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Yepa Aoknoeomv 10:
To Datapath tov Eneepyoaoct

[pobeopio éwg Tetdptn 1 Ampidiov 2009, dpa 23:59 (Bdopdada 9)

Ye avtqv Vv Goknon Oa meprypdyete kar Bo mpocopowncete oe Verilog 1o datapath tov
eneepyaotn TV HOOUOTOC Yoo TNV LAOToinon M onoio ektelel pio. violn og moAAamTA0VG
KOKAOLG poroyiov (§ 5.5, oel. 336-358 EAnvikng éxdoong Pifiiov). H meprypapn Ba yivel oe
popen "structural", dniadn evovovtag petafd tovg £Tolua SoUKA oTolyElo TOv OldovTal OTN|
Bprodnin. To datapath didetan 610 oYU TOL VIAPYEL MO KAT® --G€ dVO KOUATIO-- e OAQ T
ovOUaTO TV oNIaTeV Tov Ba yprnoiporomoete. To ofjioto Tov £pyoviol and ETOVE Eival oot
eréyyov. O éheyxog Bo vAomomBel otV emopEVn GEPE OOKNOE®Y --TPOG TO TTapdV, TA CTLOTO
avtd o eivor amhmg gicodol oto d1kd cag module.

Aoxknon 10.1: Ileprypaen Tov Datapath o€ Verilog

ITeprypayte og Verilog 1o datapath mov didetan ota oyfuata. I'pdyte v meptypaen cog cov £va
module, 10 "datapath", ypNoLOTOLOVTOG TO 1010 OKPIBMOG ovopaTa OTTMG oTo oxfpoto. Ovoudote
10 apyeio oag "datapathl0.v". Ot gicodol kot é£odot Tov module datapath Oo wpémer va givan To
porot (clk), ko 6Aho Tor oNpaTe OO Kol TPOG TOV EAEYXO TOL QAIVOVIOL GTO EMAVE LEPOG TMV
oyNuaTeV. A®oTE 1010iTEPT TPOCOYN GTO CMOGTO OPIGHUO TOL TAATOVG OA®V TOV CNUATOV, KAODG
emiong Kot ota GAAa BEpata Tov onpedvovToL IO KATO.

Ta étoa dopikd otoeicn mov Bo ypnoipomomcete eivan Koatoympntég, moivmiéktes, ALU,
pviun, ko register file. Olo avtd opifovrar otn BiAoOMKn TOV GLVOSEDEL AVTES TIC OCKNGEIC:

o Ileprypaon g PpAiodnkng dideTon 610
http://www.csd.uoc.gr/~hy225/04a/ex10 library.html
e O xkodwkag g Pipriodnkng vdpyel 610 ~hy225/verilog/1lib/1ibl0.v

(o) Opropoi Zvppatmv:
ITpocé&te 6T1 KAOE KOVoUpl0 GUppa TPETEL Vo, opileTal capmg TP xpnopomonel. Av m.y. €xete
&vav TOATAEKTN oL 1) £€€000¢ Tov Aéyetan "ma', ) ovvtaln o Verilog Ba mpénet va givat:

wire [31:0] ma;
Mux?2 #32 muxaddr (ma, pc, ALUout, IorD);

Av dev opicete TpdTO TO Ma, Umopel o interpreter va pnv mopomovedel, Kot va Bempiogt o ma
ovpua 1 bit! Opoimg, ta cupuata wov Epyoviol and € ano To module cag mTpénel va 0pLGTOHV
coQ®OG e gviolég input 1 output. Ot gvtoAég input kot output 1Godvvapovy pe tn wire. Agv
ypewleTon va neite Tinota mapamdve and ta eE1g Yo va opicete ta cvppata lorD xou op:

input IorD;
output [5:0] op;

2tov moAvmAEKTY TG devTepTg €160d0V TG ALU vrdpyet pio gicodoc, £éotm "constd", mov givor o
o0100epdg apOpog 4. Tap' 6L avt Ba Enpene va propovoe va dMiwbel péow wire/assign, GG,
AOY® kdmolov bug mov oyetieton kou pe T O pog PPprodnkm, onimcte TV cov
(apycomoinuévo) reg:

reg [31:0] const4;
initial constd4 = 4;
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(B) E€ayoyn Ilediov and bits:
I'd 1o vrocvotpa "field extract" o ypnoiponomcete 1o unyoviopd emioyng bits tng Verilog ya

Vo SNUOVPYNOETE KOVOUPLO, GUPLOTA LE T EMUEPOVG Tedia Tov ir. YrevOopiletar 611 1 obhvioén
etvat:

wire [4:0] rs;
assign rs = ir[25:21];

Av oploete TpdTo £V cVPUO, LE EVTOAN Wire 1 input 1 output, Oa T0 TePLyplyeTe HETA HE AV
EVTOAN assign 6mw¢ mapandve. Edwd oty nepintoon g wire, OU®S, UTOPEITE VoL KAVETE Kol Kot
T1G 500 GOVAELEG e pio LOVO EVTOAT, ¢ EENG:

wire [4:0] rs = 1ir[25:21];

(v) Enékraon [poorjpov:

To vmocvotnua "sign extend" KAvel EXEKTOOT TPOOTLUOVL, dNAAST CVTIYPAPH TOV TEPLGGOTEPO
onpoavtikol bit evdg apBov oe 6Aa ta emmAéov bits gvog peyarvtepov (og mAdtog bits) apiBpov.
[Mapadetypatog xdpv, o apBuodg "4'b0101" yiveton "8'b00000101", eved 0 "4'b1101" yiveton
"8'p11111101". T vo To metvyete avtd, Ba YPNOWOTOMOETE TN GLYKOAANON TESIWV
(concatenation) tng Verilog, mov evivel pikpdtepa GUPUATA GE EVOL LEYAADTEPO.

wire [3:0] narrow;

wire [7:0] wide;

assign wide = {narrow([3], narrow[3], narrow[3], narrow[3],
narrow[3:0]};

‘Etor Ba yivet m mpd&n "hardwired", yopic xobvoteprioeig. EvaAiloxtikd, pmopeite va
YPTOYOTOMGETE £VOV TOAVTAEKTI, TOL VO EAEYYETOL OO TO TEPLGGOTEPO OMUAVTIKO bit TOV
narrow ("TAnpaovovtoc" v KabvoTEPNOT TOL TOAVTAEKTY). ...

(6) OLicOnon:
To vrocvompa "shift left" mov kdvel apiotepn OAicONoN Katd otabepd TAN0oGg bits (m.y. 2 Béoelg),
glval TPAKTIKA M €MA0YT OAOV TOV MYOTEPO GNUOVTIK®V bits Tov aplBuov exTOg Omd TA TPOTA

300, Kot 1 dNpovpyio EVOG KAvoLPLov GUPLOTOS TTOL T, EXEL MG TEPIGGOTEPO CUAVTIKG bits, Kot
oto 2 LS bits tov €ye 0:

wire [7:0] quantity;
wire [7:0] quantity4 = {quantity[5:0], 2'b00};
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(g) Xvykpioeis:

2y €060 g ALU vrdpyovv 800 pkpd KukA®UOTO TOL apopodv cuykpicels. Mio modn NOR
32 1600wV (omd ™ Piprobnkn) Tapdyel To onpa "zero" mwov evepyomotgitor 6mote 1 ££060G NG
ALU eivar pndevikn. To onpa "neg" (negative, apvntikd) eivor éva, ofjpa 32 bits wov 160vTAL UE
000...001 6tav n €€odog g ALU eivar apvntikn, aAroidg icovtot pe undév. To onpa owtod Ba to
VAOTOEIOTE pE EMAOYEG bits Kol GUYKOAANGELS, XPTOOTOIOVTAG TO bit Tpoonpov g e£660v g
ALU, dnradn 10 TeptocOTEPO ONUOVTIKO bit TnC.

Aoxknon 10.2: IIpotog Eleyyog Tov Datapath

EMéyEte 10 xOKAopG cag 0Tl extelel pepkég eviolés "pe to yépt". T'ie to okomd avtod, Oa
Eexwvnote e éva test bench mov PBpioketon oty meployn Tov pabnpoTog:

~hy225/verilog/test/testl0.v

To apyeio owtd dev givon £totpo va "tpé€el” --amhd mepi€yel To "okeietd" evog test bench mov Oa
otdcete eogic. Exel Oa Ppeite odnyiec y1d 10 TG B exterécete pepikovg KOKAovG oto datapath
00G, POPTMOVOVTAG TN HVAUN UE OPYIKEC TYEG KOL 0dNYOVTOG TO GNUATA EAEYXOL Y10 Alyoug
KOKAOUG.

O o1630¢ WTNG NG OEPAg aocknoewv gival va ypayete to datapath, kol vo Befoiwbdeite 611 dev
€yovv yiver "tpayid” Adon --dgv yperdleton va glvar tedeimg cwoTo, Aoy avtd Ba givor Evag amd
TOVG 6TOYOVG TNG EXOUEVIG AGKNONG,.

IMopaddote (submit), [Le TOV TPOTO TOV TPONYOLUEVOV OGKNCEWMV, Tpio apyeio: ToV KOIKA cag
"datapath10.v", to test bench "testl0.v" Omwg telMkd tO SwpopPOCOTE €0ElG, Kou Eva
YOPOKTNPIoTIKO oTrypidTuTo, "signals10.jpg", and to gtkwave g doknong 10.2 og popon jpg.
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