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Yriaypdonon tng StdleEng

B AvackoTnon deudtov moalondy e£eTdGEmY TOU WoONUOTOS

m Efetaoctikn mepiodog Iovviov-IovAiov 2010
m Efetaotikn mepiodog Xemteufpiov 2010
m Ilegieyduevo egetdoemv
B Oewpntikd dépata
m T yvopicete yiao ROM, RAM, FSM, FSMD
Epwtnceig woAlaming emloyng (multiple-choice)
FUvOUAGTIKG KUKADUOTOL
Mvrueg
AKOAOVOLAKA KURADUOTO
Mn-Ttpoypauuatigduevol emegepyactés (FSMD)
B Kikloua dBgowong épwv
B Kiklouo ToAaTtAaclaciol ald QuGtkd
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Epwtnoeelg woAAaTtAng emioyng (1)

1. Tv etvon éva apyxelo testbench;
A) To top-level apyeio Tov KUKAMUATOG.
B) Apxeio yia tov €Aeyx0 TOU KUKADUATOG.
I') ’Eva TTakéTto ue SnAWaees Tou xenotn.

A) EVOAAOKTIKIA TTEQLYQOUPN TOU KUKADULATOG.
2. Atvovton to dtaviopata a[6:10], b[6:2], c[1:4]. IToto To VOGS TOV KABEVAG,
avticToya,
A)6,4,4. B)5,3,5.1)5,5,4. A) 6, 4,5.
3. T ta Togamdve Swavdcuata a, b, ¢, ol aTd Ti¢ TaEAKRAT avabicels Sev
elvaw opbn;
A) a[6:10] <= {c, 1’bl}; B) a[5:4] <= b[4:5];
) c[1:3] = a[6:8]; A) b[2:2] = 1;
4. Tlow agd g maQardte dev atrotedel AéEn-kAeldi tng Verilog;
A) in. B) output. I') wire. A) reg.
5. Tw to akdrovbo Tunpa kodika Verilog cuuTtAnE®GTe Tn GOGTR AloTa
evacnoiog.

always @(...) begin
a=>b+ 1'bl; ¢ = {1'b®, b[5:0]}; d=a "~ c " e;
end

A)a,b,c,e.B)a,b,c,d,e.T)a,c,d. A a,b,d, e
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Epwtncels woANATTANG eTTIAOYNG (2)

6. Xe mola kwdkoToinon, do Stadoykés Twés Stapéouv Ttdvta Katd éva bit;
A) Gray. B) One-hot. I') Two-hot. A) Binary.

7. TIowo o eAdyloTo €VROS dravicuatog SievBuvang, ya T SievBuveloddtnon uviaung
RAM ue 57 9éoeg;
A)5.B)6. 1) 7. A) 8.

8. Tu eldovg kUKAwUa VAOTIOE! 0 AKOAOVOOC KMOOKAG;

[always @(posedge clk)

q <=d;
A) “Evav stoAuTtAékTn 2-Ge-1. B) ’Eva flip-flop tdgtov D.
T') ’Evav tolotadi awouoveti. A) “Eva gov3aAoTi.

9. Ilow to amotéAecua tng a = b “c;,avb = 4’1001, ¢ = 4’b1101:
A) 4°’b0100. B) 4’b1060. I') 4’b1011. A) 4’bO111.
10. ’Eotw wire a[3:0] to omoio odnyeitar Tautdyova aitd §Uo SlopoeTikd

onuata, b = 4’b1111 ko ¢ = 4’b0000O. ot elvon n Twi Tov;
A) 4°b0000. B) 4’b1111. ') 4’bZZZZ. A) 4’ bXXXX.
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YuvdvacTikin doknon 1

B [ToAuTtAéktng 3-ce-1 pe e16680v¢ dedouévwv Ttwv 4-bit.

m ExiAvon tng doknong

module mux3tol_4b(f, a, b, c, sel);
input [3:0] a, b, c;
input [1:0] sel;
output [3:0] f;
reg [3:0] f;

always @(a or b or c or sel)
begin
case (sel)
2'b00 : f
2'b01 : f
2'b10 : f
default :
endcase
end
endmodule

[Tl
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YuvovaoTikin doknon 2

m Kikdoua tistopneiag (majority voter) t€aadowv e1668wv
Tou 1-bit. H €£080¢ tou eivar 1’bl dtav Teels i IToaItdve
agrd TS €16080UG Tov €xouv Tnv T 1’bl aAlMwg elvan
1’b0.

m Ex{Avon tng doknong

module majority_4b (y, a, b, c, d);
input a, b, c, d;
output y;
reg [3:0] abcd;
reg y;

always @(a or b or c or d)
begin
abed = {a, b, c, d};
case (abcd)
7, 11, 13, 14, 15: y = 1'bl;
default: y = 1'b0;
endcase
end
endmodule
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YuvdvacTikin doknon 3

B ATTok®OKOTIOINTAC 2-0-4.

m ExiAvon tng doknong

module ex2_2 (sel, res);
input [1:0] sel;
output [3:0] res;
reg [3:0] res;

always @(sel)

begin
case (sel)
2'b00 : res = 4'b0001;
2'b01 : res = 4'b0010;
2'b10 : res = 4'b0160;
2'bll : res = 4'b1000;
default : res = 4'b0000;
endcase
end
endmodule
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ApBuntikn povado (1)

B ApBuntiki povdda ue eigddoug dedouévmv a,b twv 8-bit
(aTtpdéonyuol), elcodo emidoyng sel twv 3-bit, ko €080
dedouévwv y twv 8-bit, n omola va exktedel TIG Aettovgylec:
a) ADD: mpdcBeon twv a, b,

B) SUB: apalpeon twv a,b,

v) XOR: agrokAeiotikd-"H twv a,b,

8) MOVB: yetapoed tov b atnv €£0do,

€) AVG: ggaywoyn tov uécov ((a + b)/2) twv a,b ywels tn
yonon Soipeoncg,

ot) CMP: giykeion twv a,b. H €€08og y eivon 8 hO1 dtav
a> b, alMuwg etvar 8’ h00.

Na ypdwete TI¢ 60GTES €£600U¢ KABe AetTtovEylag yio a =
8’h53, b = 8’hBC.
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ApBuntikn povddo (2)

reg [7:0] y
reg [8:0] p

// ADD
3'b000
// SUB
3'b001
// XOR
3'b010
// MOVB
3'b011
// AVG
3'b100

end
// CMP
3'b101
default
endcase
end
endmodule

~
module ex3_1(a,
input [7:0] a, b;
input [2:0] sel;
output [7:0] y;

b,

ry =

iy

y =

Ty =

sel, y);

always @(a or b or sel) begin
case (sel)

a + b;
a+ (~b) + 1;
a " b;

b;

begin

p = {1'b0,
y = p[8:1];

ry =

a} + {1'b®, b};

(a>b) ? 1'bl : 1'b0;

ty = 0;
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"EAeyyog 0pbng Aettovpyiag Tng aQlOUnTIKAG WovAadag

ExtUmioon StayvooTikAg €£68ou atn otdvtoap £€£080 (KOVGOAQ)

10000: a=53, b=bc, sel=000, y=0f
20000: a=53, b=bc, sel=001, y=97
30000: a=53, b=bc, sel=010, y=ef
40000: a=53, b=bc, sel=011, y=bc
50000: a=53, b=bc, sel=100, y=87
60000: a=53, b=bc, sel=101, y=00
70000: a=53, b=bc, sel=110, y=00
80000: a=53, b=bc, sel=111, y=00
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Xoyyeovn pvnun ROM

m XVyxeovn uviun ROM (eicodo clk, address, €€0do¢ data twv 8-bit) yia
ToUS 8 Sradoykovg TEMOTOUS aELBUovS, ekvadvtag amd tov 2. Ilpdtog
aBuds elvar awtdg TTov dronpeitar akEBOS UW6vo pe to 1 ko Tov eautd
Tou. XpnowoTolelote kaTdAAnAo g¥pog Stevbuvang.

m Em{Alvon tng doknong

module rom_8_8 (clk, address, data);
input clk;
input [2:0] address;
output [7:0] data;
reg [7:0] ROM [0:7];
reg [7:0] data;

initial begin

ROM[ 0] = 8'h®2; ROM[ 1] = 8'h@3;

ROM[ 2] = 8'h05; ROM[ 3] = 8'h07;

ROM[ 4] = 8'hOB; ROM[ 5] = 8'hOD;

ROM[ 6] = 8'h11l; ROM[ 7] = 8'hl13;
end

always @(posedge clk)
data <= ROM[address];
endmodule
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Mvriun RAM Giyypeovng avdayvoong

® Mviiun RAM tov 32 9écewv ue guyyxeovn avdyveoon kol e.laédoug clk, we
Tov 1-bit, address katdAAnAov evgoug, din twv 8-bit, kar €080 dout Twv
8-bit.

m Ewi{lvon tng doknong

module ex2_1 (clk, we, address, din, dout);
input clk, we;
input [4:0] address;
input [7:0] din;
output [7:0] dout;
reg [7:0] RAM [31:0];
reg [7:0] dout;

always @(posedge clk) begin
if (we) begin
RAM[address] <= din;
end
dout <= RAM[address];
end
endmodule
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AxoAovBuokd kukAwua (1)

m XZUyyeovoc agraliuntig twv 8-bit ue duvatdtnta
asTaifuncng mEOg Ta TTAve Kl TTEOS Ta KAT® (Up-down
counter). O amapBuntng dwabéter Tig e166dovg clk, reset,
up, down mov eivon elgodol eAéyyxov, Tnv £iGodo dedouévav
data Jtou @opT®veTOL KOTA TO reset, kol Thv ££080
S8edouévwv count. ‘Otav wévo n elcodog up etvar 1
astaiuel TEOC Ta AV, GTav uévo n down eivor 1
agtaiuel TEog Ta KATW Kol dTov KAl oL dVo elGodol
eMéyxou elvar 1 Sev extedeiton kapla agrd Tic dvo
Aertovgpylec.

clk
reset

d—”p- g[S
[yl —i
—*  mdve-kdio

dataf7:0]
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AxoAovBokd kUkAwua (2)

Emi{luon tng doknong

module up_down_counter8 (clk, reset, up, down, data, count);
input clk, reset, up, down;
input[7:0] data;
output[7:0] count;
reg[7:0] count;

always @(posedge clk or posedge reset) begin
if (reset)
count <= data;
else if ((up) && (~down))
count <= count + 1;
else if ((~up) && (down))
count <= count - 1;
else
count <= count;
end
endmodule
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FSMD 1: KvkAwuo dBgotong épwv (summing circuit)

To SurAavd oynuo Tepydeel To Sidypauuo
katactdoenv Tov FSMD ya tnv dBgowon n
Sradoxkadv dpwv (summing circuit). To kUkAwLA
Suaéter elcodo poAoylov clk, emavatorrodétnong
reset, gvepyorroinong start, elGoSo n pe evpog
W-bit, €060 Sebouévav y twv W-bit, kot €080
kotdotaong done gtov yivetow 1 ye tnv
OAOKANQ®ON TWV VITOAOYIGU®V. AKSOUN, VITAQYEL
KOTOXWENTAC Nreg oV TTEOGPEQEL TTEOGWEVI
atrofrikevon yia T dedouéva n Kol KOTo®EnTig

sum twv W-bit yla T0 GUGGWEEVOUEVO ATTOTEAEGUAL.

reset==1
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[Tepuypapn tng vAomoinong FSMD tovu

module summing (clk, reset, start, n, y, done)

parameter WIDTH = 8;

parameter s0=3'b000, s1=3'b001, s2=3'b0O10,
s3=3'b011, s4=3'b100, s5=3'b101;

input clk, reset, start;

input [WIDTH-1:0] n;

output [WIDTH-1:0] y;

output done;

reg [WIDTH-1:0] y, sum, n_reg;

reg done;
reg[2:0] state;

always @(posedge clk or posedge reset) begin
done 1'b0;
if (reset) begin

state = s0;

done = 1'b0;

y =0;
end

else begin
case (state)

s0: begin
if (start)
state = sl;
else
state = s0;
end
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5 sl: begin
sum 0;
state =

end
s2: begin
n_reg
state
end
s3: begin
sum sum + n_reg;
state s4;
end
s4: begin
n_reg n_reg -
if (n_reg == 0)
state s5;
else
state
end
s5:
y
done
state
end
default:
state
endcase

s2;

n;
s3;

1;

= s3;
begin

sum;
1'bl;
s0;

s0;

end
end
endmodule
TAcGoeeg Ierypapng YAtkov I

summing circuit




"EAeyyog 0pbng Aettovgyiag tov FSMD 1 ue testbench (1)

m KAnon tng Siepyaoiag $readmemh yio tnv avdyvoon
dedouévwv elgddou amd apxelo

m KAnon tng Siepyaciag $fopen kot ekTOTTOON SLOYVOGTIKAG
€g0dov age apyxelo

m Ta Jrepieyxoueva tov agyxelov Kewevoy
"summing_test_data_hex.txt" (n, y)

01 01
02 03
03 06
04 Oa
05 of
06 15
07 1c
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"EAeyyog 0png Asttovpylag tov FSMD 1 ue testbench (2)

B EktiTtwon StayvewoTikig €£68ov Ggto apxelo
"summing_alg_test_results.txt"

SUMMING OK: Number of cycles = 6
SUMMING OK: Number of cycles = 8
SUMMING OK: Number of cycles = 10
SUMMING OK: Number of cycles = 12
SUMMING OK: Number of cycles = 14
SUMMING OK: Number of cycles = 16
SUMMING OK: Number of cycles = 18
SUMMING OK: Number of cycles = 20
SUMMING OK: Number of cycles = 22
SUMMING OK: Number of cycles = 24
SUMMING OK: Number of cycles = 26
SUMMING OK: Number of cycles = 28
SUMMING OK: Number of cycles = 30
SUMMING OK: Number of cycles = 32
SUMMING OK: Number of cycles = 34
SUMMING OK: Number of cycles = 36
SUMMING algorithm test has passed
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[TpoGouolwon Tov eTeEeQYOGTN sSumming

Xpovikd Sidypoupa (Tués o Sekadikd)

Signals Waves
0P ns 140D ns 150D ns 1600 n= 170D n= 120D ns 130 ns 2 s 2100 n:
T T T T T TR T T T T T T T T T T e
11 L
2 Ya Ye
1b1 Jooo ooy fou o1 o0 Jour fiod Jour Jio o1 Jood Yood ¥
B o Je | 1z o 1o [ A
of ¥ | o] Jo
z Vé z 2
Xooviko Sudypoupo (TWeES 6To deracgadikd)
Signals Waves
Time L L et L B A L B R EL R A R M
olk
reset 11
start
n[7:0] i} Y4 Jos L
state[z:0) i}huu oos oud Youur Miod 0w Wod ou1 0o o Yiod fou Jpod o
sun[7:0] 3 oo o4 Moz os Yo |
y[7:0] ob jbs oo | Jor| Joo
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FSMD 2: KukAwua stodAagtAaciacuot ald ewactkd (1)

B O emwduevog TTivakag TTEQLYRAPEL GE PUGIKA YAMGGO KATA
priwata Tov aAyéelbpo Tou TOAAATTAAGLOAGUOY AAd EWGOLKA
(Russian peasant multiplication). Znteitow o Gxediacuds Tov
avticToyov kukAdpatog FSMD ce Verilog. To kUkAmua
Suabéter elGodo poAoylov clk, emavatottofétnong reset,
evegyoToinong start, 9etikég elgodovg ml, m2 ue £0Qog
16-bit, kaBw®G kAl £€£080 Sedoyuévwv y v 16-bit, kal £€£080
kotdotaong done Ttov yivetor 1 ge tnv 0AOKAMQE®GN TV
VTTOAOYLGU®DV. AKOUN, VITAQEXEL KOTAXWENTAS p TTOV
TIQOGPEREL AITOBNKEVGN TOV TTROGMELVOU AITTOTEAEGUATOS
kot fonBntikol kataxwentég tl, 2 twv 16-bit.
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FSMD 2: KukAwpa TToAAAITAAGLAGULOU OAd Q®GIKA (2)

m [leprypapn Acttougylag Tov TTOAAAITAAGLAGTA

Katdotaon | Aertovgyia

S1 p=0; tl =ml; t2 = m2;

S2 Av t2 > 0, tdTe embuevn katdotacn eivor n
S3, aAAMwg n S7

S3 Av o t2 elvan TTeQLTTog, TéTE P = p + tl;

S4 AutAaclacudég tov tl

S5 YmodimAaciacuds tov t2

S6 Eméuevn koatdotaon n S2

S7 y = Dp;
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ITeprypapn tng vAotoinong FSMD touv Russian peasant
multiplication (1)

module ex4 (clk, reset, start, ml, m2, y, done) ;| case (state)
parameter WIDTH = 16; sl: begin
parameter s1=3'b000, s2=3'b0O01, s3=3'bO10, if (start) begin
s4=3'b011, s5=3'b100, s6=3'b101, p =0;
s7=3'b110; tl = ml;
input clk, reset, start; t2 = m2;
input [WIDTH-1:0] ml; state = s2;
input [WIDTH-1:0] m2; end
output [WIDTH-1:0] y; else
output done; state = sl;
reg [WIDTH-1:0] y, p; end
reg [WIDTH-1:0] tl1, t2; s2: begin
reg done; if (t2 > ©)
reg[2:0] state; state = s3;
else
always @(posedge clk or posedge reset) state = s7;
begin end
done = 1'b0; s3: begin
if (reset) begin if (t2[0] == 1'bl) begin
state = sl; p=p + tl;
p =6; end
tl = 0; state = s4;
t2 = 0; end
end
else begin
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ITeprypapn tng vAotoinong FSMD touv Russian peasant
multiplication (2)

~

s4: begin
tl = {t1[WIDTH-2:0], 1'bO};
state = s5;

end

s5: begin
t2 = {1'b®, t2[WIDTH-1:1]}
state = s6;

end

s6: begin
state = s2;

end

s7: begin
y =p;
done = 1'bl;
state = sl;

end

default:
state = sl;

endcase
end
end
endmodule
)
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"EAeyyog 0png Asttovpylag tov FSMD 2 ue testbench (1)

Ta Tmegiexdueva Tov apyelov kewwévou "ex4_test_data.txt"
(ml, m2, y)
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"EAeyyog 0p0ng Aettovgylac tov FSMD 2 ue testbench

@)

Extimwon Stayvoetiking €£68ov Gto ayelo
"ex4_alg_test_results.txt"

~
RPMULT OK: Number of cycles = 23
RPMULT OK: Number of cycles = 23
RPMULT OK: Number of cycles = 23
RPMULT OK: Number of cycles = 23
RPMULT OK: Number of cycles = 23
RPMULT OK: Number of cycles = 23
RPMULT OK: Number of cycles = 23
RPMULT OK: Number of cycles = 23
RPMULT OK: Number of cycles = 28
RPMULT OK: Number of cycles = 8
RPMULT OK: Number of cycles = 13
RPMULT OK: Number of cycles = 13
RPMULT OK: Number of cycles = 18
RPMULT OK: Number of cycles = 18
RPMULT OK: Number of cycles = 18
RPMULT OK: Number of cycles = 18
RPMULT OK: Number of cycles = 23
RPMULT OK: Number of cycles = 23
RPMULT OK: Number of cycles = 23
RPMULT OK: Number of cycles = 23
RPMULT algorithm test has passed
>
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[Tpocouolwon Tov eTegepyacTn rpmult

Xpovikd Sidypoupa (Tués o Sekadikd)

Signals Waves
i _eolus . — etfus . . .
INRNANRED
1 1
3
8 )] Jio
2L Jza Jer
1 1
Xpovikd Sidypouua (Tués 6To SeracEadikod)
Waves
T e m— T T T T T T T — T T T T
1NN ARAnAAnNAnNAnnAnNAAAAAARNARAnnn
1 1L
0003
ooos ooz fooos
ooLE Jooiz fooie
1 1
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