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Xapd Aoknosov 11:
Baow) FSM EAéyyov tov Enelepyaot

[MpoBecpia £mg Asutépa 28 Maiov 2007, dpa 23:59 (Bdopdda 10)
11.1 Boaown FSM kot E€io@oeic Metapopas Katoyopnrov:

I'a va Aeitovpynoet 1o datapath tov emefepyaotn mov meprypdyote otnv doknon 10.1 (viomoinon
TOAAUTA®V KOKA®V poAoyiov), ypetdleton i Mnyavn Ienepacuévov Kataotdoewv (FSM - Finite State
Machine) mov va yevvd o, emBupuntd onpoto eAEyyov og Kabe KoKho poroylod. Oa exviicovpie, GE aVTh
T ogpd acknoewyv, Ue ™ Pacikn FSM ghéyyov mov €idape 610 pHadna, ToV TEPLYPAPETOL GTNV TAPAYP.
5.4 tov BPAriov (ogh. 377-398), ko wov dideTan 6TO GYNHO EOM UE TIC EEICMOEIS LETAPOPES KOTOYDPNTAOV
vy v Kabe katdotaor. Ot TIHEG TOV oNUATeOV EAEYYOV, OTNV KABE KOTAOTOOT), TPOKOTTOVY Omd AVTEG
T1g e€lomoelc dnwg eEnynoape oto nddnua, kot dnwg ektibetor oto Pifiio, oerideg 383-396. Xe avt ™
o€lpd 0oKNoe®V Oa VAOTOMGETE POVO TIG EVIOLEG:
sw, Iw; add, sub, and, or, slt; j

OV QOIVOVTOL LE HODPO YPDOUO GTO OLAYPOUUO --TIG VITOAOITEG EVIOAEG, TEPIAAUPAVOUEV®Y KOl TOV
dukAadmceemv, Ba TIG VAOTOUCETE GE EMOUEVN GEPA OOKICEDV.

mem_addr mem_wr

ALUout = M[ALUout]
A+Immx =B

mem_rd Id_wb

alu_exec alu_wb

pec = ALUout = RF[$rd] =
jmpAddr AopB ALUout

Kd&0e kovti oto didypoppa avtd maptotd pio kotdotaon e FSM. To dvopo mdve and to kovti givat to
ovopo ¢ katdotaons. H FSM mov €yovpe €dm mapapével akpipdg €vo KOKAO poAoylod og kdbe
katdotacn. Tov endpevo kKOKAO poroylod mnyaivel otV €mOUEV KaTAoTAGN TOV daypdppotoc. Otav
VILAPYOVV TEPICCOTEPES OO i EMOUEVEG KATAGTAGELS, OTMG GVUPaivel OTIG KATAGTAGES decode rr Kol
mem_addr, tote 1 petdfoon mov o kdver 1 FSM e€aptdton amd v ekdotote ekTELOVUIEVN EVTOAN,
dMradn To TepieyduEVa Tov KatayopnTh eviodav (IR): Ba axolovOnbei n petdpfaocn mwiveo oto BELOC TG
omoiag glvar ypappévo To opcode Tng Topovcag EVIOANC.

i_fetch decode_rr

A = RF[$rg]
B = RF[$rt]

ALUout =
pc+immx4

ir = M[pc]

pc = pc+4

branch
(A-B)...
if (zero):
pc=ALUout

Méoca oto kovti kéfe katdotaong etvor ypappéveg ot €E1I0M0ES HETAPOPAG KoTo®pNTOV (register
transfer) mov mepLypapovv Tig Aitovpyieg mov mpénel va, yivouv omote 1 FSM Bpioketan o€ exeivn v
Katdotaon, dnAady, otV TEPITT®ON Hoc, HECH o€ gKelvov Tov KUKAO poioylov. [Ipdkertan yud v
neplypagn tov enefepyaotn pag o€ "Emmedo Metagpopds Koatayowpnrodv" (RTL - Register Transfer
Level) --éva eminedo apaipeonc apkodvimg aenpnuévo yud va PoAedel Toug oxedlooTés, oAA Kot
OPKOVVTWG GUYKEKPIUEVO Y16 VO, EMTPENEL YOOV OWTOHOTN 1 Kol TANP®S awtoOpatn ovvleon tov
TEMKOD KUKAGUOTOG amd gpyolein (Aoyiopkd) oyedioong, Onmg T0 cuyva YPNOLLOTOIOVUEVO TOKETO
"Synopsys". Ot LETAPOPEG KOTAYOPNTOV E0G €lvar:

o Avayvwon Evtoiig and ™ Mvnun: ir = M[pc];

o Avdayvoon Kataywpntov IInyfig and to Apyeio Kotoywpntdv: A = RF[$rs]; B = RF[$rt]; To
oOuPoro $rs onuoivel To OYETIKO TESIO TOL KATOYMPNTH EVIOA®V, ir[25:21], Kol opoimg $rt
onpaivel ir[20:16]. Tovg kataywpnTéG 0TS TOVG drofalovpe mhvta, TP (EV TAPOAAIA® LLE)
TNV ATOK®OOIKOTOINoN TNG EVIOANG Kol TN S10MicTOon ToV Told EVIOAN sivon ko Tt format €yet.
Yrdpyoov eviodéc yud TG omoieg ta medlo ir[25:21] wovn ir[20:16] bev eivoar apBpoi
KaTaympnTodv, dpo ot TYég mov dwfalovpe eivor "orkovmida", Opmg avtd dev TEPALEL APOD VTG
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Bo ayvonbovv ot GUVEKELD, EVD HE TNV OTAN AVAYVOGT TOV KAVOUE OEV £YOVUE KOTOOTPEYEL
Kopd TAnpogopio. And v GAAN pepid, yid 6oeg eviorés yperdlovton pio 1 Kot Tig dV0 TIUES TOV
Swfdoape, TETVYOIVOVLE VO £YOVUE TIG TIES AVTEC Ol00EGIUEG OGO VOPITEPO YIVETAL, XWOPIC VA
verotapeda v Kabvotépnon g TPONYOUHEVS ATOK®IKOTOINoNG g evioAne. I'd va etvon
avtd e@kto, ta media $rs ko $rt (kataywpntés TyNG) Ppickoviol wdvra oty ida, oTadepn
0éon péoa oe Oheg T eviorég MIPS mov ta ypmowlomoohv ooy KAToY®PNTEG TNYNGS,
ave€apTiTog format aLTOV TOV EVIOADV.

o Ymoloywopog Aevbuvong Mviung: ALUout = A + Immx;

o [Ipocméracn Mviung yid Agdopéva: mdr = M[ALUout]; (avdyvoon pviaung), 1 M[ALUout] = B;
(eyypaon pvaung).

o [Ipd&n ApBuntikng/Aoyukng Movadog yid eviodn ALU R-format: ALUout = A op B; 6mov 1
paén op e&optdral amd TN GVYKEKPIUEVT] EVIOAN TOL EKTEAOVUE LEGO GE CLTH TNV KaTyopio
eviolmv. To onua eréyyov ™ ALU og autiy Vv mepintmon givol mapaderyplo, oNHOTOS TOTOV
"Mealy", ka1 61 "Moore" --BAEne TOPAKATO.

o Eyypaon Amotedéopatog oto Apyeio Katoywpnrdv: RF[$rt] = mdr; (dedopéva and avayvoon
pvnung), 1 RE[$rd] = ALUout; (dedopéva omd gvtorr] ALU R-format).

o Extéleon AAlpotog xopic Zuvonkn: pc = jmpAddr;

o Aevfuvon Ilpoopiopod Ataxhadmong vd Zuvinkn (aopd exdpevn Kot Oyt oVt TNV AoKNo™):
YU EKTOIOEVTIKOVG OKOTTOVS, VItoAoyilovpe T cuvinkn dtokAddwong péocw apaipeons (A-B) oty
ALU, ko1 6T1 GUVEYELD KOLTAUE OV TO AMOTEAESHO TNG apaipeong eivan undév. Emiong, y1d Adyovug
OIKOVOLIOG KUKA®WUAT®V KOl YU0 EKTOLOEVTIKOVG OKOTOVG, O VTOAOYIOUOG NG devbuvong
TPOOPIGUOL NG OloKkAGdmong yivetal otov abpoloty ng piog ko povoadikng ALU mov
dwBérovpe. @ Adyovg TovTNTAG, ETOIOKOVUE 01 SIOKAUODCELS VL EKTEAOVVTOL OE TPELG HOVO,
avti TE06apV, KOKAOVG poAoyloD. Aol 0 VTOAOYIGHOG TG d1evbuvong Tpoopiopol ypetdletal
v ALU, apod 1 ALU eivor aracyoAnuévn tov 30 KOKA0 poAoylov, kot apol Tpoctabovue va
extedéoovpe T SwKkAGOwon o 3 pOvo KOKAOVG, TPEMEL O VWOAOYIOUOG NG devbuvong
npoopiopov, ALUout = pctImmx4, va yiver tov 1o 1| tov 20 kbkro. Tov lo kvkho (evd
dwPalovpe v evioAn amd TN Pviun), dev etvar duvatodv va yivel  mpdcobeon petimmx4, dioT
dev gival yvowotd akopa to Immx4.

Tov 20 kbkho, 6umG, umopel va vroloyiotel 1 devBuvon mpoopicpov, aeod to Immx4 sivol
kopdtt Tov IR, o€ yvwot Béon, dpa glvar yvootd and v apyn Tov 200 KOKAOV. AKoAovBovpue
Aouwov T ADOM aLTH, Kol KAVOUPE TNV TPOCHEST TAVIA, TOVTOYPOVO Kol aveEaptnta omd v
OTOKMOIKOTOINGT TNG EVIOMGC. AVTO ONUAIVEL OTL GE TOAAEG TEPIMTAOOCELS TO OMOTEAEGO, QVTNG
¢ mpdcbeong Ba eivor "orovmidw", OTMG M.y, OTIG TEPITTOGEIS eVIoA®mV pe R-format, 6mov 10
nedio ir[15:0] dev eivar ap1Budg "immediate" aAld ocvvBeon POV dAlwYV, doyetmv Tedinv. Opwmg,
avtd dev pag TEPAlEL, aPoD Ol EVIOAEG OVTEG AyvOOUV TO GMOTEAEGHO QLTS TNG TPOoheong
(ypaeouv aAro, aveEdptnto anotérecua otov ALUout). Ot evtodég dtakAddmong, amd v GAAn
pepld, 6tav oTov TPITo KLKAO YPECTOLV TN 01e0BVUVGT TPOoOPIoLOV, Bo TNV £yovv ETOUN Kot
gyxvpn. H amdépaon yid ™ ypnon g (pc=ALUout, cuvOnkn odaxAddwong aAndng) 1 v
ayvonon g (pe apetdpfintog, cuvinkn dakAddmong yevdng), apkel va Anebei oto téhog Tov 30V
KOKAOV poAOYIOV, EAEYXOVTOG TO ONuo emitpeync @optmong (pcld) katd tov ypoévo ekeivo.
[pdkerron y14 mepintmon Kabvotepnuévov onpatog "Mealy", dnwg Bo modue og endpevn doxnon.

o AvEnon tov Metpnt Tpoypdppotog (PC) koatd 4: y16 Adyovs otkovopiog KUKA®UAT®V Kot Yid
EKTIOLOEVTIKOVG GKOTOVG, 1 awénon tov PC katd 4 yiveton otov abpoioth g piog Kol LoVadIKNg
ALU mov dwBétovpe --mpopoavmdg 6€ KOKAOVG poAoyloy mov ot &ivol eledbepn amd dAdeg
VIOYPEDOELS. T1d TIg evioAég pvAung Kot aplduntikng/Aoyikne, n avénon tov PC xotd 4 Oa
pmopovoe va yiver katd tov 40 ( 50) kOKAo poroylov Tovg. Opmg, yid Adyovg amAdTNTOS Kot
opotopopeiag, Tpotyundnke 1 avénon tov PC katd 4 va yivetal katd tov tpmto kokAo (i_fetch)
OA®V aveEUPETOC TOV EVIOADV, TOVTOYPOVO (EV TAPOAANA®), ONAadn, HE TNV avayvoon g
evtoAng amd ™ pviun. [apatnpiote 6t 1 avdyvoon yivetor amd ) Sedbvvon pvhiung mov
VrodekvoEL 1| TaAod (mtpo g avénong) i tov PC. TMapatnpnote emxiong 0Tt n avénon avtn
Katd Tov TpdTo KOHKAO Bo foledel kan TV vAOTOINON TV EVTOADV jal, apydtepa, dedopévou OTL
avtég mpémel va amobnkevcovv otov $31 avtiv akpifdg v --avEnuévn kotd 4-- Tum.
[Mopapnote t€hog 611 1 devBvvon mpoopiopod TV dakhaddoewv vrd cuvinkn oplotnke
emitdec va givar (PC+4) + 4*Imm16, avti ankodg PC + 4*¥*Imm16, yid va Poiedel oe oyéon e
avtn Vv avénon tov PC katd 4, otov Tpdto KOKAO poAoylol, "ota TveAd", ThvTa, Y14 OLEC TIg
EVTOALG.

11.2 Baown Yiomoinon FSM kot Xnpatov EA¢yyov:

[Ipoc 10 mapoév, Ba viomomoovpe v FSM gléyyov pe tov amhd TpOTO TOL PUIVETOL GTO TOPAKAT®
omuo. H "kapdd" tg FSM eivar o kotoyopntig KOTAGTA6NS --TAV® OPIOTEPE GTO GYNUO-- TOV
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nepéyel (Boudrar) v mopovoo Kotdotoomn, "currState", Tov cvotiuotog. Eva umAok ZuvovaoTiknig
Aoyumg (combinational logic) --kd1m amd ovtév 610 oYNUa-- VToroyilel (amopacilel) mowd Oa sivor i
emopevn katdotaor, "nxtState", apécmg HETA TNV EXEPYOUEVN OKUT TOV POAOYLOV, GOV GLVAPTNOT TNG
TOPOVONG KOTAGTOONG Kol T®V E1000®MV TOV KUKAMDUATOS EAEYXOV --EV TPOKEEV® TOV Op, dNAOSY TOL
ir[31:26]. Ot é€0dot 10V KLUKADUATOG EAEYYXOVL, dNAAOT Ta ofuota eAéyyov tov datapath, eivon emiong
GUVOPTNGELS TNG TOPOVCOS KATACTOONS, KOl --HEPIKA om' ovtd-- pmopel va glval cLVOPTNGCELS Kol
OPIOUEVOV E160OMYV TOV KLUKAMUOTOG €AEYYOVL --gv mpokewéve tov funct, dniadn tov ir[5:0], wai
apyoTepa Kot GAA®V, OTT®G T.). TOV "zero".

=

currState l
Combinational Combin. Log. Comb.Log.
Logic
M‘ Control Signals
Controf | |
Datapath op (Moore) (Mealy)Y funct

o O1 é€odot "thmov Moore" eivar cuvapPTNOELS HOVO TNG TOPOoVCAG KATACTOONS, --O0)l KOl TMV
€1600wv ¢ FSM (ot gicodot ennpedlovv povo v emdpevn Kotaotoomn). To mAeovEKTUA Tovg
gtvat OTL ArAOTO100V T GYEdIAOT, EVO TO UEIOVEKTNLLA TOVG gival 0Tt £va TETO10 KOKAMULA EAEYYOV
advvartel va avtidpdoet oe eEmtepikd "epebiopata” (onpaTo, £16630VG) GTOV 1510 KUKAO POAOYION
OOV OLTA gppavifovtal, kot Uropel LOVO va OVTIOPAGEL GE QLTA GTOV ETOUEVO KUKAO pOAOYLOV,
Kot pioto xpeldletan Kot SlpopETIKES KATAGTAGELS Y14 TNV KAOE SlopopeTIKN TOL OvTidpaoT.

e O1 é€odot "thmov Mealy" gival cuVaPTAGELS KL TNG TOPOVGOS KOTAGTAGNG, KOl TOV EIGOOMV TNG
FSM. Ta mieovektipatd Tovg gival 0Tl EMTPENOVY O0lKOVOUio 6T0 TANB0G KATUGTAGE®Y, KOOMG
Kot Toyelo avtidpoon o ewtepikd epebiopata. OUmc, To TEAELTAIO OMALTEL KOl TPOGEKTIKOTEPT
oyediaon: 6ca onuato eAéyyov Tomov Mealy efaptdvtor amd apyomopnuéva GNHOTH 16050V, Ha
elvarl Kol owTé pe T GEPA TOLG TOAD OPYOTOPNUEVO. XTNV TOPOLGO. (OKNOT, TO HOVO G
€16000V 6T0 KOKAMUA EAEYXOV TTOV emnpedlel e£6dovg Thmov Mealy sivar To medio funct. To onua
avtd otabepomoteiton moAD vopis HEG 6ToV KOKAO poAoylon diott givon Katevbeiov ££080G Tov
KaTaympnTy ir Ko dpo otabepomoleitarl ica-ica polg mepdoet 1 koabvotépnon e£660v oL
KOTOY®PNTN ir LETA TNV aKUY pOAOYL0V.

Kot ot dvo mopamdve tomor onpdtov eAéyyov £Xouv TNV TOPOKAT® 1WO10TNTO: TO CNUOTO EAEYYOL
vroloyifovtal otov 1610 KOKAO 6TOV 0moio To. Ypnoionotel To datapath. BewpdvTag TOPA TO GHVOAO TOV
enefepyootn, onA. kol to datapath kot 10 KOkAmpa eléyyov, glvar cav va yopilovpe Tov KOKAO TOV
enekepynotn o€ 600 PEPT: OTO TPMTO HEPOG TOV KHKAOV YIVETOL O VITOAOYIGHOG TV GNUATOV EAEYYOV KO
1o datapath "kdbeton", evdd oto devTEPO PEPOC TOL KVKAOL TO datapath gpydleton pe Pdon ta pOMG
VTOAOYIGUEVE ONLOTO EAEYXOV KOl TO KUKA®UO gAEyyov "kdBeton". Ze emduevn doknon Oa dodue o
TEYVIKN OV EMTPENEL 6TO KOKAMUA EAEYYOV Kot oto datapath va SOLAELOVY TAVTOYPOVA, TETVYAIVOVTOG
€161 VYNAOTEPT TOYVTNTA AELTOVPYiOG TOV EMEEEPYAOTH).

Téhoc, mapatnpnote 0Tt To block GUVELACTIKNG AOYIKNG Y10 TOV VTOAOYIGUO TV SNUATOV EAEYXOV €tvar
"kovtOTEPO" (0TOV KOTOKOPLPO GEova) amd To block Y10 ToV VTOAOYIGUO TNG EMOUEVNG KOTAGTOONG. To
TOPOTAVEO VTOONAGDVEL 0Tt BELOVUE TOL oNparTta EAEYYOV Vo vToAoyilovtal 0G0 yiveTol o Yp1yopa, d1OTL
ypnoyomolovvtar omd 1o datapath otov id10 KOKAO poAoyloD, evd 1N GUVOLOCTIKN AOYIKN Y10 TOV
VTOAOYIGUO TNG EMOUEVNG KOTAOTAONG €XEL oTn O01d0eon NG OAOKANPO TOV KUKAO POAOYLOL Yo Vo
EKTEAECEL TOV DTOAOYIGUO TG,

Aocknon 11.3: Ileprypaon FSM kor Metafaocewv o€ "XovOéoun Verilog"

[eprypayte 10 KOKAOUA eAéyyov Tov enefepyaotn oag, mov Ba axoAiovbel v FSM mov 660nke oty
apyn kol Bo viomolel POVO TIC EVTOAEC mOL avoeépbnkav oty apyn ™G ekeovnone. ['pdyte v
TEPLYPOPT GOG ooV Eva Kavovplo module, "control", 610 apyeio "controlll.v". To module avtd Ha
Taipvel ooy €16080 10 poroT, kot PEPata Ba €xel cov £16000V¢ 1 €£660VG OAL TOL GULOATO ETKOVOVIOG LIE
10 datapath mov &iyav kabopiotei 6TV doknon 10.1.

H meprypagn g FSM 0a yiver pe to otod "RTL" (Register Transfer Level) g Verilog, mov givar o

ocuvnBopévoc "ouvBéoiog” TPOTOg OV YPAPOLLE OTIG YADOOES mePypapng VAKov. To otvid "RTL"
onuaivel 0Tl SNAMVOVLE TOVG KOTOY®PNTEG TOL TEPLEXEL TO KOKAMUA HOG Kot TN AOYIKY HETaED TV
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KOTOYOPNTOV ywpic vo, vmoAoyilovpe gueic T kabvoTtepnoelg Tov KUKADOUATOS HaG. EEpovpe (Kopimg
and gumelpio) moon Aoy "yopdel" og éva KHKAO poroylov Tov BEAOVLE Vo TETOYOVLE, KOl OTADS TNV
neplypdopovpe. ‘Enetta, to epyoieio ouvBeong avaldovy To KOKA®UW, TO HETOQPAloVY G€ AOYIKEC TOAEG
ko flip-flops, to Peltiotomolobv, ko vworoyilovv emaxpifmg tig kabvoteproelg (Prpata mov dev Oa
yivouv ot TAaiclo avtod Tov pHabnpeTos...). o v FSM g doknong, Bewpovpe 6Tt OAN 1 Aoyikn G
YOPAEL GE EVAV KUKAO POAOYLOD.

Eexwnote opilovtag 1o moiég givar o1 kataotdoelg g FSM kot nadg kabopiletal 1 emdpevn Katdotoon
pe PBaon v mopovoo KOTAGTOON KOl TNV TN TOV €16000v. Akolovbeiote TO TOPOKAT®O HIKPO
TOPASELY O, LLE TIG EENYNOELG TTOV did0VTOL LETA OO AVTO.

“define LW 6'b100011

“define SW 6'b101011

parameter [3:0] // symbolic constants for state encoding
i fetch = 4'b0001, // --"one hot" encoding style
decode rr = 4'b0010,
mem addr = 4'b0100,
alu exec = 4'b1000;

reg [3:0] currState; // current State: sequential logic

reg [3:0] nxtState; // next State: output of comb. logic

// (although "reg" --see below)
// state register
always @ (posedge clk) begin
currState <= #0.2 nxtState;
end

// define nxtState as a function of currState and op:
always @ (currState or op) begin // whenever any input changes:
case (currState)
i fetch:
nxtState <= #0.5 decode_rr;
decode rr:

if ((op == "LW) || (op == "SW))
nxtState <= #0.5 mem addr;
else 1f ( ... )
nxtState <= #0.5
else
nxtState <= #0.5 alu exec;
mem addr:
nxtState <= #0.5
alu exec:
nxtState <= #0.5
default:
nxtState <= #0.5 1 fetch;

endcase
end

Opropdg kol Koodwkonoinen Kataostdosov:

Apywd opifovpe molég eivon or kotootdoelg g FSM, divoviag toug cvpfoiikd ovopoato (i_fetch,
decode rr, mem_addr, alu_exec,...) kot pio wpotewduevn, mbaviy kodwomoinon (0001, 0010, 0100,
1000,...). Avtd 1o Kdvoupe pe TV evtodn "parameter” g Verilog. H dwapopd trng "parameter” and v
"define" givar 1 1 TN Yo Ta GVPPoAKAE ovopaTo Tov opilovtal pe Tt Pondela tng "parameter” umopel
va aAAGEEL apydtepa --£TGL TO gpyareio ovvOeong Bo pmopéoel va PeAtiotomomost, mBovov, v
KWOOIKOTOINOT T®V KOTOGTAGE®DY. XTO TOPaTdve mapddetypo dodééape Kmdikomoinon tov oTud "one
hot", dNAadn o kaToy®PNTNG KATAGTAONG £XEL TOGO bits 0CEG KOl Ol KATOOTAGES GUVOAIKA, KAOe bit
avTiIoTol el o8 Pio GLYKEKPIUEVT] KATAOTAON, Kol KAOE KOTAOTOOT KOdKomoeitan e Oha Ta bits undév
eKTOC amd 10 "oKd ¢ bit wov givan "avapévo" (Leotd, hot). Avtd T0 GTVA KOdKoToinoNG ToPLalel o€
FSM pe 61 mohd peydro minbog xotaotdoemv, kot cuvndmg divel vymAn taydnta Asttovpyiog g FSM.
SOUTANPAOOTE TOV KOTOAOYO HE OAEG TIG KOTOOTAGEG mov Ba ypewooteite, ko Sopbmote v
Koduonoinomn tovg (v axoilovbeiote To oTVA one hot, Tpocélte Moo bits ypeldleote).

Kotayopnmc Ketdostaong:

O KaToy®PNTNG KOTAGTUONG POPTMVETOUL GE kale arun poioyiod e TV vEo KOTAGTOOT, nxtState, TOV
VTOLOYIGOUE GTOV TPOTYOOUEVO KVUKAO poAoylov. O KaTay®pnTNG KOTAGTUONG TEPLYPOPETOL LE TOV
kodwka "always @(posedge clk) ...". To napamdve onuaivel: otav €pbet 1 Betikn akpn Tov poroylol
EKTELEDE TOV KMOOIKO LEGH 670 block Tov akodovbei, dnA. deg moid givar TP (AKPIPOG TPV TNV aKU) M
Tiun Tov "nxtState" kot avabecé v oto "currState" apov tpota tepdoovy 0.2 ns (kabvotépnon e£650v
tov katoxopnti). To epyodeio ovvbeong kataiofaivel Tov TOPOTAvVed KOOKE Kol TOPAYEL EVov
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KaTaympnT (LE TIC TPOYUATIKEG TAEOV KaBVoTEPNOELS KOl Oyl AVTEG TOV UELS LTOBETAE Y10 OTAOTITA).

Ynoloywopog Eropevng Katdotaong:

O vnoAOYICHOC TNG EMOUEVNG KATAOTOONG, nxtState, YIVETOL HE GLVOLOOTIK AOYKN Pdcel Tng
mapovoag Kotdotaong, currState, Kor tov €060dwv g FSM, 6mo¢ ¢@aivetoar ota apiotepd TOL
dwypaupotog block. Emedn n ovvdvaoctikip ovty Aoyikn elvol  OpKETA  UEYAAN, HE TOAAEG
VROTEPUTTMOELG, Eivar TO POAKO 1 TEPLypaen NG va yivel pe Tig eviorég "case" won "if" tng Verilog,
avaBétoviog (assign) Oidpopec TG otn nxtState 6Tovg SLAPOPoLE KAGOOLG Tng "case" Kol TV
"if-then-else". ['d va dovAéyel awto, oe Verilog, mpémel 1o nxtState va, onlmbel cav "reg" kot Oyl cav
"wire".

[Zta wire emtpéneTon povo ocvvdeon pe modules 1) continuous assignment. Zto continuous
assignments emtpEnOvVTAL UOVO OpOUNTIKEG/AOYIKEG TPAEELG KOl TPAEELS EMAOYNG OTMG
"(a==b) 7 x : y", aALG Oy case 1 if-then-else. Ta case ko if-then-else emttpémovron povo
péso oe behavioral blocks, onAadn péoa oe "initial" ko "always". AvaBéoelg
(assignments) péca o€ behavioral blocks emtpénovton poévo og kOpPovS THTOL reg, Kot Oyt
oe wire. Ot koppot tomov reg &yovv "uvAun": 6o Kol 6tav dev Tovg avatifetor pd véa
TN avtoi dttnpovy TV modotd Tovg Tn. Otav Aouwtdv, yid AOGYOLG EVKOAING MOG,
0élovpe va meprypdyovpe ocuvovactikny Aoyikny pécw behavioral blocks, ypedleton
npocoyn va avabétovpe Tavto véa T oty €60d0 omote aAlAlEl Kdmola €i6060G, Kt M
VEQ TIUN VO ElvOl CLUVAPTNOT HOVO TOV €1600®V. AV VIAPYEL KATOW VTOTEPITTMOOT TV
TILOV €16650V KOTA TNV oToia dev yiveTor avabeon véag Tiumg oty é€odo (m.y. Eexdooape
to "else" o€ kamoio "if-then", N} Eeydoape to "default" oe Kdmoo "case"), TOTE oMpAivel OTL
0élovpe va datnpeitan | TOAOLE T, TOV GNUOAVEL V. ]

[Mop' 611, Aowmdv, 10 nxtState dnAdveTal cav reg avti wire, epeic Oa opicovpe TNV GLUTEPLPOPE TOV £TG1
MOTE VO TPOKVTTEL OTL TPOKELTOL YIG GUVIVOAGTIKN AOYIKY]. AVTO TO TETVYAIVOVUE LE TOVG €ENG TPOTOVC:

e (a) H mapévbeon tov "always" statement mepthapfaverl odeg Tig €16680v¢ and Tig omoiec e&aptdton
10 nxtState (Ko yopic meploplopd o€ opiopéveg povo axpég tovg --posedge 1 negedge). Avtd
onpaivel 6Tt To UTAoK avTd Tov KOdK (always block) mpémer va avaektedeiton mdvia OmOTE
oAAGCEL M) TIUN 010601 TOTE Ao 0VTEG TIG 1600006, Edv og enduevn doknon to nxtState eaptdron
kot and to funct 1 ko amd GhAeg €160d0vg, unv Eeydoete va mpocbéote OAeg tovg, pe "or"
aVAUESA TOVG, o€ aWTO TO "sensitivity list" (katdloyo evasOnciov 1 eaptnoemv).

o (B) Avobetouvpe T oto nxtState oe xkabe okéhoc Tv case kou if-then-else statements, dote va
Unv vapyel mepintoon to nxtState va "OopdTor” v Todkond Tiun.

e (y) H tyun mov avabétovpe oto nxtState eivar cuvaptnon uovo Tov 16600V Tov eppavifovtot
oV mopévheon tov always, 0TI HOVOV ALT®OV 1 0AAAYN TPOKaAEl emovekTéleon Tov always
block xat dpa avdbeon véog Tiung oto nxtState.

To xopdtt "#0.5" petd to "<=" g kaOBe avdbeong onuaiver "n véa TN vo EpapOcTEl 6To nxtState pe
kaOvotépnon 0.5 ns" (ce oyéorn pe to moOTE exteAeital o always block, dnA. and ™ "otiyun" mov
aAralovv T to onpate mov gueavifovral oto "@(...)"). Kdvovue v amiomomTiky mopodoyn 0T M
AOYIKn Tov yevvd to nxtState €yel kabvotépnon (novo) 0.5 ns --avtd avtioTolel 6 amA AoyiKn, dVO
nepinov (U6vo) emmédwv mulmv, pe pikpd fan-in ko fan-out. Mnv Egyvarte va Balete mavia avty v
KaBvoTtépnomn, O10TL OAAOIDG TO KUKA®UA cog Bo poidler ypnyopdtepo om' 660 Oa eivor oty
apoypatikotnta. H avdbeon yiveton pe "<=", kan oyl anddg pe "=", y1é évo Adyo mov £xEL va KAVEL LE TNV
ecmtepkn Aettovpyion g Verilog, kot o omoiog ektifeton mopokdte Y4 TV evnUEPOON TV
EVOL0QPEPOUEVOV OAAG eV YpeldleTal Vo GOG OTOGYOANGEL.

[H avdBeon "a = #0.5 b;" mpokaiel "umlokdpiopa” tov always block 6to onueio g
kaBvotépnong v 0.5 ns. Xt ypovikny ovty mepiodo mov to always block eivon
"KoANpEVO" 610 onpeio ekeivo, To block ovtd dgv eréyyel av dAlate kdmolo omd To
ONHOTO €GOS0V TOV UE OKOTO VO EXAVLTOAOYiIcEL TNV T €£6d0v TOv --OMAad GTO
dtdotnpa g kabvotépnong dev SovAevEL T0 "@ (b or other inputs)". Trv avemBountn
VTN CLUTEPLPOPE OeV EYEL O GALOG TOTTOG avabeomg, OnAadn n avabeon "a <= #0.5 b;".]

Aocknon 11.4: Ileprypaon tov EE600v ™ FSM o¢ "XuvOéoun Verilog"
Topo mov 1 FSM xwveital cootd petald Tov KOTOoTACE®Y TOL TPEMEL, TO EMOUEVO Prpo eivar vo

neprypayovpe T €£60ovg e FSM, onladn ta onuata eléyyov yid to datapath. To onpota tHmOL
Moore givor cuvaptioelg poévo g currState. To onpata tomov Mealy eivar cvvaptoelg 1060 NG
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currState 660 Kot €1066mv 0V EAEYYov. Kot 611 dvo mepurtdoelg Oa KAvove TOAL TV OTAOTOMTIKY
mapadoyn OTL M Aoy oL Ta YEVVE €xel kabvotépnon (uovo) 0.5 ns, 6mwg ko yid to nxtState.
AxolovOnote 10 e&Ng Tapddetypa yid ta onpata Tomov Moore:

reg irld; // irld: "reg" for convenience of behavioral descr:
always @ (currState) begin // a combinational function of currState, only
if (currState == i fetch)

irld <= #0.5 1'bl; // load IR at end of i fetch
else

irld <= #0.5 1'b0; // else do not load IR
end

Onwg kot pe to nxtState mo ndvm, £60 opilovpe £va GNLO TOV TPOKVLATEL OO GLUVOVUGTIKY AOYIKY KOl
puovo. Iop' 6Aa avtd, enedn 1o meprypdpovpe pe to behavioral block "always", to opilovpe cav reg.
Opowg, akorovbBovpe OAeg Tig Tapamdve 0dnyiec Tov nxtState, Ki £T01 AVTO TOV TEPTYPAPOVLLE Eivar TEMKE
ouvovaoTiky Aoyikn. To kopdtt "#0.5" otnv KaOe avdbeon onpaivel, kot mdAl, kabvotépnon 0.5 ns --pnv
Eeyvare va Palete mavta avt v kobvotépnon (koi 1 avabeon givar "<=" avti "=" yid tov 1610 Adyo
omws mapanive). o o onpate tomov Mealy, N Alota TV €16600V TPENEL Vo TEPIAAUPAVEL Kot TO.
avTioTol o GNIOTO E1GOS0V KAOE Popd, 7.y, "always @ (currState or funct)".

[Enpeioon: kpatnote V' OYN oG OTL GE MEPIMTOOT] TOV KATO0 Od TA ONLLATH €GOS0V
&xer Ty "x", 10te extélettan o "else" M 1o "default", katd mepintwon. Etol, oty apyn
oV KOKAov decode rr, kaBdg aArlalovv Ty Ta op kou funct, Ta oNpata wov e&apTOVTOL
arnd avtd (nxtState Kot ofjpoto Towov Mealy) 6o maipvouv Tpocwpvd "toapdEevec” Tipég,
Kot opyotepa Ba otabepomotovvTol oTIG KOVoviKEG Tovg TYEG. To @avouevo avtd, Tov
povtelonolel kaBvuoTEPNOEI TOL OVIMG VIAPYOLV GTO KVKAWUA, B yivel TepiocdTEPO

a1etnTd apyoTepa, 6TV Oa YPNGUYLOTOIGETE KL TO GO ZETO GOV €1G0J0 TOV EAEYYOV. |

Aocknon 11.5: OloxMpomon EAéyyov/Datapath kow Arocpoipdtmon

AoV TEAEIMOETE e TOV EAEYYO, avTlypayTE Ta apyeio g 10nG ogpdc aoknoewy ota "datapathll.v"
Kot "testll.v". AAAGETe To top-level module ®ote va punv divete TIHEG Le TO YEPL GTO GNUOTO ELEYYOV,
OAMG aUTd Vo TPoPOdOTOVVTOL OO TO control module mov @rid&ote (apyeio "controlll.w").
Apykonomorte:

i. Bahte ot pvAun apketég eviorég yo va eAéyéete 10 KOKA®UG oag (m.y. pio evioAr amd Kabe
€160¢).
il. ApylKomowoTe TOV UETPNTN TPOYPAUIOTOS, PE, L TOV 1010 TpOTo Omm¢ kol otnv doknon 10.2.
(xovovikd, ovtd Ba To £Kove TO GO reset Tov Vo TPAYHOTIKO KOKAMUO TPETEL TAVTO VO E)EL).
iii. ApPYIKOTOINGTE TOVE KATAXWOPNTEG TOV KUKAMUOTOG €AEYYOL, dNAadn Tov currState, ®ote GTOV
TPMOTO KOKAO poroylov va ektedeotel €va instruction fetch (kovovikd, kot avtd o 0 £kave TO
onua reset ¢' £va TPAYRATIKO KOKA®UQ).

[Tpocopoidote T Aettovpyio Tov enesepyoactn Kot dtopbmote ta AdOn (debugging - amocpouipdtwon, 1
"Eelovlovviopa), 1060 610 KOKA®UA eAEYYOV 0G0 Kol 6To datapath wov €xete amd v doknon 10.1. Oa
TPETEL VO TPEYOVY 6MGTH TOLAAYIOTO Lio 0md KAOE €100C EVIOANG, LE [N TETPLUEVESG TYEG TV TEAEGTEDV
toug! Emiong otid&re éva pukpd atéppovo Bpoyo pe t Pondeia g evroAng "j", xon eAéyEre OTL TO
TPOYPOALLOTAKL EKTEAEITOL COGTA.

AoV tpé€ovv OAa, vToAoyiote e T Ponbela Tov SignalScan wdon sivar | eAdyiotn dvvarr Tepiodog Tov
poioylob cag, kol aAAGEte 1o top-level mote va tpéxel o emeEepyaoctng cag e avtd To ypnyopoéTEPO
dvvatd poirdi. [loca MHz xatagépate va "mdoete"; (Mnv xévete Caforiés: unv Eeydoete Tig
kaBvotepnoelg "#0.5" ot yévvnon Tov onpdtov e Eyyov!)

[Mopadmdote, OTOC KOl GTIG TPONYOVUEVES OOKNGELS, ToV KOG cag "controlll.v", Tig aAlayég mov
kavate oto datapath, "datapathll.v", to véo test bench, "testll.v", tn véa apyikomoinon Hviung,

"memoryl1l.hex" 1 "memoryll.bin", kot éva yopoktnpiotikd otrypudtumo, "signalsll.jpg", and to
Signalscan tng doknong 11.5 o€ popen jpg, ToKeToPIGHEVE 6TO apyeio "askll.zip", pécwm:

zip askll.zip controlll.v datapathll.v testll.v memoryll.hex signalsll.jpg
~hy225/bin/submit 11
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