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H opydvwon evog apbpaiuatog

m To module arotedel To BAGIKO GTOLXEIO LEQOQYIKNG
oxedlaong atn Verilog

Opydvwon evég module:
module <module-name> (<module-terminal-list>);

<input port list>
<output port list>
[<inout port list>]
[<wire object list>]
[<reg object list>]
[<parameter list>]

// Implementation <module internals>
[<initial logic blocks>]
[<always logic blocks>]
[<concurrent assignment list>]
[<module instances>]
[<functions and/or tasks>]

endmodule
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Ykiaypdenon tng Stdlegng

m [Iepioadtepa yia T apbeouata
B AvoOéoelg Kol TEAEGTES
B ZUVTEEXWY KOJIKAG
m H dnlwon assign
B AKOAOVOLOKOC KMOOIKOG
m MmAok Aoyiknig initial kou always
B Aouég emmdoyng: if ko case
m Aouég emtavdinyng: for ko while
B ITopadelypoato oxediacuol KUKAOUAT®VY: TTOAVTTAEKTNG,
TELOTOONG ATTOUOVMTIAG, AITTOKRMSIKOTIONTAG, KOOUKOTTONTAG
TEOTEQALATNTAGS, OBQOLGTAG QITEOGNU®Y OKEQRALWV,
oduntikin-Aoywn povdda (ALU)
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Tomor Yupwv ce €va module

m ‘Eva module StaB€ter dUgec yia Tnv Tmkoveovia Tou Ue To
TTeQIRGANOV
m Ta apyela doxkwng (testbenches) astoteAovv elkovikd
KUKAOUOTO GgTa omrola dev dnAwvovtal JUpeg
B Ot tTToL Bueddv SnAdvovtor ue TS €Eng Aégelg-kAeldid
®m input: @UVpa £5650v
® output: Ovpa ££ddov
® inout: AwkatevBuvtiki 9vpa (Yo elcodo ko £€£080)

net t
net t inout

input output|
reg or net net reg or net net

m O 9Upeg elvan sTporabopiouéveg wg wire. Av n €£0d0¢

agrofnkevel Ty TR Tng SnAdveton wg reg
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YUvdeon evoc module pe eEmtepkd cnuata

B Yrtdpyovuv 8o tedTol yio tn givdean evos avTiTUTTo
module pe €E0TEQIKA GNULATA
m XUvdeon pe Swatetayuévn Alcta (ordered list)
m XUvdeon kat” dvoua (by name)

module fa4(a, b, ci, s, co);
reg [3:0] sum;

reg cout;

wire [3:0] ain, bin;

wire cin;

m Ordered list: To ovéyoto Twv onudtwv SnA®OVOVTOL Ue Thv
{810 oe1pd ue tnv omola gupavicoviar ws Hpeg

[fa4 test(ain, bin, cin, sum, cout); }

m By name: to guufoMkd dvoua tng Jvpag avtigTolyiteTal pe
TO GVOUC TOU GUYKEKQLWEVOU GRULATOC

(fa4 test(.a(ain), .b(bin), .ci(cin), .s(sum), .co(cout)); )
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[TpotepardTnta TEAEGTOV

& ~&
|
\ == I=
|
| A 4
|
+ - (binary)
|
b :
st ¢ 1= Gnary
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TeAegtéc tng Verilog (Verilog operators)

YUVOTTTIKOC TTIVOKAS TWV TEAEGTOV

Aoyikol TeAeqTES and or nand nor xor | xnor | not
TUTOL bitwise & I & I ) - -
TUTTOV Wordwise && Il ! (negation)
auiunTtikol + - * / %
GUyKELONG == = < <= > >=
oMaobnong << >>
uovadiaior + -
dAAoL emiloyn | cuvévwon | kAwvottoinon | event or
I8 {} {H or
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YUVOULAGTIKN KAl AKOAOVOLOKN AOYIKA

B OgueMddelg TEOTTOL 0QYAVOGNGS TWV WPNELOK®OV KUKAOWATOV:
cuvdvaacTikii (combinational) kou akoAovBiokn (sequential)

AOYIkI

B ZUvovacsTiki AoyKi: n €£080¢ TOU KUKADUATOS ££0QTATOL

OITOKAELGTIKG QITO TIS TEEXOVGES €1G6d0UG

B AkoAovOuokn Aoyki: n £€£060G TOU KUKADUATOS e£0QTd T

aTto TIC TEEYOVGES €LGOB0UG KAl TNV TEEXOVGA KATAGTAGN

tnput Combinational [ output
Logic
input mep| Combinational ey, ouput
Logic present next
state Storage state
Elements
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YUVTEEXWV KOl OKOAOVOLOKAS KWOLKAGS

m Xtn Verilog o k@ddwag elval amd tn evon touv TagdAinio
ERTEAOVUEVOS (GUVTREXWV)

m H Verilog Stafétel el8ikéS TOOYQAULATIGTIKES SOUES YLl TNV
TEQELYEAPN TUNUATOV AKOAOVOLOKOU KOSIKA, TTROKEWUEVOU
Tnv eac@don tng Sladoykng ekTEAEGNS EVTOADY TV
autd elvon emmBuuntd

B AxkoAovBiokdc kadSikag atn Verilog: wéoa Ge WitAok

initial n always (egwimedo behavioral)
B ZUvTeé v KOSIKOG
m Xe emimedo dataflow ue SnAwcelc assign
m Xe emimedo structural ye diacvéeon aviitimwv module

B XTOV 0KOAOUOLOKSG KMOSIKO XENGLLOITOLOUVTOL SOUES
eTravainyng, eAéyxov kot eTAOYIG TToeduoles pe tng C

®m ‘Eva pitAok Aoyiking vAogrowel wio Siepyacia n omola
extedeltaw IIAPAAAHAA Ge oyéon ue tuxov dAleg

;
diepvaaciec
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[Topddetyua yoriong assign

m [ToAvmAéktng 4-ce-1 yue SnAwon assign

(module mux4_to_1 (outp, i®, il, i2, i3, sl, s0);
output outp;

input i®, i1, i2, i3;

input sl1, sO;

assign outp = (~sl & ~s0® & i) |
(~s1 & s® & il) |
(sl & ~s® & i2) |
(sl & s® & i3) ;

endmodule

m Tn 8ilwon assign da tn xenowostolovue UOvo eKTOS TwV
WITAOK AOykinG initial kow always
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Yuvteéxwv kodikags: H GnAwon assign

H 6nAwon assign amoteAel tn facikdtepn Sndmon yia tn
oyedlaon oo emimedo dataflow

Me tn xenon tng SnAwvetol n odnyncn evog GNUATOS GE
évav koupo

Inyn mweofAnudtov otnv katovéncn tng assign amoteAel
TO YEYOVOG OTL ETMITEETETOL N XEAGN TNG KAl EVTOS UITAOK
initial xkar always. Tnv assign avtol Tov TUTTOUL TNV
ovoudcovue procedural (SradikaoTikin) assign kot dev da tn
xonoyootovue

YUvtogn Tng assign:
assign <net-name> = [drive-strength] [delay] <expression>;

m H avdBeon yivetal oe output, inout n wire

m H ékepacn oto Segl uéhog umopel va mepidaufdvel reg,

SIKTLVOUATO N KOL KAAGELS SLASIKAGLOV I GUVOQTAGEWV
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AKOAOVOLOKOS KWOOKOLS

O akoAovBlokdg kddikag otn Verilog cuvtdooetor eviog
WITAOK AOYkiAG initial kow always

To utAok ovtd astoteAovv Siepyacies, oL omoleg
€VEQEYOTIOLOVVTAL OITO yeyovoTa (events)

H cuuttepupoed pog Slepyocios TRoGouotdveTaL Brto TTeog
Briva (Sridmon TTEOg SNAMGN)

Xtov {8lo xedvo TTEoGouoincng, ETITEETETOL Vo elval
eveQyég (active) TteQLaaoTeQeg aard uia Siepyoacieg

O Siepyacieg avtég mepuiaufdvouv

m Blocking/non-blocking avaféceig

B Aouéc eAéyyov: if-else kou if-else if-...-else

m Aouég emiloyng: case-endcase

® Aouéc emmavdinyng: for-begin-end kot while-begin-end
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To witAok Aoywkng initial kot always

initial always [@(<sensitivity-list>)]
begin begin
// statements // statements
end end

m Extedeiton dtav apyltel n
Ttpocopoinon (ard time unit 0)

m Extedeiton dtav agyitel n
Trpocopoinon (amd time unit 0)

m Teouaticetaw dtav o €leyyog m Emavekkwel kdBe @opd Tou o
@TACEL GTO TENOG TOU UTTAOK €\eyyos @Tdoel 6To TEAOS Tov
(oto end) UITAOK

= Xonowomoeltaw yia Ty m H emavekkivnon egaptdton elte

amd to av €xovv uetafindel ol
TWES TV onudtov evoacdnaiog
elte TEoypauuatiteTal va

guupel uetd amod koo xeovo

axKoIToinen Uvnuwv, Kot Ge
apxela Sokwng yia tn

Snuovgyla oelpds TV

£wsédov m Xpnowodroleltol GTo GYedacud
1660 GUVOVAGTIKWOV GGO KL
OKOAOVOLAK DV KUKA®UATOV
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Aouéc eAéyyov Ge akoAovBiokd kwdwa: H SnAwon if

@

m H 8iAwon IF amotedel tn depeMddn Soun yia tnv exktédeon
KOSIKA VTG GuvOrkn

m XUvtagn tng IF:

if (<condition>) // Type 1
true_statements;

if (<condition>) // Type 2
true_statements;

else
false_statements;

if (<conditionl>) // Type 3
true_statements_for_conditionl;
else if (<condition2>)
true_statements_for_condition2;
else
default_statements;
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[Mapadelyuata xenong twv initial kow always

B H magokdto initial extedeiton uio @od
TEOYUOTOTIOLOVTAS aAvabEaelg KaTd Tig xeovikég wovddeg 10
kot 20

initial
begin
#10 a
#10 a
end

o
@ =
o o
o

=

m H mapokdto always seuével kdmolo aAdayn oTn Tiun
orpatog JTov JreQAapfdvetal gtn Algta svacdnaciog

always @(a or b)
begin
c=a+b;
end

m Xpnon always yia akoAouBlokd kukAouato (GnAdvovtog
T0.Y. YeTKN akyuoITLEOddTNGN)

always @(posedge clk)
q =d; // for a single assignment, begin-end are optional
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Aouéc eAéyyov e akoAovBiokd kwdwa: H dnAwon if

@)

m [Topdderyuo yia Shdwon IF tidmou 1

if (!lock) buffer = data;
if (enable)
out = in;

m ITopddetypua yia Sndwon IF tomou 2

(if (number_queued < MAX_Q_DEPTH)
begin
data_queue = data;
number_queued = number_queued + 1;
end
else
$display("Queue full. Try again.");

m ITopddetyua yia Sndwon IF tomou 3

if (opcode == 0)
Yy =X+ z;
else if (opcode == 1)
y =X - z;
else if (opcode == 2)
y =x %z
else
$display("Invalid operation code.");
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Aouéc eAéyyov Ge akoAovBiokd kwdwa: H dnAwon
case (1)

m H 8nAwon CASE yoncwogroleitan yio tnv TToaywatostoinen
wlag emAoyng uéca aItd TOAAEG TTEQLITTWGELS

m H 8inAwon CASE amotedel pwio xonown evtoAn yio tnv
TreQryeapn dopuwv artokwdikoroincng (decoding) uéca e
TUALOTO OKOAOVOLOKOV KWK

m H yevikn gvtagn tng CASE:

case (<expression>)
alternativel: statementsl;
alternative2: statements2;

default: default_statements; // optional
endcase

(il Xonowogtoleitan avti tng if-else if-... ue TOAMATIAES
StakAadwoelg

(il Avtiotouel otnv switch-case tng ANSI C
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Aouég etavdinyng: H dnAwon for (1)

m H Verilog Swabéter té6oe0ig Souég emmavdinyng, tig
SnAwoewg FOR, WHILE, REPEAT, kat FOREVER
i Oo yonowoitotovue uovo g dndwacels FOR kow WHILE
m H dnAwon FOR agtoteAeiton agtd tolo uéon:

Mia apykn cuvBnkn

Bl Mia cuvOrikn yio Tov €Aeyxo TEQUATIGULOV

TouAdyrotov uio StadikacTiki avdbeon yia tn UeTABOAL Tng
TWAG TN UeTaPANTAGC eAgyyov (Tt.x. delktng Pedyov)

m H yevikni gvtagn tng FOR:

for (<initial-condition>; <terminating-condition>; <index-assignment>)
<statements>
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Aouéc eAéyyov Ge akoAovBiokd kwdwa: H dnAwon
case (2)

m [Topdderyua 1: YAomoinon tng IF tUtmov 3 ue CASE
(eTITEETTETON YL ETVAOYES XWQEIS TTEOTEQALOTNTAL)

r
reg [1:0] opcode;

case (opcode)

2’do Iy =X+ 2z;

2’d1 Iy =X - 2z;

2°d2 Ty =X % oz;

default: $display("Invalid operation code.");
endcase

m ITopdSeryua 2: IToAvmAéking 4-ce-1 ue CASE

module mux4_to_1 (out, i®, il, i2, i3, s1, s@)
output out;
input i®, i1, i2, i3, sl, s0;
reg out;

always @(sl or sO® or i® or il or i2 or i3)

case ({sl, s0}) // concatenation of sl1, s® to a 2-bit signal
2’d0: out = i0;
2’dl: out i1;
2°d2: out = i2;
default: out = i3;

endcase

endmodule
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Aouég etavdinyng: H dnAwon for (2)

m [Topddetypa 1: Angovgyia akolovdiag axegalwmv

-
reg [3:0] i, outl;

for (i = 0; i <= 15; 1i =1 + 1)
begin
outl
#10;

end
.

i;

m I[Topddeyua 2: AgykoTtoinon déoewv oe wio wvhaun

-
integer state[0:31];
integer 1i;

initial
begin
for (1 = 0; 1 < 32; i=1 + 2) // even addresses
state[i] = 0;
for (1 = 1; 1 < 32; i =1+ 2) // odd addresses
state[i] = 1;

end
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Aouég etavdinyng: H dnAwon while (1) Aouég etavdinyng: H dnAdwon while (2)

m [Topdderyua 1: Angovgyia axkolovdiag axegalwnv

reg [3:0] i, outl;

m H 8iidwon WHILE ekteAeiton uéyoic 6tov n €keeacn e

1 H
4 e A hil i <= 15
eléyyou yivel peudrig begin T
‘ Z ; / ’ ’ tl = i;
B Av n €rppacn eAéyxou elvon pevudng e€apxng (Bni. katd tnv P05 141
2, / 7 , 7 d
TEMOTN YEAGN TNG) TOTE TO Gwua Tov Pedxov WHILE ev -
ektelelTan kaulo oA m ITopdSeyua 2: Evgeon touv meadTov bit ue tnv twn 1
m H yevikn gVvtagn tng WHILE: reg [15:0] flag;
integer i;
while (<test-condition>) reg continue;
initial begin
<statements> flag = 16'b6010_0000_0000_0000;
; . , . : ; i=9;
(il H yetofAnti eAéyxov (.. deiktng Pedyov) TTeémel va £xel continue = 1;
, , while ((i < 16) && continue) begin
apytkorondel oy tnv elcodo gtn WHILE if (flag[i]) begin

$display("Encountered a ’1’ at position %d: i);
continue = 0;

end
i=1i+1;
end
end
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Ve /7
ATAA cuvdvacTkd KurAwuatoa: [ToAvTTAEkTNG 2-Ge-1 [ToAvTAékTng 2-ce-1 ue srpokabopiouévo module
m Topdtror TeQLypaprig evég amAoy GUVEVAGTIKOU KUKADULOTOS
m Me ﬂQOKaGOQLGuéVOL module // Verilog programs built from modules
m Me Snlwon assign module mux2tol(f, a, b, sel);
B Me pstAlok always kot StoSikaoTikG arkoAouBlakd KOS /7 Eid’t”‘zd“le has an interface
outpu ;
m [Topdderyua: IToAvmAéktng 2-ce-1 yia ongoto tov 1-bit input a, b, sel;
i // Internal signals (even though it is optional,
m IIivaxkag aAnBeiog B ZYnuatiko Sidyoouua // do declare them)
wire f1, f2, nsel;
sel | £
a // Module may contain structure: instances of primitives
1 b // and other modules
and gl1(fl, a, nsel);

and g2(f2, b, sel);
B ALGyQouuo xeoviouoy ToU KUKAMUOTOS or g3(f, f1, £2);
not g4(nsel, sel);

R — endmodule
b f \ | | / |
S L WO |
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[ToAvTAékTNng 2-Ge-1 ue GuvtEExovca GnAwon assign

-
module mux2tol(f, a, b, sel);
output f;
input a, b, sel;

// The concurrent assignment to output f
assign f = sel ? b : a;

endmodule
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ToweTafng amouovwtng (tristate buffer)

B XToV TEGToON attogovwti n €60d0¢ tgovtan we tnv €lGodo
otav To cnua emitpgewng elvow en = 0 aAMws n €€060¢
odnyeiton oe katdotoon vyning avtictaong (high
impedance state) Ady®w Tng un odNyncng tng

module tristate(in, en, out);

input [7:0] in;
input en;
output [7:0] out;

) in(7:0) out (7:0)
assign out = (en == 1’b0) ? in : {8{1'bZ}};
endmodule
B Audypoupo xeoviGuoy ToU KUKAMUOTOS
T
in(7:0) [AL (B3 (BF J(DE ) AD (AL ) 83
en _ \ f | [ [
out(7:0) (AL } {DE__} (a1} _
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[ToAvTtAékTNG 2-Ge-1 ue witAok always

module mux2tol(f, a, b, sel);

output f;

input a, b, sel;
// Needed when assigned in a sequential logic block
// A reg behaves like memory: holds its value until
// imperatively assigned otherwise

reg f;

// Modules may contain one or more always blocks
// Sensitivity list contains signals whose change makes the
// block execute
always @(a or b or sel)
// Body of an always block contains traditional imperative code
begin
if (sel)
f = b;
else
f = a;
end
endmodule
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AmorkwdikoTrointng 3-ce-8 (3-to-8 decoder)

B ATtorkwSwoTroinon e16é50v aTtd To Svadikd GTo GuGTNUa
one-hot (Wévo éva ynelo eivor 1)
I

(module decoder3to8 (s, res);
input [2:0] s;
output [7:0] res;
reg [7:0] res;

always @(s)
begin
case (s) res(7]

3'b000 : res = 8’bOOOOOOOT; s[2) reslf]
3'b801 : Tes = 8’b0OOOSOLE; iR
3'b010 : res = §'b00O0O1O0; st res[3]
3'b011 : res = 8'bOOOO1IOO0; res?]
3'b100 : res = 8'b00616060; s(0] res[1]
3'b101 : res = 8’b00100000; res[0]
3°b110 : res = 8’bO1000600;
default : res =

8’b100000600;

endcase
end
endmodule

Y,
B Audyoua xQoviGuoy TOU KUKAMUOTOS

T
s(2:@) 000 ) 001 010 } 011 X 100 ¥ 101 ¥ 110 K 111 X
res(7:0) (01 ) me J(O% (OB ¥ 1o Hem K %o Y BO X
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Kwdwkomowntng mpotepaundtntag 8-ge-3 (8-to-3 priority

encoder)

B KokAouo yio emAoyn Katd Gelpd TEOTEQULOTNTAS

sel code
1--——--- 000
01------ 001
001----- 010
0001---- | 011
00001--- | 100
00000--- | ZZZ

B Audypoupo xQoviGuoy ToU KUKAMUATOS

~
module priority_encoder(sel,

input [7:0] sel;
output [2:0] code;

reg [2:0] code;
always @(sel)
begin

if (sel[7])
code = 3’b000;
else if (sel[6])
code = 3’b001;
else if (sel[5])
code = 3'b010;
else if (sel[4])
code = 3’b011;
else if (sel[3])
code = 3’b100;
else
code = 3’'bZZZ;
end
endmodule

code);

T

sel(7:0)
code(2:0)

[B1 (we (0% (S8 10 (20 (%0 } BO
[ooo j{ oot 3 zzz j( oo1 J oi1 j{ 010 ) 001 ¥ 000 }
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ApBuntkn-Aoykn wovdada (ALU) (1)

Yynuotikd Sudyeauua wiog ALU yio évav vTtofetikd 8-bit

ETEEEQYAOTN
a (7:0) I
b (7:0) —
. |
cin —
sel (3:0) I

Logic
Unit

logicval

= ) .
1 Arithmetic
-

Unit

Mux

atithval sel (3)

y (7:0)
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ABpo1GTNG aITEdcnUMV aKeEQALWY e KQATOVUEVO
€16080V KAl €E080V

m [Teprypaopn

module adder(a, b, ci, sum, co);
input ci;
input [7:0] a;
input [7:0] b;
output [7:0] sum;
output co;
wire [8:0] tmp;

assign tmp a+ b+ ci;

assign sum = tmp [7:0];
assign co = tmp [8];
endmodule

B Atdypayua yeovieuot

E
a(7:0) [AL_ ) 101 WCFF ) AL W
b(7:0) [BF 00 )01 23} BF

ci \ / \
sum(7:0) [BL (00 j(me j(om )35 B0 )
co I R
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ApBuntkn-Aoykn wovada (ALU) (2)

m Ilpodwaypapés wag ALU yia évav vmoBetikd 8-bit emegepyactn
m Pemetoolo evioAdv

Opcode [ KwSwom. [ TlpdEn [ Aertovpyia
ABuntikin povdada
MOVA 0000 y <= a Metapod Tou a
INCA 0001 y<=a+1 Avgnon katd 1 tov a
DECA 0010 y<=a-1 Meiwon katd 1 tov a
MOVB 0011 y<=bh MeTapopd Touv b
INCB 0100 y<=b+1 Avgnon katd 1 touv b
DECB 0101 y<=b -1 Meiwon katd 1 tov b
ADD 0110 y<=a+b ABpoton twv ab
ADC 0111 y <=a+b + cin ABpoton twv a,b ye keatovuevo
Aoywkn povdda
NOTA 1000 y <= not a AvTigtoQn Tou a
NOTB 1001 y <= not b AvTigtpo@n Tou b
AND 1010 y <=aand b Aoywkn medén AND
IOR 1011 y<=aorhb Aoywn meden OR
NAND 1100 y <= a nand b Aoywn meden NAND
NOR 1101 y <=amnorb Aoywn meden NOR
XOR 1110 y <= a xor b Aoywnt medgn XOR
XNOR 11 y <= a xnor b Aoywn pden XNOR
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ApBunTtkn-Aoykn povdda

(ALU): Kabdkoag (3)

-
module alu(a, b,

// Logic unit
always @(a or b or sel)

ApBuntikn-Aoyikn povdada (ALU) (4)

Avdypouua xeoviguov ywo thv ALU

cin, sel, y);

input [7:0] a, b;

input cin;

input [3:0] sel;

output [7:0] y;

reg [7:0] y;

reg [7:0] arithval;

reg [7:0] logicval;

// Arithmetic unit

always @(a or b or cin or sel)

begin

case (sel[2:0])
3’b000 : arithval = a;
3’'b001 arithval = a + 1;
3'b010 arithval = a - 1;
3’b011 arithval = b;
3’b1606 arithval = b + 1;
3'b101 arithval = b - 1;
3’b110 : arithval = a + b;
default : arithval = a + b cin;
endcase
end

begin

case (sel[2:0])
3’b000 : logicval = ~a;
3'b001 logicval = ~b;
3’'b010 logicval = a & b;
3’b011 logicval = a | b;
3°'b100 logicval = ~((a & b));
3°b101 logicval = ~((a | b));
3’'b110 logicval = a " b;
default logicval = ~(a "~ b);

endcase

end

// Multiplexer
always @(arithval or logicval or sel)

58nS
a(7:0) [33

b(7:0) [A7

cin 1

sel(3:0) L O )z (3 v s e (7 {8 (s Wx We e o (e WF }o X
y(7:0) [E3 5% (52 (A7 J(AB J(As ¥ 3A —  )(hc )58 K 83 } B7 Y 7c K w8 (3% jcB ¥ 93 X
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begin
case (sel[3])
1’b0® : y = arithval;
default : y = logicval;
endcase
end
endmodule
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