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Yepa Aoknosmv 9:
Agvtepn I'vopwuia pe ™y I'oooa Verilog

[poBeopia émg Asvtépa 7 Ampidiov 2008, dpa 23:59 (Bdopdda 6)
YrevBopion Awyoviepov Ipoddov: XapPato, 5 Ampidiov 2008, dpa 1:15 - 3:05 p.p.

O 0KOTOC OVTHG TNG OEPAC OICKNGEDV EIVOL 1] TOPOVGINGCT] OPIGUEVAOV EMTAEOV SUVATOTHTOV TNG
yYyhOocog Verilog xor n mepotépm e€okelmon oag pe to. cvvagn epyoleia. Zvykekpiuéva Oa
XPNOLLUOTO|GOVE:
e Yuvdvootikd Kot akorovblokd otoryeio amd ™ PiPArodrkn Tov pabfuotog (1ib9 mux2,
1ib9 mux4, 1ib9 alu, 1ib9 reg).
o Y100gpég Ko ofpoTo ToAA®V bits.
e Poldt.
Ot empépong Goknoelg e oelpdsg 9 meptiappavovv:
e MeAétn evOc KUKAMUATOG KoL TG TEPLYPOPNS Tov o€ Verilog mov didovtat.
e TIpocopoiwon tov k®ddwa pe tov interpreter g Verilog-XL.
o 'Eleyyoc tov €£600V TOV GUOTNUATOG LE TO EPYOAEID KLUATOROPPOV Signalscan.
e Eméktoon Tov KoK Yo vo TEPIAAUPAVEL VEN KUKADUOTO KOl ETOVOTPOCOUOIMGT] Kol
éleyyo e£060wv.

Aocknon 9.1: Ileprypagn Kvkiopatog o€ Verilog

To xdxhopo pe to omoio Ba Eextvicovpe

alu_o mux_sel
oaivetal oto oynua oimha. Ta dompa BEAN —°P -

¥pMNooTolovvtal yio. v dgiovv 6Tl ToL ] 2
ovpuate ovTd givon €icodol 1 €£0dot oo na | |2

10 ovopo pac. To cvotnua Swpaler ig 32 32 \

€16000V¢C in_a KOl in b og kéfe kOKAO j‘

poloylov clk, vmoroyiler v  wPAEN - > alu_out
peta&d Toug --Omwg opilel to alu op-- Ko in b reg b [ <|32
TéMog  amoOnKevEL  OTOV  KATOXOPNT g5 | 32

eEo6dov gite 10 amotéleoua avtd 1 TNV

€lco60 in b (amd TOV KOTOYOPNTH ok T

€10600V). O KOOKOG OV TEPLYPAPEL TO ~— =
KoK opo avtd og Verilog givar o €€ng:

module ask9a (out, in a, in b, alu op, mux sel, clk);

output [31:0] out; // data output
input [31:0] in_a, in b; // data inputs
input [1:0] alu op; // control inputs
input mux_ sel;

input clk; // clock

// declare internal signals:
wire [31:0] reg a, reg b, alu out, mux out;

// input registers:
1ib9 reg #32 r0 (reg_a, in_a, clk);
1ib9 reg #32 rl (reg_b, in b, clk);

// ALU:
1ib9 alu #32 alu0 (alu out, reg a, reg b, alu op);

// mux:
1ib9 mux2 #32 m0 (mux out, alu out, reg b, mux sel);

// output register:

1ib9 reg #32 r2 (out, mux out, clk);
endmodule
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e Metd 1o 6voua tov module tomoBetobpe T AMota TOV GNUATOV TO OTOi0 OTOTEAODV TN
dtemaen (interface) Tov module pe o vwOAowo KOKA®UA. [0 k6Oe onuo opilovue av eivon
glvarl onuo gl06d0v M onua €£660v kabmg kal to TAdTog Tov (PAéme emduevn Povia). Ag
onpewdet 6ty va opilape TApwg ™ demaen evog module Ba émpene va meprypdyovpue
KOl TN XPOVIKT GUUTEPIPOPE TOV SNUATOV £16000V/e£0d0V, e T Pondelo KOUUOTOLOPPDV
TAPOUOIWV e aVTEG TOL "signalscan”. Xto pabnuo avtd dev Bo mpoywpnoovpe 1060 TOAD
--0mOTE YPEWOTEL VO TEPLYPAWOVLE YPOVIKT] GUUTEPLPOPA €1600V/EEOdWV B To Kdvovue

GTO YOpTi.
e H yAwoca Verilog vrootnpilel kol onpata moAlov bits (vectors). Ily. n dfiwon "wire
[31:0] reg a, reg b, ..." onuaivel 6Tt T0 GUOTA reg a KOl reg b £(ovv mAdTOG 32

bits, to mo onuavtikd bit to ovoudlovpe bit 31, ko 10 AydTEPO OMNUOVTIKO bit TO
ovopalovpe bit 0. Metd and pid tétoto SHAwoN, av ypawoovpe "reg a[3]1" onpaivet To bit 3
amd 1O GNUO reg a, EVO OV YpAYOLUE "reg[31:27]1" onuaivel Ta 5 mod onpovikd bits tov
reg a.

e To xixhopa pog arotereitor and tpio avtitvma tov module 1ib9 reg, éva avtitvmo tov
module 1lib9 mux2, kot éva avrtitvwo tov module 1ib9_alu. H yAwooa Verilog vrootnpilet
v mopapeTponoinon tov modules, dSnA. éva module pmopel va €xel pio 1 TEPIGGOTEPEC
TAPALETPOVS OTIG 0moieg divovpe Tiun kdbe popd mov dnpovpyodpe éva avtitvmo ond to
module. 'Etot, To "#32" peta&d tov "lib9_reg" (évopa tov module) kot Tov "r0" (dvopa tov
avtitumov) diver v Tun 32 og pio mapduerpo tov module "lib9 reg" amd tn Pifirodnkn
oV pobnpoTog M omoiot SnAmvel To TAGTOG Tov "lib9 reg", dnAadn mocw bits €xel owTdHS O
KOTOY®PNTNG.

e To module "lib9_alu" givonr pd andn apBuntikiy/Aoywkn povada. H eicodog ehéyyov g,
alu_op, xaBopilel v mpa&n mov Kavel N Lovada og e€Ng:

00

npodoheon: out = inA + inB.
01

agaipeon: out = inA - inB.
10

bitwise OR: out = inA OR inB.
11
bitwise AND: out = inA AND inB.
e ['la KoADTEPN OvayveoIuoTnTo. Tov KOdKo Verilog, cvuvnbilovpe va OMpovpyodpe To
AVTITUTO TOV CTOLXEIWV TOL KUKADLATOG LE TN GEPA TOL ELPAVICOVTAL GTO KOKAMLLOL.

I'péyte t0 Topondve module oto apyeio "ask9a.v" --avTN €ivor  TEPLYPAPT TOL KUKAMDUOTOC. X
aLTNV TV doknon, To mepPaiiov eléyyou (test bench) Ba eivor oe Egympiotd apyeio, kan 6ideTon
£€too:

~hy225/verilog/test/test9a.v
Avtypdyte 1o apyeio avtd oty meployn coc. H Bacikn doun tov €xel og e&Ng:

‘define clk period 10
module test;

// clock:

reg clk;

initial clk = 1;

always begin
#("clk_period / 2)
clk = ~clk;

end

// instantiate the design:
ask9%a a0 (out, in a, in b, alu op, mux sel, clk);

// vectors:
initial begin

@ (posedge clk);

#( hold);

in a = 3;

in b = 'hFFFE;
alu op = 0;

mux sel = 1;
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@ (posedge clk);
end

endmodule

e To "*define" ot yA®oca Verilog givatl avéioyo pe 10 "#define" ot yAdooa C. Mg
Bonbela g define opilovpe v otabepd "clk period" mov TapaKAT® TNV YPNOCLOTOOVUE
oav mePiodo Tov POAOYIOD HoG. Ze avTn TNV doknomn £yovpe Béael ) povada ypdvov oto 1
ns, péow g PiPprodnkng 1ib9.v mwov Ba ypnoonomoete. 'Etol, 1o mapamdve "define 0étet
Vv mePiodo Tov poroylov o€ 10 ns.

e H eviod] "always" omnpaivel: Eekivo ™ ypovikn otiyun 0 kol GUVENICE EKTEADVTOG
emovaAnTTIKG TIg evtoAég péoo oto block mov axolovBel. ‘Etol, 10 mopamdve pmAdox
"always" yio 10 polol Ba €xel cav oamoteAéopa vo aAlalel Ty tov onuotog clk kabe
(‘clk_period / 2) ns.

e H evtol) "@ (event) " onpaivet: mepipeve péxpt va ovpPet to event. To event pmopei va givor
gite o omoladNmote aAlay] oTNV T €VOG ofjpotog "sig", 10 omoio 10 dnA®VoLUE GOV
"@ (sig)", N M BeTkn axpn evog onpartog "sig", To omoio To dnAdvovue cav "@ (posedge
sig)", N M apvnTiKn| oKun, "@ (negedge sig)".

e Apov £pBel 1 BeTikn axpn tov pohoylol, dnA. "@ (posedge clk)", mepluévovue axoua Aiyo,
oA "# (“hold)", mpwv aAAGEovpe TIC TWES OTO ONUATO €GOS0V, TPOKEWWEVOL VO UNV
nmopafiracovpe to "hold time" Yo TOLGg KOTAY®PNTES TOV KUKADUOTOG,

o >tafepéc moAL@V bits SnAdvovTon pe T LopYN [rAdTog] ' [Bdon] [Tiuf].

o To [mAdToc] givan pio dekadikn Tiun wov kabopilel To TAGTOg TG oT0dEPic o€ bits,
nradn moéca bits Ba €xer n otabepd. Eqv moporeipbel 10 [madroc], to default
g€aptator amd 10 pnydvnuo 6mov tpéxel n Verilog, aAld givor tovAdyioto 32 bits.
Enéxtaon tov mAdtovg yiveton pe zero-filling (extdg tov meputtoceny "x" ko "z"
7oV dev Ba acyoAnBovye).

o H [paon] xaBopilel v apBuntikn Baon otnv onoia givor ypapupévn n [toun] G
otabepdc. H dexadkn Pdon onidveran pe "d", n dvadwn pe "b", ko n dekaeEadkn
pe "h". Eqv napareipbei n [Baon], o default eivon dexadikn Paom.

‘Etol m.y., n otabepd "32'hF" €yer mAdtog 32 bits, kot £xel v dekaeEadikn Ty 0000000F,
omote pmopet va ypapet ko g "32'b1111", 1 "32'b00001111", 1 "32'd15", i «Am.

Ba ypelaoTel EMIONS VO AVILYPAYETE GTNV TEPLOYT GOG TO ap)Elo:
~hy225/verilog/lib/1ib9.v

mov mepéyet ) PPAobnkn tov modules Tov ask9a: KoTay®PNTES (1ib9 reg), opBUNTIKA-AOYIKY
povada (1ib9 alu), Kot ToAvmAEKTES (1ib9 mux2). Tpéfete Tov mpooopowT dnmwg 6TV AoKNom
8.3. EAéyEre o011 o1 €€0d01 €rovv cwoth TN pe Paorn Tig €166dove. TIpocoyn 610 molEg €icodot
TEPVOLV ATTO KATOYMPNTN Kot ToLEg oy!

Aoknon 9.2: "Eleyyog Kvpatopopeov pe Simvision

Xpnoyomomote o gpyoieio simvision, 6nwg oty doknon 8.4, yud vo SeiTe TIG KVUATOLOPPES Y10
TO, G| LLOLTAL.

o AoV Tpéet To Ypapikd TEPIPAAAOV TOV TPOYPALLLOATOS, 0KOAOLONoTE avdAoya Pripata pe
v doknon 8.4 yuo va SEite TIG KUHATOHOPPES Yo OACL ToL GYPLOTA TOL test: out, in_a, in_b,
alu_op, mux_sel, clk. EAéyEte won mwéAr Tig TYEG TOLC.

e [IaM pe tov Design Browser, av emAééovpe "test" ko petd "a0" (to "a0" eivon 1o instance
name e 1o 0noio &yovpe MnAmacel To avrtitvmo Tov module ask9a) pmopovpe vo dodéEovue
Kol To eomtepikd onpata tov "al0". EmAéEte to KOTAAANAG ONUOTO TPOKEWEVOL VO
petpnoete v eAdloTn Kot péyrotn kabvotépnon clock-to-output tov KoToy®pNTY, KO
mv eldyotn kol péyotn kabvotépnomn yid to cvvdvactikd blocks (alu ko mux2). Ot
kabvoTteproelg etvor TG TAENG TV EKATOVTAd®V picoseconds.

o [lpooupetiy doxnon: Bpeite to critical path tov kukA®pOTOG KO, avticTowyo, TNV VYNAOTEPT
oLYVOTNTO POLOYLOD GTNV omoia dovAevel To kKiKAwpa. Epapudote v (Bétovtog katdAinia
7o "clk_period") kot deite 6TL dOVALVEL, eV av PALETE Alyo YpnyopdTEPO POAOL TO KOKAMLL
movel vo, dovievel. Ot ypovor setup kot hold tov kataywpnt) eivoar 0.2 ns kot 0.1 ns
avtioToyo.
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[MPOZOXH: 6g dpec TUKVAG YPNONG, ATOPVYETE VO LEVETE TOAAN OPO LEGO GTO Simvision: £(OVUE
mePlopicpeEvo apBpd adsimdv ypnong (licenses), ki €161 GALol cuvadedpoi cag pmopel vo unv
UTOopovV vo. umovv o€ avtd. H eviodn $stop ctopatdet pev v mpocopoinon omd apyeio, aAld dev
teppatifel To epyareio, apnvovtag Tov ypiotn vo divel eviodéc dwdpaotikd (interactively), ko
kpatovtag éva license evepyd. H evtoln $finish teppotilel to epyodeio xor amelevbepmver to
license.

Aocknon 9.3: Tporomoinon tov Kvkiopartog

Tpomomolfote TO0 KUKA®MUO 7OV  GOG

d00nKe Topondvm, MOTE VO, Yivel OTOS 6TO 2 b00
oyqua  €d®. H «kowodpioa mpooHnkn
EMTPENEL TO amoTéEAECU Vo gival ico e h=4_3,2_> 2 2
(in_a + 4), 0tav mux_sel == 0. Ta alu_out2
otoyeia Tov givorl Kavovpia, 1] Tov TPEMEL > 32
vo 0ALGEOVY OO TO TPOTYOLLEVO GYESL0,
glvol  omewoviopévo  pe oy OTEPES
ypappés. 'l tov peyaddtepo TOAVTAEKTY, ]

0o ypelowotel vo oAlGEete To module =) q
1ib9 mux2 O©T0 OUECHS HEYOADTEPO, 82 L N
"1ib9 mux4", KOl VO GUVOEGETE j 100
Toyaio TR oV TEAELTOIN TOL €i6000 - alu_ OUH,

>

mux_sel alu_op

in_a
32

reg_a

(m.x. éva ovppa pe v Ty 0). Ot OpTeS  in b 32
tov module 1ib9 mux4 £yovv SMAwdel 35
ot PProbnkn, kot avoroyioa pe TG
nopteg tov module 1ib9 mux2, pe ™
oelpd:  €Eodog, €ic0d0c00, €icodoc0l,  ck
€16060610, &icodocll, onua eréyyov.
TOppota pe 6Tabepéc TIHEG UTOPEITE VO OpIoETE T.Y. LE:

wire [31:0] const in;
assign const in = 32'h4;

YAOTOMGTE TNV EMEKTAGT OVTH GE VOl LOPOPETIKO apyeio, "ask9b.v", pe ovopo module "askob"
avti "ask9a", Kot SOKWACTE TNV ONMOG TPONYOLUEVMG, YPNOLUOTOLDVTOS OU®MG TO apyEeio
"~hy225/verilog/test/test9b.v". Ilapaddote, OMWOC KOl OTIC TPONYOVUEVEG OOKNOELS, TOV
KOOKE 00g ask9b.v, Vo YOPUKTNPIOTIKO oTIyHldTVIO 0t To simvision Tng doknong 9.2, kot éva

éALo and To simvision g Aoknong 9.3, maxerapiopéva oto apyeio "ask9. zip":
zip ask9.zip ask9b.v signals92.jpg signals93.jpg
~hy225/bin/submit 9

Up to the Home Page of CS-225 © copyright University of Crete, Greece.
Last updated: 20 Mar. 2008, by M. Katevenis.
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