Hcnonas3oBanue npunoxxenus DESIm ¢ Verilog

B otoM yueGHOM mocoOWMH TIpencTaBieHO mpmiaokenne DESIM, koTopoe MOXHO HCHONB30BaTh IS
MOJICTUPOBAHUS CXEM, 3aJaHHbIX KomoM Ha s3bike Verilog. IMpunoxenne DESIM obceneunBaer epaguueckuil
unmepgeiic noavsosamens (GUI), npencrapnstonmii HeKoTopbie Bo3MoxkHOCTH Twiatel DE1-S0C. OH ciyxut
kak “front end” mis cumynsatopa ModelSim. C momorusro DESim GUI M0HO BBI3BIBATb KaK KOMAUASAMOP, TaK
u cumyrsmop ModelSim Verilog. Bxoxmbie manusie st cumynstopa ModelSim moparorcst HaxkaTem Ha
cootBercTByroniue anemeHTe GUI DESIM, koTOpsIil TakKe BBIBOAUT MOJNYYECHHBIC CUMYJISTOPOM PE3YIIbTATHI
Ha 0TOOpaKaroIie JIEMEHThI, UMEIOIINE BUJI TEX, YTO PacloiokKeHbl Ha peasbHoit utate DE1-SoC.

Copep:xanue:

* Hauaio pa6otst ¢ DESim

 Kommussinust 1 MojieipoBanue 06pasios npoektos DESIm
* MozenupoBaHue CXeMbl, BKIIOYAIOLIEH MOIYIIb TaMsITH

+ Cosnanue npoekra DESIm

+ Vcrpanenue npobiieM npu pabote ¢ npuinoxkernem DESIm

TpeGoBanus:

+ Kommsrotep ¢ OC Microsoft® Windows® (pexomennosannas sepcus: 10).
+ Xoporuiee pabouee 3HaHue s3bika Verilog.

+ ModelSim-Intel FPGA Starter Edition software, version 10.5b. Jlanroe I1O q0/mKkHO OBITH YCTAHOBJICHO
Ha KOMIbIOTEpe, ¢ KoToporo Oymer 3amyckatbess DESim software. Tpebyemoe ModelSim software
ABIAETCA YacThio Habopa macTpyMenToB CAIIP Quartus Prime, mpemocrasisiemoro kopnopanueii Intel®.
Bepcus 10.5b ModelSim npunaraercs k psiny Bepeuit Quartus software, sxirouas 18.0, 18.1, and 19.0.

» Bl J0/KHBI 3HATh, Kak Mcronb3oBath ModelSim® nns momenupoBanus xoma Verilog ¢ HOMOIIbIO
mecmbenua. JlaHHblil MaTepuan npejictasieH B pykooactee Using the ModelSim-Intel FPGA Simulator
with Verilog Testbenches.

* TIpunoxenue DESim. Uuctpykuuu mo 3arpy3ke u ycranoske DESim naxonstes B pykoBoactse Installing
the DESim Application, mroctynaom Ha caiire Intel FPGA Academic Program.

HauaJio padoTsl

3anycrute nporpammy DESIm, uro6sr otkpeits GUI, nokasaunsiii Ha Pucynke 1. B BepxHeit yactu nanenu
co000wenuli 10KHA 0TOOpaXKaThCsl CTpOKa ”. Eciii Takoro He MPOUCXOJIUT, @ BMECTO
9TOrO BBICBEUMBAETCs coobmenne Server setup failed, smaunt, DESim paGotaeT HEKOPPEKTHO, U €r0 CIIEAYET
3aKpbITh. B 3TOM ciydae oOpaTuTech K pa3jieny IO YCTpPaHEHHIO MpoOjeM Mpu paboTe ¢ MPHUIIOKEHHUEM,
PacIoI0KeHHBIM B KOHIIE JJAHHOTO PYKOBOJICTBA.

B mpaBoii wactu Pucynka 1 snementst LEDS MpencTaBisiOT co0OH KpacHble CBETOAMONbI LEDRg-g, KOTOpBIE
nmetorcs Ha mnate DE1-SoC. Tlepexmtoyarenu (Switches) COOTBETCTBYIOT MOJI3YHKOBBIM MEPEKITIOYATENSIM
SWg-o IUIATBl, KHONKU (Push Buttons) — KEY3-9, @ CEMUCEIrMEHTHbIE HUCIUIEM (Seven-segment
Displays) —HEX5, HEX4,..., HEX0. Taxke B rpagudeckoM HHTEp(delice ecTh HECKOIBKO JOMOTHUTEIBHBIX
0JIoKOB 3neMeHTOB: PS/2 Keyboard, Parallel Ports u VGA Display. /laHHbIE BO3MOXXHOCTH
DESim GUI e onuchIBaIOTCS B HACTOSIIIIEM PYKOBOJICTBE.

Paboueii exununiei nactpymenra DESIm ssisercst npoexm. [ o3nakomiieHus ¢ Bosmoxknoctssmu DESim GUI
CHaJayia OTKpOeM KaKoW-HHOyIp CymecTBYyIomuii npoekT. K mpumepy, Bo3pMEM MHOTOPa3psIIHBINA CyMMAaTop
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addern, xotopsrit mpuaraercs k DESim B kauectBe demoncmpayuonnozo npoekra. Beibepere koManay Open
Project (PucyHnok 1), 4TOOBI OTKPBITH JAMAJIOrOBOC OKHO, MOKa3aHHOe Ha PucyHke 2. 3aTem mepeiinure B
nanky demos, BelOepere NpoekT addern W HAXMHTE KHONKy | Select Folder |,

B DESim - ] X
Devices
Open Project Reset Signals
The server is running... ¥ LEDs
¥ Switches

9 8 76 543210

¥ Push Buttons

viviv v
3210

¥ Seven-segment Displays

» PS/2 Keyboard
» Parallel Ports

» VGA Display

< >

Pucynok 1: I'paduueckuii unrepdeiic DESim.

Select Folder X
« v 4 > This PC > Local Disk (C:) » DESim > demos > v (] Search demos
Organize ~ New folder - (2]
W This PC 2 Name Date modified Type Size
» 3D Objects accumulate 5/6/2021 4:44 PM File folder
= Desktop addern 5/6/2021 4:45 PM File folder
Documents counter 5/6/2C
displa:
4 Downloads play
GPIO
MU LED_HEX
= Pictures ps2_demo
& Videos vga_demo
2 9 Local Disk (C:)
Folder: | addern
Select Folder Cancel

Pucynok 2: OtkpsiTre mpoekTa addern.
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B okne npoBognanka Microsoft Windows Ha Pucynke 3 moxa3aHo comep)KUMOE IAlKH, B KOTOPOH HAXOTUTCS
npoekt addern. OHa COCTOMT M3 MamoK ¢ WUMEHaMH sim U tb, u daiimos Addern.v u top.v. Takxke Tam
pacronoxker ¢aitn Readme.txt, HO OH JHIIb COACPKUT AOKYMEHTALUIO U B JCHCTBUTEIFHOCTH HE SBILSICTCS
YacThi0 cHcTeMBI poekta DESIm.

v = | Addern - O X
Home Share View 0
€ v 1 « Local Disk (C) > DESim > demos > Addern > v [ D D Search Addern
%9 Local Disk (C) 2 Name : Date modified Type Size

i sim File folder
Intel tb £
intelFPGA & Addern.v V File 1KB
PerfLogs -| Readme.txt TXT File 1 KB
Program Files @ top.v File 1KB

Program Files (x86,

Python v
S5items 1item selected 301 bytes

Pucynox 3: TTanka addern.

®aiin Addern.v, npowutrocTpupoBaHHbiil Pucynkom 4, npezcrasisier coboit Verilog ko, Ha IpuMepe KOTOPOro
B JaHHOM pasJielic PyKOBOJACTBA OyzeT pa3oOpaH mporecc MoxenupoBanus. byxem ucnons3osare GUI DESIm
JUISL TTOJIaYX CHTHAIOB Ha BXoabl cymmaropa Cin, X u Y, a 3aTeM BBIBOJHUTH PE3YIbTAThI MOJICITHPOBAHUS,
noxydeHHsle s BeixomoB Sum u Cout, na cseroguonsl (LEDs). [lns ycTaHOBIEHUsI COOTBETCTBUSI MEXIY
MOPTAMH CyMMATOpa M CHTHAIAMH C caMoro rpaduueckoro uurepdeiica DESIM, Mbl uncmanyupyem Moxyis
Addern B gpyrom Verilog-moyie moa HazBanuem top. ITOT MOIysIb onpesesieH B (aiine tOp.V, mokasaHHOM Ha
Pucynke 5. Ero mopThl 3aiefiCTBYIOT Ha3BaHHs CHUTHAJIOB, KOTOpBIC HCHONB3YIOTCS B Verilog-momymsx
BEPXHEro ypoBHs uepapxuu (top-level), mpeaHasHaueHHBIX s 3arpy3kd Ha wiaty DE1-SoC. Oty Ha3BaHus
HOPTOB BKIIOWAIOT B cebss CLOCK 50, SW, KEY, HEXO, ... , HEX5, and LEDR. B mongyne Addern wsl, Ha
caMoM Jiene, 3aJefCTByeM TOJIBKO HEKOTOpBIE M3 HHX, a OCTANbHBIEC JK€ OCTABISIEM HETOAKIIOYEHHBIMHU (3TH
HEHCIIOJIb3yEeMbIE TTOPTHI BKIIOYEHBI B CIMCOK apryMEHTOB JIMIIb JUIS MPOCTOTHI COTJIIACOBAHHOCTH C APYTUMHU
JIeMOHCTpanHOHHBIME TTpoekTamu DESIm).

Moayns Addern uacranuupyercst B ctpoke 15 ¢aitna top.v ciaeayromnm o0bsBIeHAEM:

Addern Ul (SW[9], SW[3:0], Sw[7:4], LEDR[3:0], LEDR[4]);

JlanHoe 00BsABIICHHE TOAKIIOUAET nepekiouateas SWy k Bxoay mepeHoca cymmaropa Cin, a mepeximovaTesu
SW3-0 1 SW7-4 — k mHQOpMaOHHEIM BXonmaM X H Y cOOTBeTCTBeHHO. Brrxox Sum mojaximroueH k LEDRz-o, a
neperoc Cout — k LEDRa.

Jlns kommusisuu npoekra addern Beibepere B uaTepdeiice komanny Compile Testbench. OHa BBIIOJIHUT
nakemuwviti (aiin run_compile.bat, koropelii HaxoauTcs B manke sim mpoekrta addern. JlaHHBINM ITaKETHBIM
(aiin comepkut HeKoTOphie KomMauasl ModelSim, npuBenerHbIe HIDKE:

if exist work rmdir /S /Q work
vlib work

vlog ../tb/x.v
vliog ../*.v



[akerusiit ¢aiin BeimonHser komauay VIib, Bxomsryro B maker ModelSim software, gem cosnaer paBouymwo
nanky (crepsa yJaluB TaKOBYIO, €CJIM OHA YK€ CYIIECTBYET). 3aTeM IMaKETHBIM (aiiyl JBaXKIbl BBI3LIBAET
xomrmisirop ModelSim Verilog compiler, viog.

// A multi-bit adder
module Addern (Cin, X, Y, Sum, Cout);
parameter n = 4;
input Cin;
input [n-1:0] X, Y;
output [n-1:0] Sum;
output Cout;

assign {Cout, Sum} = X + Y + Cin;
endmodule

Pucynok 4: Jluctunr momysns addern.

1 module top (CLOCK 50, SW, KEY, LEDR, HEX0, HEX1, HEX2, HEX3, HEX4, HEXS5);
2

3 input CLOCK_50; // DE-series 50 MHz clock signal
4 input wire [9:0] SW; // DE-series switches

5 input wire [3:0] KEY; // DE-series pushbuttons

6 output wire [9:0] LEDR; // DE-series LEDs

7

8 output wire [6:0] HEXO; // DE-series HEX displays

9 output wire [6:0] HEX1;

10 output wire [6:0] HEX2;

11 output wire [6:0] HEX3;

12 output wire [6:0] HEX4;

13 output wire [6:0] HEX5;

14

15 Addern Ul (SW[9], SW[3:0], SW[7:4], LEDR[3:0], LEDRI[4]);

16

17 endmodule

Pucynok 5: JIuctuHr Moy top.

[lepBEIil BBI30OB KOMIMIATOpa, v1og . ./tb/*.v, KOMOIHIMpyeT UCXOAHBIH Kon Verilog B mamke tb mpoekra
addern. B sroii mamke XpaHHTCS mecmobeny TPOCKTa, ONMCAHHE KOTOPOro MPHBEICHO Jajee. BTOpoil BBI30B
vlog xommuiupyer ucxonHslid koja mnpoekta DESIm, koropeii Brimouaer ¢aiiner addern.v u top.v. Bce
coOO0IIEHHs, TOJNyYEHHBIE MPH BBINOJHEHMH run_compile.bat, oroGpaxkaroTcs B maHenw COOOLIEHUI
DESim GUI, kak mokasano Ha Pucynke 6.



B DESim = m} X

Devices

Open Project Compile Testbench || Start Simulation Reset Signals

The server is running... v LEDs
Project ‘Addern’ opened.

v Switches

9876 543210

¥ Push Buttons

vViVIVIv
3210

¥ Seven-segment Displays

» PS/2 Keyboard
» Parallel Ports

» VGA Display

Compilation successful

Pucynok 6: Coo01eHus, moy4eHHbIe IPH BBITOJIHEHUH run_compile.bat.

daiin TectOeHya s mpoekra addern, KOTOpslii KOMIMIMPYETCS KOMaHao0i v1iog .. /tb/*.v, Ha3bIBAETCS
tb.v u mokazan Ha Pucynke 7. [lyis ucnonb3oBanus nporpammbl DESIM HeT HEOOXOAMMOCTH M3MEHSTH (MM
Jlake M3y4aTh) OOJIBIIYIO YacTh 3TOTO KOJAA, HO JJIsI IMOJHOTHI KAPTUHBI MbI OMKUCHIBACM HEKOTOPYIO €ro YacTh
3nech. Kom TectOeHWa Ha pHCYHKE HMeEeT OOMIYI0 CTPYKTYPY, IO3BOJIIIONIYI0 HCIONB30BaTh €ro s
MOJICIIUPOBaHMS a0CONIOTHO Pa3HBIX Verilog-KoIoB, KOTOPEIE 3aTEM MOTYT OBITh MCIOJB30BAaHBI B Pa3IIMIHBIX
npoekrax DESim. CrnenoBarenbHo, He BECh KO JAHHOTO TecTOeHYa HeoOXxoauM st mpoekTa addern. B crpoxke
6 00BsBIIAETCA MOMYJIb TeCTOEHYA, KOTOPBIA HasbiBaeTcs th. Creaytolue cTpoKU Kojia OOBSIBISIFOT HEKOTOPbIE
CUTHAJIBI, KOTOPBIE UCTIONB3YIOTCS B TecTOeHYe. OOBSIBICHIE

initial $sim fpga (CLOCK_ 50, SW, KEY, LEDR, HEX, key action, scan_ code,
ps2 lock control, VGA X, VGA Y, VGA COLOR, plot, GPIO);

SIBJISIETCS YHUKAJIBbHBIM J1s1 TiporpamMbl DESIimM. OHo ucnions3yeT criermansayio ¢hyrakiuio ModelSim software,
KOTOpasi 00ecrevnBaeT CBA3b C MOJB30BaTENbCKOM (GyHkuuei (custom software function). B manHoM ciydae
noJib30BareNbekass QyHKIuUs sBisgercs dactbio 110 DESIM u naseiBaercs sim_fpga. Ona xpanutcs B (aiine
simfpga.vpi, xoTopsiii momKkeH OBITh BKJIOYWEH B Tanky sim kaxmoro DESIm mpoekra. I'paduueckuii
unrepdeiic DESIM ornpasiser/monydyaer 3Hadenus: curaanos B/u3 ModelSim gepes dynkuuio sim_fpga. Dra
Bo3MoxHOCTE M0odelSim u3BectHa kak npoyedypusiii unmepgetic Verilog (VPI).




‘timescale 1lns / 1ns
‘default_nettype none

// This testbench is designed to hide the details of using the VPI code

module tb();
reg CLOCK 50 = 0; // DE-series 50 MHz clock
reg [9:0] SW = 0; // DE-series SW switches
10 reg [3:0] KEY = 0; // DE-series pushbutton keys
11 wire [(8*6) -1:0] HEX; // HEX displays (six ports)
12 wire [9:0] LEDR; // DE-series LEDs
13
14 reg key action = 0;
15 reg [7:0] scan_code = 0;
16 wire [2:0] ps2 lock control;
17 B B
18 wire [7:0] VGA X; // "VGA" column
19 wire [6:0] VGA Y; // "VGA" row
20 wire [2:0] VGA COLOR; // "VGA pixel" colour (0-7)
21 wire plot; // "Pixel" is drawn when this is pulsed
22 wire [31:0] GPIO; // DE-series GPIO port
23
24 initial $sim fpga (CLOCK 50, SW, KEY, LEDR, HEX, key action, scan code,
25 ps2 lock control, VGA X, VGA Y, VGA COLOR, plot, GPIO);
26
27 wire [6:0] HEXO; // DE-series HEXO0 port
28 wire [6:0] HEX1; // DE-series HEX1 port
29 wire [6:0] HEX2; VA
30 wire [6:0] HEX3;
31 wire [6:0] HEX4;
32 wire [6:0] HEX5;
33
34 // create the 50 MHz clock signal
35 always #10
36 CLOCK 50 <= ~CLOCK 50;
37 h h
38 // connect the single HEX port on "sim fpga" to the six DE-series HEX ports
39 assign HEX[47:40] = {1'b0, HEXO0};
40 assign HEX[39:32] = {1'b0, HEX1};
41 assign HEX([31:24] = {1’b0, HEX2};
42 assign HEX([23:16] = {1’b0, HEX3};
43 assign HEX[15: 8] = {1'b0, HEX4};
44 assign HEX[ 7: 0] = {1’b0, HEX5};
45
46 top DUT (.CLOCK_50(CLOCK_50), .SW(SW), .LEDR(LEDR), .KEY(KEY), .HEXO (HEXO),
47 _HEX1 (HEX1), .HEX2 (HEX2), .HEX3(HEX3), .HEX4 (HEX4), .HEX5(HEX5));
48

49 endmodule

Pucynok 7: ®aiin tectOenya, th.v, as npoekra addern.

Crpoka 46 B konme TecTOeHYa MHCTaHUUpYeT Tectupyembid obbexT (DUT — design under test), xotopsrii
npejcTaBiser coboit Verilog-momyns nox HasBanuem tOp, mokasaHHbI Ha Pucydke 5. UTOObI BBINOJIHHUTH
TecTOeHY ¢ momomipio cumysaropa ModelSim, maxkmure Ha KomaHmy Start Simulation B GUI DESim.
Ora KOMaHJa 3aIycKaeT naxkemmuwiii (Gain run_sim.bat, koropelii HaxoguTcs B mmanke sim npoekra addern.
JlauHbI# TaKeTHBIN (aiin 3amyckaer vsim, cumymsitop ModelSim Verilog, ¢ momorbio KoMaH b

6



vsim -pli simfpga.vpi -Lf 220model -Lf altera mf ver -Lf verilog -c -do "run -all" tb

Apryment -pli jams mporpamMbl VSIM TOBOPHT €if CChUTaThCS Ha TMporpamMMHyro ¢yHkumwo Sim_fpga, kortopas
Obuta (paHee) ckoMmuminpoBaHa B ¢aiin Simpfga.vpi. Aprymentsl ¢ OykBo#t —L MOAKIIOYAIOT HEKOTOPHIC
oubnmorekn MmogenupoBanust mias [IJIMC Intel, xoTopsie MOTYT TOHAmEOOWTHCA CHMYJISATOpY. Hakowmerr,
OCTaNbHBIC apPryMEHTHI 3aMyCKAalOT MOJCIHUPOBAHWE JJIS MOJIYJNS BEPXHEro YPOBHS, KOTOPHIM sBisercs tb.
JIrobbie CcoOOIIeHMs, TONYYCHHBIC MPU BBIMOJHEHUH FUN_Sim.bat, otoOpaxkarorcsi B mMaHeIH COOOIICHUIT
rpaduueckoro unrepdeiica DESim, kak mokasano ua Pucymke 8.

Kak ynomunasnocs panee, npoekr addern Bxmoudaer B cebs daitn Readme.txt, KOTOpBIi ITOKYMEHTHPYET €ro
ucrnionb3oBanne. Cozepkanue (aiina mokaszaHo Ha Pucynke 9. Bbl MoKeTe clie[oBaTh MHCTPYKIUSIM B HEM,
9T00BI YBHUIETH, KaK B TPOCKTE HMCIIOIB3YIOTCS TIEPEKITIOUATENIl U CBETOANOMABI (KOHETHO, BBI Takke MOeTe
y3HATh 3TO, MPOCMOTPeB McxoaHbid ko Verilog). Ilpumep pesyibrata MOIENIUPOBAHKS MPOHJLIIOCTPUPOBAH
Pucynkom 8. On cootBeTcTByeT 3HaueHUsM mapamerpos Cin = 1, X = (0110), = (6)1o u Y = (1010), = (10)10.
Pesynprar cnoxkenusi paBen (10001); = (17)10 (Cout = 1, Sum = (0001);), urto oTOOpaxkaeTcs Ha
cetoguozax. [omnpoOyiite Mo-pa3HOMY BBICTAaBJIATH IEpeKitouarea SW ¥ MOHAGIoNalTe 3a pe3yyibTaTaMu,
otoOpakaeMbIMH Ha LEDsS.

B DESim = O X

Devices

Stop Simulation Reset Signals
v LEDs

¥ Switches

v Push Buttons

vivViviv
3210

v Seven-segment Displays

Compilation successful

fel -Lf altera_mf_ver -Lf verilog » PS/2 Keyboard
» Parallel Ports

» VGA Display

Pucynok 8: CooGiieHust, MoayYeHHbIC TIPH BBITIOMHEHUK Fun_sim.bat.

Ha atom pa36op npoekra-o6pasia addern moaxoanT K KOHILY.



To use this demo:

-- set a value, X, using SW[3:0]
-- set a value, Y, using SW[7:4]
-- set a carry-in, Cin, using SW[9]

The circuit produces the 5-bit Sum = X + Y + Cin,
which is displayed on LED[4:0]

Pucynok 9: ®aiin Readme.txt s mpoekra addern

MOHeﬂﬂpOBaHlfle MoCJie10BaTeJbLCTHOM CXeMbI

Hpyroit mpoekt-obpasenr DESIm moj HazBanwem counter takke BkimodeH B manky DESIm  demos.
HUcnone3yiite komanay Open Project B GUI DESIm, 4Tto0bl OTKpbITH 3TOT MpoekT. Kak mokaszaHo Ha
Pucynke 10 B llposomuuke Microsoft Windows, comepsknmoe manku ¢GaiioBoi CHCTEMBI Il TOTO MPOEKTa
BBITJISAIUT TaK XKe, Kak u i mpoekTa addern (PucyHok 3), 3a HCKITIOUCHHEM TOJIBKO UMEHH (haiiiia HCXOIHOTO
Verilog-koma Counter.v. Ha Pucynke 11 mokaszano cogepxumoe daiina Counter.v. Ou npeacrasisier coboit 24-
OWTHBIA CYCTYHK C CHHXPOHHBIM cOpocoM. Ha3zBaHUS MOPTOB ISl 3TOTO MOIYJS COOTBETCTBYIOT Ha3BaHHSM
curnanoB mwiatel DE1-S0C: KEY ucnons3yercs st copoca, CLOCK_50 — mns takToBoro curHana, a LEDR —
s BeixonoB. ITockonbky LEDR — 310 10-OuTHBIN curHaim, a paccuuTan Ha 24 6urta, k LEDR monkmodeno
TOJIBKO MTOJIMHOXECTBO BEIXOJIOB CUCTUHKA (CaMbIe 3HAYNMEIE).

v = | CADESim\demos\counter - O X
Home Share View o
« v 1 > ThisPC > Local Disk (C:) > DESim > demos > counter v O Search counter
DESIim ) Name Date modified Type Size

Intel s
sim

intelFPGA tb File folde

intelFPGA_lite /@ Counterv V File 1KB
OneDriveTemp Readme.txt TXT File 1KB
Perflogs @ topv File 1 K8
Program Files

Program Files (x86. ,

5 items == | =

Pucynok 10: ITanka counter.

Kaxk onncano mis npoekra addern, moayns Counter nHcTaHUUpyeTcs B Apyrom monyse Verilog noa Ha3zBaHueM
top. Oror Moxyip oTpaxeH Ha Pucynke 12. OH aOconroTHO Takoi ke, Kak ¥ Ha PucyHKe 5, 32 MCKIIIOUCHHEM
TOTO, YTO CTpoKa 15 mHcTaHImpyeT Moaynb ¢ uMmenem Counter. Tlopr KEY[O] B Moayne top NOIKIIOYEH K
BX0Jly cOpoca cuerynka, CLOCK 50 — K €ro TakToBOoMy BX0Jy, a LEDR — K IOpPTY BBIXO/Ia CUETYHKA.

YT10OBI CKOMITHIIMPOBATH MPOESKT COUNter, B rpaduueckom unTepdeiice DESIM Haxxmute Ha koMaHay Compile
Testbench. Dra kOMaH/a BBIOIHACT nakemuwuli Gain run_compile.bat, kotopsliit Haxomutes B manke sim
poeKTa COUNter. DToT makeTHbINA (Gailil MICHTHYEH TOMY, KOTOPBI ObLT OmmcaH paHee [yt mpoekta addern.
daiin TecTOeHYa, KOTOPBIA KoMIMIHpyeTcst Garogaps run_compile.bat s npoexra counter, HaxoauTCs B €ro
namnke tb. Otot TectOeHy, th.v, naeHTHYeH ToMy, 4TO OBLT pHBeAcH Ha PucyHke 7.



module Counter (KEY, CLOCK 50, LEDR);

input [0:0]

KEY;

input CLOCK 50;
output [9:0] LEDR;
parameter n = 24;

reg

assign
assign

/7

[n-1:0] Count;
wire Clock, Resetn;

Resetn

Clock = CLOCK 50;
= KEY[O];

the counter

@ (posedge Clock)
== 1'Db0)

always
if (Resetn
Count <= 0;
else

// synchronous clear

Count <= Count + 1;

assign LEDR = Count[n-1:n-10];
endmodule

Pucynok 11: JIuctuHT MOy st 24-0MTHOTO CUETYHKA.

Yro6bl BBINOMHATH TECTOCHY Il MPOEKTa COUnter, HaxxMuTe Ha KoMaHay Start Simulation B
rpadpuyeckom uHTepdeiice DESIM. Dra komanma samyckaeT naxemuwviii (aiin run_sim.bat. O waeHTHUYEH
omucaHHOMY Juist mpoekTa addern u 3amyckaer cumysnsrtop Vsim Verilog.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17

module top (CLOCK 50, SW, KEY, LEDR, HEXO, HEX1, HEX2, HEX3, HEX4, HEXS5);

input CLOCK 50;
input wire [9:0] SW;
input wire [3:0] KEY;

output

output
output
output
output
output
output

wire

wire
wire
wire
wire
wire
wire

[9:0]

:0]
:0]
:0]
:0]
:0]
:0]

o OY O O)Y OY O

LEDR;

HEXO;
HEX1;
HEX2;
HEX3;
HEX4;
HEX5;

// DE-series
// DE-series
// DE-series
// DE-series

// DE-series

Counter Ul (KEY[O0], CLOCK 50, LEDR);

endmodule

50 MHz clock signal
switches
pushbuttons

LEDs

HEX displays

Pucynox 12: Top Moyub jjist mpoekTa counter.



B daitne Readme.txt ast mpoekTa cueTunKa yKa3hIBACTCS:

To use this demo, reset the circuit by pressing and releasing KEY[O].

B rpaduueckom untepdeiice DESim, korna Ha KHOMKaX CTOMT rano4yka, OHH yCTaHOBIICHBI B 3HaueHue 1. s
cOpoca menu cuerynka kiukHere Ha KHONKy KEYo omuH pa3, 4ToOBl CHadala ee HaXaTb (3TO yCTaHOBHT
COOTBETCTBYIONTNH CUTHAN U 3TON KHONKH B (), a 3aTeM KJIMKHETE Ha KHOIIKY eIlle pa3, YTOOHI ee OTKaTh. 24-
OWTHBIN CYETYMK HayHET pabOTaTh, U JECATH HanOojee 3HAaYMMBIX BHIXOJIOB CUCTYHMKA OyIyT BBIBOAMUTHCS HA
ceeroanonsl LEDs. CHUMOK 3KkpaHa rpaduueckoro watepdeiica DESIm Bo BpeMs MomenupoBaHus MpPOEKTa
cueTymKa npuseneH Ha Pucynke 13.

i DESim = O X

Devices

Stop Simulation Reset Signals

v LEDs

¥ Switches

958756, 504 R N0

¥ Push Buttons

vIvIVIY
3210%

v Seven-segment Displays

Compilation successful

\ DESirr

» PS/2 Keyboard
» Parallel Ports

» VGA Display

i att
Connected to the simulator

#Ti 7: 0.0007 si

Pucynox 13: MonenpoBaHue poekTa counter.
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MopaeaunpoBaHue cXeMbl, BKJIKYAKOLIEH MOAYJ/Ib NAMATH

B mamke DESim demos wHaxomutcs mpoekt moj Hasanuem display. Ou mokaseiBaer, kak komom Verilog
WHCTAHLIMPOBATh MOAYJIb MAMATH W KaK HMHMIMAIN3MPOBATH XPAaHMMOE B HEHW COAEPKUMOE BO BpeMs
Mozenuposanus DESim. Mcnone3syiite komanay Open Project, 4ToObl OTKPEITH 3TOT MpUMep npoekTa. Kak
MPOMLTIOCTpUpOBaHO Ha Pucynke 14, comepkumoe mamku (aijioBOM CHCTEMBI 3TOTO MPOEKTa MOXO0XE Ha
OpeIpIIyIHe, HO €CTh elle JBa JONMOJHUTENbHBIX (aiima: inst_mem.v wu inst_mem.mif. Dtu Qaiinsl
HCTIONB3YIOTCS TSl MOJYJISl TAMSATH B CXeMe, KOTOPBIH OyIeT OITicaH aaee.

] = | C\DESim\demos\display e O e
Home Share View o
« v 1 > ThisPC > Local Disk (C:) > DESim > demos > display > v O O Search display
DESim ~  Name Date modified Type Size
demos : fold
sim rile Tolae
demos - Copy b File folde
java #| Display.v V File 2KB
Lab_solutions @ inst_mem.mif AIF File 1 KB
Intel @ inst_mem.v V File 7KB
intelFPGA | Readme.txt TXT File 1KB
| top.v File 1KB

intelFPGA_lite

OneDriveTemp v

7 items ‘ :

Pucynox 14: TTamnka display.

Pucynok 15 otpaxaer Verilog-xoa mis Display.v, kotopsrii umeer moptsl ¢ Haszsanusmu KEY, SW, HEXO u
LEDR. Ha Pucynke 16a npuBeneHa Jiorndeckas cxema, COOTBETCTBYIOIIAsl JUCTUHTY Ha Pucynke 15. Cxema
COJICP)KUT CUETUYHK, KOTOPBIM HCIIOIB3YeTCS JUIl CUUTBIBAHHS COJAEPKHMMOTO IIOCIEJOBATEIbHBIX MECT B
naMsaTH. OTa mamsTh npexactasiser koabl B ¢opmare ASCIl myis HEKOTOphIX OYKB BEpXHEro M HHXKHETO
PErHCTPOB, KOTOPbIE IMOAAIOTCS Ha BXOA MOAyns Jemudparopa. CUETUUK W MOMYJIHM TaMSTH MMEIOT OOLIMiA
TaKTOBBIM CHTHaj, a CYETYUK HUMEET CHUHXPOHHBIM BXOJ OYHUCTKH. Kaxaplil crnemyromuil TakTOBBIM LUK
MIPOJBUTAET CUETUUK U cuuThIBaeT HOBBIN koA ASCII u3 mamsartu. ITockoabKy CUETUHK UMEET IUPUHY TpU OUTa,
CUYHTBIBAIOTCS TOJIBKO MEPBBIE BOCEMb MECT B IIAMATH (CTapline ABa OMTa ajgpeca MaMsaTH ycTaHoBieHH! B 00), u
oun obecneunBator koxael ASCIl mis 6yks A, b, C, d, E, F, g u h. lemudparop npuBoaut B AeicTBHE
COOTBETCTBYIOIINH KO/ I OTOOPaKeHMS KaXkKI0H OYKBBI HA CEMHUCEIMEHTHOM JIMCILIEE.

[MTamsTh, WCmOB3yeMas B JIOTHYECKOM cxeme, m3o0paxeHa B uyacté b Pucynka 16. Dto cuuxponHas 32x8
namsTh ToJbKO 11t uTeHus (ROM), koTopast mMeeT perucTp A XpaHeHHUs 3HaueHuH anpeca. [lamsaTs 3aaHa B
Gaiine iNst_mem.v, U WHHOHATU3HPYETCS CcOAepX UMbIM (aiina inst_mem.mif, KOTOpBI NPOHIFOCTPUPOBAH
Pucynkxom 17. OtoT daiin cogepxur koast ASCII uis Bocemu OykB, 0TOOpa)xcaeMbIX CXEMOH.
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module Display (KEY, SW, HEXO, LEDR);
input [0:0] KEY;
input [0:0] SW;
output reg [6:0] HEXO;
output [9:0] LEDR;

parameter A = 8’d65, b = 8/7d98, C = 8’/d67, d = 8'd100, E = 8’7d69,
F = 8’d70, g = 8’7d103, h = 87d104;

wire Resetn, Clock;

wire [2:0] Count;

wire [7:0] char;

assign Resetn = SW[O0];
assign Clock = KEY[O0];

count3 Ul (Resetn, Clock, Count);
inst mem U2 ({2’b0, Count}, Clock, char);
assign LEDR = {2'Db0, char};

always @ (*)
case (char)

HEXO = 7’b0001000;

HEX0O = 7’b0000011;

HEXO = 7'b1000110;

HEX0O = 7’b0100001;

HEX0O = 7’b0000110;

HEX0 = 7'b0001110;

HEX0 = 7’b0010000;
h: HEXO = 7'b0001011;
default HEX0 = 7’b1111111;

endcase
endmodule

Q M MHEo Q0

module count3 (Resetn, Clock, Q);
input Resetn, Clock;
output reg [2:0] Q;

always @ (posedge Clock)
if (Resetn == 0)
Q <= 3"b000;
else
Q <=Q + 1'bl;
endmodule

Pucynox 15: Verilog-kon qis npoexra display.
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Resetn
Clock

Counter Memory

00
7,
Q addr

data

Decoders

Address

a) cxema

char seg? —rt—n

32x8
ROM

b) momynp mamsiti

Pucynok 16: Cxema, npezacrasistonias npoekrt display.

DEPTH =32;

WIDTH =

8;

ADDRESS_RADIX = HEX;
DATA_RADIX = DEC,;
CONTENT

BEGIN
00
01
02
03
04
05
06
07

END;

. 65;
. 98;
1 67;
. 100;
1 69;
1 70;
1 103;
: 104,

% A %
%b %
% C %
%d %
% E %
% F %
%g %
%h %

Pucynoxk 17: ®@aitn nauimanu3anuu namsta inst_mem.mif.
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Yto0s! cxommunupoBars npoekT display, B rpadudeckom unTepdeiice DESIM naxmure xomanay Compile
Testbench. Dta kOMaH/a BBIIOIHIET CKpHUOT Fun_compile.bat mpoekra, KOTOPBI HAXOMUTCS B €rO MAMKe S im.
OTOT MaKeTHHIN (ailsl MoKa3aH HIKe:

1 if exist ..\inst mem.mif (
2 copy /Y ..\inst mem.mif
3 )

4 if exist ..\inst mem bb.v (
5 del ..\inst mem bb.v

6 )

7 if exist work rmdir /S /Q work
8

9 vlib work

10 vliog ../th/*.v

11 vliog ../*.v

Crpoku 1-3 ucnonb3yroTcest s KonupoBaHus (aiina uHUIpanu3anuy namMsaty inst_mem.mif u3 manku npoekra
display B manky sim. 9o menaercs mo aByMm npuuutam: 1. ModelSim tpeGyer, 4ToObI (aiin HaxoAMUICS B ANKe
sim ams TpaBWIBHON WHHUIMANM3AMK MOAYIS MAMATH BO BpeMs MojenupoBanus, u 2. Ecnu daiin u3meHeH B
nanke display, TO MPH 3aMycke MOJCIMPOBAHUS BCeraa OyAeT MCIONB30BAThCS MOCTCAHSS Bepcusl Qaiina.
Crpoku 4-6 ynansiot daitn inst_mem_bb.mif, koTopsiii nHOrAA acCOMUUPYETCS ¢ MOIYJIEM HMAMSATH; €CIIH OBl OH
MPUCYTCTBOBAI, TO BbI3Ba Obl omubky ModelSim. OcranbHast yacTh nakeTHOTO (haiiiaa, KOTOPbIH KOMITUIUPYET
Verilog-kon, Takas xe, KaKk U JJs paHee OMUCaHHBIX nmpoekToB DESIimM.

@aiin testbench th.v, koTopsrit kKommuupyercs Gmaromapst run_compile.bat amst mpoekra display, uaenruueH
TOMY, KOTOPBIH MCIONB3yeTcs s mpoekta addern u 6bu1 mokaszad Ha Pucynke 7. UTOOBI BBIIOIHUTE TECTOSHY
st mpoekra display, maxmure Ha Start Simulation. Ero ckpunt run_sim.bat umeHTHYeH CKpHITY,
UCIIONb3yeMOMY Jutsl ipoekToB addern u counter.

®aiin Readme.txt s npoekra display mokaszan Ha Pucynke 18. Bbl MoXeTe ClieIoBaTh €ro HHCTPYKIUSAM ISt
CUNTBHIBAHUS MTOCIIEAOBATEILHBIX MECT MAMSTH M OTOOpa’KeHUSI COOTBETCTBYIONIMX CUMBOJIOB Ha HEXO. [Ipumep
pe3yJsbTaTa MOJEIMPOBAHMS TI0CTE TIEPBOTO cOpPOCca CXEMBI M OCIIEIYIONIETO CO3/1aHUs HECKOIBKUX TaKTOBBIX
CHTHAJIOB ¢ TIOMOIIIBI0 KEY [0] oTpaxkeH Ha Pucynke 19.

To use this demo:

—-— The clock input is created by toggling KEY[O]
-- The active-low synchronous reset input is SW[O0]

The circuit displays "characters" stored in a ROM on HEXO.
To use the circuit:

1. Set SW[0O] to 0 to allow the circuit to be reset
2. pulse KEY[0] down/up to make a clock cycle
-- the character 'A’, the first character stored
in the ROM should be displayed on HEXO
3. Set SW[0] to 1 so that the reset is not active
4. pulse KEY[0] down/up to make a clock cycle
5. pulse KEY[0] down/up to make a clock cycle
-- HEX0 should now show ’'b’, the next character
stored in the ROM
6. pulse KEY[0] down/up to make a clock cycle
-- HEX0 should now show ’C’, the next character
stored in the ROM
7. etc (there are eight characters stored in the ROM)

Pucynox 18: ®aiin Readme.txt mist mpoekra display.
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B DESim = O X

Devices

Stop Simulation Reset Signals

v LEDs

¥ Switches

v
L e e )

v Push Buttons

vIVIV
3210%

v Seven-segment Displays

» PS/2 Keyboard
» Parallel Ports

» VGA Display

Connected to the simulator

# Time scaling: 0.0001 sim seconds per real-time secon

Pucynox 19: Mozaenuposanue npoekra display.

Hacrpoiika npoexkTa DESIm

IpocToii criocob co3aaThk cBoi coOCTBeHHbIIT poekT DESIM — ncrnosnp30BaTh 0JMH U3 MPUMEPOB MPOEKTOB B
nanke DESIM demos B kayecTBe OCHOBBHI. BbI JOMKHBI BHIOpAaTh KOHKPETHBIH demo IPOEKT, OPHEHTHUPYACH Ha
ero ocobennocT. Hanpumep, ecnu Bai mpoekT BKIIIoUaeT MOAYJIb TaMSTH, TO MOJKHO Ha4aTh ¢ KOITUH MPOEKTa
display. Ecin xe mMonyne mamsata He TpeOyeTcs, TO MOXKHO HAuyaTh C KOIHH JIFOOOTO M3 JIPYIHX HPOCKTOB.
BrobaBok, crouT cienuth, 4TOOBI B "top"-Momyse MpoeKkTa MPHCYTCTBOBAIM Bce HyXHBIe Bam moptel. Bce
MPUMEpPHI IPOEKTOB, ONMCAHHBIE B JAHHOM JIOKYMEHTE, UCIIOJI3YIOT OJIMHAKOBBIH HA0Op MOPTOB B CBOMX LOP
MOJYJISIX, HO B HEKOTOPBIX JIPyTUX demo NPOeKTaxX HUCIOJIb3yeMbIe TOPTHl MOTYT UMETh HEKOTOPBIE OTIIHYHSI.

B3s1B 32 0CHOBY IOAXOASIINI MPOEKT U3 MAaNKK demos, CKOIUPYHTE ero coiep>kKUMOe B HOBYIO ITallKy Ha CBOEM
IIK. Hanpumep, MOKHO czenath konuio namku demos\display | Ha3BaTh HOBYIO manky my folder.
3arem B manke my folder HyxHO Oyner 3ameHuts (aiin Display.v Ha coOCTBeHHEIN (aill ¢ MCXOJHBIM
KOJIOM, CKaxkeM MYy_source.v. Jlanee Bam npejcrout usmenuts ¢aiin top.v B manke my folder Tak, 4ToOBl OH
uHCTaHIMpoBan Bam Verilog-moayns, ckaxem my_module (koTopblii Oyaet HaXoAUThCs B (aidie My_SOUrce.v).
Iocne 3Toro mojKiIOUUTE CUrHajbl B (Qaitne top.v, Takue xkak CLOCK 50, KEY M T.JA., K IOpTaM MOAYJs
my_module, kak Toro Tpedyer Bam kox. Ecnu kakue-To moptsl, HeoOxoaumsie 1uisi my_module, oTcyTcTByIOT B
MoJyIe top, To cieayeT MCIOIb30BaTh APYrod NMpHMEp MPOEKTa U3 Mankd demos, KOTOPhIH Bce-Taku Oyner
MMETh HEOOXOMMEBIE TIOPTHI B CBOEM MOyJe top.

He tpebyercs BHOCUTb HUKAKuX M3MeHeHUH B (ailnbl mamox sim wunu tb id HoBoro mpoekta B my folder.
Temnepb Bol MOkeTe OTKPBITH CBOM HOBBIH TpoekT B DESIM 1 mprcTynuTh K €ro KOMITHIISIIIHK/MO/ICTHPOBAHHSL.
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Ycrpanenue npodsem npu padore ¢ npuiioxkenuem DESIm

B aToM pazznere paccMaTpHBalOTCsl HEKOTOPbIE HOTEHIATIBHBIE ITPOOJIEMBI, KOTOPBIE MOTYT BO3HUKHYTh MU
HCIIONIB30BAHMH TIPOTpaMMHOTO obecniedennss DESIm, u mpeyiararoTest Ux pemeHusl.

1. Tlocne 3amycka mporpammuoro odecrneuenusi DESim Bbl gomkHBI yBUIETH COOOLICHHE

” B BEpXHEH yacTH maHeiM cooOlueHui rpaduueckoro uHTepdeiica noap3onarensi. Eciu B
ero He BHAWTE, a BMECTO 3TOTO MOsBIsETCs coobinenue Server setup failed, snauur, mporpamMmmuoe
obecrieueHre DESIM paboTaeT HENMpaBWIIBHO M €r0 CIEAYET 3aKPhITh. JTO MOXKET MPOU30HTH B TOM
ciydae, ecni Ber 3amyctrnn DESIm B emie omtom okwe. [Tporpamma DESImM He MokeT ObITh 3armmyrineHa

OoJee 0THOrO pa3a OJHOBPEMEHHO Ha Bamem xommsroTepe.

2. Ecnu Haxath Ha KoMaHay Compile Project B rpaduyeckoMm unTepdeiice DESIM, MoxHO yBUAETH
coobmenne 06 omubke tuma ‘Vlib’ is not recognized as an internal or external command’. Ota
ommbka o3HawyaeT, uto DESIM mombrtancs BemonHUTE mporpammy VIib, xortopast sBnsercss dacTpio
ModelSim software, Ho mporpamma Oblla He HalilcHa ONEPAI[MOHHOW cUcTeMOil. Takas ommnoOKa
BO3HHUKaeT, nubo ecmu mporpamma ModelSim He ycraHoBieHa Ha KOMIbIOTEpe, THOO €Cid OHa
YCTaHOBJICHa, HO He MOXeT ObITh HaiineHa. CylIecTBYIOT JBa Crioco0a pelieHHs BTOPOH YIOMSHYTOMH
npobiiembl: 1) MOXKHO OOHOBHTH INepeMeHHY0 okpyxenus Microsoft Windows Path Tak, 4To0bl OHa
BKJIIOYAJa pacloioxeHue mnporpamMmbl ModelSim, mwm 2) MOXHO SBHO YyKa3aThb pPaclOJOKCHUE
nporpammbel  ModelSim B maketHom (aiine, koroperii 3amyckaer DESIm. Dtor makerHsiit  (aiin
HasbiBaetcsi DESim_run.bat u Haxoautcs B mamke QaitnoBoil cuctemsl, rae ycranosieH DESIm. Drto
BTOpoe peuienne ucnoawsdyercs B cuctemax DESL u ECF. Ilostomy eciu Bbl cTolKHETECH C TaHHOU
omMOKOW Ha OJHOW M3 ITHX KOMIBIOTEPHBIX CHCTEM, yOeIUTeCh, 4TO BBl HCHONB3yeTe MPaBUIBHYIO
Bepcuto DESIm software; mist DESL u anst ECF ucnons3yrotes pasubie Bepcuu. OOpaTite BHUMAaHHUE,

4r0 BBl MOXETe OmpenennTh, Kakas CHCTeMa HCIONb3yeTcs, MOCMOTPeB Ha uMs aucka C:
KOMITBIOTEPE.

3. WMHorma mpu KOMITIJSIIIAKM HIIM MOJICIHPOBAHUM MpoekTa B mporpamme DESImM Ber Moxere yBHIETH
Npeaynpexaaioiee coodineHrne, B KoTopoM rooputcs, uto ModelSim ne moxer "pasbeauHuTh"
("unlink™) ¢aiin. Hampumep, ecnu Bam npoexkt DESim xpanutcs B manke C:\DESim\demos\addern, to

9TO COO6H.[CHI/I6 BBIBC/ICT:

** Warning: (vlog-31) Unable to unlink file "C:/DESim/demos/addern/sim/work/ lock'

JlaHHOE TpenyIpeKIeHUEe BO3HHKACT IO HEW3BECTHBIM NPUYMHAM M BBI3BAHO NPOOIEMaMH C CaMUM
ModelSim software (310 mpoucxoauT u TpH HemocpeacTBeHHOM ucnosbzoBanuu GUI ModelSim, a nHe
TONBKO mpu ucnoib3oBanuu DESIiM). Ecnu npoGiema ¢ "unlink” coxpanseTcsi (MHOTa OHA penraeTcs
aBTOMAaTHYECKH), TO PEIICHUEM sBIsieTcs TMOHCK B [IpoBonumke Microsoft Windows manku ¢aitnosoit

cucrembl C:\DESim\demos\addern\sim\work u yaanenus aiina ¢ umenem _lock Bpyunyio.
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