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/**/ reg a_src; (::l - W
/**/ assign a = a_src;
x /**/ always @( b ) begin o
:E:J /**/ a_src = ~b; D = (/“SAI[//V\CQ
A /**/ end
/**/ initial begin
\ 1con [/ a_src=0;
module test; /**/ end
wire res; ,&é f‘l/é'
reg sig;
module foo( X, Y); module bar( a, b);
lib__foo fooO( res, sig ); output x; wire x; output a; wire a;
input y; wire y; input b; wire b;
initial begin wire nett,
sig = 0; /**] reg a_src;
#100 S$finish; lib__bar barO( x, ne
nd lib__bar bar1( nett
#1 sig = ~sig;
end
end module

t1); /**/ assign a = a_src;

» Y); /**/ always @( b ) begin
[**/  a_src = ~b;
/**/ end
/**/ initial begin
[**/ a_src=0;
/**/ end

endmodule



u L {S L]‘IS L (LM /* Verilog for cell 'parts:add16{sch}' from library 'parts'/
att “add\b s

S SR module add16(A, B, out);
L %\C‘Zg input [15:0] A;
input [15:0] B;

EXPORT output [15:0] out;

/* user-specified Verilog code */

A

*add16

* adds two 16-bit inputs

X */

/**/ reg [15:0] out;

__.-} *l

/**] always @(A or B) begin

-rOO‘S. /**/ out=A +B;

5 .l. /**/ end
. /**/
nqult on. /**/ initial begin

. . /I out = 16'h0000:
ul'l'\BVCﬂ,oa /**/ end

endmodule /*add16 */

Leck boy Veriloj code bay

. I ,C input [15:0] g;
1Co input [15:0] B;
déélé ._tZ# {SCLl?S " Ic:ﬂ:u[[ [15:]0] out;(—EK,)or"IL

/* user-specified Verilog code */

Qn&,Q module parts__add16(A, B, out); d‘% / %
N

*add16
* adds two 16-bit inputs

/**/ reg [15:0] out;
/**/ end

endmodule /* parts__add16 */

aaVmr= N o oelald + gt()’
wire [15 0] A
wire [15:0] B; k_/—np 'M, ho M;s
wire [15:0] out;
<— BUs
/* user-specified Verilog code */
A ——
* Drive adder inputs
X */
/**/ reg[15:0] Asrc; EXf 0{#
/**/ end lMS-/dMC‘Q" 4 a c” BUs
parts__add16 ADDER(.A(A[15:0]), .B(B[15:0]), u[ 5:0]));

endmodule /* add16_test */
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6&€‘£BVC—‘ module foo (y, x, b );

input x, b;
output y;
wire y, X, a, b;

_ and and_0(y, x,a);
V! o [7 or or_0( &, b, x);
W qov'\W\'th'veS o endmodule

STRUCTURAL |

module foo (y, x, b );

input x, b;
output y;
) wire y, X, b;
o& Vi T
) assigny = (x & (x | b));
Co h-{-mllo ot 4 endmodule
4ss 15"
be\&ws Signal values
L\JLlCV[ (Whﬁ:{’ SI\MV/QJL/&V] TUMf) 51065 x == don't know
nitial begin z == disconnected
#1a=O:: A L’cume O? ?
#1 $display() ?
#H b0 lO Lbecome 0. (x&0)=?
:11c=0',‘; C become 07 (x| 0)=2

end

vohal are The values o} Mts 7 ;(“ﬁmJZJ 4= 7b /,ﬁﬁme/;ﬂ/.
%, b, ¢ 7Qor every Tl'c,? ﬁO(lS()l (‘ " b)/
ﬁ{ otx'sgla; (" Co 4 <),



- All "initial" and —
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execute in parallel.

W\\%@I keafv\
il \393\\'\ S
a,‘ O /_\b ﬂ_ = O , b:i}
=N
2L a= VA, // tr\i

Q/wkgs @ (a \oeafh

¢c=

in queue?

end

Events cause other events: signal "a
event that changes "c"

Where does this event go

=1 m'l?Lt'a,/ Leél'h
$disglay (... &)
ond le

What is the value printed by
$display("a=%d", a)?

What timestamp does the event
$display() have?

" changes, creates

Events placed in queue, pulled from queue for current

step.
Discrete Event Simulation

(versus Discrete Time Simulation)

step,new events added, until no events left in this time & no dY‘g er né (é

<; -4 er'ma of Tvent ¢

input c;
wire C;
output a, b;
reg a, b;

initial begin
a=0;
b =0;
end
always @(c) begin
a=c;
b=a&c; A’s new \/4/141,

end M“/ fa’l b.

RHS CVQXU&A IN or&cr

offer preceding  LHS dSS\jh\neT\T

¢ =©O K
a=0

evenT: ¢ «—1 ¢ c

input c;
wire C;
output a, b;
reg a, b;

initial begin
a=0;
b =0;

end

always @(c) begin
a<=c;
b<=a&c;

end

a's oll m/ue
ued #n A

RHS evaluiled in pm&ﬁMJ #

09/064/14, before LHS assignme



Po r’\'s ‘3\3 Y\OMQ\

Should def'n of
MY _AND be inside
def'n of A?

How deep can nesting
be?

/MY_.AND )[)oo(‘é ) 4/ bb

module A; thne& [,7 neme -
wire a, b, y; /N order does
MY_Am), out(V)); wette
endmodule

module MY_AND( dUt, in1, in2 );

o o [
out <= #1 (in1 & in2);

endmodule
O K orJer
— m kﬁers
M

}vsses y /\rmg,s J.

wire [7:0] busA;
wire [3:0] busB;
reg busAsrc;

S rdec

initial begin

busAsrc = 8'd255;
end
//-- busAsrc = 8'hff;

//-- busAsrc =8'b11111111;

assign busA = busAsrc;
C\SS\)MQ{S ~~. assign busB = busA[7:4];

ho‘f’ A wlk/éus,

aet werk W’a_,
\! ] ~
bus Breakwjr/ S \><
Connedt h? hame \
LDSA[Z"I]

(

bus pro per*v) J

aemchor

(fee/ E’J]%’. fe{ed'Ol?)cEl')

X
busA [3:0]

YM *Forle'
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busses , ™\ 2y —— &[0

assigny ={3{a[3:0] }, b[3:2], 2'b00 };
N. Aup\\m

Adlo]
> a[3]

y[15]?
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\ AQ,@V\Q L)US\’\“A-H’I [é reg [7:0] regWords [15:0];
~_
ey, Rsllth0): 07 sk, @Ie ;(’m »
) :
\iv\c\u&e_ Qoo,vl’l. <Pd(- A‘%f L\UJCA) j
W\o)uﬁgjc _ o'
paremeler WIDTH = & r%‘u”‘ls[ﬂ = § bolojoony,
reg [CwisTh <)+ 07 bus A, rcé(,\)orAs[fL] M =1'b 1
MBW\QAN&OJ [\)[)ﬁLI/ Wb
C\)or(lsj:i] ?
W\ozh&ou h Reé '

%P‘MW ?M.W'DTH = 32/‘} &(Pllgll{

£ 41
3 %) 9,

—> 010) 004 |

4_/[) 0’1)9/1 Jﬁ(’.[&/\ﬁj :

(!, P2, 73)

:Tﬂsks = \,“eﬂ\oAS \ - ’t’ﬁﬁk

4 lh\lo

module memory(...); module top ();

memory mem;
reg [7:0] regWords [15:0];

i i initial begin
integer i; mem.clear;
task clear: mem.regWords[0] = 8'b000111;
begin’ end
for(i=0;i<15;i=i+ 1) begin
< X regWords][i] = 8'd0; endmodule
end
end
endtask
endmodule WJMS Léd\/‘e

In Top ‘- /'”57%}166,I‘WS./'MC@.-M"P!}
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More Signal propagation delays

2 p =B BJWPZQJMJAOZMrdeZ.
A= %28 B semile) I %,
Abg\wnj/w 4} 7t+Z_
n B OQ\M S,
and #3,2) and1(v,4,8) My CMA}J Y dhamges @
Yy —1 A+3
Y —>0 £+2
Y 7D £+ mn (3,2)
!
: A B +C Sm«p[a)
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wog 32 A, wine A tohass 2 Hicks o a2e (BkC)

WA:B&C SMMMWC.

a,\wu\s @(poseéje ctk beaxif\
2=0,
@(rgedge df) ks it i ¢ deent dhense
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@ (c or clk)
4 =0,
end
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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



