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Llenv padomeot:

M3ydeHne OCHOBHBIX 3TaloOB IMPOEKTHUPOBAHUSA HA NPHUMEPE NPOCTEHIIEH
KOMOHMHAIIMOHHOW CXEMBbI, BKJII0Uasi COOPKY ¥ KOMITHJISIIUIO.

3aoanue:

1) O3HaKOMHUTBCS C OCHOBHBIMH TOHSATHSIMH SI3bIKa OIMCAHMS AarIaparypsbl
System Verilog.

2) CocTaBUTh TAOJIUILy UCTHHHOCTH JJIs 331aHHBIX JIOTHYECKUX BBIPAYKCHHIA

YO=A; YI=AVB; Y2=A-B

3) Cosznmath cxeMy KOMOWHAITMOHHOM Jloruku B System Verilog.

4) TlpoBecTH CUMYJISIIHMIO JIJIS POBEPKH KOPPEKTHOCTH CO3JaHHOM CXEMBI IPH
BBIMTOJIHEHUH 33JaHHBIX JTOIMYCCKUX BBIPAKECHUIA.

Omuem 0ondicen cooepricamo:
® 11eJb pabOTHI;
® JCXOJHYIO CXeMy KOMOMHALIMOHHOMN JIOTHKHU;
® KO/ IMPOTPaMMBI B BUJI€ CKPUHIIIOTA,
® DBIIOPHI, IOJTYYEHHBIE BCIEICTBUE CUMYJISLUY;
® CJIeJIaHHBIC BBIBOBI O MOJTYUYCHHBIX pe3yjIbTaTax.
MeTtoauyeckune yKazaHus

1. Ocnosnvle nousamus sasvika onucanus annapamypor System Verilog,
Heo0xo0umble 07171 6bINOJIHEHUA J1AO0PAMOPHOIL padombl.

System Verilog - si3b1k onucanus UPOBBIX CXeM, IPeTHA3HAYCHHBIN KaK 15
OMMCAHMS TPOEKTA, TaK M JJIsi €ro MojeaupoBanus. JlocTaTouHO GOJIBIIIOE YKCIIO
orepaTopoB si3bika System Verilog He y4acTBYIOT HEMOCPEICTBEHHO B CHHTE3E, a
MpeTHa3HAYCHBI JIUIIH JIJIST TECTUPOBAHUSI CO3/1aBAEMBIX ITU(DPOBBIX CXEM.

CymiecTByIOT JABa 0a30BBIX THNA JaHHBIX (MCTOYHMKOB CHIHAJIA),
UCTIONIB3YEMBIX B si3bIKe: Nets (cetw) u variables (mepemenHsbie):

o (Cemegoli mun OaHHHLIX TPEACTABISAET COO0M (U3UYECKOE COCTUHEHHUE MEXKITY
CTPYKTYpHBIMH OOBekTamMu. OHU MepeHOCIT WH(OPMAIUIO, HE TIPOU3BOIS HAJl
Hell HUKaKWX BBIYMCICHUHN, UX Ha3HAYCHHUE HEJb3sI IOMEHSATh BO BpeMs PabOThI
1IM(POBOTO YCTPOMCTRA.

Haubosee pacrnpocTpaHEHHBIM THIIOM CETEBBIX JAaHHBIX SIBIIAECTCS Wire
(mpoBoAHHUK). 3HaUeHHE Wire — 3T0 (DYHKIIUS TOTO, YTO MPUCOCTUHEHO K HEMY.
[IpoBomHYKM, mTepenarone HECKOJbKO OWTOB WHGOpPMAINK, HA3bIBAIOTCS
“mmHa”. KonMmuecTBO MPOBOJHUKOB B IMWHE OMPEAENSETCS JIOOBIMU JIBYMS
LEIbIMUA YUCIIaMH, Pa3/IeIEHHBIMU IBOETOYMEM BHYTPU KBAAPATHBIX CKOOOK.

o [lepemennviti mun OanHblx OOBIYHO MpENCTaBISET coOOW yacTh mamsaTu. OH
XpaHUT MPUCBOEHHOE €My 3HAueHue 10 ciedyrollero npucBoenus. Haubonee
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pacrnpocTpaHEHHBIMU TUITAMH ITEPEMEHHBIX JaHHBIX SABJISIOTCS eg (mepeMeHHas,
KOTOpasi MOXET COXpaHsATh CBOE 3HaueHue), parameter (koncranrta), integer
(memmoe umciio), time (Bpems).

CTpykTypa npoexra (IporpamMmmsl):

e OcHoBHOM enuHuIEeH sA3bika System Verilog sBisieTcss MOAyJb, KOTOPBIH
HAaYMHAETCS KI04YeBEIM ciioBoM Module u 3akanuuBaercs ciosom endmodule.
3a kimoueBbIM ciioBoM Module ciemyeT Ha3BaHHE MPOEKTa, 3a KOTOPHIM B
KPYIJIBIX CKOOKaxX CeayeT CIMCOK MOPTOB MOIyJist: INPut (BXomHbIe) U Output
(BBIXOJIHBIC).

[TopTel OBIBAIOT TpeX TUIIOB INPUt — BXOMBI, OUtPUt —BBIXOABI, INOUt —
JIBYHAIIpaBJIeHHbIC. BX0abpl M JByHanpaBiCHHbIE MOPTHI JOHKHBI UMETh THII
Wire, a BBIXOBI MOTYT OBITH Kak Wire, Tak u reg.

e Ecnm nns ommcaHust mpoeKTa TPEOYIOTCS AOMOTHUTEIBHBIEC TIEPEMEHHBIC, OHU
JOJDKHBI OBITH OOBSBIICHBI ITEPE]] MX MTEPBBIM HCTIOIB30BAHUEM.

IloOuTOBHBIE ONIEPATOPHI

HCIIOJIB3YIOTCA HJISA BBIIIOJIHCHUA onepaunﬁ HalJ
outamMu B ABOUMYHOM IIPCACTABJICHUU YUCCII

& nmodurosoe 1
| noburoBoe NJIN
N rnmoouToBoe uckiroyaromiee MJIN

~ MOOUTOBOE OTPUIIAHUE

<< MOOUTOBBIA CABUT BIIEBO

>> MOOHUTOBBIN CABUT BIPABO

e B s3pike System Verilog HeT MpuUBBIYHBIX OIEPATOPOB NMPHCBaWBAHMS, KaK B
A3bIKaX MPOrpaMMUpOBaHus. [Ipuceausanue 3Ha4eHull OCHOSHbIM MUNAM
Oannbix (Wire u reg) mMeeT pasIMyHyr0 npupoiay. [IpucBavBaHHe 3HAYCHUIA
IepeMEHHBIM  reJ Mmomo0HO  omeparopy INPHCBAaWBaHWSA B sI3BIKax
nporpammupoBanust. OqHaKo Wire nmpeaHasHaYeHbl IS COeTHHEHHUS JIEMEHTOB
IPOEKTA W AaCCOLUUHUPYIOTCS C DJIEKTPUYECKUMHU LEMSAMH, COEIMHSIONIMHE
BBIBOJIBI DJIEMEHTOB.

o Koncrpykmus assign: IlepemeHHas, KOTOpas OMNPEAEISIETCS C IMOMOIIBIO
KOHCTPYKIIMHU asSign, Jo/bkHa ObITh 0O0bBsBIIeHA Wire. 3HaucHHe Wire
BBIUUCIIACTCS K&Kl pa3 3aHOBO, KOTJa MEHSETCS XOTs Obl OJUH U3
OIEPaHIOB, BXOIAIIMX B MPaBYIO 4acTh KOHCTPYKIMH. B kauecTBe omepaHaoB
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MOTYT IPUMEHSATHCSI BEKTOPHBIC BeNMYMHBI. KOHCTpYyKIHs 8SSIgN OTHOCUTCS K
HENIPEPBIBHOMY HA3HAYEHHMIO, C HEW MOJKET IPUMEHSTHCA TOJIBKO OJIHO
BBIPAKEHHUE.

Konctpykumu assign oOecriedynBaeT HENPEPHIBHOE IPHCBAMBAHUE W HMEET
cienyromui popmar:

assign <uMs mepeMEeHHOI™> = <BBIYMCIICHHS, oniepaTtopsl Verilog>;

Hampumep:
assign result = opl + op2;

assign y= ~|data[1:0];

Bce omepaTopsl  HENmpephIBHOIO  HA3HA4YCHHWS  aSSiJN  BBIMOJHSIOTCS
napajuIesIbHO, asSigN MpUMEHSAETCS I MPOCKTUPOBAHUS KOMOMHAIIMOHHBIX YacTeH
YCTPOMCTBA.

2. Bvinonnenue nadopamopnoii padonvl
1) BBectu nporpamMmy TecTa, MPEACTABICHHYIO HA PHCYHKE 1.

[

module tes

initial
clk = @,
counter
end

#18 clk

gn key[@] { counter 3) | | (counter
n key[1] (counter )| | (counter

ogick easy logick (

key(key),
.led( out

)3
endmodule




Pucynoxk 1 - [Iporpamma Tecra (TecTOeHY)
[Iporpamma Tecta (puc.1) co3mana A BRITIOJHCHHS TAHHOM JTa00paTOpHOU
paboTHI B AUCTAHIIMOHHOM (hopMate . Daiiibl TOJDKHBI UIMETh pacmupenue (.SV).

2) Co3znmaTh KOMOWHAITMOHHYIO cXeMy (puc.2 )

NOT AND2

INPUT
pin_namel | — ———— OUTPUT .
- vee pin_name3
inst4

inst

OR2
’_
INPUT ¢ ‘D&D pin_name4
pin_name2 —
vee inst2
inst5
NOT

QUTPUT

{ > pin_name5

inst3

Pucynok 2 — Cxema KOMOMHAIIMOHHOM JIOTUKH

3) Coznath BepXHIOK 4YacTh Moy, Paiin o0s3arenbHO HasBaTh €asy logick c
pacipenuem .SV (puc. 3)

module

endmodule

PucyHok 3 - 3aBeJOMO BbIIaHHAS 4aCTh MOAYJIS

N300pa3nuTe KOMOMHAITMOHHYIO CXeMY Ha pHC.2 B 00JIaCTH, BBIICICHHOMN
KpPaCHBIM I[BETOM Ha PHUCYHKE 3.

5) Pa6ora ¢ ModelSim.



e [Ipu 3amycke mporpaMMbl Bac BCTPETUT OKHO

M IMPORTANT Information X
MeI'IIOI" im°® i
Mode|S| I Welcome to version 2020.1
A Siemens Business
This release uses the following licensing versions: =

FlexNet v11.16.4.0
Mentor Graphics Licensing MSL v2019_3 with
MGLS v9.22_3.1.0 and PCLS v9.22.3.1.0

s ok ke ok ok ok s ok ok e ok ok ok ok ok ok sk ok ok ok sk ok ok

Access comprehensive ModelSim documentation:
Select Help > ModelSim PDF Bookcase

LR R R R R EE R EEEEEEEEEEEEES.

=
- 2l
I~ Don't show this dialog again Seed anpstartio Jumpstart Close
e Haxumaem jumpstart
M Welcome to ModelSim X

Welcome to ModelSim

= Create a Project

ModelSim Projects contain simulation details like compile settings,
source files, or libraries. The Project Manager also lets you include
references to shared global files. Start here to create a new ModelSim
project.

= Open a Project
Your most recent project is opened when you start ModelSim. Start here
if vou'd like to open an older project.

Close

e Bribupaem co3aath MpoeKT, mpudeM Project name Moxet ObITh JIF0OBIM



ﬁ Create Project

Project Name

Project Location
C:/intelFPGA lite/20.1

Default Library Name
work

Copy Settings From
modelsim ase/modelsim.ini

Browse...

Browse... |

{* Copy Library Mappings (" Reference Library Mappings

DK Cancel

Project location MbI cTaBMM ManKy B KOTOPOH Y HAC JIS)KATh paHEe CO3TaHHBIC 2

¢aiina. OcranbHOE 0€3 U3MEHEHUN
e Brioupaem Add existing file

ﬁ Add items to the Project

] ]

Create New File Add Existing File

(Y] 3

Create Simulation Create New Folder

Click on the icon to add items of that type:

Close

e 3axas kHonky Ctrl BeiOupaem nHyxHbie Ham 2 (aiina

Mmn lata vamenenna

B work 07.11.202
E easy_logick.sv
B test bsv

07.11.2024 14:59
07.11.2024 14:34

Tun

Manka ¢ padnamm
Daiin "SV"
Daiin "SV"



e Jlanee, Korna Bl yBUIUTE BOT TAKyIO KAPTHHKY

M MIOQEISIM - INIEL FFUOA D IARIE

File Edit View Compile Simulate

LITIUN £UZU. 1

Compile=>compile all

Add Project Tools Layout Bookmarks Window Help
ER- KL IR SREERY ¥ A
tatl3-a- 8
Project - C: /Users/meine/Desktop/lab_for_distant_demo/213
TIName [smms lTvpe Order JMu:iﬁed
| test_b,sv ? SystemVeri... 1 11/07/2024 02:54:23 ...
j easy_logick.sv ? SystemVeri... 0 11/07/2024 02:59:02 ...

. ITocne yero Bel TOMKHBI YBUIETH BOT TaKy0 KAPTUHKY
File Edit View Compile Simulate Add Project Tools Layout Bookmarks Window Help
H-@WdoE S @E N
tatid-o 8
£¥| Project - C:/Users/meine /Desktop/lab_for_distant_demo/213
‘FJName \Stab..Ls lT'rpe Order lMudiﬁel:l
| test_b.sv -( SystemVeri... 1 11/07/202402:54:23 ...
j easy_logick.sv v SystemVeri... 0 11/07/2024 02:59:02 ...

B ciIy4dac, €CJid Bbl NOJYIHUJIN KPACHBIH KPECTHUK, a4 HC 3CJICHYIO I'aJIOUKY,

3HA4YUT B TOM, 4YTO BbI HAITKCaJIHu CCTh OIIMOKAa ¥ BaM CTOUT NEPECIpoOBEPUTH BCE.
AB clIy4dac, €CJId MOJIYIYCHHAd KAaPpTUHA COBIMAAACT, BbI JJOJIPKHbBI
BBIIIOJIHUTL CJICAYIOIINC HeﬁCTBHH:

e Simulate => start simulation

M Start Simulation

Design I VHDL ] Verilog ] Libraries ] SDF ] Others]

X

KIE|

TIName IType |Paﬂ1 ﬂ

:'—‘1 work Library C: Users meine /Desktop/lab_for_distant_demo/work
—;_] easy_lo... Module C: Users/meine /Desktop/lab_for_distant_demo/easy
l—_] test b Module C:/Users/meine Desktop/lab_for_distant_demo/test,

+ 220model  Library $MODEL_TECH/. . faltera/vhdl/220model

+-4ll] 220model_... Library $MODEL _TECH/.. /altera/verilog/220model

+- i) altera Library $MODEL_TECH/. ./alterajvhdl/altera

+-fli} altera_Insi... Library $MODEL_TECH/. . /altera/vhdfaltera_lnsim

ﬂ—‘[ altera_lnsi... Library $MODEL_TECH/. . /altera/verilog/altera_lnsim

-l altera_mf  Library $MODEL_TECH/. ./alterajvhdfaltera_mf

s+l altera_mf ... Library $MODEL_TECH/. ./altera/verilog/altera_mf ~|

A E o

Design Unit(s) Resolution

work.test_b default !’

T cancel

e Umem manky WOrk u aiin TectupoBanus => 0K



ﬁ ModelSim - INTEL FPGA STARTER EDITION 2020.1
file Edit View Compile Simulate Add Objeots Tools Layout Bookmarks Window Help
53 C& iRED 0-AEM B

et t-N | B 4 em [ oo pe S ALAGEL DG

Iowmﬂf IEEEZFVEE

3 sim - Default +H A x| ! Wave -Default ————————————
rsnce e \Des«snumw»e o= —
=+ test b test b
+ 3 easy_logick easy_logick Madule DUl\
& FALWAYS#14  test b Process -
o #ALWAYS#17  test b Process
o) #ASSIGN#21 test_b Process
o) FASSIGN#22 test_b Process -
- std std VIPackage Pack
[g #vsim_capadty# Capadity Stati

14 Objects -+ x)
r|Name |value k| 1€ B 10w 27 »
» ck 0 Regi... Internal
g counter 101 Pack... Internal
+ key 10 Net  Internal
+) 011 Net Internal

I Transcnpt

e Bawm HeoOXxoauMo BBI6paTB objects u HauaTh cumyJsuio B Simulation =>
run => run 100, nepen 3tum uzmeHuTs Bpems ¢ 100 go 300.

BbI 10/1KHBI YBUJIETH BOT TaKyI0 KAPTUHY

b A L
+) < counter J_ T T T 1D ([
= 0 T T 1)

|
A0 I D S

E iE Mow

e B cnyuae, ecjid moJ1ydeHbl IPYrHe 3MIOPbI, BaM CJIeIyeT TPOBECTU paboTy
HaJl OIINOKaMU.




KOHmPOJleble 60NPOCHL.

1. CtpykTypa MOAYJIs - ONKUCATh METOABI TOCTPOCHUS.
2. Kak 0003HauaroTcs TUIIBI JaHHBIX B s13bIke System Verilog?

3. [ToOuToBBIE OMEPATOPHI - ONMUCATH U MPUBECTH B IPUMED 3 IIIT.
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