VM . ’d 1. Produce a Verilog file: foo.v
.,

2. compile it for simulation: iverilog foo.v

3. simulate system: vvp a.out > testResult.txt — o\}fpu"]‘ s ‘Ff/e.
4. see what happened: vi testResult.txt —> See Qon"éyd*
C“eaf es
Discrete Event Simulation SN
event event
--- create an event which occurs at time t t=0: A <== t=5:B <==

--- check what that event will cause to happen:
--- Create new events at t (zero delay)

--- create new events att + d (d delay) A B
has Jelay =5
Event Processing NCh+ zVe we p JE grom Zueua
WHILE(1) oo °E
--- get earliest event E from queue -
--- E creates new events, insert into queue T=0 5 <—/ a]%
--- delete E > =~ —|'E gfw S
end_WHILE T=0 = e
=2
imserT mew E o queve
Q. Which t=0 event is processed first? T=3 on —Urfle order
T=3
Verilog statements, making things happen / creating events
Only two types of "action" statements:
— initial A inita] omd aluways cfikmerts run in parellel
--- always 7/)6‘7 oll s‘lafi“ credliig everil‘s ot =0
initial begin o always begin STG.f:T over;
_ 3
A0 < |- crodte eveil, & =0 e Ao " forever
#1 < m(&ﬁ A Tick #1 ,
_ 1 _ ' Q. How many events
#A1_ 1 <1 crode evedl, £ =1 Thmvjh A=1; Thm”ﬂh created at t=2?
h_0: ST woil A #
- A=0; % Q. If there were no
delays (#1), how
end end many at t=0?




reg clock;

initial begin
clock = 0;
end

always begin
#10 clock = ~ clock;
end

Tha r & k‘ee ruhning e lock. always @( clock ) begin
$display( "time=%d", $time );

Stacts =0 o £=0. $display( "clock = %b", clock );

Switches to 4 & £ =19 end

back to O i L= 20 This warls for clock 1 C/Wﬁe'
Then Q(eﬁes tivo eVevT\'s to call
?ore\ler 51151}4(\ -Func’\';'ons ﬂé\&dﬂ < $live.

Q. At what simulation time will the
first $display occur? The second?
The third? Which $display runs first?

Sy 91\0.\ Vo\ves

Al wires ae X o

wiled some ever] changes Z

Verilog knows three signal values: T 1or0.

--- 0, logic 0 (~ GND)
--- 1, logic 1 (~ +5v for us)

--- X, unknown logic value; wire is driven, but cannot determine value.
--- Z, high-impedance, nothing driving the wire to a specific value.

initial begin
A=0;

0
wAJvdumwéa,awAz,/m 0
lj,imea]\ca,a.q,?, 0

$display( "A = %b", A); 1 :E_;] %
#5

$display( "time=%0d", $time );

Q- Whaf Va/lie wi// fE(h’SpI&} 5/;ow for A?

Mafvdm‘mwéuwfm U

=

Verilog reasons it this way:

NOT(0)==1== NOT(0)

Which, works out electrically as well: y = 1.
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As a logical statement, the NOT-NOT circuit dbat«b(ﬁ) ,L',_ = /-, + ,l;‘ = 2 ,(:I
says this,

NOT(0) == NOT(1) AN, = 4Ry = 24 Ry

This does not make sense, mathematically. 4y = [5" - AV’-} /Rl
Electrically, the value of y might be a perfectly AN, = [ 3 3

good logic value near Ov. But that depends on z 5v AV" Z Rz/R

the device's characteristics (see at right). !

= A= R sy
% Ra S R1 J IKW ~ 0V

éuj; Wl]ﬂ} /ﬂmfpm I re«LO doric !
Weeawre o !

Verilog will simply say it cannot guess: y = x.

How to stop the simulation:

initial begin This cons in pasalle] '*’/ sther stemedls.
eng o [t waits oli| £=1000, thon calls #finsh

Other Verilog Language Elements

--- Definitions, e.g., reg A, assign, ...
docu meﬁ\'oft(o(\:
--- Helper code, helps you write actions using less text . .
integer, for, ... See P(°Jec_E/LC3trUNk/JOCS/Ver’bﬂ

or 9003]e " Veri/c)j tofocia]”

--- Behaviorial modeling
while, if, then, ...



Work Flow E[gf\'ril, Wl"\lou Shdl commandling
ATools.Simulation(Verilog). %> vvp a.out > res.ixt
WriteVerilogDeck
TCS+L0V\C(I\ — 7> Var'\lca 4§_> Stin. '
&) LU J 60/6 du+ u_]L
C,@H 1)6-( Sthf.c P
a.out res.txt
b / £os lib par
Vu,\(og_ Code ST(VCLUVG yfm\ ﬂ(’ifrl’c Cells
T.jelib L .jelib
'(MS+6M@ .
Insrnes )
Il "test{sch}" " " " n Dark
cell "test{sch} cell "foo{sch}" , L‘rE}\, cell "bar{sch} IWD

fes /

SLL)_‘}

module test();

wire res;
reg sig;

L_ foo fooO( res, sig );

initial begin

sig = 0;
\L #100 $finish;
nd

always begin

N #1 sig = ~sig;
end
Y

end module

NS

v /| e

O<—ia e
b
o0—
J\MH b
.y
b
—x
—{2
A
Mg

icon

0 = EXPor-)-

— = Wre

/**/ reg a_src;

/**/ assign a = a_src;
/**/ always @( b ) begin
[**/ a_src = ~b;

/**/ end

/**/ initial begin

/**/ a_src=0;

/**/ end

module L_foo( x, y);
output x; wire X;
inputy; wirey;
wire nett;

L_ bar bar0( x, net1);
L_ bar bar1( net1, y);

endmodule;

Electric...WriteVerilogDeck

saved as, "test.v"

module L_bar( a, b);
output a; wire a;
input b; wire b;

/**/ reg a_SIc;

/**] assign a = a_Src;
/**/ always @( b ) begin
/**/  a_srec = ~b;

/**/ end

/**/ initial begin

/**/ a_src=0;

/**/ end

enamodtuie

1)




/* Verilog for cell 'parts:add16{sch}
from library 'parts™/

I .
W J o,
Wl " gadlb Ls<h /el g T
input [15:0] B;
output [15:0] out;

EXPORT
A[15:0] —{
addi out[15:0]

\4 B[15:0] — aJJ!é. v

A[15:0] —
. Ele CTPI e.
* adds two 16-bit inputs
¥ */

B[15:0] ©oulf15:0] (g (1500wt Too \S .

i) Simv|ction.
;::; end
i Urn‘t\’cr"oa
**/ end

endmodule /* add16 */

Dr’l'\tv«i,o

module parts__add16(A, B, out); — /
input [15:0] A; d%h
cell "add16_test{sch}" input [15:0] B;
a831)

output [15:0] out; & Exfo r‘f

/* user-specified Verilog code */

A[15:0] P
A _ * add16

adds two 16-bit inputs

ADDER Q | E .
add16 + /**/ reg [15:0] out;
e ( % B /\ 1 end

addlf_test 1

endmodule /* parts__addi16 */

EKPo

[Fmmmmmemeneee C()N\(’IC\C}’ : GaETE :vst()' ‘[\ code
:_E_”_‘f j_‘i‘_j_‘f!r inputs wire [1 5:0] A

wire [15:0] B

**/ reg[15:0] Asrc; _ wire [15:0] out;

**/ reg[15:0] Bsrc;

VT’P ‘M, ho Mjs

**/ assign A = Asrc; . < . Bus

** assign B = Bsrc; /* user-specified Verilog code */

**/ initial begin A

~* #0 Asrc = 16'h0000; * Drive adder inputs

[/ #0 Bsrc = 16'h0000; . * -f
ey e ! Xpor©
[** #7000 S$finish; /**/ reg[15:0] Asrc; Expo
**/ end ,JJM

! always begin o 7L 4

**  #1 Sdisplay(" %d + %d = %d", Asrc, Bsrc, out); /1 end am 4 Bus

**[  #1 Bsrc = Bsrc+7;

**  #1 Sdisplay(" %d + %d = %d", Asrc, Bsrc, out);
<! #1 Asrc = Asrc + 17;

= end

parts__ add16ADD£AA[150]) B(B[15:0]), .ou ou[SO]
endmodule /* add16_test */




STev c.'\'vra.\ vs. Nehaviora )

STQ\)&U rlx\\ —— wires and gates: verilog wire, reg, and, or, buff, ... (other primitives)

Qe%aviora\

Gade-Love Mo«le\ing

module foo (y, x, b );

X

B

b.:D |q

description of behavior: verilog if(), while(), case(), ... (other constructs)

module foo (y, x, b );

STRVCTURAL input x, b; Dala. Flow input x, b;
' output y; , output y;
ik wire y, X, a, b; VIA wire y, X, b;
N L . . )
of or_0(a. b, x); ﬁ,ﬁ ’jhlmth endmodule
endmodule
\ module f(); Q. Trace all the
reg A, B, C; output events,
be aws showing what is
initial begin printed.
, . #2 A =0;
--- We can specify delays for devices and 45B 0.
wires (modeling_rea] Ii.fe).. BL_Jt then we 45 C ; 0’_
have to check circuit timing issues. #2 $finish:
end

--- We can have 0 delay devices
(math/logic). But then we don't know how
things actually occur.

--- If you cannot be sure how events will
be ordered, put in a delay.

Q. Will the $dispay() and $write() events
occur before or after signal changes?

--- This will make you more certain,
#1 $display();

always @(A or B or C) begin
$display("--- t=%0d ---", $time);
$write("A=%b ",A);
$write("B=%b ",B);
$write("B=%b ",B);
$write("\n");

end

endmodule

T wlqojl time  ds

+hese evenls accur ?

Are ‘I‘f\et( O"JC(CA/
'(e, L)[OCL(V\;?




¢ =0

Or&crs“a ive\&s o= 0 c [:Q :)L
even'f': ¢ <—1
input c; .
wirec; input c; non- L)lml(m
OUtpUt a-, b, wire C; .
reg a, b; output a, b; A5 LJhmen
initial begin <1 eg 2, b
a=0; a < 1 initial begin
b=0; a=_0;
end . b< L b= 0
aIV\;a)_/sC_@(c) begin end - a’'s Ou W/uc
- always @(c) begin
3=a&c; A’s new VC/U.L aZ: C;( ) beg used fﬂ /‘
en .
wied Fo b. enEj><=a&c,

RHS evaludled in /MLLM@QJ #

g/aba//#, before LHS t:S:inMe

Which is the correct, i.e., more realistic?
Depends on what we are modeling.
USE <= (non-blocking, for parallel occuring assignments)

USE = (blocking or procedural, for behavioral modeling)



RUSSES,, Arm\a,s

wire [7:0] busA;
) wire [3:0] busB;
Wire reg Asrc;
S rde( assign busA = Asrc;
cssumes I> assign busB = A[7:4];
initial begin

Asrc = 8'd255;
end
//-- busAsrc = 8'hFF;

//-- busAsrc =8'b11111111;

Expressing multi-wire signal values

wl & wire/ bus,

&t werk vh’a_ )

) bus BFC&W{U

Connek h? hame.

{ X
bus pro per*v) J

amchor

51’&(35‘ L:*S) 'JcbrWI!fj\ n UM\Oﬂr interpret number as an expression in:
2 r 255 d= decimel
- h
h  FF h= nex
b = Bm«rj
b LT LU |
#-bit numbers
- input [3:0] a,b; decimal  hex binary
Covnb m\ng g‘lf’t‘;ut [[ o 0]] y;a Conca,ﬁn& 0 0 0000
busses N\ 1 1 0001
assigny = {3 {a[1:0] }, b[3:2], 2'b00 }; 2 2 0010
3 3 0011
ok J" 4 4 0100
- 5 5 0101
(&

) b (cmedendte) T
“Limes 8 8 1000
9 9 1001
{ a[1], a[0], a[1], a[0], a[1], a[0], b[3], b[2], 100, 1'b0 } I S
S \ N 12 C 1100
[ 8 [o] 13 D 1101
/ 9[ ! ﬁ 14 E 1110
0 15 F 1111

hex 2D = 2xl6' + DxI

= (0010)x 2% + (1101)x (2*)°
= 00100000 + 1101

= 00101101 biﬂa.rj

= 645] 7ﬁ COHVCFI.
hoy «—> 6/’/)49
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ﬂrr4t1s

Wacro

Su b§+ (+ u‘hoY\ .

reg [7:0] regqWords [15:0];
~__“

T Y

me amxj Sije

‘define BUSWIDTH 16//—
—

reg [ (BUSWIDTH - 1) : 0] busA;

Equivalently: reg[15:0]busA;

( “* Jl%f o R lﬂUxAOL) ((includne header.vh s,

£ile. QMJ c/uJe o+ ‘ W\ ., regWords[ 1] = 8'b01010000;
AL back Sl\f\jle q)uo't'e
Paran 3(6(‘5 regWords[ 1][0] = 1'b1;
module F();

parameter WIDTH = 8;

reg [ (WIDTH - 1) : 0] busA; Q. What's in regWords[1] now?

endmodule

Seewms rec)uméawku bt heaes how
We wAg
el
module H();
defparam foo.WIDTH = 32; o\ler(ée parqma[er eﬁép/lcdtly
F foo; 4 Hfecls %’o//own;j def
or

implicit overide: by order parameters were defined. E.g.,

F #(16) bar; #(10,16,2) means 1st param gets 10, 2nd gets 16, 3rd gets 2

Treks = \y\e\’l\oAS

module memory(...); module top (); 125\4
memory mem; thkc
reg [7:0] regWords [15:0]; A .
e
task clear; ond mem.regWords[0] = 8'b000111;
begin
for(i=0;i<15;i=zi+1)
begin endmodule
< 07 regWords[i] = 8'd0;
end 601
end : ' '
endtask Y / r‘&"’)w\j m i :;1
e per Co
el.name2. na e3
endmodule = /T
= Shor ﬂlﬂld' TopJaWﬂ un {.M& insfance ,’m'.JQ
oﬂerwf;e , b 4;;,3;,1,,,6,7-/—5 imsfance name mside. naned Nawme 4



Pre~ Aeg\'nc& Tasks

$display( "..." , ...); _/’MS 00 l n

$write( "...", ... ); — No QOIH

$time; — SI\MUIOJL N e S{'ep

$monitor( "...", ...); R '/
$strobe(...); \3 _ [,;é,, #dljf/d";/ éu+ W/ l}wpl:'c'n](’ ﬂ/WA}S @(X>
$fopen( ... ); L""k I
$f\?vprﬁe( )} % o uses MJ#-C%mM Desmqﬁlfl : Mmuur.\ja ]D(l,,g) ( " )

o e a F"&'Dcmu#oz: '1;,;&
$readmemb( "filename", dataArray);
- (w()s Aaxa iwto mo)eﬁ’. ]L_,L )
7!%&% J[f/e Cﬂff&lhs élh4f7 hél4 1T

)\Q@n[ file eonlains et hdﬁ-}l(}h>

$dump(...); %Tw\"& : 863.‘"‘/%) ‘)“A'.Cﬂ ( bd"ﬂ ‘01'?\“3 and L\e/x>
JW\ps evory, S/}bé/ & eWA‘] c,/\wgie) Wi W/ éTmerQ

- qo0n to inTeractive Moje) them wten \\M"ifé e g"“L
(c,+L-C JMM& SW\U/MLWM Aj{o 20‘90., lLO I'nTerac'th MOJC.)

$finish;
INIs o M M&“xm

$readmemh( "filename", dataArray, ...);

$stop;



More Signal propagation delays

x2p=8 y B Sampld and A eZMf; both & T+

h= w2y B sempled I 7,

Abe\wnj,w a} t*Z.
n B OQ\M S,
QMJ%@/Z) ﬂMéH{)’,A,B) } /;w,ng\/%gﬁ Ycﬁ\m]ex @
Yy —1 £+3
vy —>0 t+2
Y =73 A+ mon (3,2)
ST Vinarys
X _ Mf(ﬂ, +
gtz h=B4C - QC%MZMMJJ)
wae ¥ A, wire, A tukas 2 Hicks Jo sce (8%C)

WA:B&C Sime ar ATV,

m,\w@.\s @(Poseéje ctk be&:i\
4=b
@(rgedge <) ks in 0 ¢ deent change
A= ~b;
@ (¢ or k)
4=0;
end



initial begin

=7 ehgy Wiy b Jond the tmswer: end
pjmy,zv e (c) I’L;/U"\'
%1 ,ﬁJ@Pﬁ% (“7b", ¢

ond

always @( posedge clk) Q1 =D;

always @( posedge clk) Q2 = Q1; (}\r&} ’g\wﬁkﬂ‘f 7,4) Q) |J QQ P

initial begin
Q D@ DD
@( posedge clk) D =0; Ij i /l\
clhk <Lk
@( negedge clk) D =1; 02 Q,
end

Other language elements

---- Looping (forever, while, for)
These can appear inside an "initial" or "always", and can thus start at times other than 0. Conditionals are
T if they evaluate to 1, F if they evaluate to 0, x, or z. "Forever" is the same as "while(1)".

---- Control (fork, join)
Creates parallel event streams that synchronize at the "join": all enclosed "begin-end" blocks run in
parallel and the last to finish exits the "fork-join". E.g.,

fork
begin ... end
begin ... end

join



