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Aol TG YAWOOOG

* Moialel apketa pe Tn C

— Preprocessor
— Keywords

— TeNeOTEC

</ >
&& ||

<=,

>=

>0 — @

and
or

not
XOr

e [A\WOOa «event driven»

HY220

“timescale 1ns / 1ns

"define dh 2
(e.g g <= # dh d)

"undef dh

"ifdef dh / “ifndef dh
‘else

‘en&if

"include “def.h”
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Events in Verilog (1/3)

* AOUAgUEI uOvo OTaV KATI aAAACEl

* OAo 10 simulation douAguEl yupw ATTO LI OUPA ATTO YEYOVOTO
(event queue)
— [eplEXel events Kal ETIKETEG UE TO XPOVO OTOV OTT0I0 Ba EKTEAEOTOUV
— KauuIa eyyunon yia Tn CEIpd EKTEAECNG YEYOVOTWYV TTOU TTPETTEI VO
yivouv oTov idio xpovoll!!

always clk = #("period / 2) ~clk;
always @ (posedge clk) a = b + 1;
always @ (posedge clk) b = c + 1;
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Events in Verilog (2/3)

* Baoikn pon mpoocouoiwong
— EKTEAEON TWV events yia ToV TPEXOVTA XPOVO

— O1 ekTéEAEON events aAAAlel TNV KATAOTAON TOU CUCTNMATOC Kal UTTOPEI
VA TTPOKAAECEI TTPOYPOANMPATIONO events yia To JEAAOV

—OT1av TeEAEIWOOUV Ta events Tou TPEXOVTOC XPOVOU TTPOXWPAUE OoTa
QAMETWC ETTOPEVA XpPOVIKA!

t, + period

£,
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Events in Verilog (3/3)

2 TUTTOI events
— Evaluation: utroAoyiouv TIC CUVAPTAOCEIC TWV EI000WV TNG EKPPAONG
(RHS)
— Update: aAAalouv T1I¢ £€06d0ou¢ (LHS)
— Aappavouv uttoyiv delays — non-blocking assignments

Evaluation: diaBadel TIC TIUEC b
Kal C, uttoAoyilel, atToOnKeUEl
EOWTEPIKA KAl TTPOYPAMMATICEN
eEva update event

Update: ['pagel 10 VEO a Kal
TTpoypauparticel evaluation
events yia KwOIKa TTou

e€apTaTal ATTd TO A. Ec
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Blocking vs Non-blocking assignments and
Events

* Blocking =
— Evaluation/read (RHS) kai assignment/write (LHS) (update event) otov
id10 XpOVo
— EKTEAEON OEIpIOKN

* Non-blocking <=
— Evaluation kai assignment o€ 2 fAuara

o Evaluation oT1o d¢&i néAog (RHS) aueoa

o Assignment (update) aTto apioTepo pEAOG (LHS) otav TeAeiwoouv OAa Ta
evaluations Tou TPEXOVTOG XPOVOU

always (@ (posedge clk) always @ (posedge clk)
a = b; Swap ? a <= b;

always @ (posedge clk) always @ (posedge clk)
b = a; b <= a;
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Delays and Events

* Reqgular / Inter-Assignment delays
#5 a = b + ¢c; // a=b+c at time 5
#4 d = a; // d=a,. at time 9

* Intra-Assignment delays
— Evaluation Tou RHS Trpiv TNV KOBUOoTEPNON
— With blocking assignments:
a =#5 Db + ¢c; // a=b+c at time 5
d = a; // d=a.. at time 5

— With non-blocking assignments:

a <= #5 b + c; // a=b+c at time 5
d <= a; // d=a, 4 at time O
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Events Example

« KaBe Ekppaon
OUVOEETAI JE EVAV
QpPXIKO XpOVOo

e Initial kal always:
EOWTEPIKA OEIPIOKA

- EKTOG AT1TO NOoN-
blocking assignments

initial begin 0
a = 0; b=20,;, c=0;
clk = 0;

end

always begin 10, 20, 30, 40, 50

clk = #10 1;
clk = #10 0O;
end 4. 14, 34
wire #4 [3:0] comb = a + b;
always Q@ (posedge clk) |10, 30
a <= Db + 1;
always @ (posedge clk) ]_O, 30
b <= ¢ + 1;
always ( (posedge clk) 15, 35

c <= #5 a + 1;
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Sensitivity lists

* A\OYIKEC EKPPACEIC UE O

* posedge Kal hegedge
— PoAoyiq, reset

* [MapaAeiypn TTapayoviwyv
RHS kal autwyv 110U
yivovtai “read” divouv Aaon
oTNnVv TTPOCONOIWaON

* [lpoooxn oto hardware
TTou B€EAoupeE va

TTEPIYPAWOULE. ..

always (¢ (posedge clk or negedge rst )

always (@ (opcode or b or c)
if (opcode == 32'h52A0234E)
a =5Db ~ (~c);

always @ (posedge a or posedge Db) A
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TIMEG oNUATWY

* Four-valued logic initial ...

-0R1

e / always ( (posedge clk)
— "E€0d0C TPIKATACTATOU 0dNyNTH ;f reset)
— KaAwdio xwpic avabeon

e X —
— ApXIKA TIUN TWV regs —
— 'E€0d0C¢ TTUANG e gioodo/oug Z

— Tautdéxpovn avdBeon 0 kai 1 a1rd duo 1
TTEPICOOTEPEG TTNYEC (Multi-source logic)
[TTnyn = always block]

* [1poooxn oTnv apxikotroinon (regs)

"
©O O O o|o
X X B ol
X X X O] X
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Concatenation

« «Hardwired» trpaceic...
e ... ATTAPAITNTEC O€ Pia HDL

wire
wire

wire

[2:0]
[4:0]

[7:0]

a}
5 C
b

wire
wire

'

[7:0]
[15:0]

unsigned;
sign extend

(unsigned([7] ? 8'hFF :

= {
8"h0), unsigned
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For ... While ...

... T YVWOTA
* Movo uéoa o€ blocks !

» Aev uttapxel break oute continue!!!

o Agv UTTAPXEI I++, ++1 KTA!
« Kupiwcg vyia testbenches !!!

integer 1;
// the famous i variable :)
initial begin
for ( i=0; i<10; i=i+1 )begin
Sdisplay (“i= %d”,1);
end
end

integer j; //reg [3:0] j is OK!
initial begin
j=0;
while(j < 10)begin
$display (“j= %b”,J);
J=3+1;
end
end
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MNapapeTpikd modules (1/2)

* MTTOpOUE VA £XOUUE

module RegLd # (

TTapauéTpoug o€ éva module parameter N - 8,

» Default péyebog
* ... TTOAU BOAIKO!

parameter dh = 2)

(
input clk,
input load,
input [N-1:0] D,

output reg [N-1:0] Q
) ;

always @ (posedge clk)
if (load)
Q = #dh D;

endmodule
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MNapapeTpikd modules (2/2)

wire clk, 1d;
wire [3:0] d2;
wire [3:0] g2;

RegLd reg2(clk, 1d, dz2, g2);

defparam reg2.N = 4;
defparam regZ2.dh = 4;

n

)
Q Q=0
NN Q.
\/\/VW‘
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TPIKATAOTATOI OONYNTEC

* EKuETAAAEUON TNC KaTAOTAONC Z
e XpNon Tou TUTTOU Inout

module tristate(en, clk, data);
input en, clk;
inout [7:0] data;

wire [7:0] data = (en) ? data out : 8'bz;
always ( (posedge clk)
begin

if (!en)

case (data)

endmodule

wire [7:0] bus;

tristate trO (en0,
tristate trl (enl,
tristate tr2(en2,

clk, bus);
clk, bus);
clk, bus);
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Mvnpeg

o . wire [ 9:0] addr;
Avadpouika: array of array wire [15:0] word in;
» Can be synthesized reg [15:0] word out;
reg [15:0] memory [1023:0];
* ApXIKOTTOINON ATTO APXEIO:
— $readmemh(filename, array) always ©(posedge clk) begin
) y if (we)
— $readmemb(filename, array) memory[addr] = word inj;
else
word out = memoryladdr];
end
initial begin memory.dat:
Sreadmemh (“memory.dat”, memory) ; 0F00 O0O0F1
end OF02
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2uvapTtnoeic — Functions (1/3)

« AnAwaon (declaration):
function [ range or type ] fname;
input declarations
statements
endfunction

* ETTIoTpEPOPEVN TIUN (return value):
— Avabeon oto cwpua Tou function

fname = expression;
« KAjon (function call):
fname ( expression,.. )
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2UVapTNOEIC - Functions (2/3)

e XOPOKTNPIOTIKA CUVOPTNOEWV:
— EmoTtpépel 1 Tiun (default: 1 bit)

— Mtropei va £xel TTOANQTTAG opiouaTta I0000U (TTPETTEI VA EXEI
TOUAGXIOTOV £va)

— MtTopouv va kaAouv AAAeg functions aAAG Oxi tasks.
— Aev uttooTtnpiouv avadpour] (non-recursive)

— EKTEAOUVTAI O€ UNOEV XPOVO TTPOCOMOIWONG
o Agv eMTPETTOVTAI XPOVIKEG AsIToupyieg (11.X. delays, events)

e XpNOIYJOTTOIOUVTAI VIO OUVOUAOCTIKN AOYIKN Kal €ival
synthesizable

— TTPOCOXN OTOV KWOIKA YIA VA YivVEl CWOTA oUVOeoN
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2UvapTNoElIC - Functions (3/3)

* Function examples:

function calc parity;
input [31:0] val;
begin

calc parity = “*val;
end
endfunction

function [15:0] average;
input [15:0] a, b, ¢, d;
begin
average = (a + b + ¢ + d) >> 2;
end
endfunction;
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Verilog Tasks (1/2)

* TUTTIKEC procedures
* [lIOAAOTTAG OpiopaTa input, output KAl inout

* Agv UTTAPXEI CUYKEKPIMEVN TIUN ETTIOTPOYPNC (XPNOIUOTTOIEI TA
OpIOUATA output)

« Aegv uttooTnpidouv avadpoun (non-recursive)
* MTTOpPOUV va KaAOUV AAAeg tasks kai functions

« MTTOpPOUV va TTEPIEXOUV delays, events Kal XPOVIKEC AEITOUPYIEC
—[lpoooxn otn ouvBeon
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Verilog Tasks (2/2)

« Task example:

task ReverseByte;
input [/:0] a;
output [7:0] ra;
integer 7;

begin
for (3 = 7; 3

ralj] = al7-

end

end

endtask

0; J=3-1) begin
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Functions and Tasks

* OpifovTal yéoa o modules Kal gival TOTTIKEC

« Agv ptropouv va £xouv always kai initial blocks aAAG ptropouv
va KaAouvTal JECO aTTo auTa

— MT1Topouv va £xouv OTI EKppAacEIC uTTaivouv o€ blocks
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Functions vs Tasks

Functions

Tasks

MTtropouv va KaAouv AAAeG functions aAAG Ox
tasks

MT1Topouv va Kahouv AAAeg tasks kai functions

ExkteAouvTtal o€ INOEVIKO XPOVO TTPOCON0IWONG

MTropouv va diapKouv un HNOEVIKO XpOvo
TTPOOONOoIWaONG

Agv UTTOPOUV TTEPIEXOUV XPOVIKEG AEITOUPYIEG
(delay, events KTA)

MTTOpOUV VA TTEPIEXOUV XPOVIKEG AEITOUPYIES
(delay, events KTA)

‘Exouv TouAdxioTov 1 €i00d0 Kal UTTopouv va
EXOUV TTOAAEG

MTTopouUv va £xouv PNOEV I TTEPICCOTEPA
opioparta 1000wy, £CO0WV Kal inout

EmioTtpépouv pia Tiun, dev €Xouv ££000UG

Aev emoTpEPOUV TIUN aAAG Byadlouv £€000 aTTO
Ta opiopaTa £€¢6d0U output Kal inout
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System Tasks and Functions

« Tasks and functions yia €AeyXo TNG TTPOCOMOIWONG
— ZgKIvouv pe "$" (e.g., $monitor)
— Standard — Tn¢ YAwooag

 [Mapdadeiypa system task: $display
Sdisplay ("format-string", exprl, .., exprn);
format-string - regular ASCII mixed with formatting

characters %d - decimal, %b - binary, %h - hex, %t - time, etc.
other arguments: any expression, including wires and regs

Sdisplay ("Error at time %$t: value is %h, expected %h",
actual value, expected value);
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Xpnoiyeg System Tasks

e Stime — TPEXOV XPOVOC TTPOCOMOIWONG

* Smonitor — TUTTWVEI OTAV aAAadlel TiuN Eva opiopa (1 yovo
KABE QOPA VEEC KANTEIC AKUPWVOUV TIC TTPONYOUUEVEC )
Smonitor ("cs=%b, ns=%b", cs, ns)
* ‘EAgyxoc¢ TTpocopoiwong
— Sstop - dlakoTI) simulation
— $finish - TEPUATIONOG Simulation

* YTTapxouv kal cuvaptnoeig yia file 1/0
— Sfopen, Sfclose, Sfwrite ...etC
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