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Aoun TG YAWOOOG

* Moiadel apketra ye 1n C

- Preprocessor
- Keywords
— TeAeOTEC

<, >, <=, >=
&& ||

e [AWOOa «event driven»

> — @

and
or

not
XOr

“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)

» AOUAEUEI HOVO OTAV KATI AAAAEEI

* OAo 1O simulation douAguegl yupw aATTO LI OUPA ATTO YEYOVOTA
(event queue)
- [1epIExel events Kal ETIKETEC PE TO XPOVO OTOV OTT0I0 Ba EKTEAECTOUV
- Kauuid eyyunon yia Trn o€ipd EKTEAEONG 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)

* Baolkn pon trpocouoiwong
- EKTEAEON TWV events yia Tov TPEXOVTA XPOVO

- O1 ekTéAEon events aAAAlel TNV KATAOTAON TOU OUCTAMATOG KAl UTTOPEI
VA TTPOKAAECEI TTPOYPOANMATIONO events yia TO JEAAOV

- Otav TeAeiwoouv Ta events TOU TPEXOVTOC XPOVOU TTPOXWPAMNE OTA
QMEOWC ETTOMEVA XPOVIKA!

t, + period

B
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Events in Verilog (3/3)

* 2 TUTTOI events
— Evaluation: utroAoyilouv TIC GUVOPTNOEIC TWV EI000WV TNG £KPPACNG
(RHS)
- Update: aAAalouv T1i¢ £c6douc (LHS)
- NappBavouv uttoyiv delays — non-blocking assignments

Evaluation: dia3adel 1ic TiNEC b
Kal ¢, uttoAoyilel, atroOnKeUEl
EOWTEPIKA KAl TTPOYPAMMATICEN

Update: I pagel 1o vEo a Kal éva update event

Tpoypauparicel evaluation
events yia Kwolka TTou

e€apTATAl OTTO 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
idI0 XpOVo
- EKTEAEON O€IpIOKN

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

o Evaluation oT1o 8¢&i néAog (RHS) aueoa

o Assignment (update) oto apioTepd pENOG (LHS) oTav TeAsilwoouv 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

* Regular / 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 T1piv TNV KOBuoTéPNON
— With blocking assignments:
a #5 b + c; // a=b+c at time 5
d = a; // d=a,., at time 5

- With non-blocking assignments:
a <= #5 b + ¢; // a=b+c at time 5
d <= a; // d=a,;4 at time O
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Events Example

« KaBe ékppaon
OUVOEETAI JE EVaV
QPXIKO XpOVO

e |nitial ka1l always:
EOWTEPIKA OEIPIAKA

- EKTOC ATTO NoN-
blocking assignments

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

end

always begin 10, 20, 30, 40, S50

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

c <= #5 a + 1;
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Sensitivity lists

* A\OYIKEC EKPPATEIC UE Oor

* posedge Kal hegedge
— PoAdyiq, reset

* [lapaAgiyn Tapayoviwy
RHS ka1 autwyv 110U
vivovTtal “read” divouv AaBn
OTNV TTPOCOMOIWON

* [lpoooxn oto hardware
TTou BEAoUNE va

TTEPIYPAWOULE. ..

always ( (posedge clk or negedge rst )

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

always ( (posedge a or posedge Db) A
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TIMEC ONUATWYV

* Four-valued logic initial ...

- 011

e / always ( (posedge clk)
- 'E€050¢ TPIKATACTATOU 08NYNTA 1r Jreset)
- KaAwdio xwpic avabeon

e X _3
— APXIKN TIMA TWV regs —

- 'E€0D0G¢ TTUANG e gioodo/oug Z

- Tautdxpovn avadeon 0 kal 1 ammo duo N
TTEPIOOOTEPEG TTNYEC (Multi-source logic)
[TTnyn = always block]

 [1lpoooxn oTnVv apxikotroinon (regs)

X X X O] X

O O O O] o
><><_\OA

0
1

X
Z
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Concatenation

* «Hardwired» TTpaceic...
e ... ammapaitnTec o€ pia HDL

a 8
B
b

wire
wire

s

[7:0]
[15:0]

(unsigned[7] ? 8’hFF

unsigned;
sign extend

= {
: 8’ h0), unsigned
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For ... While ...

e ... T YVWOTA
* Movo peoa oe blocks !

» Aev uttap¥El break oute continue!!!

» Agv UTTAPXEI I++, ++i KTA!
* Kupiwg yia testbenches !!!

integer 1;
// the famous i1 wvariable :)
initial begin
for ( 1=0; 1<10; 1i=1+1 )begin
S$display (“i= %d”,1i);
end
end

integer j; //reg [3:0] j is OK!
initial begin
j=0;
while (7 < 10)begin
Sdisplay (“j= %b”,7J);
J=3+1;
end
end
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MNapapeTpikd modules (1/2)

* MTTOpOUNE VA £XOUUE
TTAPAPETPOUG O€ Eva module

» Default yeyebog
* ... TTOAU BOAIKO!

module RegLd # (

) ;

parameter N = §,
parameter dh = 2)

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

output reg [N-1:0] O

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;

ReglLd reg2 (clk, 1d, d2, g2);

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

n

O O Q
NN Q.
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TPIKATAOTATOI OONYNTEC

* EKUETAAAEUON TNG KATAOTAONG 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 tr0(en0O, clk, bus);
tristate trl (enl, clk, bus);
tristate tr2(en2, clk, bus);
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Mvnpueg

* Avadpopika: array of array
« Can be synthesized

* ApXIKOTTOIiNON OTTO APXEIO:
- $readmemh(filename, array)
- $readmemb(filename, array)

wire [ 9:0] addr;

wire [15:0] word in;

reg [15:0] word out;

reg [15:0] memory [1023:0];

always (@ (posedge clk) begin
if (we)
memory[addr] = word 1in;
else
word out = memoryl[addr];
end

initial begin

Sreadmemh (“‘memory.dat”, memory) ;

end

memory.dat:
0FO00 OOF1
0F02




2uvapTNOoEIG — Functions (1/3)

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

« ETTiIoTpEQOUEVN TINN (return value):
- AvaBeon oto ocwpa Tou function

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

e XOQPOKTNPIOTIKA OCUVOPTNOEWV:
- EmoTpépel 1 nipn (default: 1 bit)

- MT1TOpEi va €&l TTOANATTAG opiopaTa £I0000U (TTPETTEI VA EXEI
TOUAGXIOTOV £vQ)

- MT1Topouv va KaAouv AAAecC functions aAAG OxI tasks.
- Aev uttooTnpilouv avadpour (non-recursive)

— EKTeEAOUVTAI O€ PNOEV XPOVO TTIPOCOUOIWONG
o Agv emMTPETTOVTAI XPOVIKEC AEIToupyieg (11.X. delays, events)

« XpNnOlIJoTrolouvTal yia CuvOUQOTIKN AOYIKN Kal ival
synthesizable

— TTPOCOXN OTOV KWOIKA YIa VA YiveEl CWOoTA ouvBeon
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2uvapTNOEIS - Functions (3/3)

* Function examples:

function calc parity;
input [31:0] wval;
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
* [TOAAOTTAG OpiopaTa input, output KAl inout

« AEV UTTAPXEI CUYKEKPIMEVN TIMN ETTIOTPOPNC (XPNOIYOTIOIEI TO
opiouaTa output)

« Aev uttooTnpiouv avadpoun (non-recursive)
* MTTOpOUV va KaAoUv GAAeG tasks kal functions

* MTTOpOUV va TTepIEXOUV delays, events kal XpOVIKEC AEITOUPYIEC
- [Mpoooxn oTn ouvBeon
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Verilog Tasks (2/2)

« Task example:

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

begin
for (3 = 7; 3

ral[j] = al7-

end

end

endtask

0; J=3-1) begin

HY220 - BaciAng NatraguocTaBiou

21



Functions and Tasks

* OpiCovtal y€éoa o modules Kal gival TOTTIKEC

« Agv ptTopouv va £xouv always kai initial blocks aAAG ptropouv
va KaAouvTal HECO ATTo auta

— MTTOpOUV Va £X0UV OTI EKPPACEIC UTTaIVOUV O€ blocks
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Functions vs Tasks

Functions

Tasks

MTtropouv va KaAouv AAAeG functions aAAa Ox
tasks

MT1TopouUv va KaAouv AAAeg tasks kai functions

ExkteAouvTal o€ PNOEVIKO XPOVO TTPOCON0IWONG

MTropouv va dIapKouV un NOEVIKO XPOvo
TTPOOOMOoIWONG

Agv UTTOPOUV TTEPIEXOUV XPOVIKEG AEITOUPYIEC
(delay, events KTA)

MTTOPOUV VA TTEPIEXOUV XPOVIKEG AEITOUPYIEG
(delay, events KTA)

‘Exouv TouAaxioTov 1 €i00d0 Kal UTTopouV va
EXOUV TTOAAEG

MTTopoUV va £xouv pNdEV I TTEPICCOTEPA
opioparta 1000wV, £CO0WV Kal inout

EmioTtpépouv pia Tiun, dev €Xouv ££€000UC

Aev emmoTpEPouV TIA aAAG Byadlouv £€000 aTTo
Ta opiopaTa £¢6dou output kai inout
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System Tasks and Functions

« Tasks and functions yia €Aeyxo TNG TTPOCOMOIWONG
- Zekivouv e "$" (e.g., $monitor)
- Standard — Tn¢ yAwooag

* Mapaderypa system task: $display
$display (" 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

$display ("Error at time %t: value is %h, expected %h'",
actual value, expected value);
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Xpnoiyeg System Tasks

* Stime — TPEXOV XPOVOC TTPOCONOIWaNG

e Smonitor — TUTTWVEI OTaV aAAAdel Tiun Eva opiopa (1 pévo
KABE Qopa VEEC KANOEIC OKUPWVOUV TIC TTPONYOUMEVEC )
smonitor ("cs=%b, ns=%b", cs, ns)
* 'EAgyXoc¢ TTpOoCopoiwong
- $Sstop - dlakoTmn simulation
- $finish - TEPUATIONOC simulation

* YTTapXouv Kal cuvaptnoeicg yia file 1/0
- Sfopen, Sfclose, S$fwrite ...etc
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