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T etvon np Verilog;

* Verilog Hardware Description Language(HDL)

— Mia vynAoV ETTEOOV YAMOCGH TOV UTOPEL VO LVOTOPACTEL
KOL VO TPOGOLOLMVEL YNPLOKA KUKAWDLLOTAL.

e Hardware concurrency
 Parallel Activity Flow
» Semantics for Signal Value and Time
— IMapaoetyuota oyediaonc ue Verilog HDL
 Intel Pentium, AMD K35, K6, Athlon, ARM7, etc
e Thousands of ASIC designs using Verilog HDL

* Other HDL : VHDL, SystemC, SystemVerilog
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2vuPdoelc otnv yAwoca Verilog

* H Verilog eivon case sensitive.
— A&Ee1g KAeo1d etval 6 LKpd.
¢ XyOAcld
— T pio ypoapun gtvan //
— ' moAAEg /* */
* Boaowég Tipég 1-bit onuatwv
— 0: Aoyikn tyun 0.
— 1: Aoy tyun 1

— X! AyVOOTN TIUN
— Z: ao0hVvoEgTO onua. high impedance
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ApBuot

¢ Avamopdotoct aplOunv
— <size>’ <base format><number>
<s1ze> oglyvel Tov aplOuod amo bits
<base format> pumopei va givon : d, h, b, o
— Otav 1o <size> Aeinel 1o uéyebog kabopiletar and Tov compiler
> 100 // 100
> 4°bl1111 // 15, 4 bits
> 6’h3a /] 58, 6 bits
> 6’b111010 // 58, 6 bits
> 12’h13x // 304+x, 12 bits
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MebBoooroyia Xyeotaonc

Top-level Block

Telko ovotnuo anoteietton oo to Leaf blocks mov tpéyovy
ola mapariinia. Agv vrapyel program counter otny Verilog.
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Baowko Block: Module

Name: arith

module arith (outl,
inl, 1in2);

output outl, out2;

input 1nl, 1n2;

endmodule

out?2,
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[16ptec evoc Module

| Name: arithl

D module arithl (bi out, out, inl,

inl in2, 1in3);

ln—out inout bi out;

. output out;
in2 b
input 1inl, 1n2;
input in3;
out P
in3

endmodule
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Modules vs Instances

» Instantiation eival n ot0dtKaGio ONUIOVPYINS AVTIKEILEVOL

otd To module.
Storage Cell

module nand(out, a, b,);
input a, b;
— Output out;
S wire out;
(1 out = ~ (a & b);

endmodule

=
<)

module SRLATCH(Q, CQkbar, Ebar, Ekar);
(2 (2 input Ekar, Ebar;
output Q, Qbar;

n—Ln—hr:.f':ul_pl
— D -k D :=|
=
-
=
L

1 |o // Instantiate lower-level modules
nand nl (Q, Ekar, Qbar);

0 1 nand nZzZ (Qbar, Rbar, Q) ;

Q Q endmodule
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Xpovog llpocopoimong

e ‘timescale <time unit>/<time precision>
— time unit: povada pEtpnong ypovov

— time precision: EAAYLGTO YPOVO Prinata Kot TNV
TPOGOUOIMOT).

Movadeg ypdvou : s, ms, us, ns, ps
e #<time> : avauovi yo ypovo <time>
— #5 a=8’hla
e (@W<OMNUO> : OVOLLOVT] LEYPL TO GO VO AAAAEEL TIUN
— (@ (posedge clk)
— (@ (negedge clk)
- @ (a)
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Module Body

module test(a, b,):;
input a;output b;

e Declarations reg b; wire c;
— always blocks. Mmopset va always @ (posedge a)begin
y peLve__s, L Pogseee

TEPLEYXEL TAV® OO EVA \ end

.\

— 1itial. Mmopet va tepiéyel T always @(negedge a) begin

’ ’ r b - #2 ~Cy
£V 1] KAVEVQL. end
— primitives not N1 (c, a)
* Instantiations | initial begin
b = 0;
end
endmodule
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Tomol petaPAntov otnv Verilog

integer // ap1Ouoc

wire
reg

tr1

// KOA®O10 — GLPLL
// register
// tristate
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Wires

¢ 2VVOVUGTIKI AOYIKY|
(0gv €xet pviun)

* I'pdopoc eCaptcemv

* Mnopel va Teptypayet
KO 10101 TEPO TOAVTAOK)
AOYIKT). ..

wire sum = a ~ b;
wire ¢ = sum | b;
wire a = ~d;

wire sum;

assign sum = a " Db;

wire muxout = (sel

wire op = ~(a & ((b)
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Registers (akoAovOiokn Aoyikn)

e 2TOUYEIO LVIIUNG

* ... KATL AVAAOYO LE
uetapAntec ot C

* Movo registers (oy1
wires) moipvoouv TIun G€
initial ko always blocks.

« Synthesizable code:
— Avabéoelg «kovidy
— E&aipeon: test bench

 Hold time

reg a;

initial begin

a = 0;
#5;
a = 1;

reg g

always ( (posedge clk)
begin

if (load)

g = #2 d;
end
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2VVOECELC neTacL Instances

 Me Bdon v Béon
— module adder(Sum, Inl, In2)
— adder (A, B,C) /Sum=A,Inl =B, In2=C

e XvoyetiCovtoc ovouata
— module adder(Sum, Inl, In2)
— adder (.In2(B), .In1(A), .Sum(C))
// Sum=C, Inl = A, In2 =B
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Buses

Name: arith2

in1[1:0]

out[0]

out[1:0]

module arith2?2 (out, inl,
in?2);

output [1:0] out;

input [1:0] inl, 1in2;

endmodule
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Buses (cont)

« Kauia olapopa
GTI GLUTEPLPOPQ

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

input [7:0] a, b;
output [7:0] sum;

« YvuPdoelc:

output cout;
wire [8:0] tmp = a + b; o [hlgh : IOW]
wire [7:0] sum = tmp[7:0]; —-[Hle ZISb]
wire cout = tmp[8]; y

* IIpocoyn otic
endmodule

GUVOEGELC EKTOG
tov module...
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['payipno Koowka

« H Aewrtovpyia £vog module pumopel va oprotel e d1dpopovg
TPOTTOVG:

— Behavioral (eninedo mio Kovtd otV AoYIKN)

[Tapouoa pe v C — 0 KOOKOS 0V £YEL AUECT) GYECT LE
10 hardware.

T.y. wirea=b +c¢

— Qate level/structural (enineoo kovtd 6to hardware)
O KOOKUC OElYVEL TMC TPOYLUOTIKE VAOTTOIELTOL GE TTOAES

M AOYIKT).
T.X.
wire sum = a ©~ Db;
wire cout = a & b;
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Testing

Hierarchical Testing

* Modules

— Individual

- Block-level simulation —
I )=
=

* Design Simulation

— Top level / system-level

— Stimulus block

(Test bench) Hgligligigigigigh

* Ewvaluations
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IIpoceyyloelg yio EAEYY0 GOGTNS AELTOVPYIOG

[Ipoocéyytion 1

*Stimulus block
* Testbench : top =
module mwov kdvet = :D_ =
instantiate To module
OV TEGTOPOVLLE,
ONULOVPYEL TIC TIUES [lpooéyylon 2
TV €1600MV TOL KO Top-level Block
eAEYYEL OTL 01 £€0001 - ,
TOL TOUPVOLV COCTEG BE:ET” = = )
TIUEG.
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‘Eva anho «test benchy

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

module test; input a, b;
reqg a, b; output sum, cout;
wire s, C;
wire sum = a ~ Db;
adder addO(a, b, s, c); wire cout = a & bj
endmodule

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

endmodule
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Verilog Simulator

> rlogin [garbis, kirkios, levantes, apraktias, pounentes, apiliotis]
> source ~hy225/verilog/scripts/cds ldv.sh

> mkdir test; cd test

> cp ~hy225/verilog/examples/test.v

> verilog test.v

> signalscan

signalscan
File > Open Simulation File (AwoA&ETe TO test.shm/test.trn)
Ilateiote To DesBrows
EmiéCte TO «test» oto Instances in Current Context

Ilateiote 2 Qopég 010 «clk»
Ilatciote To AddToWave
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test.v

initial

begin

// Start Tracing (signalscan)
$shm open("test.shm");

$shm probe (test, "AS");

// print values of clk at stdout each time
// it changes

Smonitor ($time, ":clk=%b", clk);

#200

// Stop Tracing

$shm close();

// Stop Simulation

Sfinish;

end
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Avakepoiainon!

e 2VVOLOOTIKN AOYIKT): ¢ AVO TOTTO1 statements:

— wire — 1nitial
e AxkolovOwokf Aoywcry: atwaevs
- reg * Ei6000¢ - £€000¢:
e Buses: — 1lnput, output
~ [high:low] * AmoTteAEoUOTOL
» Kobvoteproelc: - sdisplay
_ Bt — Cadence waves

— @ (posedge ..)
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