\/ui Ié ;} Electeit Window shell commendling

Todks. St'vw‘d' ion . ¥ z'wn‘/g bar v

Elecleie Orife Ver ?Deck
"l’cs‘H)ev\c(n — Veri Ica V%—-——D Sibn| Siinl.
cell *bac” = > Sovree Code ”"#’u“f

bar.v ron 4-5171— run be.ou‘]'
/é,A/JCOOJcli.L " /

Vu,\(og_ Code STcuaLure ﬁm\ ﬂ&frfc Cellg

T.jelib L jelib

cell "test{sch}" cell "foo{sch}" cell "bar{sch}"
X a 0 = ExPor-)-
123 0— o- black I .
— b oy = wWire
Sig E1 o B
/**/ reg a_src; <17
/**/ assign a = a_src;
—* /**/ always @( b ) begin
V' /**| a_src = ~b;
¢\ /**/ end
/**/ initial begin
\ \Con [/ a_src=0;
module test(); /**/ end
wire res;
reg sig;
9519 module L_foo(x, y); module L_bar( a, b);
L__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;
#1goo $finish: L_ bar bar0( x, net1); /**/ assign a = a_src;
nd L__bar bar1( net1, y); /**/ always @( b ) begin
[**/  a_src = ~b;
always begin endmodule; /**/ end
<"J #1 sig = ~sig; /**/ initial begin
end /**/ a_src = 0;
\) /**/ end

ena noauie

Electric...WriteVerilogDeck
saved as, "run/test.v"
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Yl i

all * gl Sschy”

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

module add16(A, B, out);
input [15:0] A;
input [15:0] B;
output [15:0] out;

/* user-specified Verilog code */

CD&IQ /
i 2814 -i’aff {SCWS

icon = imstance
o‘(" AM \L

S ———
ﬂJC“éV * add16
— * adds two 16-bit inputs
. X eeee—————— */
Elec‘Tﬁc, /**I reg [15:0] out;
[**/
-T;)O\S . /**I always @(A or B) begin
. . **I out=A + B;
Simol|ction. /71 end

ul‘ﬂt\kri,oa

module parts__add16(A, B, out);

endmodule /* add16_test */

/**/ initial begin
/**/ out = 16'h0000;
/**/ end

endmodule /* add16 */

input [15:0] A;

input [15:0] B;

output [15:0] out; & Ex Por‘f'

/* user-specified Verilog code */

/*

*add16

* adds two 16-bit inputs
_______________ */

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

/**/ end

endmodule /* parts__add16 */

wire [15:0] A;
wire [15:0] B; k_/—np 'M, ho Mjs
wire [15:0] out;

<— BUs

/* user-specified Verilog code */

/*

EXfo(‘-f

Bus
uuaéom;

/**/ reg[15:0] Asrc;
};-*/ end

ims'/dM CL ./Z 2ddl¢

parts__add16 ADDER(.A(A[15:0]), .B(B[15:0]), .0




STev Fvral vs. Behaviera |

STR\)C\\)\’A\ <4 wireJ a‘,d\'es/ AQ\II‘(_fJ X

'ITC( §‘ﬂmh( ) (/Jl'\// w&ﬂL L

Rehavieral e—
\\Ha,\@eru L“‘Z‘Méé

|,\r{'€jefj .y

LJL[/@

jl\rl

éd\'e-ﬁeve,(

STRUCTURAL

VI b

\ \+- )If
prmi \WES

module foo (y, X, b);
input x, b;
output y;
wire y, X, a, b;

and and 0(y, x,a);

wlire, Tea, AMA) or

5456/

"/

De\av‘s

wlmL sz‘vnu/qJL/m Teme does

A ﬂ:cc_olme O?
lo hec ome O?
C become 0°F

possible signal values
x == don't know

z == disconnected

0

1

or or_0( a, b, x);
endmodule module foo (y, x, b );
input x, b;
output y;
, wire y, X, b;
o& Vik TR
3 assigny = (x & (x | b));
Vo y
co h+m WAt ’ endmodule
4S5
module f();
reg a, b, c;
initial begin
#1a=0; - t=1
#1 b =0; a=0 b=x c=x
#1c=0; t=2 --
#1 $finish; a=0 b=0 c=x
end t=3 ---
a=0 b=0 c=0
always @(a or b or ¢) begin
$display("-- %Od ", $time);
$write("a %b ,a);
$write("b=%b ",b); ﬂ..+ Nl')fl ‘f(mq Clo
gwrlteﬁ ‘;/ob C) +hese pvenls gecur
write("
end QAre Tc\e{ ol'a‘erce)j
e L o
endmodule . bl CL"\; '




- All "initial" and
& Vey\‘\_ Q\’e W \ "alwlg)llté% stzrt]ements

w\ﬂLm\ \393 el

&\_’L A= ’V&)‘

o |
Q.
Q/»\m;s @ (a \oeafh

C = ~&j

in queue?

end

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

Events placed in queue, pulled from queue for current
step,new events added, until no events left in this time

step.
Discrete Event Simulation

(versus Discrete Time Simulation)

execute in parallel.

Where does this event go

" changes, creates

evewt
1 veue '

T=° \v\\Jﬁal %eam
2 : 5 ’NL\C(’C? eveiit L) i
' L/ end
=
‘/ w ¢V€

t=1 \’W?Lw/ Leél'h

eveny f c\t'sfla.g(.,, «)

A=1 Ol

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

What timestamp does the event
$display() have?

no arQermg ffé
Ms

ocd er'mx § Tvents

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 Mca/ f'a'z b.

RHS CVQXU&A IN or&cr

offer preceding  LHS dSS\jmneT\T

¢

a =0
evenT: ¢ «—1 ¢ c

O R

D

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

initial begin
a=0;
b=0;
end q’s olJ \/a:/ue

always @(c) begin
aZ:c;() ? wed £n A

b<=a&c;
end
RHS eva.{udccl W/MMM@QJ _[[
h

09/064//4, before LHS assignme



Po 15 ‘0\3 naw

Should def'n of bar be
inside def'n of A?

module A;

wire a, b, y;

Bar foo( .in1(a), .in2(b), .out(y));

endmodule

conne& Ly hame -

DFJeY oloeg n\f

watte

ow deen can module Bar( out, inf, in2); inslanee foo o
nesting be? out <= #1 (in1 & in2); n\li
A G
One level. endmodule X ,\NQ Dﬂ &
A oS g T
OR. order

ﬁﬂf )[)‘” (‘3 / a‘/ ‘D 5

th A W;I(/L\Ifl

aet werk cv\la_ )

) bus Breﬂm{”

RUSSES, /\rmg,s

wire [7:0] busA;

b LR et/
drdec assign busA = busAsrc; LDS A[7 ‘f]
O\SSVMQA . assign busB = busA[7:4]; &)USA[:R 0'1 X
initial begin &
busAsrc = 8'd255;
endus src br Jr B >R
//-- busAsrc = 8'hff; us proper .
- busAsrc - 81 1111111; o 3; us [3'03
(fee/ E’J]%’. fe(u’l‘obc&,)
Y\_\)ﬁ\é *Forle'
5\36(33 L:*S} #ber- humbﬂf Cl = GlQCl.VYWv( ]Cor Wm_+
g / J 9\ 55 I'\:- L\CX 'FDFM4+
b = bm«rj format
h FF
L; PUET UL what is connected to:
Comh'm'mg input [3:0] a, b; Coy’CdJLenAfc y[3]? I N 'y
output [15:0] y; y[4]? [0 ]
Busscs \ yiepp —— 4

Adlo]
— = a[3]

assigny ={3{a[3:0] }, b[3:2], 2'b00 };
Méup\(q}j& and cowcdcha:fc

y[15]?



f)elsl.".“-“;"“s, P ansmnclers l

“define BUSWIDTH 16//—
reg [ (BUSWIDTH-1) : 0] busA;

tJ{— J‘%f I~ R LWAAM) t‘include header.vh

file %q’ WC{WJ?. lt

Wacro

(

These e “\ "
i, back sn‘vlee. %003(3
Yoaum‘l\/\‘:kﬁ(\5
module F();

parameter WIDTH = 8;
reg [ (WIDTH - 1) : 0 busA;

Subst + u‘hoY\ .

‘ﬂrrqs \

reg [7:0] regqWords [15:0];

TTY

me amxj Sije

.9,

regWords[ 1] = 8'b01010000;

regWords[1][0] = 1'b1;

endmodule Seewms r«)mém& )
‘ou'r }\ue's how
/ we wae if, —> 910] 009 |
module H(); Se]t (over(ée) par qu[er exp Icfl'ly
defparam foo0.WIDTH = 32;
F foo; ) 7[ J [&/LQJ
F #(16) bar; twplict o’z e Paramelers were gec €.9
\}4‘ or ge\' pive
(/a L, 2) séfs pd(ahe‘f‘ers P = o, ?2 Ié P3=2
Tﬁsb = \y\e\’l\oAS
] dule top ();
module memory(...); mo
oL "\7,5\4
memory mem; [hyoRe
irﬁ?elz:ﬂ_regwmds [15:0]; initial begin
gert; mem.clear;
task clear: mem.regWords[0] = 8'b000111;
begin end
l:f:;rgi(r::O;|<15;|=|+1) endmodule
~< & regWords[i] = 8'd0;
end /el 601
end : ' '
ammeq  m 10N
endtask n 3 (lli
namel.name2.name3
endmodule
T"l’"ﬂ""’d / imstamce m\‘ inslance {m'w)(

Nawme L

msfance wame mside. name]



Pre~ Aeg\'nc& Tasks

$display( "..." , ...); NI’MS 00 l n

$write( "..." , ... ); — No QOIH

$time; — Sf‘mu/ontn‘m Time vaep

$monitor( "...", ...); R '/
$strobe(...); \E _— [,;é,, #Jljf/d‘;/ é)ﬂL W/ l}wpl:'c'nl’ ﬂ./bM}S @(X>
$fopen( ... ); """k I
$f\?vprﬁe( ) % . uses /MJf.-c%mM Dem,qb'ﬁfl : Mmuuraja ]D(l,,g) ( " )

o vas @ Pl Deriha . 1 i
$readmemb( "filename", dataArray);
—fceads dofu vl maded], LI )
fdt file conliins élM"? hél4 110
$readmemh( "filename", dataArray, ...);

— Ceas dalu. ito mode (], .
)\< i Lile cmﬂlakhs hot "1"7[47L’%>
$dump(...); O’PTLG’\’\& : 863"“/0"") ‘)V\A"CCS 'Fm EO"H] (D\'Y\Q(j q,,\é L‘(’/X
— clww\ps every S/}bé/ @ evtny C/\ngé, wi. w/ GTK wkuR

R Ak o;‘/[e 'oﬂ[mm}l\re moo}e) them G/V\'l'f/\ \\ﬁiﬁnjgz, ’ fo gorf
NB - (W*Mmg - wané SUmu/Afthn Ly, g0e0 £ [’huaalévehoo&.

— ik soadefion

$stop;

$finish;



More Signal propagation delays \

RZ P\ = B } B 5prQJ JIMJ /\ OKMZ;.: 507% 47(' 7"1'2

h= w2y B sampled I 7,

/\J\M\pr a/‘L)lf*Z.
n B OQ\MS
QMJ%@Z) and | {)’ AB> } /;wm \/qﬂzj’ﬁ Ycﬁ\m]ex @
Yy —1 £+3
vy —>0 t+2
Y =7 £+ min (3,2)
!
: A B +C Swla)
wm%%z A:B&C% A 6%4470» A %*Z
i (ks b ¢ O%Mf_acmdcj)
wie ¥9 A, mAmamﬁm(gm/

WA:B&C Sime ar ATV,

R,\\,Q@-\S‘ @(Poseéje c\k> be&;}\
4=b | ?
@(rgedge k) ht it iF ¢ doent dwnse!
A = "’L)/'
@(C or ClK)

4 =0,
end



How MMMS OQO{-‘/L C C’QM\B’L?

always begin initial begin
o 2o
C = ~C; #3
, a=1;
end 1:3= 0
#1
$finish
end
> 64{47 Wiy 13
%J 'u’\&M\SW“% : ojmy,» € () Aljfww
%1 #J@Pﬁ‘“} (“7k" ),
ond

w&} j\wpp(m;% PLQarT

always @( posedge clk) Q1 =D;

always @( posedge clk) Q2 = Q1; clh <k
initial begin 02 0
@( posedge clk) D =0;
@( negedgeclk) D=1;
end
MOdELS .
STRUCTURAL- Dataflow BeJAﬁVlO’MQ
Omd Ay, 90/}5 M{(_;M 3 :(311)/ 51,
or B(3,4, %) wripn = (xhy); 4 =0,



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



