stratix IV HE  MOXyTbh
BHUKOPUCTOBYBAaTHCh, OCKUIBKM HEMa MOXJIHMBOCTI BHBECTH Wi
CUTHAJTM Ha BUBOAH MiKPOCXEMH.

[licns mnpusnauenHs BuBoxiB  SignalProbe  HeoOximHO
BuUKOHaTH  Kommimmito  SignalProbe  Compilation.  Bona
BIJIPI3HAETHCS TUM, [0 KOMITIJISILIIS IIPOBOAUTHCS JIHUILE JIJIS JTOAaHUX
BUBOJiB SignalProbe i nuirae HE3MIHHOIO CaM MPOEKT.

5.6.2. InTepdeiic a1 30BHIIIHBOIO JOTIYHOIO
aHaJjizaTopa

JloriuHuii aHaji3aTop — I MPHUCTPiH, MO0 NpU3HAYECHUN IS
3amucy Ta aHanizy mudpoBux mocmigoBHocTei. CTpyKTypHa cxema
JIOTIYHOTO aHajizaropa 300pakeHa Ha PUCYHKY 5.54.

POPMYBAHHS
__, | curHaay novarky
3anmcy (frigger)

BXiAHI CUTHOAM Mam'atb AAA O6DO6KO,
AAS GHOARY _36-e|.:>e>|<eHHs|. 36ep¢erHa @
BIAAIKIB CHUITHCQAIB QAHAAI3 CHUTHAAIB

Pucynok 5.54 — CtpykTypHa cxema JIOTiYHOTO aHalli3aTopa

JloriuHwmii aHaTi3aTOpP MICTUTH:
— IlaM’saTh 17181 3a0KCy BIAJIIKIB BXIJHUX CUTHAJIIB;
— 3aco0u g KepyBaHHSA 3allCOM BXiHHUX CHUTHAIIiB B
nam’siTh;
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— 3acobu A MiOKIIOYEHHS 10 CHWTHANIB, SIKi OyIyTh
JIOCTTIJDKYBaTUCh;
— 3aco0u BioOpa)XeHHS Ta aHai3y CHUTHAJIIB.

Hua 3ammcy 3aaHoi  KUTBKOCTI  BIAJTIKIB  TTOCIITOBHOCTI
BXIJHUX IU(QPOBUX CHUTHATIB MOJAETHCA KOMaHIA MOYATKY 3aIUCy
(Trigger). Binmiku i3 3a1aHOI0 TAKTOBOIO YACTOTOIO 3aMUCYIOTHCS 110
IaM’sTi JIOTIYHOTO aHaji3aTopa, a IIOTIM BHBOIATHCA IS
BiT0OpaskeHHS Ta aHAII3Y.

IMaker Quartus Il mo3BONSIE BUKOPUCTOBYBATH 3OBHILIHIH
JIOTIYHHWIA aHaJi3aTop Ul HAJaro/pKeHHs mnpoekty. [lpu 1pomy
MOXXJIUBE BHUKOPHCTAaHHS [BOX THUMIB JIOTIYHAX aHAIl3aTOpIiB:
noriuHoro anamizaropa SignalTap Il Ta inTepdeiicy 30BHIIIHBOTO
JIOTIYHOTrO aHaiizaropa. ONUIIEMO OCOOIMBOCTI 000X JIOTIYHHX
aHaITi3aTopiB.

KinbkicTh BinuikiB 1151 anamisy.

[Ipn BuKOpHCTAaHHI 30BHINIHROTO JIOTIYHOTO aHaIi3aTopa
KUIBKICTh CHUTHANIB Ta iX BIUIIKIB OOMEXYETbCSA JIHIIE CAMHM
noriyHuM anamizaropom. [Ipu Bukopucransi SignalTap Il moctymno
suire 128K0iT nmam’sri.

PoGoTa 3 1aHuMHU B peajibHOMY 4aci.

30BHIMIHIA JIOrYHUA aHa3aToOp JIO3BOJIAE IMpAIlOBaTH 3
JaHUMHU B peanbHOMY uaci. SignalTap Il npaitoe 3 Tumu nanumu, sKi
3arucaHi 0 TAKTOBOMY IMITYJIbCY.

KinbkicTh HeoOXxignux pecypciB mikpocxemu I1JIIC.
IHTepdelic 30BHINIHBOrO JIOTIYHOTO aHali3aTopa IMOTpedye
3HAYHO MEHIIIE pecypciB, HiXk Joriunuii aHamizatop SignalTap IL.

Buxopucranns susoais IIJIIC.

30BHIIIHIN JOTIYHUHA aHaNi3aTop MOTPeOy€e CTiNbKH BUBOJIB,
CKIJIbKM CHUTHaNB Oyne BUBeACHO 30BHI. JloriuHuii anajizatop
SignalTap II ne nmorpeOye nonarkoBux BuBoxiB IIJIIC okpiMm TTHX,
IO BHKOPHCTOBYBAJIMCH NPH IMPOrpamMyBaHHS MIKPOCXEMH 4epe3
inrepdeiic JTAG.
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TakToBa 4acrora.

[Ipu po6ori 3 SignalTap Il MoxuBe TakTyBaHHS BHYTPILIHIX
perictpiB 3 vactoToro a0 200 MI'n. Y 30BHIIIHBOMY JIOTYHOMY
aHamizatopi s poOOTH 3 TaKWMH YacTOTaMH  HEOOXiTHO
BUKOHYBATH Y3TOMKEHHS JiHIA U1 OOpPOTHOM 31 CIIOTBOPEHHSIMH
CUTHAJIiB.

Heo0xigHicTh 101aTKOBOT0 0012 THAHHSI.

IIpu poborti 3 SignalTap Il niske momaTkoBe oOJamHaHHS HE
noTpiOHO. Bimmiku CHUTHAIIB MEpPenaroThCs HANPsAMY N0 MaKeTy
Quartus II. Ilpm poOoTi i3 30BHINIHIM JIOTIYHAM aHaTi3aTOPOM
HEOOXIJIHUI BJIaCHE caM JIOTIUHUH aHali3aTop, SKUH HE 3aBXKIU
MOJKe OYTH ITiJ PYKO¥O.

MAIC
30BHILUHIM
Mpoekrt ) o
KOPUCTYBQ4YA NOTHHMM
P QHAAIZATOP
[
3QBAHTAKYBAABHMM
Y Quartus i
Kabenb

Pucynox 5.55 — Inmepdgbetic ons pobomu 3 308HIUHIM TOTUHUM
ananizamopom

CropoimeHa cxema MiAKIIOYEHHS 30BHIIIHBOTO JIOTiYHOTO
aHaylizaTopa BHIJISJAa€ HACTYIIHAM 4YUHOM (PHCYHOK 5.55): B
mikpocxemy IIJIIC  BOynoByeTbcst  iHTepdelC  30BHILIHBOTO
noriunoro anamizaropa (Logic Analyzer Interface — LAI), sikuii Bxe
BHUJA€ CHUTHAJM Ha BHUBOJM MIKPOCXEMM 1 Jaji Ha 30BHIIIHIH
Joriyauii  aHamizatop. KokeH Takud MOIyiab SBISE COOOHO
napaMeTpu30BaHUi OJOK, B SIKOMYy MOXKHa 3MIHIOBATH KUTBKICTb
BXOZIB Ta iX po3psaHicTe. KepyBaHHS iHTepdeiicoM JOTi4HOTO
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aHamizaropa BigOyBaerbca depe3 JTAG mopTt abo 3a JOMOMOTOIO
nakety Quartus Il abo camuM 30BHIIIHIM JIOTIYHUM aHATI3aTOPOM.
Anroputm pobotu 3 LAI mokazanuii Ha puUCyHKY 5.56.

( 3anyckQuartusll )

C1BOpEHHSs charay
Logic Analyzer Interface

KoHdpirypysaHH: coamay
Logic Analyzer Interface

[ Komniaduig npoekty |

BHeceHHs 3miH

[MporpamyBaHHs
MIKPOCXEMM
[MIAKAIOYEHHS CUTHOAIB AO
BIAACQITOAXKYBOAbHMX BUBOAIB

[ BiaaaroaxeHHs npoekta |—s

Pucynox 5.56 — Aneopumm pobomu 3 Logic Analyzer Interface

Posrnsinemo Bci eramu po0OTH ¢ iHTEpdeEcoM JIOTIYHOTO
anamizaropa. LAI  BOymoByeThcst 'y  BKE TOTOBHHA  Ta
BiIJKOMITIIbOBAaHUK MpPOeKT. s momaBaHHS MOXIYJAS B IPOEKT
MOJKHA BUKOPUCTATH OJIMH 3 IBOX BapiaHTIB:

1. O6paru myukt mento File — New. ¥V crnmcky HeoOximHO
oboparu mynkr Logic Analyzer Interface File po3niny
Verification/Debagging Files.

2. O6patu nyHkT MeHO T0ols — Logic Analyzer Interface
Editor.

VY  pesynbTari 3’SBUTBCS BIKHO iHTEpQEWCy JOTiYHOTO
aHaJi3aTropa, roKa3aHe Ha PUCYHKY 5.57.
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i

MmoayAis LA

)

Logical View:

“Core Param

X Setup View:

File:

TA LIABOBA MiKpOCXema

Instance Manager: Ready @ X | JTAG Chain Configuratior: JTAG ready EI x
Instance \ Status \ LEs: 133 |
=) auto_lai_0 | Bank 0 connected 133cells | Hardware: |"'S B-Blaster [USB-0] LI Setup..
Device: : i
MeHeakep 3ABAHTCKYBAABHKMIM KOBEAL

|Bark 0

Pin

Hode

eters Index

Type ‘

Alias |

Hame

Pins g

divider:inst2]o[7]
divider:inst2]o[6]

Bank 1 / L
Sl
54 Al Banks

ol | YT

CHUMBOA
iHTepdoeicy LAl

divider:inst2|g[5]
divider:inst2|g[4]

divider:inst2|g[3]
divider:inst2|g2]
divider.inst2(g[1]
divider:inst2]g[0]

gle|ele|e|e|e|e

Pucynox 5.57 — Bixno inmepgbeticy noeiunozo ananizamopa

BixHO MiCTUTH HACTYITHI TTaHETI.

Menemxep 6usokiB (Instance Manager). B mpomy BikHi
BioOpaxkaeTbcst crmucok MoxyniB LAI, siki icHylOTh y TpPOEKTi
(Instance), ix cratyc (Status) Ta KinbKiCTh pecypciB, sKi HEOOXiaHi
JUTS pearizallii KOHKpETHOro MOAyIsl. B maHomy Bumanky HeoOXimHi
nuie siorivni enementH (LES).

Burasin oopanoro moaynas (Logical View). Lla nanens
BUKOPUCTOBYETBCS JUISA 3MIHM MapaMeTpiB BChOTO OJIOKY B IIJIOMY,
BXOJIIB Ta BUXOIiB. [s mepexomy Mix pizHUMH 00’€KTaMH OJHOTO
MOJIyJsl HEOOXiZHO BUKOHATH NOJBiMHE KIJALaHHSA IO OOpaHOMY
eJIeMEeHTy. B 1boMy BHIIQAKy NpaBOpydY BiAKPUIOTHCS NapaMeTpH
1poro 06’exra (Setup View).

His Bevoro 6110ka Buitomy (Core Parameters) goctymnHi Taxi
napameTpu:

1. KinpkiCTh BHBOZIB, IO IiIKIFOYAIOTHCS 0 30BHINIHLOTO
noriyroro anaiizaropa (Pin count). Ileit mapametp Moke npuiiMaTi
3HaueHHs BiJ 1 10 255 1 0OMekeHUl KUTBKICTIO JOCTYITHUX BUBO/IIB
MIKpOCXEMU Y KOHKPETHOMY TIPOEKTI.
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2. KimpkicTs BXIJHMX IIMH, [0 MTAKJIFOYAOTHECS 10
mynsTuniekcopa LAI (Bank count). Ix pospsaanicTs Bu3HAaUaeThCs
po3psiaHicTio BuxiaHoi muau (Pin count).

3. PexxuM pobotm Joriudoro amamizaropa (Output/Capture
mode). AmnamizaTop MOXKE MpPAIfOBATH Yy [JBOX PEKHUMAaX:
perictpoBomMy (Registered/State) Ta KOMOIHAIlIHHOMY
(Combinational/Timing).

PericTpoBuii pexuM BHUKOPHCTOBYE 30BHIIIHIA CHTHAI Bif
JIOT1YHOTO aHajizaropa Ajs 3amucy aaHux. OCKiIbKH Lei TaKTOBUH
CUTHAJ € acMHXpOHHMM [0 npoekty Ha I1JIIC, To HeoOXiaHO YiTKO
BU3HAYUTH HOro 3HadeHHS. Takuii pexuM HaHOUTBII dYacTo
BUKOPUCTOBYETHCS IS BU3HAYCHHS! YaCOBHMX IapaMeTpiB CHTHANIB,
HATIPUKIIAJ, A7 BU3HAUCHHS 3aTPUMKH CHTHAIIM MpU Iepeaadi Horo
Mo KaHaiy 3B’s3Ky. [Ipu BuOOpi 1ipor0 BapiaHTy poO0oTH HEOOXiITHO
BU3HAYUTH TakTOBUIl curHan y myHKTI Clock. Lle moxe Oytu Oyis-
SKHH CUTHAJ TPOEKTy, ane OaxaHo, 00 BiH CHHXPOHHUM 3
OCHOBHOIO TaKTOBOIO YaCTOTOIO TPOETKY.

KoMmOiHamiiftHU#E peXuM BHUKOPHUCTOBYE JIISi TaKTyBaHHS
BHYTPIIIHIA CHUTHANl BiJi CHCTEMH 1 € MOBHICTIO CHHXPOHHHM ]IS
npoekty Ha [IJIIC. Lleli pekuM BHKOPHCTOBYIOTH JJISl TEPEBipKH
MPaBUIILHOCTI (DYHKITIOHYBaHHSI POCKTY.

4. Cran BUBO/JIIB ITpU BBIMKHEHHI cuctemu (Power-up state).

[Tapametpu BxoxiB (Banks) mokasaHi Ha pucyHKy 5.58.

Logical View: X | Setup View: | Bank 0 j

Pin Hode

Index Ty|)e| Alias Hame
dividerinst2jg7]
dividerinst2|gE]
dividerinst2g[3]
dividerinst2|o[4]
dividerinst2g[3]
dividerinst2g[2]
dividerinst2o1]
dividerinst2|g[0]

Core Parameters

All Banks
....... e =

gRleeeege

Pucynox 5.58 — Ilapamempu éxionux cuenanie LAl
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Jns KOXXHOI IIMHKM BXiZHHUX CUTHAIIIB HEOOXITHO BHU3HAUNUTH
JOKEpEJIO CUrHaIy. SIKIO BUBOAY 3 IIWHHM HE MPU3HAYCHO JDKEPEIIO
cUrHaimy, TO BiH Oyae min’emnanuit mo 3emmi. B croemmi Alias
MOXYTh OyTH BKa3aHi CHHOHIMH Ha3B CHUTHAJIB JUIA CIPOIIEHHS

CIIPUMAHSTTSL.

Busnauenns mnapametpiB BuxoaiB (Pins) mortpeOye mumie
npu3HaueHHs1 BuBoAiB [IJIIC aHamoriyHO TOMy, SIK II€é OMHCAHO B
naparpadi 4.5. B pesynprari Oyne oTpruMaHO TaOIUINIO, aHATIOTIYHY
MoKa3aHii Ha PUCYHKY 5.59.

Logical Yiew:

X | Setup Wiew: |Pins

[

Core Parameters
Bank

52

All Banks
auto_la... Tame

bcTl=

Pin

10

Pucynox 5.59 — [lapamempu suxionux cuenanie LAl

ITicna

BHUKOHAaHHA

BCIX

[IPU3HAYEHb

y

Type | Index Name Location Standard
Fo 1} altera_reserved_lai_0_0 FIM_AEZ2 28Y
Fo 1 altera_reserved_lai_0_1 FIM_AF22 28Y
Fo 2 altera_reserved_lai_0_2 FIM_ w8 28Y
Fo 3 altera_reserved_lai_0_3 FIM_%18 28Y
fo 3 4 altera_reserved_lai_0_4 FIM_L1 & 25V
fo 3 5 altera_reserved_lai_0_5 FIM_LA 7 25V
fo 3 [ altera_reserved_lai_0_& Pl _AA20 25V
fo 3 T altera_reserved_lai_0_7 FIM_¥18 25V

iHTEepdeiic

30BHIIIHBOTO JIOTIYHOTO aHalli3aTopa HEOOXiHO MEepPeKOMIITIOBATH

MIPOEKT.

Jns  migBUINEHHS IIBHAKOCTI
BuKkopucToByBaTH Incremental Compilation.

KOMITUTAIIT

JIOLIIBHO
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Instance Manager Feady [Z) x| JTAG Chain Configuation: ITAG ready @ x

Instance | Status [ LEs133|

B auto_Is_0 | Bank0connested 133cels | Hardnare: [USE-Blaster USE-0] x| setp.
Device: | @1: EP2C35 (0x020B400D) | ScanChain
File [ M|

Logical View: X | SetupView  |BankD |

Pin lode |
Index Ty|)e| Alias Hame \
dvideringtlalT]
divider inst2|[8]
dividerinst2le(s]
divideringt2lel4]
dividerinst2lol3]
dividerinst2/a[2]
dividerinst2le(1]
divideringt2le(0]

i Core Parameters |
T

@eehheee

Pucynox 5.60 — Ilioxnouenns 6xionoi wiuHu 00 8uxooy

[licns wommimsamii 1 mporpamyBamas Mikpocxemu [IJIIC
MOKHA TIPOBOJUTH HANAro/DKCHHS MPOeKTy. st 11boro HeoOXiIHO
i’ €THATH JIOTIYHUN aHAII3aTop JI0 MPUCTPOIO 1y BiKHI iHTepdercy
JIOTIYHOTO aHalli3aTopa 00paTH Ty MIMHY BXiAHUX CUTHANIB, Ka Oy/ie
nojaBatucss Ha BuXiA. s 1boro HEOOXiTHO MPOCTO KIAIHYTH
MPaBOI0 KHOMKOI MHUIII M0 Ha3Bl BXiAHOI IIMHHU i OOpaTH MYHKTY
Connect Bank (prucynok 5.60).

5.6.3. PegakTop BMicTy BOYyAOBaHOI maM’SATi

Penakrop BOymoBanoi mam’sti (In-System Memory Content
Editor) no3Boisie MMBHAKO TEPETJISIHYTH Ta penaryBaTH BMICT
mam’sTi B MPAIOI0Yiil CHCTeMI, HAIPUKJIIA]], BMICT KOMYHIKaI[IitHOTO
MakeTy, IMiJArOTOBJACHOrO JUisi Iepeaadi, abo BMICT mam’sTi
BOYZOBAaHOTO KOHTpoJiepa. [HIle mpu3HaueHHS LBOTO PeJaKTopa —
TeHepallisi TeCTOBHX BEKTOPiB Juis mpoekty. Jlns  mporo
BUKOPHUCTOBYEThLCS BUIBHUN OJIOK IIaM’STi, B AKUH MIAKIIIOYAETHCS JI0
TOrO MOAYJNA, SKHA HEoOXigHO mpoTecTyBaTH. JlomaBmm mpocty
CXeMy TaKTyBaHHS Ta reHepallii afpecu MOXHa OTPUMAaTH T'eHEPaTop
CUTHAJIB JIJIS1 TECTOBOT'O MOTYJISI.

Hist cBo€l poOOTH penakTop BMIlLye OAHOIOPTOBUN MOIYJb
nam’ATi y JABOXIOPTOBUH. Y IBOXIIOPTOBOMY MOZYJi OIUH IOPT
BUKOPHCTOBYEThCS 11 poOOTH camMoi mam’sTi, a JIpyrud —
migkmodaeTeess 10 JTAG mopTy i Teperiisiay 1 pemaryBaHHS.
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ToMy misi pemaryBaHHsS MOXKHa BHKOPHCTOBYBATH Taki KaTeropii
moaynmiB: LPM CONSTANT, RAM: 1-PORT, ROM: 1-PORT,
ALTSYNCRAM, LPM_RAM_DQ, LPM_ROM.

Husa pobGotm pemakTopa BOyAOBaHOI Tam’STi HEOOXiTHO
BHKOHATH TaKi oIepartii:

1.
2.

Nook~w

BusnaunTy sxi Moy OyayTh pelaryBaTuch.

Homatm y BH3HAYeHI MOAYNI MOXIJIMBICTH  iX
penaryBaHHS B CHCTEMI.

BukoHATH MOBHY KOMIUISIIIIO IPOEKTY.
3amporpaMyBaTi MiKpOCXEMY.

3anycrutu In-System Memory Content Editor.
[Minxarountucs no mikpocxemu uepe3 JTAG-moprt.
BukoHnaTtu penaryBaHHs.

P03FJ'I$IHCMO MOCIIZIOBHO HEoOXifgHi omepamii. Poboty 3
PEAaKTOPOM PO3TIISTHEMO Ha Tpukiaai ogHomoptoBoro [1311.

Jnst nopaBaHHS Y MOZIYJb IaM’sITi MOKIJIMBOCTI peJaryBaHHsI
HeoOxinHo BuKopucroByBatd Mega-Wizard Plug-In Editor. Ha
pucynky 5.61 mokaszanme BikHo Mega-Wizard Plug-In Editor, B
SIKOMY BBIMKHEHA MOJJIUBICTh peJaryBaHHs BMiCTy TIaM sITi.

MegaWizard Plug-In Manager - ROM: 1-PORT [page 5 of 7]

Do you wank ko specify the initial content of the memary?

Block type: ALTO

3 fiords

%! Yes, use this file for the memory content data
(ou can use a Hexadecimal {Intel-format) File [.hex] or a Memory

Initialization Filz [.rif Ty

1 M3k + 1 sld_mod_ram_rom

File name: .iMemoryEditor . mif

[w Allow In-System Memory Conkent Editor ko capture and update conkent

independently of the system clock

The ‘Tnstance I0° of this ROM is: NOMNE

[ concel || <ot || o> || gwon |

Pucynox 5.61 — Buuxanmus pedakmopa emicmy nam’smi y

Mega-Wizard Plug-In Editor
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[Ticas xoMminAmii Ta MporpaMyBaHHS MIKpPOCXEMH HEOOX1THO
3allyCTUTH pElaKkTop BOYJAOBaHOI mam’ati. st Hboro oopaTu myHKT
mernto Tools — In-System Memory Content Editor. 3’sButbcs
BIKHO, 300pakeHe Ha PUCYHKY 5.62.

Ax Bunmno, HamamrtyBaHHsS JTAG B pemakropi BOymoBaHOI
mam’aTi Taki X cami, K 1 B iHTepdelci JoriuHoro anaiizaropa.
BinpizHseTscst 00macTh, B AKil BimoOpakaeThcs BMICT BOYZOBaHOI
mam’sTi. Tyt BimoOpakaeThcsi BMICT, CTaTyC Ta XapaKTEPUCTHKH
TOTO MOAYJNS Tam’siTi, sIKHMi oOpaHMid ans aHamizy. Pemaktop
no3Bojsie ogHopasose (Read Data from In-System Memory) ta
mukmigge ugntapas (Continuously Read Data from In-System
Memory), 3ynunky nukiaiunoro yuranuas (Stop In-System Memory
Analysis) ta 3amuc B mam’sath (Write Data from In-System
Memory). Jlns BHUKOHaHHS [WX ONepaliii He MOTpiOHEe
nepexoH(irypyBanus mikpocxemu [1JIIC.

Instance Manager. =T % =l |Heady to acquire X | JTAG Chain Configuration: WJTARG ready A
Index | Instance 1D Status Width Depth | Twpe Mode
| e Het urving 7% FAMROM R Karguare: | USE st (U581 x| ses.
Device: ‘@1 EP2C35 (0:02084000] j ScanChe
File: | |v
< >

a0 ain

000000 7F 62 85 68 OB 8F 92 95 98 9D 9E Al A4 A7 A4 AD BO B2 BS BO BB BE CO
000017 C3 Ch CB CB CD DO D2 D4 D7 D9 DB DD DF E1 E3 E5 E7 E9 EA EC ED EF FO
00002E F2 F3 F4 F5 F7 F8 F9 F9 FA FB FC FC FD FD FD FE FE FE FF FE FE FE FD
000045 FD FD FC FC FB Fi F9 F9 F& F7 F&é F4 F3 F2 FO EF EE EC EA E9 E7 EG E3
0000SC E1 DF DD DE D% D7 D4 D2 DO CD CB C8 C6 C3 CO EE EB B BS B3 B0 AD Ah R
000073 A7 A4 A1 9E 9B 98 95 92 OF 8C 89 85 82 7F 7C 79 76 73 70 6D 69 66 63 . ... . ...... |yvspnifc
000084 60 SD G& 57 G4 52 4F 4C 49 46 43 41 3E 3B 39 36 34 31 2F 2C 24 28 25 " JZUTROLIFCA» 964l *(X
000041 23 21 1F 1D 1B 19 17 16 14 12 11 0F OE OC OB 0& 09 08 06 06 05 04 03 #!

0000B® 02 02 01 01 01 00 00 00 OO0 OO 00 00 01 01 01 02 02 03 04 05 05 06 07 . ... ... .. S
0000CF 08 04 OB OC OD OF 10 12 14 15 17 19 1B 1D 1F 21 23 25 27 29 2C 2E 31 .. ... ...... Iy, .1
0DO00E6 33 36 38 3B 3D 40 43 46 48 4B 4E 51 54 57 GA 5D 60 63 66 69 6C 6F 72 368, =@CFHKNQTVZI] cfilor
0000FD 75 78 7B ux{

Pucynox 5.62 — Peoaxmop emicmy 66yoosanoi nam ’simi

Hani B pemakropi maMm’sTi  BigoOpakalOTbCs Y
mricTHaaATKOBoMy komi ta y Buriasgi ASCII cumBomiB. Y Tomy
BUTIAJIKY, KOJIM KOJl He Moxe OyTH BimoOpaxenuit y Burisiai ASCII
CHUMBOJIY, BiH 3aMiHIOETHCS Kpankolo (.). 3Ha4eHHs B 00JIaCTi JaHUX
BiJOOpaKalOThCSI PI3HUMH KOJBOPAaMH B 3aJIEKHOCTI BiJl CTaTycCy
JAHUX:
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- YOpHHM KOJBOPOM, SIKITO AaHi, mo 3untani 3 [IJIIC
CHIBMAJAlOTh 3 ONEPEAHIMI JaHUMH B PEIaKTOPi;

- YEpPBOHMM, SIKIIO JIaHi B PEIAKTOpi Ta 3UUTaHI JaHi
BiIPI3HSIOTHCS;

- CHUHIM, SKIIO JaHI 3MiHEHI, alle IIe He 3alucaHi y
rnam’siTh MiKpOCXEMH.

5.6.4. BoynoBanmii Jioriyuauii anajizarop Signal
Tap Il

BOynosanmii noriuauii  anamizarop Signal Tap I, sax i
3BUYAHUM JIOTIYHUN aHaii3aTop, BKIOYaE B ceOe maM’sTh IS
30epekeHHsT BiJUTIKIB CHTHANIIB Ta CHCTEMY KepyBaHHS (PHCYHOK
5.63). s cBoei poboru Signal Tap Il BukopucToBye BOymOBaHY
nam’ste [IJIIC pmns 30epekeHHS BiIJIIKIB CUTHAIIB Ta CXEMY
KepyBaHHs, peanizoBany Bcepenuni [1JIIC, sika Bu3Hadae anroputm
3amucy BiUIKiB curHamiB. Jlns  BimoOpakeHHs — iHQopmarii
BUKOPUCTOBYETHCS TMEPCOHATBHUI KOMII'IOTEp, SIKUH MiJ € THAHUH
JI0 BIJIJIaro/KyBajlbHOT IUTATH 32 JIOTIOMOTOIO 3aBaHTaXKYBAJIBHOTO
kabemo. KepyBaHHS JOTiYHMM aHaJi3aTOPOM BHUKOHYETHCS 3a
Jonomororo nakety Quartus I1.

Crnig BIAMITHTH JesiKi OCOOJIMBOCTI JIOTIYHOTO aHaji3aTopa
Signal Tap II. Ilo-nepme, Signal Tap II Moke BUKOPHCTOBYBATHCH
mume B Mikpocxemax tuny FPGA. Ilo-mpyre, Ui BUKOPUCTAaHHS
BOYJIOBAHOTO JIOTIYHOI'O aHalli3aropa HEOoOXigHa Jeska KUIBKICTh
noriyHux eneMeHtiB Ta BOymoBanoi mam’sti IIJIIC. KinbkicTh
pecypciB  JIOTIKM ~ 3aJI€KHMTh  BiJ KIJIBKOCTI CHTHaiB, IO
aHAJI3yIOTHCS TA YMOB 3unTyBaHHs naHux. O0’eM mam’sri, 1o Oyae
BUKOPUCTAHUH JIOTIYHUM aHAai3aTOpOM, 3aJIeXKHTh Bl KIIBKOCTI
KaHamiB Ta iX pospsaHocTi. Tomy HEOOXiTHO pPO3yMiTH, IO
MO>KJIMBOCTI JIOT1YHOT'O aHali3aTopa HampsAMy 3aJieXKaTh BiJ] BIIbHUX
pecypciB Mmikpocxemu. Tlo-tpere, Signal Tap Il 3untye BHYTpiniHi
CUTHAJIY JIMILE 32 MepeaHIM (POHTOM TAaKTOBOTO cUTrHaMy. ToMy mpu
HOro BHMKOPHUCTaHHI JOCTYNMHUH nuiie QYyHKIIOHATIBHUHA aHai3
pobot TpoekTy. bynmp-sxuit  amamiz poOOTH 3 peaTbHUMHU
3aTPUMKaMH CUTHAJIIB B IIbOMY BUIAJKy He OyZe JOCTYIHHUH.
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MAIC

MpoekT KopKuCTyBa4Q

I
BaoOkM
SignalTap II:

[ 1
I ]
! III ! 30BAHTAXKYBOABHMM
! 1 JTAG
I

kabenab

le—| Quartus Il

Pucynox 5.63 — Cmpyxmypa noeciunoeo ananizamopa Signal Tap 11

Hns Bukopucranns Signal Tap 11 B cBoemy nipoekTi HEOOXiAHO

BUKOHATH TaKy MOCIIiIOBHICTh JiH:

1. CrBopuTH HOBHIT 200 BIIKPUTH ICHYIOUHH MMPOEKT.

2. Jonmatn wmonyns Signal Tap II nmo mnpoekry Ta

ckoH(irypyBaru Horo.

3. BwusHauut ymoBHM mnodatky 3axoruvieHHs naHux (Data
Triggering).
CKOMMITIOBATH MPOEKT.
3aBaHTaKUTH NPOEKT 10 Mikpocxemu [LJIIC.
3amyctutu Signal Tap II B maketi Quartus 1L
Buxonatu 3anmc ganux y OydepHy mam’sth (Data
Capture).

8. IlIpoBectu anani3 3anucanux nanux (Data Analysis).

Hns toro mo6 gomatu moxayns Signal Tap II no mpoekty

HeoOxigHo Bukopuctath MegaWizard Plug-In Manager (pucyHok
5.64) abo cTBopuTH HOBHH (aiin JoriuHoro aHaiizaropa. CTBOpeHHi
¢aiin aBromaTHyHO Oyne NOAaHUM OO BiAKPUTOro mpoekty. Apyruit
BapiaHT € OUIBII PO3IMOBCIOPKEHNM 1 € PEKOMEHI0BAHUM /ISl pOOOTH
y OunmbmocTi BunazakiB. Tomy B mild KHU31I MH OyleMO pO3TisgaTé
came 1iei BapiaHT.

No ok

294



56 3aCO6Vl BHYmMp {UHbOCUCTIEMHOTO HaAaroAXKEHHS

MegaWizard Plug-In Manager [page 2a] E|
‘which megafunction would you like to customize™? W'_hic!; device Family wil you be Cpclone Il -
Select a megafunction fram the list below usIng:

—-{8] Installed Plug-ln: “whhich type of output file do you want to create?
Atera SOPC Builder & AHDL
- @ Aithmetic & VHDL
<@ Communications .
+ & DSP " Veilog HDL
: ﬁ;tes ‘what name do you want for the output file? Browse...
<& Interfaces D twork quartust emoryE ditor's

@ ITAG-accessible Extensions

(7] In-Spstem Sources and Probes
1| Parallel Flash Loader
1| Serial Flash Loader

™ Retumn to this page for another create operation

2B SionalT ap || Logic &n:
A Witual JTAG Mate: To compile a project successiully in the Quartus 11 software,
+- &8 Memary Compiler i _design fi_Ies st be in _the pl_niect directary, in the global user
libraries specified in the Options dialog box [Tools menu), or a user
< @ Slorage library specified in the L ser Libraries page of the Settings dialo
+- @8 IP MegaStore b P g o

box [Assignments menu).

Your current user libramy directonies are;

Project User Libraries:
chalera\ 31 hquartusiibranesivhdlspnopsystisest

Cancel | < Back | Neut » | ‘

Pucynox 5.64 — 3anyck Signal Tap 1l 3a donomoeoro
MegaWizard Plug-In Manager

Jyis cTBOpEeHHSI HOBOTO (haliTy JIOTIYHOIO aHajli3aTopa MOXKHA
BUKOPHCTATH OJIMH 3 TPhOX BapiaHTiB: MyHKT MeHio File — New —
Signal Tap Il Logic Analyzer File (pucyHnox 5.65 a), oOpaT myHKT
MeHlo T00ls — abo obparu mynkt Signal Tap Il Logic Analyzer
cnucky 3agau nakery Quartus Il (pucynok 5.65. 0).
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SOPC Builder System -
= Design Files
AHDL File:
Block Diagram//Schematic File
EDIF File
State Machine Fils
SystemVerilog HDL File
Tel Script File
Werilog HOL File
WHDL File
= Memory Files
Hewadecimal (Intek-Format) Fils
Memory Initialization File
= Werification/Debugging Files
IreSipstem Sources and Probes File
Logic Analyzer Interface File
SignalTap |l Logi
Yector Wavetorm File
= Other Files
AHDL Include File
Block Symbal File
Chain Description File
Synopsys D esian Constraints File

Tasks - x
Flow: [Full Design |
TaskR | ~

- e ED Netlist ta/riter

@ Frogram Device [0pen Frogrammer]
[ =3 Verify Desian

[:] Simulate Design

E]a On-chip Debugging

i gnall ap

- [n-Syztem Memory Content E ditor
B Logic Analyzer Interface Editor

Il Logic Analyzer

In-System Sources and Probes Edi
] SignalProbe Fins
P PowerPlay Power Analyzer

Teut File 3 B SSH Analyzer

... "1 Enaimaarina Chanas Medar (IECT1
e || |

a o
Pucynox 5.65 — Cmeopenna nogozo gaiiny Signal Tap I1

VY Oyab-KOMy BHIAAKy L€ TPHU3BEIE N0 BIIKPUTTS BiKHA
JIOTIYHOTO aHaji3aropa (PUCYHOK 5.60).

B mpomy BiKHI € Bxe SK 3HAOMiI Tak i HOBi E€JIEMEHTH.
Hiamoru Instance Manager ta JTAG Chain Configuration sxe
BHKOPHCTOBYBaJMCh Bumie npu ommci  SignalProbe i Tyt
ONMUCYBaTHCh He OyAyTh. 3YNMHHMOCH OiJbII JOKJIAJAHO Ha JIBOX
Jianorax — CIHCKYy cuWTHaliB 3 3aknaakamu Data ta Setup i
koH(irypauis curnainis (Signal Configuration).

Criucok cHWrHAmiB 3 3akiajikyd Setup mokaszaHuWii Ha PUCYHKY
5.67. Jlna nonaBaHHS CHUTHAIIB HEOOXIMHO JBIYi KJIALHYTH B MOJII
Node. byne Binkpurtuii crannaptauit gianor Node Finder, B sikomy
BUKOHYEThCs QinpTpamnis curramis Signal Tap I1: post-fitting a6o
Signal Tap Il: pre-synthesis. ¥ mepuiomy Bumagky OymyTh
MOKa3aHi CUTHAJM, AKi HasBHI B MPOEKTI MICJIsI CHHTE3Y MPOEKTY Ta
Horo posMimieHHs Ha Mikpocxemi. Taki curHaau OyayTb MoKa3zaHi
CHHIM. Y JIpyroMy BHIIAIKy OYIyTh TIOKa3aHi CUTHAIH, SIKi OTPUMaHi
MiCJI TEpUIOro eTamy KOMIUISILIi — MEepeBIpKH CHHTaKCHCY Ta
noOynoBu iepapxii mpoekTy. Taki curHamum OyxyTh IOKa3aHi
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qopHUM. [licist moBHOT KOMIUISIIT Ta ONITUMI3aIlli IPOSKTY MOKIIHBA
CUTYyallis, KOJIM 4YacTUHA CUTHAIB 3HMKae. Taki curHamu OynyTh
MOKa3aHl y CIUCKY CUTHAJIIB YSPBOHUM.

File Edt View Projsct Processing Took Window
& Invalid JTAG configuration =& B
Instance Managsr Invalid JTAG configu (2] X | JTAG Chain Configusion: | ERESINRSECEGM %
Instance | Status | LEs 747 Memory: 2304 .
2] o signalop 0 Notmeming 77 cels 2304 bits | Herdware: x| Sewn
MeHeAKEeD MOAYAIB Device: seanChan |
AQTMYHOro aHaaizaropa 2| SOF Manage” 3ABAIHTAYBAABH I koﬁe/\ﬂ
< s | T LiALOBA MIKPOCXEMA
trigger: 20130324 19:38:44 #1 5" 4llow | &' | Signal Configurstion: x
Hode. Data Enable | Trigges E... Clock; [dvder matipm_counter: pm_countes_companential D =
Type [Alias | Name [ 7 Daia
) Sa v 2 Sample deptie [128 =] FAM type =]
L) (0] 1z =
1 al = ™ Segmented: Jhd |
(Crmcok curranis] a2 Y AMOBM Storege el
= (3] 3anmcy Type: & State-based -
e 4] 3 - o
= pe & e Input port KoHdpirypaujs
= ol F = ¥ Focord data diec CWHGA‘IB .
= a7l 122 ) r TA NaAm 4Tl
[+) @ sininst3jaddress 12 ¥ v LRSS
< > )5
B Data FA sewp & Advanced Trigger 2 | ET] StateBazed Trigger Flow
o - - X | paslog BR] x
SE» €papxis Baokis ] st s .
B sninetd AQTIHHOTO BikHO AAS BUBOAY
aHanizatopa CAYXBOBMX NOBIAOMAEHD,
[#] auto_signiahan_0
For Help, press F1 HUM

Pucynox 5.66 — Bixno noziunoeo ananizamopa Signal Tap 11

[Ticns Toro, sik curHain OyJie T0AaHo, 3’ IBISETHCS MOXKIIMBICTD
KoH(pirypauii Toro, sk OyAe HpPOBOAMTUCH aHadi3 curHamy. Jns
I[bOr'0 BUKOPUCTOBYIOThCs KHOnkK Data Enable ta Trigger Enable.
Kuonka Data Enable no3Bonsie abo 3abopoHsie 3amuc JaHHUX 3
oOpanoro curHany. lLle mae MoxuBicTh 30imbIIYBaTH a00
3MEHIIyBaTH O0’€M TIaM’sTi, IO BHKOPHUCTOBYETHCS JIOTIYHUM
amamizatopom. SIkmo kuomka Trigger Enable sigxmouena, To 1€
O3Ha4yae, MO OOpaHUH CHrHaJ HE MOXKE BHKOPHUCTOBYBATHUCH Y
CTBOPEHHI yMOB 3amucy. B cBOIo uepry 1e 3MeHIIye JIOTIYHY CXeMy
aHayizaropa. CwurHai, y skoro Oyjae BiakioueHa kHomka Data
Enable, ane BBimkHena Trigger Enable ve 3anmcyerbest B mam’sith,
aJie BKJIIOYAETHCS B YMOBY 3aIIHCY 1HIIMX CUTHANIB.
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Tyt HEoOXigHO 3yNMUHUTHCH 1 3’SICYBaTH 3HAYEHHS MOHSATTS
tpurep (Trigger). Ilpu cBoiii poOoTi naHi NPOXOIATH uepe3
JIOTIYHUM aHami3aTop, aje He BHKOHYETbCS 3yNHMHKa 3amucy. Sk
TITBKA YMOBA 3aIMCYy BUKOHYETHCS 3aIMC CHTHANIB MPUIHHSIETHCS 1
Ha ©eKpaH BHBOAATHCA 3allCaHi CHTHAIM. YMOBa 3amucy 1
HA3UBAETHCS TPUTEPOM.

Jaii y BiKHI pO3TaIlIOBY€ETHCS MEPEITiK YMOB 3aIUCy CUTHATIB.
JlJIs KOXKHOTO CHUTHATy MOXKE OyTH OOpaHO IO JECATH Pi3HUX yMOB
3anucy. KijbKicTh YMOB 3alnucy BU3HAYA€ThCs Y Aialio3i mapameTpis
Tpurepa i onmcaHa Hik4e. MoxkHa oOpaTé OJWH 3 JBOX BapiaHTIB
YMOB 3amucy — 3aranbauii (Basic) abo posmmpenwuii (Advanced).

Bnbip BuGip curHanis

CHIHAAIB AAS OOPAMYBAHHS
AAA 3AMMCY
N | Trigger Conditi ‘
Hode Data Enable | Trigger Enable condiion p——— p——
Type |Alias ‘ Hame 15 15 |I ¥ | Basic - |[2F | Advanced - 1|35 Basic ;‘
[£] Hol) [z 7 2Ch 3Fh
o [0 ~ ~ 0 T
e dql] ¥ r
Lo al2) 72 r
[ al3) [ 3 0 CAPAUKOBAHHA | —
Crnucok al4) r 2 T Teurepa T
H als) | v T -
CVIFHOME AAA e = = o =
AHAAIZY a7 [ = = =
o [ sininst3|address = i Xxh FFFFFFFFD
) ivis] 4 ~ Va *

Pucynox 5.67 — Cnucox cuenanie y noziunomy ananizamopi Signal

Tap 11

3arajpbHUA METOJ 3alucy rnepeadayae BUKOHAHHS JIOTTYHOT

¢ynkuii I Han Bcima curHamamu abo rpynamu, siKi 3HAXOIATHCA Y
JTAHOMY CTOBITYHMKY. J[)Isi 3MiHU 3HAYECHHSI CUTHANTy B KOHTEKCTHOMY
MEHIO MOYKHA 00paTH Taki 3HaYeHHs (PUCYHOK 5.68):

— Don’t Care — piBeHb CUTHaIly HE Ma€ 3HAYCHHS

— Low — Hu3bKuil piBEHb CUTHAIY;

— Falling Edge — 3amniit GpponT curnany;

— Rising Edge —niepenHiii ppoHT cUrHATY;
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— High — Bucokuii piBeHb CUTHAIY;
— Either Edge — Oyab-sika 3MiHa curHamy;
— Insert Value — BBezicHHsI 3HaUCHHS TPYITU CUTHAIIB.

B !rigger Conditions
Hode Data Enable |Trigger Enable —
condition
Alias | lNlame 15 15 [1F]Basic -
FC O WO IO oot % oot Care
o[0] 0 -
. — U Low
] \_ Falling Edge
al2l /" Rising Edge
- of3] T High
a4 X Either Edge

os]
o8]
- of7]
[#- sininst3laddress
div[B]

Insert Yalue. ..

K¥h

S

glejeloee|e|e|e|e|o|s

LR IR M A i M M AR
QA qQAaa7771<

Pucynox 5.68 — 3azanvui ymosu 3anucy cucnanie

3anuc 0o0paHUX CUrHaNIB Oyjae BigOyBaTHUCh KOKHOTO pasy,
KOJIM TiJ] 9ac PPOHTY TAaKTOBOTO CHrHaiy OyJIyTh BUKOHYBaTHCh BCi
YMOBH, TIO 3aITUCaHi y CTOBOIII.

Posmmmpennit  Bapiant  (Advanced) gmae  MOXIHBICTBH
CTBOPIOBATH OUIBII CKJIQ/HI JIOTIYHI PIBHSIHHS JJIS 3aIyCKy 3aIUCy
curHaniB. [Ipu BuOOpi mBOro BapiaHTy BiIKpPUBA€ThCA TpadiuHHA
penakTop, B SIKOMY 3a JIOIMOMOIOI0 MNpPOCTUX OJIOKIB Oynyerscs
JIOTIYHE PiBHSAHHS (PUCYHOK 5.69).

Bikno xoudirypanii curnamy (Signal Configuration), sxe
3HAaXOAUTH MPaBOPYY Bif CHUCKY BHBOAIB (pucyHOK 5.70) mo3Boisie
BU3HAYUTH TAaKTOBUW CHUTHaJ, po3mip Oydepa gaHux Ta HOro
BJIACTHBOCTI, YMOBH 3aucy. PO3riissHeMO 11l IyHKTH JOKJIaIHIIIE.

Haiinepme ne mnpusHaueHHs TtaktoBoro curHamry (Clock).
34nTYBaHHS CUTHAJIIB JIOTIYHUM aHajIi3aTopoM OyJie BiI0OYBaTUCH 110
KOJKHOMY (DpOHTY TakTOBOTO curHaimy. baxkano oOuparu curaain,
SKHH BUKOHY€ (YHKIIO TAaKTOBOTO B TOMY TaKTOBOMY JAEMEHi, 0
SIKOTO HaJISKUTh CUTHAJ, IO JOCTIHKYEThCS. YnM OibIly 4acToTy
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Ma€ TaKTOBHW CHTHAJ, TUM OUIBIIY TOYHICTH Oyae 3abe3medyBaTh
JIoTiYHMI aHaizatop. PazoM 3 mum 1me mpusBene A0 30UTBIICHHS
o0csAry mam’siTi, 1O HeoOXimHa JJis 3amaMm’sTOBYBaHHS BiJUTIKIB
CHUTHAIY.

Mode List: ! Advanced Trigger Condition E ditor: Condition 2

lName Result: g=127 A
- ofs]
CI‘IMCO!( a6l
CMFH% Ul
o # sivinst3jaddress
[ comparison_0
o oliv[B] 3 al
B 9 S =" result
Object Library: & leg = o
127 =)
» ngegtl;evemetetlol A B ype[ UNSIGNED
= Input bjects EQUALITY

: :WSH& BiGAioTeka
weveke | komnorenTis
# Bus

Comparison Operators
Bitwise Operators

# Bitwise Compleges AR >
B Data | Setud i) Advanced Trigger 2

Pucynox 5.69 — Peoaxmop po3uiuperux onyitl 3anucy cueHalie

¥

»
»

O6’em mam’siti (Sample depth) ta ii tum (RAM type)
Jal0Th 3MOTY BHM3HAuUTH po3mip Oydepy mis 3amam’sITOBYBaHHS
BiJUTIKIB CHUTHAQJIy Ta THUI €JIEMEHTIB BOYAOBaHOI mam’siti. Po3mip
Oydepy moxe 3miHtoBatuch Bim 0 mo 128 K. Ane He OaxaHo
BCTAaHOBIIIOBATH MAaKCHMalbHE 3HAYEHHS, OCKIJIBKH 1€ MOXe
MPU3BECTH JIO TOTO, IO TPOEKT 3 JIOTIYHMM aHai3aTopoM He
BMICTUTBCSL B MIKpocxeMmy. THI mam’aTi 3aleXHUTh BiJ TOTO
ciMeilicTBa MIKpOCXeM, IO BHKOPHCTOBYETHCS MJIsl peajizalii.
Hanpuxitaza, ans mikpocxeM cimerictsa Stratix IV e Oi0ku mam’sri
tunie MLAB, M9K, M144K, a ans cimeiictea Cyclone IV — M9K.
SIKIIo K THI HaM STl He BaKJIUBHMA, TO MOXHA 3AJIMIIATH 3HAYCHHS
Auto.

Hacrtynuuit napamerp, sIKuii HEOOXiTHO BU3HAYNUTH — 1€ THII
Oydepa. 3a 3amoBuyBaHHsAM BcraHoBieHo Iukiaiunuid (Circular)
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Oydep. Po3poOHMK TakoX MoOXKe 00paTu cerMeHTOBaHUI Oydep
(Segmented) Ta BU3HAYNTH PO3MIpP CETMEHTIB.

Signal Conlfiguration:

Clack: |divider instlipm_counter:lpm_counter_companentlal J

Data
Sample depth; |128 j Rk type: | J

[ Segmented

Storage qualifier

Type: Z2 Continuous -
Input port: J

-
-

Trigger

Trigger flow contral Sequential i

Trigger position: = Pre trigger position -

Trigger conditions: 2 -

™ Trigoer in

Source; |

Pattem:; |

[ Trigger out

Target: |

Ll el | e

Level: |

Latency delay: |5 cpcles

Pucynox 5.70 — Ilapamempu cuenanis y 1o2iuHomy ananiizamopi
Signal Tap Il

PosrisHeMO OLIbII JTOKIAAHO IMKJIIYHUN Ta CErMEHTOBAHUMI
Oydepn.

Huxiaiunmii 0ydep 3a CBOEIO CTPYKTYpOIO Haraaye perictp
tuty FIFO — First In — First Out. Ha pucynky 5.71 po3wmip
nukimiyHoro Oydepa mopiBHioe 128. Jlani Bxojsate B Oydep i
OpoOXOaATh Kpi3b Hboro. Komm CTBOpIOIOTBCS yMOBH  JUIs
CTpAIIOBaHHS TpUTepa 3allUC JaHUX MPOBOAMTHCS IO 3allOBHEHHS
Oydepa. B Oydepi mani OyayTh pO3TAIIOBaHI TaKUM YHUHOM, IO
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TOYKa, B AKi CIpaIfoBaB TpUTep 3HAXOOUTHCS BcepenuHi Oydepa
(pucynok 5.71). Ti gani, ki Oynu A0 CHpaLIOBaHHA YMOB 3alUCy
(pre-trigger), samucyroThcs Mepe]] AaHUMHM Ha SKHX Big0yI0Ch
crpamroBants. Jlani, ski Oynu micis crparroBansst (post-trigger),
PO3TAIIOBYIOTHCS MICHS TOYKH CIPAIFOBAHHS.

BuKOHQHHS ymOoB
Post-trigger Tpurepa Pre-trigger
AL A

BxiA HOBMX !

‘ Y Buxia nonepeaix
BIAAIKIB ﬂ E ﬂ lil II ﬂ EI BlAAIKiB
Pucynox 5.71 — Luxniunuii 6yghep

[puxman pobotr nmukiIigHOTO Oydepa MmokazaHuii Ha PUCYHKY
5.72. YMoBa 3ammcy JaHHMX CIIIBIIaJa€ 3 IOKAa3aHOK BHINE Ha
PUCYHKY 5.69 — 3HaueHHs BXimHOI mnHU nopiBHIOE 127. Ha pucyHKy
MOMEHT CIIPAIFOBaHHS MTOKA3aHUHA TPUXOBAHOIO JIHIEIO.

[Tvne] Atias | HName I8 192

388 416448

-32 1] 32 B4 a5 128 160 24 256 288 320 352
o it g
l ______ ..||||II||||||I|||| ||||||||||III|||.. .............. ..||||II||||||I||| |
sininst3laddress :
- i

B Data Fd Setup | ] Advanced Trigger 2

Pucynox 5.72 — 3anucani oani y yuxniunomy o6yghepi

CermenToBaHuii Oydep sBisie co0O0I0 NEKiNbKa HEBEIUKHUX
muKmyHX OydepiB. O0’eM mam’sTi, skudd OyB BHIIICHWH JUIS
po3TamiyBaHHs Oydepa JIOTIYHOrO aHami3aTopa IOIUISEThCS HE
JEKiJTbKa HEBEMKUX (PUCYHOK 5.73).

MoBHKWI po3mip Bydoepa

HEEEEEEEEEEEEN

CermeHr 1| Cerment 2 | CermeHTt 3| CermeHr 4

Pucynox 5.73 — Ceamenmosanuii 6yghep
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Koxen cermMeHT mpamioe SK OKpeMHH NHKIIYHHA Oydep.
Axmo ymoBa 3amucy IS BCIX CerMeHTiB Oydepa eawHa, TO
CTMIOYATKy 3allMC BHUKOHYETHCS B IMOTOYHUHA CETMEHT JO0 MOBHOTO
3ammoBHeHHS Oydepa. [Ipy HOBOMYy BWHHKHEHHI YMOBH 3aIUCY
BUKOHYETBHCS 3aIlMC y HACTYHMHHUI CETMEHT. SIKIIO0 K YMOB 3aIucy
JIeKiJIbKa, TO 3alUC Y HAaCTYHHHMH cerMeHT Oyne BHKOHaHWN NpHU
MIOBTOPi OCTaHHBOT YMOBH 3aITHCY.

Jis  BCTaHOBJEHHS CEeTrMEHTOBaHOTo Oydepa HEOOXiTHO
aKTHBYBaTH IyHKT Segment B miano3i koHdiryparii curHany (Signal
Configuration). Ha pucynky 5.74 3aranpauii 06’eM mofineHuii Ha 4
CETMEHTH 110 32 BiJIIKy B KOXXHOMY.

Data
Sample depth; 128 ~| RAM type:

[V Segmented:

Pucynox 5.74 — Buznauenns poamipy ceemenmogano2o oygepa

Ha  pucynky 5.75 mokaszanmii  mpukiaag — poOOTu
cermMeHToBaHOro Oydepa. 3aranbHuil 06’eMm Oydepa noapineHuid Ha
YOTUPH CETMEHTH 1 3amic B OKPEMi CErMEHTH BiOYBa€ThCS Y
BUIAJIKY, KOJIK BXinHuii curnain ([7..0] nopiBHioe HyITHO.

Hacrynna rpyna napametpiB (Storage qualifier) yrountoe
napaMmeTrpu 30epiraHHs qaHux y Oydepi i 103BoIse 30epiratu micie
y Oydepi nuie i THX JaHUX, IKI HEOOXimHl i aHamizy. s
TOro, mob po3idpaTuck 3 poOOTOI IUX MApaMeTpPiB PO3TIISTHEMO SIK
BHUKOHYETKCS 3aIHC JJAaHUX Y Oydep.

Hode o 1 2 3 ‘|

54 1]

Type | Alias ‘ Hame |-54 o

i

[&)- sininstIaddress

e 1 s ‘

Pucynox 5.75 — Ipuxnao pobomu ceamenmosarnozo 6ygpepa
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[Ipu BuKOHaHHI yYMOB CHpAIlOBaHHSA Tpurepa Oydep
3allOBHIOETHCS JAaHUMH, MI0 HAAXOISITH 3 KOXKHHUM TaKTOBUM
IMIybCOM, O THUX Tip, HOKM HE OyZe MOBHICTIO 3allOBHEHA BCS
mmam’siTh, sIka BUALIEeHa st Oydepa (pucyHok 5.76, a). OgHak, B 1IuX
JaHUX MOXYTh OyTH TPHUCYTHI HETMOTpPiOHI IS aHami3y BiIIIKH
CUTHAJIB, a Ti, 110 HEOOXigHI He BMicTwimcsa B Oydep. [ns toro,
mo6 3amucath HEoOXimHi maHi B Oydep Tpeba MpOMyCTHTH 3ammc
HenoTpiOHMx maHux (pucyHok 76, 0). lle mo3BomuTh 3amucaTw
JOJTATKOBI aHi B Oydep (pucyHok 76, B).

Trigger
|
o oo oo
a
Trigger

~@~~~m~
0

Trigger PO3pMBIM B ACHMX HoBi AaHi
A

r Al
[0 f—~11 {011}

[ oo o R 1]

6

Pucynox 5.76 — Yceynenns nenompionux danux 3 6ygepa ma
000aB8aHHS HOBUX

[lapameTrpn  copamoBaHHA ~ TpUrepa  MOXYTb  OyTH
HACTYITHUMH:

Continuous — s3anucyrOThCA ycCi JaHi, 10 HAAXOIATh [0
Oydepa. Lle pexxnM 3a 3aMOBUyBaHHSIM.

Input Port — B sKocTi cHUrHaly J03BOJY 3alucy
BUKOPHUCTOBYETHCS JTOJJATKOBUI BXiJHUW MOPT. 3alKC BUKOHYETHCS
KOJIY BX1THWI CUTHAJ TOPIBHIOE OJUHHIIL.
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Transitional — 3anuc BUKOHYETHCS B TOMY BHIAJKY, KOJIH
OIVH 3 BU3HAYCHHMX CHUTHAIIIB 3MiHIOE CBO€ 3Ha4deHHS. CHUTHaIH
00UpaIOThCA y JOAATKOBOMY CITHCKY.

Conditional — 3amuc BUKOHYETHCSI PU BUKOHAHHI JIOTIYHOI
YMOBH, 5iKa (POpMYy€eThCS Ha OOpaHIMH CUTHAJIAMH.

Start/Stop — ymoBa TmTomiOHAa g0 MOMEPEeaHBOI, aje
dopMyeTbesl Ba HAOOpW MPABHI — OJWH JUISA IMOYATKy 3arucy y
Oydep, npyruii — U1 3yNHHEHHS 3aITUCY.

State-based — 3amuc KOHTPOTIOETHCS IUPPOBUM aBTOMATOM 1
el Meron 3amucy Ja€ HaHOUIbII MOMIIMBOCTI O KEPYyBaHHIO
MIPOIIECOM 3arucy 10 Oydepa.

[NapameTpu chopallfoBaHHsS TpUrepa — Ii¢ 3HAYHUN MeperiK
OTILIIH, 5IKi OYAYyTh PO3TIISTHYTI HAXKYE.

[Mepmmii mapaMeTp — 11e MOJI0KEHHS MOMEHTY CITPAIIOBAHHS y
oydepi (Trigger position). MoxiauBe BHUKOPHCTaHHS OIHOTO 3
BapiaHTIB:

Pre — 30epiratoTecsi, B OCHOBHOMY, JIaHi IO 3’ SIBUJIMCS TTiCIIS
crpaioBanHs Tpurepa. B mpomy Bumagky 12% o06’emy Oydepa
3aiiMaroTh JaHi JO cHpamoBaHHS Tpurepa, 88% - micis
CTIpaIfOBaHHSI.

Center — 00’em Oydepa mominsgeTbcs Ha B PiBHI YaCTUHH —
JI0 1 TiCJIS CIIPaIlIOBaHHS TpUTepa.

Post — yBara 3BepraeTbcs Ha TI JaHi, 10 ICHYBaJU [0
cpaifoBanHs Tpurepa. 88% Oydepa BUIUISLETbCS Ha JaHi 10
cnpaittoBanHs, 12% - micis.

Ha pucynky 5.77 nmoka3aHe pO3MIIIEHHS MOMEHTY
CIpAIlOBaHHS TPUrepa B 3arajbHOMY 00’ emi Oydepa.

Post Ce?Ter Plre

|
Do~ oo —{o {1 f~{1 o f—~{1 o ]—~{1]
Pucynok 5.77 — IlonoosicenHss Mmomenmy cnpayro8ants mpuzepa

YmoBu pobotu tpurepa (Trigger flow control). Icaye nBa
MEXaHI3MH  PETryJIOBaHHS  yMOB  CIpAaIfOBaHHS  TpHrepa:
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mocaimoBanii  (Sequential) Tta Ha ocHOBI IH(poBOro aBTOMaTa
(State-based).

MocainoBHMIT MexaHi3M CrpalltOBaHHS TpHUrepa mnependavae,
0 JIOTIYHUA  aHali3aTop TOCTIIOBHO pPO3PaxOBYE  YMOBHU
crpairoBanus tpurepa — Trigger Conditions. SIkimo BHKOHYETHCS
nepiia yMoBa, TO PO3paxoByeThes Ipyra. Komu BoHa BUKOHYETBCS —
JOTIYHMI aHANI3aTOp MEPEeXOaUTh A0 HAacTymHOi. | Tak 1o Toro gacy
NOKM He OyJne BHKOHaHA OCTaHHS yMOBAa CIIPAIfOBaHHS TpUTepa.
Toni Oyne BukoHaHuil 3anmc 1m0 Oydepa. MakcuManbHa KUIbKICTh
YMOB CHpAIfOBaHHS — JECATh 1 MOXJIHMBA po0OTa SIK 3 OCHOBHUMH
(Basic) ta i 3 posmmpennmu (Advanced) ymMoBaMu CIparfoBaHHS
TpHrepa.

IcHye pi3HHUIS MK pOOOTOI MOCHIIOBHOIO MEXaHI3My IMpHU
po0OTi 3 HUKIIYHUM Ta cerMeHToBaHWUM Oydepamu. IIpu poboTi 3
OUKITiYEIM ~ Oydepom micnms  3amucy iHdopmarii mo Oydepa
BUKOHYEThCS TIEpEXiJi [0 aHamily mepmoi YMOBH 1 mpoiec
MTOBTOPIOEThCS 3HOBY. llpm poboTi 3 cermeHToBaHUM Oydepom
YMOBH CHpAIfOBaHHS TaKOX aHAI3yIOThCA MOCIIZIOBHO, OJHA 3a
onHO0. Komnu s BUKOHYETHCS OCTAaHHS yMOBA BUKOHYETBCS 3aITUC JI0
nepuioro cermenra. Ilicis mporo mepexojay J0 TEpIIoi YMOBH HE
BiZIOYBA€THCS, @ aHATI3YEThCSI OCTaHHA yMOBa cripaifoBaHHs. Komu
BOHA 3HOBY BHKOHYETBCSI POOUTBCS 3amKc JO APYrOro CETMEHTY
Oydepa. I Tak BiIOyBa€eThCs 10 THX Mip, TIOKUA He Oyne 3allOBHEHUM
BeCch cerMeHToBaHWi Oydep. Tinbku MiCHS HHOTO BigOYyBa€ThCS
MepexiJi 10 aHaji3y MepIIoi yMOBHU CIIPAIFOBAHHS.

MexaHi3M cnpanioBaHHsA TpUrepa Ha OCHOBi uHudpoBoro
aBTOMATAa JIa€ MOXIIMBICTh TIOBHOTO KOHTPOJIO HAaJl 3alrcoM
iHpopmanii mo Oydepa. Hns peamizamii  1mi€el  MOMKIMBOCTI
CTBOpPIO€EThCs 10 20 cTaHiB MUPPOBOTO aBTOMATA, Mi/I KEPIBHUIITBOM
SKOTO 1 BUKOHYEThCA 3amuc Jo Oydepa. Y KOKHOMY 31 CTaHiB
IU(ppPOBOro aBTOMaTa PO3PaxOBYETHCS OAHA aboO JEKiTbKa YMOB
CHpAlfOBaHHS TpUTepa, NEpeBIpSETbCS 3HAUYEHHS JiunmibHUKa. Ha
OCHOBI IIMX JaHWUX (OPMYETHCS TaONUI TMEPexoiiB MU(POBOTO
aBTOoMara. Y LMKIiuHOMY Oydepi oaMH 31 cTaHiB, 3a3BUYail L€
OCTaHHIN CTaH, MiCIS BUKOHAHHS HEOOXIJHUX YMOB 3aITyCKa€ 3aIiuc
y Oydep. Jus cermentroBaHoro Oydepa Oyab-sSKUH CTaH MOXKE
3anucyBaty iH(OpMAIIio 10 CerMeHTY Oydepa.
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[Ipu BuOOpi y ciMcKy yMOB TpUTEpa MEXaHI3MY CIpPAIlfOBaHHS
TpHUrepa Ha OCHOBI IM(POBOTO aBTOMATa 3’ ABJISIETHCSI HOBA 3aKJIaAKa
State-Based Trigger Flow, y skiit Bu3HauaeThest KiTBKICTh CTaHIB
r(pOBOTO aBTOMATA, MPATOPIIB Ta JIYMIFHUKIB. YMOBH MEPEXOLY
JI0 HACTYITHOTO CTaHy OMUCYIOTHCS 32 JOMTOMOTOI0 CIEIiaTbHOT MOBU
ommcy udposux apromaris (Trigger Flow Description Language).
[lpuxmang moOymoBaHOro MUGPOBOTO aBTOMAaTa /s KOHTPOIO
3anmcy 1o Oydepa mokazaHuit Ha pUCYHKY 5.78.

State Diagram

State Machine: No errors. Resources:
Number of statess  [2 =] Display mode: | One window per state Fage | AOMOMIKHI pecypc:
Current state: i el HPGI'IODLLI,
Susi:STl - AMMABHIKM;
f [ condition] &b c1 == 0
beain - NAPGMETPM
< KOHCDIrypYyBAHHS.
: end =
STI: :‘F i [ condi Counters: 2
Jse i icondtion! _‘_ =0} Name | Width | Initial vahue | Curre
ST2: goto ST, cl g o
2 a8 o
State 2 572 LLMCprBOrO
- < >
[ condition3 & c:
Jelelee begin QBTOMATA
LMdppOBOro star_store Configursble ot runtims
ABTOMATA [™ Goto stale destinations
™ Comparison values

™ Comparison operators
I Logical operators

< >
[B] Data | [l Setup | 5] Advanced Tiiggei 2 | 7] State-Based Trigger Flow

Pucynox 5.78 — Hugposuii asgmomam ymog 3anucy oo 6yghepa

[Ticns BU3HAUEHHS BCIX YMOB POOOTH JIOTIYHOTO aHai3aTropa
CTBOPIOETHCS (haitm .Stp, SKUM aBTOMATHYHO I €IHYETHCS JIO
mpoekty. st poboTH JIOTIYHOTO aHami3aTopa HEOOXiJTHO BUKOHATH
MMOBHY KOMIIUIALII TNPOeKTy. B pesynbrari Oyae CTBOPEHO JBa
HoBHX 00’exTH: sld_signaltap Ta sld_hub, siki 3a6e3neuyroTh JIOTiKY

pobotu noriuHoro anamizaropa Ta iHTepdeiic 3 JTAG-mopTom
(pucyHnok 5.79).
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Entity

Cyclone |1l EF3C25F324CE
E----;ﬁ MemomnT ap E.EE
sld_hub:auto_hub

zld_signaltap:auto_signaltap_0

divider:inst
sirinstd

divider:instd

muxdxZind insts

_Hienarchy Files J & Design Units ]

Pucynox 5.79 — Mooyni noeiunoco ananizamopa 6 icpapxii npoexmy

[licns xomminmaAwii y 3BiTI MOXHa TMEPETJITHYTH CITHCOK
CUTHANIB, IO MWia €IHAHHI JO JOTIYHOTO aHamizaropa (PHUCYHOK
5.80). Bim 3maxomuthcs y myHkti Connection to In-System
Debugging Instance na cropinmi In-System Debugging mnanku
Analysis & Synthesis.

& Compilation Report - Connections to In-System De... |

[E 3 Compilation Repart Pl Connections to In-System Debugging Instance “auto_signaltap_0"
S8 Legalfitice Fatiion |Nefist Type [ Actual
S Fiow sunmary W Type Stehs fuame | Used Comection
SR Flow Settings 1§ divlE] B hesis | connected | Top P h i counterlpm_counter
S Flow Non-Def ault Global Settings 2 | dvig] pre-spnthesis | connected | Top postsynthesis | dividerinstiipm_counterlpm_counter_componenticntt
SR Flow Elepsed Time [3 | dividerinstlom_cou.. |pre-synihesis | comecled |Top | postsynthesis |dvidernsllam_counterlpm_counter_companentfent
g% Emf’:j“’”““ e pesnihesis | comecled | Top  postsynthesis | s Sltspnciam._
5 @Y Anclyls & Symthess [5 | am pesyrihesis | comnected |Top  postsynth L
S summary (6] ainl pesynihesis | comnected |Top | postsynthesis | sin altspnciam
@] settings [7 ] amn presyrihesis | comected |Top  postsynt X
SHEE Paralel Compilation (8 | a2 pre-spnthesis | connected | Top post-synth i altsyncram ¢
SER Source Flles Read [3 ] a2 pre-sprithesis | connected |Top [ h x
SHEE Resource Usage Summary 10] a3 presyrthesis | connested |Top | post-synth Y
SHEB Resource Utiization by Entity [11] a3 presyrihesis | connected | Top o e y
R RAM Sunmary EEET] resynthesis | connested |Top | postaynth g
&1 Optimization Resuks == -
4 @Y s Assgrments [13] a4 presynihesis | comedted [Top_p in altspnctam_
- )] Parameter Settings by Entity Instance [14] al presyrthesis | connected |Top | h L
+ & LPM Parameter Settings [15] alfl pre-synihesis | connected | Top p h i altsyncram_t
#- &5 Debug Settings Summary [16] qlél pre-sythesis | connected | Top P hi ) ¢
=& In-System Debugaing 17] qE] pre-synthesis | connected | Top postsynthe i altspnciam_
(SHER Connections to In-System Debugging Instance.  [78] q[7] pre-syrthesis | connected | Top B h L
(18] an presprihesis | connected |Top | postsynthy in Atspncram_

Pucynox 5.80 - Cnucox cuenanie, ujo nio ’eOnanmi 00 102iuno2o
ananizamopa

[IporpaMyBaHHS MPOEKTIB 3 JIOTIYHUM aHAII3aTOPOM HIYMM HE
BiJpi3HAETHCA Bif 3BMUaiiHoro mporpamyBanss [IJIIC, ske ommcane

B maparpadi 4.8.
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3anyck Ta po6oTa 3 JIOTiYHUM aHATI3aTOPOM.

Bci omeparii 3 mOriYHMM aHaTi3aTOPOM KOHTPOJIIOKOTHCS 32
JOTIOMOT'OI0 YOTHPHOX KHOIMOK Ha MaHesl iHCTPYMEHTIB TOJIOBHOTO
BiKHa JIOTIYHOTO aHajizaTopa (Tabmums 5.6).

Ha pucynkax 5.72 Ta 5.75 moka3zaHi miarpaM CHUTHAJIB, IO
Oynu oTpuMaHi 3 JoriuHoro anaiizaropa. Ilo ropusoHTanpHill Bici
HaBOJAATHCS HOMEpA BIAJIKIB CUTHANIB. Bimmik, Ha sskomy BimOymocs
cnpamtoBanHa Tpurepa Mae Homep 0. Ilomepemni maHi MaioTh
BiJ’€MHI HOMEpH, a HACTymHi — jgojaTHi. JliarpaMu MOXyTh OyTH
30epeskeHi y Burisiai Qaini pizHux dopmaris (.csv, .tbl, vwf, jpg,
bmp) 3a gormomororo menio File — Export (pucysok 5.81).

Export E|

Specify zettings for exporting SignalT ap Il waveform data

File harne: |Stl31

Export format: |Comma Separated Values - [*.csv] ﬂ

Clock signal: |divider:instllpm_c:ounter:Ipm_c:ounter_c:

Clock period: |1 3 =

(] 8 | Cancel |

Pucynox 5.81 — Jlianoe excnopmy oanux 3 102iuno2o ananizamopa

Kpim Toro, curHamum MoKHa NHEPEerNISIHYTH JaHi y BHUIJIAIL
TekcToBOro (aiimy. s 1poro HEoOXiIHO y KOHTEKCTHOMY MEHIO
miarpam obpatu mynkt Create SignalTap Il List File. TIpuknan
OTpHMaHOTO (aiija HaBeICHUH HIXKYE.

Signal Legend:

Key Signal Name
0 =q
1 = sin:inst3]|address

Data Table:
Signals-> 0 1
sample
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-64 0 192
-63 0 193
-62 0 194
-6l 0 195
-60 1 196
-59 1 197
-58 1 198
-57 2 199
-56 2 200
-55 3 201
-54 4 202
-53 5 203
Tabnuys 5.6 — Kuonku  ynpaeninus — J102i4HUM

aHanizamopom

Kuonka | Omuc dynkmii

3amyck 0OpaHOro eK3eMIULIpa JIOTIYHOTO aHallizaTopa.
PoGota mpomoBXKyeTbcs 0 THUX TMip, MOKH He Oyne
BUKOHAaHA YMOBa CHpAIfOBaHHs Tpurepa abo JOTiYHHH
aHaII3aTOp HE 3yIMUHUTHCS.

3amyck JIOTIYHOrO aHajizaTopa y peXHuMi MOBTOPY,
MOCTIHHO OHOBJIIOIOYH 1H()OPMAIIiI0 HA SKPaHI JUCILICS.

3ynMHKa JIOTIYHOTO  aHajmizaTopa 1  BioOpa)KeHHS
iHpopmalii Ha aucIiei.

3uuryBanHs iHpopmManii 3 Oydepa OO mHepcOHATBLHOTO
KOMIT'I0Tepa. BUKOPHCTOBYETHCS y TOMY BHITQJIKY, KOJIU
iHImi cmocobu 3unMTyBaHHS iHGopmanii 3 Oydepa He
CHPaIbOBYIOTb.

ITix

yac cBoe€i pobOotu y miano3i Instance Manager

BiIOOpaka€Tbcss  cTaTyC  OOpaHOro  €K3eMIUlsipa  JIOTIYHOTO
anamizatopa. [lepenik craTyciB nokasanuii y Tabuumi 5.7.
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Tabnuya 5.7 — Cmamycu ek3emMniapa J102i4HO20
auanizamopa
Cratyc 3HadeHHSs MOBIJOMIICHHS
Not Running Hema 3’e¢gmamus  JTAG  abo  me

niakmovyeHa Mikpocxema TUJIIC.

Ready to Acquire

3’eHaHHS BUKOHAHE, OYIKYEThCSA CTapT
aHajizaropa.

Waiting for trigger

AHamizaTop  3alymeHWi,  OYiKy€ThCS
YMOBHU CIIpallfOBaHHsA TpUTepa.

Acquiring  pre-trigger
data

OuikyeThCcsl 3amoBHEHHS Oydepa mnepen
MOJTI€I0 CIPAIIOBaHHS TpUTEpa.

Acquiring post trigger
data

YMoBa crpalfoBaHHs TpUTepa BHUKOHAHA,
3aKIHYY€EThCs 3alOBHEHHS Oydepa.

Offload acquired data

Ilepenatotecst mani 3 Oydepa no daiiny
norigaoro anamizatopa B [1K.
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