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Verilog: Ta pacikd
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H eC€AICn oTn oxedidon ynelakwy
KUKAWHATWYV

MevydAn e€€MEn Ta TeAeuTaia 30 xpovia
- 2Tic apxéc oxedidlape pe Auxvieg(vacuum tubes) kai
transistors.
MeTa RpBav Ta oAokAnpwpéva kukAwpara ( Integrated
Circuits - ICs)
- SSI - Aiyeg mUAeg ( Small Scale Integration)
- MSI - gkatovtddeg mUAe¢ ( Medium Scale Integration)
- LSI - x1Aiddeg mUAeg ( Large Scale Integration)
- VLST - ekatovtddeg x1Mddeg €éwg moAAd ekaToppUpia ( Very
Large Scale Integration)
Avaykn yia Texvikég Computer Aided Design (CAD) kai
YAWooeC TTepIYpdPAC UAIKOU Yid va pttopoUe va
oxedldloupe Kal va emaAnBeloupe Ta KUKAWHATA.
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Ti givai n Verilog;
* Verilog Hardware Description Language (HDL)

- Mia vynAovU emitédou YAWooa TTou PTTopEi va
avamapdoTEi KAl va TTpooopoIWvEl yneiakd
KUKAWPATa.

- Tlapadeiypata oxediaong pe Verilog HDL
* Intel Pentium, AMD K5, K6, Athlon, ARM7, etfc
» Thousands of ASIC designs using Verilog HDL

* Other HDL: VHDL, SystemC, SystemVerilog
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Avamtapdotaoch Yneiakwy 2uoTnUdTwy

H Verilog HDL xpnoigomoigitar yia va ¢Tidéoupe 10
HOVTEAO evOC oUOTAUATOC.

- Aiadikaoia:

- Oplopdég AtaiTnoswy (requirements specification)
- Documentation

- 'EAeyxoc péow mpooopoiwaonc (simulation)

- AsiToupyikhh EtaARBeuon (formal verification)

- MmopoUpe va To ouvBéaoupe!

2.TOXO0C

- ACiomioTn diepyacia oxediaong pe XapnAég
ATTAITAOEIC KOOTOUC Kal Xpovou

- ATopuyn Kai TpoAnyn AaBwv oxediaonc
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2 udpdocic otnv yAwooa Verilog

* H Verilog civai case sensitive.
- A&€eic kKAg1did cival og pIKpd
« 2XO0AId
- Ta pia ypappn civar //
- Ta moAAéc /> */
+ Baagikéc Tipéc 1-bit onpdrwv
- 0: Aoyikh Tipn O
- 1. Aoyikh Tipn 1
- X dyvwaThn TIUA
- Z: douvdeTo ohua, high impedance
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YV V VYV V V

Ap1Opoi

AvamapdoTtaon apiOuwy

- <size> <base_format> <number>
<size> deixvel Tov ap1Buod amo bits
<base_format> ymopei va civai : d, h, b, o (default: d)

- Orav 1o <size> Acimel To péyeOocg kaBopileTal amo Tov
compiler

- OTtav 10 <number> éxe1 ToAAa ynia YmmopoUHE va To
xwpiCoupe pe _ (underscore) 6mou B€Aoupe

100 // 100

4'H1111 // 15, 4 bits

6'h3a // 58, 6 bits

6'0111010 // 58, 6 bits

12'h13x // 304+x, 12 bits

8'b10_10_1110 // 174, 8 bits
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TeAeoTég (Operators)

- Arithmetic + - */ %

* Logical | && ||
+ Relational < > <= >c
+ Equality == I=

- Bit-wise ~ & | 7
- Shift < >

» Concatenation/Replication {A,B,..} {4{A}}

(TToAAoUC TeAeaTéOUG)
+ Conditional x?vy:z (3 teAeoTéoug)
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Baoikd Block: Module

arith

inl
in2

outl

out?

module arith (outl, out2, inl, in2);
output outl, out2;

input inl, in2;

endmodule

4

1)

module arith (
output outl,
output out2,
input inl,

input in2);

endmodule
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TTopTec evoc Module

arithl module arithl (

inout bi out,
inl I I\I\ output out,
in2 L l/ . bi_ou-‘- input inl,

input 1in2,
in3 I\ ﬁ>—lou’r

input 1in3);

endmodule
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Modules vs Instances

+ Instantiation givai n diadikacia dnpioupyiag
avTikelgévou améd To module.

Storage Cell
module nand(input a, input b,
?: output out);
: (} assign out = ~ (a & b);
endmodule
R — Q
module SRLATCH (input Sbar, input
Rbar, output Q, output Qbar);
S| R (2 (1 //Instantiate lower-level modules
0] 0| undef nand nl (Sbar, Qbar, Q)
0 1 1 0 nand n2 (Q, Rbar, Qbar)
1 0 0 _1_ endmodule
1111 Q1|Q
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Primitives

- Emtiredo TTuAwy
- and, nand, or, nor, xor, xnor, not, buf

- TTapddeiypa:
and N25 (out, A, B) // instance name
and #10 (out, A, B) // delay
or #15 N33(out, A, B) // name + delay
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Xpovoc TTpooopoiwaong

" timescale <time_unit>/<time_precision>
- time_unit: povada péTpnong xpovou

- time_precision: eAdx10To Xxpévo pApaTa kATd Thv
TTpOCOHOoIWoN.

- Movddeg xpovou : s, ms, us, ns, ps, fs

+ H<time> : avapovh yia xpovo <time>

- #5 a=8'hla

@ (<onpa> ): avapgovh péxpl To oApad va adAAd€er TipR (event)
- @ (posedge clk) // OTIKA akph

- @ (negedge clk) // apvnTIKA akpA

- @ (a)

- @(aorborc)
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Module Body

declarations module test (input 2,
always blocks: wire c;

N\Ttopsi vd n£p|éX£| T[de\) always @ (posedge a) begin

@
¢ 0 b = #2 ay
amo éva \end

iniTial blOCki always k@;(iei;d?i;a) begin
MTopei va Trepiéxel end
£éva N kavéva. not N1 (c, a)
modules/primitives initial begin
instantiations end

endmodule
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Tumor yetapAnTtwy athv Verilog

* integer // apiBudg
- wire // kaAwdio - oUpua
* reg // register
 tri // tristate
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Wires

« 2.UVOUdOTIKNA AOYIKA
(3ev £xer pvApn)

 Tpdygoc eCapTnoswy

» MTopei va mmepiypayel
Kal 101aiTepd
TTOAUTTAOKN AOVYIKA...

wire sum;

assign sum = a " Db;

wire op = ~(a & ((b) ? ~c :

wire muxout = (sel == 1) ? a : b;
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2. UppaTa kai ouvoudoTikA Aoyikn

- module ...
endmodule

- ARAwon
£1000WYV -
eCOOwV

- Concurrent
statements

module adder (
input a,
input b,
output sum,
output cout);

assign sum
assign cout

endmodule
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Regs kai akoAouBiakh AoyikA

2.ToIXE€id PHVAUNG

.. KAT1 avaAoyo pe
petapAntéc oth C

Movo regs (ox! wires)
Taipvouv TIHA ot initial kai
always blocks.

- Xphon Twv begin kai
end yia grouping
TTOAAWYV TTPOTACEWV

OTou xpnoipoToIoUpE reg
dev onpaivel oTi Ba
OUUTTEPIPEPETAI OAV
kataxwpntic !l

reg a;

initial begin
a = 0;
#5;
a = 1;
end

reg J;
always (@ (posedge clk)
begin

q = #2 (load) ? d : g;
end
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Regs kai ouvduaoTikA AoyiKA

Av n ouvdpTtnon F() sivar ToAUTTAOKN TOTE

inl => out r‘lag Outé(. 1 . 1n3)
: TUVS LOCT LKA > always @(inl or in2 or in
in2 —> MoV LKA i out = f(inl,in2,in3);
in3 —> F()

reg out;

IcodUvapa <

always @(inl or in2 or in3)
out = inl | (in2 & in3);

wire out = inl | (in2 & in3);

HY220 - Mwpyoc¢ Kahokaipivog & BaoiAng TTamasuotaBiou 20



AvaBéaeig (Assignments)

+ blocking = b
always @(posedge clk)
begin
a=b;
c=a; // c maipvel TIPA Tou b
end

* non blocking <=
always @(posedge clk)

begin b
a<=b:
c<=a; // ¢ maipvel Tahid TIPUA Tou a
end
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Assighments: Example

time 0 : a = #10 b
= a

time 10 : c

a(t=10) = b(t=0)

c(t=10) = a(t=10) = b(t=0)
time 0 : #10

time 10 : a =Db

time 10 : ¢ = a

a(t=10) = b(t=10)

c(t=10) = a(t=10) = b(t=10)
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Kavéovec TToptwyv Module

net ﬁ

—-

reg or net | Het

net ﬁ inout

=)
reg or net

net

+ Ta input Kkai inout £€xouv TUTIO wire péod oTo

module

- Ta outputs umopei va €xouv TUTTO wire A reg

HY220 - Mwpyoc¢ Kahokaipivog & BaoiAng TTamasuotaBiou
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2 uvdéaeic geTalu Instances

* Mg pdon Tnv Béon

- module adder(Sum, Inl, In2)
- adder (A,B,C) //Sum=A,In1=B,In2=C

+ 2uoxeTiovracg ovopara (to kaAUTepo)

- module adder(Sum, Inl, In2)

- adder (.In2(B), .In1(A), .Sum(C))
// Sum=C,Inl=A, In2=8B

HY220 - Mwpyoc¢ Kahokaipivog & BaoiAng TTamasuotaBiou
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Buses (1/2)

Clr'lThZ module arith2 (
in1[1:0] input [1:0] inl1,
1q .
input [1:0] 1inZ2,

output [1:0] out);

endmodule
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Buses (2/2)

) Kaula 6'0(‘)0?0 GTn module adder (
i t [7:0] a, Db,
OUHTTEPTPOPA output [7:0] sum,

. ZUU&dOE'Q: output cout) ;

_ [hlgh . IOW] wire [8:0] tmp = a + Db;

i [7:0] sum = tmp[7:0];

- [me : le] 222132 cout = Em5[8];

° npoooxﬁ O‘T|C endmodule

avaBéocic (HHAKN)
Kdl TIC OUVOEDEIC
EKTOC Tou module...
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Conditional Statements - If... Else ...

To yvwaTo
if ... else ...

Movo peoa oe

blocks !
EmitpémovTal
moAAaTAd Kai nested
ifs

- TToAAd Else if ...

Av uTtdpx el povo 1
TtpoTaAon OEV

xpelaleTai
begin ... end

module mux (

input [4:0] &,
input b,
input sel,
output reg [4:0] out);

always @(a or b or sel) begin

if ( sel == 0 ) begin
out <= a;
end
else
out <= Db;
end
endmodule
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Branch Statement - Case

TO VVU}GTé case module mux (

input [4:0] a, b, c ,d,

, input [1:0] sel,
Movo peoa og output [4:0] out);
bIOCkSI reg [4:0] out;
always @(a or b or ¢ or d or
4 - sel ) begin
Movo otaBepéc L) begin
4 2'b00: out <= a;
EK"ppao-slg 2'b01: out <= Dby
A ’ 2'bl1l0: out <= c;
EV UTtdp X €I 2'bll: out <= d;
default: out <= 5'bx;
br'eak | endcase
end

Ymdpxel default | | enanodute
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Emimeda Agaipeonc Kwdika

+ H Asitoupyia évoc module pmopei va opioTei pe
d1dPopouC TPOTTOUC:
- Behavioral (emimedo Mo KovTd aThv AoYIKA)
TTapopoia pye Tnv C - 0 KWOIKAC dev €xel dueon oxéon He
T0 hardware.

Tt.X.
wire a = b + cC

- Gate level/structural (emimedo kovrd oto hardware)
O kWdIkag Ocixvel WG TPAYHUATIKA UAOTTOIEITAI O TTUAEG

n AoYIKA.

T.X.
wire sum = a ~ b;
wire cout = a & b;
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2 uvBéaipoc Kwoikacg

O Synthesizable kuwdikag umopei va vivel synthesize kai
va dpoupe gate-level povréio yia ASIC/FPGA.

Tt.X.
wire [7:0] sum = tmp[7:0] & {8{a}};
wire cout = tmp[8];

* Non-synthesizable kwdikag xpnoipomoicitar povo yia
TTpogopoiwaon Kal TeTIETAI KATd Thv 01adikaagia ThG
ouvBeong (logic synthesis).

TT.X.
initial begin
a =0, b= 0;
#5 a = 1;
b = 1;
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Xphon KaBuoTtépnong otnv Verilog

+  Asitoupyikn EmaAnBeuon - Functional Verification
(RTL Model)

- H kaBuatépnon cival tpooeyyioTikA. TT.X.
always ( (posedge clk)
q <= #2 d; // FF pe 2 povadesg robuUOoTEpEnON
- 2UvhBwc¢ Bewpoupe 0TI N ouVOIACTIKA AoyIKN OeV €XEl
KaBuaoTépnon.m.x.
wire a = (b & c) | d;
// udévo Tnv AcitToupyla 6L KABUOTépNOon TUAQV
- H kaBuoTépnon xpnoipomoieiTal Kupiwg oto testbench kwdika
yia va ¢Tidoupe Ta inputs.
+ Xpovikf EmaAnBeuaon - Timing Verification
- AvaAuTikd kdBe mUAN éxel kaBuoTépnan.

- 2UVRBwg Kavouye timing verification o gate-level model To
oTroio PTIAXVETAl amo éva synthesis tool.
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Testing

» Tepapxikoc EAeyxoc

+  KdBe module Eexwpiota

Block level simulation
- 'EAgyxoc¢ Twv mpodiaypagwy,

m
\V

TNG Ag1IToUpyiag Kai TWv

XPOVIOUWY TWV oNUATWV

* OAo T0 design padi e
System level simulation =

- 'EAgyxoc¢ TnC OUVOAIKAC

AgIToupyiag kai Twv dIETTAPpuwV
HY220 - Mwpyoc¢ Kahokaipivog & BaoiAng TTamasuotaBiou
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EAcyx0C OWOTAC AsITOUpYIdC

Testbench : top module
ToU Kdvel instantiate To *Stimulus block
module Trou TeoTdpoupe
’ =D L
SNUIOUPYEI TIC TIHEC TWV | —D— =
e1060wv Tou (stimulus) kai
eAéyxel 0TI o1 €€0doi ToU
TIAipVoOUV OWOTEC TIHEC.
2 TIPOOEYYioeIC
- EAeyxog €€odwv Kai Top-level Block
XPOVIOUOU HE TO HATI ] _
- "EAeyxoc 's:?,c'?&uv K'a, bmnuffzjrx _ :}
XpoviopoU péow KWoIKa Block A
OAd. auToparn ouykpion

TWV avapevopevwy eodwv.
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‘Eva amtAd «test bench»

module test;
reg a, b;
wire s, C;
adder addO (a, b,
initial begin
a = 0; b =20;

#5 $display ("a:

a = 1;

#5 $display ("a:

b =1;

#5 $display ("a:

a = 0;

#5 $display ("a:

end

endmodule

s, C);
$x, b
X, b
X, b
TX, b

module adder (

input a, Db,

output sum, cout);
assign sum = a ~ Db;
assign cout = a & b;
endmodule

$xX, sS: %x, c: %x", a, b,
$X, S: %X, Cc: %x", a, b,
$X, S: %X, Cc: %x", a, b,
$X, S: %X, Cc: %x", a, b,

HY220 - Mwpyoc¢ Kahokaipivog & BaoiAng TTamasuotaBiou

34



MeTpnTic 8 bits (1/3)

module counter (
input clk, reset,
output reg [7:0] out);

wire [7:0] next value = out + 1;

always (@ (posedge clk) begin
if (reset)
out = #2 8'b0;

else
out = #2 next value;
end

endmodule

module clk(
output reg out);

initial out = 1’b0;

always
out = #10 ~out;

endmodule
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MeTpnthc 8 bits (2/3)

module test;

wire clk;
reg reset;
wire [7:0] count;

clock clkO (clk) ;

counter cntO (clk,
reset,
count) ;

A

initial begin

reset = 1;

@ (posedge clk);
@ (posedge clk);

reset = #2 0;

@ (posedge clk) ;
#300;

Sstop;

end

endmodule

HY220 - Mwpyoc¢ Kahokaipivog & BaoiAng TTamasuotaBiou
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MeTpnThc 8 bits (3/3)

clk

§><01§><02§><03§><04§><05§><06

« counter.v
- clock.v
 test.v

HY220 - Mwpyoc¢ Kahokaipivog & BaoiAng TTamasuotaBiou 37



Verilog: Mia o KovTIvA parid

HY220 - Mwpyoc¢ Kahokaipivog & BaoiAng TTamasuotaBiou
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Aoun Tne yAwooac

“timescale 1ns / 1ns

* MoiaCei apketa pge Th C

"define dh 2

- Preprocessor (e.g q <= # dn d)
- Keywor'ds ‘undef dh
- T€A€0Tég "ifdef dh / “ifndef dh
= "else
‘endif

"include “def.h”

- TAwooa «event driven»
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Events in Verilog (1/2)

» AouAeUel povo 6Tav KATI aAAdE el

» OMo 10 simulation douAcUe! yUpw amo pia
oupd amé yeyovoTa (event queue)
- TTepiéxel events Kal €TIKETEC HE TO XPOVO OTOV OTTOi0
Oa ekTeAeaTOUV
- Kapyid eyyunon via Th ocipd eKTEAEONC YEYOVOTWY
oV TIPETTEl va Yivouv aTov idlo xpovolll

always clk = #("period / 2) ~clk;
b + 1;
c + 1;

always @ (posedge clk) a
always @ (posedge clk) Db
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Events in Verilog (2/2)

- Baoikn pon Ttpocopoiwaong
- EkTéAeon Twy events yia Tov TpExovTa Xpovo

- O1 ekTéAeon events aAAdlel Thv kataoTaon
TOU OUOTAHATOC KAl UTTOPEi va TTPOKAAETE!
TIPOYPAUHATIONO events via To HEAAoV

- OTtav TeAciwaoouv Ta events Tou TpéExXovTd
XPOVOU TIpoXWpdAUE 0TA AUEOWCE ETTOHEVA
xpovikdl

ty, + period

Co

—

HY220 - Mwpyoc¢ Kahokaipivog & BaoiAng TTamasuotaBiou
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Tigéc onpdTwy

Four-valued logic initial ... I
Onl

V4 always ( (posedge clk)
- 'E€odoc TpikaTdaoTarou odnynth if (reset)
- KaAwdio xwpic avaBeon else ...

APXIKA TIUA TWV regs
- 'E€o0doc TUANC e cicodo/ouc Z

- Tautéxpovn avaBeon O kai 1
amo 0Uo N TEPIOOOTEPEC TINYEC

(multi-source logic)
[TthyA = always block]

TTpoooxn oTnv apxikomoinon

(regs)
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Concatenation

«Hardwired» mpdaceic...

.. ATIapaiTnNTEC O€ Hid
HDL

wire [2:0] a wire [7:0] unsigned;

wire [4:0] b; wire [15:0] sign extend = ({
(unsigned[7] ? 8"hFF : 8"h0),

wire [7:0] ¢ = {a , b}; }?“Slg“ed
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For ...

.. Ta yvwoTd

Movo péoa oe
blocks |

Aev urtdpx el break
oute continuelll

Aev uTtdpxel i++,
++i KTAl

Kupiwc via
testbenches lli

While ...

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

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

module RegLd # ( * MT[OpOOIJE VC( éXOUUS
ramater db - 2) TIApAPETPOUC OE £vd
( input Clk, mOdU|€

input 1 load,

input [N-1:0] i D, ° DefGUH- UéV&eOC

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

// ° ’ ’ I
always @ (posedge clk) T[OAU DOAlKO
if (1 load)
o Q = #dh i D;
endmodule
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TTapapeTpikd modules 2/2

RegLd regl (d2, g2, 1d, clk);
defparam regl.N = 4;
defparam regl.dh = 4;

RegLd # (
N8 ),
.dh ( 2 ))
reg2 (

.Clk ( Clk,

.1 load ( reg load ),
.1 D ( wr data ),
.0_Q ( rd data ));
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TpikaTaoTarol odNynTEC
+ EkpeTdAAguon TN » XpAon Tou

katdotaonc Z TUTTOU Inout
module tristate(
input en,
input clk,

inout [7:0] data);

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

always @ (posedge clk) wire [7:0] bus;

begin
if ('en)
case (data)

tristate tr0O(en0O, clk, bus);
tristate trl(enl, clk, bus);
tristate tr2(en2, clk, bus);

endmodule
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Mvhpeg

* Avadpopikda:

array of array | wire 1-1:0]  word in;
wire [M-1:0] word out;
+ JUVABWC non- | wire [Nlog-1:0] addr;
reg [M-1:0] memory [ ((1<<Nlog)-1):0];

synthesizable

always ( (posedge clk) begin

- E18IkA if (we)
R memoryladdr] = word inj;
apXIKO’ITOInOT\ else word out = memoryladdr];
end
- $readmemh

- $readmemb

always (@ (negedge rst n) memory.dat:

S$readmemh (“‘memory.dat”, memory) ; 0F00 O0O0F1
0F02
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2 uvapTnoeic - Functions (1/3)
- AnAwon (declaration):

function [ range or type ] fname;
input declarations
statements

endfunction

» EmoTtpepopevn TipA (return value):

- AvdBeon oTto owpa Tou function
fname = expression;

- KAnon (function call):

fname ( expression,.. )
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2 uvapTnoei¢ - Functions (2/3)

« XapakTnpioTIKA CUVAPTATEWV:

- Emotpéper 1 TipA (default: 1 bit)

- MTopei va €xel ToAAaTTAd opiopara €10000uv

(Mpémel va €xel TOUAdXIOTOV €va)

- MTtopouv va kaAoUv dAAec functions aAAd oxi tasks.

- Aev umtootnpiCouv avadpopn (non-recursive)

- EkTeAoUvTal og pndév XpOvo TPOOOHOIWANG

- Aev emiTpémovTal Xpovikég Aeitoupyieg (.. delays, events)

« XpnoipgomoioUvTal yid ouvOudoTIKAR AOYIKA Kal

ouvBéTovTal ouvRBwc £TOlI.

- TPOOOXN OTOV KWOIKA YId va Yivel owaTd oUuvOeon
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2 uvapTnoei¢ - 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)

»+ Tumikég procedures
+ TToAAamAd opiopata input, output Kadl inout

- Aev utdpx el CUYKEKPILEVN TIHA ETIOTPOPAC
(xpnoipoTolei Ta 6plopaTa output)

- Aev umtooTtnpiCouv avadpoph (non-recursive)
- MTopoUv va kahoUv dAAec tasks kai functions

* Mmopouv va mepiéxouv delays, events Kkal
XPOVIKEC AEITOUPYIEC
- TTpoooxn oth oUvBeon
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Verilog Tasks (2/2)

+ Task example:

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

begin
for (J = 7; 3 >=0; j=3J-1) begin
ralj] = al7-31;
end
end
endtask
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Functions and Tasks

» OpiCovTal péoa age modules kai ivai
TOTTIKEC

» Aev pmopouv va éxouv always kai initial
blocks aAAd pmopoUv va kaAoUvTai péoa
anoé autd

- MTtopouV va £€xouv 0TI EKPPACEIC HUTTAiIVOUV O€
blocks
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Functions vs Tasks

Functions

Tasks

MTopoUv va kaAoUv dAAeG
functions aAAd éx1 tasks

MTtopoUv va kahoUv dAAec tasks
kai functions

ExkTeAoUvTal g pndevikd Xpovo
TIPOCOHO0IWONG

MTtopoUv va diapkoUv pn HNOEVIKO
XPOVO TTPOCGoH0iIWaNG

Aev pmopoUv TEPIEXOUV XPOVIKEC
AeiToupyieg (delay, events KTA)

MTtopoUv va TtePIEXOUV XPOVIKEG
AeiToupyieg (delay, events KTA)

‘Exouv TouAdxioTtov 1 gicodo Kai
HTTOPOUV va £XOUV TIOAAEG

MTopoUv va £éxouv pndév R
TTEPIOCOTEPA opioparTa 1000wy,
e€odwv Kai inout

EmioTpépouv pia TigR, dev €Xouv
e€odoucg

Aev emioTpépouv TIHAR aAAd
pyalouv £€odo amoé Ta opiopara
e€odou Kai inout
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System Tasks and Functions

- Tasks and functions yia éAsyxo TnC Tpooopoiwong
- Zekivouv pe "$" (e.g., $monitor)
- Standard - Tn¢ YAwaoaoac

+ Tlapddeiyua system task: $display
Sdisplay ("format-string", exprl, .., exprn);
format-string - reqular 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

$h", S$time, actual value, expected value);
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Xphoipeg System Tasks

¢ Stime - TPEXOV XPOVOC TTpOoCOoHOiwoNng
e Smonitor - TUTTWVEl 6Tav adAAdlel TiIPA éva
opiopa ( 1 yovo kdBe popd vEec KAROEIC
AaKUPWVOUV TIC TTPONYOUHEVEC )
Smonitor ("cs=%b, ns=%b", cs, ns)
- ‘EAeyxoc mpooopoiwaong
— Sstop - 0lakoTA simulation
— $finish - TeppaTiopoc simulation
+ Ymdpxouv kai ouvapthoeic via file I/0

( $fopen, $fclose, $fwrite ... etc)

HY220 - Mwpyoc¢ Kahokaipivog & BaoiAng TTamasuotaBiou
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Verilog: 2TuA KWwdika kar
Synthesizable Verilog

HY220 - Mwpyoc¢ Kahokaipivog & BaoiAng TTamasuotaBiou
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Ta oTUA ToUu KWOIKA

» Tpeic PACIKEC KATNYOPIEC
- 2Zuumepipopdc - Behavioral

- MeTagpopdcg KaraxwpnTtwy - Register
Transfer Level (RTL)

- Aopikéc - Structural
+ Kai gpdc 11 pyag voidlel;

- NiapopeTikdC KWAIKAC Yia 1a@opeTIKOUC
OKOTTOUC

- Synthesizable f 6x1;
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Behavioral (1/3)

. EVBIGLp&p(')LIC(OTE initial begin
// reset everything
vid Tnv end
oupTteplpopd TWV
always @ (posedge clk) begin
bIOCkS case (opcode)
. Apleé Simula-l-ion 8'"hAB: RegFile[dst] = #2 in;
, 8'"hEF: dst = #2 in0 4+ inl;
- Empepaiwon 8’h02: Memory[addr] = #2 data;
APXITEKTOVIKAG endcase
- Test benches Lf (branch)
- ATro attAd .. dst = #2 br addr;
. end
= ... HEXP!I
£KA£1TTUOJ.IS':VG | | | |
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Behavioral (2/3)

+ TepioodTepeg
EKPPAOEIC
- for / while
- functions
- tasks
+ TepioodTepol
TUTTOI
- integer
- real
- TVAKEC

integer sum, 1;
integer opcodes [31:0];
real average;

initial
for (1=0; 1<32; i=i+1)
opcodes[i] = 0;

always @ (posedge clk) begin
sum = sum + 1;
average = average + (c / sum);
opcodes [d] = sum;

$display (“sum: %d, avg: %$f”,
sum, average);

end
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Behavioral (3/3)

module test;

task ShowValues;

input [7:0] data;
S$display (..., data);

endtask

always (@ (posedge clk)
ShowValues (counter) ;

endmodule

‘define period 20

initial begin

reset = 1'b0;

reset = #(2* period + 5) 1’'bl;

@ (branch) ;

reset = 1'b0;

reset = #(2* period + 5) 1’'bl;
end

always @ (negedge reset ) begin
fork
a = #2 8'h44;
b = #(4* period + 2) 1'b0;
c = #(16* period + 2) 8"h44;




Register Transfer Level - RTL

To 1o diadedopévo Kal

UTIOOTNPICOHEVO LOVTEAO Think Hardware!
yia synthesizable kwdika

KaBe block kwdika apopd
Thv €i0000 Aiywv
KaTaxwpnTwyv

2. xed1aloupe kUKAo-KUKAO
He «odNyo» 10 PoAdI

EvroAéc:
- AiyoTepec

- ... OXI TOOO
TTEPIOPIOTIKEG

Combinatori
al

Logic
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Structural

* AuoTnpoTaro
HOVTEAO

- Mé6vo module
instantiations

+ 2UVABWC yid TO
top-level module

+ KaAUTepn n

auaTthpn xphon
TOU

module top;

wire clk, reset;
wire [31:0] d data,
wire [9:0] d adr;
wire [5:0] 1 adr;

I data;

clock clkO(clk);

processor pr0(clk, reset,
d adr, d data,
1 adr, 1 data,

c) s

memory #10 memO (d adr,
d data) ;

memory #6 meml (i adr,
i data);

tester tstO(reset, ...);

endmodule
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.. Kal HEPIKEC OUUPOUAEC

- OvopartoAoyia

. ’ : wire a,
OX' :'TOAL,) |..I€V(1A(1 / controller data now ready;
HIKod ovoHdTd wire drc rx 2,

- us Vénua twrg_malista;
«  2uvdudoTIKN Aoyikn

- Oxi OAa o€ pia ypapun.. if (~req s
- O compiler Eépel kaAUTEPA ((ﬂi? & prv_ack) |
’ ~3se & &
- Avayvwoigotnra (count-2 == 0))
. AO].Iﬁ .

- TToAAég ovTOTNTEC
- E ox1 kai Tooec!
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.. TTEPIOOOTEPEC OUUPOUAEC

- AisukoAUvouv Thv avdyvwaon Kai Thv XpARon Tou
kwdika (filters, tools etc)
- Eigodol Eekivouv pe i_*
- O1 £€od01 pe 0_*

- OI TpIKATAOTATEC HE i0_

- EKTOC amo poAdi Kai reset

- Ta active low onpara TeAsiwvouy pe *_n

« 2uvdéaoeic TTopTWwyV cuoxeTiovTac ovopara
module adder(o_Sum, i_Inl, i_In2);
adder iO_adder ( // instance names i0_adder, i1l_adder ...
i_In2(B),
i_Inl(A),
.0_5Sum(C)
Y//o_Sum=C,i_Inl=A,i_In2=8B
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2. XOAa

+ AKoUYETAI HOVOTOVO,
aAAd...

- Kwdika¢ hardware io
OUOKOAOC OThV KATavonon

- AKOUA Kai 0 oXe0IAOTAC
¢exvdel yphyopa
- Av 0¢ pTmrouv oTnv apxn, 0¢

'_”TaiVOUV T[OTé /***************************
, , * Comments on module test:
° Zr\us'a KAslala * Module test comprises of

* the following components..
**************************/

- 2&€ KAOe module module Lost
- 2.¢ KdOe block // Line comment
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Verilog and Synthesis

+ Xphoei¢ Tng Verilog
- MovTteAoTroinon kai event-driven
TTpooopoiwon
- TTpodiaypawéc KUKAWHATOC Yia oUvOeaon
(logic synthesis)
* Logic Synthesis
- MeTatpomn evog umoouvéAou Tng Verilog oe
netlist

* Register Inference, combinatorial logic
- BeATioTomoinon Tou netlist (area,speed)
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Register - D Flip Flop

module Reg # (
parameter N = 160,
parameter dh = 1)

input Clk,
input [N-1:0] 1 D,
output reg [N-1:0] o Q)

//
always ( (posedge Clk)
o Q <= #dh 1 D;
//
endmodule

HY220 - Mwpyo¢ Kahokaipivég
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Register with Asynchronous Reset

module RegRst # (
parameter N = 16,
parameter dh = 1)

input Clk,
input Reset n,
input [N-1:0] 1 D,

output reg [N-1:0] o Q)
//
always ((posedge Clk or negedge Reset n) begin
if (~Reset n)
o Q <= #dh 0;
else
o Q <= #dh 1 D;
end
endmodule
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Register with Synchronous Reset

module RegRst # (
parameter N = 160,
parameter dh = 1)

input Clk,
input Reset n,
input [N-1:0] 1 D,

output reg [N-1:0] o Q)
//
always ( (posedge Clk) begin
if (~Reset n)
o QO <= #dh 0O;
else
o Q <= #dh 1 D;
end
endmodule
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Register with Load Enable

module RegLd # (

//

//

parameter N = 16,
parameter dh = 1)
input Clk,
input i 1Ld,
input [N-1:0] 1 D,

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

always ( (posedge Clk)
if (1 Ld)
o Q <= #dh 1 D;

endmodule
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Set Clear flip-flop with Strong Clear

module scff sc #(
parameter dh = 1)
(
input Clk
input 1 Set,
input 1 Clear,
output o Out);
//
always (@ (posedge Clk)
o Out <= #dh (0 Out | i Set) & ~i Clear;
//
endmodule
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Set Clear flip-flop with Strong Set

module scff s # (
parameter dh = 1)
(
input Clk
input 1 Set,
input 1 Clear,
output o Out);

//
always ( (posedge Clk)
o Out <= #dh 1 Set | (o Out & ~i Clear);
//
endmodule
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T Flip Flop

module Tff # (
parameter dh = 1)

input Clk,
input Rst,
input 1 Toggle,
output o Out);
//
always (@ (posedge Clk)
1f (Rst)
o Out <= #dh O
else if (1 Toggle)
o Out <= #dh ~o Out;
//
endmodule
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Multiplexor 2 to 1

module mux2 # (
parameter N = 16)

output [N-1:0] o Out,
input [N-1:0] 1 InO,
input [N-1:0] 1 Inl,

input 1 Sel);
//
wire [N-1:0] o Out = 1 Sel ? 1 Inl : 1 InO;
//
endmodule
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Multiplexor 4 to 1

module mux4 # (
parameter N

input [N-
input [N-
input [N-
input [N-
input [

output reg [N-

//

always @(1 InO or i Inl or i In2 or i In3 or 1 Sel)
case ( 1 _Sel

2'b00
2'b01
2'b10
2'bll
endcase
end
endmodule

= 32)

HHHHHI—‘

In?2

OOOOOO

Out

)

o Out
o Out
o Out
o Out
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In3,
Sel,

) ;

<=1 InO0;
<= 1 Inl;
<= 1 In2;
<=1 In3;

begin
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Multiplexor 4 to 1

module mux4 # (

parameter N =
(
input [N-1:0]
input [N-1:0]
input [N-1:0]
input [N-1:0]
input
input
input
input
output [N-1:0]
//
assign o out =
//
endmodule

32)

i InO,
i Inl,
1 InZ2,
1 In3,
1 SelO,
1 Sell,
1 Sel2,
1 Sel3,
o Out);

1 InO
1 Inl
1 In2
1 In3

{N{i SelO}} |
{N{i Sell}} |
{N{i Sel2}} |
{N{1 Sel3}};

22 22 2 &
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Positive Edge Detector

module PosEdgDet # (
parameter dh = 1)
(
input Clk,
input 1 In,
output o Out);
//
reg Tmp;
always (¢ (posedge Clk)
Tmp <= #dh i In;
//
assign o Out = ~Tmp & 1 In;
//
endmodule
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Negative Edge Detector

module NegEdgDet # (
parameter dh = 1)
(
input Clk,
input 1 In,
output o Out);
//
reg Tmp;
always ( (posedge Clk)
Tmp <= #dh 1 In;
//
assign o Out = Tmp &~1 In;
//
endmodule
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Edge Detector

module EdgDet # (
parameter dh = 1)
(
input Clk,
input 1 In,
output o Out);
//
reg Tmp;
always (¢ (posedge Clk)
Tmp <= #dh 1 In;
//
wire Out = Tmp ~ 1 In;
//
endmodule
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Tristate Driver

module Tris # (
parameter N = 32)

(
input [N-1:0] i TrisIn,

input 1 TrisOen n,
output [N-1:0] o TrisOut);
//
assign o TrisOut = ~1 TrisOen n ? 1 TrisIn
//
endmodule

HY220 - Mwpyo¢ KaAokaipivog
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Up Counter

module Cnt # (
parameter N = 32,

parameter MaxCnt = 100,
parameter dh = 1)

(
input Clk,
input i En,
input i Clear,
output reg O _Zero,
output reg [N-1:0] o Out);

//
always @ (posedge Clk) begin
if (i Clear) begin
o Out <= #dh 0;
o Zero <= #dh 0;
end
else if (i En) begin
if (o Out==MaxCnt) begin
o Out <= #dh 0;
o zZero <= #dh 1;
end
else begin
o Out <= #dh o Out + 1'bl;
o zZero <= #dh 0;
end
end
end
endmodule
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Parallel to Serial Shift Register

module P2Sreg # (
parameter N = 32,
parameter dh =1)

input Clk,
input Reset n,
input i Ld,
input i Shift,
input [N-1:0] i In,
output o Out);
//
reg [N-1:0] TmpVal;
//

always (@ (posedge Clk or negedge Reset n) begin
if (~Reset n) TmpVal <= #dh 0;
else begin
if (i Ld) TmpVal <= #dh 1 In;
else if (i shift) TmpVal <= #dh TmpVal>>1;
end
end
//
assign o Out = TmpVal[O0];
//
endmodule
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Serial to Parallel Shift Register

module S2Preg # (
parameter N = 32,

parameter dh = 1)

(
input Clk,
input i Clear,
input 1 Shift,
input i In,

output reg [N-1:0] o Out);
//
always (@ (posedge Clk) begin
if (i Clear)
o Out <= #dh 0;
else if (i Shift)
o Out <= #dh {o Out[N-2:0],1i In};
end
//
endmodule
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Barrel Shift Register

module BarShiftReg(
parameter N = 32,
parameter dh = 1)

input
input
input
input
input

Clk,

Reset n,

i Ld,

i Shift,
[N-1:0] i In,

output reg [N-1:0] o Out);

//

always (@ (posedge Clk) begin
if (~Reset n) o Out <= #dh O;
else begin

if

(i Ld)
o Out <= #dh i In;

else if (i Shift)

end
end
//
endmodule

o Out <= #dh {o Out[N-2:0],0 Out[N-1]};
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3 to 8 Binary Decoder

module dec # (
parameter Nlog = 3)

(

input [ Nlog-1:0] 1 1in,
output reg [ ((1<<Nlog))-1:0] o out);
//
Integer 1i;

//
always (@ (1 in) begin
for (i=0; i< (1<<Nlog); i=i+1l) begin
if (i In==i)
o out[i]=1;
else o out[i] =
end
end
//
endmodule

0;
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8 to 3 Binary Encoder

module enc # (

parameter Nlog = 3)
(
input [ ((1<<Nlog)-1):0] i In,
output reg | Nlog-1:0] o:Out);
//
integer 1i;
//

always (@ (i In) begin
o Out = x;
for (i=0; i< (1<<Nlog); i=i+1l) begin
if (1 In[i]) o Out=i;
end
end
//
endmodule
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Priority Enforcer Module

module PriorEnf # (
parameter N = 8§)

input [N-1:0] In,

output reg [N-1:0] Out,

output reg OneDetected) ;
//
integer 1;
reg DetectNot;

always (@ (1 In) begin
DetectNot=1;
for (i1i=0; i<N; i=i+1)
if (i In[i] & DetectNot) begin
o Out[i]=1;
DetectNot=0;
end
else o Out[1]=0;
OneDetected = !DetectNot;
end
endmodule
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Latch

module Latch #(

parameter N = 16,
parameter dh = 1)

(
input [N-1:0] 1 In,
input 1 Ld,
output reg [N-1:0] o Out);

//
always @ (1 In or i Ld)
if (i Ld) o Out = #dh 1 In;
//
endmodule:
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Combinatorial Logic
and Latches (1/3)

module mux3 # ( X
parameter N = 32 )
( input [ 1:0] Sel,
input [N-1:0] InZ2,
input [N-1:0] Inl1,
input [N-1:0] InO,
output reg [N-1:0] Out);
//

always @ (In0O or Inl or In2 or Sel) begin
case ( Sel )
2'b00 : Out <= In0;
2'b01 : Out <= Inl;
2'b10 : Out <= In2;
endcase
end

endmodule Mari givar A@Ooc;
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Combinatorial Logic
and Latches (2/3)

module mux3 # ( Z
parameter N = 32 )
( input [ 1:0] Sel,
input [N-1:0] InZ2,
input [N-1:0] Inl1,
input [N-1:0] InO,
output reg [N-1:0] Out);

always @ (In0O or Inl or In2 or Sel) begin

case ( Sel )

2'b00 : Out <= In0;
2'b01 : Out <= Inl;
2'bl0 : Out <= In2;
default : Out <= x;
endcase
end
endmodule To ocwoTo
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Combinatorial Logic
and Latches (3/3)

+ Orav pTidxvouue ouvOudoTIKA Aoyikh pe always
blocks kai regs 167¢ mpémel va avaBéToupe
TIgEC aTIC £€000UC TNC AOYIKAC YId OAEC TIC
mOavéC TTEPIMTWOEIC £1000WV (KAROEIC TOU

always)
- Tia kdBc¢ if éva else
- Tia kKAB¢ case éva default

+ TlapaAciyeig dnpioupyouv latches kard tn

ouvBeon

- O1 tepImTWwOoelg Tou 0V KAAUTITOURE
xphnoigotoloUvTadl yid To «apnoipo» Tou load enable
Tou latch. (Bupdrai Tnv TtaAid Tipn)
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Mnxavéc TTemepaopévwy
KaTtaotdoswv
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FSMs

* 01 yNXaveC TETTEPACUEVWY KATAOTATEWY
Finite State Machines (FSMs)

- 10 apnpnpévoc TpoToc¢ va e€eTtdloupe
akoAouBiakd KuKAwpara

- Eioodol1, £€€0do1, Tpéxouoa kaTdoTaaon,
ETTOHEVN KATAOTAON

- 2.€ KdB¢e akpn Tou poAoyioU ouvdUdOTIKA
AoYIKH Ttapdyel Tic e€6d0ouC Kal Thv €TTOHEVN
KaTdoTaon oav cuvdpThong Twv €1000WV KAl
TNC TPEXOUOAC KATAOTAONC.
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XapakTnpioTikd Twv FSM

inputs: -

-

+ H emoépevn kardaoTaon civai CL
ouvdpThoh ThG Tpéxouaodcg
KATAOTAONC KAl TWV £1000WV

° Moorle Machine: Ol égOEO' present statee—+— FFs =+ next state
gival ouvdpTtnon Tng
‘ inputA
KATAOTAONG

= (CL [ outputs
State / output
inputB

* Mealy Machine: O £€odol it | - outputs
gival ouvadpTtnon ThG CL

KATAOTAONC KAl TWV 1008wy | Presen state |next state
inputA/outputA

inputB/outputB
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ook

BAuaTa 2xediaong

TTepiypapn AciToupyia TOU KUKAWHATOC
(functional specification)

Aidypappa peTdpaong KaTaoTadoewy
(state transition diagram)

TTivakac karaotdoswyv Kai petapdoswy pe cuPpoAikd
ovopara (symbolic state transition table)

Kwdikomoinon kataotdoswy (state encoding)
E€aywyn AoyikWwyv cuvapThoswv

Aidypappa KUKAWHATOC
FFs yia Tnv katdoTtaon
CL via Tnv emopevn kardoTaon Kai TiI¢ €€600UC
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Avamapdotacn FSM

KataoTtdoeic: 6Aec ol mBavéc TipéC oTa
akoAouBiakd oTtoixeia pvAaung (FFs)

MeTapdoeic: aAAayn kaTtdoTaong

AAAayh TIC kaTdoTaong He To poAOI apoU eAEYXEl
TNV pépTWoN TIPAC ata oToixeia pvapng (FFs)

AKOAOUOIaKA AoYIKN
- AkoAouBia péow piag oeipdg KaTaoTdoswy

- BaocileTail oTnv akoAouBia Twv TIHWYV OTIC €10000UC
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YAomroinon FSMs

Mealy outputs

rout /_\éf state
NPYTS \ »] combinational o

\ logic

p—)

current state

\

comb. \ Moore outputs
logic

+ TTpoTteivopevo oTuA uAomoinong FSM
- H ouvduaoTiki Aoyikh kataoTdoswy oe always block

(mavra default)

- O kataxwpnTAg katdotaong oe €va {exwpi1oTo always
block (clocked - mdvra reset)

- 'E¢odol ciTe amo To always Tng CL eite amd wires
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ATAn FSM (1/2)

module fsm # (

parameter dh = 1)

input Clk,

input Reset n,
input 1 _start,
input 1 stop,
input 1 _error,
output o receive,

output o error);

//

localparam IdleSt = 3’b001,
RxSt = 3'b010,
ErrorSt = 3'bl100;

//

reg [2:0] State;

//
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ATtAn FSM (2/2)

always @ (posedge Clk) begin
if (~Reset n) State <= #dh Idlest;
else begin
case (State)
IdleSt : begin
if (i error)
State <= #dh ErrorSt;
else if (i start)
State <= #dh RxSt;
else State <= #dh IdleSt;
RxSt : begin
if (i error)
State <= #dh ErrorSt;
else if (i stop)
State <= #dh IdleSt;
else State <= #dh RxSt;
end
ErrorSt : State <= #dh IdleSt;
default : State <= #dh IdleSt;

Ermrorst

endcase
end
assign o receive = (State== RxSt);
assign o error = (State==ErrorSt);
endmodule
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hex2asci

module hex2asci(
input [3:0]i_in,
output [7:0] o_out):
//
assign o_out = (i_in>9)? (8'h37 +i_in): (8'h30 +i_in);
//
endmodule
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asci2zhex

module asciZzhex(
input [7:0] i_in,
output reg [3:0] o_out,
output reg o_error);
//
always @(i_in) begin
if((i_in>8"h2F)&&(i_in<8'h3A)) begin
o_out =i_in-8'h30;
o_error = 1'b0;
end
else if((i_in>8"h40)&&(i_in<8'h47)) begin
o_out =i_in-8'h37;
o_error = 1'b0;
end
else o_error = 1'bl;
end
//
endmodule
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/segm_dec

module 7segm_dec(
input [3:0] i_dig”’,
output reg [7:0] o_out);

//
always @(i_digit) begin
case(i_digit)
4'h0 :o0_out=7'b0000001; //0
4'hl1 :o_out=7'bloO0O1111; //1
4'h2 :o0_out=7'b0010010; // 2
4'h3 :o0_out=7'b0000110; // 3
4'h4 :o_out=7'b1001100; // 4
4'h5 :o_out=7'b0100100; //5
4'hé6 :o_out=7'b0100000; // 6
4'h7 :o_out=7'b0001111; //7
4'h8 :o_out=7'b0000000; // 8
4'h9 :o_out=7'b0000100; //9
4'hA :o_out=7'b0001000; // A
4'hb :o_out =7'b1100000; //B
4'hC :o0_out=7'b0110001; //C
4'hd :o_out=7'b1000010; //D
4'hE :o_out=7'b0110000; //E
4'hF :o_out=7'b0111000; //F
default: o_out = 7'b0000001; // 0
endcase
end
endmodule
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