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Verilog: Ta paocikd
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H eCéAiCn oTn oxediaon yn@iakwy
KUKAWHATWYV

MevdAn e€€AMiEn Ta TeAeuTaia 30 xpovia
- 2TiI¢ apxéc oxedidlape pe Auxviec(vacuum tubes) kai
transistors.
MeTa RpBav Ta oAokAnpwpéva kukAwpara ( Integrated
Circuits - ICs)
- SSI - Aiyeg mUAeg ( Small Scale Integration)
- MST - gkatovtddeg mUAeg ( Medium Scale Integration)
- LST - x1hiadeg mUAeg ( Large Scale Integration)
- VLSI - ekatovtddeg x1Aadeg éwg moAAd ekatoppupia ( Very
Large Scale Integration)
Avaykn yia Texvikég Computer Aided Design (CAD) kai
vYAWooeC TTepIypdPnC UAIKOU vid va pttopoUpe va
oxedldCoupe Kail va eraAn©eloupe Ta KUKAWPATA.
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Ti eivar n Verilog;
» Verilog Hardware Description Language (HDL)

- Mia vynAovU emitédou YAWooa TTou PTTopEi va
avamapdoTEi Kal va TIpOCOHOIWVE! yneiakd
KUKAWpAra.

- Tlapadeiypata 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 Yneiakwy 2uoTnUdTwy

H Verilog HDL xpnoigomoigitar yia va @Tidgoupe To0
HOVTEAO €VOC OUOTAUATOC.

-+ Aovyou:

- Opioyég AtaiTnoswy (requirements specification)
- Documentation

- 'EAeyxoc péow mpooopoiwaonc (simulation)

- AsiToupyikhh ETaARBeuon (formal verification)

- MmopoUpe va To ouvBéaoupel

2.TOX0C

- ACiomoTn diepyacia oxediaong pe XaPnAEC
ATTAITACEIC KOOTOUC Kal Xpovou

- ATopuyn Kai TpoAnyn AadBwv oxediaonc
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2 udpdoeic otnv yAwooa Verilog

H Verilog civai case sensitive.
- A&Ceic kAe1d1d cival ot HiKkpd

2. X0Aid

- Ta pia ypapph civar //

- Tia moAAéc /* */

Bagikéc mipéc 1-bit onpdrwy

- 0: Aoyikn Tiun O

- 1: Aoyikn Tipn 1

- X: dyvwoTn TIUA

- z: aouvdeTo onua, high impedance
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VVV V V Y

Ap1Bpoi

Avamapdortach apiOuwy

- <size> <base_format> <number>
<size> O€ixvel Tov ap1Buo6 amo bits
<base_format> pymopei va civai : d, h, b, o (default: d)

- Orav 70 <size> Acimel To péyeBoc kaBopileTal amd Tov
compiler

- ‘Otav 10 <number> éxe1 ToAAd Yyneia pmmopoUpe 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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TeAeaTég (Operators)
+ Arithmetic + - */ %

- Logical | && ||

* Relational < > <= >=

- Equality == Iz

- Bit-wise ~& | T T~(R~T)

- Reduction & ~& | ~| 7 "~(h~")
- Shift < >

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

(TToAAoUC TeAeaTéouc)
» Conditional x?vy:z (3 teAeaTéoug)

* EpappdéleTal povo o€ évav TEAEOTEO
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Baoik6 Block: Module

arith

inl
in2

outl

out?

module arith (outl, out2,
output outl, out2;

input Inl, iIn2;

endmodule

4

1)

module arith (
output outl,
output out2,
input 1inl,

input 1n2);

endmodule

inl,

in2);
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TTopTec evoc Module

arithl

inl

in2 P

I\I\ & bi_out

in3 P

L

4§>—Iou’r

modulle arithl (
inout bir out,
output out,
input 1iInl,
input 1In2,

input 1n3);

endmodule
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Modules vs Instances

- Instantiation givai n diadikacia dnpioupyiag
avTikeIgévou amoé To module.,

Storage Cell

> — Q
R — Q
S|R|Q Q
0] 0| undef
0] 1110
11010 1_
1111 Q|Q

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

assign out = ~ (a & b);
endmodule

modulle SRLATCH(input Sbar, input
Rbar, output Q, output Qbar);

//Instantiate lower-level modules

nand nl (Sbar, Qbar, Q)
nand n2 (Q, Rbar, Qbar)

endmodule
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Primitives

- Emritedo TTuAwyv
- 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 péTphong xpovou

- time_precision: eAdxioTo Xpovo pAuaTa katd Thv
TTPOoCoHoiwonN.

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

« H<time> : avapovn yia xpoévo <time>

- #5 a=8'hla

@ ( <oApa> ): avapovh péxpl To ofpa va aAAd€er TiphR (event)
- @ (posedge clk) // OeTIKA akph

- @ (negedge clk) // apvnTIKA akunh

- @ (a)

- @ (aorborc)

HY220 - TMwpyoc¢ KaAokaipivog & BaoiAng TTamasuotaBiou 14



Module Body

' dul i ,
declarations nodule test(input a
always blocks: wire c;

MTtopei va TTepiéExel TAVW 3 always @(posedge a) begin

, . b = #2 a;
amnéd éva \end

initial block: aluays 6(negedge a) begin
MTopei va TtepiEx el end
£va R kavévad. not N1 (c, a)
modules/primitives initial begin
instantiations end

endmodule
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Tumor petapAntwy otnv Verilog

* integer // apiBuéc

- wire // kaAwdio - aUppua
* reg // register

* tri // tristate
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Wires

+ 2.uvouaoTikh AoYIKA
(3ev €xer pvAapn)

 Tpdypoc eCapTnoswy

* MT1topei va mtepiypdyel
Kai 101aiTepa
TTOAUTTAOKN AOVYIKA...

wire sum;

assign sum = a ™ b;

wire muxout = (sel == 1) ? a : b;
wire op = ~(a & ((b) ? ~c :

d) ~ (~e));
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2 Uppara kai cuvoudoTikh AoYIKA

- module ...
endmodule

- AARAwon
£1000WV -
eCoOwv

- Concurrent
statements

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

a ™ b;
a & b;

assign sum
assign cout

endmodule
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Regs kai akoAouBiakn Aoyikh

2.ToIXE€id PHVAUNG

.. KATI avaAoyo pe
petapAnTéc otn C

Maovo regs (ox! wires)
Ttaipvouv TIURA o€ initial kai
always blocks.

- Xphon Twv begin kai
end yid grouping
TTOAAWYV TTpOTACEWV

OTrou xpnoigoToIoUpE reg

dev onpaivel oT1 Ba

OUUTTEPIPEPETAI OAV

kataxwpnthc !l

reg a;

initial begin
a = 0;

#5;

a = 1;

end

reg q,

always @(posedge clk)
begin

q=4#2 (load) ? d : q;
end
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Regs kai ouvduaoTikA Aoyikh

Av n ouvaptnon F() sivai mToAUTTAOKN TOTE

inl = out | i1 OUté@(' 1 or in2 or in3)
- o 5 2 atways IiNnL Or INZ Or 1In
N2 = 200%™ out = F(inl,in2,in3);
in3 = FO

reg out;

always @(inl or in2 or 1In3)
, out = 1nl | (In2 & IN3);
Icoduvapa

wire out = 1Inl1 | (In2 & 1IN3);
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AvaBéaeic (Assignments)

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

* non blocking <=
always @(posedge clk)

begin b
a<=b;
c <= a; // ¢ maipvel Ttahid TiPA Tou a
end

HY220 - TMwpyoc¢ KaAokaipivog & BaoiAng TTamasuotaBiou
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Assignments: Example

time 0 - a=#10b

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

time 0 : #10
time 10 : a=Db

time 10 - cC a
a(t=10) = b(t=10)
c(t=10) = a(t=10) = b(t=10)
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Kavéovec TTopTwy Module

net ﬁ

—-—

reg or net | net

net H inout

=)
reg or net

net

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

module

-+ Ta outputs umopei va €xouv TUTIO wire A reg

HY220 - TMwpyoc¢ KaAokaipivog & BaoiAng TTamasuotaBiou
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2 uvdéoeic pyeTacu Instances

* Mg pdon tnv ©éon

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

+ 2uoxeTiCovrac ovopara (To kaAUTepo)

- module adder(Sum, Inl, In2)

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

HY220 - TMwpyoc¢ KaAokaipivog & BaoiAng TTamasuotaBiou
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Buses (1/2)

Cll"l'fhz modulle arith2 (
input [1:0] inl,

input [1:0] 1In2,
output [1:0] out);

in1[1:0]

endmodule
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Buses (2/2)

. Kal..lla 6|a(p0£)a oTh module adder(
OUUTTEQIPOPd ingutt E;g% a, b,
outpu :0] sum,

° Zuuﬁa’oe I C: OUtpUt COUt) ;

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

- [msb : Isb] Gesion ) Gout = tpLal:

' assign cout = tmp[8];

+ TTpoooxn oTig endmodule

avaBéoeig (UAKN)
Kdl TIC OUVOEDEIC
EKTOC Tou module...
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Conditional Statements - If... Else ...

« To yvwoTo

module mux(

if ... else ... input [4:0] a,

/ i t b,
- Mévo peoa oc nput sl .
bIOCkS | output reg [4:0] out);

- EmiTpémovTal | aca or b 1 begi
’ atways a Oor or se egin
ToAAATTAd Kal hested ify( sel == 0 ) begin ’

lfs out <= a;
’ . d
- TToAAd Else if ... e
© Avumdpxeipévol | out <= b
TtpoTAoNn OV
xpelaleral endmodule

begin ... end
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Branch Statement - Case

A dul
To yvwoto case | o0 X6 o b, o Lo,

’ i t 1:0 el,
MOVO HEO'G (01 (I)ngut E4:O} gut);
blocks | reg [4:0] out;

always @(a or b or c or d or
’ ’ I b »
Movo oTaBepéc PRI LN
4 2”b00: t <= a;
CKCDQGOUC 2”b01: gﬂt <= S;
, 2”b10: t <= cC;
Aev uttdpxel 2*b11: out <= d
default: out <= 57bx;
breqk! gﬂame
en

yndpxg| defC(UH' | endmodule
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Emimeda Agaipeonc Kwdika

« H Asitoupyia évoc module pmopei va opioTei pe
O1dpopouC TPOTTOUC:
- Behavioral (emimedo mo KovTd aThv AOYIKA)
TTapépoia pye Tnv C - 0 KWOIKAC Oev €xel dpueon oxéon He
T0 hardware.

T.X.
wire a = b + C

- Gate level/structural (emimedo kovrd oTto hardware)
O kWoIKkag Ocixvel TTWE TPAYHATIKA UAOTIOIEITAI O TTUAEC

n AoyIKA.

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

O Synthesizable kwdikag ymopei va yivel synthesize kai
va mdpoupe gate-level povréAo yia ASIC/FPGA.
TT.X.

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

Non-synthesizable kwdikag¢ xpnoipomoigitar poévo yia
TIpooopoiwaon Kal TTETIETAI KATA Thv 01adikacid ThG
ouvOeang (logic synthesis).

T.X.

initial begin
a=20; b=0;
#5 a = 1;
b = 1;
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Xphon KaBuoTtépnong otnv Verilog

«  Agitoupyikh EmaAnBeuon - Functional Verification
(RTL Model)

- H kaBuotépnon cival tpoaeyyioTikA. T1.X.
always @(posedge clk)
q <= #2 d; // FF ps 2 povadecg xabuoTépnon
- 2UvnBwc¢ Bewpolpe 0TI N ouvOIAOTIKA AoyIKN OEV €XEl
kaBuoTépnon.T.x.
wire a = (b & ¢c) | d;
// pdévo tnv Agittoupvia OxL xaBuoTépnon MIUAQV
- H kaBuatépnon xpnoigomoisiTal kupiwg oto testbench kwdika
yia va gTidgoupe Ta inputs.
+ Xpovikh EmaAnBeuon - Timing Verification
- AvaAuTIKkd KdBe TUAN £xel kaBuaTépnon.

- 2UuvhBwg Kdavouye timing verification oe gate-level model 1o
oTroio PTIAXVETAl amo éva synthesis tool.
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Testing

+ Tepapxikoc EAeyxoc

+  KdBe module exwpioTa

Block level simulation
- 'EAgyxoc¢ Twv mpodiaypdpwy,

ym
\V

TNC AcIToupyiag Kai Twv

XPOVIOHUWY TWV CNUATWY

* ‘OAo 10 design padi P
System level simulation —,

- 'EAgyxo¢ TNC OUVOAIKAC

AgITOUpyiac Kal Twv OIETTAPWYV
HY220 - Mwpyoc¢ KaAokaipivog & BaoiAng TTamasuoTtaBiou
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EAcyxoc owoTAHC AsiToupyiac

Testbench : top module

Tou Kdvel instantiate To Stimulus block
module TTou TeaTdpoupe

, , ’ =1 _|
SNUIOUPYEI TIC TIHEC TWV — g )=
e1060wv Tou (stimulus) kai

eAéyxel 0TI o1 €€odoi Tou
TIAipVOUV OWOTEC TIHEC.

2 TIPOOEYYIOEIC :

- EAeyxog €€6dwv Ka Top-level Block
XPOVIOHOU HE TO UATI | _

- 'EAeyxoc 's«ié'&uv K'a, beHHijf.\' = :D_
XPOVIOHOU péow KWdIKa Block A

OAd. auTopaTthn oUykpioh

TWV avapevopevwy e€O0WV.
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‘Eva antAd «test bench»

modulle adder(
modulle test; input a, b,

reg a, b; output sum, cout);
wire s, C; )
assign sum

adder addO(a, b, s, c); | assign cout

initial begin endmodule
a=0; b=0;

#5 Sdisplay(a: %x, b: %x, s: %x, c: %x", a, b, s, c);
25_$éisplay("a: %x, b: %x, s: %x, c: W', a, b, s, C);
25_$éisplay("a: %x, b: %x, s: %x, c: W', a, b, s, C);
25_$%}splay("a: %x, b: %x, s: %x, c: W', a, b, s, c);

end

endmodule
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MeTpnthc 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

IT (reset)
out = #2 87b0;

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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MeTpntnc 8 bits (2/3)

module test;

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

clock clkO(clk);

counter cntO(clk,
reset,
count);

initial begin

reset = 1;
@(posedge clk);
@(posedge clk);

reset = #2 0O;
@(posedge clk);
#300;

$stop;

end

endmodule
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MeTpntrc 8 bits (3/3)

clk

§><o1§><02§><03§><o4§><05§><06

* counter.v
- clock.v
* YTest.v
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Verilog: Mia o KovTivA parid

HY220 - Mwpyoc KaAokaipivog & BaoiAng TTamasguoTtaBiou
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Aoun Tne yAwooac

* Moialel apkeTd pe Th C
- Preprocessor
- Keywords
- TeAeoTEC

- TAwooa «event driven»

“timescale 1ns / 1ns

“define dh 2
(e.g g <= # dh d)

“undef dh
“i1fdef dh / " i1fndef dh
“else

‘enai%

“include “‘def.h”
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Events in Verilog (1/2)

- AouAcUsel povo 6Tav KATI aAAdE el

+ 'OAo 1o simulation douAcUer yUpw ato pia
oupd amoé yeyovoTa (event queue)
- TTepiéxel events Kal TIKETEC HE TO XPOVO OTOV OTIOIO
O©a ekTeAeaToUV
- Kappida syyinon yia tn osipd eKTEAEONC YEYOVOTWY
oV TTPETTE! va Yivouv aTov idio xpovolll

always clk = #( period /7 2) ~clk;
always @(posedge clk) a
always @(posedge clk) b

b + 1;
c + 1;
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Events in Verilog (2/2)

- Baoikn pon mpooopoiwong
- EKTéAegon Twy events via Tov TpéxovTa Xpovo

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

- OTtav TeAciwoouv Ta events Tou TpéExXovTd
XPOVOU TIpoXWpdAUE 0TA AUEOWC ETTOHEVA
Xpovikdl

t, + period

t

—

HY220 - TMwpyoc¢ KaAokaipivog & BaoiAng TTamasuotaBiou
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Tigéc onpdTwy

Four-valued logic initial ...

Onl

L always @(posedge clk)
- 'E€odoc¢ TpikaTtdaTaTou odnynTh if (reset) ...

- KaAwdio Xwpic avdBeon else ...

ApPXIKA TIUA TWV regs
- 'B€odoc¢ mUANC pe cicodo/ouc Z

- Tautoxpovn avaBeon O kai 1
atro U0 N TTEPIOOOTEPEC TTNYEC

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

TTpoooxh oThv apxIkoToinon

(regs)
HY220 - TMwpyoc¢ KaAokaipivog & BaoiAng TTamasuotaBiou 42



Concatenation

«Hardwired» mpd€cic..

’ a 8
.. ATIapdiTNTEG OE Hid b}c

HDL

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

wire [4:0] b; wire [15:0] sign_extend = {
(unsigned[/7] ? 8”hFF : 87h0),
wire [7:0] ¢ = {a , b}; }9n5|gned
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For ... While ...

.. Ta yvwoTd integer i;
// the famous 1 variable :)
A . initial begin
MOVO HEOG Ot for ( 1=0; 1<10; §1=1+1 )begin
blocks | sdisplay (“i= %d”,i);
end

Aev utdpx el break | end
' 1l
oUTE COﬂTane... integer j; //reg [3:0] jJ is OK!

Aev uTtdpxel i++, initial begin

1=0;
++| KTA' while(j < 10)begin
) $display (“j= %b”,j);
1 J=3+1;
Kupiwg via J
testbenches !l end
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TTapapeTpikd modules 1/2

module ReglLd #( * N\T(OpOUUE vd éXOUUE
Paranetor dh = ) TdpapéTPouc o€ éva
¢ input Clk, module

input 1_load,

input  [N-1:0] i_D, » Default péyeOog

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

// . ’ ’
S lways 0(posedge c1K) .. TTOAU PpoAikO!
1T (1_load)
0 Q = #dh i _D;
endmodule
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TTapapeTpikd modules 2/2

ReglLd regl(d2, g2, Id, clk);
defparam regl.N = 4;
defparam regl.dh = 4;

ReglLd #(
N (8),
.dh ( 2 ))
reg2(
.Clk ( Clk,
.1_load ( reg load ),
.1.D ( wr_data ),
.0 0 ( rd _data ));
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TpikataoTartol oONynNTEC
» EkpeTdAAcuon Tng - XpAon Tou

kataoraong Z TUTTOU Ihout
modulle tristate(
input en,
input clk,

inout [7:0] data);

wire [7:0] data = (en) ? data out : 87bz;

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

begin _ ]
if (len) tr!state tro(en0, clk, bus);
tristate trl(enl, clk, bus);

case (data
( ) tristate tr2(en2, clk, bus);

endmodule
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* Avadpopikd:
array of array
* 2UVABwWC hon-
synthesizable
- E1dikA
apXIKoTroinon
- $readmemh
- $readmemb

Mvipeg

wire [M-1:0] word_1in;

wire [M-1:0] word_out;

wire [Nlog-1:0] addr;

reg [M-1:0] memory [((1<<Nlog)-1):0];

always @(posedge clk) begin
1T (we)
memory[addr] = word_in;
else word out = memory[addr];
end

always @(negedge rst n) memory.dat:

$readmemh(“memory.dat’, memory); OF00 OOF1
OF02
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2 uvapTnoei¢ - Functions (1/3)

- AnAwon (declaration):

function [ range or_type ] fname;
Input _declarations
statements

endfunction

- EmoTpepdpevn TipA (return value):

- AvdOeon oto owpa Tou function
fname = expression;

» KAnon (function call):

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

« XapakTnpIoTIKA oCUVAPTAOEWV:

- Emotpéper 1 Tipn (default: 1 bit)

- MTropei va éxel ToAAaTAd opiopaTa €10600u

(Ttpétel va €xel TOoUAdXIoTOV €va)

- MmopoUv va kaAoUv dAAec functions aAAd oxi tasks.

- Aev umootnpilouv avadpoph (hon-recursive)

- EkTeAolUvTal oc pndév Xpovo TTpooopoiwaong

- Aev emitpémovTal Xpovikég Aeitoupyieg (.x. delays, events)

- XpnoigotolouvTdl yid ouvOudoTIKA AOYIKA Kal

ouvBéTovTal ouvnBwc £TOl.

- TMPOCOXN OTOV KWOIKA YyId vad Yivel owaTd ouvBeon
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2 uvapThoei¢ - 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 + c + d) > 2;
end

endfunction;
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Verilog Tasks (1/2)

»+ Tumikég procedures
+ TToAAamAd opiopaTa input, output kai inout

- Aev uTtdpXx el CUYKEKPILEVN TIUA ETTIOTPOPYAC
(xpnoipoToiei Ta 6piopaTta output)

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

* Mmopouv va mepiéxouv delays, events kai
XPOVIKEC AEITOUPYIEC
- TTpoooxn otnh 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 (J = 7; J >=0; jJ=j)-1) begin
raly] = al7-11]:
end
end
endtask

HY220 - TMwpyoc¢ KaAokaipivog & BaoiAng TTamasuotaBiou

53



Functions and Tasks

+ OpiCovTal péoa oe modules kai givai
TOTTIKEC

» Aev umopoUv va éxouv always Kai initial
blocks aAAd pmopoUv va kaAoUvTal péoa
amd autd

- MTopoUv va £éxouv 0TI EKPPATEIC HUTTAiIVOUV O€
blocks
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Functions vs Tasks

Functions

Tasks

MTtopouv va kaAoUv AAAeG
functions aAAd 6x1 tasks

MTopoUv va kahoUv dAAec tasks
kai functions

ExkTeAoUvTal oc pndevikd Xpovo
TIPOCOHOIWONG

MTtopouv va diapkoUVv PR HNOEVIKO
XPOVO TIPOCOHO0IWaNG

Aev pmtopoUv TEPIEXOUV XPOVIKEC
AeiToupyieg (delay, events KTA)

MTopoUV va TTEPIEXOUV XPOVIKEC
AeiToupyieg (delay, events KTA)

‘Exouv TouAdxioTov 1 cicodo Kai
HTTOpOUV va £X0UV TIOAAEG

MTopoUv va €xouv pndév n
TEPICOOTEPA OpioUATA €1000WY,
e€odwv Kai inout

EmoTtpépouv pia TigR, dev €Xouv
e€odouc

Aev emioTpépouv TIPR aAAd
pydlouv £¢£odo amoé Ta opioparta
e€6dou Kai inout
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System Tasks and Functions

- Tasks and functions yia £éAcyxo TnC TTpooopoiwaong

- Zekivouv pe "$" (e.g., $monitor)
- Standard - Tn¢ yAwooac

+ TTapddeiyua system task: $display
$display(""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

$display("'Error at time %t: value 1s %h, expected
%h', $time, actual value, expected value);
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Xphoipeg System Tasks

e $time - TpéEXov XpOVOC TPOCOHOIWANC

e $monitor - Tumwvel 6tav aAAdlel TIgh éva
opiopa ( 1 yovo kdBe popd vEéec KAROEIC
aKUpWVOUV TIC TPONYOUHEVEC )

$monitor('cs=%b, ns=%b'", cs, ns)

- ‘EAeyxoc mpooopoiwaong
— $stop - diakomn simulation
— $Ffinish - Teppariopdc simulation

- Ymdpxouv Kai ouvapthoeic yia file I/0
( $fopen, $fclose, $fwrite ... etc)
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Verilog: ZT1uA Kwdika Kai
Synthesizable Verilog
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Ta oTUuA Tou KWOIKA

» Tpeic PAcIKEC KATNYOPIEC
- 2uptepipopdc - Behavioral

- MeTagopdc Kataxwpntwy - Register
Transfer Level (RTL)

- Aopikéc - Structural
» Kai epdcg 71 pag voialel;

- AlapopeTIKOC KWAIKAC Yid d1dPoPETIKOUC
OKOTTOUC

- Synthesizable 1 6x:;
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Behavioral (1/3)

. EvélacpspéuaoTs initial begin _
// reset everything
yia Tnv end
oupTtEplpopd TWV
always @(posedge clk) begin
bIOCkS case (opcode)
. APX|K6 simulaTion 8”hAB: RegFile[dst] = #2 in;
, 8’hEF: dst = #2 1n0O + 1nl;
- Empepaiwon 8”h02: Memory[addr] = #2 data;
apXITEKTOVIKAC endcase
- ATo attAd .. dst = #2 br_addr;
- ... HEXP! end

£KA81TTUGJ.IE'ZVG
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Behavioral (2/3)

+ TTepioooTepeg
EKPPAOEIC
- for / while
- functions
- tasks
+ TepioooTepor
TUTTOI
- integer
- real
- TIIVAKEC

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

initial
for (i=0; 1<32; i=i+l)
opcodes[i1] = 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)

modulle test; “define period 20

task ShowValues; initial begin

: ’ ) reset_ = 17b0;
input [7:0] data; reset_ = #(2* period + 5) 1°b1;
$Sdisplay(..., data);
endtask @(branch);
reset_ = 17b0;
reset_ = #(2* period + 5) 17bl;

always @(posedge clk)
ShowvValues(counter);

- - always @(negedge reset_) begin
endmodule fork

#(4* period + 2) 1°b0;
#(16* period + 2) 87h44;




Register Transfer Level - RTL

To 1o d1adedopévo Kal

UTIO0TNPICOUEVO WOVTEAO Think Hardware!
yia synthesizable kwdika

KaBe block kwdika apopd
Thv €i0000 Aiywv
KATaxwpnTwy

2 xedialoupe kUKAo-kUKAO
He «odNyo» To PoAodI

EvroAéc:
- AiyoTepecg

- ... OXI T600
TTEPIOPIOTIKEC

Combinatori
al

Logic
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Structural

* AUoTnpOTATO
HOVTEAO

- Mévo module
instantiations

+ 2UVRBWC vIa To
top-level module

+ KaAUTepn n

auaTtnpn Xpnon
TOU

modulle top;

wire clk, reset;
wire [31:0] d data
wire [9:0] d_adr;
wire [5:0] i_adr;

clock clkO(clk);

processor prO(clk, reset,
d adr, d data,
1_adr, 1_data,
--)s
memory #10 memO(d_adr,
d data)

memory #6 meml(i_adr,
i data)

tester tstO(reset, ...);

| data;

endmodule
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.. Kal HEPIKEC OUUPOUAEC

OvouartoAoyia

- 'Ox1 oAU peydAa /
HIKpd ovopdarda

- ... HE vOnua

«  2ZuvoudoTiKn Aoyikn
- Ox1 6Aa og pia ypappn...

wire a,
controller_data now ready;
wire drc_rx 2,
twra_malista;

iIT (~req &&

- O compiler Eépel kaAUTEPa ((flag & prv_ack)|
~set) &&
(count-2 == 0))

- Avayvwoipgotnra

- Dopn

- TToAAéC ovTOTNTEC
- E 6x1 ka1 TéoeC!
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.. TIEPIOOOTEPEC OUHPOUAEC

+ AieukoAUvouv Thv avdyvwen Kai Thv XpAoh Tou
kwdika (filters, tools etc)

- Eioodoi Eekivouv pe i_*
- O1 £€odo1 pe 0_*

- OI TpIKATAOTATEC HE i0_
- EkTOC amo poAdi Kai reset

- Ta active low onpara TeAeiwvouy pe *_n

« 2uvléoelc TopTWwy ouoxeTiovTac ovopard
module adder(o_Sum, i_Inl, i_In2);
adder iO_adder ( // instance names i0_adder, i1l_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

+ AKoOUYETAI HOVOTOVO,
aAAd...

- Kwdikac hardware mio
OUOKOAOC OTnV Katavonon

- AKOpa Kkai o oxed1doTAC
¢exvdel yphyopd
- Av 0¢ uTtouv oTthv dpxh, 0¢

unaivouv T[O‘ré ek
, , * Comments on module test:
* Zﬂl-lflla KA£|6|G * Module test comprises of

* the following components..

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

- 2 & KAB¢e module module test;
_ ZE K(]GE blOCk // Line comment
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Verilog and Synthesis

+ Xphoeig Tng Verilog
- MovTeAomoinon kai event-driven
TTpooopoiwon
- TTpodiaypawéc KUKAWHATOC Yia oUvOeaon
(logic synthesis)
* Logic Synthesis
- MeTatpomn evog umoouvdAou 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 = 16,
parameter dh = 1)

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

always @(posedge CIk)
o0 Q <= #dh 1 _D;
//
endmodule
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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] 1D,
output reg [N-1:0] o Q)
//
always @(posedge CIk or negedge Reset n) begin
iIT (-Reset _n)
o Q <= #dh 0O;
else
0 Q <= #dh 1_D;
end
endmodule
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Register with Synchronous 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 CIk) begin
IT (~Reset _n)
o0 Q <= #dh 0O;
else
0 Q <= #dh 1_D;
end
endmodule
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Register with Load Enable

modulle RegLd #(
parameter N = 16,
parameter dh = 1)

input

input

input [N-1:0]

output reg [N-1:0] o
//

always @(posedge CIk)
if (i_Ld)
0 Q <= #dh 1_D;

-I-IO
Qu

Kk
L
D,
_Q);

//
endmodule
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Set Clear flip-flop with Strong Clear

modulle scff _sc #(
parameter dh = 1)
(

input CIk
input 1_Set,
input 1_Clear,
output o Out);
//
always @(posedge Clk)

0 Out <= #dh (0O Out | 1_Set) & ~1_Clear;
//

endmodule
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Set Clear flip-flop with Strong Set

modulle scff s #(
parameter dh = 1)

(
input CIk
input 1_Set,
input 1_Clear,
output o Out);
//

always @(posedge CIk)

0 Out <= #dh 1_Set | (o Out & ~1_Clear);
//

endmodule
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T Flip Flop

modulle TFF #(
parameter dh = 1)

(
input CIKk,
input Rst,
input 1 _Toggle,
output o Out);
//
always @(posedge CIk)
1IT(Rst)
o Out <= #dh O
else 1Tt (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_1InO,
input [N-1:0] 1_1Inl,
input 1_Sel);
//

wire [N-1:0] o Out = 1. Sel ? 1_Inl - 1

//
endmodule
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Multiplexor 4 to 1

modulle mux4 #(
parameter N = 32)

(
input [N-1:0] InO,
input [N-1:0] In1,
input [N-1:0] In2,
input [N-1:0] In3,
input [ 1:0] Sel,
output reg [N-1:0] Out);
//

always @(i_InO or 1_Inl or 1_In2 or 1_In3 or 1_Sel) begin
case ( 1_Sel )
2"b00 : o Out <= 1_InO;

2"b01 : o Out <= 1_Inl;
2"b10 : o Out <= 1_In2;
2"bl1ll : o Out <= 1_In3;
endcase
end
endmodule
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Multiplexor 4 to 1

modulle mux4 #(
parameter N = 32)

( -
input
input
input
input
input
input
input
input
output

//

[N-1:0] 1_1InO,
[N-1:0] 1_In1,
[N-1:0] 1_1In2,
[N-1:0] 1_1In3,
1 SelO
1 Sell
1 Sel2

[N-1:0] o_Out):

assign o out = 1_In0 & {N{i1_SelO}} |

//
endmodule

1_Inl & {N{i_Sell}} |
1_In2 & {N{i_Sel2}} |
1_In3 & {N{i_Sel3}};
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Positive Edge Detector

module PosEdgDet #(
parameter dh = 1)
(
input CIKk,
input 1_1In,
output o Out);
//
reg Tmp;
always @(posedge CIk)
Tmp <= #dh 1_1In;
//
assign o Out = ~Tmp & 1_1In;
//
endmodule
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Negative Edge Detector

module NegEdgDet #(
parameter dh = 1)
(
input CIKk,
input 1 _1In,
output o Out);
//
reg Tmp;
always @(posedge Clk)
Tmp <= #dh 1_1In;
//
assign o Out = Tmp &~1_1In;
//
endmodule
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Edge Detector

module EdgDet #(
parameter dh = 1)
(
input CIKk,
input 1 _1In,
output o Out);
//
reg Tmp;
always @(posedge Clk)
Tmp <= #dh 1_1In;
//
wire Out = Tmp ™ 1_1In;
//
endmodule
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Tristate Driver

modulle Tris #(

parameter N = 32)

(
input [N-1:0]
input

1_Trisin,

1I_TrisOen_n,

output [N-1:0] o TrisOut);

//

assign o_TrisOut = ~1_TrisOen_ n ? 1_TrisIn :

//
endmodule

HY220 - Mwpyo¢ KaAokaipivog

“bz;

82



Up Counter

modulle 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 CIk) begin
iT(i_Clear) begin
0 Out <= #dh O;
0_Zero <= #dh 0;
end
else if (i_En) begin
it (0o_Out==MaxCnt) begin
o _Out <= #dh O;
0_Zero <= #dh 1;
end
else begin
0 Out <= #dh o Out + 1°bl;
0_Zero <= #dh O;
end
end
end
endmodule
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Parallel o Serial Shift Register

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

(
input Clk,
input Reset _n,
input i Ld,
input 1_Shift,
input [N-1:0] i1_In,
output o_Out);
//
reg [N-1:0] TmpVal;
//

always @(posedge Clk or negedge Reset n) begin
1T (-Reset_n) TmpVal <= #dh O;
else begin
ifT (i_Ld) TmpVal <= #dh 1_In;
else 1T(i_Shift) TmpVal <= #dh TmpVal>>1;
end
end
//
assign o_Out = Tmpval[O];
//
endmodule
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Serial to Parallel Shift Register

modulle S2Preg #(

parameter N = 32,
parameter dh = 1)
(

input Clk,
input i_Clear,
input i_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)
0 _Out <= #dh {o_Out[N-2:0],1_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
iT (~Reset_n) o Out <= #dh 0O;
else begin
it (i_Ld)

0 Out <= #dh 1_1In;

else if (i_shift)

end
end
//
endmodule

0_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 1;
//

always @(i1_i1n) begin
for (i=0; i<(1<<Nlog); i=i+1) begin
it (i_In==1)
o out[i]=1;
else o out[i1] = O;
end
end
//
endmodule
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8 to 3 Binary Encoder

module enc #(
parameter Nlog = 3)

(
input [ ((1<<Nlog)-1):0] 1_1In,
output reg [ Nlog-1:0] o Out);
//
integer 1i;
//

always @(i_In) begin
o _Out = x;
for (1=0; 1<(1<<Nlog); 1=1+1) begin

1T (i_In[1]) o Out=1;

end

end

//

endmodule
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Priority Enforcer Module

modulle PriorEnft #(
parameter N = 8)
(
input [N-1:0] In,
output reg [N-1:0] Out,
output reg OneDetected);
//
integer 1;
reg DetectNot;
always @(i_In) begin
DetectNot=1;
for (1=0; i<N; i1=i+1)
iIT (i_In[1] & DetectNot) begin
o Out[1]=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_1In,
input 1 Ld,
output reg [N-1:0] o Out);

//

always @(i_In or 1_Ld)

iIfT (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] In2,
input [N-1:0] Inl,
input [N-1:0] InO,

output reg [N-1:0] Out);
//
always @(InO or Inl or In2 or Sel) begin
case ( Sel )
2"b00 : Out <= In0O;
2°pb01 : Out <= Inl;
2°b10 : Out <= In2;
endcase
end

endmodule Mari eivar AaBog;
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Combinatorial Logic
and Latches (2/3)

module mux3 #( SZ]
parameter N = 32 )
( input [ 1:0] Sel,
input [N-1:0] In2,
input [N-1:0] Inl,
input [N-1:0] InO,

output reg [N-1:0] Out);
always @(InO or Inl or In2 or Sel) begin
case ( Sel )
2"b00 : Out <= In0O;
2°b01 : Out <= Inl;
2°b10 : Out <= In2;
default : Out <= x;
endcase
end

endmodule To cwoTo
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Combinatorial Logic
and Latches (3/3)

+ Orav pTidxvoupe ouvdudoTiKA Aoyikh He always
blocks kai regs TOTe TIPETIEI Vd avaOEToupe
TIUEC OTIC £€000UC TNC AOYIKNC YId OAEC TIC
mMOavéC TTEPITTWOEIC £1000WV (KAROEIC TOU

always) '!!
- Ta kdBc¢ if éva else
- Tia KAB¢ case éva default

+ TTapaAeiyeic dnpioupyouv latches kartd Th

ouvBeon

- O1 tepImTwoeIC Tou 0ev KAAUTITOUHE
XphoigoToloUVTal yid To «aphaipo» Tou load enable
Tou latch. (BupdrTar Tnv TtaAid Tipn)

HY220 - BagiAng TTamasuoTaBiou
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Mnxavécg TTemepaopévwy
Kataordaoswv
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FSMs

* OI ynXaveg METEPATUEVWY KATAOTATEWY

Finite State Machines (FSMs)
- o dpnpnHévog Tpomocg va e€eTdloupe
akoAouBiakd KukAwpara

- Eioodo1, £€€0do1, Tpéxouoa kaTtdoTaon,
ETTOHEVN KATAOTAON

- 2 &€ KAO¢e akpn Tou poAoyioU ocuvOUAOoTIKA
AoyikNn Ttapdyel TiIc €€000UC Kal TV ETTOHEVN
KaTdoTaon oav cuvdpThong Twv €1000WV Kdai
ThC TpEXouodc KATAoTaong.
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XapakTnpioTikd Twv FSM

- H emoépevn kardortaon civai
ouvapTnon ThE TPEXOUOAc
KaTdoTaong Kdi Twv 1000wV

* Moore Machine: O1 é€odol
gival ouvaptnon Tng

. inputA
KATdoTaong

* Mealy Machine: O1 £€odol
gival ouvaptnon Tng
KaTdoTaong Kdi Twv 1000wV

inputA/outputA
\inmﬁB/ outputB

HY220 - Mwpyo¢ KaAokaipivog &

inputs ——=

-

CL

present states——

FFs=

-=—— next state

= (CL [ outputs
inputs ——= ——w= oLtputs
CL
present state ~—hext state
FFs p———
aciAng TlamasuaTtadiou 96




ook

BAuaTta 2xediaonc

TTepiypapn AciToupyia TOU KUKAWHATOC
(functional specification)

Aidypappa peTdpaonc KaTaoTadoswy
(state transition diagram)

TTivakac kataoTtdoswyv Kai petapdoswy pe cupoAikd
ovouarta (symbolic state transition table)

Kwdikomoinon kartaotdoswy (state encoding)
E€aywyh Aoyikwyv ouvapTAoEWY

Aidypappa KUKAWUATOC
FFs yia Tnv katdoTtaon
CL via Tnv emopevn kardataon Kai Ti¢ €€600uC
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Avamapdotacn FSM

+ Karaorvdoeic: 6Aec o1 miBavécg TIpéC oTda
akoAouBiakd oToixeia pvipng (FFs)
+ MeTapdocic: ahhayn katdaoraong

« AAAGYA TIC KATAOTAONC HE TO POAOI AdPoU eAEYXEI

TNV popTWON TIHAC oTa oToixeia pvhpng (FFs)
;@6 >

In=1
« AKOAoUBIaKN AoYIKA
- AKoAouBia péow piag ocipdC KATAoTACEWY

- BaoileTal oTnv akoAouBia TwvV TIHWYV OTIC €10000UC
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YAomroinon FSMs

inputs /_.\é T state
PUTS \ »| combinational \

Mealy outputs

\ logic

—

current state

\

»

comb. \ Moore outputs
logic

+ TTpoTeivépevo oTuA uAomroinong FSM
- H ouvduaoTikh Aoyiki kataoTdoswy oe always block

(mdvra default)

- O kataxwpnTAg kardotaong oe £va {exwpioTo always
block (clocked - mdvra reset)

- 'E¢odo1 ciTe amo To always Tng CL eite amd wires
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ATAn FSM (1/2)

parameter dh = 1)

(
input Clk,
input Reset n,
input 1_start
input 1_stop,
input i1_error
output o _receive,
output o _error);
//
localparam IdleSt = 37b001,
RxSt = 37b010,
ErrorSt = 37b100;
//
reg [2:0] State;
//
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ATAN FSM (2/2)

always @(posedge Clk) begin
iT (-Reset_n) State <= #dh IdleSt;
else begin

case(State)
IdleSt :© begin
if(i_error)
State <= #dh ErrorSt;
else 1f(i_start)
State <= #dh RxSt;
else State <= #dh I1dleSt;
RxSt > begin
if(i_error)
State <= #dh ErrorSt;
else 1f(i_stop)
State <= #dh IdleSt;
else State <= #dh RxSt;
end
ErrorSt : State <= #dh IdleSt;
default : State <= #dh I1dleSt;
endcase
end
assign o_receive

assign o_error
endmodule

Ermrorst

(State== RxSt);
(State==ErrorSt);
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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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asciZzhex

module asciZhex(
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)&4&(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_digit,
output reg [7:0] o_out);

//
always @(i_digit) begin
case(i_digit)
4'h0 :o0_out = 7'b0000001; // 0
4'hl :o_out=7'bl0OO1111; //1
4'h2 :o0_out=7'b0010010; // 2
4'h3 :o0_out =7'b0000110; // 3
4'h4 :o_out=7'b1001100; // 4
4'h5 :o0_out =7'b0100100; // 5
4'h6 :o0_out = 7'b0100000; // 6
4'h7 :o0_out=7'b0001111;, //7
4'h8 :o0_out=7'b0000000; // 8
4'h9 :o0_out=7'b0000100; //9
4'hA :o_out = 7'b0001000; // A
4'hb :o_out=7'b1100000; //B
4'hC :o_out=7'b0110001; //C
4'hd :o0_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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