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Verilog: Ta paoikd
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H eC€AICN oTn oxedidon ynelakwy
KUKAWHATWYV

MeydaAn e€EAiEn Ta TeAeuTaia 30 xpovia
- 2T1ic apxéc oxedialape pe Auxviec(vacuum tubes) kai
transistors.
MeTa npBav Ta oAokAnpwpéva kukAwpara ( Integrated
Circuits - ICs)
- SSI - Aiyeg mUAeg ( Small Scale Integration)
- MSTI - gkaTovtddeg UAeg ( Medium Scale Integration)
- LSI - x1Addeg mUAeg ( Large Scale Integration)
- VLST - ekatovtddeg x1Aiadeg éwg oAAd ekaToppupia ( Very
Large Scale Integration)
Avaykn via Texvikég Computer Aided Design (CAD) kai
vAWwaooeg TepiypdPnc UAIKoU vid va ptmropoUpe va
oxedldloupe Kal va emraAnBeloupe Ta KUKAWHATA.

HY220 - Mwpyoc¢ Kahokaipivog & BaoiAng TTamasuotaBiou



TumkA Pon 2xediaonc
(Design Flow)

[Requi r'emen'rs:::> Q
$

[ RTL Model _> Simulate

: 1 LX
Synthesis
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[ Ga;:o-dlzlvel ::{> Simulate <:I[ Test Bench]

[ASIC or FPGA]<: Place & Route & J

Fimi
[ AA::;Z? )::> Simulate
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Ti eivar n Verilog;
* Verilog Hardware Description Language (HDL)

- Mia vynAov emitédou YAWooa TTou HTTopeEi va
avamapdoTEi Kal va TIPOCOHOIWVE! yneiakd
KUKAWpATa.

- Tlapadeiyuara oxediaong e Verilog HDL
 Intel Pentium, AMD K5, K6, Athlon, ARM7, etc
» Thousands of ASIC designs using Verilog HDL

* Other HDL : VHDL,SystemC, SystemVerilog
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Avamtapdotach Yneiakwyv 2uoTnudtwy

H Verilog HDL xpnoigomoigitar yia va @Tidgoupe 10
HovTéAO €vOC ouoTAUATOC.

- Aodyor.

- Opiopog AraiThoswy (requirements specification)
- Documentation

- 'EAeyxoc péow mpooopoiwaonc (simulation)

- AsiToupyikh EmaAnBeuon (formal verification)

- MTtopoupe va To ouvBéooupel

2.TOX0C

- ACi1omoTn diepyaacia oxediaong pe XapnAEC
ATIAITAOEIC KOOTOUG Kdl XpOVou

- ATopuyn Kai TpoAnyn AaBwv oxediaonc
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2 udpaoeic otnv YAwoaoa Verilog

H Verilog civai case sensitive.
- A&Ceic kKAe101d gival o HIKpd.
« 2.XOAIa
- Ta pia ypapph civar //
- Ta moAAéc /* */
Bagikéc Tipéc 1-bit onpdrwy
- 0: Aovikn Tipgn O.
- 1: Aoyikn Tipn 1
- X ayvwaoTn TIuA
- z: aouvdeTo onua, high impedance
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Ap1Bpoi

- AvamadpdoTtach apiOuwy

YV V.V VYV V V

- <size>' <base_format> <number>
<size> deixvel Tov ap1Buo6 amo bits
<base_format> ymopei va givai : d, h, b, o (default: d)

- Ortav 70 <size> Acimel 1o péyeBoc¢ kabopileTal amd Tov
compiler

- Orav 10 <number> éxel TToAAd yneia gmwopoUpe va To
xwpiCoupe pe _ (underscore) 6mou B€Aoupe

100 // 100

4'b1111 // 15, 4 bits

6'h3a // 58, 6 bits

6'b111010 // 58, 6 bits

12'h13x  // 304+x, 12 bits

8'b10_10_1110 // 174, 8 bits
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TeAeoatég (Operators)
+ Arithmetic + - */ %

- Logical | && ||

+ Relational < > <= >=

+ Equality == Iz

- Bit-wise ~& | T T~(h~")

- Reduction & ~& | ~| T “~(R~")
- Shift < >

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

(TToAAOUC TeAeaTEOUC)
 Conditional x?y:z (3 TeAeoTéoug)

* EpappoleTal Hovo oc évav TeAEOTEO
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Baoiko Block: Module

arith

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

outl |[output outl, out2;

Da

inl :
in2

input inl, in2;

endmodule
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TTopTec evoc Module

arithl module arithl (bi out,
out, inl, in2, in3);
inl P inout bi_ out;
. Pi\ ) output out;
inZ P @ bi out
L// input inl, in2;

input in3;

n3M ?—Iou‘r

endmodule

HY220 - Mwpyoc¢ Kahokaipivog & BaoiAng TTamasuotaBiou 11



Modules vs Instances

- Instantiation civai n diadikagia dnpiovpyiag
avTikelgévou amod To module.

Storage Cell
i Q
R — Q
S|R|Q Q
0 0| undef
0Of 1110
110f 0|1
1111 Q1Q

module nand(out, a, b);
input a, b;
output out;

wire out = ~ (a & b);

endmodule

module SRLATCH(Q, Qlar, ESbar, Rlar);
input Ehar, Rkar;
cutput 0O, Qbar;

// Instantiate lower-level modules
nand nl(Q, Skar, Qbar);
nand n2 (Char, Rbar, Q) ;

endmodule
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Primitives

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

- TTapadeiypa:
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 TTpoogopoiwanc

" timescale <time_unit>/<time_precision>
- time_unit: povada pétpnong Xpovou

- time_precision: eAdxioto xpoévo pApATd KATA ThV
TTpooopoiwaon.

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

« H<time> . avapovh yia xpovo <time>

- #5 a=8'hla

@ (<onpa> ): avapovi péxp! To ohpa va aAAdger TIHA
(event)

- @ (posedge clk) // OTIKA akph

- @ (negedge clk) // apvnTIKA akuA
- @ (a)

- @ (aorborc)

HY220 - Mwpyoc¢ Kahokaipivog & BaoiAng TTamasuotaBiou
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Module Body

declarations
always blocks:

MTopei va Ttepiéxel Tavw

aTmo évda

initial block:
MTopei va Trepiéxel
éva R Kavéva.
modules/primitives
instantiations

module test (a, Db);
input a;output Db;
reg b; wire c;

AN

>élways d (posedge a)begin
b = #2 a;
end
always (@ (negedge a) begin
b = #2 ~c;
end

-7not N1 (c, a)

Ninitial begin
b = 0;

end
endmodule

HY220 - Mwpyoc¢ Kahokaipivog & BaoiAng TTamasuotaBiou 15



Tumor yetapAnTtwy othv Verilog

» integer // apiBuég

- wire // kaAwdio - oUpua
* reg // register

- tri // tristate
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Wires

+ 2.UvOUdoTIKA AOYIKA
(3ev £xer pvApn)

» Tpdyoc e€apThoswy

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

wire sum;

assign sum = a * b;

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

wire muxout = (sel == 1) 2?2 a : Db;
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2 Uppara kai cuvouaoTikR AOYIKA

- module ...
endmodule

- ARAwon
£1000WYV -
eCO0WvV

- Concurrent
statements

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

wire sum
wire cout

I
)
°g
o)

endmodule

HY220 - Mwpyoc¢ Kahokaipivog & BaoiAng TTamasuotaBiou 18



Regs kai akoAouBiakn Aoyikh

2. ToIX€id HVAHNG reg a;

.. KATI avdaAoyo pe L .
pnetapAntéc otnh C 1212133 begin
Moévo regs (ox! wires) 25; .

Ttaipvouv TIun oc initial kai
always blocks.

- Xphon Twv begin kai
end yia grouping reg q;
TTOAAWYV TTpOTACEWYV
always ( (posedge clk)

OTou xpnoigomoioUpe reg begin

dev onpaivel oTi Ba q = #2 (load) ? d : q;
OUUTTEPIPEPETAI OAV end

kataxwpnthc !
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Regs kai ouvduaoTikAR AoYIKA

Av n ouvaptnon F() sivar moAUTTAOKN TOTE

inl —> out reg out; | |
in2 —=>| Zuvdiaotikg = always @(inl or in2 or in3)

Moy KT out = f£(inl,in2,in3);
in3 —> F()

reg out;

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

N\ | wire out = inl | (in2 & in3);
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AvaBéoeic (Assignments)

° blOCking = b
always @(posedge clk)
begin
a=b;
c =a; // c maipvel TIUA Tou b
end

* non blocking <=
always @(posedge clk)

begin b
a<=b:
c <= a; // ¢ maipvel Tahid TIuA Tou a
end

HY220 - Mwpyoc¢ Kahokaipivog & BaoiAng TTamasuotaBiou
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Assignments: Example

time 0 : #10

time 10 : a = Db

time 10 : c = a

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

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

HY220 - Mwpyoc¢ Kahokaipivog & BaoiAng TTamasuotaBiou
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Kavévec TTopTwyv Module

net ﬁ

—-

reg or net | Het

net H inout

=)
reg or net

net

+ Ta input kai inout €xouv TUTIO wire péoa oTo

module

- Ta outputs pmopei va €xouv TUTTO wire i reg

HY220 - Mwpyoc¢ Kahokaipivog & BaoiAng TTamasuotaBiou 23



2 uvdéaeic getatu Instances

- Mg pdon Tnv Béon

- module adder(Sum, Inl, In2)
- adder (A,B,C) // Sum=A,Inl1=B,In2=C

+ 2uoxeTiCovracg ovopara (To kaAUTepo)

- module adder(Sum, Inl, In2)

- adder (.In2(B), .In1(A), .Sum(C))
// Sum=C,Inl1=A,In2=B

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

in1[1:0]

arith2

module arith?2 (out, 1inl,
in?2) ;

output [1:0] out;

input [1:0] inl, inZ2;

endmodule
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Buses (2/2)

- Kapia diapopd otn
oupTTEPIPOPd

- 2uupdocic:
- [high : low]
- [msb : Isb]

» TTpoooxh oTiC
avaBéocic (HAKN)
Kdl TIC OUVOEODEIC

£KTOC Tou module..

module adder (a, b, sum, cout);
input [7:0] a, b;

output [7:0] sum;

output cout;

wire [8:0] tmp = a + b;

wire [7:0] sum = tmp[7:0];
wire cout = tmp[8];

endmodule
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Conditional Statements - If... Else ...

To yvwaoTo
if ... else ...

Movo peoa oe

blocks |
EmitpémovTal
TToAAATTAd Kal hested
ifs

- TToAAd Else if ...

Av uTtdpx el povo 1
TtpoTaAon OEV

xpelalerai
begin ... end

HY220 - Mwpyoc¢ Kahokaipivog & BaoiAng TTamasuotaBiou

always @(a or
if ( sel

end
else
out <=
end

endmodule

module mux(a , b , sel ,
out );

input [4:0] a, Db;

input sel;

output [4:0] out;

reg [4:0] out;

b or sel) begin
0 ) begin

out <= a;

b;
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Branch Statement - Case

To yvwoTo case
Movo peoa oe

blocks |

Movo oTaBepéc
EKPPAOTEIC

Aev umtdpxel
break |

Yrdpxel default |

module mux (a , b , ¢, 4d ,
sel , out

) 7
input [4:0] a, b, c ,d;
input [1:0] sel;
output [4:0] out;

reg [4:0] out;
always @(a or b or ¢ or d or
sel ) begin
case (sel)
2'b00: out <= a;
2'b01: out <= b;
2'bl0: out <= c;
2'bll: out <= d;
default: out <= 5'bx;
endcase
end
endmodule
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Emimeda Agpaipeonc Kwdika

+ H Acitoupyia évoc module pmopei va opioTei e
O1dpopouC TPOTTOUC:
- Behavioral (emimtedo Mo KovTd aTnv AoYIKRA)
TTapopoia pe Tnv C - 0 KWOIKAC Oev £xel APean axéan pe
T0 hardware.

T.X.

wire a = b + c

- Gate level/structural (emimedo kovTd oto hardware)
O kWwoIkag Ocixvel TWE TTPAYUATIKA UAOTIOIEITAlI OE TTUAEG

n AOYyIKA.

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

O Synthesizable kWwdikag pmopei va yiver synthesize kai
va mdpoupe gate-level povréAo yia ASIC/FPGA.

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

* Non-synthesizable kwdikag xpnoigomoieitar povo yia
TTpoooHoiWwaN Kal TTETIETAI KATA Thv O1adikadoiad ThG
ouvBeang (logic synthesis).

T.X.
initial begin
a = 0; b=20;
#5 a = 1;
b =1;
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Xphon KaBuaTtépnong otnv Verilog

+  Agitoupyikh EmaAnB®euon - Functional Verification
(RTL Model)

- H kaBuoTtépnon cival mpooeyyioTikA. T1.X.
always ( (posedge clk)
q <= #2 d; // FF pe 2 povd&dec xabuoTépnon

- 2UVhBwc¢ Bewpoupe 0TI h ouvdIaoTIKA AoYIKA OEV EXEI
KauaTépnon.m.x.

wire a = (b & ¢c) | d;
// udévo 1nv Agittoupyla OxL KoBUOCTEépEnon OUAOV
- H kaBuaTtépnon xpnoipotoiciTal kupiwg ato testbench kwdika
yid va @Tid{oupe Td inputs.
+ Xpovikh EmaAnBeuon - Timing Verification
- AvaAuTIKd KdBe TTUAN €xel kaBuoTépnaon.

- 2UuvhBwcg Kavouye timing verification oe gate-level model To
oTtoio @TIdXveTAl amd €va synthesis tool.
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Testing

+ Tepapxikoc EAeyxoc
+  KdBe module EexwpioTa
Block level simulation

- ‘EAgyxoc Twv podiaypdpwy,
TNC AcITOUPYIAC KAl TWV
XPOVIOHWY TWV oNUATWY

[l
| |
.
!

* OAo 1o design padi ———
System level simulation B ey W

- 'EAeyxoC TNC OUVOAIKAC

AgiIToupyiag kai Twv dIETTAPUWY
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EAeyxoc owoTAC AciToupyiac

Testbench : top module

Tou Kdvel instantiate To *Stimulus block
module Trou TeoTdpoupe
’ =D .
ONUIOUPYEI TIC TIHEC TWY _D— =
. . —
e1060wv Tou (stimulus) kai

eAéyxel 0TI o1 £€€000i Tou
TIAipVOUV OWOTEC TIHEC.

2 TIPOOEVYYIoEIC .

- 'EAeyxoc £€6dwv Kai Top-level Block
XPOVIOHoU UE TO UATI N .

- ‘EAeyxoc ££6dwv Kal *SE*"""'{;;’” e :D_
XpoviopoU péow KWwadika OCK A

OAd. auTouartn cUykpion

TWV aAvVAPEVOHEVWY £COOWV.
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‘Eva amtAd «test bench»

module adder (a, b, sum, cout):;

module test; input a, b;
reg a, Db; output sum, cout;
wire s, cC;
wire sum = a ~ Db;
adder add0(a, b, s, c); | Wire cout = a & bj
endmodule

initial begin
a =0, b= 0;
#5 $display("a: %$x, b: %x, s: %x, c: %x", a, b, s, c);
a = 1;
#5 $display("a: %$x, b: %x, s: %x, c: %x", a, b, s, c);
b =1;
#5 $display("a: %$x, b: %x, s: %x, c: %x", a, b, s, c);
a = 0;
#5 Sdisplay("a: %x, b: %x, s: %x, c: %x", a, b, s, c);
end

endmodule
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MeTpntnc 8 bits (1/3)

module counter(clk, reset, out);
input clk, reset;

output [7:0] out;

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

always @ (posedge clk) begin

if (reset)
out = #2 8'b0;

else
out = #2 next value;
end
endmodule

A

module clk (out);

output out;
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;
d (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 X 02 )Y 03 )\ 04 ) 05 ) 06

* counter.v
- clock.v
* tYest.v

37
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Verilog: Mia Tio KovTIvA parid

HY220 - Mwpyoc¢ Kahokaipivog & BaoiAng TTamasuotaBiou
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Aoun Thc yAwooacg

“timescale 1ns / 1ns

» Moialei apketda pe Th C

"define dh 2

- Preprocessor (e.g q <= #7dn d)
- Keywords ‘undef dh
- TSAEGTéC "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 et

+ OMo 10 simulation douAcUel yUpw amo Hia
oupd amoé yeyovoTa (event queue)
- TTepiéxel events kai eTIKETEC HE TO XPOVO OTOV OTIOIO
Oa ekTeAeoTOUY
- Kappid eyyunon via Tn ocipd eKTEAEONC YEYOVOTWY
oV TTPETTE! va Yivouv aTov idio 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 Tpoogopoiwong
- EKTéAeon Twy events yia Tov TpEXovTa Xpovo
- O1 ekTéAean events aAAdlel Tnv karaoTaon

TOU OUOTAHATOC KAl UTTOPEiI va TTPOKAAETE!
TIPOYPAUHATIONO events yvia To HEAAOV

- Otav TeAsiwoouyv Ta events Tou TpEXovTd
XPOVOU TtpoxXwpdpe 0Td dléowe eTTOHEvaA
Xpovikd!

t, + period

[

4 —

HY220 - Mwpyoc¢ Kahokaipivog & BaoiAng TTamasuotaBiou
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TIgéEC onpaTwy
Four-valued logic initial ... I
Onl

L always ( (posedge clk)

- 'E€odoc TpikaTdoTaTou odnynTh if (reset)
else ...

- KaAwdio xwpic avaBeon

- ApPXIKA TIUA TWV regs
- 'BE€o0doc¢ mMUANC pe cicodo/ouc Z

- Tautéxpovn avabeon O kai 1
ato 0Uo N TTEPIOCOTEPEC TTNYEC

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

[pogoxn oTnv dpXIkoTroinon

reqgs
( 9 ) HY220 - Mwpyo¢ Kahokaipivoc & BaoiAng TTamasuotaBiou 42



Concatenation

«Hardwired» mpdlcic...

.. ATTadpaiTnTeC oc Hid
HDL

wire [7:0] unsigned;

wire [15:0] sign extend = {
(unsigned[7] ? 8’hFF : 8'h0),

unsigned

b i
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For ...

.. Ta yvwoTd

Movo péoa oe
blocks |

Aev urtdpx el break
oute continuelll

Aev utdpxel i++, +
+i KTAl

Kupiwc¢ via
testbenches

While ...

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

integer j; //reg [3:0] j is OK!
initial begin
71=0;
while(j < 10)begin
Sdisplay (“j= %b”,7J);
J=3+1;
end
end
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TTapapueTpikd modules

module ReglLd( D, OQ,

parameter N = §;

parameter dh = 2;
input [N-1:0] D;
output [N-1:0] Q;
input load, clk;
reg [N-1:0] Q;

always @ (posedge clk)

load, clk);

» MmropoUpe va éxoupe
TTAPAUETPOUC OE €vd
module

- Default péyeOoc¢
* ... TOAU PoAikd!

if (load)
Q = #dh D;
endmodule

RegLd reg0 (d0, g0, 1d, clk);
RegLd #(16,2) regl(dl, gl, 1d, clk);
RegLd reg2 (d2, g2, 1d, clk);
defparam regZ2.N = 4;

defparam reg2.dh = 4;

HY220 - Mwpyo¢

KaAokaipivog & BaoiAng TTamasuoTaBiou
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TpikaTtaoTarol odNynTEC

 EkpeTdAAcuon TnG - XpAon Tou TUTTOU
kataotaong Z ihout

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

wire [7:0] data = (en) ? data out : 8'bz;
always @ (posedge clk) wire [7:0] bus;
begin
if (!en) tristate tr0(enO, clk, bus);
case (data) tristate trl(enl, clk, bus);
“ .. tristate tr2(en2, clk, bus);
endmodule
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* Avadpopikad.
array of array
2. UVABWC
non-synthesiza
ble

EidikA
apXIkoTroinon
- $readmemh

&l‘-“'.“ -l“l‘

Mviueg

wire [15:0] word inj;

wire [15:0] word out;

wire [ 9:0] addr;

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

always ( (posedge clk) begin

if (we)

memory[addr] = word in;
else

word out = memoryladdr];
end

always (¢ (negedge rst n)

memory.dat:

Sreadmemh (“memory.dat”, memory) ; OF00 O0O0F1
0F02
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2 uvapTnoei¢ - Functions (1/3)
- AnAwon (declaration):

function [ range or type ] fname;
input declarations
statements
endfunction
- EmoTtpepduevn Tipn (return value):
- AvdOeon oTto owpa Tou function

fname = expression;

» KAhon (function call):

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

« XdpakTnpioTIKA CUVAPTATEWV:

- Emotpéper 1 TipA (default: 1 bit)

- MTropei va éxel ToAAaTAd opioparta €1godou

(mpémel va éxel TouAdxioTov éva)

- MmopoUv va kaAoUv dAAec functions aAAd oxi tasks.

- Aev umootnpilouv avadpopn (hon-recursive)

- EkTeAoUvTal og pndév XpOovo TPOOOHOIWANG

-+ Aev emitpémovTal xpovikég AeiToupyieg (T.x. delays, events)

« XpnoigotoioUvTadi yid cuvOudoTIKA AOYIKA Kal

ouvBéTovTal cuvRBWC £TOlI.

- TPOCOXN OTOV KWOJIKA YId vd Yivel owaTd ouvBeon
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2 uvapTnoei¢ - 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, c, d;
begin
average = (a + b + ¢ + d) >> 2;
end

endfunction;
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Verilog Tasks (1/2)

+ Tumikég procedures
+ TToAAaTAd opiopara input, output KAl inout

- Aev utdpXx el CUYKEKPIUEVN TIHA ETTIIOTPOYAC
(xpnoipoTolei Ta 6piopaTa output)

- Aev umtooTtnpiCouv avadpopn (hon-recursive)
- MTopoUv va kahoUv dAAec tasks kai functions

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

+ Task example:

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

begin
for (7 = 7; 73 >=0; j=3-1) begin
ralj] = al7-3]7
end
end
endtask
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Functions and Tasks

+ OpiCovTal pyéoa o modules kai civai
TOTTIKEC

» Aev pmopouv va éxouv always kat initial
blocks aAAd ymopoUv va kahoUvTai péoa
amoé auTtd

- MTopoUV va €xouv 0TI EKPPACEIC HTTAiIVOUV O€
blocks
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Functions vs Tasks

Functions

Tasks

MTopoUv va kaAoUv dAAeC
functions aAAd 6x1 tasks

MTopoUv va kahoUv dAAec tasks
kai functions

EkTeAoUvTal oc HNBEVIKO XpOVO
TTPOCOoU0iIWaNG

MTopoUv va diapkoUv pn HNOEVIKO
XPOVO Ttipogoloiwang

Aev pmopoUv TEPIEXOUV XPOVIKEC

MTtopoUV va TTeEPIEXOUV XPOVIKEC

AeiToupyieg (delay, events KTA)
‘Exouv TouAdxioTov 1 gicodo Kkai
HTTOpOUV va €X0UV TTOAAEC

AeiToupyieg (delay, events KTA)
MTtopoUv va €xouv HnoéV H
TEPIOOOTEPA OpiopaTa 1000wy,

g€odwv Kat-inout

EmioTpépouv pia TipR, dev EXouv
e€odoucg

Aev emioTpépouv TIHA AAAd
pyalouv £€odo amoéd Ta opiouaTda

g£6dou Kkal inout

W & T VYGRT LELER A -4 — B J
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System Tasks and Functions

+ Tasks and functions yia éAeyxo ThC TTPOCOHOIWONG

- Zekivouv pe "$" (e.g., $monitor)
- Standard - Tn¢ yAwooac
+ TTapddeiyua system task: $display
Sdisplay ("format-string", exprl, .., exprn);
format-string - regular ASCII mixed with formatting

characters 7%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", $time, actual value, expected value);
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Xphoipeg System Tasks

* Stime - TPEXOV XPOVOC TIpoCoHoiwong
* Smonitor - TUTTWvEl 6Tav aAAalel Tipn éva
optopa ( 1 povo kABe popd vEeC KAROEIC
AKUPWVOUV TIC TTPONYOUHEVEC )
smonitor ("cs=%b, ns=%b", cs, ns)
-+ ‘EAeyxoc mpooopoiwaong
— Sstop - 01akoTh simulation
— $finish - TeppaTiopdéc simulation
- YTmdpxouv Kai ouvapThoeic via file I/0

( $fopen, $fclose, $fwrite ... etc)
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Verilog: ZT1uA Kwdika Kai
Synthesizable Verilog

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

« Tpeic PACIKEC KATNYOPIEC
- 2uumepipopdc - Behavioral

- MeTagopdcg KataxwpnTtwy - Register
Transfer Level (RTL)

- Nopikéc - Structural
+ Kai gpdc 11 yag voidlel;

- NiapopeTikdC KWAIKAC YId B1dPOoPETIKOUC
okoTtoUC

- Synthesizable A 6x!;
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Behavioral (1/3)

. Evala(pspéuao-rs initial begin
// reset everything
yia Tnv end
OUUTTEPIPOPA TWV
bIOCkS always @ (posedge clk) begin
case (opcode)
o Apx“,(é S|mu|a'|'|on 8’hAB: RegFile[dst] = #2 in;
, 8'hEF: dst = #2 in0 + inl;
- E"'ﬁﬁﬁa'won, 8'h02: Memory[addr] = #2 data;
dPXITEKTOVIKNG endcase
+ Test benches £ (bronch)
- ATo amAd ... dst = #2 br_addr;
- ... HEXP! end

sKAsnTuq}Jéva
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Behavioral (2/3)

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

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

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

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

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

end

HY220 - Mwpyo¢ Kahokaipivoc & BaoiAng TTamasuotaBiou 60



Behavioral (3/3)

module test; ‘define period 20
task ShowValues; initial begin
) ) . reset = 1'b0;
1nqu [7:0] data; reset = #(2* period + 5) 1’bl;
Sdisplay (..., data); -
reset = 1'b0;
e reset = #(2* period + 5) 1'bl;
always @ (posedge clk) end

ShowValues (counter) ;

s always ( (negedge reset ) begin
endmodule fork N

a = #2 8'h44;

b = #(4* period + 2) 1'b0;

c = #(l6* period + 2) 8'h44;
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Register Transfer Level - RTL

To mio diadedopévo Kal

UT0OTNPICOUEVO HOVTEAO Think Hardware!
yia synthesizable kwdika

KaBe block kwdika apopd
Thv €i0000 Aiywv
KATaXwpnTwy

2. xedialoupe kUKAoO-KUKAO
He «odNyo» 10 poAodl

EvroAéc:
- AiyoTepec

- ... OXI T600
TTEPIOPIOTIKEC

Combinatori
al

Logic
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Structural

* AuoTnpoTdTo
HOVTEAO

- Mévo module
iInstantiations
+ 2UVABWC via To
top-level module

+ KaAUTepn n

auaTthpn xpnhon
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,

co)

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

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

tester tstO(reset, ...);

endmodule
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.. Kal HEPIKEC OUHPOUAEC

- OvouartoAoyia

' , . wire a,

- OX' :'TOAL,) HeydAa / controller data now ready;
HIKpd ovoHdTd wire drc rx 2,

- .. UE V()ﬂl.l(] twra malista;

«  2uvdudoTIKN Aoyikn
- Ox1 oAa. o€ HId YPapUA... if (~req &
- O compiler ¢épel kaAUTEpa ({flag & prv_ack)|
’ ~Se
- AvayvwoiyoTtnra (count-2 == 0))

- TToAAéc ovTOTNTEC
- E ox1 ka1 Tooec!
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.. TIEPIOCOTEPEC OUHPOUAEC

- AigeukoAUvouv Thv avdyvwon Kai Thv XpAoh Tou
kwdika (filters, tools etc)
- Eioodoi Eekivouv pe i_*
- O1 €€odol pye 0_*
- OI TpIKATAOTATEC HE 10_
- EkTOC amo poAdi Kai reset
- Ta active low onpaTa TeAsivouy pe *_n
« 2uvdéoeic TTopTWwy ouoxeTiovTac ovopard
module adder(o_Sum, i_Inl, i_In2);
adder iO_adder ( // instance names i0_adder, i1_adder ..
i_In2(B),
i_Inl(A),
.0_Sum(C)
Y//o_Sum=C,i_Inl=A,i_In2=B
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2. XOAld

« AKoUyETdAl HOVOTOVO,
aAAd...

- Kwdikac hardware mio
OUOKOAOC OoThV KATavonon

- AKOUA Kai 0 oXe0IAOTAC
¢exvdel yphyopa
- Av 0¢ UTTOoUV OTNV dpXxn, 0¢€

'J‘,Taivouv ‘,TOTé /***************************
* Comments on module test:
1 4 * Module test comprises of
o
znu8|a KA8|6|0 * the following components..

**************************/

- 2¢€ KdeE: mOdUIC module test;
- 2 ¢ KAdO¢e block // Line comment
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Verilog and Synthesis

+ Xphoeig Tng Verilog
- MovTeAoTroinon Kai event-driven
TIpooopoiwaon
- TTpodiaypapég kukAwparog yia cuvBeon (logic
synthesis)
* Logic Synthesis
- MeTatpomn evog uttoouvoAou Thg Verilog o
netlist

* Register Inference, combinatorial logic
- BeATigTomoinon Ttou netlist (area,speed)
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Register - D Flip Flop

module Reg(o Q, 1 D, Clk);

//
parameter N = 16;
input Clk;

input [N-1:0] 1 D;
output [N-1:0] o Q;

reg [N-1:0] o Q;

//

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

module RegRst(o Q, 1 D, Reset n, Clk);
//
parameter N = 16;
//
input Reset n, Clk;
input [N-1:0] 1 D;
output [N-1:0] o QO;
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(o Q, 1 D, Reset n, Clk);
//
parameter N = 16;
//
input Reset n, Clk;
input [N-1:0] 1 D;
output [N-1:0] o QO;
reg [N-1:0] o Q;
//
always ( (posedge Clk) begin
if (~Reset n)
o Q <= # dh 0;
else
o Q <= # dh 1 D;
end
endmodule
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Register with Load Enable

module Regld(o Q, 1 D, 1 Ld, Clk);

//

parameter N = 16;

//

input i_Ld, Clk;

input [N-1:0] 1 D;
output [N-1:0] o Q;
reg [N-1:0] o O;
//

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 (Out, Set, Clear, Clk);

//
output Out;

input Set, Clear, Clk;

//
reg Out;
always ( (posedge Clk)
Out <= # dh (OQut | Set) & ~Clear;
//
endmodule
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Set Clear flip-flop with Strong Set

module Scff (Out, Set, Clear, Clk);

//
output Out;

input Set, Clear, Clk;

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

module Tff (Out, Toggle, Clk);

//
output Out;

input Toggle, Clk;

//
reg Out;
always (@ (posedge Clk)
i1f (Toggle)
Out <= # dh ~Out;
//
endmodule
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Multiplexor 2 to 1

module mux2 (Out, Inl, In0O, Sel);
//

parameter N = 16;

output [N-1:0] Out;

input [N-1:0] Inl, InO;

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

module mux4 (Out, In3, In2,
//
parameter N = 32;
input [ 1:0] Sel;
input [N-1:0] In3, InZ2,
output [N-1:0] Out;
reg [N-1:0] Out;
//
always @ (InO or Inl or
case ( Sel )
2'b00 : Out <=
2'b01 : Out <=
2'bl10 : Out <
2'bll : Out <=
endcase
end
endmodule

Inl, InO, Sel);

Inl, InO;

In?2 or In3 or Sel)

= In0;
= Inl;
= In2;
= In3;

begin
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Positive Edge Detector

module PosEdgDet (Out, In, Clk);
//
input In, Clk;
output Out;
//
reg Tmp;
always (@ (posedge Clk)
Tmp <= # dh In;
//
wire Out = ~Tmp & In;
//
endmodule
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Edge Detector

module EdgDet (Out, In, Clk);
//
input In, Clk;
output Out;
//

reg Tmp;

always ( (posedge Clk)

Tmp <= # dh In;

//

wire Out = Tmp © In;

//
endmodule
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Tristate Driver

module Tris (TrisOut, TrisIn, TrisOen n);
//

parameter N = 32;
input [N-1:0] TrisIn;

input TrisOen n;
output [N-1:0] TrisOut;
//
wire [N-1:0] TrisOut = ~TrisOen n ? TrisIn : ‘bz;
//
endmodule
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Mux411 ReglLd Tris

module MuxRegTris (Out, InO, Inl, In2, In3, Select, Ld, TrisEn, Clk);

//
parameter N = 32;
input Ld, TrisEn, Clk;
input [ 1:0] Select;
input [N-1:0] InO, Inl, In2, In3;
output [N-1:0] Out;
reg [N-1:0] MuxReg;
always (@ (posedge Clk) begin
if (Ld) begin
case (Select)
0 : MuxReg <= InO0;
1 : MuxReg <= Inl;
2 : MuxReg <= In2;
3 : MuxReg <= In3;
endcase
end
end
wire [N-1:0] Out = TrisEn ? MuxReg : 'bz;
//
endmodule
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Up Coun’rer

module Cnt (Out, Zero, En, Clear, Clk)

parameter N = 32;
parameter MaxCnt = 100;

input En, Clear, Clk;
output Zero;

output [N-1:0] Out;

reg [N-=1:0] Out;

reg 2ero;

always (@ (posedge Clk) begin
if (Clear) begin
out <= # dh 0;
Zero <= # dh 0;
end
else if (En) begin
if (Out==MaxCnt) begin
Out <= # dh 0;
Zero <= # 'dh 1;
end
else begin
Out <= # dh Out + 1;
Zero <= # 'dh 0;
end
end
end

endmoddY@20 - Muwpyoc Kahokaipivog & BaoiAng TTamasuotaBiou
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Parallel o Serial Shift Register

module P2Sreg(Out, In, Ld, Shift, Clk, Reset );
parameter N = 32;

input Ld, Shift, Clk, Reset ;
input [N-1:0] In;

output out;

reg [N-1:0] TmpVal;

//

always @ (posedge Clk or negedge Reset ) begin
if (~Reset ) TmpVal <= # dh 0;
else begin
if (Ld) TmpVal <= # dh In;
else if (Shift) TmpVal <= # dh TmpVal>>1;
end
end
wire Out = TmpVal[O];
endmodule
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Serial to Parallel Shift Register

module S2Preg(Out, In, Shift, Clear, Clk);

parameter N = 32;

input In, Shift, Clear, Clk;
output [N-1:0] Out;

reg [N=1:0] Out;

//

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

module BarShiftReg (Out, In, Ld, Shift, Clk, Reset );

parameter N = 32;
input Ld, Shift, Clk, Reset ;
input [N-1:0] In;
output [N-1:0] Out;
//
reg [N-1:0] Out;
//
always ( (posedge Clk) begin
if (~Reset ) Out <= # dh O;
else begin
if (Ld) Out <= # dh In;
else if (Shift) begin
Out <= # dh {Out[N-2:0],0ut[N-17};
end
end
end
endmodule
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3 to 8 Binary Decoder

module Dec (In, Out);
input [2:0] In;
output [7:0] Out;
reg [7:0] Out;
integer 1;
reg [7:0] tmp;
//
always (@ (In) begin
tmp = 0;
for (1=0; 1<8; 1i=i+1)
if (In==1)
tmp[1]=1;
Out = tmp;
end
//
endmodule
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8 to 3 Binary Encoder

module Enc (In, Out);
input [7:0] In;
output [2:0] Out;
reg [2:0] Out;
integer 1;
//
always (@ (In) begin
out = x;
for (1=0; 1<8; 1i=i+1)
if (Inf[i])
Out=1;
end
//
endmodule
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Priority Enforcer Module
Priority is right -> left (MS)

module PriorEnf (In, Out, OneDetected);
parameter N = §;

input [N-1:0] In;

output [N-1:0] Out;

output OneDetected;

reg [N-1:0] Out;

reg OneDetected;

integer i; // Temporary registers
reg DetectNot; // Temporary registers

always (@ (In) begin
DetectNot=1;
for (i1=0; 1i<N; 1i=i+1)
if (In[i] & DetectNot) begin
Oout[i]1=1;
DetectNot=0;
end
else Out[1]=0;
OneDetected = !DetectNot;
end

endmodule ) ) ) )
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Latch

module Latch (In, Out, Ld);

//
parameter N = 16;
//
input (N-1:0] In;
input Ld;
output [N-1:0] Out;
//
reg [N-1:0] Out;
//

always (¢ (In or Ld)

if (Ld)
Out = # dh In;

//
endmodule
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Combinatorial Logic
and Latches (1/3)

module mux3 (Out, In2,

parameter N
input [ 1:
input [N-1:
output [N-1:
reg [N-1:
//

0
0
0
0

]
]
]
]

Inl, InO, Sel); "
32;
Sel;
In2, Inl, InO;
out;
out;

always @ (In0O or Inl
Sel )

2'b00 : Out
2'b01 : Out
2'bl10 : Out

case (

endcase
end
endmodule

or

In2 or Sel) begin

InQO;

= Inl;
= In2;

Mari eivai AdGog;
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Combinatorial Logic
and Latches (2/3)

module mux3 (Out, In2, Inl, In0O, Sel); Z
parameter N 32;
input [ 1:0] Sel;

]

input [N-1:0] InZ2, Inl, InO;
]
]

output [N-1:0] Out;
reg [N-1:0] Out;
always @ (In0O or Inl or In2 or Sel) begin
case ( Sel )
2'b00 : Out <= In0O;
2'b01 : Out <= Inl;
2'bl10 : Out <= In2Z;
default : Out <= x;
endcase
end
endmodule
To owoTo
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Combinatorial Logic
and Latches (3/3)

+ Orav @T1axvoupe ouvdudoTIKA Aoyikh We always
blocks kai regs 16Te mpéTel va avabeToupe
TINEC OTIC €€000UC TNC AOYIKAC YId OAEC TIC
mOavéc TEQIMTWOEIC £10600WV (KARTEIC TOU

always) !!!
- Ta kdBc¢ if éva else
- TNa kdB¢e case éva default

+ TTapaAeiyeig dnpioupyouv latches katd Tn

ouvBeon
- O1 tepImTWOoEIC TTOU OV KAAUTITOUHE
XphoigoToloUVTal yid To «aphaipo» Tou load enable

Tou latch. (Bupdrai Tnv tahid Tiun)
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Mnxavéce TTemepaopévwy
KaTtaotdoswyv
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FSMs

* OI yNXAVEC TTETEPACUEVWY KATAOTAOEWY
Finite State Machines (FSMs)

- 0 dpnpnuévoc TpoToc va e€etaloupe
akoAouBiakd KukAwpara

- EBioodot, £€0do1, Tpéxouoa kaTdoTaaon,
£TTOHEVN KAaTdoTdon

- 2.€ KdB¢ akpn Tou poAoyioU cuvduaaoTIKA
AoyIKh Ttapdyel TI¢ e€6doucg Kal Thv eTTopEvVN
KaTtdoTtaoh oav cuvdpTnong TWv £1000WV Kdal
TNC TPEXOUOAC KATAOTAONC.
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XdpakTnploTiIkd Twy FSM

inputs ——=

-

- H emoépevn kardortaon civai CL
ouvapThon Tn¢ Tpéxouodac
KATAoTaong Kai Twv €1000wv

- Moore Machine: O1 é€odol present state¢—+—) FFs a=—next state
gival ouvaprtnon Tng

, inputA
KATaoTaong = CL | outputs
State / output / . p
inputB

* Mealy Machine: O €¢odol inputs ——» —— outputs

i ; CL

CIVG,I O'UV(]pTﬂO'n Tnc , 6 present state ~hext state
KATAdoTdong Kai vaTSl/?l%p L%’JAV

iInpu

T

inputB/outputB
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ook

BAuaTta 2xediaonc

TTepiypapn AsiToupyia Tou KUKAWHATOC
(functional specification)

Aidypappa peTdpaonc KaTaoTadoswy
(state transition diagram)

TTivakac kartaoTtdoswyv Kai petapdocwy pe ouPpoAikd
ovoparta (symbolic state transition table)

Kwdikomoinon karaotdoswy (state encoding)
E€aywyn Aoyikwyv ouvapThoswyv

Aidypappa KUKAWHATOC
FFs yia Tnv katdoTtaon
CL via Tnv emopevn kardotaon Kai Ti¢ e£60oug
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Avamapdotacn FSM

- Kataotdoeic: 6Aec o1 miBavég TIHEC oTa
akoAouBiaka otoixeia pvAauncg (FFs)
+ MeTapdoeic: aAAayh katdoTaong

- AAAayn TIC KaTdoTaong He To poAOI awoU eAEYXEl
TNV pépTWON TIUAC oTa oToixeia pvhpng (FFs)

[
»

« AKOAoUBIaKA AoYIKA
- AkoAouBia pyéow piag oeipdc KATAoTACEWY

- BaoileTai oTnv akoAouBia TwV TIHWYV OTIC £10000UC
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Moore vs Mealy Zuumepipopad

* Moore
- amAoTroloUv Th axediaon

- aduvayia avTiépaong aTig £10600Ug oToV i810 KUKAO -
£¢€odol £va KUKAO pETA

- OIdWOPETIKEC KATAOTAOEIC Yid KAOe avTidpaon

* Mealy
- OUVHABWC AlyOTEPEC KATAOTACEIC

- dueon avTidpaon oTic 106douc - £€€odol aTov idIo
KUKAO

- OUoKoAOTEpPN oxediaon apou kaBuaTtepnuévn €icodog
Tapdyel kaBuoTepnuévn €€odo (peydAa povomdria)

 H Mealy yivetai Moore av pdAoupe
KATAXWPNTEC OTIC £€600UC
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YAomroinon FSMs

Mealy outputs
Nxt state
inputs
P \ »{ combinational .

\ logic \

——

Moore outputs
>

current state

+ TTpoTeivopevo oTuA vAotroinong FSM
- H ouvduaoTikh Aoyikh kataoTdoswy o always block
(tavra default)

- O kataxwpnTAg katdoTaong oe éva {exwploTo always
block (clocked - mdvra reset)

- 'E¢odo1 ciTe amo 1o always Tng CL eite amd wires
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ATIAR FSM

IdleSt Stop
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ATAn FSM (1/3)

module fsm( o Receilve, o Error, Start, Stop,
Error, Clk, Reset );
//

input Start, Stop, Error, Clk, Reset ;
output Receive;

//

parameter [1:0] IdleState = 0,
ReceiveState = 1,
ErrorState = 27

//

reg [1:0] FSMstate, nxtFSMstate;

//

always (@ (posedge Clk) begin
if (~Reset ) FSMstate <= # dh IdleState;
else FSMstate <= # dh nxtFSMstate;

end

//
always (@ (FSMstate or Start or Stop or Error) begin
//

case (FSMstate)
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IdleState:
begin

ATtAR FSM (2/3)

if (Error) nxtFSMstate <= ErrorState;

else beg

in

if (Start) nxtFSMstate <= ReceiveState;

else nxtFSMstate <= IdleState;

end
end
//
ReceiveState:
begin
if (Error) nxtFSMstate <= ErrorState;
else begin
if (Stop) nxtFSMstate <= IdleState;
else nxtFSMstate <= ReceiveState;
end
end
//
/ FrrorState nxtFSMstate <= IdleState;
/) default nxtFSMstate <= IdleState;
endcase
end
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ATIAR FSM (3/3) - O1 é¢odol

wire o_Receive = FSMstate[0];
Wire o Error = FSMstatel[l];
endmodule
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