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Ilenv padomeur.

M3ydeHnue 0CHOBHBIX TAlOB MPOSKTUPOBAHUS U TecTUpoBaHus Moy st B ModelSim
Ha MPUMEPE TBOMYHOTO CYETYHKA C PA3PEHICHUEM CUETA U M3MECHSIEMOM
Pa3psAAHOCTHIO.

3aoanue:

1) O3HaKOMHUTBCS C OCHOBHBIMH TOHSTHSIMH SI3bIKA OIMCAHUS anmapaTypsl System
Verilog.

2) Co3marh IO TEXHUYECKOMY 33/IaHUI0 CTAaHIAPTHBIA MOIYJIh cueTuynka module
counter_enbl ¢ HacTpanBaeMbIM MTApaMETPOM, CAETIATH JTUCTUHT MOTYJIS
MPOEKTa, OJArOTOBUTH COOTBETCTBYIOLIHA (hail.

TexHuueckoe 3a1aHUC.

parameter N - pa3psiiHOCTh CUETUHKA,;

Bxongr: Brixon:

clk - takToBBIi BXOI; N — pa3psigHas mMHA 3HAYCHUS
reset — copoc; CUETUHKA.

enable - pa3pemenue cuera

Jloruka paboThl cUETYHKA.
ITo mepegneMy (hpoOHTY TAaKTOBOT'O MMITyJIbCa, eciiu reset = 1, ooHyIsemM
CUeTYHMK, HHaue ecau enable = 1, yBennunBaeM 3HaYCHHUE CUCTYMKA Ha 1.
3) U3yuuth nporpammy TecTupoBanus cuerunka B ModelSim, muctunr module
cnt_en_testbanch u moaroToBUTH COOTBETCTBYIOMIMIA (hafi.
4) Bemoaauts cumysisnuio B ModelSim as 8 paspsaHoro cuetuunka.

Omuem 00.151cen cooeprcamo:
® [Ic)Ih pabOTHI;
® KOJ MpOrpamMMbl B BUJI€ CKPUHIIOTA,
® DOIIIOPHI, MOJYYCHHBIC BCICACTBUE CUMYJISIIIUU U TECTUPOBAHUS,
® CJIcJIaHHbBIC BBIBOJIBI O MOJYYEHHBIX PE3YJIbTaTaX.

MeToauyeckue ykazaHus

1. O3nakomumuvcsa ¢ OCHOGHLIMU NOHAMUAMU A3bIKA ONUCAHUA ANRAPAMYPbL
System Verilog, Heodxooumvimu ons evinonnenus 1adopamopmnoii padontol.

e CyuiecTByer 4eTbipe THIIA 3HAYEHHI, KOTOPBIE MOXKET IPUHUMATh CUTHAIl — KaK
wire, Tax u reg:
v 0 — JOrM4eCcKHil HOJIb;
v 1 - norudeckas eIUHUIIA,
v\ Z — BBICOKOMMIIEJAHCHOE JIOTUYECKOE COCTOSIHUE — COCTOSIHHE BBIXOJA
JIOTUYECKOT0 YCTPOMCTBA, IIPH KOTOPOM OH 00J1a1a€T BEICOKMM COIPOTUBIIEHHEM
(MMIIEAaHCOM), TO €CTh (DAKTHYECKU OTKIKOUEH OT IMOJICOEIUHEHHOTO K HEMY
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IPOBOIHHUKA (OTHOCUTCS] K HECHHTE3UPYEMOW YacTH S3bIKA);
v’ X — HEONpEJEIEHHOE COCTOsSHUE (OTHOCHTCS K HECHHTE3UPYEMOM YacTh
S3BIKA);

Jlornueckue 3HaueHusi 0" u "1, KOTOpbIE MOTYT IPHHUMATh CUTHAJIBI WIle u reg,
OTHOCATCS K THITy l0giC (Jormdeckuii THIT JaHHBIX). [loaTOMY TIpH OOBSBICHUH
MIEPEMEHHON MOXHO HE BBIOMpAaTh MEXIy reg U wire, a ucnoyib3opars logic. Tun
naHHBIX 0gIC yKa3bBaeT Ha TO, YTO KOMAUUISAMOpP cam onpeodejsent, 4YTO 3TO
MIPOBOJIHUK Wire WM TIepeMeHHas reg.

Tun curaja He sABISIETCSA Pa3 U HABCErAA YCTAHOBJICHHON BEJIMYMHOM, @ MOXKET
MEHSATBHCA OT MOAYJIA K MOAYJIIO.

e baokupyronue u HeGJIOKMPYIONIUE PUCBOECHUSI.
B Verilog cywecmeyem dsa muna npoyedypHulx npuceoenuii.
v\ 0JoKHpyWOIee TPHCBOEHHE — MPOHMCXOJUT CTPOrO B  MOPSIKE
OOBSIBJICHHS, BBIITOJIHEHUE MTOCIIEAYIONIEr0 MPUCBOCHUS HE HAUNHACTCSI, €CIIN HE
3aBEpIIMIIACH TPOIEAYPa BEIYUCICHHUS TEKYIIETO MpoIiecca
o a=b;
V' He0JIOKHpYIoliee MPUCBOEHHE — BBIMOJHICTCS HE3aBUCHMO OT MOPSIIKA
PacCIIONOKEHUS ONlepaun
o a<=b;

e Co3xaHue 3K3eMILISIPa MOTYJIA:
IIpexne yem UCNOJAb30BaTh MOYJIb B KAUECTBE YaCTH LIU(PPOBOM CUCTEMBI,
CJIEyeT cO3AaTh FK3eMILIAp (instance) MOAYIIsl. DK3EMIUISP MOAYJIS IPEICTABISAET
HEKOTOPbIM aHaAJIOT BbI30Ba (DYHKIIMH B sI3bIKax NporpaMMmupoBanusd. Ho ecnu B
A3BIKaX MPOrPaMMUPOBAHUS BbI30B (DYHKIIMM COOTBETCTBYIOT OOPAILIEHUIO K YaCTH
KOJIa IPOrPaMMBbI, TO CO3/IaHME FK3EMIUISIPA MOYJII COOTBETCTBYET YCTAHOBKE Ha
y1aTe 3K3eMIUIIpa MUKPOCXEMbI ONPEEICHHOr0 HOMUHAA (MO JIf).
JUist co3manust 3K3eMILIsipa MOLYJIsl B KOJIE IPYTOTro MOYJIsl UCIIOJIb3YETCS
CJICIYIOIINN CUHTAKCHUC:
< UM MOZYJI > < UMS DK3eMIUIspa >(< CIHCOK MOPTOB >);

[TogoGHO TOMY, Kak MOCJe YCTAaHOBKM MHUKPOCXEMBI Ha TJIaTe K €€ BHIBOJaM
HEOOXOIMMO TTOJCOSANHUTD JTUHUHU C TIepeIaBaeMbIMUA CUTHAJIAMH, NPU CO30AHUU
DK3EMNASPA MOOVIS CledVem YKA3amb CUSHAJIbL, NOOCOEOUHSIeMblLe K NOPMAM
Mmoovyis. Umeemcst 06a cnocoda YyKa3zanus no0coeOuHeHus CUCHAI08 K Nopmam
9K3eMNIAPA MOYJIS: TIO MECTOIOJIOKEHUIO U IO UMEeHH nopTa (Taio.1).




Ta6numa 1 — CriocoObl OACOETUHEHUSI CUTHAJIOB K IIOPTaM MOJTYJIs

module primer

Co3znanue 3Kk3eMIusipa
MOJTyJIS C TOJICOETUHEHNEM
CUTHAJIOB T10

Co3znanue sKk3eMIuIsipa
MOJIYJIS C [TOJICOETUHEHNEM
CUTHAJIOB 110 IMEHHM MTOpTa

MECTOITOJIOKCHHU IO
module primer primer position primer port
( ( (
input X, X, X(X),
output y Y Y(Y)
. ); );
Wwire a = X, HOp}II[OK 3alliCUu CUT'HAJIOB B 01051
assign y = ~ a; | sK3eMILIAPE COOTBETCTBYET | primer port
endmodule MOPSIIKY 3aITUCH CUTHAJIOB B (
MOJTyIIe Yy(Y),
. X(X)
);

Curnansl B 3K3eMILISIpE
MOYKHO 3aIlMChIBATh B
IIPOU3BOJIBHOM HOPSIAKE

[lepenada curHanoB MO MMEHH MOpTa TpeOyeT OOJbIIE CUMBOJIOB KOJa, OJHAKO
0CBOOOXKIaeT pa3pabOTUYHKa OT 3HAHUS TOPSIKA CIIEI0BAHUS TTIOPTOB B OOBSIBICHUH
moayisi. Kpome Toro, maHHBIM croco0 yMEHBIIAeT KOJWYECTBO OMIMOOK IpHU
HaIMCaHUU KoJia TTpoekTa. [103ToMy OH HCITONB3yeTCs IPH CO3IaHUH SK3EMILISIPOB

MOJyJIeH ¢ OONBIINM KOJIMYECTBOM ITOPTOB.

o [Ilapamerpbl. YacTo HEOOXOIMMO C€O3/IaTh CTAHIAPTHBIA MOIYJb, KOMOPbIL
MOJICHO HACMPOUMb HECKOJAbKUMU napamempamu, KOTHa Uil 3TOr0 MO

CO3/1aeTCs IK3EMILISP (MHCTAHITHAIUS MOTYJIS).

KiroueBoe ciioBo parameter MMPpUMCHACTCA IJI1 BBCACHHNA M HA3HAYCHUA BCIINYNHEL,
KOTOpasa HC MCHACTCA B I[aHHOfI pe€aaKiun TCKCTa, HO MOXKCT U3MCHHUTLCA B HOBOM

peIaKIINH.

[Tapamerpst B Verilog mnpenactaBisitoT co0OMl KOHCTAHTBI, OHH MOTYT OBITh
M3MEHEHBI BO BPEMsI KOMITUJISIITUY JIJIsl TOTO, YTOOBI MPUHSATH HOBBIE 3HAYCHUS. JTO
MIO3BOJISICT TIOJIB30BATENI0 HACTPAMBATh 3K3eMIUIApHI (INstance) momyiiedt mpu ux

YCTaHOBKC B IIPOCKTC.

[Ipu co3manur MoAyJisi HEOOXOAMMO 3a1aTh TMEPBOHAYAIBHYIO BEJIHYUHY

nmapamerpa:

module X # (parameter N=10)

[Ipu ycTaHOBKE B IPOEKT 3K3EMILISIPA MOJYJIsl TApaMETP HACTPAUBAETCS 3aHOBO:

X # (.N(param)) X1 // umst moxyns # (Ha3HAYaeMBbIi TapaMeTp) UM SK3EeMIUTSIpa




Oneparopsbl:

Oneparopbl CpaBHEHUSA
HCTOJIB3YIOTCA I CPABHEHUS 3HAYCHUU U
BO3BpAINAIOT OyJIEBO 3HaUYCHKE | (MCTHUHA) WK
0" (10%KB).
== paBHO
1= He paBHO
> GonbLue
< MeHbLLe
>= OonbLue nnn paBHo
<= MeHbLUE UM paBHO

Jloruyeckue oneparopsl
HCIIOJB3YIOTCS JUIS BBIMIOJIHEHHUS JIOTHYECKHUX
oneparuii HaJ, 0yJIeBBIMH 3HAYCHUSIMU
&& aorudeckoe 1
I nornyeckoe NJIN
! aorudeckoe HE

TecToBblit MoayJb TestBench u ero ocodoennocTu
Hapsny C BBITIOJTHCHUEM OCHOBHOM byHKIAN - OTHCaHNEM
TecToB TestBench mMoxkeT sBIATHCS 000I0UKOM MPOEKTA.
IlepBasi cTpoka COIEPKUT TUPEKTUBY MaciiTaba MOAEILHOTO BPEMEHHU, KOTOpas
3amaercs B Hauase ¢aina Verilog ctpokoit Buja:

“timescale 1ns/1ps
1ns o3HaYaeT MIKAJy BpeMeHH I CHMYJISITOpa, a 1pS 03Ha4aeT TOYHOCTh pacueTa
BpEeMCHH JUIsl Hero. EJNWHMIBI BpEMEHHU, YKa3aHHBIC 3]1eCh, MPUMEHSIOTCS TPH
CO3/IJaHUU TECTOBBIX CHUTHAJIOB, MI0JIaBa€MbIX HAa BXOJ TECTUPYEMOW B CUMYIIATOPE
cxembl. O0a mapaMeTpa YKa3bIBalOTCS B HAHO WM MUKOCEKYHIAaX W MOTYT
npuHUMaTh 3HadeHus ToJibko 1, 10 wiam 100. [lo ymonyaHMiO miKajia BpeMEHHU
Ha3Havaetcs 1 ps.
B HEKOTOpBIX BEpCHUAX MOJCIHPYIOIMIMX TPOrpaMM Takas CTpPOKa JIOJDKHA
coJiepKaThCs BO BceX (pailyiax mepen MoaysieMm.
B caeaymomein crpoke TeCTOBOr0 MOAYJA  YKa3blBa€TCs  KIIKOYEBOE
cmoBomodulem wums  wmomyns ¢ oOs3arenbHOM — mpucTaBkoi testbench,
YKa3bIBAaIOLIEN Ha TO, YTO 3TO TECTOBBIA MOAYJIb IPOEKTA. B 3TOM cilyyae CIIMCcoK
MOPTOB OTCYTCTBYET.
Jlanee yka3bIBaeTCs XapaKTep NMOBeJAeHUsI BLIX0A0B U BX0A0B (reg uiu Wire).
MoaenupoBaHue OCyIIeCTBJISIETCS] ¢ TIOMONIbI0O KOHCTPYKIMIA, OTpeensieMbIX
KarodeBsiMu - ciioBamd initial begin...end. KoncTpykuuu comepkar oOnucaHus
HaYaJbHBIX 3HAYCHUN W JaJIbHEHIIIETO MOBEJACHHS BXOHBIX CUTHAJIOB BO BpEMEHHU.
Tecmosbiti MoOyab Oe3 bnoka initial ne pabomaem.




baox naunuanu3anum (initial)

C mnomompio Omoka initial ocymecTBisiercss  COOCTBEHHO — MOJIENUPOBAaHUE
ycTpoicTBa. B0k MHMUIMAIM3aIMU BKIOYAeT B cedsl OmepaTop WM IPYIIy
OIIepaToOpPOB, KOTOPBIE OYAYT BBHIMOIHATHCA C MOMEHTA cTapTa MoJeupoBaHus. B
IIEpBOM Cly4yae KOHCTPYKIUS OJI0Ka UMEET BU/I:

initial<onepamop>;

a BO BTOPOM:

initial begin

<rpyIima onepaTopoB=>,

end
Karwuesrbie ciioBa begin u end Ha3piBatoTCs OnepaTopHbBIMEA CKOOKamHu. [ pyrimsr
OTIepPaTOpPOB BCErJa 3aKIIOYAIOTCS B ONEpaTopHble CKOOKU. Tak Kak OoJjbliue
HPOEKTHI, KaK MPaBUIIO, PEIAKTUPYIOTCS U JONOJHSIOTCS, TO MPEANOYTUTENbHEE
HCIIOJIb30BaTh BTOPOI BapUaHT.
Baok initial npumensiercss B OCHOBHOM 0151 5186HO20 HA3HAYEHUSI NEPEMEHHBIX
(mpolienypHOE Ha3HAYEHHE), TTOATOMY OH HCIIOJIB3YETCS IJIaBHBIM 00pa3oM s
3a/laHHsl BXOAHBIX BO3JECHCTBUI (B TOM YHMCJIE€ HayalbHBIX 3HAYEHUH), T.€. MpHU
dopmupoBannn TecToB. CleayeT MOMHHUTH, YTO TIEPEMEHHBICE B 3TOM CIydae
JIOJKHBI OBITH OOBSBIICHBI KakK Ieg.
Bce 0Ogoku initial, mnpucyrcrByromme B Verilog-poekTe, BBIMOJIHAIOTCS
OJTHOBPEMEHHO, OJIMH pa3 B Hauajie MOJCIUPOBAHHSL.

Always-6J10k

Buiok always o3nauaer, 4yTo IeliCTBHE, YKa3aHHOE B HEM, BBIITOJIHSAETCS 0 TEX 0D,
MOKa MPOLEeCcC MOJICTIMPOBAHUS (I CUMYJISIIIUK) HE OYIeT OCTAaHOBJICH.

bnok always npuMmeHsieTcsi TOJAbKO ¢ JlaHHBIMHU THIa reg. OTcrofa clieayer u
oOpartHoe noyioxkenue. Eciu TpedyeTcst ncnob3oBath 010k always, Hanpumep, s
ONpeaeneHus] 3HaYeHUI BBIXOJIOB CyMMaTopa S U P, TO MX HajJ0 OOBSBHUTH, KaK
JaHHbIE TUIa reg.

B Verilog ncnonb3yercsi HECKOIbKO KOHCTPYKIIMHN C KIIFOYEBBIM CIIOBOM always.
Haunbonee yactoe ynorpebieHre MMeeT KOHCTPYKIIMS C TaK HA3bIBAEMbIM CITUCKOM
YyBCTBUTEJIBHOCTH.

Konctpykius nmeet cieayromuii popmar:

always @ (<ums nmepeMeHHOM 1> Or <uMsl mepeMeHHoi 2> 0Of...)

Ora 3anuch O3HAYaeT, 4YTO YKa3aHHbIE 3a HEH BHyTpu OJoka JeicTBUS
BBITIOJIHAIOTCSL BCErJa MpU HM3MEHEHUU XOTS Obl OJHOW TMEepeMEeHHOM (3/1ech -
omepanna). Croucok omepaHaoB s Oyoka always Ha3sIBaeTCs — CIIMCKOM
YyBCTBUTEIBHOCTH. BMECTO O B KOHCTPYKLIMM MOXHO HCIIOJIb30BaTh 3amsaTyro. B
KOHIIE JaHHOW KOHCTPYKIIMU TOUYKA C 3alsITON HE yKa3bIBACTCSl.

IIprmMeps! 3anMcK paCCMOTPEHHON KOHCTPYKIIMU:

always @ (inlor in2 or in3 or in4)
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always @ (data)
always @ (posedge clk)

[TocnenHsist 3amuch TPUMEHSIETCS AJIS OMUCAHUS YCTPOMCTB C JUHAMHYECKUM
ynpasienueMm 3anucklo. Ilpu ynpasiaenun mnepexonaom 0—1 mnpumensercs

KIIIOYEBOE CJIOBO POsedge, mpw ympaBieHHH mepexoaoM |—0 - kiIrodeBoe
cioBo negedge. 3meck peub uAeT 00 YNpaBICHUH YCTPOHCTBOM (DPOHTOM (WM
CHaZoM) TaKTOBOI'0 CUTHaJIA. Ecmn y OJTHOM IIEPEMEHHON

craBuTcs posedge (mim negedge), To Wy BCEeX IEPEMEHHBIX W3 CIIHCKa
qyBCTBHTEIHLHOCTH JOJDKHO CTOATH Posedge (wm negedge).
Hanpumep:

always @ (posedge clk, negedge reset)

[Ipu BBIUKCIEHUSAX, KOTOPBIE JOJKHBI MPOU3BOJUTHCSA NMPU U3MEHEHUHU 000U U3
UCIIOJIb3YEMBIX B OJIOKE MEPEMEHHBIX, Verilog mo3BOISET HE MEPEUUCIATh UMEHA
CIIMCKA, TOCTATOYHO yKa3aTh CUMBOJ 00OOIIEHHOI0 CIIMCKA YyBCTBUTEIBHOCTH:
always @*
Ecnu B BBIYMCIICHHSX yYaCTBYET OJHA MEepeMeHHasi, To 0ok always npumMeHnsiercs
0e3 crnMcKa YyBCTBUTEIbHOCTH.
Hanpuwmep:

always # 10 clk =~ clk;

e Omneparopsl 3aaep:xkku. CUMyJANMSA annapaTypbl MPOUCXOAUT B JUCKPETHBIC
MOMEHTBI BpeMeHH. UTOOBI BBIMOIHUTH ACUCTBUS B CUMYJISIIIUU B OMPEICICHHOM
MOpAJIKE, HAM YacTO TpeOyeTcs MpeCTaBUTh T'€HEPUPYEMbIE BXOJHBIE CHUTHAJIBI
pPa3HBIMU B pa3Hbie MOMEHTHI BPEMEHH, BMECTO TOT'0, YTOOBI MPOHU3BOIUTH HX
OJAHOBPEMEHHO. 17151 3TOr0 MBI UCIIOJIB3YEM OIEPATOPHI 3aACPKKHU:

OO0mmii CHHTaKCHUC oneparTopa:
#<n >, 31ech n 334a€T 33JICPKKY B €IUHUIIAX BPEMEHH.

#5; //3a0epoicka 6 5 eOunuy epemenu

#100; // 3a0epaicka 6 100 edunuy epemenu
2. H3yuums mexnuueckoe 3a0anue Ha cO30anHue CMAHOAPMHO20 MOOYJIA
cuemuuka module counter_enbl ¢ nacmpausaemvim napamempom u aucmune

MOOYNA NPOeKma, NOOZOMOGUND COOMBEMCMEYIOWUIL (hail.

Texanueckoe 3agaHue:.



parameter N - pa3psiTHOCTh CUETUHKA,;

Bxonpr: Beixon:

clk - TaxToBEIi1 BXOI; N — pa3psigHas mMHA 3HAYCHUS
reset — copoc; CUETYHKA.

enable - pa3pemenue cuerta

Jloruka paboThl CUETUHKA.
[To nepenneMy GhpoOHTY TAaKTOBOTO UMITYJIbCa, €ciu eset = 1, oOnynsem
CUCTYHMK, HHaue ecau enable = 1, yBenuunBaeM 3HaYCHHUE CUCTYMKA Ha 1.

JIuctuHr MOJYJIA ITPOCKTA, COOTBeTCTByIOH_[I/Iﬁ TEXHUYCCKOMY 3aJIaHUIO.
module counter_enbl # (parameter N=5) // o0bsBisIeM 3HaUCHKE TapaMeTpa PaBHBIM 5

(
input clk, // BXOIbI TIO YMOJTYAHUIO UMEIOT THIT Wire
input reset,
input enable,
output reg [N-1:0] counter I/ 06BsBIIIEM THII BEIXOJA IIHHA [E(
)i
always @ (posedge clk) begin // mo nonoxutenbHoMy GpoHTy renepatopa clk
if (reset) begin I ecru reset=1
counter <= 0; Il copoc cuetunka B 0
end
else if (enable) begin /l B mpotuBHOM cityuae eciu enable=1
counter <= counter + 1; // yBenuunBaem 3HaueHHE cyeTYMKa Ha 1
end
end
endmodule

3. H3yuumos aucmunz module trigger_ X u noozomosums coomeemcmeyrouuii
¢haiin.
Co3aTh TPUITEP aKTUBHOTO COCTOSHHMSI, KOTOPBIN YCTaHABIMBAECT HA BBIXOJIC 3HAYECHHUE
set =1 u cOpaceiBaeT ero B HOJIb mpu reset=1 (Hekast pasHOBUAHOCTH D - Tpurrepa).



Jluctuar module trigger_X - Tpurrepa akTUBHOI'O COCTOSTHHSI:

module trigger_x
(input clk,
input reset,
input set,
output reg out
);
always @ (posedge clk) begin
if (reset) begin
out <= 0;
end else begin
if (set) begin
out<=1;
end
end
end
endmodule

4. H3yuumo npozpammy mecmuposanus cuemuuxa ¢ ModelSim, rucmunz
module cnt_en_testbanch u noozomosumev coomeemcmeyrowuir ghaiin.

Ilepen TeM, Kak Nmpo0OBaTh JIOTMKY HAa peaJlbHOM YCTPOMCTBE, CJeayer
YI0CTOBEPHUTHCS, YTO OHAa (YHKUMOHUPYET KOppeKTHO. IIpoBepka nesaercs ¢
noMoubLK _HanucaHusa _Ha Verilog koma Ttecra (testbench) M npumeHeHust
NPOrpaMMHOI0 o0ecne4yeHusl CUMYJISIMH, YTO0bI 3alIYCTUTH TECT.

[IporpammHoe obOecrnieueHre JUisi MOJICIUPOBAHUSA TO3BOJISIET  YIPOCTUTH
tectupoBanne HDL-koga. OnHo mo3BoiiseT  pa3pabOTUMKy  aHAIM3UPOBATH
MPOXOK/ICHUE CUTHAJIOB M TOMOTAaeT HAaXOJUTh OIMUOKH B TIPOEKTE, HE 3arpyxas
koH(purypamuio B Mukpocxemy [TJINC.

[Iporpamma TeCTUPOBAaHMSI IBOUYHOTO CUCTUYHKA C Pa3pelICHUEM CUeTa U
WU3MEHSIEMOM pa3psIHOCTHIO HA MPUMEPE S-pa3psgHOro SK3eMILIIpa

1. | IlomaTth Ha BXOJ CUETUYMKA TAKTOBBLIA CUTHAJI

2. | OOHYJIHTH COACPKUMOE IEPEMECHHBIX

3. | ChopmupoBaTh curHan copoca cueTynka B HOJIb MOCIIC TPEThETO 3HAUYCHHMS
TAKTOBOT'O CUTHajIa

4. | ChopmupoBath cUrHaI pa3peiieHus paboThl CUETYNKA MTOCIE MSATOTO
3HAYEHHUs TAKTOBOT'O CUTHAJa

5. | Ilay3a (octanoBka cyeta) Ha 10 1 15 TaKTOBOM MUMMYJIbCE

JIuctunr MOAYJIsI TCCTUPOBAHMA:
//TecTupyeM CUYETUHK C pa3peleHueM cueTa



/I"timescale 1ns/ 100ps I

module cnt_en_testbanch; // MOLyIJIb HE IMEET BXOJ/IHBIX U BBIXOJIHBIX MTAPaMETPOB
localparam cnt_width = 4; // 3ajaeM pa3psAAHOCTD CUETUYHMKA PaBHYIO 4

reg clk; // oOBsiBIIIEM THIT TIepeMeHHO# ClK

reg [cnt_width:0] cnt_taktov; //CYETUHK JIJIsl TCHEPAIMK YIIPABIISIONIMX CUTHAIOB

logic enable; //BX0J1 TECTUPYEMOT0 MOAYJIS (pa3pelleHue cueTa CyMMaropa)

logic [cnt_width-1:0] out_counter;  //Bwixoa TecTupyeMoro MoayJisi (C4eTYHKA)

initial begin // COpoc cyeTyrKa TaKTOB Mepe]] HadyauoM padoThI
clk =0;
cnt_taktov = 0;

end

always
#10 clk = ~ clk; //3aaeM TaKTOBBIM CUTHAJI C IeproIoM 20 eTUHUI] BpeMEH!

always @(posedge clk) begin

cnt_taktov <= cnt_taktov + 1, // c4eTYUK TAKTOB AJIS 3aJaHUS YIIPABJISIOIIUX CUTHAIOB
end
// YTIpaBIISIOIINE CUTHAJIBI
wire reset = (cnt_taktov == 3); /[ curHan yCcTaHOBKHM TPHUITEpa aKTUBHOTO COCTOSIHUS B ()
wire start = (cnt_taktov == 5); [/ curHan ycTaHOBKM TPUITE€pPa aKTHBHOTO COCTOSIHUSA B 1
wire active; //curHan pasperieHus paboThl CUETYNKA

wire pause = (cnt_taktov == 10) || (ent_taktov == 15); //cHUrHagbl OCTAHOBKH CYUETa
//Tpurrep akTUBHOTO COCTOSTHUS
trigger_x tr (
.clk(clk), .reset(reset), //cOpOC OCYIIECTRIISIETCS TOJIBKO TI0 CUTHAITY reset
.set(start), .out(active));

assign enable = active & ~ pause; //bopmupoBaHue cUTHaIA pa3penicHus cyeTa

[[Tectupyemsbie MOIYIH

counter_enbl # (.N(cnt_width)) cnt_inst
(
.clk(clk),
.reset(reset),
.enable(enable),
.counter(out_counter)

);
i

endmodule
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5. Cumynauyus ¢ ModelSim ona 8 pazpaonozo cuemuuxa.
BBINOMHATE ClIEAYIOIINE TAIbl CUMYJISLIMH:

1. Co3naTh B MHIWBHIYJIBHYIO MAIKY JUIS TPOSKTA ¥ IOMECTUTD B HEE CIICAYIOIINE
daiuter. counter_enbl.sv (tectupyemsbrii Momaynb), cnt_en_testbanch.sv (obosrouka
JUTS TECTUPOBaHUs ) U trigger_X.SV (BcrioMorateibHbId MOJTYJIb).
BrimienasBannbie (aitiiel MOXKHO co3aTh B iporpamme Visual Studio code, miis storo
HAJIO:
v Bamycrtuts nporpammy Visual Studio code
v Cosnars HoBbIH (aiin (File = New Text File) umu (Ctrl + N)
v Ha pabouem mosie co31aTh TEKCT MPOTPAMMBI i COXPAHUTh (A ¢
pacmmpenuem SV ( File =Save as) wim (Ctrl + Shift + S)
v' 3akpeith Qaiin (Ctrl + F4)
Kpowme Toro, daiisibi MOKHO CO3/1aBaTh B IiporpamMme BJIoKHOT.
2.01kpeITh Iporpammy ModelSim u co3aate HOBBIH TPOEKT:
v Bribepute myHkT MeHio File =*New = Project wim Bocmons3yitech
obicTpeiM cTapToM Jumpstart = Create a Project
v" B okne Create Project 3amaiite ums npoekra (Project Name)
cnt_en_testbanch, Beibepute nuaMBHIYanbHYO nanky (Project Location),
umsi oudamorexu o ymonmuanuto (Default Library Name) work, nansueiimuie
Hactpoiiku (Copy Setting Form) ocrasTe 06e3 n3menenus u Haxmure OK.
v" B okne Add items to the Project naxxmure na Add Existing File,
BBIOCPUTE CBOIO MHIMBUAYAIBHYIO MAINKy U 100aBbTe (haiiibl counter_enbl.sv
cnt_en_testbanch.sv, trigger_x.sv B npoekT (BbiOpano Reference from
current location).
3. Bemonnuth koMmnuwisnuio npoekta (Compile = Compile All). B ciyuae
HAJIMYUS OMTMOOK UCTIPABUTH UX M BBITTOJIHUTH KOMITIIISIIHIO 3aHOBO.
4. TlepeiiTy K MPOIIECCY CUMYIISITIU
(Simulate = Start Simulation = work = cnt_en_testbanch.sv)
5. JIo0aBUTh CHUTHAITBI, KOTOPHIE HEOOXOAUMO MTOCMOTPETH B IMPOIECCE CUMYJISIIHN
( Add = to wave = all item in region)
6. OTkpbITh BKIaAKY Wave u 3aryCTUTh CUMYJISIIHIO
(Simulate = Run = Run -All)
6. [IpoBepuTh NpaBUILHOCTH PAOOTHI MPOEKTA.
YToOBI BHIMOJIHUTH CUMYJIALINIO TPOEKTA C HOBBIMHU TMapaMeTpaMHu, COpOChTE
pe3ynbTatThl npeapyiei cumysuun (Simulate = Break) u BoimosiHnTe
IIyHKTHI 3 — 7 3aHOBO.
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