YT1o Takoe JINC (FPGA)?

[iporpammupyeman Jlorn4yeckas
UHTerpanbHaa (Cxema
(Field Programmable Gate Array)

Mpodeccop MeneHTtbes O.I.



«MukKpocxemMa-KOHCTPYKTOP» — NOAYNPOBOAHUKOBbLIV KPUCTaIN C
LMPPOBLIMN KOMMOHEHTaMM 6€3 XKeCTKO 3aPUKCMPOBAHHbIX
MeTaNanyeckmnx coeagnHeHnn, GOpMUPYHOLLINX KOHKPETHYHO CXeMy.
CoeanHeHnamu B FPGA MoXHO ynpaBaaTb nyTemM 3aMbliKaHUA
TPaH3UCTOPHBbIX KAtOUeW, pa3sMeLLeHHbIX Ha TOM Xe KpucTtanne,

Jlornka pabotbl MNJINC onpegenseTca He N3roTOBUTENIEM
MUKPOCXEeMbI, @ NyTeM AOMNOJHUTEIbHOro NpPorpaMmmMmupoBaHmns (B
nonesbix ychoBusy, field-programmable) ¢ nomowbro cneymanbHbIX
CPeACTB: NPOrpaMmMaTopoB M NporpaMmMHOro obecneyeHums.

MpoekTt ana MNANC moxeT 6bITb pa3paboTaH B BUAE
APUHLMNNANBHOW CXEMbl AWM HAMMUCaH Ha A3blKax OMMCaHUA
annapatypsbl Tuna Verilog nan VHDL.

B ntobom cnyuae, n rpaduyeckoe n TeKCTOBOE ONMCaHMe NpoeKkTa
peannsyet ULMPpPOoBYHO INEKTPOHHYHO CXEMY, KOTOpPasa B KOHEUHOM
cuete byget «BcTpoeHa» B MNJINC.



ApxutekTtypa NJINC.

Mwnkpocxema MNJINC cocTounT us:

KOHbUrypmpyembix nornveckmx 610koB (6a30BbIX N1OrMUecKmx
3/1EMEHTOB), Peanm3yroLWmnx Tpebyemyro 1ornyeckyro GyHKLUHO;

NPOrpaMMMpyeMbIX SINEKTPOHHbIX CBA3EN MeXAY
KOHPUTYPUpPyeMbIMU NOTMYECKMMIN BaoKamu;

nporpaMmmmpyemMbix 6J10KOB BBOAA/BbIBOAA, 0becneumBatoLLmnx
CBA3b BHELIHEro BbIBOAA MUKPOCXEMbl C BHYTPEHHEN NOTUKOW.

B coBpemeHHbIx MJINC yacto 6bIBatoT BCTPOEHbI AONOJAHUTENBHO
610kn namatn, 6aokn DSP nan ymHoxxuntenn, PLL n gpyrue
KOMMOHEHTbI.



O606ueHHas cTpykTypa normyeckoro snemeHTa (LE) MJINC

B MNJINC B kKauecTBe NpOCTENLLEro JIOrMYeckoro 31eMeHTa
MCNONb3YHOT COeANHEHME NPOTrPaAMMNPYEMOro KOMOUHALMOHHOIO
ycTpounctea n D-Tpurrepa

[EOUT >

DATAR LT J

1 —
DATAC ——

L >

DATAA(B,C) — nornueckune Bxoabl, LEOUT Bbixoa,
CLK — BXxOZ, TaKTOBbIX MUMMY/IbCOB

D T Q




Ycrpouncteo LUT(Look up Table)

CnpaBo4Hada Tabanua nam Tabamua MCTUHHOCTY

MeTog peannsaumm
dOYHKUUN, B KOTOPOM
BblUMCNEHNE
3aMeHAeTCA MOUCKOM Mo
rotToBou Tabamnue
peLueHnn.

MeTtoa no3Bonser
peann3oBaTtb Nt06OYHO
NOrnyeckyro GyHKLMIO B
Buae namatn SRAM, rae
afipec — 3TO aprymeHT, a
COAEPXKUMOE AUENKUN —
3HaueHue.

LUT-Mask
SRAM wnwm
EEPROM

Y = AB + ABCD + ABCD




Ecan ot auenkn Tpebyetca paboTta B KauecTBe TONbKO
KOMOWHALWOHHOIO YCTPOWCTBA, TO BbIXOAHOW MY/IbTUMIEKCOP
KOMMYTUpPYeT BbIxos 3nemMeHTa LUT Ha BbIxog BCcen auenku,

€C/IN BbIXOA A0/KEH BbITb PErncTpoBbIM, TO curHan ¢ LUT
3allesIKuBaeTca No CUTHaNy CUHXPOHM3auuu B D-Tpurrep, Bbixo,
KOTOPOro yepes Mmyabtunaekcop coeamHsaerca ¢ LEOUT.

B NJANC gna koHpuUrypaumm ncrnonblyeTca ornepatmeHas

namate CRAM (Configuration RAM). 3ta namaTb pacnpegeneHa no
BCEMY KPUCTaANy, 3Ha4YeHus, 3anncaHHbIe B Hee, yrpasiaroT
BHYTPEHHUM KOMMYTALWOHHbIM NOAEM, onpesenasa CTPyKTypy
CUHTE3MPYEMOro LnppoBOro yCTpoucTaa

Ynpasasarowmm Bxog Myabtunaekcopa (Ha pucyHke He nokasaH)
NOAKNHOYEH K COOTBETCTBYHOLLEMY BUTY KOHOUTYPaALMOHHON NaMATY
CRAM.



MynbTunaekcopamm yrnpaBasOT CUTHA/bl BXOAHbIX MOPTOB A4
noctpoeHusa k-exogoson LUT (k-LUT), koTopas peanmsyet atobyto
nornyeckyro dyHkumto ns k nepemeHHblx, Tpebyetca 2k 6ut SRAM un
2k -1 MynbTMNIEKCOPOB

LUT — mask D AT AL DATADB DATAD

RO 0

R1 L

R2 Iil

R3 ouT
R4

RS L Ial

RB

=

=

=

EEAREAR

CRAM

R7 L 3-LUT

Takon noaxoa NoO3BOJAET 4OCTAaTOUYHO TOYHO CMPOrHO3MPOBAaTh
BpeMSA NPOXOXAEHNA CUTHaNa, U OHO He byaeT 3aBUCETb OT
peann3yeMmomn Normyeckon GyHKUmMm. ITa 0CObeHHOCTb genaet
BO3MOXXHbIM BPEMEHHOW aHa/IN3 CXeMbI.



CTpykTypa normdyeckoro snemeHTa (LE) c kaHanom nepeHoca

NID

LUT

[ DATAA™
[ DATAB:
[[DATAC

olnm| e

T A-LUT l

}LUT\ &

=1
|T:|:::I_‘:I 5 |
xEl =

Ana peannsaunu Bcex N3BECTHbIX TpUrrepos U cymmaTtopos B LE
nobaBasAtoT:

obpaTHyto cBf3b C Bbixoga D-Tpurrepa;

Bxog pa3pewwenmsa ENA ("Enable" — "Bkarountb")

BX0OZ acnHxpoHHoro cobpoca ACLR ("Asynchronous Clear" );

BX04, 1 Bbixos nepeHoca (CIN, COUT)

ENA >
| ACLR



HeTbipexpaspsaaHbii cymmMaTop
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[Mpun pa3paboTke 6a30BOM NOrMUECKON AYENKN peLLaNnCh ABe
3ajaum:

BO-TMepPBbIX, CUHTE3NPYEMbIE YCTPONCTBA A0KHbI 06/1a4aThb
MaKCMMaJibHbIM ObICTPOAENCTBUEM,

BO-BTOPbIX, MCMO/Ib30BaHNE PECYPCOB AOIKHO ObIThb, KAk MOXHO
6onee NOMHbBIM

[lononHeHne K cxeme, AaET BO3MOXKHOCTb UCMOJIb30BaThb
KOMBOMHALMOHHOE YCTPOUCTBO N TPUITEP 3/1EMEHTA pPa3feNbHO
A1 CUHTE3a He3aBUCUMbIX MOAYNEWN.

MynbTUNAeKCcop Ha BXoAe Tpurrepa no3BoauT BbibmpaTb
NCTOUHMK curHana: ambo c Bxoaa DATAC, nnbo c Bbixoaa LUT.

[loaBnsaeTCA BO3MOXHOCTb OpraHn30BaTb 4OMOJIHUTENbHbIV
KaHan coeguHeHuna Tpurrepos coceaHux LE ana ysennueHums
ObICTPOAENCTBMA NPN NOCTPOEHMN NOCAEAOBATENbHbIX
PerncTpos.



CTpykTypa nornyeckoro anemeHTa (LE) c
BO3MOXXHOCTbIO pa3geneHua LUT mn tpurrepa

CIN
REGIN

LUT D T @
DATAR ||
[ - 4-LUT i
[DATAC C en
o aclrn

1

{HEGDUIF+

“Cou

:

"

ACLR

jﬁ
2 1]

Bxoa REGIN v Bbixog REGOUT 06pa3ytoT BblAeNeHHbIN KaHan Ans
coeanHeHusa Tpurrepos, Bxoa SLOAD ("Synchronous Loading” —
"CUHXPOHHaA 3arpy3ka") ynpaBaseT BbIBOPOM NCTOYHMKA CUTHaNa
ANA BXOAa Tpurrepa.



JNlornyecknn snemeHT (LE) Cyclone IV

CIN
< REGIN

L Ip Q REGOUT >
[DATAA A 3
: 4 LUT _~ DATAIN
DATAB > gﬂ
aclrn
DATAC C

3-LUT
_1

DATAD > D A

COMBOUT

COMBOUT >

<COUT_§
<REGOUT]
CLK

[ ENA
ACLR >

[obasuaca curHan cnHxpoHHon oumctkm SCLR ("Synchronous Clear").
Ha Bxoge DATAC MynbTUNAEKCOP BbIOGMPaAET NCTOYHUK CUTHaNa,
6nrarogapsa uemy LUT moxeT peann3oBbiBaTb 10rM4eckyro GyHKLUIO
yeTblpex NepeMeHHbIX, KpOMe TOro, B KauecTBe nepeMeHHON MOXeT
ObITb MCNONb30BaH daar nepeHoca Uan BbIXoa COBCTBEHHOIO
Tpurrepa



BoixoaHble MynbTUnaekcopbl LE nmetot 6os1ee COXHYHO CTPYKTYpPY.

Jlornueckune anemenTbl LE 06beanHatoTcsa B nornyeckme 61okm LAB
(Logic array blocks).

B Cyclone IV kaxabin LAB cogep>xwur:

16 nornyeckmnx aueek;

CUrHanbl yripassieHusa LAB;

uenu ¢nara nepeHoca LE;

Lenun KackagHoro obveamHeHns perncTpos,;

Lenu NOKaJibHbIX COeANHEHNN,

Llenn nokasibHbIX COeAVHEHUN MepeaaroT CUrHaJjbl MexXxay auyenkamm
LE B ogHoM LAB.

Llenn obbegmHeHNA perncTpoB COeANHAKOT BbIXOA perncrtpa ogHoro
LE c BXOgamMn pernctpos npuaerarowmx ayeek LE.

Komnunnatop Quartus Il pasmeltaert cBa3aHHyo soruky 8 LAB nan B
cocegHux LAB, no3Bonga ncnosb3oBath JiOKajbHble Lenu CBA3U U
CBA3WN PErucTpoB A1 yBeanyeHna Npons3BoaNTE/IbHOCTU U
3PPEeKTMBHOCTU pasmMeLLeHus.



CtpykTtypa coegnHeHnn LAB B
KoMmmyTaunoHHom none MNJNC

= E — =—
L i MosansHBIE
1 L OMAP W PYT B
Fy _-—-"""‘\ el \ "y L CT po kA
LAB ™y LAB —CTONG L kI
i LE i LE
- LE LE
pAmMan ] —1 MpAaman
CBA3b C HERERE T H-U -E ann
CoceqHMM | [ [P TE | ‘):-< LE | gizz;ﬁmm
neeblnm LE LE npaegsim
gnoxom LAB LE LE anowom LAB
LE LE
e i ol LE
| LE LE
A LE '\ LE L
1 ___J-" — I""""""----- =
LE LE
PP LE LE
[ LE
LE LE
LE LE
=N B VI

e S K . 5
L] -
Te-—Lleny NokanbHbIX CosaMHeHnA
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Kaxxabin LE umeeT Tpu BbIxo4a, KOTOpble obecneumBatoT
coefnHeHne ¢ KoMMyTaumoHHbIM noaem MNJANC. 3tum
BbIXOAbl MOCTYNarOT Ha CTPOKN M CTONBOLbI TNOBaNbHbIX
COeMHNTEIbHbIX TPACC N HA MapLWpPYyTbl JOKaNbHbIX
COeINHEHUN.

Kak n B 6a3oBom nornyeckom anemeHte, LUT nam tpurrep
MOTYT He3aBMUCUMO YyNpPaBAATb 3STUMU BbIXOAAMMW.

Ana ynpaesneHusa scemu auenkamu LE B npegenax ogHoro
LAB ogHOBpEMEHHO, B Aornyecknm 610K BCTPOEHa
crneumanbHas 10rnka v BblaeneHbl 0Cobble AMHUN —
KaHanbl ynpasnaeHua. [1o Takum KaHanam
PaCNpOCTPaHAIOTCA WNPOKOBeLWaTeNbHble (B npesenax
oaHoro LAB) curHanbl ynpasaeHus.



ApXI/ITeKTypa NO3BOJIAET O4HOBPEMEHHO NUCMOJIb30BaTb 40 BOCbMU
ynpaBaarowmnx CUrHaaoB:

ABa TakToBbIX curHana (labclk1 v labclk?2);

ABa curHana paspewwenus (labclkenal v labclkena?);

ABa cMrHana acmHxpoHHoro cbpoca (labclr1 v labclr2);

CUTHaN CUHXPOHHOro cbpoca/oumnctkm (synclr);

CUIHaN CMHXPOHHOW 3arpy3kun (syncload).

CurHanbl CUHXPOHHOW 3arpy3kun n cbpoca ygobHo ncnonb3oBaTtb AN

CUHTE3a Pa3/IMYHbIX CHETHUNKOB N PETNCTPOB. DTN CUTHaNbI

OKa3blBatOT BO3AENCTBME Ha BCe Tpurrepbl LE B npeaenax ogHoro
LAB.



CTpyKTypa B3anmoaenctama LE c curHanamu ynpaBaeHus

REG IN

e e/ [Smsr—> SCLR
LAB v [ syncload > SR
OT yenw ; DATAB LE COMBOUT } ﬁ;ﬂ;&ﬁ;}ﬂ?ﬂn:y
NoKansHeX <,
coeguHenni | [ DATAC > cocegHel uenu

] + NOKanNbHBEX

|| DATAD > } coenuMHeH il

I - o _

{ [Tabakt Ny = S

| [Tabdkz s K yenm
Llenu ) il -t NOKANEH BIX
ynpaenedun ; [labdkenal h"‘"'- coeauHeH i
LAB < -

i, labdkena - [REGOUT

' [labdrl B [ couT >

i - .

\ [Tlabdrz  =>——+ o=

. labdr2 —— |-



Ytobbl B NJINC 3apaboTana Hy>kKHaA Ham umbpoBas
cxema HeobXoANMO CKOHPUTYpMpOoBaTb NMELOLLLNECH
normnyeckme 610kM COOTBETCTBYHOLWMM 06pa3om U
3anporpaMmMmMpoBaTb CBA3N MeXAY NOrMYeCcKNMM
6rokamwm.

Ana storo B [NJINNC nmerotca cneumanbHblie
KOHUrypmpyemble KOMMYTaTOPbI.

3BeCTHbI g4Be OCHOBHbIX MeToAMKN nocTpoeHus MNANC
NO TUMY apPXUTEKTYpPbl CBA3EU: OCTPOBHAasA U
nepapxmyeckasl.



OctposHasa MJINC -- koHUrypupyemble 6J10KN BCE PaBHbI MeXAY
coboun N HaxoAATCA, KaKk OCTPOBa B OKeaHe, MeXay y3/1amu
KOMMYTaUum U IMHNUAMUN CBA3N.

CB — Connection Box
n SB — Switch Box.

B cywHoCTK 31O
nporpamMmMupyemble
MYJ/IbTUNJIEKCOPHbI,
noAKAtoYvatowme ToT
nnan nHom CLB k
apyromy CLB uepes
LEenoykn NpoBoLOB B
MJINC.

J10 island-style FPGA
nan mesh-based
FPGA.

Channel
Width

(W)

- T
BESCBESSB

il

I/O Block - [}
D_

CB

3

vl

{ll

Configurable

SBIE

Logic Block

D_
(CLB) o

Ll

Ll

I

O0—

CB

Horizontal .

Routing Channel

:E;:

B2

Vertical Routing

“4—— (Channel
CB E]D

Switch Box
(SB)

0
CB[ 5

Connection

ey Ty Box
CBl_ &~

TuNn4yHBIN NpUMep Takux MnKpocxem — 310 cepum Altera Cyclone n Stratix.
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Nepapxunueckune MNJINC. 3pecb nget pacyer Ha TO, UTO B CXeMe BCerja
eCTb YUYaCTKN KOTOpble B3aUMOAEWNCTBYHIOT APYr C A4pyrom 6osee TecHo,
yeM C OTAaJIEHHbIMW MOAY/IAMWN NPOeKTa

— T

Hﬁ _{_ ;:H Level 3 % H 3_’.:}
3aecb 6anznexalume | pam I— ‘
CLB coeanHunTb EF =S
AOBOJIbHO NPOCTO, He : -
HY>XHO MHOTO X !

KOMMYTaTopoB " é—g - ,_T_H‘_\.r_é  —n é
nosyyatolmecs CBs3m / \ ,
paboTtatoT 6bICTpO. Vi

.
s

L

X
]
1T

&
|

1

1T

Ecnn Hy>ceH Bonee o7 ™

KpPYNHbIM 610K = mngee —— e —
BblUMCAIUTENEN, TO T‘T 4(% _rl‘ (:ﬁ
CUTHaN AONXKEH BbINTU ‘ |

Ha 6os1ee BbICOKUU o F -
YPOBEHb Mepapxum u ‘ '
NoTOM 3anTn Braybb B {:f—i
COCEAHIOK «KOMHATYy».

[
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T ]
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NMporpammHoe o6ecneueHue ana npoektmpoBaHua MNJINC.

[MporpammHoe obecneveHmne ana npoektnposanHusa MNJANC, a UMeHHO
KOMMOUAATOP (CMHTE3aTop ornku, duttep n accembnep)

KomMmnnnatop goskeH npoaHain3npoBaTtb NOAb30BaTEIbCKUN MPOEKT
(cxeMbl U TekcToBble onucaHua Ha Verilog HDL van VHDL ) n
creHepupoBaTtb HeTAKUCT. (netlist) — cnncok Bcex aneMeHTOB CXeMbI U
CBA3UN MeXAY HUMW.

Netlist gonkeH 6bITb ONTUMN3NPOBAH — AOTUYECKUE PYHKLNM HYXKHO
MUHUMM3NPOBATb, BO3MOXHbIE AYOAMPOBaHHbIE PErUCTPbI YAANAUTD.

3aTteM KOMMUAATOP AO/KEH BMECTUTb BCHO fornky m3 netlist B
nmerowytoca apxmtektypy MNANC. 3to pgenaet puttep (fitter). OH
pa3smMeLlaeT Normyeckme 3JieMeHTbl U BbINOJIHAET TPacCUPOBKY CBA3EN
Mexxay Humm (npouecc place and route).

CNIOXKHOCTb COCTOUT B TOM, YTO OAMH M TOT XK€ NPOEKT MOXeT bbITb
pa3mMeLleH B MNMJINC pa3HbiMu cnocobamm n 3Tnx cnocobos
MUJINOHBI. HEKOTOpOe pa3mMeLLeHme N TPacCMPOBKa OKa3bIBaKOTCA
nydule, Apyrue xyxe.



[NaBHbIN KPUTEPUN KayecTBa MoJIyYeHHOWN CUCTEMbI — MaKCMaJibHas
4acToTa, HA KOTOPOU CMOXeT paboTaTb NPOEKT NPU AaHHOM
pasMeLleHnn 31eMeHTOB 1 NMpu JaHHOU TpacCMPOBKe CBA3eN. 3aecb
OKa3blBaeT BANAHMNE AJMHA CBA3EN MEXAY N0rMYecKMMmn baokamm v
KOJINYECTBO NMporpaMmmMmpyemMbiXx KOMMYTaTOPOB MeXAy HUMW.

Komnunartop, 3Haa apxutektypy MNJIMC no pesyabtatam paboThbl
AOMNONHUTENbHO BblAaeT OTYET O BPeMeHW NPOXOXAEHNN CUTHAIOB
OT perncTpa 4o perucrpa. 1a nHbopmauma yacto 6biBaeT NOAE3HOM
ANa pa3paboTyumka BbICOKOMPOU3BOAUTENbHbBIX CUCTEM.

Pazpabotunk ana MNJANC nmeet BO3MOXHOCTb AaBaTb HEKOTOPbIE
COBETbl KOMMUIATOPY rAe, B KAKOM MecTe KpucTaana nydile
Pa3MecTUTb TOT NN MHOU MOAYJIb MPOEeKTa.

[MporpammHoe obecneyveHme komnaHum AnbTepa: Quartus Il.
MO Xilinx ana npoektuposanmsa ana MNJNC: ISE Suite, Vivaldo Design
Suite.



Komnunayma npoekta B Quartus

(h Quartus Prime Lite Edition - D:/Rabota_2022/3_Projects/reseiver_fm_analog/receiver_analog - receiver_analog

O

File Edit View Project Assignments Processing Tools Window Help Search altera.com |.
Dr’?g r D receiver_analog = ='€¢;'o,:’¢@}.(.£° @i‘i»ﬂ L
Project Navigator 4% Hierarchy o ng x & Compilation Report - receiver_analog 8 |IP Catalog og =
Qo sommry ] | =
Entity:Instance Logic Cel Table of Contents 1 Flow Summary [ § X =
y s i - .
% MAX 10: 10MS0SAE144CEGES B8 Flow summary & <<Filter>> v i installed 1P A
. ~y
» ® receiver_analog = 10055 (3) B Flow Settings Flow Status ¥ Project Directory
FR Flow Non-Default Global Settings Quartus Prime Version Mo Selection Available
B Flow Elapsed Time Revision Name ¥ Library
B= Flow 0S Summary Top-level Entity Name > Basic Functions
g > @ Flow Log Family > Dsp
Tasks Compilation ~ =g x| > B analysis & Synthesis Device > Interface Protocols
Task all > I Fitter Timing Models »  Memory Interfaces and Controllers
> [0 Assembler Total logic elements > Processors and Peripherals
v v P Compile Design )
> [0 Power Analyzer Total registers S University Prasram v
3 . )
v P Analysis & Synthesis . O Flow Messages Total pins . < >
- -
< > O Flow Suppressed Messages w||€ ¥ + Add.
x L. -
g |lan | A A (A |Y <<Filter>> | M rind.. | | Find Next
1
= || Type ID Message L]
> @ 332114 Report Metastability: Found & synchronizer chains.
@ 332102 pesign is not fully constrained for setup requirements
@ 332102 pesign is not fully constrained for hold requirements
> @ quartus Prime Timing analyzer was successful. 0 errors, 6 warnings
© 293000 quartus Prime Full compilation was successful. 0 errors, 40 warnings
> @ Running Quartus Prime Netlist viewers Preprocess
0 command: guartus_npp receiver_analog -c receiver_analog --netlist_type=sgate
1 18236 Number of processors has not been specified which may cause overloading on shared machines. Set the global assignment NUM_PARALLEL_PROCESSOF
> @ quartus Prime Netlist viewers Preprocess was successful. 0 errors, 1 warning
% L
mn | £ >
&
< | System (28) Processing (433)
100% 00:00:01
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OCHOBHbIe 3Tanbl pa3paboTky NpoToTNNa

Cneundunkauma. Pa3zpaboTKka TEXHUYECKOro 3a4aHunA
MaTtemaTniyeckoe moaesimpoBaHue
Pa3spaboTKa RTL gn3amHa (MMKpoapxntekTypa)
Pa3paboTka TectoBoro okpyxeHusa. Cumynauma. Bepmndumkauus.
CuHTtes: Komnunaums.
KoHourypauma MNJINC
UmnnemeHTauuAa B NpOoTOoTUN
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OCHOBHbIe 3Tanbl pa3paboTky NpoToTUNA

...................................

leHepatTOp

Mathcad, Matlab, Python

BEXOAHLIX CUrHANOoB

AnroputMsl LUOC,
KOAWPOBAaHKA,
LWKPPOBAHKA KU
NpoTOKONeEl 0OMeHa
OAHHBIMK

MaremaTH4YeCkoe MOAENUPOoBaHNE

dNropHTMa

»  AHANK3IETOD

BEpHPOUEAUMA AM3anHa

Pa3pafoTka TeCToBOro
OKPYHEHNA

PaspaboTka RTL
OW33NHa

Model Sim

System Verilog, VS Code,

.................................

I =

KomnunAayua, Fitter,
NPOoLUMEKA

—

1O o

OTnagodHanA nnata

MpoTOTHN CUCTEMBI

Quartus
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