Oépa 1 (2.5 povadeg)
clock

To axkoAouBlakO KUKA®IA TOU MMAPAMAVe OXNpatog ektedei éva ouykekpipévo urodoyiopo. Ot R kat B eivat
KATtaxepntg v 8 kat 4 duadikov yneiov aviictoxa. I'a 1o {nroupievo UMOAoOYIO0, 0 KATAX®PNTING apXika B
pndevidetal eve otov R @optwvetal pa apxikn tpt). To koppdt tou oxedlaopou rou onpewwvetat oav "High-order bit"
urode1kvuel 0Tl 1o Kabeto kaAwdio ouvdeetal 11dvo OTo IO oNUAvVIIKO Pneio tng aptpiag £§6dou 1ou kKataxwpnt) R.
To kUKAepa eniong anaptifetat ano evav mpoodetn) v 8 duadikev YPneiov e kpatoupevo €1006ou naviote 0, €vav
TETPATTAO TTOAUTIAEKTY 2 o¢ €éva Kat evav audntr (rmpooBetr) 6nAadn g povadag) v 4 Suadikov PnEiov.
¢ Me pia npotaon kabopiote mola eivatl n oxéon petady mg apXxikng Tpng tou R kat tou nepiexopévou tou B peta
arno 8 KUKAoug poAoylou ? (0.5)
Eoto o1t apxika o R mepiexet 10 a. O abpoiotiig exkteAel ) mpoobeon a+a e Kpatoupevo £1006ou 0, dpa otov EMOPEVO
XPOoViKO KUKAO 0 R Oa mepiéxet 1o 2a (tuxov Kpatoupevo e£odou ayvoeital), 6nAadr) to a aplotepd oAloOnuévo. Apa
Kata toug 8 maApoug, 6a ep@aviotouv €va — éva 6Aa ta duadika Pneia ToU d, otn YPApr) erMAOYHS TOU TTOAUTIAEKTI).
Ze KOs XPOVIKO KUKAO TIOU TO Pn@io €rmAoyrg Tou TMoAumAéktn eivat 1, to mepiexopevo tou B aulaverar kata 1.
ZUVEn®G 010 T¢A0G TV 8 KUKA®V otov B Ba untapxet o apiBpog tov "1" tng duadikrg tiung tou a. Ztov R Ba uvntapxet 0.
¢ TIlowo ouvbuaouko KUKA@pPa Oa pmopoucate evAAAAKTIKA va Xprotpororoste oty £§odo tou R yia tov 610
oKoro ? (mpopaveg autd Pyalet to 1610 arotédeopa oe €va Kat o6xt oe 8 KUKA0UG) (0.5)
Antatteitat éva 6£vipo ano nuabpoioteg / mAnpelg abpoloteg Orwg autd ToU MAPAKAT® OXNILATOG :
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¢ Tt peyéBoug EPROM 6Oa xpeiafdooactav avii 1ou ouviuaoTtikoU KUKA®IIATOG TOU ITPONyoulevou epatrpatog ? Ilowa
Oa fjtav ta nepexopeva g EPROM otn 6¢on pe dievbuvor 001011112 ?

7

(0.5)
MeyeBog = 28 O¢oeig x 4 bits / 6¢on = 1Kbit EPROM.
Zin 6¢on pe 001011112 Ba mpémet va eivat arnobnkeupévo to 01012,
¢ Anote g neprypapeg oe Verilog yia 10 KUKA®PA TOU OXIATOS KAl TOU €VAAAAKTIKOU KUKA®IATOG TOU 20U
UTTOEP®TLIATOG, ouprnieplAapfdavoviag Kat ot dUo MEPUTIOOELS TA ONIATAd APXIKOII0iNOoNG T®V KATAX®PNIOV, TO

ofjia tapaAAnAng @opI®ong Kat tig £10060ug rapdAAnAwv 6edopévav. (1.0)
module sequential (clk, load, data); module combinational (clk, load, data, onescount) ;
input clk, load; input clk, load;
input [7:0] data; input [7:0] data;
reg [7:0] r; reg [7:0] r;
reg [3:0] Db; output [3:0] onescount;
wire [3:0] muxout;
always @ (posedge clk)
assign muxout = r[7]1? b+l : b; if (load) begin r<=data; end
always @ (posedge clk) assign onescount = r[7] + r[6] + r[5] + r[4] +
if (load) begin r<=data; b<=4'h0; end r[(3] + r[2] + r[1l] + r[0];
else begin r<=r+r; b<=muxout; end endmodule
endmodule
Oépa 2 (2.5 povadeg)

H axoAoubia Fibonacci sivat pla apiOunukr oepd, oy oroia kaBe opog mpokurtel and 1o dbpotopa twv duo

PoNyouleveV v ot dUo Tpmtotl opot eival 0 kat 1. Zuvenag ot mpwtotl opot g akodoubiag eivar 0, 1, 1, 2, 3, 5, 8,

13, 21, 34, 55, 89, 144, 233, ...

¢ Awote 10 Staypappa evog akoAouB1aKkoU KUKA®IIATOG TO OIoio HETd TV apXikoroinon tou Oa pag 6ivel oty €§0d0
ToU pe KaBe KUKAO poAoylou tov eropevo opo tng akodoubiag Fibonacci Sexivoviag anod tov 3o. O tedeutaiog 6pog
rou Ba xpetadetat va rapdayestat eivat o 140s, dnAadr) to 233. (Yrobeiln : MHN npoomnaOroste va pudete eva FSM).



A@oU k&Be 06pog TporUITiEl oav 1o dBpotopia twv GUO MPONYOULEV®V,

clock v A ouunepaivoupe 6t Ba xpetactovpe 2 kataxwpnieg ot R1, R2 ot
_R1 Rz oroiot Ba armoBnkevouv TOUG 2 IO TIPOOEATOUS OPOUS TNG
(8-bit register) (8-bit register)

akolouBiag. Ot kataxepnteg Oa mpénet va Priopouv va arnodfnkeuouv
£wg kat to 233, apa Ba mpénet va eivat v 8 bit. Xe kabe xpoviko

A Y

KUKAO, ta replexopeva toug abpoifoviat. To abpotopia kabmg kat o

8-bit full adder PONYOUHEVOS  HEVIOTOS 0pog NG  axolouBiag Oa mpémer va
T aroBnkevutouv  Kat TdAt otoug HUo Kataxwpnieég. Avabgtoupe

+ ouveniwg otov R2 va Owatnpel to amotédeopa katr kabwg mpv 1o

maAplo  podoylou  dlatnpouos TO  TIPONYOUHEVO  [Eyloto Opo  (to
aBpotlopa 1OU TIPOEKUYPE €va KUKAO IIPWv) avilypd@oupe ta Ieplexopeva tou otov R1. Kata v apxikorioinon
npoavag o R1 6a apxikorionOet pe O kat o R2 pe 1.

¢ Ileprypdyrte oe Verilog 1o KUKA®}IA TTOU TTPOTEIVETE. (1.0 povada)
module Fib_generator (start, fibterm, clk);

input start, clk;

output [7:0] fibterm;

reg [7:0] R1, R2;

assign fibterm=R1+R2;
always @ (posedge clk)
if (start) begin R1<=8'h0; R2<=8'hl; end
else begin R1<=R2; R2<=fibterm; end
endmodule

®ipa 3 (2.0 povadeg)
¢ Evag "mpoAnmukog" petpntig £ival évag Petpning o oroiog ureprinda v upr) 13. Awote to Aoyikd daypappa

£VOG TIPOANTITIKOU HEIPNTL), Xpnolpornoloviag tov 74LS163 terpapriito Petpntn) Ing MAPAKAT® £1KOVAG KAl O0Eg

TUAeg 6U0 1006wV Kpivete anapaitnieg. (0.7)
Zuuepova pe tg dtapdaveleg tou padnuatog o 163 eivat évag 4-bit petpniig pe ouyxpovo load kat clear (active low
ofjuata) pe mpotepatotnta oto clear. Otav kat ta 6Uo autd ofjuata sivat avevepya, kat ENP = ENT =1, o petpning
perpdet pog ta nave. 'a va uneprindrjooupe ) katdotaon 13, Ba mpémnet 6tav doupe to 12 otnv €§odd tou va
£VEPYOTTOI|OOULIE T YPAUU (POPT®OoNg Kat va Béocoupe ta 6edouiéva £1006ou oto 14, ®OTe OTOV EMOPEVO KUKAO O
petpnng va optwdet pie to 14. Apa to {nrovpevo oxrpa sivat :

74L5163
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¢ H napakate kupatopoper eivat n €§odog evog "aroofévoviog” petpntn.

o L

16 15 14 4 3 21 16

6nAadn, n £€§obog eivatl oto 1 yia 16 xkUkAoug, oto O yia 15 kuUkAoug, oto 1 yia 14 KUKAOUG KOK, [1€XPL TTOU £ivatl

oto 0 yua 1 kUkAo. H akoAouBia apéowg peta enavailappPavetat. H nepiobog 6nAadr) tou petpnty eivat : 16 + 15 +

... + 2 + 1 = 136 kUKAO1 podoylou.

Amote 1o Aoyiko Slaypapipia £evog ArooBEVoViog HEIPNT XPNotornolwviag toug duo 74LS163 petpniég kat 6on

erurtAéov Aoyikn kpivete anapaitnn. To Sidypappa oag Ba mpérnet va deixvel kaBapd t1g ouvdeoelg petady v

HETPNTOV KAl TG UTIOAONG AOYIKI|G. (1.3)
Evag petpning wwv 4 bit, ipopaveg de prmopet va pag dwoet kavéva onpia otabepd yia 16 wpoloylakoug radjpious.
Zuvenmg xpeladetal va ouvoEcoule toug 6U0 LETPNTEG WOTE va @TIadoupe évav petpntr v 8 bit. Auto pmopet va yivet
Xprnolonowviag ®g ermitpeyn yua o 20 1o RCO tou mpotou (BAéme Stagpaveleg). Kat autov 1o tporo o Seutepog
petpnng (high order nibble) petpaetl kabe @opd oU o IMP®TOG £€xoviag @raoet oto 15, emaveépxetatl oto 0. To 5° bit tou
8-bit petpnn éxet nuuepiodo 16 maApwv, 6nAadn eivar 16 maApoug oto 0, 16 oto 1 k.0.K. Apa avieorpapjpiévo, p1ag
MAPEXEL TO TPMTO KOPPATL TNg aroofévouoag PETpnong pe t {nroupevn moAkotnta. A@ou Béloupie n diapkela v
MAAL®V va pewvetal, 0a mpEmel va evePyortoloulle o 2° PeTPnT] OA0 KAl IO oUXVvda 1] 10oduvalid, va @optOVoOULE OE
autov OAo KAl peyalutepeg THEG. A@ou o 205 aufavetal kKaBe @opd mou 0 MPWIog @Tavelg oto 15, cuprnepaivoupe ot
HITOPOULE VA (POPTMOVOULE TOV IMP®TIO HE T TN Tou 20V Xprotpornoleviag to ofpa RCO avteotpappévo. Etot o mpwtog
petpning Ba perpdet arno 0 €ng 15, arnod 1 ¢og 15, and 2 ¢og 15 K.0.K. IApEXoViag 11ag T0 Ofjld EVEPYOITOINoNg yid to
deutepo 1e pikpodTepn mepiodo kAOe @opa. TEAog, av kat ot dUo PETPNTEG £XOUV TO 1610 PoAot 1) erOupnty) POPTWOT TOU



MP®TOU YiveTal €éva KUKAO etd, apa Oa mdapoupe tnv akoAoubia 17 kukAot oto 1, 16 oto O K.0.K. Aro@uyr] autou

HITOPEL Va YiVEL XPNO1LI0TIOIOVIAS CUNIMANP®UATIKA poAoylda. Apa to {ntoulievo oxrjua ivat :
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Mropeite va ermPefaimoete tnv opOOTNTA TOU MTAPATIAVE OXIATOS, XPNOTHOMOIMVIAS TOV AKOAOUO0 KOO1KA :

module c741631ike (clk, clear_n, load_n, enp, ent, data_in, count, rco);

input clk, load_n, clear_n,

input [3:0] data_in;
output [3:0] count;
reg [3:0] count;
output rco;

always @ (posedge clk)
if (~clear_n) count <= 4'h0;

enp, ent;

else if (~load_n) count <= data_in;
else if (enp & ent) count <= count + 1 ;
assign rco = (&count & ent)? 1'bl : 1'b0;

endmodule

module chirp (clk, clr, chir);
input clk, clr;
output chir;
wire [3:0] wval;
wire temp;
assign chir = ~vall[0];
c741631ike c0 ( clk, clr, ~temp,
c741631ike ¢l (~clk, clr, 1'bl,
endmodule

module testchirp();
reg clk, clr;
wire chir;
chirp CUT (clk, clr, chir);
initial
begin
clk =
clr =
#25 clr =
#40 clr =
end
always #15 clk = ~clk;
endmodule
Oipa 4

R OoORr o

1'bl, 1'bl, val, , temp) ;
temp, temp, , val, ) ;

(3.0 povadeg)

210 MapakAt® oxXnpa @aiverat 1o diaypappia perafaong Kartaotdoemv evog akKoAoub1akoU KUKA®UATOS HE 2 apvntkd
axkporwupodotnta flip — flops, £otw A, B. Karolog oxeb1aotr)g, Armo@Acios va UAOIIOI0El T0 KUKA®IA XPNOTHOTIOI0VIAS
D kat JK turou @Aut — gAorig yua ta A kat B avtiotowxa.
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¢  BOeopoviag o011 0 oxedlaotig akoAoubnoe otpatnykr eAaxiotou kootoug Heifte ) Sadikaocia oxebiaopoly rmou
aroAoubnoe Kat 10 Aoyiko KUKA@A oto ortoio katéAnde. E€nyeiote av 10 KUKA®IA £Xel TNV 1KAVOTNTA "autopATng

ekkivnong" (autob1opbwong).

(2.0)

Aro 1o Hpraypappia Kataotdoemy MPOKUITIEL 0Tl £Xoulle 3 Kataotaoelg, apa Oa xpetaoctoupe 2 ff, ¢otw A kat B, pe 1o A
turnou D kat to B tunou JK. Emiong éxoupie 1 eicodo kat pia €§odo. Kataotpovouyie to mivaka petafaong Kataotdoemy
Kat €§0dou kabwg kat enopevng €10060u v ff. H evaropévouoa katdotaon 01, yia otpatnyikr) eAdx10tou KOOToUg,

etvat adiagpopn.

Tpéxovoa Kataotaon Eicodog | Emnopevn Katdotaon DA(t+1) | JB(t+1) KB(t+1) ESobog
A(t) B(t) X A(t+1) B(t+1) Y
00 0 10 1 0 X 1
00 1 10 1 0 X 1
01 0 X X X X X X
01 1 X X X X X X
10 0 10 1 0 X 1
10 1 11 1 1 X 0
11 0 00 0 X1 1
11 1 10 1 X1 0

TIpopavmg eivat KB(t+1) = 1, eve yia tig urtoAouteg ouvaptr|oelg €Xoue toug €8¢ rivakeg aAnOeiag :

BX BX

{yy kat DA(t+1) = ~B| X, (1 X) X

To rUKA®NA oto ortoio KateAnde o oxedlaotrg eival OUVEN®G TO :

rat JB(t+1) =A&X,

BX -
1 1

Kat Y=A|~X.
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Y.

Apou KB = 1, avaloya pe ) upt) tou JB, 1o B ff site kabapietat eite avuorpépetatl. Av 10 KUKAoNA Ppebei otnv pun
avapevopevn kataotaon AB=01, n ernopevn katdaotaon Oa eivatl ouvverniog AB=X0. Opwg kat ot 6Uo kataotaoelg AB=00
kat AB=10 eivatl oto oUvoAo TV 1OVIEAOTIONIEVEOV KATAOTACE®V. Apa T0 KUKA®IIA €XE1 AUTOPATY €KKivnon.

¢ Tleprypayte oe Verilog to 6edopévo Mealy FSM.

module Mealy_fsm (clk, X, Y);
input clk, X;
output Y;
reg Y;
reg [1:0] current, next;
parameter S0=0, S2 = 2, S3 = 3;

always @ (negedge clk)
always @(current or X)

current<= next;

case (current)
SO : begin next = S2; Y=1; end
S2 : begin next = (X) ? S3 S2; Y = (X)? O:
S3 : begin next = (X) ? S2 S0; Y = (X)? 0:
default : begin next=2'bX; Y=1'bX; end

endcase

endmodule

(1.0)



