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assert  property (@(posedge clk) req ## [1:3] ack)
else $display("@%0t: FAIL",$time);
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module test(input clk,req,ack);
default clocking cb @(posedge clk); endclocking
sequence check_req_ack;
req ##[1:3] ack;
endsequence

assert property (check_req_ack)
else $display("@%0t: FAIL",$time);

endmodule
SystemVerilogt | o —¢2> =2 & A % A%/ 4[| < == #
td3a° a st fimes"fi- L  — - A % FA°

t ypedef enum bit { READ, WRITE } d irection_e;

class packet t ;

rand bit [31:0] addr;

rand bit [31:0] data;

rand direction_enum direction;

ra nd int unsigned transmit_delay;

constraint word_boundary

addr[1:0] == 6b00;
}
covergroup cg = ;
coverpoint addr ;
coverpoint data ;
endgrou p
function new;
cg = new;
endfunction
endclass
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packet_t packet;
assert( packet .randomize());
packet.cg .sample();
L — ¢ oV oAmbfiazoP” po L L] % A%, fim-c"fi%
-V | zlop pod A L 3A° 1,85.' @ —0se)
post_randomize() ~ o P" P © L A % A
class packet t ;
function void post_randomize;
cg.sample() ;
endfunction
endclass
|- post_randomize() virtual % | N 3 T+%s -' ® - o LA %
3009 randomize® 9 {< Mt - L rd3ac
- % - o o— % SystemVerilog- s/ =™{ % %q{3A°

1.2 Verilogs— o

1.2.1 SystemVeriIog| Verilog — superset

SystemVerilog| ~ Verilogd +# ™3 A° — | & SystemvVelog% 4=™| o
A4 o= TM=| A 9
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logic
enum, struct, constrained
union, class, random value
package, generation
bit, byte, program
shortint, int,
longint

Verilog interface,
modport, assertions
clocking block
dynamic arrays,
associative arrays,
queues, multi

dimensional arrays mailbox, functional

semaphore coverage

1-1 SystemVerilogge Verilog—

SystemVerilog] | — ~ L o— & 32a% — z| 0 A og oV e
Verilog | < ~= SystemVerilog- 345 A %3 - %Ne| #| Nd 33
£ Verilog | = mat fi = - = %Ne| 8o b7 20" % SystemVerilog<
=] 41340 a0 - ok azqqa0
module test;
integer width = 5; a n
integer size;
initial begin
size = width; a °
end
...
endmodule
Verilog HDL# | ® - =V - inline initialization | = F* " 2o T fi —
< - Fd3d° [ =5 —ns Jdsoy - sqbh° 2L [F% - A
{% %33+ - |H % o4 r~od3A° SystemVerilogt | ® —
inline initialization | - F* " 2> T fi A - Fd3a° [=80— ~o0%
=3 JANRS
122 o F*" 20 "fi— o amtfie simulation semantics
SystemVerilog] ~ Verilog- ~™ & Vot #|Ndg3$9" e 1 Verilogs
o4 ¢ SystemVerilog| - F* " 2 T fi~ o= o b fi =k o= ™3 A0
1] #| 8/ — = =t fi ~d; Simulation Semantiess F# ™3 A° | — L g
A % Ao # A -3 A% | A o= p ™9 t - |Fq e

o b7 e T % Verilogs o % 0 e300
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SystemVerilogt | 4L JURY - L 4] % A9/ ==3 AL A
o k=" Do T fi — o makfi=| Verilogs o934 [2] ° — o L =5340
module test;

logic _reset=0;
logic  request;

initial begin
request = 1,

end
endmodule
SystemVerilog# | @ { = _reset=0 ok "0 Tfive A -~ o3
Ao [ =28 reset = A wmzgfis| 0| 1433+ & O wafi
request=1 — o I A 0# request A wmz fil % 143409
L — 8 — e & N e TR % Verilogs | o4 3A°
/ — 8 0r %t A - | % EA° 4 8 - £ - |

S S TR % =g A°

o

initial begin
_reset=0; a n
end
always @(posedge clk,negedge _reset) a 0
if(|_reset)
q<=0;
else
q<=d;
0~ ™=s8 L onggo |4 L ~ Ad r8 o r~21{ negedge _resetmmz fi J | ®
0~ ™= tdlgyFe F8o0o % |4 L - Adl e 0~ ™= negedge
_reset-wmz fi J | <0 td3A4° 1 — o race conditond 1+ ~|® 4
— =3 A 9
initial begin
_reset <= 0; 3 )
end

Q¢

always @(posedge clk,negedge _reset)
if(!_reset)
q<=0;
else
q<=d

nonblockng assignment NBA 2 | — ~ k4L - “3 A9 [=209% A
{ -8 negedge _resetmmz fi s % L~ [ =g A0
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Il— 2v@lzfit¥%h A Awm-fiarl %  # A9 SystemVerilog— progmmdt

~=ve)zfind A< Verlog—v @ zfi s o &L -3 A program—. ©
P« | reactive regiorm =3 A° DUT # A — % =V ~ program—. ©F¢
«% =3 A0 | & Simulation Semantigs<: e= g ™o
124 AO4D AN Ak
SystemVerilog— O €D AN ek | 0 ot # | N{dg 3+ a2
SystemVerilog? t 4| v two-states D = bité byte8 shorin® inté longint | & —

t Yelke F= 7 20 T i — —  r=0%]3A9 1 —¢D AN mmk— |98
fori >k —  # fourstate— Verilog integer & A %Ned 3 YF° 4 8 fori D
kd - - A % A

for(int i =0;i < 10; i++) beg in

end
svple jrr | i=itl 4 L - -3 A° g -8 SystemVerilog- | fori >k |f4 L

o foreach % 143 <Voforeach #| i DknNuafi ¢ - @% t 4 -
# 2N — | * " wmPstatus — k' fiJ o= ™3 A0

string Pstatus[] = '{ "FINISHED", "RUNNING", "WAITING", "SUSPENDED",

"KILLED" };
initial begin
foreach(Pstatusi])
$write("%s ",Pstatus]i]);
$display();
end
1.25 —
Verilog # | L wires re | ® integer# Aq fourstatez A° L — 8 —o.
cNOVE™ D o | o YF°
reg clk;
always
#10 clk = ~clk;
ck — | ecl k==18&bojf s —J % =3yF° [ ~8ck
- 4L sotd rod33Y$9 Verilogz | 8 — -~ %otd rodgyFe
reg clk;
initial begin
clk = 0;
fo rever #10 clk = ~clk;
end
R | ¢ clk=0; % 0~ ™= ck = A wmzfisd o= o3
e #A° | — | & SystemVerilog# | - -3 A ¢ SystemVerilog- | two-state— bit
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%Nef 3 A9 bit — | 16b0z2A° [=8<. eenove” Dad — ~ o
EZ) 3A°
bit clk;
always
#10 clk = ~clk;
ck ~ 16b® 4 | Nd 3 Y+° & DUT% Verilog ® = mai #
module dut(clk,...);
input  clk;
endmodule
G EACE N EC RS
1.3 4 — —fiecfienK. o
13.1
< | 8 module® progran® interface® checke? packagé primitive8 - 8 configuration#
ao k- L o= Lo oqar
g |4 - - 4 -3 A %8 SystemVerilog- % #£| o™ %
N I el = R T N e A
300 Ak -V @ LA %8 L g< %Ne| < ™3 A0
1.3.2 module
module | of i ecfianNK. Ev#28 < o=° smmmfidt A -~ td 34
—v o) zfi wd A -~ L A{ % 5 A° module| # Noq s
SystemVerilog— 2 — & module ~ A % 3Ac — e/ — o
| td=™3Y+9° 4 & module- | - 0 L 5 % gA°
wd J
4D 9 8 8 struc® union
fi ®@afi
class
Re > or 12 ™| ¢ -? b — -fi WD

gKiJwvoafi

module progrant interfacé - primitive — mmfi ® 2 fi ®
classo K © Ve | —mmfi ®2fi ®

continuous assignment

procedural block

- o RTL module— 4 <3 A° | — #| & SystemVerilogt A YNy 3
Yo -8 —¢ O uafi &£/ —5 3 A % 4 £ ==m™3A0
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module FullAdder(output sum,cout,input a,b,cin);
wire  wl, w2, w3;

HalfAdder m1(w1,w2,a,b);
HalfAdder m2(sum,w3,w1,cin);
or(cout,w2,w3);

endmodule

module HalfAdder(output sum,cout,input a,b);

always_comb
{cout,sum} = a+b;

endmodule
o 1 A{<Aq e aways_comb —  #A° Verilog ® -~ mai # 0 <
always @(a,b)
{cout,sum} = a+b;

<043 A° SystemVerilog- | ¥fic vof wsn' @4 A %N g0
1.3.3 program
program| v @ z fi wd A < -= 1A 3A° ¢ @ i - Al | N33
+9° modules o wafi @24 fi @ = | 3Y+° <2 module< —¢D 2 A

A % ga°3VvsoKidwoefi se-8 Jshofi-otfi 4L A L
4°

programK. ¢ <&  # A -] @vr 2 @-Sexitd A % FA°- vt
o @« $finishdt A L 5 A% $exit— % #A°

program| v @) z fi ##Z Nef| 8 DUT< 9 wd | 4 =3 A0 8 w. P~

L %s programs DUT—wD J — | ~od3A° - L A

{4 & t+4 ~ & SystemVerilog- | interfaced modport— %N 3 A ®

modules — L %o | & program— % reactive regio® 4] #A° L® ¢ @ mm

fi— op <4 =V ~ program—. ©°Pf - % -3 A° [ =8 program—. O©OF « %
A |8 ¢ @eafi # =V % =V ~Ned 3 A° 14~ |8 race free

0 L A % 34

modules o q ® program# | alwaysk. - > o & A{ | 3 Y9 intial k. ° 2

o & ~=v o, -3 A %@ program- 344 =-— intalk. c > © % A

Jgeb "0 T i  eg3bh°L— o %Ne|| & UYM —Re»d>o0d A

Y L I

program| v ®J z fi ## Nof 8 0D AN ek ¥ 14 —% £A0° —

# | interfacel ez ™3 A O
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interface simple_if(input bit clk);
logic [1:0] request , grant ;

éﬁdinterface
program test(simple_if sif);
initial begin
@ (posedge sif.clk) sif.request <= 1;
repeat (2) @( sif.clk);
end

éﬁdprogram

module top;
bit clk;

simple_if sif(clk);
test TEST(.*);
dut DUT(.*);

initial
forever #10 clk = ~clk;

endmodule

1.3.4 interface

interface | w> J  —  #3 - | e - & == - LY # Nef <
A % 3b8° -8 o £|oos L A - ke J oi &
5 % 3093V interfaced A - Lo i - a4 L 540
4 r® bus_request | ® master © D> i # | input# N —~ <=8 slae: © Ji %
| outputs == LA{ % A9 — | modport- |} td34ce
interface- | - 0 L 5 % 34°
m=fi 2D 0 VO ®@N WD |
modports
a2 i
initialk . > > ©"
alwaysk. o 2> ©"
finalk. o 2 @'
e. PefianK. B
1
~ 8 class< A s interface  Lweafi 240 % % A ¥% 30 L — | virtual
interfaces == |fq = ™3 A° 1 —  ~ |Iq ¢ signal z i % | transactioi z i + -
% r~odg0° [=8 | - ™ LA % A % 14
re — $Z] =3 A° - | 8 — Y8 A-” < ( L

c::IAg
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- o & <3A° N rF8e-. eefianK. e-— 4 modport— &
7 % 3A°/ — &intalk. ° > © ~ — L 5 % 30°.
4 k= ~ == 8 modules o= ™3 A0
interface simple_bus (input logic clk );
wir e req, gnt;
wire [7:0] addr, data;
clocking shb @(posedge clk);
input gnt;
output req, addr;
inout data;
property p1,;
req ##[1:3] gnt; endproperty
endclocking
modport DUT ( input clk, req, addr, output gnt, inout data );
modport STB ( clocking sb);
modport TB (input gnt, output req, addr, inout data );
endinterface
interface— | modules 2 =™3 A9 4 8 — - o= wafi ®@2fi @ v @
z fi Wr =3 A°
module top;
logic ck =0;
simple_bus  SBUS(clIKk);
test TEST(.*);
dut DUT(.*);
endmodule
1.3.5 checker
checker| @2 "fis Js/ —- el fiadaisHfian] —«fi@' s zA0
checkert -=8.pd° "fi— % A £ A % 4
- o & ogpa0 oz asbecr' finpr~ L o= ™3 A9 =8 g
< br | ¥%Ne ® - lroafko™ - o=™3 A9 -8 =V 4 -
ETM-|;©*31.— «= ™3 A9
checker check(event clk, output logic outl, out2, out3);
rand bit a, b, c;
m: ass ume property (@clk $onehot0({a, b}));
assign outl = a;
assign out2 = b;
assign out3 = c;
endchecker : check
checkerdt A | & checker—wmfi ®=fi ® {3 A9 14| interfacet A <
FA° 4 8 — r o= mmfi @i ol =|=|A9
9
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module test;
logic a,b,c;
bit clock;

check C1(posedge clock,a,b,c);
initial
repeat (10) #10 clock = ~clock;

always @(a,b,c)
$displ  ay("@%0t: a=%b b=%b c=%b", $time,a,b,c);

endmodule
v ®) 7 fi ## clock—mmz fi J % | 4 < checkercheck % <3 A°/ =3 a® be
dscr | % ™ -~ % 1d3A0°%eszfin¥ < o= ™| —| checker
#FA°
1.3.6 package
module® interfacé progrant 4 checker|. 2> o i o AL =30/ 4 |- #
N I e TR PR s
8 package| L A —  #A9 package # v & —fieafian
Ko pe # A % A
| cRE*D @— #AO | 862 AN o wak — 8 o @« 8 hOfi wo ' fi
— 9 — AL e A°
‘ifndef PACKAGESWH
“define PACKAGESWH

package Package;
parameter OPERAND_WIDTH = 4;
parameter OPERATOR_WIDTH = 3;

typedef enum logic [OPERATOR_WIDTH - 1:0]
{ ADD=3'b001, SUB=3'b010, XOR=3'b100 } op code_e;
endpackage
“endif
Re > o# td =™ ¢ AN o wmk ® sosed &£ A ~|® ecdkn
oQ@ 2o 1 4 ~otd rodgy#e

“include "  Packages.pkg "

module test;
Package::opcode_e op;
initial begin
op = Package::ADD;

end
endmodule
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4°

“include "  Packages.pkg

module test;
import Package::*;
opcode_e op;
initial begin
op= ADD;
end
endmodule

packagel o A{ ~|®UM-—sD>enedsd o L Lopo

SystemVerilog % 14 =™3A¢°
1.3.7 primitive

22" zi— & Ay # A ° SystemVerilogt ~— —
~ | & primitive & <A | ™< 4 [kdq4c0 - o
# | primitve— & o3 A
/I mux2
primitive mux2 (mux, control, dataA, dataB);
output mux;
input control, dataA, dataB;

table
I/ control dataA dataB mux
010:1;
011:1;
01x:1;
000:0;
001:0;
00x:0;
101:1;
111:1;
1x1:1;
100:0;
110:0;
1x0:0;
x00:0;
x11:1;
endtable
endprimitive
| 2 — multiplexerd s=E™3 A9 2 A ~89d5— &
A ° SystemVerilog- = AL o= ™g y o

E

1.3.8 configuration
configuration| ¢ @ mafi N « fih = =™ 2o "fid A —  #A %R
A reqae
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14 e23z e ©nN« <o 'fi Garbage Colletion

SystemVerilogt | ro: 24 4 =] % 3A8° - e—wfi @afi @L A
4 bmmAF PNt - L 4 =4 % #A° Javas ~ & SystemVerilogt |
o:"'d2— % - ogdgaceom|o:"'on'der {0t - &
A I Nefq 3o

- 4 =kd{vo:'o]s % eo000f[V — 0 - 14340

- R L TP
automatic & = ro: ' od 4 =v s/ — L vVe«dxk%n A
<o0:"2| EE rod3A°.-' @ |8 =—0fiPd% automatc L =
- % td=™g3A° [=s.' e —oses task J functon # o
<o =1 £-=lo:"5 %o A [ Nfq3Fe @ -
static 4 A4 < automatic | t93 A° statico ofi P> 0= "' 24 =V 8
/ —ofiPd>-nuld A< 4 =vo:'2Ld A <od 3 A° module# | s
=—ofi P> % staticg Nef| - td=™3A0

— - T™=8 test - 14 =™ -' entfii packet| smtczA® [ =80 —

2 packer 4 = [ vo:"' | td3 s+

class packet _t;

...

endclass

module test;

packet_t packet;

initial begin
packet = new; a n
end

endmodule
packer 4 =Bves 3% af |0 — L oidrodqz4s
packet = null;

s .' @—ofi P> | automaticENe| ¢ % < o0d3A° — —ae- check(
# t 4 =™ header 4 = |dvo-:"'0> - td34a°

class header _t;
...
endclass

class packet _t;
...
task check();
header_t header = new;
...
endtask
endclass
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- entfiyi header|. Dol td=™] & o @- checkhp A < header|
= 4 = Hve- o] ] rodqac
1.5 Reed o®
£ 9 t 4 =™ oRE*D0O% =3 A% #|/ 4 F- £
=3 A9 4 8 UVM | o SystemVerlog Re*2 @zA% £ — -]
A [5] ¢
1.6 g ™|-fiacce
SystemVerilog —- fi e - @k A4 s - & A ~e5A4c0 # Ne
'” 1/8|If‘3 oo fi ae e ol A-” 4L T:I.:,\/9ofia49_g_ ,_:TME|8
dL o= 1 ™9
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2 4D a0 2 ek

21 ¢D AN dmmk<¢DdDaANo0oKOVe!

¢D AN dmmk | —  ENH 8/ - -~ A L q434° 4 peint| 32¢
Bl — %  # -214748368% |- 2147483647 # — # td e 0 %
td=™3A° 6D AN 2wk~ | 8 SystemVerilogg E EfdVedan ks D@
% A eD> AN dwmk BN 30° 1 — #| < o= —¢D AN dmmkd M3 A0
¢ AN Ak 1L ~=¢danoKove, L -3 A°eda4ANoKOVe | 4

t = 3 A°edANoKOVe) |8 8 40 3N Ymmk & 8 % { =
HA ~odqas

2-1
logic [31: 0] addr,;
int delay;
string q[sl;
real map(string];
shortint fixed[10][20];
byte dynamicf[];
addr | 32f e J — logic < = t 4 =™3A° addr | 6 «2A° addr - o=
a d r8 +1-1*1/1&1|1A & A-” 3/8 ﬁAg
delay | 32f eJ — £A° <8 twoskatezA® Ledelay | x2 |&8z— &
1 33+
| string —¢2ad =" DA D A | 0562 ™
A °
map | —«od = A —¢D | FA° L — 0 wmit
associative array 4 3 A °
fixed | — %t d =7 amFAO L 28 [10] | [0:9] — £A°
dynamiC |B—ﬂ|‘E-Q'"—$A9'"—— 781L L c'=|A9'"--—
L - =| = 3 FANRS,
E
2.2 Logic
Logic | =— 0,1x,z &£ L {eoan-emkzae 0] — L 540
-8 1] — & 1 3A9 x| unknownd -3 A° | highimpedance: o3
A LA - M3 A9 # | doni care conditions -= =g A
x 4 z|toreve | g3 YF%® shi »pve - L aAq - t 45
FANRSS

SystemVerilog¢ | & Verilog # t 4] reg 4+ S8 logic 4 -3 A°reg| 2

»v: — oead 13y = ea™ % Lkl =™3 A° logic | netd
A w # Nod| o zL A % 340° <2net < ods logic
) P2 = 5 5o =V 8 «fiRmai N4 2% 1437
14

Copyright © 20182019Artgraphics. All rights reserved.



SystemVerilog

As 14| @ logic | ) wmP D~ o= resolution—0 o sk d [ =M™ g A
net — ~ | & wired ord wired ancs ™e resolution—© © & zF Y% [ = ™3 A
2.3 < Singular and aggregate types
¢ AN 2 -k | singular < aggregate ~ tdg00 | 4
~— g EEWE | @' < w' strucures 4+ - - — %
talgac
Integral types byte, shortint int, longint, integer logic, bit, reg time | L Vord
#A0A°9 Ve sting L L Votrd FA° o8 pd = o Loaafie
pe@l A % A% [ =87 wm - 4] ® < A % ™z
A °
2-2
logic [31: 0] addr , addr_array[20] ;
addr | singular# A ° o |Fe addr =0; — - addr # - A %
Yol A e addrfl] & | & addr[3:0] — -~ A %% %y A % 8 a7 wm# | No
13z /dlfleNn0oqzel —pesd A —r-.ve £ -=™qac
¢ addr_array | £A° addr_aray=0; — 0o Laq | 3 YF9
[18 addr_array [0] & addr_array[expr] — r o= =3 A°
- - td4 =™ [810] — o | SystemVerilogz | packed dimensios 1
A9/ 4|8y e L A — % ByYFo 14~ <=8 CiCHz ™e
i SystemVerilogz | unpacked dimensios 1 5 A ¢ addr_array —[20]| unpacked
dimensiorg A °
E
24 E£p) S Nets and variables
¢danNoKoeves | net < variable - 14349 nnet |8 =0 P
>r |4 e % 1d34° 18 onosl =—)' aPd— % A< net
—oKovey, — L o3 A° ¢ variable | 4 = % 14 -1
% 143480 [=8:0 2i — dedanh.d-| net & =8 behavior
— | variable &£ <5 A°
2-3

wire a, b, my_or;
assign my_or =a| b;

L1z as deb| net 2A%as | eb— 4 %% A< myo - o™ %
ralgac = | 1 =34 - - % a1 L ga4°

wire  a, b, my_or;
logic  tmp;

assign my_or = tmp;
always @(a,b)
tmp=a|b;
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L — # % -8 variable & A - |8 4 a L - A
%Ne| 3 A ¢

E

25 net

net | logic < - 4=— & | 5A°ng -~ | 8 wired tri®¢ tri0® suppy® wanck

trianc® trild supply® wors triors trireg® uwire ¥s N9=| 3A°

uwire | unresolved wire | unidriver wired: -3 A9 LS — ' mPOL = %
o ™ wiredt o3 A9
net | Verilog< 0 L s o ™ a—% 4L -3 A°
2.6 Two-state
SystemVerilog- | & bit® byte? shorting int® longint — two-state ¥%Ned 5 A° 1 4 || & x®
ez — 4L aAq | 3 YFe 8 0% td308°2 o%lvpom™ s
ek T e T % tdg0°93vVe - L 5 % s34
two -state
bit 1y eo— # 08 |es1d  A]s 0 =FEANO
byte 8f s # CIC++— char - Ao %— 8f © )
FAS
shortint 16¢ 4 — Yo— A =3 A° C/C++— short ~
<:>=| A 9
int 32f e — ¥%p— & =3 A°
longint 64f e — ¥— A =3 A ° C/C++— long long ~
=3 A°
o0 -] e unsignedit =3 A° 4 p® byte unsigned 0 -— 8f ¢
J - o043 A9 SystemVerilogt | 8 C/IC++< o4 ¢ unsigneds — =r o3 A
24
bit reset;
bit [31:0] data;
byte barray[128];
reset | fesg#geo0 |8 — & {340
data | 32f eJ — 0= £ d#A° <8 data0] & data[3:2] — A
Vs 3A°
barray | 8¢ e —+7 wm# A9 | | #8 barray[128] | barray[0:127] < 0
L L34
E
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2-5
bit clk;
always
#10 clk = ~clk;
ck | two-state #Ne| & 0% tdqae [=s - LA | Ne
{3342 ¢~ clogc L A< % rod3Ac ekt o0 "

0- %3™= clk —wmz fi ;' negedgeck % 14 - o= ™9

logic clk;
initial begin
clk =0;
forever #10 clk = ~clk;
end
0r2%™= ck —wmz fisdt 1 ~]8 — ~og54°
logic clk=0;
initial begin
forever #10 clk = ~clk;
end
E
2.7 Four-state
net -~ 4= — O o wmk ¥%Ne| g A0
4-state
logic 4 4L = 17e,— 2 0818xs |8 zd =3 A°
O «FA°
reg logics 9 L LgAce
regt L os™ -~ ogic % td3g Ve
inte ger 4 4L =327 e — %  #ANO
time 4 & =64y e — 0 e— A -3 A°
integer — %# A ° T integer| int<s 9 %A < A< ™z -Fes
SystemVerilog- | two-state — intd longint%Ne| ¢ integerd timed A | 4 Ne
{433%+° — - logic & -3 A°
interface simple_if(input bit clk);
logic  grant,
request,
reset;

endinterface

fourstate — & A & % two-statez Nef % %L A % = 309/
- 0 8o @vr nhOfi«o " fi $isunknown¥s - %3 A°
17
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logic [7:0] request;
|f( $isunknown(request) )
$display("4 - state value detected on request=% b",request);

2.8 real® shortreal< realtime

SystemVerilog- | © < = reaP shortreat - 8 realtime¥%Ne{ 3 A ¢ real | C/IC++—
double~ <3 A ° shortreal| C/C++ float - <3 A ° realtime| real< FAC |
b= & lsrea = dqac w4 =B 0 4 =K
Mre LY % tfqas 4

real T

int num;

r=0.5;

num =r;

- ™=28 num| 1-r043A°

2.9 void
SystemVerilog- | void %Nef3A° < o=8 4L o ™functiond A{ -~ =1
A 9

2-6

function void check();

...

endfunction

Lt o ™ functiond task— -~ A % 5 A° SystemVerilog/Verilogt | & function
Yo | taskd 4 AL < | 3 Y +9 taskd void functions == A ~ |4/ - &

A % gb°

E
2.10 Chandle
I1— | & < o= DPIZ tdlgAe

2-7

chandle variable_handle;
E
2.11 Class
Classl ¢ D 2N o muk # A9 £ =2 =3 A°
2.12 String ¢ D 2N 2 wmk
L— | &8y ey byte %t ¢4 % A° C/C++— charr -3 A ° const
char¢ | N 3 Y$9 CIC+s o8 — g4 -0t V0 & 43340

18
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— td NsA{<estring — |2 wafier-@®@0%NIL A %
FA° wafi ¢ 2« @ 0| - 4 L8 N1 e AL
-0 ™string — | & ¢ 0— # S EWN
2-8
string default_language = fiSystemVerilog 0;
string current_project_language = default_language;
default_ language[0] | S& <3A° 1 1#280SystemVer|idtriogo-' v' i
< rds3d°c v — — ~8sting — L 9 - # A % g4
sting —" ¢ ' i | sting ot # o integral® J AN Y=k - L A{ % A0
shortint name = AABO;
name- | AB¥% 14 34° namelt — # A < 16706< ~= T
R
«V = C++< o4 sting | constchart# | o0 ™M—# 8 LA % 3a40°
string city = Aty oo
city[0] = AToO;
city — | Tokyor 0od 5 A0
E
sting — - | - 0 L A % FAa° -~ - oQ” 2 A
| - nod DAEA?
strl == str2 = — % <14 lradgae <oo0™ ~| O
s 1954
strl 1= str2 strl ==str2 — FAO
Strl < str2 = — AL Y5 # =8 mT% r L s
strl <= str2 — - | odL -3 0°
strl > str2
strl >= str2
{str1,str2, é ,strn} 4 =3 A°
{multiplier{ str}} 4 = {1 =3A°
strlindex] index # =V byte L ~3A°index | 0%l
N-1— #0149 rodgyFe 1128 N| - &
4:»:‘ A 9
str.method( € ) string -~ t 4 = ™ method & =3 A°

19
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2-9
string S,
system_verilog = "SystemVerilog",
is ="is",
great = "great",
na="na"
s = {system_verilog," " is," ",great,"!"} ;
$display('s=%s",s);
s= {"ba".2{na}} ;
$display('s=%s",s);
as - o % Haac
s=SystemVerilog is great!
s=banana
E
string t 4 = ™ method- | — o function¥%Nef 3 A ©

method

function int len();

str.len() | str — 1 o5 A0 —
1| 0£A¢®

function void putc(int i, byte c);

str.putc(i,c) | strfi]=c N

function byte getc(int i);

<
x=str.getc(i) | x=strlij < 9 £A?®

function string toupper(); str.toupper() | - =V L <340
- | 134

function string tolower(); str.tolower() | - -V R
si— | s34

function int compare(string s);

str.compare(s) | C/C++— strcmp(str,s) < 0 #A 9

function int icompare(string s);

str.icompare(s) | C/C++— stricmp(str,c) < 0 #
FANR)

function string substr(int i, int j);

str.substr(ij) | mafi ¢ &« ® i Vo[- j5 2 —
AL o3 A9

function integer atoi();
function integer atohex();
function integer atooct();

str.atoi() | AL o= ™| % A 10
d w3 A° 4 [°ostr %AE236% Ned ®
stratoi() | 1234 <3 A

function integer atobin(); atohex()| 16 8 atooct()| 8 & atobin() | 2
FA°
function real atoreal(); stratoreal() | str % A L o3A9 4

r® str % (3.140 # Ned| - stratoreal() | 3.144
4:»:‘ A 9

function void itoa(integer i);
function void hextoa(integer i);
function void octtoa(integer i);
function vo id bintoa(integer i);
function void realtoa(real r);

integer i 4 - o= str - N
— function L £A°

20
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:||—8

string S;

s ={"ba",2{"na"} };
$display("%os", s.toupper() );

| e BANANALK " i) =34° —0ser— L - <qA0

string S;

s ="It's raining.";

for(inti=0;i< slen() ;i++) begin
Swrite("%c",  s.getc(i)  );
end
$Sdisplay();
for-loop ~ |4 @ s— Ye | M= 4 oe=k'fis e=™3A91 3k~

| s.len(e td34a°
2.13 Event¢ D 2N 2 mmk

Evento K @ v« J | - o= ™ —k. to— L { -~ 0 Ak -
30°Kk. ¥ @ eentoKove 4 =8 waz fiJ % A3 L -~ d340°
/ — 8/ —k. ¢ ®| inactver 04 3A° —=cvaKok. ¥ ®| eventoK ove
~= trigger 0" > A4-> dLigr e | ~Ne|k. ¥®@ =3A°0
2-10
class X;
event ev;
task check;
$display("@%0t: waiting for ev to occur." ,$time);
@ey
$display("@%0t: ev released.”, $time);
endtask
endclass
module test;
X X;
initial begin
X = new;
x.check();
$display("@%0t: main completed”,$time);
end
initial begin
#10;
->X.ev ;
end
endmodule
A < - 0 L A0

21
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@0: waiting for ev to occur.
@D: ev released.

@10: main completed
#- | Simulation completed at time 10 ticks

E
@ev| «c on ¥fic wo K£8 =38 ev— 4 o= ™3 y49 [ =8 evr triggerd
1 -t fi =~ %014 { < @ev| td g3 4 s — % 4 v eqnce
initial begin
@ev; a n
end
initial begin
- >ev; a o
end

Losnwo |4 - af @] o ifqac ceown 4L - o4
I

i re @ev| td33+° 1 — o raceconditionst t{ ~ |87 zin¥ficwveK
0 4 =3 A°®
initial begin
wait( ev.triggered() ) ; a o
end
initial begin
->ev, 3 n
end
|- - J||rsos"— - QQTM$Wait| -9 1%|=|A9

2.14 Typedef
- td =™ e AN Ammkd ™= ™MD AN ek A % 349
- 4L w< - A edan ok — 4L A L 54 - | e

C/C++— r typedef % 14 3A¢°

2-11
typedef int unsigne d uint;
uint uvalue;

uvalue| 0 < 32f e <od{34c°
E
3ver— &£ A3 S0 ™6 D AN o mmk AL - A % 34
- oNee =—¢DdaANmmkd A ~|81—- % ~odg0°1-—
& forward typedef < 43 A9 C++ forward declaratior s3 A0
22
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2-12

typedef Producer ;

/I Consumer

class Consumer;

string name;
Producer producer ;

function new(string name);
this.name = name;
endfunction

function void setProducer(Producer p);
producer = p;

endfunction

endclass

/I Producer

class P roducer;
Consumer consumer;
string name;

function new(string name);
this.name = name;
endfunction

function void setConsumer(Consumer c);
consumer = c;

endfunction

endclass

~—.' @ Producers Consumer¥s  r ~= ™3 A9 Consumert  A{ & o
Producer- %1 4 = ™o ™ 8 forward typedets -~ 09 3 A°
E
2.15 Enum
Enume D 2N 2 wak | A 4L =dfi @afisd A Ao 4 -
A % 5 0%: - 1y L 340
C++ enum < =™z A%e o4 LN 349 3 8 enumed N o wk -
integral type logic® bit¢ bytes shortint, int , 4 A % 3A°3vV8 enumed an
o - | o methodss 14 =™3A° Jmk % tdq{<eint % 19340

AL A ®
r 4:>=|
2-13

enum {GREEN, YELLOW, RED} light1, light2;

enum bit[1:0] { READY, READ, WRITE } state, next;
enum { bronze=3, silver, gold } medal;

enum bitf 3:0]{a= 4'h3,b= 4'h7,c} alphabet;

23
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<0 =| 3A°
state & 4 8 next | bit

— enume D AN Y mmk ZA° Dwmsx| 27

SystemVerilog

— enume D 2N 2 wmk #A° GREEN=0 YELLOW=% RED=2

PJ EFAO

READY = 250RBAD=28 WRLTE=28b49Ac°

medal | int — enume D =N o mak # A ° bronze=3 @ silver=4 8 gold=5 < a5 A°
alphabet | 4f eJ — enume D =N mmk 2A° a=40 hBb=40 h&c=40 B< 04 3 A°
L LEs % EANO | enum = wak — 0 - |H e 4 340°
4 @ lightt | int o—#¢8 lightl — | 0sodgAa°e [=8+v3g+vV3 lightl
- | GREENc =3 A0 =@ Ly, — - % ™™g | 13+
medal | int o—%3 | 0sod34° =50 A enum zi % ™ s
- o % 1d=™| ~oad3Aa 3 c1v— & 1] -] — 4 %-
Vs FAO
A - Aq° 4 8 medal=bronze; &£ A
—enum z i — Lo~ A
| L oy £A°
enum {GREEN, YELLOW, RED} light1=GREEN |, light2=RED ;
enum bit[1:0] { READY, READ, WRITE } state=READY , next=READ:

enum { bronze=3, silver, gold }
enum bit[3:0] { a=4'h3, b=4'h7, c}

- -

D o o ek A -3 0%/ eb

t 44 enumd anonymous enurs

medal=bronze ;

alphabet=c ;

W 8 | — -~ S 18 enume

-4 DPi e AN ek gA0

2-14
typedef enum {GREEN, YELLO W, RED} controller_e ;
controller_e lightl1=GREEN,
light2=RED;
¢D N ~mmk controller e 4L gL 44 ~ad3A°
E
enum- | o method¥%s 14 =™3A°
method
function enum first(); —enum' zi 4L =3 A°
function enum last(); —enum' zid —5Ace
function enum next( int unsigned N = 1 ); 4 N —tzid 30 —
! -
zi— | - q58c¢
function enum prev( intunsig ned N=1); 4 N —'tzid g0 —

24
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!ZEI—OS _!Zi'_==|Ag
function int num(); Enum -~ pd=™]'zi & o340
function string name(); — enum ' zi 4 -3 A°
2-15
typedef enum { GREEN=1, YELLOW=3, RED=10 } color_g;
module test;
color_e C;
initial begin
c=c. first ;
fore ver begin
$display("%s=%0d",c. name,c);
iflc==c. last )
break;
c=c. hext ;
end
end
endmodule
—«2) | colore — =—='zid ~kifi, oqA0 - ro0d5
A9
GREEN=1
YELLOW=3
RED=10
E
2.16 Constants
Constants| — ™YoKovel# % -3 Y % ° SystemVerilog- | & parametet
localparami - & specparan¥sNed 5 A° 1 4| || ¢ elaboraton ~ % <3 A°/ 4~
4=8 ~ DA constNe 3 A

SystemVerilog# |  «2» — # A 4 8 100° 40010F oTokyod L1 '
i < J 8 constants e A =V # Fof = ™g A0 8
constant « fi Remi % =V = k= %  <3A°

2-16
parameter left = 100,
right = 200;
parameter mid = (left+right)/2;
parameter real Pl =3.14;

parameter WIDTH =4'h c;
parameter WIDTH32 =12 ;

A - <mmkd A{ % A | # - ™S Mg
A Y8 co 1 s FA°
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WIDTH < WIDTH32~ e= ¢ ™9 9 12% ¢4 =7™3 A% WDTH| 41 e,
WIDTH32| 32f es —R' @2 2424 [1] ° LA -8 & % <340

parameter left = 100,
right = 200;

parameter mid = (left+right)/2;

parameter real Pl=3.14;

parameter WIDTH =4'h c;
parameter WIDTH32 = 12;

module test;
initial begin
$display("left=2%60d right=%0d mid=%0d",left,right,mid) ;
$display('PI=%g",PI);
$display("WIDTH=%b WIDTH32=%b",WIDTH,WIDTH32);
end
endmodule
Ase = o L A0

left=100 right=200 mid=150
PI=3.14
WIDTH=1100 WIDTH32=00000000000000000000000000001100

f=o
(WIDTH == WIDTH32)==1 &bl

<od3 A%

({left, WIDTH} == {left, WIDTH32} )==1 6b0

SO=|=|A9

E

2.17 Casto d” D o

d kA - 3 A°typed(expdy= 3 A9 4
into(2.0*3.1)

shortinté6({8dhFA, 86hCE})

— 0 ™ Zomkd oqActype— F{- L Afsyres L A

| & 401111 9 #A° 5V & type— 4 ~ signed J & unsignedt A % FAc°

:Ir8
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unsi gned o (
signedd(46b1100)
— 0 ™ % 3A° L < o= == 2% A°
2-17
module test;
int tmp;
logic [7:0] regA;
logic signed [7:0] regs;
strin g buffer;
initial begin
tmp = int'(2.0*3.1);
buffer = $sformatf("%h", shortint' ({8'hFA,8'hCE}));
$display("tmp=%0d %s",tmp,buffer.toupper);
$display("%b", 4" (-1));
regA = unsigned' (-4);
regS = signed' (4'b1100);
$display("regA=%b r egS=%0d",regA,regS);
end
endmodule
VAL A < - 0 L 340
tmp=6 FACE
1111

regA=11111100 regS= -4

E

2.18 $casth mmsIF B o
$caste @v - N o @~ | - 2 -k L e —  #A°9 functiong -=

T

tasks == 1  — Y%Nef 5 A ©

tasks == 4 v 8 % fail =V | -4 d2nNoe¥d 0%

functions == 4 v 8 % Ad p1d <8 fal-v -~ | 0
—<d2noe¥do| F3yF° - 0 £A°

function int $cast( singular dest_var, singular source_exp );

task $cast( singular dest_var, singular source_exp );

27
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2-18
typedef enum { Sunday, Monday , Tuesday, Wednesday, Thursday,
Friday, Saturday } week_e;
module test;
week e today,day;
initial begin
today = Sunday;
$cast(day,today+2) :
$display("today is %s and the day after tomorrow is %s.",
today.name, day.name);
end
endmodule
L4 aA<s — o 4 329 today +2| enum < td o ™—gs
~ enum - d o=z A0 | — ro0dq3A°

today is Sunday and the day after tomorrow is Tuesday.

E
2.19 0

2191 T el —

Vedog# | vt = —yeswmx | zendre/— % - idqac
r8

parameter WIDTH = 32;
logic[WIDTH -1: 0] vbxs 0

- sv | =—f el ¥%xr td3a° =8 =—yesdi-a] | 3y F°
v = 3206ff _ff_ff_ff
2 =—f ey A % 3 0%8 WIDTH% 64 o < ~0o00dgAn°
Le | — | scalablet | Nef 5 4 [2] ¢ v=~0; L  #£A3%80| 32 eJ £Nef 8

— %N sgAv
SystemVerilog| + — & A{ ~rs6G6BoR 6z L o3 eveid k-l
!i| 28 1 | — 1 # td g4

T e !
50 =—p b ~ 04 =3 A°
01 =—f ¢ ~ 14 -3 A°
6% |®oxX =—f e - x3 =3 A
62 |80z =—f e -z =3 A0
28
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parameter WIDTH = 32;
madule test;
logic WIDTH - 1:0] val;

initial begin
val = 0; /l all O's
print("val",val);

val = 'bx; /I all X's
print("val",val);

val = 'bz; /lall z's
print("val”,val);

val= 0 /l all O's
print("val",val);

val= 1 /[ alll's
print("val”,val);

val= [z /lall z's
print("val",val);

val= X ; /I all X's
print("val”,val);
end
function void print(string msg,logic [WIDTH -1:.01v);
$display("%s=%b",msg,v);
endfunction
endmodule

| - rodsac

val=000000000000000000000 00000000000
VAI=XXXXXXXXXXKXXXXXXXXKKKKXXXXXKKXX
val=zz777777777777777777777777777777
val=00000000000000000000000000000000
val=11111111111111111111111111111111
val=zzz77777777777777777777777777777
VaI=XXXXXXXXXXXXXXX XXX XXX XXX XX XX XXX

E

2192 wafi ¢ B¢ ®
Ly ey # V™  %Nd 3A° L —
|1 el LA %Ned 3 A ©

- L
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2-20
module test;
int stat e =1 31:0, 3:0, default:1 h
logic [15:0] value = '{ 15:1, 14:0, 0:1, default: 'bz h
initial begin
$display("state=%b",state);
$display("va | ue=%b",value);
end
endmodule

state=01111111111111111111111111110111
val ue=10zzzzzzzzzzzzz1

E
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3 ofiPd># t 4] ¢>2n =k Aggregate data types

—ofiPd %l t 4| { SystemVeriloge d = N = wmk 4 o3 A0 1 — # |8
—¢D AN dmmk® JBo0se)r =3 A°

structure

union

array

array methods

- elofiPrdz tA ] 40 AN -k EA WS/ 2 L A %o 0
—¢ — % A ~ o340

31 e ' ew' Structures

Structure| =%—0fiPd2d =—=idk< oz EVedan dmmkzA® ofi PD |
o edan-lemkd = % A9 0fiPdL - s |8 A % 5
Ao ~i DKk < o= A-” L 3A°

Strucure~ | packedstrucures unpacked struore¥Ne{ 5 A ° unpacked struare¥% default# @
unpacked: %3 A ° packed structrez | o fi P2 % vo:'dr td A0
[ =8 structure & =— <o A % 3A°/ — {8 packed structure-
ofi P> | integral type# o 1 4 rodq 3 Y42 unpacked structure  ~ | ® o fi PO %
corlae 41 | neq3Ee

31
struct{b it[7:0]r, g, b;} pixel;
typedef struct { bit [7:0] r, g, b; } pixel_s;
typedef struct { string name; int price; } food_s;
module test;
pixel_s pX;
food_s fd;
initial begin
pixel.r = 0;
pixel.g = 255;
pixel.b = 255;
px.r = 255;
px.g = 100;
px.b = 64;
$display("pixel=(%0d,%0d,%0d) px=(%0d,%0d,%0d)",
pixel.r,pixel.g,pixel.b,px.r,px.g,px.b);
fd.name = "bread";
fd.price = 250;
$display("food=(%s,%0d)",fd.name,fd.price);
end
endmodule
pixel | anonymous structuré o= ™3 A0 8 pixel_s 4 food_s | 2 AN ° wm
k< o= td=™m34° N r~eofiPod A S EREE o3 A0
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Ofi P — 4D 24N 4 mmkdL r A % 3A°pxells — — ~edaAn-A
Kk % 0 # Nef -leofiPy Lofive 1 % 34

ofiPd | | d4335F° MNe e’ <« L AoKovess s,y pyd ™
ofiP> L cordrodqite
E
3.1.1 Packede®s ' ¢ 1" packed structures
packed structure- -~ | ® <-= e % | = 0 % 340° L A—
2 Yo M M3 A9
3-2
struct  packed signed {
int a;
shortint b;
byte c;
bit [7:0] d;

} packi;

program automatic test;

initial begin
$display("$bits(pa ck 1)=%0d",$bits(pack1l));
packl.b= -1;
pack1[15:8] = 8'hab; /l access to ¢

packl[62] =1,
$display("pack1=%h p ack 1[15:8]=%h", packl , pack1[15:8] );
end

endprogram

A < - 0 L A0

$hits(pa ck 1)=64
pack1=40000000ffffab00 p ack 1[15:8]=ab

packl % 64f 6 —0 K ©Ve ) < = tq=™] % %{3A°packl Lf eJsn e
'm0z A % | L %d3A° =—0fiP2% Vo:'0D - t
ERN A | e —ofiPo>%f es— ~ A 24
63 16 8 0

a 32§ e b 16§ e . c 8f ¢l d 8/ e
E
312 e ' ew' - —
ofiPod - A % | |F%# A% <=l Lad %
340 4L A ~ | & structure literab {.. }4 -3 A0
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3-3

const int START = 100;
typedef struct {

int addr = 1 + START;

int crc;

byte data [4] = {4{1}};
} packet;

program automatic test;
packet pkt;

initial begin
print(pkt);

pkt='1,2,13,4,5,6}} ;
print(pkt);
end

function void print(packet p);
$display("addr=%0d crc=%0d data={%0d,%0d,%0d,%0d}",
p.addr, p.crc,
p.data[0], p.data[1], p.data[2],p.data[3] );

endfunction
endprogram
L afse - o 4 Bfqa
addr=101 crc=0 data={1,1,1, 1}
addr=1 crc=2 data={3,4,5,6}
E
32 ° pofi unions
Union| =—oKoev-sd o # A % e =N ek A9 structures
< ~ 8 packed union—  ¥%Nof 3 A ° structuress — ™| 8 ofi P> % 0 LA
1 N qac
L A % #Ne| 8 ofiPd>—edaAnN-mk | adg4° 80z ' D
- L = - 43 A %8 |—| —0DdPDZ¢rJ) ¥ Y™ Me
d [ =g A0 0 L Vo ™—2 Ne| 8 union | L 1 =% 4N * wm
k— =#Nef s a13A4°¢°
33

Copyright © 20182019Artgraphics. All rights reserved.



34

SystemVerilog

typedef union {
int ivalue;
shortreal fvalue;
string svalue;
} value_u;

module test;
value_u val;
initial begin
val.ivalue = 100;
$display("val.ivalue=%0d",val.ivalue);

val.fvalue = 3.14;

$display("val.fval ue=%g",val.fvalue);

val.svalue = "IEEE";
$display("val.svalue=%s",val.svalue);
end

endmodule

E

Packed 5 o fi
~oK oV < e= A % A
of v A voidrodqste

3.2.1

Packed structures
-|le =—o0fiPd%

packed unions

35

=8 packed unions-

typedef union packed {
shortint
bit[1:0][7:0]
bit [15:0]

} slice_u;

short_value;
byte value;
bit_value;

module test;
slice_u u;

initial begin
u =16'habcd,;
$display("u.short_value=%h",u.short_value);
$display("upper=%h lower=%h",u.byte_value[1],u.byte_value[0]);
$display("u[15: 8]=%h u[7:0]=%h",u[15:8],u[7:0]);
$display("u=%h",u);

end
endmodule
RIS ELEEE I

34
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u.short_value=abcd
upper=ab lower=cd
u[l5: 8]=ab u[7:0]=cd

u=abcd
E
322 4a4e 5% pgofi taggedunions
Tagged Union$ = mek N # VP < L SVedandmkzAae L oV yag 4L
A 2-% o™ s -4 d<odgA0
3-6
typedef union tagged {
real r
string name;
} rvalue_u;
module test;
rvalue_u val;
initial begin

val= taggedr @ 123.456;

val = tagged name $sformatf("%g",val.r);
$display("val.name=%s",val.name);

$display("val.r=%g",va L.r); Il error on tag
end
endmodule
val. name ~ 012. 4560 <V ~8wval r i c= ™| -8 aa—
¥ L[ =™3 A0 A-”S - 0 Vs ||f4||=1A9

val.name=123.456
#- W Inconsistent use of a tagged member: write=name read=r
val.r=0.0

E

3.3 Packed= " =m< unpacked= " == packedand unpacked arrays
SystemVerilog# | ® - A L packed array < — - A
L unpackedarrag 4 3 A° 4 8

bit [1:0][7:0] TwoBytesArray [20];

— ~ ™= [1:0][7: 0] | packed array [20] | unpacked arrag A ° | — — packed
array | £ A Yoo — packed array vectors L 4 g3 A0
3.3.1 Packed= " == packedarrays

Packed array$ vectord - A — # A ° Packed arrays-f ¢ J |
Ce MY % id=maa

35
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37
bit [2:1][7:0] bytes;
bytes | 2P wml — 4L = ™3 A9 bytes[2] < bytes[1] | - . -
4:»:1 A 9
bytes
bytes[2] bytes[1]
(71 1161 [ (5] [ 141 [13] [ (21 [ (1] [ {0] [[7] [ (6] [ 5] [ [4] | [3] [12] [11] [ [0]
L bytes < -= A % g4 —f¢ e 4 bytes[2][7] @ —f ¢
J 4 pytes[1][0] < o= A % 340
bytes[2] | 1 e < o= bytes[l] |4 L — ~Nef 5409
E
3.3.2 Unpacked= " == unpackedarrays
Unpacked arrayb packed arrays o 007 A9 L8 8T % .
- A | Nef 5 3 ° ~= ™ ™ 8 unpackek q 3 A°
3-8
bit [7:0] name[3:0];
name | 4P wml — %t [ =™3 A9 name[0] & name[l] & name[2] & name[3]— ~
A % 8%/ P | oz ™g v 4o
| name[3] | | name[2] | | name[1] | | name[0] |

E

Unpacked array$ O i dt Aot 2 L 95 % 3A° 3¢ — =—

| az4-°
shortint matrix[0:7][0:127];
shortint matrix[8][128];

L& unpacked array- -~ ™=8|[N] | [ON-1]< @ 4 L3 A packed arrays
I

333 =7 mm— operations on arrays

Unpacked arrays & 4 = ~ | & array literalsd {.. }& -3 A° 4 °

real r{3] = o6{ 1.2, 3.4, 5.6 1};

- e3A° 1 — ~ | 8 r0]=1.2 & r1]=34 8 1[2]=56 <093 A° aray
literals# | 4 = replication operators—  LA{ % 3 Ac°

36
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module test;
int a[1:2][1:3] ='{ {0,1,2}, '{3{4}} };

initial begin
$display("a  [2]=(%0d,%0d,%0d)",a[2][1],a[2][2],a[2][3]);
$display("a[1]=(%0d,%0d,%0d)",a[1][1],a[1][2],a[1][3]);
end

endmodule

L s - E gqa

a[2]=(4,4,4)
a[1]=(0,1,2)

E

T e wafi ¢ -t A % gA°

array literals-

3-10
module test;
enum { January=1, February, March, April, May, June, July,
August, September, Octo ber, Novembe r, December } month ;
int days[1:12] =Y 2:28, 4:30, 6:30, 9:30, 11:30, default:31 h
initial begin
foreach(daysJi]) begin
$cast(month ,i);
$display("%s=%0d",month .name,days]i]);
end
end
endmodule
L= | 1 w12 32— — Lk fis e3A°2 %28 o—%#8228 <
= ™3 A9 31 — % ™—#s8 default:31 S = ™3 A9
L A ~& enumd = ™3 A < A ~senum—' zi | 1% 5
[ = ™3 A° $castd cz™| ~L e= ¢t ™9 enumd Y- — LN 5
A° 4 8 associative array® A < - a9 & - A{ - foreach 4
= TM=| A °
ase | - redqac
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January=31
February=28
March=31
April=30
May=31
June=30
July=31
August=31
September=30
October=31
November=30
December=31

E

"

" m—cHOL -~ 5Av

3-11
module test;
string your_food s[5] =
{ "bread", "milk", "rice", "fish", "meat" }
string my_foods|[5];

initial begin
my_foods = your_foods ;
my_foods[0] = "noodle";

print_foods("your foods:",your_foods);
print_foods("my foods:",my_foods);
end

function void print_foods(string msg,string foods|[]);

Swrite(msg);
foreach(foodsJi])
Swrite(" %s",foods]i]);
$display;
endfunction
endmodule
» " umit taskd function- % A L 3 A ° print_foods 4 - o= ™9
B . ([ - 0 L S0
your foods: bread milk ri ce fish meat
my foods: noodle milk rice fish meat
E
334 =" =a—= ¢ ¥ @ indexing and slicing of arrays
" - L 4 A< - 34a° L < £A°
38
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module test;
logic [31:0] v32 = 32'hab_cd_ef 12;
logic [7:0] v8;
initial begin
v8 = v32[15:8] ; /I extract "ef"
$display("v8=8'h%h",v8);
v8 = Vv32[24 +: 8] ; /I extract "ab"
$display("v8=8'n% h",v8);
v8= wv32[23 -:8] ; I extract "cd"
$display("v8=8'h%h",v8);
end
endmodule
v32[24+:8] | s f b 284 |ky e - 8f PJe<™e  #FA9=g4s
86hal ~5A9v3223 -:8] |/ £ 23% k1 e - 8f BEJg<™
e #A°=34°806hcd?® Ads - 4L 340
v8=8'hef
v8=8'hab
v8=8'hcd
E
34 temdF EenNs=s" =m dynamic arrays
SystemVerilogé | = " we— 9t 4 - A % 3A°1— o0=" = dynamic
arrayss 4 3 A ° unpacked arrays —q t 4 2A°newod” D ad  o=."
m £ 4 =0t1drod33F° 4 =4 e — dynamic arays- O mmzi| 0ZA°
L 4 =Mr" it  Adse -] e =3 A ° dynamic array- |
O it S~ =3 A° 4 8
int iarray[];

| dynamic arrayiarray 4 o3 A°iaray L A -~ L 4 = %N 5
A® L — #5827 wa— it | 0ZA
bumAF CeNe” war | —ofi @' <48 Js@ses %NS A0
newﬂcfiex!-cu
size() © s e
delete() © s ¢ »

341 New[]c(fi @' ¢«
dynamic arrag — - newo @” D a4 3D T - AL =| 5-|| ~ 8
4L A % 3A°93V8 —«" wmslkeHd>A{ L 3 A9

39
Copyright © 20182019Artgraphics. All rights reserved.



SystemVerilog

3-13
module test;
shortint sarray[], v10[], copy_s[l,
fixed _s[6]1={1,2,3,4,5 6}
initial begin
sarray =  new[5] ; /1 (0,0,0,0,0 )

print("sarray”,sarray);

vi0= new[5](10) " /1 (10,10,10,10,10)
print("v10" v10);

copy_s= new[fixed _s.size()](fixed _s),; 11(1,2,3,4,5,6)
print("copy_s",copy_s);
end

function void print(string msg,shortint a[]);
Swrite("%s=",msg);
fore ach(ali])
Swrite(" %0d",a[i]);
$display;
endfunction
endmodule

sarray | Owmz%5- 9 = |kd=™3A° | shortint— 0# A °
VIO | * " wml Owmi% 5209 =+ 7 wa | 10% td 3400
fixed_s | O wmii% 6r P Ve wmi A | (1,2,3,4,5,6) A0

copy_s | fixed s L «Hd == ™3 Ao

A < - 0 ~oq3A°

sarray=00000
v10=101010 1010
copy s=123456

E
342 size(o s e »
s e Ft A < o= — ¢JIETM=IA9
function int size();

E| |—8 - =3 A °

byte  barrayl[];

if( barray. size ==0)

barray = new[10];
40
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| - | 8 bmIF P eNe” mar [E[]8 =—2" wm- == A % 3A°
arse b A % 340

byte  q[$];

int week([string];
$display("q.size=%0d",q. size ());
g= Y1,2,3,4,5}
$display("q.size=%0d",q. size ());

week = '{"Sunday":0, "Monday":1 };
$display("week.size=%0d",week. size ());

3.4.3 Delete(p s & )

P — I—A-” S o= — - IJ||ETM=|A9
function void de lete();
L= 1<8 0" o % | 004 508° Fo{<t 7 - — 8 ™|
L ooad [ g3+
314
module test;
int i5[];
initial begin
i5 = new[5];
$display("size of i5=%0d",i5.size());
i5. delete ;
$display("siz e of i5=%0d",i5.size());
end
endmodule
VAL A < - 0 L 340
size of i5=5
size of i5=0
E
35 =" =a— ¢« HD array assignments
- =V —+" == =— & o5 A fixed arraylt dynamic array- « H> A |
% 0% wm— %! B O—bmmdbF PNt w- o=LeHOA{ % A
1128 CHDS | bumdb Pee” wmm & { ==z8+7 e —«HOL e<™
e Z2A° bumOF 2 oNe” war - % 4 == - | ¢ deleteo s e )

Vs - ¢J||\/ |—Q=|:|A9
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3-15
module test;
int a[10:1]='{1,2,3,4,5,6,7,8,9,10};
int b[];
int c[] = new [8];
initial begin
print("a",a); /1 (1,2,3,4,5,6,7,8,9,10)
b=a ;
print("b",b); /1(1,2,3,4 ,5,6,7,8,9,10)
c=48{ -2}}
b=c ;
print("b",b); ne -2, -2, -2,.., -2)
end
function void print(string msg,int ar[]);
Swrite("%s:",msg);
foreach(arli])
Swrite(" %0d",arfi]);
$display;
endfunction
endmodule
* " wmb | dynamic arrayy —# 8 | newoa@™ >z & 4 =/ %Ned 5 A %

l l-ri- | D—i}%; == TM-I s 7 -a]/8|lf Pl HD o= TM=| Ag
b =a;
~Fdeb| as @ L | 540

11 #* " emb—Owmz| 10<0d 3 A%

b=c

~Heem mb%  idqa0 -]

b.delete();

b = new [c.size()](c);

<™eod Do Tfir <™zAO S ==% " wmb—Dmmu| 8s0d375A°
| = rodsqac

a:12345678910
b: 12345678910
b: -2 -2-2-2-2-2-2-2

E
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3-16
module test;
Strlng random[15] - I{ ueu, "b", Ilfll, "C”, ||d|| }'
string ordered[];
initial begin
ordered = { "a", random[2], random[4:5], random[1],
random([3], "gLast" };
Swrite("ordered:");
f oreach(ordered][i])
$write(" %s",ordered[i]);
$display;
end
endmodule
newo " D ad S [~ dynamic arrayordered 4 o= ™3 A9 — rof
3A4°

ordered: ab c d e fglLast

E

3.6 Associatives 7 mm

"

. - il ¢ P e ®3%

A" w0 wmx¥s £ 8 = 8 A‘I

==

TM_”

~ | & dynamic arrayg 0 gA°o/ — & Vo™ | ¢ associative arrayé

A % % oodgaAc

associative array$ @ 2% 4 4= Afedad AvekzAo/ =8 «¢D
1o % o H=ma
associative array
key data

associative arrays- 0" wm< == Al % gA°«¢d<e=| 1 0eDaN
“mk & A{ % 3 A associative arrays | — - om™zA0
data_type array_id [ index_type ];

E| rs
bit state[process];
- - 3 A° bumdF P eNe” was 048 =V £+ wm¥ 09 3A°0

L® % 0— associative arrafp ¢t 4 3A° [ =8newod D> a4z L 4 =
8 | Nef 5 Y49 index_type < == £ % % =Y o3 A0

[index_type]

[ Wildcard index = wmk < 4 8 — Lofi ¢ 2« @< =
= A % 34° <o fourstate — Louafi e . @<
= af | az#e

43
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[string] wfi ¢ 2« ®| StriNg = mmk # A ° Leds o= 145
A % % 14340

[class] - enoKove dafiec. @ oqg0°0KoV. |
C++# ™e Wamfi 2D r A —%2° wafi ¢ £« @< == g
nul L td34a° - | 3 = ™3 A %s A
ok " dar |4 o440 -t oKoves —a )
" @%e«drof=™|< 4= ™g M3 A9

[integer] —wmfi ¢ P« @ 3 A° <8 four state — 2k mfi

[int] ¢ 0. @S o= A | 3 3 Fo0

[shortint]

[byte]

[longint]

3.6.1 Associatives " mm— —

asociatives " we— ¥ 0™ 8 — 4 %% <3 A0
* " = ¥ LHSS o= td =™ - e % - 4 =|d34°
*" wm  %LHSS == tq=TMa™ | | 4 =453+
SystemVerilog— associative arrays |8 ez Ae” wm % en ™ 4
# % t~NefgA0°0
3-17
module test;
int price[string] = '{ default : 100 h
string key;
initial begin
key = "bread";
price[key]++ ; /I 101
$display("%s=%0d" key,price[key]);
price[key] += 20 ; /1121
$display("%s=%0d" key,price[key]);
end
endmodule
price | sting 4« >~ = associtive array# A ° - M= 4L 100~ o= ™3
Ao Loaog Aeda¥% o™ | 1004 ¢ > o4 < o= price - =3
A °
| price.size== # Nof @ pricelkey] | og Y9 ~ |4 & pricelkey]
— % |4 & pricelkey] ==100 < o4 3 A° pricelkey]++ — ~ 8 price[key]
| 101-043A° 34deprice[fibread®i==101

/ — & price[key] += 20 4 price[fibrlelad&nd A

-rod34°
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bread=101
bread=121
g
3.6.2 Associativer " mm—
7 it A - — o method$sNe 3 A ©
method
function int num(); . : J|| = TM_” AL N
function int size();
function void delete( [input index] ); index %t 44 reindex £~ =
4L 309/ — Y e ™ 8
J
T
index % 149V 8" wm— AL =
=73 JANR]
function int exists( input index ); oV index &£ = % A vew ve
-e3b8°  Aqp1d o ot
rod ~5A0
function int first( ref index ); "7 - —« D24 index - % ¢ | =3 A°
T ¥ —  80d ogA9 g™
- | g 14l o3 A°
function int last( ref index ); "7 - —«24d index - ¥ ¢ J =3 A°
T ¥ — 80 aqA9 o™
- | g8 14l o3 A®
function int next( ref index ); 14 Voindex 4 L - %™cd%
Adl rindex - ¥ ) o= 1d& ~5 A0
~o™ 804 -3A9 index - | Ne
135+
function int prev( ref index ); t 4 v oindex |4 = —2% A
i rindex - ¥eJ == 14 ~5A0 -
o™ 804 ~3A9 index - | Ned
13 Fe
3-18
1— | <V word— AL - o= Mg A9 =V 8 =— words
i e=k'fiJs =3A° 2% % Nof| —# 8 0 £ words¥% 4 14 =™3A°¢°
word¥%  1q=™a™ g | - | osod549 14| # word_count =
T mm— clwmk Yo int #Nof YelfEAC [ = —
word_count["river"]++;
AL ~ | word_count] fdriver 0] | 1<ad3A° ~ oriver 0% 44 <
word_count[ firiver 0] | 2<0d 3 A°
45
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module test;
int word_count[string];
string word;
initial begin
word_count["river"]++;
word_count['sea  "[++;
word_count["'mountain"]++;
word_count["sky"]++;
word_count["star"]++;
word_count["river"]++;
$display("the number of words : %0d", word_count.size  );
ift  word_count.first(word) )
do
$display("%s=%0d",word,word_count[word]);
while ( word_count.next(word) );
end
endmodule
LAl A < - L A0
the number of words: 5
mountain=1
river=2
sea=1
sky=1
star=1
E
3.6.3 Associatives " mminl | w ' i associativearray literals
associative arrays T et w6 )AL o3 A0
3-19
module test;
integer work_hours[string] = {"Sunday":0, "Monday":8,
"Tuesday™":10, "Wednesday":10, "Thursday":8,
"Friday":8, "Saturday":0 } ;
string key;
initial begin
if( work_hours.first(key) )
do
$display("%s=%0d" , key,work_hours[key]);
while( work_hours.next(key) );
end
endmodule
Fleedgeda — Lol fi o2 [ = e300 11 # | Lo=m
3 Y+%s defaut L 44 % A A < - 0 L qA0

46
Copyright © 20182019Artgraphics. All rights reserved.



SystemVerilog

Friday=8
Monday=8
Saturday=0
Sunday=0
Thursday=8
Tuesday=10
Wednesday=10

E

37 ©° D queues

Queues| O wmzA9 ¢  — stack§ -8 queuex -= A % 5

A° Queues | 8 =" wm< 0 —fi ¢ &« & | Fr e ? @eq A0 —
| mafi ¢ 2 - ®% 0% A° — —s .t |mfiec.eo$Ld =3 A° |
— - OTM=IA9

int qi[$];

string gs[$:100];
ai | dL -~ = queuet A° gs | sting — L = queuet A° gs — -
| 100~ t 4 = ™3 A ° Associative arrays -8 =V # queuess - 0q
Ao L A <e 0— queue¥s <3 A°newod” > ad A | Ned
PR

3-20

module test;

byte  empty_queue[$];

string foods[$] = { "bread", "milk", "meat", "rice", "noodle" };

int data[$] ={1, 2,3 };
real weight[$:100];

initial begin
$display("empty_queue.size=%0d",empty_queue.size);

$write("foods:");

foreach(foodsi )
Swrite(" %s", foods[i] );
$display;
end
endmodule
U NQ-” foods — r~ 8 queue— AL =| = -” 3 3 A ° foreach dL -” < 8
foods &£  —+7 wm< 9 -~ 44 % %9 3A° queue— O mmid N< A4 <® queue

| ON -1] — ¢ 7 s3 A0

1— 4 A<= - 4 3

empty_queue.size=0
foods: bread milk meat rice noodle

E
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371 o D — gqueue operators
Queues | * 7 mm< L A % 3A0°+" =< o4 | & queueg
#Ne| #A°9¢* D> gr o=gqlab] Le DzAS

glab] | b-atl — L = ozpa° o8

Lea>b #No 8 —«* d2roqd5A°
Lo a==b #Ng 8 veo == L& =" >3radg5Aa°
L-a<0 #No & qgab] | q0b] < a#A®

«*2— #3830 | — queued eg A e 0d A - A %
=IA9 4 r9 —_ - o= TM=|A9

string ql$];

q=1{k

al'resrqqace

3-21

module test;
int data[$] ={1,2,3};

initial begin
print_data();

data={} ;
print_data();
end

function void print_data;
$write("data:");
foreach(datali])

Swrite(" %0d",data[i]);
$display;
$display("data.size=%0d",data.size);

endfunction
endmodule

data| 3— queues = 14 =™3 A% — queue} #' ¥ e 1 d=MgA0
S PR Y

data: 123
data.size=3
data:
data.size=0

lm_—l—— =| E$ —_ N 2/8 $‘:'\/9
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ordered = { "a",
random([3], "gLast" };

random[2], random[4:5], random[1],

SystemVerilog

| — Le=nrLb A % 309 <8¢ Dd-— —¢* 2% —
«* D | - — #A? 4 r8
a={a[0], a$] };
e — < o0#4°
tmp ={q[0], q[$] }
g = tmp;
3-22
module test;
int q¥$]={2, 4,8},
one=1 ;
initial begin
print("q",q); 11{2,4,8}
g= {one, q[0], 3, q[1:%] } ; 11{1,2,3,4,8}
print("q",q);
end
function void print(string msg,int a[$]);
Swrite("%s:",msg);
foreach(ali])
Swrite(" %0d",a[i]);
$display;
endfunction
endmodule
qd [ =qd ~=™3A° A< - & qa4¢
g:248
q:123 48
E
372 o 24 A queue methods
" — - 4= — o methodsit A % A 0sey— - |F4
¢ o |8 @2e-8 |8« dDrodgAc0
o35 P
function int size(); Queue — L 50
function void insert(input integer index, = index r AL AN
input element_t item); % op A ™ s L R R
function void delete( [input integer index] ): index ¥ t 4 v 8 / — index ~ Ne
| L a
49

Copyright © 20182019Artgraphics. All rights reserved.




SystemVerilog

index % ¢4V 8 queue — =—
AL o3 A9
function element_t pop_fr ont(); Queue — — 4L = o3 A°
function element_t pop_back(); Queue — — L == o3 A°
function void push_front(input element_t Queue — - 4 o3 A°
item);
function void push_back(input element_t Queue — - 4 3 A°
item);
3-23
module test;
int ql$]={1,4,6};
initial begin
print("q",q); 11{1,4,6}
g. push_front(0) ;
g. push_back(7) ;
print("a",q); /1{0,1,4,6,7}
g. insert(2,2) ;
print("q",q); 11{0,1,2,4,6,7}
g. delete(0) ;
print("q",q); 11{1,2,4,6,7}
g. delete ;
print("q",q); 114
end
function void print(string msg,int a[$]);
$write("%s:",msg);
foreach(ali])
Swrite(" %0d",a[i]);
$display;
endfunction
endmodule
afs -+ ga¢
g:146
a:01467
g:012467
g:12467
Qg:
E
38 =7 mm array guerying functions
SystemVerilog| = " w— &£ A{ —° ev 4 o3 =V 4 =
° @Yt %Ne| 3 A ®
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$left

$right

$low

$high

$incr ement

$size

$dimensions
$unpacked_dimensions

2= - L qae
39 =7 um array manipulation methods
SystemVerilog| =~ wwlt A - — 0f T i d g=™3 A0
1
reduction
reduction | =" wmdsff =— 4L o Ak “30° 4 8" am — &

SRR
391 =7 mm array locator methods
Array locator method$ queuest 5 = — unpacked arrays A % 38004 -
N A & B # e3 A0 | ' @) < == queue-
tdg00 | - 18 | 4 —wafi ¢ 6-0—"' @ ~0d3540°

4 withd o= o3 A9 4 8

int qi[$];

gi= array.find_index with (item > 3);
- - e300 L — |83 %™ —wmfiee-o—' @/ L queuer <~3A°
LiZsitem |+ wa— &£ A Z (fiRem D% - o3 A0

— methods- | with%  #A°
method
find() LI yva =— & _oas
find_index() L va +—fi¢ t-0-—"' o
;4L =3 A
find_first() L va — L 50
fin d_first_index() L va - —wmfi ¢ ¢« @
4:»:‘ A 9
find_last() L va — L 50
find_last_index() L va - —wmfi ¢ ¢« @
w:‘ A 9
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3-24
module test;
int data[] = '{ 10, 1, 20, 30, 1,50},
al$l;
initial begin
g= data. find with (item >= 30) ;
print("g",q); /1 {30,50}
g = dat a. find_index with (item >= 30) ;
print("q",q); 11{3,5}
g= data. find_last with (item == 1)
print("q",q); 11 {1}
g = data. find_last_index with (item ==1) ;
print("q",q); 11 {4}
g = data. find_first with (item < 0) ;
print("q",q); 1§
end

function void print(string msg,int a[$]);
Swrite("%s:",msg);

Copyright © 20182019Artgraphics. All rights reserved.

foreach(ali])
Swrite(" %0d",a[i]);
$display;
endfunction
endmodule
% =— %o ™  # Ls queuez L v [kod rodagyEe L
a{s - roqgac
q: 30 50
g:35
qg:1
q: 4
qg:
E
— methods- <= | 8 AL A % g0
method
min() L <370
max() L <370
unique() — ™ —T e L g
unique_index() - ™ afier.0—"' @/ L =
34°
52
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3-25
module test;
int data[] ='{1, 2, 3, 1, -3,2,6},
al$l;
initial begin
g=data. min();
print("q",q); n{ -3}
g =data. max();
print("q",q); 11 {6}
g =data. unique ();
print("q",q); 11{1,2,3, - 3,6}
g =data. unique_index ();
print("q",q); 11{0,1,2,4,6}
end

function void print(string msg,int a[$]);

Pwrite("%s: ", msg);
foreach(ali])
Swrite(" %0d",a[i]);
$display;
endfunction
endmodule
- 0 L A0
q: -3
q: 6
123 -36
0:01246
E
392 «" wm — & A array ordering methods
LA = methals | = 7w L 4 a4 L [ =™3A9 0" m - t 4
= % td3A4° <@ associativearrays A4 | 3 Y %0
method
reverse() R - L - = 13 A°9 with
Looaf | g34
sort() 4L - = 43 A° with AL
A % g4
rsort() 4L - = 43A°9 with 4
A % g4
shuffle() L' fibr o ~ = 43 A° with
+ A | 95+
53

Copyright © 20182019Artgraphics. All rights reserved.




SystemVerilog

3-26

module test;
int data[] ='{ 10, 2, 4, 8, 10, 20 };

initial begin

print("data",data); //{10,2,4,8,10,20}
data. reverse ();

print( "data",data); //{20,10,8,4,2,10}
data. sort ();

print("data",data); /1{2,4,8,10,10,20}
data. rsort ();

print("data",data); // {20,10,10,8,4,2}

data. shuffle ();
print("data”,data);
end
function void print(string msg,int a[]);
Pwrite("%s:",msg);

foreach(ali])
Swrite(" %0d",a[i]);
$display;
endfunction
endmodule
vt afs - o 4L q4c¢

data: 1024 8 10 20
data;: 2010842 10
data: 248 10 10 20
data: 20101084 2
data: 101024 20 8

E
393 =" mt A array reduction methods
/= H A T e = W[o=— L % oA # A ° with claused A
1 % A% with| £ { -~ t 4 5 A° integral types- = — unpacked arrays
A % gA4° — o method$sNed 5 A °
method
sum() 7 o — & o3 A with 4
A % A0
product() 7 o — o5 A9 with 4
A % A0
and() " w= —fBJ — AND & &L o5
A ° with L aA{ % 3a4°
or() " wm —f s — OR | & <5
A ° with L aA{ % 3a4°
xor() *" == —f PJ — XOR L o3
A ° with L aA{ % 34°
i%l-” —Q-K|8 S =8 a7 < 634—K$A9
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module test;
int data[]=11,2,3,4,5},
r

initial begin
r=data. sum
$display("r=%0d",r); /I 1+2+3+4+5=15
r=data. sum with (item*2) ;
$display("r=%0d",r); Il 2*%(1+2+3+4+5)=30
r=data. sum with ((item>3)*item) ;
$display("r=%0d"r); /I 4+5=9
end
endmodule
| = rodsqac
r=15
r=30
r=9
r = data.sum;
| - | 0 ™M< ™3 A9 ==15 ~ o | - %y A2 |8 — |=2e
2 -FkeY%
r = data.sum with (item*2);
r==30 ~oadg0°1— — |26 o wm L& o= 4 < ™e £A0°
[=830-0d3A¢°
— sum| #A934 %™ — L L %  #A%s - o= 0

% td=™3A [3] ¢

r = data.sum with ((item>3)*item);

e (tem>3)*item o —% -Fe% <~ 4 & — - o= | ™o ™M—¢ o ke
Ys
r = data.sum with (item> 3);
1 —  8r==2 <oqd3A°item>3 &L vaA | 4<s 5— =#A°=348 item>3
% <o —| Nd 3A°¢ | lo—#8r==2<ad{34°
((item>3)*item) | 34 %o — & ~of =™3 A9 withe. D | 4
N EE S AR P L
E
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— % A - arayreduction methods A4 - | % EANO % o Ll
e = =3 A°
3-28
module test;
bit state[5] =1, 0, O, 1,1}
initial begin
Swrite("state=");
foreach(state[i])
$write("%b" state[i]);
$display;
$display("state.sum=%0d", state.sum );
$display("state.sum=%0d", 3'bO+state.sum  );
end
endmodule

| — rodsgac
state= 10011
state.sum=1
state.sum=3
1+#1+1==3 # Nef - L s kM@ statesum | 1-of = ™3 A [3] ° state.SUM- = mmk |
state— — o mmk bits 0ZA° [ =81f P) —dmmkZA° | — 8 statesuds <o
fem™mgaer— L g ~]eyes LAY %Nef 5 A ° state— | 5
o—#83f eJNd p #£A°/ — 8 3bO+statesum £ o3 <V O
L— = ™=8o b7 Do of s & ™= state.sumk e3 A° 4 8| —
| 32¢ e 2 3 A° [ =8 statesum | 3% <0 [ =T™3A¢° | o
$display() ~ Ned 3 A9 1 — |8 «fi Rumi ~f es & sotd rodg T+%e
state.sum- —f ) L fiRmmi ~ | % 3 3yF° —dfi ) | state.sum-
00 - | < & array reduction methodé A — Slmmk | 8 =" wm < 0 lmmk EA®
Le fes#zA° ~8 Sdisplay() | ® statesum| ¢ e # Nef < o= ™3 A9
8 30b0+st|etddisplaygray e % f e #NfdfisdL 1="m3A0

E
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1
4 o° @ classes

41 o' @—

< @] ¢0 AN dmmk— =#8 4D 3<OKi Dvofi functiong J tasks ¥ | ;
J38°-"' @ | 5 edadk. ROws properties 8 OKi dvos fidos e
methods < 4 3A°-' e | news 41 nosed> %N e fi @' <<
13080 fi@er' ca| <! o—wfi ®=fi® =548 0Kov.y L  —3A°
SystemVerilog- - ' ®— | C++~/ 4 |I4 Java—-' @~ =g A0

4-1

package Pkg;

parameter ADDR_WIDTH = 32;
parameter DATA_WIDTH = 32;

typedef logic]ADDR_WIDTH -1:0] addr_t;
typedef logic|[DATA_WIDTH -1:0] data_t;

class simple_transaction;

static int counter;
local string name;
addr_t addr,;
data_t data;
function new(string name,addr _ta=100,data_t d=0);
this.name = name;
addr = a;
data = d;
counter++;
endfunction

function string get_name();
return name;
endfunction

virtual function void print;
$display("name=%s",name);
$display("addr=%h",addr);
$display("data=%h",data);
endfunction

endclass
endpackage
o' fimeeo T fi % simple_transaction S =e=RPE*D> 0O r tq=m™gA0
-' e | 0ses< =9 news get names & print % td=™300
o fi P2 name | locals == td =™ s.' e— Wl A 3 >F°
''o— Y|k named A{ ~|®nhoOfi-o " fi get name() & sotd rodjy

"

-8 -' @ | statico ofi PDcounter % 14 =™3A9 L —@fiPI | -’ @— mafi

o-fi @ &L ~q3A9staticzN] 81 —-' @ =—wufli ®2fi @ <= = —
counter % 143 A° 43 AN A mmk | into —%8 | 0Osof =™y ! o—
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—fi ®=fi ®L | ~|8new«fi®/' <a4% [ d34° [ =8new# counter
— _‘:'=|Ag

print() | virtual £ = td=™3a0 1 - eulf Ve ez — &
% 4 % 340°

E

42 o' eNoKove, o' @nNmfi @afi ®
-'e|ojano4_k$A9oK©v-J|-!o—_fiomfioiAg-!onm_k£
= = =8 - rOK@V J£ =| E=|A9

simple_transaction tr = new(ATR10) ;

<

_L - e |.|_ =|A9

simple_transaction tr;
tr = new(ATR10) ;

- #L ~okKovesd 4 =4 % 349 SystemVerilogt | L — Lo
Kovesntfiris d3A9o0Kovesd 4 ==m™Ma™pfiyi | i nul
% 4 =349 0 —Lfiri zke ROv=adoserrs -y 0r]ss -]

30 d 8 — o LafsceorrToa% =3 A°
simple_transaction tr;

tr.addr=0
[=8 — -~ A —% £A°
simple_transaction tr;
if(tr == null')

tr=new( ATR10);

43 o' enk. RoOv: Joserf—ncv e

SystemVerilog# | 8 k. RO>v> Josert—= v o |tfivicyes . &
=3 A° C/C++ o -> | 3Y+° 18 — - eq A°
simple_transaction tr ;

tr = new(ATR10) ;

tr.pr int ();

statico 0 fi P> +—+ - ¥ ®| 8 @« 2k nod >

L
=
=
>
B
w
PN
A
>
©
1
-
®

simple_transaction::counter

- A % A

44 «fi @) ° ¢ o

- eV 8 ' @—«fi @' « 2d news |—J|| -” functiong == e3 A0 -8
SystemVerilogé | 4 — o mmk 2 SN~ — -~ “3 A
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function new(...);

éﬁdfunction
-l et A ~efi@t ca— L A{<8 (fiRmm D% - — 0
—«fi @) ' < a4 o3 A9

function new;
endfunction

—-' edzo o= om.' @l A |8 fies! caA— -
superne) o0 14 rod g TFo

4-2
class delayed_simple_transaction extends simple_transaction;
int delay;

function new(string name,addr_t a=100,data_t d=0,int delay=0);
super.new(name,a,d) ;
this.delay = delay;

endfun ction

function void print;
super.print();
$display("delay=%0d",delay);

endfunction
endclass
V' ® simple_transaction 4 == delayed_simple_transaction -

Ped L=mgpae g~ e—dfi@es! ca— - 2 —.' e—«fi @' <
d Lzm™mg Ao gVeE o) pint — L e= ™3 A0
z D ®n -~ ' o simple_transaction —«fi @' < 9 new# | name | —R' o
da<of=™g3A°, — 80K-' o delayed_simple_transaction zLlLdfi @' «
o] Teda s

E

. 1 1

45 QJ-K —dfi ®) e 9 e

new « fi ' < a—<' ON A mmk | — =<' @ Yk - |4 434 4
|_8

simple_transaction tr ;

tr = new(ATR10) ;

- 8 new—- ' ®N = mmk | simple_transaction ZA9new— r~<' ®n®¢dkd

A-” '_”_:i‘ﬁ OJ!'NJ—L :|‘|| E7Z) =|A9 :||_8
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simple_transaction tr 2;

tr2 = delayed_simple_transaction:: new( .name( i T B),.delay(500) );
tr 2 — 9 wak | simple_transaction # A ¥%8 delayed_simple_transaction —dfi ®
s b ead Fzrmgae g — s 2 | ~ | delayed_simple_transaction — i
o-fi ol o= ™3 A° [ =8 tr2.print | delayed_simple_transaction print
L 1 wqp° 1| vitualos ey —  #FAS

46 Statce' enk. RO ve

- er “VofiPd|s < ~=8 automatict A ° |

eq 09 s%lsoseryn 4< s Jlsgse
e P

0" N Y umk —wmfil ®=fi ® =r nofiPod A ~| @ statics ™e
i c3A°Kk. ROwo8 Jd8ose)r o=|— LA % 3A4°
statico fi P 2 | =% o™ ™e  Klks o' eneddkd o= statico fi

Poyt—r-veda] % A°.' o—wfi @=fi 0L | Nef 5 5o

8 o' ONumii ®@2fi ®
— | @26« -

=

4-3

class packet;

static int counter = 0;

logic [31:0] addr, data;
string name;

function new(logic [31:0] a=0,d=0);

addr = a;

data = d;

counter++;

name = $sformatf(" packet_%04d",counter);
endfunction

virtual function void print;
$display("name=%s",name);
$display("addr=%h",addr)
$display("data=%h",data);

endfunction

endclass

module test;
packet p;

initial begin
p =new;
p.print;
$display("the number of instances=%0d", packet::counter );

end
endmodule
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counter | statico —# & packet - ' ®r o= = =% o3 Yf° L8 =-—
packet —wmfi ® 2 fi ®- 0 £2A° 1 — # |8 packet oKove, —o»fi ad<
= — AL [ = TM:1 A°

E

47 Statce'! @no s e b
static- ' ®nk. RO¥vo s rosed Lstaticc A % gA° <8 statico s
) # | 8 staticok. RIYe =% - 2 @A % 3 YF°

4-4
class static _sample;
static int counter = 0;
string name;

functi  on new();
name = $sformatf("sample_%04d",++counter);
endfunction

function void print;
$display("name=%s",name);
endfunction

static  function int getCounter();
return counter;

endfunction
endclass
getCounter | statico ¢ e » < == t 4 =™ A° 1 — function— # | ® statico k. R
dv=28 |sstaticoosedr =% A | 3Y+° 4 @ getCounter — #
named A< «fiRmai N« D<0d7A°
E
4.8 Statico fi P —
Statico fi P> — |8 <! en @eo kL 3 A° 4 °®
static _sample::getCounter()
- ! m - LJ
ce= doqas-tes A=y L oqawe 4 bR

£ Nefqsde a4 g

static _sample sample;
$displ ay(A%0dod, sampl e. et Counter ()
$display(fi%w0do, sample. counter);

- A % 3Ac L # A

| sample %ai ntfiri #2Ne| #4A°

intfirid =o' @e—0fiPdr= <% @A]<s -] e =3 A %8
staticofi P> +—= - ¢ @ 00 — | - 3 A9 =8 gi ki
il s L % 1A - % sstatcofiPd{—=-ve|-' en ek
L A % 3™ a3A° — e
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$di spl ay ( f %s8tid 0_sample:: getCounter() );
$di spl ay ( fs¥bicd 0 sample :: counter);

49 This

Ldg2— # L s= ™3 A9 @se) Z 0 %ofiPd< - A @
—-!' e—o0fiPo i A - 3 A° 18 — & o= g ™9

this— | £A° ths— % ™<s —named A{ ~oqd354°

class sample_t ;
string name;

function new(string name);
this .name = name;
endfunction

endclass

410 £fid i —n" mm

-l eNoKOove, —«" wdt A | 35F+%8 ' @NoKOVe s +— Wi
4] — =" wwdt A FA° 4 8

cla ss sample_t;
string name;

function new(string name);
this.name = name;

endfunction
endclass
module test;
sample_t sample_array[10] ; a n
initial begin
initArray();
end

function void initArray();
foreach(sample_arrayf[i])
sample_arra y[i] = new($sformatf("sample_%0d",i)) ;

endfunction
endmodule
—n | -' ® sample_tF—t fi ) i —s " wmlt = ™3 A9 2" wmil Owmii| 10<
o= ™3 A%S o @t —tfiyi | 1 =gy s Cric 048 ofi @
. - ordlaYEe =T e 4 -~ o0e  %NdsA°hD
fi «o T fi initArray%/ — d o=y A0
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411 ' e—«H>

<l entfirideHoA| % FA° «HdXA{s® =—-tfiri¥% a-' eno
Kovesd A{ rodqa°-" enoKov-s & A ~]odg3Fe

4-5

class sample;
int identifier,
state;

function new(int id,int s);

identifier = id;
state = s;
endfunction

function void print;
$display("identifier=%0d state=%0d",identifier,state);
endfu nction

endclass
module test;
sample sl, s2, s3;
initial begin
sl = new(10,8);
s2=sl ;
...
s3=newsl ;
...
end
endmodule
sl<s2| a-' @enoKov.. o= g A9 8s3| sl of-' enokK
ovesd gA%s0fiPd>— | 8#A°s3 | sl — LeHd o= |35 <v>e
I —«H> |8 & shallow copy# A ® L8 recursive- | « HD 14 3 Y&
E
412 o' e— SDKO!.

—-' el <= Vvo-'ed A % FA° o™ ef| -
e—ofiPdd/ —5 5 A{ % 3 A° SystemVerilogz | Javas -~ —-' @
L extendse= o~™.' @d o5 A0 —-' elzo en-' e baseclass® -
m.! elpK.' @< JgA0

class subclass extends baseclass

é”ndclass
— # <V delayed_simple_transaction | simple_transaction —DK-! ®
zA°0K-'® rzd>en-' o< dofiPdd j5 soKe' ® #£zJ ®n "
e—ofiPd>dL A{~| superz =3 A° 4 [® superprint — -~ =3 A°
zden-' e— =—0fiP)>%0K-' @ 12| Ndg5$°2z0 en-' @z
!

local & =ofiP>|oK-" @ Jds.' @ #|«.veA| % Y+
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ofiPdt—=-ve Laf<e/ —ofiPdt—r-ved ~A{ ~| =-¢

oA — % ~odgac < e=8/ — 4 e—0dPZeEs %K k"D

4—RhODvfi @ sgho/ — L~ m=._ve L A % Ned

4°

4.13 $cast

-' ©®B%-' @ A-0OK-' @#Ne| (8 -' @B—oKov., L. @ A—tfi)ir
{4 =4 % {-| - # %9 A° 0 ~ Nej| -lekfiai -
A % % % - [%#E|Ndg3YFe/ — o sgcast L A %
3A° =V $cask ~ 8 function < task  ¥%Nef 5 A°

function int $cast( singular dest_var, singular source_exp );

tas k $cast( singular dest_var, singular source_exp );

funcon #|tfid)i— %  #Ng p Leo= 1L o5Ac0 - ~|=®o0

L ~3A9task — | ZNg| < D<oqd5A°

4.14 Virtual ® s B »  virtual methods

C++£ ™e virtual functionss 9 £2A°zD0 ®n-' o vitualo s e » vmL A<
1A ve! @e—oKoevesr AJosesr vmL 1 oqpa0 ™ g <8 !

ontfi)i %z) @N-' @—dmmkz Ll tfividmn 14V’ o—wfi @=fi 0l

QETMJI|F8 ¢%|J-!o_vm£ J ~3 A o8 ve! @ Lo ses vm
o id=mordradaser A eqa

4-6

class base_transaction;

virtual function void print;
$display("base_transaction no members.");

endfunction

function void print_class;
$display("base_transaction");

endfunction
endclass
class transact ion extends base_transaction;
rand bit [15:0] addr, data;
function new(bit [15:0] a=0,d=0);
addr = a;
data = d;

endfuncti on

function void print;
$display("transaction has two members: addr=%0d data=%0d",

addr,data);
endfunction
function void print_c lass;
$display(“"transaction");
endfunction
endclass
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- e— | — r~o0f =™3 A9 .' e transaction | zoen-' o
base_transaction — Ak == ™3 A ° base_transaction::print | virtuals =
td=™3A°0K-"' @ | print & == ™3 A %8 virtual — Lo

|NQ=|=|2=|=9VQJZfi1'H| — rQaf =™3 A

module test;

base_transaction base;

transaction tr;

initial begin
base = new;
tr = new(10,50);
base.print; /I base_transaction::print
base.print_class; /I base_transaction::print_class
tr .print; /I transaction::print
tr.print_class; /I transaction::print_class
base =tr ;
base.print ; /I transaction::print
base.print_class ; I/ base_transaction::print_class
end
endmodule
A < - 0 L 340

base_transaction no members.

base_transaction

transaction h as two members: addr=10 data=50
transaction

transaction has two members: addr=10 data=50
base_transaction

E
415 K@) ' esine! @sH = nPOYH' i nosed
- el 'A-|| -4 -t e— AL - ~=  Y%a A° ':IFSDK-!O
|z>en-' o == | 0o— & -3 A%/ — 8zd>en- e— EVi>
i osed— - e % Saf =™3A°
nzd>en-' = sidiwtd A % A°1 - o-' ed:K e

-in-' @< ™3 A OK-' e |iodir o L ogpa°Kes' -
Jn-!9|8 - =3 A°

virtual class abstract ¢ lass;

endclass
Ke,' -un-' e zNo| © wmfi @2fi @ { | 3YF° 088 —

| signatures o t %|f A{ ~ <309/ — ® pure & ™3 A0
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virtual class abstract ¢ lass;
pure virtual function print(string key,bit [31:0] data);

endclass

oK-' | pint — Lentd rodg3Ee o Leo™ spK-'oe
Le kKo «' @-0d 8 wfi @=fi @ A | 350

cl ass some_class extends abstract_class ;
virtual function print(string key,bit [31:0] data);

endfunction

endclass
oOK-' ® some_class # | print hoOfi <o " fid oV —% 8 some_class — mmfi ®
afi @k | % g A0

416 o' @@« k nod™ 2 a class scope resolutio operator ::
!

<! @—R' ©2 28 ¢D % 2 mmk 8 staticofiPd) = - ¥ @A -]t —o0a@ o> ad
=34A° 4 r°

static _sample::getCounter()

- - egA° ™|sad0pesd A ~Llecdknoa oad sq A0
:Ir8

rs = std::randomize(a,b,c);

— - 2 % sA°1— &£ 5 @0k -~ randomize() % 14 = ™ 8
4L, -” E7Z 3A°
fi=afin-' el A -] -' @@«dknod > <od3n0° 4
r 8
process job[] = new [3];
foreach(jobli])
fork automatic int k = i;
jo b[K]=  process:: self();
join_none
~ ™=2 procesp Kove s L | | o ™ 8 process: —oQ" D AEA?
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4-7
class sample_t;
parameter Pl = 3.14;
typedef enum { RED, GREEN, YELLOW } color_e;
static sample_t head, tail;
sample_t next;
string name;

function new(string name);
this.name = name;
add_list(this);
endfunction

stati ¢ function void add_list(sample_t obj));
if( tail == null' ) begin

head = obj;
tail = obj;
end else begin
tail.next = obyj;
tail = obj;
end
obj.next = null;
endfunction
endclass
- @ sampletf R' 02 ~<4D 4N mk— - statico’ @ nZesrd [=m3A0
fies' carfds 9-' e—oKov-. %' @) r 1d g0 e | ~

0 —# static % 4 [Fd=™340

module test;
sample_t:: color_e color;
sample_t sample;
initial be gin
color = sample_t:: GREEN;
$display("PI1=%g %s=%0d",
sample_t::  PI, color.name,color);
sample = new("C1");
sample = new("C2");
sample = new("C3");
sample = sample_t:: head;
while( sample != null') begin
$display("%s",sample.name) ;
sample = sample.next;
end
end
endmodule

E
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local and protected

SystemVerilog

- enofiP>+—= -y el A{ ~8locaP J8protectedt A % 4°
local | s 0fiPd>+—= -t @l 0.' @—mmkr-©1 <~3A°protected |OK
<l e— % -V @E%] - =3 A9
4-8
class base;
local int attribute = 0;
protected  string name;
byte state;
endclass
class extended extends base;
function void check;
$display("%0d",attribute); /[ access error on attribute
$display("%0s",n ame); Il ok
endfunction
endclass
class other;
extended e = new;
function void do_something;
$display("%s",e.name); /I access error on name
endfunction
endclass
-' ® extended |t attribute @~ - ¥ @A | 3Y+°-' @other | -' @
base < #Ne| @ name-= - ¥ @A | 3 YFe
E
418 oserdc! o— - A
oser— % o A -l - e— % oods . e— L or00
odgb°/ — o 8 coser— L.' e— -  A{ % 3A° exten
Lovoser— L' or -8 .' e— ~ — & 37>
49
class packet;
static int counter = 0;
logic [31:0] addr, data;
string name;

function new( logic [31:0] a=0,d=0);

...
endfunction

extern virtual function void print
endclass

function void packet::print
I ...
endfunction

(string msg)

(string msg) ;
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-l e— roserd A ~-' enecdkd o3A° — | viual%
=14||ETMQTM - -= 1 ™o

-l e— rosesd A s @% 1 =™ hODmi £ OROmmi -0
» & A % 3 e™< 435A4° —hOwmi r A < - % A 4%

Nef 5 A ¢

hOwsi 4 include<o 14 o [Fo ™o
=™ -~ hOwi dinclude<o 14 Fo[Fo ™o

hD—i— EVS f@OO-”g
E
419 R' 02 ar | ¢! o— parameterized classes
0—¢D = - | oV %N 3 A9 4 8 s A | % =
0 £A° v L =—_' e~ A= 9 L o % oodg40°
SystemVerilog- - ' ®| R' ©2 a4~ |4 A % 3A4°1— | C++— template
class- = ™3 A9
Leora < Leorn | o L 1389 of |eged—o
dDoaAN demk % 001 2A L — 0 s « DLR' @2 2 KEY® ¢D 24—¢D 2~
=k LR' ®D % DATATYPE < ~=.' eoi 3 b0°/ -=8 .' @ # |8 KEY <
DATATYPEL = & -3 A0 A |8 -' o—wafi @=fi @ { s
KEY < DATATYPE - R EDEr s3A° 48 — r o3 A
class dictionary_t #(type KEY=int , DATATYPE=int) ;
DATATYPE  data[KEY];
function int register( KEY key , DATATYPE data );
endfunction
function int exists(KEY key);
return data.exists(key);
endfunction
function void delete;
data.delete;
endfunction
endclass
a - | - roqdqac
module test;
dictionary_t#(int,string) dictionary = new;
if( !dictionary.exists(10 0))
dictionary.register(100, 0Books 0);
é"ndmodule
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4-10

classmap #(type KEY = int,type DATA = int) ;
DATA array[KEY];
string name;

function new(string name);
this.name = name;
endfunction

function void put(KEY key,DATA data);
array[key] = data;
endfunct ion

function DATA get(KEY key);
return array[key];
endfunction

function int exists(KEY key);
return array.exists(key);
endfunction

function int first(output KEY key);
return array.first(key);
endfunction

function int next(output KEY key);
return ar  ray.next(key);
endfunction

function void delete(int key);
array.delete(key);
endfunction

function void clear();
array.delete();
endfunction

function void print;
KEY  key;
$display("size=%0d",array.size());
if( array.first(key) )
do
$display("% - 8s %8g",key,array[key]);
while( array.next(key) );

endfunction

endclass

I —-' @ 8 associative arrast 0 —¢ D 2N 2 mmk A % { - .
®% A° | & —«od s —e¢Dad = ~od3Ac0 +--te
A L o= ™3 A0 - L g
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module test;
map #(string,real) weight;
string key;
initial begin
weight = new("Foods  Weight");
weight.put("meat",1000.3);
weight.put("bread",200.5);
weight.put(" rice"”,5000.9);
$display("%s",weight.name);
weight.print;
weight.clear();
weight.print();
end
endmodule
L afs - o L gac
Foods  Weight
size=3
bread 200.5
meat 1000.3
rice 5000.9
size=0
420 o' @=ho: 2 typedef class

el A ~|8ho:2d

EENY - o=—<' el A |
AQ

48 — - =—<' @c1 Jsc2-
ol - - eotqrodgyFe

typedef class C2;

class C1;
C2c;
endclass

class C2;
Clc;
endclass

(fi Rem' D %~' @ ClL (fi Rumi —= ™
- =z . @eCl £

Cfi R D | L w oo

71

s

| c2|
o C24 ==

-

-3 D°

# A %*® typedef- |4 C2%

melals o434
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® producer| - ' ® consumert == ™3 A %8 consumer
[ =8h0: D) Vs £A°

SystemVerilog

o 1=z

typedef consumer_t ;

1

/I producer

1

class producer _t;

consumer_t consumer;
string name;

function new(string name);
this.name = name;
endfunction

function void set_consumer(consumer_t con);
consumer = con;
endfunction

funct ion void print;
$display("self=%s consumer=%s",name,consumer.name);
endfunction

endclass

1

1 consumer

1

class consumer _t;

producer_t producer;
string name;

function new(string name);
this.name = name;

endfunction

function void set_producer(producer _tpro);
producer = pro;

endfunction

function void print;
$display("self=%s producer=%s",name,producer.name);
endfunction

endclass

producer_t ::print() — £8 — cons umer.name 4 = ™3 A% «fi Rum
'O namet— % o™y Kl — g A | 3549 8o fiae
- ®N# Vvee| 43 A° consumername — £ == — H:[VE-|<!\N'3°

+

fi - si34°

!

oL af | - coqqac
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module test;
consumer_t ¢ = new("C1");
producer_t p = new("P1");

initial begin
c.set_producer(p);
p.set_consumer(c) ;

c.print();
p.print();
end
endmodule
L aAfs - o L gac

self=C1 producer=P1
self=P1 consumer=C1

E
421 o' entfisri —

-l entfiri— -t fio i — LAl % 54 %s

Y%Ne| s % gAo L = L og A

4-12
L L # | # virtual interfaced: v & o3a°.' @3 s interface|
™3 A S

A

~of

interface simple_if;

logic [7:0] request;
initial begin

request = 0;
end

endinterface

class sample_t;
virtual simple_if vif;

function new(virtual simple_if sif);
vif = sif;
$display("sif.request=%b",sif.request);

endfunction

endclass

Mne «' entfirid - Laf L <5
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module top;
sample_t sample = new(SIF) ;
simple_if SIF();
endmodule
% - 0 L 540

sif.request=xXxxXxXxXxxx

- entfiri sampler -' enoKovesd 4 =] dmtfia|cF" 20 "
2 No @ wafi 200 v @— initial k. ° D ©' % o= ™3 yko | — 8
sif.request=28x< o [ = ™3 A °

-8 <! entfiri — < L - e L o540

module top2;
sample_t sample;

simple_if SIF();
initial begin
sample = new(SIF) ;
end

endmodule

% - 0 L 540

sif.request=00000000

1 — ssample-r ' enoKovesd 4 = | L fiadhvo e
— initialk. = > @ % -~ «= ™3 A° [ =38 sifrequest==& o[ = ™3 A?°
A<e-' entfiri— < — b fia| k= ~odgAc0
E
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5 k. ¥ ® proceses

51 o F*" 2 Tfink. o2 @ structured procedures

cF " 20 Tfink. o2 @ SR S R t 4 —K. b~
£A° —k. o2 0 %l tdgA0
initialk . = 2 ©"
alwaysk. - 2 @'
finalk. - > ©
a4 @« task
hofi«- ' fi function
initial k. = > © < awaysk. o2 © | F*" 2 TH < - AL eq A°
initial k. ° 2> ©" | “8 k.20 — — % Ad ke o2 o0 -
| o3 A° ¢ awaysk. = d2 0 | 4 = etk T2 T{i% A
3 2 4L T3 A°
5.1.1 inital K. ° > @
initial k. = 2 © | o k" 20 " fi— - o 1 A k. o2 0 %8 —
Laf -~ e38° 48— o0 L -30¢
initial begin
_reset =0;
q={1,2,3,4,5}
packet = new;
end
initial K. ° 2 ©" # t 4V | — — -z fisd =589 4 8
- — _reset=0; - |4 @(negedge _reset) @ —wmz fi 1 % 0% =3 A
[=8 — o awaysk. °J © % A< 0O#£k. c D 0 — if % 3 A
always @(posedge clk,negedge _reset)
if( ! _reset)
q<=0;
else
q<=d;
8 — 0 £ | e reset - A wmzfi)| 0 143 3y%°
module test;

logic _reset=0;

initial begin
qa={12, 3,4,5}
packet = new;
end
é"ndmodule
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ek "2 T A - Fdgac - |

SystemVerilog# | @ —
Verilogs %9 o9 3A°

progarm# | alwaysk. 2> o &L A{ % o™ =& initalk. D> © #
— AL s3A° 48 — o AL e3 A0

program test(simple_if sif);

initial begin
#3 sif.request <= 1;
#7 sif.request <= 2;
#9 sif.request <= 3;

#35 $exit () ;
end
éhdprogram
< -=8 programK. t - — initalk. - 2 © | module- t 4 initialk. ° >
o' < | % o0d3A° program — initial k. © 2> © | reactive regior# A s
but-  A{ - oo - coNgq e
5.1.2 alwaysk. ° > ©'
awaysk. 2> o | 4 < A —K. © < #A° SystemVerilog- | ®
always
always_corh
always_latch
always_ff
¥%Nef 3 A ©
5.1.21 alwaysk. o 2 @'
alwaysk. ° 2 o' | 01 DK #A9 CICH# As — rFrod34°
while (1) ;
[ =2 awaysk. 2 @ | [Y%— o wmt fi = L 3014 rodg 3I$° aways
Ko o2 0 r L oot # | FA° 4 @

always clock = ~clock;

| clock -~ 0< 1L - 4 ={%l J335+% —e £~ % 4 = |
Jo™ gk " 3| eetdV - 43A0° — et fi= % o
3A°9 — | v« EenNoOVE” Do TfizAS

always #10 clo ck = ~clock;

L 5 4 aways. -2 o' — — roqdqa0

always @ (posedge clock)

q<=d;
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SystemVerilog# | —Ku ¥ ©% Y mmt fi = - =K. e-A{=s8 —k. ¥ e®
Nef ™| & &5 -~ % tdlgAe V<4 Y 0— o mat fi = # # L,
- % 14340° ~81— & o= 0 - 4L A % 3
A °

4 e —fori Dk =—vel,*>)ele p)< o= - A £ A %®
/o F—e e | - | 4k g YFofori DknKe Eed  A{<? o et
fi = #H0 £ k. Y @%K. E- 8 =—9v® ) @— % 30/ —
| 2j==3<of=™3A°v @, *D @8/ 4 q80182L 4 =4 ~ forkK. e
«-— 4 #j— k- o= ™3 A9 = — forkK. o~ | — ki =3 A0

for(intj=0;j<3;j++)
fork automatic int k = j;
run_test(k);
join_none
#0 $display("Let them go. ");

5.1.2.2 always combk. ° 3 ©'

17 7> £ A —K. e-#zA° Verlogr | o™ K. B« #A?° Verilog #
1 T2 L A 8 % A =— Lificvsfesnl e
@(.. ) < = awaysk. °J ©' -~ cotd rodg3Fe ificvafeon' e
- td v ¥ oV —q 7 T %A s o ¥ficowafw
sl e — | 20 ™e 57 3o T - %={=|A9

SystemVerilog— always_com. < > ©' | ¥fic vof wsn' @ 4L A L

IETM=IA9 :|r8

always_comb
{co,sum} = a+b;

Y% 4 kd{<® «fiRmm 2| ¥ficwofwsn' @/ @@ahb) <L 3091 —
- LN 5 A° always_comk. - > o —  — - = —K. eez]| &
S A S
™| s % 7 T2 #|om™s 4 8 (fiRmm 2% &£ <5A°

E | rg
always_comb begin

if( s )
a=b;

end

—  #2|'ew% 1] ° «fiRum O] oe¥dod —3Av

5.1.2.3 always _latchk. - 2> @'

always_latctk. © > @ | always_comks = ™3 A° ™| s always_latch| ' e 4
A —Kk. 20 #£A° L8Kk. 20 %' et— rod 0™ 8 (fi Rum

- % g3 2 — | = roq94°
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always_latch
if( sel)
q =a
else
q =b;
sel — - ke ~8qr| % 1d34° [=8'
=™ 3+ 8 — “00dqA°
always_latch
if( sel)
q =
=t — | =  rod3a4c
always_latch begin
q=4a
if( sel)
q=d
end
1 — | - £ 0#A°
always_latch begin
if( sel)
q=d
else
g=a
end
Pewd A - = ™M= —iyi 4 e= ¢ ™™o
5.1.2.4 always ffk. ° 2 ©"
I —ke o2 0 | oo afio i L A - t
e °oDd e — % wmZ fi -8 4 posedge | negedgez
YEo g Ve Ke e fian o mtfi= L A % g33Fe
=™ 3 s fio ' i ZA°
always _ff @(posedge clk)
q<=d;
8 — | e PEenNmmzfii— % ™ 8 ooNegYFo°
always _ff
g<=d;
Ve — — —Z fi %Ne|| ¢ «' D040
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always_ff @(posedge clk) begin
@(negedge clk);
q<=d

end

5.1.3 finalk. o 2 ©"

okt T o0 Tfi— % eV # L 1 Kke D0 £A° k" 2 i
sz v LAy Ak e>e - 8 | qsde |
S S TR L A Lkt fisad i o3 A
final begin
$display( ...);
end
— finalk. 20 &£ A % 348%/ 4 [—Kk. D0 | -
talgac
52 K. B e block statements
Ko v | — L =—aidkr k| #4° — % rd=LlKke eex<
= =— ~0943A°K. b« | ® beginendK. © - < forkjoinK. © - %N 3 A°
5.2.1 beginendK. e ¢
K. t <2 begins endz % e3A° K. B« — | %[ - 3 A° -
% o tdV 8 |/ — - oV - o= — 0 AL 3 A
5-1
module test;

initial begin
#10 print(1);
#20 print(2);
#30 print(3);

$display("@%2t main completed.”,$time);
end

function void print(int value);

$display("@%2t value=%0d", $time, value);
endfunction
endmodule

A < - 0 L A0

@10 value=1
@30 value=2
@60 value=3
@60 main completed.
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5.2.2 fork-join K. B e

4 A - -3 A 9 SystemVerilog— | & fork-join® fork-join_any® fork-
join_none— %No 53 A° K. B — - 3 A° K. B« — | K. ¥
® & ) < o= 3 A° —«¢2:2)r | % — - od3A4°

—«¢D: D)
join =— k. Y% A{3#% k. ve|] L ~ 43
A °
join_any 1% =— k. t®% A{3#s k. ¥e| L -
1348°
join_none =— k. ¢ ol -3 A% k. ¥ @] 4L -
A 1V ke Y@l k. Y@%K. eeA{% A
[EERE e £
join_nonelt A 8 K. Y ®%K. A2 k. ¥ e— e3> F0
- s k. ¥ e] Yo— % o mmt fi = ~ |F LK. eedo= k.
¢ or L A %Nel 3 A ©
join_none| k. ¥ ®@LK. e« oo™ 8 hOfi «o ' fi function # o wak fi = A
- A % 3¢
function void g_process;
fork
wait( ev.triggered() ) g.push_back(1);
join_none
endfunction
5-2
module test;
initial begin
fork
#10 print(1);
#20 print ~ (2);
#30 print(3);
join
$display("@%2t main completed.”,$time);
end
function void print(int value);
$display("@%2t value=%0d", $time, value);
endfunction
endmodule
ke ¥ @% =~— k. ¥ ol e= ™3 A9/ — 8 k. ¥ @] join 4 e3 A°
1— e k. ¥ @] Y U W S es=8 =— K. ¢
of L1 freroolficiqar - kove— # - oy
Ke % k. ¢ @— 4 - =3 A°
A-” < - 0 AL 3 A°
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@10 value=1
@20 value=2
@30 value=3
@30 main completed.
E
5-3
module test;
initial begin
fork
#10 print(1);
#20 print(2);
#30 print(3);
join_any
$display("@%2t main completed.",$time);
end

function void print(int value);
$display("@%2t value=%0d", $time, value);
endfunction

endmodule
A < - 0 L A0
@10 value=1
@10 main completed.
@D value=2
@30 value=3
E
5-4
module test;
initial begin
fork
print(1);
#20 print(2);
#30 print(3);
join_ none
$display("@%2t main completed.”,$time);
end

function void print(int value);

$display("@%2t value=%0d", $time, value);
endfunctio n
endmodule

printl}- k. % &~ | ¢=7 > % td =™y 3 F%s
goc 1 — LAY

1 -

ke ¥ @] L—

81

Copyright © 20182019Artgraphics. All rights reserved.




SystemVerilog

@ 0 main completed.

@ 0 value=1
@20 value=2
@30 value=3
E
Ke B« % td Vv ke ¥ @ k. t@%K. p-A{gz L 53 Fc -
8 - 0 % EAO — | o [d=™324 [13] °
5-5
module test;
initial begin
for(inti=1;i<=3;i++)
fork
$write("%0d",i);
join_none
#0 $display;
end
endmodule
fori Dk — ~ fork-join_none¥%Ned & i 3 k i — Lk fis c=™3A9 —

¥% 18283k fistd{ £ e=™| >0 fizA%Bs - | -
~odg4°

444

fork-join_none- |F4 $write —k. ¥ ®% 14 3A%® K. ¥ @%K. p-Aq{q#®

ko % @] e3yFofor 1 2k¥% =V - k. ¥ @O|K. PeoqA%KEL— -
| i==4 SOIETM=|A9 [ =8 = — $write —Kk. §9| 4£K‘fiJ®=IA9 |[|:1/8_
z k. toe— L A %Ned 3 A ©
E
fork Ku B« — k. ¥@®| K. ¥ @< o] dwmfi=2 A e — AL

== %9 %Ned 3 A ©

5-6

module test;

initial begin
for(inti=1, i<=3;i++)

fork automaticintk =i ;
Swrite("%0d" k);
join_none
#0 $display;
end
endmodule
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fok % A ®i — %k~ td34°k | automatictE Nef 8 i >k w1 Kk
% idaas e == kove|l —kE af rofsac/ 4kl -
18 28 3#A9 [ = — AL 3 A°
123
E
523 K. P e block names
beginend 4 8 fork-join K. <~ | L+ % 3a° v Ly
A % gA0°begn J forked:dy— ~e.fi g [= & g3A0
—ed:o0 b L % 540 4 — - L g0
begin: create_transaction
éﬁd: create_transaction
53 dwatfier | procedural timing controls
ot fi - — - | e # 34 - s=zfi. @ 34 -H
- %Nef 3 A ©
5.3.1 - | delay control
A - eV e oV w1 R Y
3A° - A<e — - T —k. ¥ @] 4L s3 A° -
21— L L5 vwes Le =940
for(inti=1;i<=3;i++)
fork automatic intk =i ;
$write("%0d" k);
join_non e
#0 $display;
k. ¥ @ 8 #0 — do=mgpae Loy s - A = Mg A9 fori
Dk # k. ¥ el == ™3 A %8 join_nonek e=™| & k. ¥ e i
=3 A° td Vv k. ¥ e L— r~rof=™3A° k. ¥ @%K. t«AA3
£/ — | o3 A° [=8>, %% k. te| L— - [otdrodgIFe
fori k% =V 8 #0 —eao” DAL ™My _ |8 k. ¥ er —u" fi @l 4
EFA°
532 wmz fi event control
£eyd - - - BE L e Yommz, fi ) 2A° o |k =™
wz fi ) < <= | 8 posedge negedge 1 & edge¥%Ned 3 A° 14 || 8 «e on ¢fio we
KN ez fi edgesensitive event control<s 4 5 A ®
wz fi
posedge 0%t — +-— o ™| s xs |8 zllk14— o
negedge 1% — +— o ™|sxs |8 z0f— o
edge posedges | 8 negedge— wmz fi J °
48 — r o= mmzfil 4L ™5 A9
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always @(negedge clk)
assert( packet.randomize() )
else $display("randomization failed.");

TM| 8

always @( posedge clk)
q<=d
unpackeds " we— L = 8 a" - = | 3549 a8 — |« i

Remi ~ <« 2s<0d34°

bit state[3];

always @(state)
$display("@%0t:", $time,state.xor);

- 0 - % A %NdgA°

bit state[3];

always @(state[0] or state[1] or state[2])
$display("@%o0t:",$time,state.xor);

533 T zingfio o KN wmz fi | levelsensitive event control

Ne]| % Vid]sz LA % Zintfio wo KN waz fi ) £A°
8 wait 4 3 A° A < = | & wait forke < & wait_ordesNe] 5 A9 4
re— leetae W - fE=mac

int q[$], index;

\./;/.ait( g.size() > 0) index = g.pop_front;

wait ¥ -V 8 L. qgsize()==0 2 Ng| 8 g.size() >0 ~odgze L
- 4340 8 wait % =V ~ qg.size() >0 # Nef| 8 | o= -

index = q.pop_front

L egp8° 10— |t k. Ve|K. B- oo yFe
534 oDdofi @ | wmz fi
oD »fi @i == wmz fi LA % 30°°D0 *fi @%v P A < wmz fi )

Vs I=|]|=|A9 4 8
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bit clk, a, b, c;
sequence abc;

@(posedge clk) a ##1 b ##1 c;
endsequence

initial begin
@ abc $display( "@%0t: Saw a
end

-

™=8 .3 »fi @ abc¥%y £ A

- b-c", $time);

< 8 $display ¥

SystemVerilog

td 38 v e HA] 2| 8 mm

z fi | % K. e s3A°
54 k. ¥ @ process control
5.4.1 wait fork
L= |8 —k. ¥ ®@% oV =— k. % A{—-L L3A° o8
ke Y ®% <V k. ¥ @ td3a°e 4 s
fork
procl ();
proc2 ();
join_any
fork
proc3 ();
proc4 ();
join_none
wait fork;
- ™=s8 k. ¥ @| 8 procE proc® proc & procdhs A{3EK. e og5A°
| I |
ke v @ —————®---------- @ *r——
| | |
procl :—»: :
proc2 :—{-» :
| I |
proc3 : : >:
| | |
proc4 : : > :
Me procl | proc2%s A{3% K. ¢ @Ko Eeogd®2L |%— k. ¢ %
A< k. ¥ e®| procd J8procdd ~3A° <8 -k, ¢ @— |
o= ™3 Y4 k. ¥ @%watforkdt A{< L - {8 procd 8 procs—
% =3 A°procl | proc2— % —e=™at1d e k. ¥ e =— K. ¥
o— L = - O=| 3A°
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5-7
module test;
initial begin

fork
#10 print(1);
#20 print(2);
#30 print(3);

join_any

fork
#1 print(4);
#2 print(  5);
#3 print(6);

join_none

wait fork

$display("@%2t main completed.",$time);
end
function void print(int value);
$display("@%2t value=%0d", $time, value);
endfunction

endmodule

—fork #2 =— K. 7@®@% 193089/ — — = k. t0% A{<0Om
fink. @ =— k. ¢ e 3 A9 | — 28 =— k. y@¥% 8 |3
L r~Ne{qA° Owafink. ¥ ®| 8 waitfork # =— k. Y% A{3% L
3A° — forkz [V k. ¢ e print3% L o 4k -3 A% k. ¥ @/
— AL o3 A9

| — rodsqac

@10 value=1

@11 value=4

@12 value=5

@13 value=6

@20 value=2

@30 value=3

@30 main completed.

E

5.4.2 disable fork
L= | —k. Y% -V =—-k. ye— &L e3A° | #
— oofidee-e@d Lg3A°

disable fork ;

— k. ¢ o =8 dY%— K. te% =V £ — =— k. v ed
t Y - 0 £A0°
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5-8
module test;
initial begin

fork
#10 print(1);
#20 print(2);
#30 print(3);

join_any

disable fork ;

$display("@%2t main completed.",$time);
end

function void print(int value);
$display("@%2tv  alue=%0d", $time, value);

endfunction

endmodule
Owafi Nk. ¥ ® =— k. ¥ ol c=E™M3 A9 o8/ — — =— K. ¥ @%
Ase — k. ¥ el g A° [ =soprnt(2 & & pring3) — |«
fi§i$4||=|A9 | —r-0=|=|A9

@10 value=1

@10 main completed.

#- 1 Simulation completed at time 10 ticks

E
55 " DO m —k. 8 @ fine-grain process control
SystemVerilog# | 8 kK. ¥ o| 1) mfi D - ezAe s process ™e class¥s =3
Ao/ —<' @noKove,Loye.— <-=ReA{ -~ |9 ok. o L&

A{ % 3A° process ' @] - 14 =™3 A0

class process;
typedef enum  { FINISHED, RUNNING, WAITING, SUSPENDED, KILLED } state;

static function process self();

function state  status();

function void kill();

task await();

function void suspend();

function void resume();

function void srandom( int seed);

function string get_randstate();

function void set_randstate( string  state);
endclass

process—o K 0oV | k. ¥ ®% 14V -~ ~ |43 4° newo @ >z
processso K ove s & | | 3 5%°
© 5P )
self() 1— 4 o =™k, te—oKovesd 50
process p = process::self();
R —— -3 A°newod” D % processo K o ve s 4
87
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1 % o™—#s 1 — self) |k. ved A -—
— A9
status() ke ¥ @— L <3Ac0
FINISHED k. ¥ @] - °
RUNNING k. ¥ @] °
WAITING k. ¥ e| L - [ =™]>
SUSPEN DED - 19 =e L [f=mo
KILLED - 1 Ve
kill() k. ¥ od -3 A° =— k. teol o3 A9
await() —k. ¥ ®@— L L340 — L = 3y
+9° [ =8 p.await() - - «otd rodgy$e 1
# p!=process::self() EAO
suspend() —k. ¢ @ 309 - c=™|Kk. ¥ @
- e=| - Lnefqzde
resume() o= ™I k. ¥ @— i oq A
statust =4 ~ | ® process:FINISHED — ~ ®«¢d>knod > o sotd ro
43 5F° -8 staticoo s e 2L A~ | * process:self() - <ot 4
rods 3y
process| - ' ®%A %3 «fi ® ' - 2 new| td=m™3 59 ™ 44 < processt
newdA{ | 3Y+9 [=8k. ¥ek 4 A | & process:self() LAy
Vs ENAN
5-9
module test;
process job[] = new [3];
initial begin
foreach(job][i])
fork automatic int k =i;
begin
joblk] = process::self()
#k $display("@%0t: process - %0d ended ",
$time ,k);
end
join_none
foreach (jobl[i]) // wait for all processes to start
wait( job[i] != null );
$display("@%o0t: all processes started.",$time);
job[0]. await() ;// wait for first process to finish
$display("@%0t: main completed”,$time);
end
endmodule
=~— k. ¥ o -= ™3 A
job[0] 0% =8 0% =3 A°
88
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1#
2%

8

0#
0#

job[1]
job[2] =8

I
0#

8

0% | k.o ¥ ®%
™| —%8 Quafi Nk ¥ @]

2%

SystemVerilog

@O0: all processes started.

@0: process -0 ended

@0: main completed

@1: process -1end ed

@2: process -2 ended

#- | Simulation completed at time 2 ticks
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6 assignment statements
- | 84D anh. D continuous assignments< f Z wmf = procedural assignments
%Ned 5 A ° < -=| 8 Verlogs ko ™—2 AL e3 A1 — #|=
SystemVerilog  — -1 3 A°
6.1 R=Dfi - |H assignment patterns
) <" du" mmr e=sRadfid o= &L A % 3A°RAD
LSf){... }— - -3 A° {} — l—|8(DﬁPDI— A.”.:)a |8—ﬂ0E-0£
A % gA°9«¢d8 |8 umfier.ed A | < rd3ac
co™ |8 positional notation < 4 3 A ° L A - | e
< o, fi # +,¢_ 309 4 38
int ival = 0 ¥:1,0:1, defaut:0 };
- - Ase |y es 7— -~ 187 es 0— -~ 18/ 4 — | ok
3 A9 [=%ival ==3206h00BLE 5 A°
6-1
typedef struct { real x, y; } real_point;
module test;
parameter SIZE =5;
int iarray[SIZE] = { default: 1} ;
integer state =  '{31:1, 16:1, 1:1, default:0 } ;
real_point pt= [{x1.23,y: 456} ;
int a,b,cde;
initial begin
Swrite("iarray:");
foreach(iarrayl[i])
Swrite(" %0d",iarray[i]);
$display;
$display(“'state=%h",state);
$display("pt={%g,%g}",pt.x,pt.y);
jiarray ='{0,1,2,3,4}
{a,b,c,d,e} = iarra y;
$display("a=%0d b=%0d c=%0d d=%0d e=%0d",a,b,c,d,e);
end
endmodule
R =D fi L - 9 % A% D8 | afiec.od A | 33
$o, — 4 A < - 0 L 340

jarray: 11111
state=80010002
pt={1.23,4.56}
a=0b=1c=2d=3 e=4

C
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62 =" wmil R4 D fi
packed amay & 84 |y cigordrodrzde J=eRaon  Aaf
¥ 3 z+9/ — =||— { } AL =3 Ao 4 l_s

bit[ 7:0]b 8 ={ 16bl, 186b0, 16bl }:

- ~30h°1eA|<eb8 == 86b0000s049A:" 8 | —
bit [7:0] b8 = 86h05:;
< ™V % %] ™MzA9{.. }|resd A concatenate o A" D a4 # A ®

{co,sum} = a+b;

— ™ ~ J=m|< ™3A° 8 q.. }| o7 - oQ” D AEA?
{16bl, 16b0| B&beos} 36b161 4349 {1,01} | 9%f¢ e & -3
A°0{1, 0} "} malt ¥l ~ 18 08 1% o3 A°
{ eJ # L& unpacked array 2| RaDfi L ™3 A9 4 8
bit ub[1:0] = 6{ 1, I T
48 ub[ 1] ==81Bb[10] ==k@bHA® | | #38 s o=— %
o= ™3 A9
ub[1] = 326b1;
ub[ 0] = 326b1;
| 17 es20%8f e - A <28 |8 | tdo™m—% #zA°

J— - | — &£ A % 40
6-2
module test;
int a=1,

b=2,

c=3;
int iarray[3];

initial begin

iarray = {a, b, c} ;

$display(“iarray: %0d %0d %0d" iarray[0],iarray[1],iarray[2]);

end
endmodule
B . ([ - 0 L S0
jarray: 12 3

E
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6.3 @)  oH' NRADM

o) ' - - L A -] 8 RaDfi LE 6 <o0qd3A° D8
18 fi ¢ be @ — LA %  3A° 8 ed AN dmmk -~ — LA
% gA° & A< Y% ™M Mg A0

6-3

typedef struct { int price; real weight; int stock;

string name, producer; } item_t;

module test;
item_t bottle, unknown;

initial begin
bot tle =  '{ name:"water",producer:"A - company",
price:120, weight:1.5,stock:10 } ;
print(bottle);

$display;
unknown = Y{int: - 1, string:"???", default:1.23 } ;
print(unknown);

end

function void print(item_t item);
$display("name=%s",item.name);
$display("producer=%s",item.producer);
$display("price=%0d",item.price);
$display("weight=%g" item.weight);
$display("stock=%0d",item.stock);

endfunction

endmodule

botle — #|°® ofiP> 4k = ™3 Ae [ =8 A | <odgAc

unknown — | = 043A°0fiPI—¢2 4N 5wk r
- %  EANO Lop™Mg pi % £ Nef 8 - o3 A0

1L aAfs - o L ga0

name=water
producer=A - company
price=120

weight=1.5

stock=10

name="777?
producer=???
pri ce=-1
weight=1.23
stock= -1

E
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6-4
typedef struct { logic [7:0] a; bit b; bit signed [31:0] c;
string name;} abcs_t;
module test;
abcs_t abcs = {a:l, b:0, c:256, name:"ABCS" } ;
initial begin
$display("a=%b b=%b c=%b name=%s",
abcs.a,abcs.b,abcs.c,abc s.name);
abcs = {default:'1, name:™ } ;
$display("a=%b b=%b c=%b name=%s",
abcs.a,abcs.b,abcs.c,abcs.name);
end
endmodule
R afs - L g

a=00000001 b=0 c=00000000000000000000000100000000 name=ABCS
a=11111111 b=1¢=1111111121111121111121111211111111 name=

E

6.4 unpacked array—

R =D fi d =07 e L4 = % #2A° 14 |eRaDfiz| 4 -
6{ n{element} H za°9R=adfid m™~s od” 2 A

{..} & =" e L 4 = % A {. }]|c® Y%  #Ned °
fesi— r~ods Yor " mm#z Nol| 7 wa— 00" DaA<odgA0

As ™M3A% — =-— | o ~oq3A°
int a3[1:3];

a3={1,2,3}
a3 = o6{ 1, 2, 3 };

Yor " wms—%8 {1,2, 3} T e EA® L8 =— Y ]
e L 4540/ q %e 3—+" ma3 & -3 A° [ =3 a31==1 ¢
a3[2]==2 ® a3[3]==3 <oq{3A° <8 — | 1433+
a3={ 1.1, 2.2, 3:3}

s60{ 1, 2, 3 } " = gAe 2L t— 4L A{%|
- # -Fe%® " - L A - | R =D fi L A % ™| o™
< 434° — -~ o L Z2A°
a3= o 1:1, 2:2, 3:3}
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6-5

module test;
int a3[1:3] , a9[l:9];

initial begin
a3= {1,2,3} ;
print("a3",a3);
a3= {1,2,3}

print("a3",a3);
a9= {a3,4,5,a3,6} ;
print("a9",a9);
a9 = H{o{1}}
print("a9",a9);
end
function void print(string msg,int a[]);
Swrite("%s:",msg);

foreach(ali])
Swrite(" %0d",a[i]);
$display;
endfunction
endmodule
L afs - odqac
a3:123
a3:123
a9:123451236
a%:111111111
E
concatenation o 4" D a — s — ~ |4 ~od3A°
6-6
nodule test;
string hello_world, hello , S2[2];
initial begin
hello = "Hello";
hello_world = { hello, ", world!" }
$display(hello_world);
s2 = {hello, ", world!" } ;
$display(s2[0],s2[1]);
end
endmodule
— o) AL =| A °
Hello, world!
Hello, world!
E
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l— rhemdblPens" -=8 8 associative array L w=2%gA°

6-7

module t est;
int da[];
byte  aalstring];

initial begin
da=412345}
$write("da:");
foreach(dali])
$write(" %0d",da[i]);
$display;
aa ='{"bread":1, "noodle":2, "milk":3 };
foreach(aali])
Swrite("aa[%s]=%0d ",i,aal[i]);
$display
end
endmodule

- 0 L A0

da:12345
aa[bread]=1 aa[milk]=3 aa[noodle]=2

E
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7 < operators and expressions

7.1

SystemVerilog- t 4V L - Ak =3 A°

7.1.1 assignment operators

CIC++< 8 ~ —oQ@ 2ad A{ % 340

=8 4=8 .=8 *=8 [=8 048 &=8 |=8 A=8 <<=8 >>=8 <<<=8 48 >>>=

712 wafico! 0ofis el ofiy ++8 -

ClIC++< 9 r~4+8 s A 3% 349 14 f—0a > i

=3 A % | Ko Bafiasg o= X

14 F—oa" > ad associative array A - | AL < g A9 4 s

a key J++ — #8 a[ key] ¥ so™ 8 a[ key] % -t - t 4

3A°9 | & E associative arrag k|4 v ~oqd34° ¢ a[ key]++ %

@:IAQ

7.1.3

SystemVerilog# | @ - & A % gaced E| ~|&xy < -3

A° E| rs

X=2;

X = X**3;

<A{<ex==8<o0dgA°

7.1.4 equality operators

a=== A rJ18/ etotd 0L =340 | xs s zd
+# gq34° Boxmrodf [Nefqye

al==b a===b — £A° cotd r1e/ ezotd rod o5
ao | xo Jdezk 4z giqac

a== Ad 18/ etord pod <3A9 ~sa |8b—

o xe Jez- L g - | xs0d5

A °

al=b ==b— A sotd 1/ ezotd pod o5
Ae <8 as | 8sb— d%¥%x |sz— L 5 -] e

| XSO=|=|A9

=== cfex dak o dr oA L a0 g=s o |

1— J %zAe 8 == | four state & 5 - | % %o ™M—2 8 | x<o04d3

FANRSS
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7-1

module test;
logic [3:0] a, b;
initial begin
a = 4'b0000;
b = 4'b0000;
print(a,b);
b = 4'b0101;
print(a,b);
a = 4'h010z;
print(a,b);
b =4'b010z;
print(a,b);
a = 4'b010x;
print(a,b);
b = 4'b010x;
print(a,b);
end
function void print(logic [3:0] x,y);
$display("4'b%b == 4'b%b %b"x,y,x==y);
$Sdisplay("4'b%b === 4'b%b %b",x,y,x===y);
endfunction
endmodule

AL

3A4°

4'b0000 == 4'b0000 1

4'b0000 ===4'b0000 1
4'b0000 == 4'b0101 O
4'b0000 === 4'p0101 O
4'h010z == 4'b0101 Xx
4'b010z === 4'b0101 O
4'b010z == 4'b010z x
4'b010z === 4'b010z 1
4'h010x == 4'b010z x
4'h010x === 4'b010z O
4'h010x == 4'b010x X
4'b010x === 4'b010x 1
E
715 ! wml b 0D wildcard equality operators
Cwmi b0 80318 xe dez— J-LlyeyegAac
a==?b a==bs< 0#zA° <8br A x2 |2z|: wmi )¢
b < == Fqg4°
al=?b a==?b— #A°al=bs 0#A° <=8b- 34 xs
|82|Z—ib-:::j:::-3ﬁs.=>5 —rJI|=|A9
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a==?b ~ ™= ?2%b ~ ™M=™|_—zsp- {4 ?2@=359°xz sz} domicare
< == es ™e #A°ar 44 x2 d8z | wildcard# | Ne{ 5 Y+ a4
460b0101 ==? PoHMA028406b0zZLH=? 40600 Lrknown x #A?
7-2
module te  st;
logic [3:0] a, b;
initial begin
a = 4'b0000;
b = 4'b0000;
print(a,b);
b =4'b0101;
print(a,b);
a =4'n010z;
print(a,b);
b = 4'b010z;
print(a,b);
a = 4'b010x;
print(a,b);
b = 4'b010x;
print(a,b);
a=4'pl110x;
print (a,b);
end
function void print(logic [3:0] x,y);
$display("  4'b%b ==? 4'b%b %b"x,y, X==2y);
$display("  4'b%b '=? 4'b%b %b"x.y, xI=?y );
endfunction
endmodule
| — rodsqac

4'b0000 ==? 4'b0000 1
4'n0000 !=? 4'b0000 0O
4'b0000 ==? 4'b0101 0
4'b0000 !=? 4'p0101 1
4' b010z ==? 4'b0101 x
4'n010z =7 4'b0101 x
4'n010z ==? 4'p010z 1
4'b010z !=? 4'b010z O
4'b010x ==? 4'b010z 1
4'b010x !=? 4'b010z O
4'n010x ==? 4'n010x 1
4'n010x !=? 4'b010x O
4'p110x ==? 4'b010x O
4'p110x !=? 4'b010x 1

E
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7.1.6 concatenation operators
| {» }— 4 = z 4 e3 A0 3 — -~ A |res %
3/ =™otd rodgy$e a8 { a, 106pb0-Y #£A%{ a, 0|1
“o N 3 3 F°
l_OG":)Q'J -rr- S@EI'L ?Jd-” %N9=|=IA9'"--— ,—|8
{1,2,a[1:2],4} — a6 ™ % 3 A° ™|s - L 454
7.1.7 insideo A" > A set membership operator
SystemVerilog- | — % — ~ 3494 %L = %Ne] 3 A 9 insideo @™ D = | 8
— % - 394 r1d <38° F4qorqdrod 589 -2 — HB -
34 nNe =%ls - £ x% [V 8 | x<oqd34°
— | i 20D ==? % 14 3A4°insideo d” > a— |
Z 8 |3 — ~ & |3 Lofive J = %%qAce | open range lisg
r4s4ce
7-3
module test;
int al$] = ¢ 3,4,5%
int val,
logic [2:0] a;
logic
byte b;
initial begin
val = 3;
r= valinside{1,2,q} ;
$display('r=%b",r); /1
a = 3'b101;
r= ainside {3'1?1} ;
$display("r=%b",r); /N1
a = 3'bz11;
r= ainside { 3'b1?1, 3'b011} ;
$display('r=%b",r); 1 x
b =10;
r= binside {[0:3], [8:20]} ;
$display('r=%b",r); /1
b = 200;
r= binside {[0:3], [8:20]} ;
$display("r=%b",r); /10
end
endmodule
openrange list *  wm® | 8 ¢° D% 14V 8/ — — =% — <047
A° 4 8 {1,2q} | {1,2,3,4,5} < 0 L L34
36b101 inside {|38Kh21?4|}306b101 ==? <3060bd-2#A® 1<
oq34°

-8306bz11 inside { 306b1x<,0433AP01 1~ Ny z| dom care#
| o ™M—%s %BxsoadgA°
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lJ|£ A-”S - 0 £=|A9

== =3 =3 =
o I
OR X PR

E
718 feines ' drnod Ja << >>
foel L A{s |t Pemine ek — &£ ~ osafoad dazAv
- tdV<%| pack ~ods - td Vv | unpack— <adsgA° ™
8
{ stream_operator [ slice_size ] stream_concatenation }
— ~ o093 A° stream_operatof <<t | &8 >>A°>>| Y| fyesd 4 o340
<|/ — # A 9 slice_size| - 4 Afes L o o3A0 | 1240

4 re{ << {114®p} | %|1re.s= 4 A—#°4®0111 ~od35A°
8 { << 2 K119} | & %27 eiM= 4 A—#°8 4®1011 <045

A 9
oQ@" da > | Wlresd - 4 A ~8>>%]| slicesizet A | No 3
54
7-4
module test;
int i
j={"A","B","C","D"};
initial begin
i={ > {i /I "A""B" "C" "D"
$display("%s%s%s%s expected ABCD",
i[31:24],i[23:16],i[15:8],i[7:0]);
i={ <<byte {j}} //"D""C""B" "A"
$display("%s%s%s%s expected DCBA",
i[31:24],i[23:16],i[15:8],i[7:0]);
i={ k<16 {j}; /f"Cc""D" "A" "B"
$display("%s%s%s%s expected CDAB",
i[31:24],i[23:16],i[15:8],i[7:0]);
i={ << {8b0011_0101}}; //'61010_1100
$display("i=%h expected ac",i);
i={ <<4 {6'bl1_0101}}; //'b0101_11
$Sdisplay("i =%h expected 17",i);
i={ 554 {6'D11_0101}}; //'01101_01
$display("i=%h expected 35",i);
i={ <2 {{ << {4b1101}}}} /'b1110
$display("i=%h expected 0e",i);
end
endmodule
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ABCD expected ABCD

DCBA expected DCBA

CDAB expected CDA B
i=000000ac expected ac
i=00000017 expected 17
i=00000035 expected 35
i=0000000e expected Oe

E
7-5
module test;
int a, b, c;
logic [10:0] up [3:0];
logic [11:1] pl, p2, p3, p4;
initial begin
{>>{a, b, c}} = 96'h000000al_000000a2_000000a3;
$display("a  =%h b=%h c=%h",a,b,c);
{<<int{a, b, c} =96'b1;
$display("a=%h b=%h c=%h",a,b,c);
up[3] = 11'hlab;
up[2] = 11'h2cd;
up[1] = 11'h3ef;
up[0] = 11'h412;
{>>{p1, p2, p3, p4}} = up;
$display("p1=%h p2=%h p3=%h p4=%h",p1,p2,p3,p4);
end
endmodule

a=000000al1 b=000000a2 c=000000a3
a=00000001 b=00000000 c=00000000

pl=1ab p2=2cd p3=3ef p4=412

- hemIF P el '"—J—L

7-6

A % gb°

%h %h %h",q[0],q[1],9[2],9[3]);

$display("q: %h %h %h %h",q[0],q[1],q[2],a[3]);

module test;
byte ql$];
int i;
initial begin
i=32'hl12_34 56 _78;
{>>{a}} =i
$display("g: %h
{<< Dbyte {q}}
end
endmodule

101
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T Doqg# t v | td=s - % td34° | — rodg4°
g: 12 3456 78
q: 78 56 34 12
E
- hmmdF B e s A 8 < o=8 0" war A LA %
Nej 5 4°
7-7
module test;
byte  ub[], bl, b2;
int i;
initial begin
i =32'h12_34 56 _78;
{<<byte {ub with [0:1] ,bl,b21}} =i
$display ("ub[0]=%h  ub[1]=%h bl=%h b2=%h ",
ub[0], ub[1], b1, b2 );
end
endmodule
Ub | bl B e N e mmp —% 8 - | Nef 5 &0 - doamgep
db2- | rqg3e — rodqac
ub[0]=78 ub[1]=56 b1=34 b2=12
E
72 oaq' fis operands
721 ROJ ¥ e part-select
v feireecteA] ~| — ~ROJ ¥ <ud g
vect[msb_expr:lsb_expr]
msb_expr 4 Isb_expr | q Lefi @afis — #2014 rodq3f° [=81—
—RO2 ¥ <) | (fi Rumi -~ o3 A° ofi @afis | o™ & <= RDJJ ¥
mesd A L 3A0/ - | @ wafi ¢ 2« ® %RD.J %" <« indexed part
select < 93 A° wali ¢ 2 ® %ROJ ¥7 < | - 0 ~odgA0
up_vect[base_expr +: width]
down_vect[base expr - width]
base_expr | — #A0%® width | — #zat1d rod3 Y+° up_vect
| ¥ e base_expr % |k - width f eJ = <% ®@-5A° down_vect |f e
base_expr ¥ |- -width f eJ ot = c?@egA® &L ~3A0

10z
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logic [31: 0] a_vect;
logic [0:31] b_vect;
a_vect[ 0 +; 8] A [0:7] A a_vect[7:0]
a vect[l5 -:8] A [15:8] A a_vect[15:8]
b_vect[ 0 +: 8] A [0:7] A b_vect[0:7]
b vectfl5 -:8] A [15:8] A b_vect[8:15]
Me RO J ¥7 <4 — ke/ — s —f e - 331 % ~odgac
7-8
module test;
logic [31: O] a_vect;
logic [0 :31] b_vect;
initial begin
a_vect[ 0 +: 8] =8'h12; Il a_vect[7:0]
a vectfl 5 -:8]=8h34 /Il a_vect[15:8]
$display("a_vect=%h",a_vect);
b_vect[ 0 +: 8] = 8'hab; /' b_vect[0:7]
b_vect[15 -:8]=8'hcd; /I b_vect[8:15]
$display("b_vect=%h",b_vect);
end
endmodule
LdL A<= o &L 340
a_vect=xxxx3412
b_vect=abcdxxxx
E
73 de %%ofiPd—
-V < A Ly we «da FA® o a— ™V gofi—ofi
PO | —ofiape @ ™ o3A°9
tagged member_identifier [ expression ]
I — #ofi P> member_identifier - 4L A{sea-]0fiPDd <od{34c°
—ofiPy L Afsa-- A <« d<0d7n0
10z
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7-9
typedef union tagged {
int i;
real r;
} data_t;
module Top;
data t data;
initial begin
$display(" --- ChO7_Ex_N0O09 --- ");
data= taggedi 10*2;
$display("a.i=%0d", data.i ); Il ok
$display("a.r=%g", data.r ); /l error on tag
data= taggedr 3.14;
$display("a.r= %g", data.r ); 1l ok
end
endmodule

data -~ 2= i % 1 [d=m™3a°/4d —o0fiPd £ A< d2s0d5A°
a

4 8 datar | <2s<0d3p° esr—aaz & o A< datar — |
<od3qA4° A < 0 L 340
a.i=20
#- W Inconsistent use of a tagged member: write=i read=r
a.r=0.0
a.r=3.14
E
104
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8 procedural programming statemetnts
SystemVerilogg vV~ t 4 |V s | o ™ L - =3 A°
8.1 If
if - | — ~of = ™3 A9 unique_priority % Ao
conditional_statement ::=
[ unique_priority ] if ( cond_predicate ) statement_or_null
{ else if (cond_predicate ) statement_or_null }
[ else statement_or_null ]
unique_priority ::= unique | uniqueO | priority
unique_priority | & — s | e - A 4 A —«¢d:00 2
A9
8.1.1 =— 4 fully specified
uniqueif < priority-if - ™= elsee. D %% e ™ 8 L Vi Vs A
i < -< 22— <0d3A° -5 uniquedz |8 «' 2% 3 Y+° uniqued— O |
OFFr =8 0 p ¥ o suppresa | FA° 48
bit [2:0] a;
unique iflta==0)
$display(  1i00);
elseif(a==2)
$display( f20);
elseif(a==7)
$display( fi70);
Lo a1 38 4858 | 862 Nef<s L VA ifelseif%s o™ 8 - <
dNoe¥do¥% 1d3A° prority-if L #A° RTL —  # | ® full cases<
A4z
8.1.2 unique-ife uniquel-if
if-elseif — ~|o2P2' k% ™ &L A #FA° 348 | # Nef
8 | - ea™ L egqA° | — 8 4 - A %
3 4° 8 —o02P2>' ek% A<« dr0d3A° <& uniquedif | «'

dnoe ¥d) ok o5yF9 4 8

bit a, b, c;

a=1;

b=1;

c=0;

unique if( a)
a=0;

elseif(b)
b=0;

elseif(c)
c=0;

10t
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—if < —elseif % ~ A{ ® < d2noe¥dod 135
—  # | @ parallel case 4 #A° unique E£A{ -~ |4 —
Fxo%dgA0°

8
9

|
A

8.1.3 priority -if

if-elseif — | oV - tdlotd rolffo™ 4L A FA | — | &
— - =3 A 9
81
module test;
logic [3:0] a;
initial begin
a=_0;
check(a);
a=2
check(a);
a=3;
check(a);
end

task check(input [3:0] a);
unique if ((@==0) || (a==1)) $display("0 or 1");

else if (a == 2) $displ ay("2");
else if (a == 4) $display("4");
endtask
endmodule
A < - 0 L A0
Oorl
2

#- E D:/Users/Artgraphics/TestData/SVDesigner/SV/Primer/Ch08/
Ch08_Ex_NO001.sv (L16) Nomatch violation: test

E
8.2 case
°ﬁ54Ev9| — I—QIETMziAg

case_statement ::=
[ unique_priority ] case_keyword ( case_expression )
case _item { case_item } endcase
| [ unique_priority ] case_keyword (case_expression )matches
case_pattern_item { case_pattern_item } endcase
| [ unique_priority ] case ( case_expression ) inside
case_inside_item { case_inside_item } endcase

unique_priorit y = unique | uniqueO | priority
case_keyword ::= case | casez | casex

10€
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8.2.1 unique-casé uniqueO-case

if-elseif < ~ uniqué & uniquett A{ % FA° L A s
caseselectior# Y9 Vv | #£Nof| o
== % ad=m o
=V s uniquecase % | «' 2% A°
— osk' 0o Tfiz|s, — | — - L As®
8-2
module test;
logic [0:3] key;
logic [0:1] data;
initial begin
key = 0;
#10 key = 1;
#10 key = 2;
#10 key = 4;
#10 key = 8;
#10 key = 6;
end
initial $monito r"'@%2t: da ta=%0d",$time,data);
always @ (key)
unique casez (key)
4'h?7?2?1: data = 0;
4'h?7?10: data =1,
4'h?170: data = 2;
4'h1000: data = 3;
default: data = 0;
endcase
endmodule
key==6 — s =— & VA & uniquecaser -3 A° — roqd3A
@ 0: data=0
@20: data=1
@30: data=2
@40: data=3
#- E D:/Users/A  rtgraphics/TestData/SVDesigner/SV/Primer/Ch08/
Ch08_Ex_NO002.sv (L19) Unique - case violation: test
@50: data=1
E
8.2.2 priority -case
if-elseif — < FA° =— % tdl=™ 9/ -=s | % -
td{ #4° Locase- 4 VA case_iten¥s <o ™ 8 priority-caset— < —o0
P¥) 0% 5A° 48 — #£8a=48 5868 |8 7— 8 <odgAc
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priority casez(a)

3'b007?: $display("0 or 1");
3'b07?7?: $display("2 or 3");
endcase

8.2.3 insideoc @™ 2 a< if 1 case
insideco @™ > = | if 4 case 2L A{ % gA4°

SystemVerilog

8-3
module test;
int iarray[5]={1, 2,3,4,5},
a,
initial b egin
a=11;
if(a inside {iarray, [8:20] })
testl();
else
test2();
end
éhdmodule
E
8-4
module test;

parameter WIDTH=S;
logic [WIDTH -1:0] a;

initial begin
a=1,;
check(a);
a=3;
check(a);
a=11,
check(a);
a=21;
check(@) ;
a = 65;
check(a);

end

task check(input logic [WIDTH -1:0] a);
case (a) inside
1: $display("a=1");
[2:4]:$display("a=%0d in [2:4]",a);
[10:12], [20:30]:
$display("a=%0d in [10:12] or [20:30]",a);
default:$display("'unmatch a=%0d",a);
endcase
endtask
endmodule

10¢
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insideo @™ > A4 o —#® L A % 3a4° — rod3A4c0
a=1
a=3in [2:4]
a=11in[10:12] or [20:30]
a=21in[10:12] or [20:30]
unmatch a=65
E
83 12Kk loop statements
SystemVerilog# td v == “3A° 8idk #|s ~ 8 continué
break & A % g4°
8.3.1 for
SystemVerilog# | for i > k 4 A 4k A % 3400 =V | ®
automatie- 4L Li ok #-—q A % A
8-5
module test;
int iarray[10];
initial begin
for(  inti =0; i< 100; i++) begin
if(i <iarray.size())
iarray[i] = i;
else
break;
end
Swrite("iarray:");
for(inti=0;i<iarray.size(); i++)
Swrite(" %0d",iarrayl[i]);
$display;
end
endmodule
CIC++< 0 oo fi2e- @2 fori 2k A % 349 <®iDdKkK |
C/IC++< o beginendz 3014 rodg 3+
1 — #|®i++s 18 preak £ = ™3 A9 Dk — # | Loaq |
73F° | — rodsac
jarray:0123456789
- — 0 - | e A foreach — % ~oqd34°

M <

10¢
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8.3.2 repeat
o wt ik A £ A0 L oo £ %0 ™ g i 0k | =
3YF0cfiae- @ — rod3A4°

repeat ( expression ) statement_or_null
4 r 8 —_ - =3 A °

module test;
int al$;

initial begin

repeat( 8)
g.p ush_back($urandom_range(0,255));

end
endmodule

8.3.3 foreach

foreach DKk |8 =—+" wa A % ol dk FAO *7 wm <
>k L Afewrzgiok L& A % gA°idKk | 8 «fi
Re=' D % - o3 A | & automaticz read onlyz A9 o fi 2 ¢ - @]
— =| £ A9
foreach ( ps_or_hierarchical_array_identifier [ loop_variables ])
statement
loop_variables :: = [ index_variable_identifier ]

{, [ index_variable_identifier ] }

8-6
module test;
int iarray[10] ;
init ial begin
foreach(iarray[i])
iarray[i] = i;
foreach(iarrayl[i])
$display(“iarray[%0d] = %0d",i,iarray[i]);
end
endmodule
i oK i | int - tqgA0 — foreach® | = 7 wm— d =g A
— foreach# | " wm — L k' fis o=™3A° =— foreach# 07 DK
i 4 c=™3 A%s L4 k| . —  #£A°
| — rodsqac
11C
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iarray[0] =0
jarray[1] =1
iarray[2] = 2
iarray[3] = 3
iarray[4] = 4
iarray[5] =5
iarray[6] = 6
iarray[7] =7
iarray[8]

iarray[9] = 9

E

foreahh 4

‘;Dl_ 4:»'\/

8-7

T o A | foreachd« = >~

8 | int

¥

-

34°
R RS

module test;
string

end
endmodule

initial begin

gs[$] ='{"hello", "world", "from", "Tokyo" };

foreach(qgsli])
$display("qs[%0d] = %s",i,qs]i]);

rodg40

gs[O] = hello
gs[1] = world
gs[2] = from
gs[3] = Tokyo

E

— | associatives " mmr =3 A° | — — associative " we— ¢ D | stringo —# 8
- i ok | sting ~od{3A°¢d2— ~ F3= L A
Y%Nef 5 A° 4 p8ed key £k' fisaf |

$display(fiar ea_codekepparga code[% Rey ;,

-

:»:IAQ
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Copyright © 20182019Artgraphics. All rights reserved.



SystemVerilog

8-8

module test;

int area_code [string] =Y
"San Francisco":415,
"San Jose":408,
"Berkeley":510,
"New York™":212,
"Los Angeles™:213 };

initial begin
$display("% - 20s Area Code","City");
$Sdisplay(" ");

foreach(area_codeli])
$display("% - 20s %3d",i,area_codeli]);
end
endmodule

—«¢ 24 = associative " w=— # A° foreach- A | 2= ~ 3
= t 43 A9 foreach — #¢d— & A % 34°

«2| sting o —#8 «D | o % #5314 3A9 foreach #i DkAq<
/— #4¢2% td3n°

| — rodgac

City Area Code

Berkeley 510
Los Angeles 213
New York 212
San Francisco 415
San Jose 408

E

8.3.4 while

while | % true #No q4°& 4 -
3A4°

4L s3 A —ofiae. ol L

while ( expression ) st atement_or_null

1= % Ao - expression % # o 19 & whilei dk | - -
- q434°

8.3.5 do-while

SystemVeilog# | dowhile & A4 %%z Ao fide.e® — rof=™3A°

do statement_or_null while ( expression ) ;

stat ement_or_null 4 -8 expression ¥%  true #Nef| 4 doK. e-d 4 -
3A4°

11z
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8-9

typedef enum { RED, YELLOW, GREEN, BLUE, WHITE } color_eg;

module test;
color_e color, first_color;
initial begin
first_color = color.first();
color = first_color;
do begin
$display(  "%- 8s = %0d",color.name,color);
color = color.next();
end while ( color !=first_color);
end
endmodule
enum— pd=mtzi L ~ @Ekifi'J@ETMﬁAg nosll =—"'zi
% A L -V ~of=™3A° enum—" zi & k- 4 Ags
—tzi— | —tzir =i=1A9/_ AL =10k AL o= M3 Ao
A -|| < - 0 AL 3 A0
RED =0
YELLOW =1
GREEN =2
BLUE =3
WHITE =4
E
8.4  forever
- L 4 <3A°9-fiae-e — q4#A°
forever statement_or_null
| el fi = % 14 o™ oiokd 4 <340 S e=8oF " Do
T 3 3F° [° o wmtfi = % 14 ord rodgyFe 48 —
r <:>=1 A 9
initial

forever #10 clk = ~clk;

8.5 return
SystemVerilogt | C/C+4+< ~retun £ A{ % gAc°
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8-10
module test;
byte  barray[5]={1,2,3,4,5};
initial begin
$display("barray[0..4]=%0d",sum(barray, -1));
$display("barray[0..2]=%0d",sum(barray, 2));
end
function int sum(byte ar[],int last_index);
sum = 0;
foreach(ar[i]) begin
sum += arfi;
if(i==la st_index)
return sum ;
end
endfunction
endmodule
| — roq54c
barray[0..4]=15
barray|[0..2]=6
E
8.6 break
L— | iok%E t A - =3 A° fori >k A % A
# | break 4 foreach > k # o= ™3 A9
8-11
module test;
int q[$] =*{ 10, 20, 30, -1, 40,50},
val;
initial begin
foreach(q[i]) begin
val = q[i];
if( qfi] == -1)
break ;
$display("got: %0d",val)
end
end
endmodule
| — rodga4c
got: 10
got: 20
got: 30
E

114

Copyright © 20182019Artgraphics. All rights reserved.




8.7 continue

SystemVerilog

L— | io2k— sdr-o fik e= —idkd A FA° LB | — -
Lok L LgAefori ok - L A % A % |
continue < foreachi J k # o= ™3 A9
8-12
module test;
int q[$] = '{ 10, 20, 30, -1, 40,50},
val;
initial begin
foreach(q[i]) begin
val = q[i];
if( g[i] == -1)
continue ;
$display("got: %0d",val);
end
end
endmodule
| = rodsqac
got: 10
got: 20
got: 30
got: 40
got: 50

11¢
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9 ae@es<hOfis- "fi tasksand functions

SystemVerilog- | — %N g0
4 @-8 Jdsnofie-o'fi— — & peginendz 5 | Nd 3 > %°
L s omhofiee Tfid A % g4°
1— rfdehofice Tfitaoe-— - e %  rodg oV dmtfia 4L
V- 4 -0 ™o @< — 8 void functions = A % % 0904973
A o
91 2 @
92 wd.n' el
wd | - &£ A % a4
input
inout
output
ref
wri— A em o i3ty i{qas
—Wd - % td=™a™  sinput%s ot 4340
—wd - % ot =™Ma™ 8 —wdJ— % 14340
E| r8
task mytask(a, b, output logic [15:0] u, v);
endtask
- ™=8w>, a8 Jds8p— | input wd s us 18 v— | output# A °
WO r|edandekd A{ % 549 ¢ 24N o mak o™ 8 i

D0 ¥ iJ||=|A9

—WIJ reDd AN ek ¥ A =™MA™ 8 4 oD ek | logicr a3
FANR)
W — % P = ™= 00 AN o -k — Y% ™ 8 4D oD ek | logic
roq494°
/4 — | @ —WDI ) —¢D 20 ek d -3 A0
:Ir8

task mycheck (input a,[1:0]b,output int q);
endtask
- ™=8wDJ a® 48 b—eD AN ek | logicEAS®

93 a4 @¢ -—
o @« — L peginendz 5 | Nef 5 T

11€
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9-1
module test;
bit clk;
initial begin
trigger(  3);
$display("%0t: completed",$time);
$finish;
end

initi  al forever #10 clk = ~clk;

task trigger(int count);
repeat( count) @(posedge clk);
endtask endtask

endmodule
Verlogs 048 = @« — 1 4 = ™3 Ao beginendL ™[~ AL =™
34°

E
9.4 hoOfieo i
SystemVerilogt | &L ¢t o ™hofieo Tfid A % 3A%EhoOfieo " fi—
- A | Verilogs 43 3
941 hoOfieo " fi—
- % 1454

hofiee "fi|eb" 2" L 5sO- fFotd rodg 5o - |
#8 ## & fork-join8 fork-join_any® wait® wait_ordef expect 2t A | 3
T4
hofiee "fielffa@ed 4 A | 34
- = s hOfieo " fi 2| o wat fi LA % o™ ~ 475
AYse /A | £A0° ~ | fork-join_none¥% 3 4 = ™3 Y 9 fork-join_none 4
co™—ghOfieo "fi 2 - A % g4

942 wd.n' e

wd o~ | - &£ A % A

input

inout

output

ref
wd J — AL e ™ 8 —i D1 3 IJ||=|A9

—wdJ - % td=™o™  sinput¥% 1t d3A°
—wd - % td=™a™ s —wdJ— % td3A°
117
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4 8

f unction logic [15:0] myf(int a,int b, output logic [15:0] u, v);

endtask
-~ ™=8w>, a8 d8b— | input wd s us e v-— | outputz A °
WO r|edandmkd A % 34°¢D 40 % mk ea™ 8 i

DI 3 IJ||=|A9

—WIJ e AN Yk ¥ T4 =™MO™ 8 4D AN ek | logicr ad3
A 9
WO J— % 1 =™=edaNdek— % ™ 8 ¢D DN ek | logic
rodgAc
/4 - | @ —WDJ —4¢D 30N ek d o3 A°
E| r8
function void mycheck (input a,[1:0]b,output int q);
endtask

- ™=8wDJ a® 48 b—9D AN ek | logicEAS®

943 hOfieo "fi # dmmtfio 4L e

fork-join_nonelt A { < function # L o wat fi = LA{ % 3 A¢ fork-join_none|
=™ K. ¥ @kK. P < =0 ™—28 function % - A % 3A° <@
functions & A - | % EANO
9-2
module test;
bit done;
initial begin
check;
$display("@%0t: returned from check.",$time);
wait( done );
$display("@%0t: main completed.",$time);
end
function void check;
fork
#10 S$display("@%0t: checking...",$time);
#50 $display("@%0t: ch ecking...",$time);
#60 begin
$display("@%0t: checking...", $time);
done = 1;
end
join_none
endf unction
endmodule

11€
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1— #|hofieo Tfidaoo— - o= ot fi = 4L = ™3 A9 A
Yhofieo Tfi #ea™ D Lad % -4 30947 D - N
- fi ] @ev @(posedge sig) 8 Jds" ziqpnsfiowas K wait
(expr) L £ A
fork-join_none| - A % #Ae 1 — &£ A< - 0 d 4
A hOfi e ' fi check|] 9V < 0 - [ =™3A°
@O0: returned from check.
@10: checking...
@50: checking...
@60: checking...
@60: main completed.
#- 1 Simulation completed at t ime 60 ticks
E
hofieo "fi Y%|wmzfis LL A ->v L 340 | k. ¥ o
Ko o =g 3
9-3
module test;
event ev;
initial begin
@ev $display("%0t: main completed.",$time);
end
initial #60 trigger;
function void trigger;
->ev;
endfunction
endmodule
! J|| i A -|| < - 0 4L 3 A0
60: main completed.
#- | Simulation completed at time 60 ticks
E
9.5 - L A
de-8 Jdshofieo i %Ne| 8 o— 8 - | o % td=
™3 A9/ o=8 LA % otd reae-s Jdenofieofid
+ -~ L 30~ 33 - A{—% #£4° SystemVerilogt | 2/ % #A°
o fi e e @] — F0f=™3A°

subroutin  e( [ direction ] [ type ] argument = default_expression);

11¢
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- L oad rodgA°oKiows fid A | AL eq ™
o1 & A ™ codqa° 4

function void check(int a[],int left=0,int right= -1);

endfunction

- ™=38check — 4 oz left - o= % td=™ard releft ~| 0%
tdg00 ~8qight - <= % tdord 1% 1d3ac oR' ©23
A a7 ot £AO

7w Lmveon ~ | & check(@array) — = 4309 «7 wa— ot duyw
| ~ | ® check(array,3,10) - - 4 <340

gKide=fid 1 A s FPwafi A % 3A° 4

check(.a(array));
check(.a(array),.left(3),.right(10));
check(.left(3),.a(array));

— - 4 A % A0

94

module test;
int iarray[] ={0, 1, 2, 3, 4,5,6,7,8,9};

initial begin
print(iarray); /10..9
print(iarray,8); /118..9
print(.a(iarray ),.start(2),.last(5)); 112.5
end

task print(int a[],int start=0 ,int last= -1);
int ri ght = last== -1?a.size() - 1l:ast;
$write("a[%0d..%0d]:" ,Start,right);
for(inti = start; i <=right; i++ ) begin
Swrite(" %0d",a[i]);
end
$display;
endtask
endmodule

AL afs - roqfqan

al0..9]:0123456789
a[8..9]: 89
a[2..5]:2345

E

12(
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SystemVerilog

L Ahofieo Tfid — 2 e % 2A° - A< «fiRmm 2%

AL
oe ¥ o= =3 A° 48

std::randomize(a,b,c);

—  A{<fiRm D] oe¥dod <3A° 1 — #|hOfi-o"fi%
A L =A™ 8 (fiRum 2% & g A0 Se=81— -
[ em#ae A oaf e Loafs| pomeze -
2| Ndg>F° 8 — - % 4V % 3 o™ 13A°

assert( std::randomize(a,b,c) )
else $display("%s(L%0 d) randomize failed."

,__FILE__,; LINE_);
% 44 o g LA~
void 6( std::randomize(a,b,c) )
— re=hOfiee "finediLvoidhofi-o"fid 4 A%— - T¥%htgA°
9.7 R
J @«8 48 hOfieo Tfi 2 1 oL oe 8 automatic— Y £A°
automatic -~ |4 ¢ Y% @2 P - td 500
9-5
module test;
initial begin
for(inti=0;i<=7;i++) begin
$display("%0d! = %0d",i,factorial(i));
end
end
function automatic  int factorial(int n);
if(n<2)
return 1,
else
return n*factorial(n -1);
endfunction
endmodule
hofi <o ' fi factorial 4 automatic -= o= ™3 A0 | — 8 ne e
factorial | @26« - 1300 [=5 1 <% <o Fdgac 4L
aMs - coqqac
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o'=1
=1
21=2
31=6
41=24
51=120
6! =720
7! =5040
E
98 o' @—0sP»< 1 -
-le - tdvoser|®ehoi s < o= automatica® 1 — L A=<
- 1 ed e % 540 — L. @—0ser<s o= % oa=q43A°
-8 o automatic - 4 1 =Nq3A4°
9-6
class sample_t;
function int factorial(int n);
if(n<2)
return 1,
else
return n*factorial(n -1);
endfunction
endclass
module test;
sample_t sample;
initial begin
sample = new;
for(inti=0;i<=7;i++) begin
$display("%0d! = %0d",i, sample.factorial(i) );
end
end
endmodule
<« ® samplet ~hoOfi «- ' fi factorial(®s td=™3 A9 hofieo ' fir|
~ automatiéstatic =~ Y= ™= ™a ™ 8 < -= automatic %  td3A° [ =8

< -3 A°

E

99 wosep» #F— -

staticon ® s ¢ ) E — — — - Vs FAS | — 8 statica begin/end
Ko ter b idqac
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9-7
module top;
testl T1();
test2 T2();
initial begin
T1.shift(1);
T1.shift(2);
T2.shift(1);
T2.shift(2);
end
endmodule

program testl;

function void shift(logic [7:0] data);

begin
logic [7:0] sdata = 1 << data ;
$display("shifted=%h",sdata);

end

endfunction

endprogram

program automatic  test2;

function vo id shift(logic [7:0] data);

begin
logic [7:0] sdata = 1 << data ;
$display("shifted=%h",sdata);

end

endfunction

endprogram

—

J£  afs - o L qa

shifted=01
shifted=01
shifted=02
shifted=04

L A <e Tishiftlp e Tlshift(2)% <= ™o ™ 3% %d 3 A° Tilshift() |
staticz Nef @

logic [7:0] sdata = 1 << data;
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Yo B 7 Do T - o 1 3 A9 1 —  #| 8 data==&#Nef ¢ sdata
==1<sad30° «%ls o =" 50 T -8 | — | o3 YF9 [ =3
- 0 ~odgA0
& T2.shift()| automatict Nef @
logic [7:0] sdata = 1 << data;

| begink. e-% A -~ % md e o™ L e
E

— | ® automatiao s &> % — statc — - A 4L eq A

9-8

class X;

task check( );
static byte flag =0 ;
real r=1234 ;

$display("flag=%0d r=%0g",flag,r);
flag = 12;
r=101;

endtask

endclass

module test;
X X;

initial begin
X = new;
x.check();
x.check();
end
endmodule

©se) check()) -' @ % t 4 =™ —# aubmatic# A ° flag| statics = t
J|| = TM:I A 9 ﬂag —_ | 8 o |_; i Do ' f| Lo oo 1 jr 1| =1 A 9 8 r
| automatics —# 8 losessn A -~ sFd34°

1L afs - o L 540

flag=0r=123.4
flag=12 r=123.4

9.10 S o= —1" um
" ot - A %

3 séReA-” s @8 Jshofieo"fi%
* " w— ¢HD % 4
f—J

A°
:| <<:»EF)-J1|_E'I'W-£ A‘”Sg
O mmit—e " b P e wmé 48 ¢ od A % 3A°

b
e humIF P enNs” wlt A-”_ £ =|=|=|A9
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9-9

module test;
str ing dsfl,
fs[5] = '{ "One", "Two", "Three", "Four", "Five" },
gs[$] = { "Monday", "TuesDay", "Wednesday", "Thursday",
"Friday" };

initial begin
ds = new/[5];
foreach(dsi])
ds[i] = $sformatf("%0d",i+1);

print(ds); /I passing dynamic array
print(fs); /I passing fixed array
print(gs); /I passing queue

end

function void print(string a[]);
Swrite("array:");

foreach(ali])
Swrite(" %s",a[i]);
$display;
endfunction
endmodule
= — Q-I-"—nﬂ—Kib—ﬂl-E-n-"—ﬁ T‘” s ‘” E AN O it —
TR CE A R I e w< M3 Ae & «* Dgs

gs[O:$}-= 7 wm# Nof ® FhmmdFEenN " wmt 1] % 3A°

1L aAfs - o L ga0

array: 12345
array: One Two Three Four Five
array: Monda y TuesDay Wednesday Thursday Friday

E
9.11 import - export
SystemVerilog] 8 — < —wafi 22 h ¥2 ® DPI Direct Programming Interface
4E™3 A9 | | # |8 CICHS —mafi 40 VD @ < o= 4k =3 A°
C/C++# tdviowefid A ~|®import £ =3 A ° SystemVerilog#
Vi dwo fid C/C+ A ~Aq -~ | & export 4L g h° 4 - Ls
M- cotdredrzdr apr - - eqa
12t
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export "DPI - C" function check;

export "DPI - C" function xp;

export "DPl - C" task waitTime;

export "DPI - C" function xp_packed;

import "DPI - C" function logic toSvLogic(byte i);

import "DPI - C" function void getLogic(logic [7:0] Iv[1:0],
output byte [1:0],logic [7:0] Iv2[0:1]);

import "DPI1 - C" task printBits();

import "DPI - C" function void import_NO0O08();

import—  ~ | 81— %N peiowefid A{ % 5A° export— - |
i >vo fi— 4 SystemVerilog# otd rodgyFe | exporti > %o fi —
d =3 A0 — £ 9 0%A°®

f unction int check(byte v);
return v%¢4;
endfunction

function void xp(logic [3:0] a,inout logic [7:0] b [1:0],
sho rtint si);
$display("a=%b b[0]=%h b[ 1]=%h, si=%0d",a,b[0],b[1],si);
b[0] = 4'b11xx;
b[1] = 4'b00zz;
si = 256;
endfunction

task waitTime(int delta);
#10 $display("@%0t: waitTime",$time);
endtask

function void xp_packed(input S x,inout S y,output U z);
$display("x=%b y=%b",x,y);
z.a=3'b010;

endfunction

exporti D o fi — # importi Dws fid 1 A L 3A°

12¢
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10 o. eofi enK. B e clocking blocks

c. PefianNKe Bo| 8oL Bor o= A — o mat fi = skew & A
FAO dmmtfiad A<8 ol P —mmzfi)r -=8 oV o b fi -
% eqA° .. PafianKe eer|fde 1+ —  — & A | o0

1540

e. PofianK. 2« | « D : 2 clockings endclockingt == =3 A ° clocking—

~ 8 default | 8 globald 4 L 3A° 4 eofiar. e - r~o0d3

A o

clocking_declaration ::=
[ default ] clocking [ clocking_identifier ] clocking_event ;
{ clocking_item }
endclocking [ : clocking_identifier ]
| global clocking [ clocking_identifier ] clocking_ event
endclocking [ : clocking_identifier ]

clocking_event Flee BafiaY A wmgfisd -3 A° 4 p® @(posedge
ck) — ~ d o3 A° wmz fi J - | 8 posedgé negedgeé - 8 edged A % 5
A ° edge| DDR (Double Data Rate) £A°

defaultd A < . B« fi~ default clocking < 694 53A9 «o B« fi =N wmz fi |
% o SystemVerilog ~ ™=.. pefia— L Af<s c. Pofi~%
tdl3A° 4 8=od- ' fi— sequencel property# default clockingZ: =g A°
default clockings A { < ® sequencel property— Yoleuo EafianNamz fisd A
I % 4 e - ™ daf % qa0
Yed 4 o—#ofide-o| dMNre %le. eafia— ™ L o o
3 A% fide - @— | i

10.1 L be. PofienK. B e
L ae. befianNKe | — rod3A°

clocking cb @(posedge clk); endclocking

| 8 | J|| o 1t # IL 3/8N9=| 3 A ° @(pOSEdge C||() _ ?=| _ s _ @Cb) < 5
% 3A° -8 <. pcfianK. e+« — posedge <& negedge - 44 ot 2 @cb)
| @(negedgeclk) ~ =d3A4°

10.2 e. Pofien @0~ D clocking skew

e. BefianKe o | - input outpué inout &£ A4 % 5A° 1
# ¢ inout| input 1 outputd 3 A% @* D |8 e Pe—wmzfi) Yolf2q w1 —
# —afik' fi=% 4% |2 % 9%t =3 A
input -~ <=8 | - <e= td 380 L8 el PafianNemgfi)%
1 -~ input —ofik' fi~% Fd3A°output —@«c* D | c. PCfi AN mm
zfil— — 4L s3 A
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e. PeNemz fi)

—
! : outputiskew
e
input skew
48 - A % g4
clockingcb 1 @(osedge clk);
default input #lstep output negedge
endclocking
default 4 e=8 = - o= et DA o=TMg A0 — - < e
@(posedge clk) —wmz fiJ % 1 {<® — @@Megede clk) # output r~ % t 4
3A° ~ 4 8 @(posedge clk) —wmz fi ) % [V © output - | —

@Megede clk) # tdv L c=mgac

-. B fia L - A -] e - - =3 A°

clocking cb @(clk);
input  #1ps address;
input #5 output #6 data;
endclocking

Sooinwdlwizeo  WlE L 4 4 Lzwngas

clocking bus @(posedge clock1);
default input #10ns output #2ns;

input data, ready,
enable = top.meml.enable;
output negedge ack;
input #1step addr;
endclocking

e 5% af o zoidrofqzts

12¢
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101

module test;
bit clk, a, b;

clocking cb @(posedge clk );
input #1 a;
output #2 b;
endclocking

initial #100 $finish;
initial $monitor("@%0t: b=%b",$time, b);
initial forever #10 clk = ~clk;

always @(cb)
cb.b <= ~cb.a;

initial begin
#20a=1;
#40 a=0;
end
endmodule

e. POfianNK. Pe— - |4 & @(posedge clk} wmz fi 8 2 ticks - b
- % 1454 | — roq54c

@12: b=1
@32: b=0
@72: b=1

E

103 ODeme i Ne o™ D cycledelay
Omme i Néc" D | cu B afianegfil% L] -4 = FA° 4 8

##3 a=D;

| #3c. EeNOmmei ~a=b & <3 A° | | Z: DmmeiNe=" D | ..
e« fi ~ defaultclocking # k3 A

02 "fiZLlQmmei Ne=" Dk 3 A9 L — [ 8 wv B fi 2D wmz fi |
leading clock ¥ property | ® sequence td3ae 3

sequence s_ab;
a##2 b;
endsequence
property p_ab;
@(posedge clk) z | ->s_ab;
endproperty

- ™M=8 o, PeNOmmv i ##2 | propertyp_ab — @(posedge clk) ~ | td g4

12¢
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102
L — #| ® defaulte. e« fi~d S=E™3 A9 V8 Dmmei Nea” DL o= ™5
Ao defaulte. e afia¥% td=™]—2cepdeo "fiz| e Eenegfisdt o
=™ 34
module test;
bit clk, req, gnt, check;
default clocking cb @(posedge clk);
property check_req_gnt;
$rose(check) | ->req ##1:3] gnt;
endproperty
endclocking
assert property (check_req_gnt)
else
$display("@%0t: FAIL",$time);
cover property (check_req_gnt)
$display("@%0t: PASS" $time);
initial begin #20req =1, #20req =0; #20req =1, end
initial begin #40 gnt=1; #20 gnt = 0; #20gnt =1, end
initial begin #20 check = 1; #20 check = 0; #20 check = 1;
#20 check = 0; end
initial repeat (10) #10 clk = ~clk;
endmodule
| — rodsqac
@50: PASS
@90: PASS
E
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11 k. ¢t @ — <

111 ¥v h¢ semaphores

¢vho|s —k. t@% A -t en]| — 2A° $vhoO|
SystemVerilog- - ' @< = td=™gAe [=s . entfirid =8t
i -~ newo @™ > ad cz=oKove.sd 4 =4 d 43A9 4 8

semaphore mutex ;
mutex = new;

— - o= “3 A° |8 tvho| —«2d AP rreszA®
ced% A A -t @A % FA° D% o™ 8D %
rofq#k. te] Vorqrodqyte

¢y ho|. b~ L Afwt—ofiki %N A0 A o2 - o=—
Nel 5 SF° v ho Wl extends ~= vo-' el A L £ A0
'_”':18(93 e s get & " A‘” ¥s 3A°

tvho|-' @&Ne| — ocoserd =Mz A0
method
function new(int keyCount = 0 ); oV —«dd =3ynod -3
Ao P ey | tAVveor— # t
134
put)z A«d— % get)=V « > — |4
L ™ & «>— 3% keyCount & 4
¥ l=|=|A9
function void put(int keyCount = 1); oV —«dd¥yhor o589 A
«3 - | 1240
L s Ao d J'ETM_”KILQQ,_
o —edd A e/ — L
—k. ¢ ®— Vs =3 A°
task get(int keyCount = 1); eV —«o 4 g A9 —«2
% adp 1 o=k ve— |
o3 A9
L _s — (D Y - ™ ~ | s
4 e=™ k. ¥t @— %K. e-1ds
«D— Y8 v-0-||=|$é L - 097
Ao
function int try_get(int keyCount = 1); eV —«d 4 3 A° =8 d
=k v ekK. ee g 340
-8 —«2% AdFp - 4
=13 A °
L.s —42% o™ | o
=3 A °
131
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11-1
module test;
semaphore lock;
int rs;
initial begin
lo ck= hew (3);
lock. get(3) ;
$display("@%0t: got %0d keys",$time,3);
lock. get(2) ;
$display( "@%0t: got %0d keys",$time,2);
rs = lock. try_get(10) ;
if(rs)
$display("@%0t: try_get got %0d keys",$time,310);
else
$display("@%0t: try_get fai led",$time);
end
initial #10 lock. put(2) ;
endmodule
try_ get %K. -3~ f=™] &£ A % FA° - rof
34°

@0: got 3 keys

@10: got 2 keys

@10: try_get failed

#- | Simulation completed at time 10 ticks

E

11.2 o> i nWe ¢ @ mailboxes

©>1 nWe - ®| producers consumedt L= FIFO' @) #A° FIFO' @) | [t VO wm
we | s —Ommud = -~ A % 3A°FIFO' e %hi — | ® producer
| ¢ ad % 5 | 3Y+9 FIFO' @i % — & consumer] v otd rods

S

producer > —» consumer

mailbox (FIFO)

!

¢vhos< -8 021 nWe - @l SystemVerilog— - @< <= td =™ A9 i
> i~ pewo @ D 4 s=oKov.sd 4 =/ L J3a° 4 8
mailbox fifo,

fifo =new(3) ;

— re=  e3lhco0dinWe-e|-' @ENf—%2° — cosead g=m

4°

132
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method
function new(int bound = 0); od2i nWe .- ed 4 =579 bound % 0
#Ne|<0d2i nWe - @ — 0 iyl
L8 producer | ==K. B« o3 YF°
bound % 0o ™ 8 0di NWE -« @]
—Dmmu< 09 3A°
function int num(); 021 NWe - or Aoetde &
-3 A° A |®& — gett |8 puts
2 o FA®
task put( singular message); oe¥¥d)ododi nwWee.e® FIFO -~
% q3A°0d1 NnWe e+ @¥%hi — 8
% Fk. t®|8 001 DWe- @ %
% {32 L - q454°
function int try_put( singular messag e); oe¥d)otodi nwWee-e® FIFO -
%oNFA° =f K Pe =g FE0
021 NWe « @  %%Ne] 8o ¥d
od 18 - 4L =3 A°
0d2i NWe - @%hi — s 0 og
FANRS)
task get( ref singular message ); 0d2i nWe - e%|-l1oe ¥ 0k 4 o
4°
odi NnWe.e@% — 8 4 Ak. ¥
|8 0di % o03% L r~odgAce
function int try_get( ref singular message ); odi nWe.e%ltloe > 0t { o
T4° <8 Ke Peooq 3Ee
0di nWe.@% — 80dL ~3A0
oe¥d ol oo 2% r — &
3 A° -9 =| Sa ™ |8 —
AL C>=|A9
task peek( ref singular message ); 0di nWe-e%ltloe > odtdcHd =
34°
0d2i NWe-@% — 8 «Hd)A]{K.
§0|8(03i% 23 #F L I—Q=|=|
FANR)
function int try peek( ref singular 0d2i nWe - e¥%|-l1oe ¥ 0oddHd =
message ); A9 <8 K. Be =g yFo
0di nWe.-e% — 80d ~3A°
oe¥dod o eHOYZ%Y [ — L&
=3 A° <2 «HD o™ |8 —
AL =3 A°
producer¥s % o0 P ¥D ©— <°®consumes { AoeP¥do— % o™ s
=% <0 d40™ %N 34/ — o £ | e - A ¥%Ne
174
13¢
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11-2
module test;
mailbox mb
shortint val;
initial begin
mb = new(3) ;
#10 mb. put(100) ; $display("@%0t: put val=%0d",$time,100);
#10 mb. put(200) ; $display("@%0t: put val=%0d",$time,200);
#10 mb. put(300) ; $display("@%0t: put val=%0d",$time,300);
#10 mb. put(400) ; $display("@%0t: put val=%0 d",$time,400);
end
initial begin
#50;
while( mb.num > 0 ) begin
mb.get(val) ;
$display("@%0t: got val=%0d",$time,val);
end
end
endmodule
| = roqqac

@10: put val=100
@20: put val=200
@30: put val=300
@50: got val=100
@50: got val=200
@50: got val=300
@0: put val=400
@50: got val=400

300 % j<o0di nWe-e%hiro] & 400— % | K. e-tdgAc0

50-o0<s0di — 4 <% 4 & 40— % 1% td34° 100 200
300L g o - 400% % gq74°
E
113 R' @2 a =Vvo0di NnWe e @ parameterized mailboxes
©di NWe - ®—+¢D2 2~ A producer/consumer ¢ > = | - 4 %
LegAo L 1 rFr2o0dinWee o 2wkt Af % g4° 8
— v-0=|=|A9

mailbox  #(type = dynamic_type)

1l— —od2inwe-ed A{<sso0diNnWe.@— %«fi Rumi -~ -0
& producer/consumer ¢ 3 o — L (fi Rumi r A % g4
134
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11-3
class Mail extends mailbox#(string);
...
endclass
class Mail2#(type T=string) extends mailbox;
...
endclass
module test;
mailbox mb;
mailbox#(string) smb;
Mail mail;
Mail2#(string) mail2;
Mail2 mail3;
int ida ta;
logic [15:0] Iv;
initial begin
mb.put(“this");
mb.get(idata);
smb.put(lv); /I error
smb.put("this");
smb.put(123); /I error
smb.try_put(123); /I error
smb.get(idata); /I error
smb.try_get(idata); /I error
smb.peek(idata); /I error
smb.try_peek(idata); /I error
mail.put("mail™);
mail.put(123); /I error
mail2.put("mail2");
mail2.put(123); /I error
mail3.put("mail3");
mail3.put(10.3); /I error
end
endmodule
(fi Rmmi ~ <! 2 <0 ~oemor— & 13 oV %8 «fi Rmm D |f =] «' >
< ~0™  %Nel3A° 4 8 smbput(lv) L« ds< PO ™efi Rum' D %
ms g g
E
11.4 Y%wmz fi J named events
evente D = & = | Yommz fi J <04 3400 Ak o= wmz iy — &
™3 A wmz fi) Ve A g% LK. eeA] % F0° wmzfis L] —o
f| 94 E - OL 4:>=| A 9

@ hierarchical_event_identifier

13t
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-z i) L—k. ¥ @d>| %% cotd rod g Yd0 mzfis— trigger ~ |
—o fiape ol o3 A0

- > hierarchi cal_event_identifier ;

4 r 8 — - =3 A °
event ev;
initial begin
@ev
$display("@%0t: released",$time);
end
initial begin
#10 ->ev;
end

11.4.1 triggered

-z fi) L @ev | «p on¥fic ve KEA%S evr | % ™—% | 433+

L — 8 @ev L—Kk. ¥ @Youmz fi | LA 4L o= w3 € Y%Ned 5 A9
11-4

@ev| <. e« fi=Nemzfi) @posedgeclk) & | 8 @(negedgeclk) < o4 <« o—
% 435491 — @ dumtfia%dcmzfis— L o= ogmqao

— #|/ — % %=™3A° d— intialk. c D> 0 % - -=Ls @eve | o

@ev2—= L %%  t433F°

module test;
event evl, ev2;

initial begin
- >ev2,;
@evl;
$display("@%0t: evl released.",$time);
end
initial begin
- >evl,;
@ev2;
$display("@%o0t: ev2 released.",$time);
end
endmodule
| = rodgac - c[v@ev2 1=z
@0: evl released.
E
13€
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dL A4 - & SystemVerilogZ | wmz fi J — L A triggered4 -

— ={$A9

3 =V
hierarchical_event_identifier.triggered

triggered ™4 101 -

| — | ® —o k=7 2o T -wmz fi) % L[ =
30° %=™a1d  100L ~gp0 - L — - A —% L % Ne
{ < ™pq=™00
wait ( hierarchical_event_identifier.triggered )
Vv < 4 8 -> hierarchical_event_identifier Y% — wait 4 L ~ s%=1Ls,
— wait | 340
115
AL

@ETM=IA91_

18 @ev2— g4 ~ @ triggered:
L

L — #| @ @evE
v &~ a4 % A0

== TM-” 8 [ V4 fi 1 %

module test;
event evl, ev2;
initial begin
- >evz,;

wait ( evl.t riggered() );
$display("@%0t: evl released.”, $time);

end
initial begin
- >evl,;

wait ( ev2.triggered() );
$display("@%0t: ev2 released.”, $time);

end

endmodule

| - rodsqac

@0: ev2 released.
@0: evl released.

E
11.4.2 Seo=—wZfilNoKoVvel

| e hofi e o ' fi—
E| r8 — 0

SystemVerilogt | ~ @« © 1 czmmzfiinoKove,LR' o
LA % zAe

DA< == ¥ A 3 3A°

task trigger( event ev );
->ev;
endtask
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module test;
event ev;
initial begin
@ev;
$display("@%0t: main completed.", $time);
end
initial begin
#30 trigger( ev);
end
task trigger( evente );
#10 - >e;
endtask
endmodule

| — rodga4c

@40 main completed.
#- 1 Simulation completed at time 40 ticks

E

11.4.3 wait_order
= rumZ fil % A3z 4 =™ k. ¥ LK. P o A9 waz il

- % eV - Fo™ 8 -4 d<odgha°fiae. @] - -
6934°
wait_or der (  hierarchical_identifier { , hierarchical_identifier } )
action_block
action_block -~ & o 3% 3 A° action_block | L Vv s A
viam™ — - =V 4 Y83 A°

- [ = %V ezfil % 4 5/85”-4!:)|—|Q=|=|Z=|=9 4 8

wait_order(a,b, c);
| e wmz fis %@ ->b ->c — ~ 4% —Kk. ¥ @LK. e o5 A0 wmz fi
= % - Fo™ s 4 2<0qd3A° o8 %V wmz fi ) - o= —

Nel 5 S+° 4 8 wmzfi/ a<wmzfi) b¥%hi— ~ %V S wmz fi ) C % I
ruz fil a¥% 4 1 =Ll 2] o0dg3Fe

13¢
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module test;
event a,b,c;
initial begin
wait_order(a,b,c)
$display("@%0t: success",$time);
else $display("@%o0t: fail",$time);
$display("@%0t: main completed.", $time );
end
initial begin
#1 ->a;
#1 ->a;
#1 ->b;
#1 ->a;
#1 ->c;
end
endmodule
L— | -z fis % {- g A9 waz fil C¥ WV # wait_order| oq A9
| = rodsqac
@5: success

@5: main completed.

E
11.4.4 waz fi J -

wZ fi s NEfidi - nuld A <tfisl < mmzfil - & g A9 Lo
zfi,— & = % ™ 8wz fil# td =™ % 14340
E| r8

event ev;

ev = null;

—_ r o= = Ag =8 @eV.,i- I = TM‘” K.... 8 93/8 A‘” SS -Z f| J L — NQ
Ikl vl -2 ors4o

NUllwz fi J - o= waz fi) LEA]<s %z— rod % Y%d3yFe 4 ¢

nm -

event ev =null ;

@ev;

- ™=8 @ev—  %zeo]% %{gy+°

13¢
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# | 8 wmz fi J evi- nulld

=7 3F°

@ETM:I Agi

<

SystemVerilog

L

— w7, fi f™| e e

module test;
event evl, ev2;

initial begin
@evl;
$display("@%3t: Initial
end

initial begin
@ev2;
$display("@%3t: Initial
end

initial begin
#100 $display("@%3t: Initial
end

initial begin
#10 evl = null;
- >evl,;
- >ev2,;
end
endmodule

- 1 ended.",$time);

- 2 ended.",$time);

- 3 ended.",$time);

04300 evl— wmz fi J

L%

tAlMre B2 7 20 i %

@ 10: Initial -2end ed.
@100: Initial - 3 ended.
#- | Simulation completed at time 100 ticks

E

11.45
wZ fi J NELfidI ~

alias
AL

A

Z wmz fi | —

event evl, ev2;
evl = evz;
-lFdcevi<ev2% Omzfii<odgAc

1146 wmz fi | —
wz fi

events comparison
~od” D

JS!:

if(ev !=null)
- >ev,

EZ

A

3A4°

14C
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module test;
event ev, evZ;

initial begin
ev2 =ev;
@ev;
$display("@%0t: stepl is released.",$time);
@ev;
$display("@% Ot: step2 is released.", $time);

iflev==ev2)
$display("@%o0t: ev and ev2 are the same.",$time);

else
$display("@%o0t: this cannot happen.",$time);

end
initial begin

#1 ->ev2,

#5 ->ev;
end

endmodule

| = rodsqac

@1: stepl is released.

@6: step2i s released.

@6: ev and ev2 are the same.

#- | Simulation completed at time 6 ticks

141
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12 =@g2- "fi assertions
=ad- " fi| - T 0 s | td=™Mg3 A9, — #£| .00 "fi—
r=™=eqde wmefiac-e | fazde o oe=]r
ds A=go- " fi— [4][6] 4 o= 1 ™o
121
=g T fi|s < ¢ @ wfi L oy % A Lwve.oanq A
o™ 8 om wadusdk A % gA°-odc Tfir| Nef 3 A°
» 02 " fi immediate assertions
» 0> " fi concurrent assertions
'[1301.fi|8 — < - o= A-” 2N _
s evo Krof =™ 512 | Ndg3Fo R — if-thenelse #A9 | —
—=@2- Tfi| =2 " #L 4 % o [dgo° 4 e %
=™ 4L A - o3 A9 — | 8/ — £A°
packet_t p;
p = new;
assert ( p.randomize())
else $fatal(0, opacket_t::randomize() failed. 0);

8 =0d-. ik " 20 THig o= soa%lE L A £A0°
=0d- Tfi# o= ™| wmz fi) %5 A< St Qumfi— LHvwe.ogA0
L —H VEw| ¢ Quafi —o F= 7 2o T i< o= ™3 A0
»gdo Tfi<™ecgs - | e sgdo Tfid -3 A°
12.2 » 0> ' fi immediate assertions

«0d- ' fi-| assert 8 assume® cover — %Ned g 49/ 4 - 9 — fi
4P - @ — rof=™3A0
assert ( expression ) action_block
assume ( expression ) action_block
cover ( expression ) statement_or_null
action_block ::=
statement _or_null
| [ statement ] else statement_or_null
action_block | % 8 | - - & =3 A° =V 8 - %
td 3491 — | passstatemest 4 3A° - = | & else-. 2 %
# o3 A° 1 — | failstaemens 9 3A4°
assert | -V % A £ e300 so™ |8 - A < ;
BN % %=° assert — else-. D u%  td=™a™ 8 gerrors 4 143
A °
assume | v % A £  ~3A°1— |shodvinzg'he r3e T
—aDi - IJ||=|A9°I-*"334.— == | assert < - -|—|-{=|A9

14z
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cover | oP” PO AL e3 D0 _ AL 1A
¥ 1 J|| v
% =

o L A - e3A0

12-1
module test;
bit clk, a, b;
initial begin
a=1,
b=1,
#100 $finish;
end
initial forever #10 clk = ~clk;
always @(posedge cl k)
assert(a||b)
else $display("@%o0t: assert failed.", $time);
initial begin
fork
begin
#20a=0;
#40a=1;
end
#40 b = 0;
join
end
endmodule
assert - == 8 fail statement- o= ™3 A9 50~ ™= | & a==08 8 b==0
zA° [ =8 - -3 A°/ 4 — g % =3 A°
| — rodsqac
@50: assert failed.
E
12.3 » o> " fi concurrent assertions
03¢ "fi | ¢ Qumfi —c F* 7 D20 i< o= o3 A [ 8 e B o—
- fi ) < 3o =@de Tfi| e PenNemzfil% =V - tdg00
L A — | e ofiki sampled value < 4 3 A° SystemVerilog# | o fi
i - - == o 4 ELo=m™mgaAs.pgdeTfi— | observed regios
_J| Ao
a3

14z
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02 'fi— L P eqAd el EeNumzfil Tr ™= P—wafi ®2fi ® pl%
t 43 08%8 pl— | ® -8 T# 3 YF9 —e. E-nmmzfiszlpl
- % td3n0°e L= T# oV P—wafi ®2fi ®— | =%—<. BN
-z fi | % t 4l = % 3 A0° 8T — —e. PoenumzfilZ2lsP— —umfi®
A4fi @ p2¥% 3 A° [=8.pgd."fi— % =#NJ =Lls/ — — -
fi @=fi ®%  r g3 A9/ 4 i —wmfi ®@24fi @ & £) < o= A & «D>
o Tfi|lvi HN @ epy-odqA0 0 8 Nof| mafi @4 fi ®] c F= 7 2o 7 fi
3% o t30° o%ls | Jjk—viwne e | — ¢ @ afi —o F* 7 2"
fi < - =3 A?®
1232 ofik ' fi s sampling
s0d- Tfi— - td{afiki |e | N 5 A %% preponed regior 1
4L o3 A9
ﬂ
preponedregioril T—eF* " 2c "fiN Yumr N @& B J — - #A°Ofi ki
| & T—e k=" 20 Tfid A — AL =3 A ° preponed regior
| postponed regios A° | 4 | ® T—e k" "2 " fillwarN@O £J— —
£A°
| & automatic & | 8. D>oi zA° L - — A - 4
=3 A9 preponed regiorr # | Nof 5 Y4° 4 8 fori Dk # -V -
i -3 A°Ofiki — | =m0 THid A{r-=d= - F%-od3
A gle1— = % ws< Mg Ae
1233 = @3- "fine. e
0. Tfi|e. eedzd 0 o= = 3 A°gfiki | eo BenNemgfil %
<V = 1qgac
simulatian T
i T R OTHRRNTTY
data
|
T 14 date—ofiki | 101#A° 1600% | N 3 Y F°
12.4 K2 ' = fi boolean expressions
=gde T fi— - | booleare @ — — £ 9#A° Lt % 08 x8
| & z# Nel| [ false <od 8/ 4 # N o true <odg4A°
125 o > e fi ® sequences< k. RD v properties
=ad- " fi— L8 A =% | K. R> v=- properties # tdga0
ke ROve | oD ~fi @%kff 1 =|q34°:> fie|-2-fi @noQd” 2 as<K>
Pefi o o tqgac0 0 8 KD ' o« i ke RO¥e raod3A%8 KD =
fi | o ™ nontemporal @ o2 Tfid A | Nef 5 3 #°
—Ne|=@2e "fir|cD2 fi@nod 2% r~rodgA° ofKd's«fi %
Ne| e = o> ' fi immediate assertionsz 1 % ™MEAO
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L le. PeNOumwi

-

@:]Ag

14%

=V oQ DaAl=>%Nd3A° 1 —0Q D>as

SystemVerilog

o> +fie@ Jdk. Rdvs | —e. PenNmmzfisd = 4 “3 A°
- <od e < ¢ @ i % match A4 < tdg00 # %
<od e SO @mfil %5 =0 ™< W g8 1 — Ly pws
deyenon ™ -3 A° ™| pasg s fail< L =3 A
oed +fi @sk. ROwe — &L o370
sequence s1;
C ##1 b;
endsequence
property ex1,
al ->s1,;
endproperty
| ->| implication operatox 4 & if — L [ 3A°0Q D> a-— antecedent %
# Ned o consequent 4 o3 A0 % — 8 - % ™ 8 |
vewdA] ~odgAe =8/ —  —woew| -  —wvensg| % o
\ — o v e vacuous pass cRe®8s |® —0o™Re < Jd3A¢
ke RO¥eo exl- ™=28a% #Nof<esl— % 3943A°9sl- ™=8c¥%h #
Nef| € 1wo EwNOmmei ~b— LogAsbym #Nf<oext — | -=8
vewAds W
) *fi @Sl | vv EeNDumei & =™ 8oL Be— %21 Y# -1
=™otd rodg3Foke RO¥e exl £2| «u Be—  %Hid=™35Fe [ =8
ke RO¥ws exl & k. ROws #ze. P w— %t 4 = ™ %e | & default
clocking — % r~od3A° dpextd + # — ol Penemgfisd
~3 A°
assert property ( @(posedge clk) exl)
$display('passed @%0t", $time);
else
$display("failed @%0t",$time);
Il — - == tdve. pedleadingclockk 4549
< -=8.0fi@ J8k. ROvo wt 2| o YF0 - A -] 8
assert assumeé covef & restrict — #A°/ 4 |k— | leading clock- mmz fi J % | A
< A =3 A L A=/ —=gde i | % A3 #
AL -3 A0
| — EVSA - 8 '_|8Ku. RD'D=I°:)'fiQI_v...Ev_ L '"=|2+QV...
pPe— &£ 30™ £k, ROvedod ~fi @— % <8 |4 o— - A
1 % | %zac 1 —=« ke 2w | - - = %{3A°
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module test;
logic a,b,c;
bit clk;
sequence s1,;
C##1 b;
endsequence
property ex1;
al| ->sl;
endproperty
assert property (@(posedge clk) ex1)
$display("passed @%0t",$time);
else $display(‘failed @%0t",$time);
initial repeat (10) #10 clk = ~clk;
initial begin a=0; #20a=1; #20a=0;
#20a =1, #20a=0; end
initial begin b=0;, #40b=1,; #20 b =0; end
initial begin c=0; #5c=1, end
endmodule
vt afs - o 4L q4c¢
passed @10
passed @50
passed @50
failed @90
passed @90
4= —R o¥% td=™3A% 1 — ~| vacuouspas¥s 54 3A°>—Re¥% —Re
Vol ={3% %qd33+e Q2. " fi—@ e L =o b7 50"
fineadi % «=™3A° - A |/ — #£A°
- ™=s —p| —Re3 —0| fai —06 | vacuous pasg A° —06 | @ ¢
y— 4 =3 A° — |  ©»— L <340 | @ & A
3 A°
Message Wave
«  Cursor: 102 ns Marker: 86 ns Magnifier: | 5 v
»
e 40 ns | A0 ns | a0 ns | 100 nis
assertyl
=l
b
C
clk
fact_1
fact 2

14¢
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¥

A

assert property (@(posedge clk) ex1)
else $display(‘failed @%0t",$time);
cover prope rty (@(posedge clk) ex1)
$display('passed @%0t", $time);

cover property vacuous pas&

A —2. ~NhDeai -

vacuous pasf k ' fi 1 14 7

I 740
passed @50
failed @90
E
126 o« D ofi @— sequence operations
ey fie-  #%] coQ@ 54| — - Lkldqac
oQd” D 9
[*n] Q.\/'u. E-s—é— =| c:& .:,=|A9
[rm:n] 4 rear3] |8le. pe—ec” Ddz
™= a % { o 4 3 A° L,
ar3] |
a##l a##tl a
< 0#FA°®
[:m] — e Evi— =| @£ @:I AQ
[=m:n]
[->m gotoo A" D> A< 9340
[->min] —e.teF— 4 oL g4
##m -. Eene=" 0 =3 A°
##[m:n]
sig throughout  seq seq 1 s=™| sesig| #otd o
43 Y+° sig | — #A%°-°D
fi @k A . o
seql within  seq2 seq1| seq2r =|=| .” AL =3 A9
seql intersect seq2 and< d%A%® odQ' fi > -
o1 frodqs4
seql and seq2 oQ' fi»%v e HAd < -=veH
~3A° ~8 oQ'fiy| - -0
ENIEEDEL
seql or seg2 > L %%y e wAd e S e=Y P H o
34°
first_match —vewy A 8 L oo A
v e oy -8 —g p =3 A°
[l <[->]0Q" 3 A - =waAs %2 Ads | 0#A%® —oQ!
firve A< % o odg40° ]| poQ@ DAl L Aq -
@=1A9
147
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12.6.1 ##m

#Hm | m —e. Ecfie-N 42O . PeNOmmei —¢c" Dd o NSO
4 r8e. Bofian <42 0% @(posedgeclk) # Nef <A{ <8 #2| 2  @(posege
ck) % 143 = £ =3 A° —-2+fi ®

a#t 2b

| & —v. PefisnN <40 a| #°2c. PeNOmmei ~ b| #Nf &
e=E™3 A9 L — % Vidss —eDfie|lvenwAd ~odgac
me=0— | oesT 3| N g3 [ =

a##0b

| e a&&b < a#A°##0 | h™ > o' fi fusion < d34 [6] °

12-3

module test;
bit clk, a, b, z;

sequence seq;

a ##2 b;
endsequence
property ab;

@(posedge clk) z | -> seq;
endproperty
assert property (ab)

else $display("@%0t: FA IL",$time);
cover property (ab)

$display("@%0t: PASS",$time);

initial begin #20z=1;#40z=0; end
initial begin #20a=1;#40a=0; end
initial begin #40b=1;#40b =0; end
initial repeat (11) #10 clk = ~clk;
endmodule
cova propertyd ~=8 vacuous pasék ' fiJ =0 ™ r~ <= T3 Ao assert property -
cover propertg | k. RO we= abd 1 o=m™3 A9 | k- w1t # | leading clocks
2A% k. ROv= ab— & -= k= leading clocks Ysd 5 A °
| = rodsqac
@70: PASS
@90: FAIL
E
12.6.2 ##[m:n]
Mhlkne. EeNDmmei —¢=" 24 o #FA°® 4 °®

request ##[1:3] grant

14¢
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| e request % V [F® 1%k 3v. P e NOmme i ~grant % o Fotd ro o
L AN Y < RS o iy - grant % ~of YV  #
e A°V<d 1% 3. EeNOmm-i — 8grant ==1068BNJ = L8 passaA{ — |

— %80 % Nfq3te

12-4

module test;
bit clk, a, b, z;

sequence seq;
a##{1:2] b;
endsequence
property ab;
@(posedge clk) z | - > seq;
endproperty
assert property (ab)
else $display("@%0t: FAIL",$time);
cover property (ab) $display("@%0t: PASS",$time);

initial begi Nn#20z=1;#20z=0;#20z=1;#20z=0; end
initial begin #20a=1; #20a=0; #20a=1; #20a=0; end
initial begin #40b =1; #40b =0; end

initial repeat (11) #10 clk = ~clk;

endmodule
afs - * qac

@50: PASS

@110: FAIL

Message Wave

. Cursor. 6ns Marker: Magnifier: | 5 v
13
Signal 0 ns 20ns 40 ns G0 ns a0l ns 100 ns
oo b b b b b b b b b bl

assens

a

b

clk

z

Jact_1

jact_?
E
12.6.3 [*m]
"2l ono@ daw#s bPm] — = ™3 A bPm] %y emA{~| b |
Veo te— 8 - #0149 rodgyFe/ =800 2 Tfi| ml .. @
cNOmme i~ “30°b% #No re/ — #£0Q 2 "fi| =3 A

14¢
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a ##1 b[*2] A a##tlb##l b
. —
: S
I
12-5
module test;

bit clk, a, b, z;

sequence seq;
a ##1 b[*2];
endsequence
property ab;
@(posedge clk)z |=> seq;
endproperty
assert property (ab)
else $display("@%0t: FAIL",$time);

cover property (ab) $display("@%0t: PASS",$time);
initial begi N#5z=1,#10z=0;#30z=1;#10z=0; end
initial begin #15a=1;#10a=0;#30a=1;#10a=0; end
initial begin #25 b = 1; #20b =0; #20 b =1; #10 b = 0; end
initial begin clk = 1; repeat (16) #5 clk = ~clk; end

endmodule

| — rodga4c

@40: PASS
@80: FAIL

Message Wave

testiz=0 o | Cursor: 0 ns Marker: 70 ns Magnifier: |5 £

L

0ns 20ns 40 ns G0 ns g
T T T T T T T O A T A A A B I R A

Signal
assen$t
a

b

clk

z

fact_1
fact_2
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E

12.6.4 [*m:n]

[*m] < 2" 2NnoQ D>azA° bPmn] %vewA{ |8 oV e. BPen
«ro— #Db| - #otdrodgy$es o=8 (b==1blx o | m 8

n #Nof % zA°/ — & VA —cL e-z20Q Do i oq A°
-8 % #£A [4 ° 4 p® b[r2:4] |

(b##1b) || (b ##1 b##1Db) || (b ##1 b ##1 b ##1 b)

< 0#A° (b##Lb) % #No p8od 2 il o3 A0 ¢ (b#4#lb) %
#Ne|] < —oKe>-fiel ~adg3A9 [=s

b[*2:4] == b[*2]

<odgae ™ a<s8 4 | Fof =E™M3 A0 8 'mmn] —o Q" J 4% A
—% ro0oq43A° 4| — rFodgA40

oQ > aAfmn] % - Y 'm] < 0 %% A %s —oa'fiv®k A
{simn]l= ['m] <04 3A° 4 8 DbF24] ##lc |

(b##1b ##lc ) || (b##1b##1b ##lc) || (b##lb# #lb##lb  ##lc)

<oqd3b° Y-8 (b[*24] ##lc) = (b[*2] ##lc) 2A°

12-6

module test;
bit clk, a, b, c, z;

sequence seq;
a ##1 b[*2:5] ##1 c;

endsequence

property ab;
@(posedge clk) z | - > seq;

endproperty

assert property (ab)
else $display("@%0t: FAIL",$time);

cover property (ab) $display("@%0t: PASS",$time) ;

initial begin #20z=1;a=1;#20z2=0;a=0;
#20z=1;a=1;#20z=0;a=0; end
initial begin #80 b = 1; #60 b = 0; end
initial begin #140 ¢ = 1; #20 ¢ = 0; end
initial repeat (16) #10 clk = ~clk;
endmodule

| — rodga4c

@50: FAIL
@150: PASS

151
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Masaagn Wave
. Cwrson 74ns Markee: Magner: |5 =|
Sipnai
R34S
=i
1
E
12.6.5 [=m]

b=m] | ¢ =L co™e, E-nN<eOr™= b | m #N| % Efdgac

4 @ b[=2] & £ 0<%

>

b b

<™Me r~rod3A° 1 1#8b| b==106b1 ~3A° — .. = | b==16bl %Ng =
| o043 5+° 4 e bE2uic |

.b ... b..c

<oqd3A0° —b¥% — = —b==106%m1 ~c% o £ o= ™
74° cc|b— <] q433F° [=°2 — #|Nfq35F°

..b .. bc | # 14| gotozAs

12-7

modul e test;

bit clk, a, b, c;

property p;
@(posedge clk) a |=> b [=2] ##1 c;
endproperty
assert property (p)
else $display("@9%0t: FAIL",$time);
cover property (p) $display("@%0t: PASS",$time);

initial #270 $finish;

initial forever #10 clk = ~clk;

initial begin #20 a = 1; #20 a = 0; #100 a = 1; #20 a = 0; end

initial begin #40 b =1; #20b =0; #20 b =1; #20 b = 0;
#60b=1;#20b=0;#20b=1;#20b=0; #20 b =1,

#20b =0; end
initial begin #120 ¢ = 1; #20 ¢ = 0; end
endmodule
rqL a{s - o L 30
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@130: PASS
@250: FAIL

nselt <V @ P) %

a.b.b.c

8 @130: PASSHK ' fi ) 14 = ™5 A0 8 150ns#
8 250ns- ™=

& 130ns# == ™3 A0
oV @ Py¥%EcH o

1

a.b.b.b

<Sof=™3A9 [ =8 @250:FAILS 64 3 A°

Message Wave
. | Cursor: Ons Marker: Magnifier: |2 | ¥

Signal I:Ill'l:?:I . I:':I:I rliE:I o I'1 II:II:I r'::E:I . I'1?'|I:I r'::E:I . I'::'II:II:I r'::E:I o I:.I N
assert$1
d

b

C

clk
fact_1
lact_2

E

12.6.6 [=m:n]

b=m:n] | b% Mol #2|o™c. een < 0-%™=b| m¥klEn <o
= ™3 A9 L A —zs £ A<soa 22— | Nef 5 >+ e
—oQa'fir®k ~ o %Nef 3 A °

i

4 8 b[=2:3]##lc 4L - o<
b.. b.. ¢ s | e b b.. b oc

<sodg0° Leb%2%[E3 Fof=™] ~c% ~of B #FAT — o
| v e eg 3o
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module test;
bit clk, a, b, c;

property p;
@(posedge clk) a |=> b [=2:5] ##1 c;
endproperty
assert property (p)
else $display("@%0t: FAIL",$time);
cover property (p) $display("@%0t: PASS",$time);

initia. | begin
#270 $finish;
end
initial forever #10 clk = ~clk;
initial begin #20a=1; #20a=0; #80a=1; #20a=0; end
initial begin #40 b = 1; #20 b = 0; #20 b = 1,
#20b=0;#40b =1; end
initial begin #100 c =1; #20 ¢ =0; end

endmodule
| = rodsqac
@10: PASS
@250: FAIL
30nsYs |- -V @ £ %
ab.bc

4 110ns# e=™3 A9 [ =8 @110: PASSLk ' fi 4 = ™3 A° 3 V8 130nst -
Ve e)¥%hc¥ rof -8 250ns ™=

abbbbbb

<Sof=™3A9 [ =8 @250:FAILS 0q 3 A°

Message Wave
Cursor: 245 ns Marker: Magnifier: |2 | ¥

0 ns a0 ns 100 ns 1680 hs 200 ns

Signal
assert$
a

b

C

clk

fact_1
fact 2 13 17 33 37 w4 wdn w4l wad
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non-consecutive got® d”™ D o

Lo
—oa' fi » %Ne| < [=m]

< ral A
< 0=|=|A

A 9
o b[ ->2]##lc L
b... bc

SQ=|=1A9

12-9

—oqQ' fiy%m 14 [=m

SystemVerilog

module test;
bit clk, a, b, c;

property ab;
@(posedge clk) a|=>b [ - >2] ##1 c;
endproperty

assert property (ab)
else $display("@%0t: FAIL",$time);

cover property (ab ) $display("@%0t: PASS",$time);

initial begin #20 a = 1;#20a=0; #60a=1; #20a=0; end

initial begin #40 b = 1; #20 b =0; #20 b = 1; #20 b = O;
#20b=1;#20b=0;#20b =1;#20b =0;
#20b=1;#20b=0; end

initial begin #100 c = 1; #20 ¢ = 0; end

initial repeat (22) #10 clk = ~clk;

end module
| — rodga4c
@110: PASS
@190: FAIL
Message Wave
q Cursor: 0 ns Marker: Magnifier: | 2 (v
Signal 100ns | 180 ns
assenst
a
b
c
clk
lact_1
Jact_2
E
12.6.8 [->m:n]
[->m]- <= <sof =™ ™%Ne]3g A% - o g M3 A9
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module test;
bit clk, a, b, c;

property p;
@(posedgeclk)a|=>b |
endproperty
assert property (p)
else $display("@%0t: FAIL",$time);
cover property (p) $display("@%0t: PASS",$time);

- >2:5] ##1 c;

initial begin
#270 $finish;

end

initial
forever #10 clk = ~clk;

initial begin #20 a=1; #20a=0;#80a=1; #20a=0; end

initial begin #40 b = 1; #20 b =0; #20 b = 1; #20 b = O;
#40 b =1; #100 b =0; end

initial begin #100 c = 1; #20 ¢ = 0; end

endmodule

rodg4°

@110: PASS
@250: FAIL

Wave

. Cursor: 35ns Marker: Magnifier: (2 | ¥
L]

Message

140 ns

100 ns

a0 ns

0 ns

Signal
assertd1
a

b

c

clk
Jact_1
lact_2

280 ns

E

1

o

sig

-

2.6.9 sig throughout seq
J> +fi ®@seq 4
£8 oD »fi @l

sotfrofom 4

13

t 44|  sig throughout seq
< 04 < sig throughout seq

| sig % -~

A

- seq ¥%v b HA <
| ¢ seq — 4 %%

Y8
4 8 sig®

15€
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T2

seq

»
»

L
L

8

sig| T1%|F T2—

true # o1 4

ro o™

12-11
module test;
bit clk, a, b, z;
property p;
@ (posedge clk) $rose(z) | - > a throughout b[*3];
endproperty
assert property (p)
else $display("@%0t: FAIL",$time);
cover propert y (p) $display("@%0t: PASS",$time);
initial repeat (1 8) #10 clk = ~clk;
initial begin #20a =1, #80a = 0; #20a =1, #40 a = 0; end
initial begin #20 b =1; #60 b = 0; #40 b = 1; end
initial begin #20z =1, #20z =0; #80z =1, #20z =0; end
end module
| — rodsqac
@70: PASS
@170: FAIL
Message Wave
1 Cursor: 160 ns Marker: Magnifier: | 2 v
Signal ’ . ,1 II:II:I r':E:I . I']T]I:I r::;; .
assen$1
a
b
clk
lact_1
lact_2
E

12.6.10 seql within seq2

—od fi@%venentd rodgy+° -8 seql| seqges s & -
4L =8 seq2— 20™ - seql- % cotd rodg 3+
157
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T2
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seql| Ti% | T2—

Fv eHentd polo ™

12-12
module test;
bit clk, z, a, b, c;
property p;
@ (posedge clk) $rose(z) | - > a[*2] within b ##1 c[*3];
endproperty
assert property (p)
else $display("@%0t: FAIL",$time);
cover property (p) $display("@%0t: PASS",$time);
initial repeat (19) #10 clk = ~clk;
initial begin #20z =1, #20z=0; #60z =1, #20z =0; end
initial begin #40 a = 1; #40 a = 0; #80 a =1, #40 a = 0; end
initial begin #20 b =1, #40 b = 0; #40b =1; #20b=0; end
initial begin #40c =1, #60 c = 0; #20c =1, #60 c = 0; end
endmodule
| — rodga4c
@90: PASS
@170: FAIL
Message Wave
q Cursor: 0 ns Marker: Magnifier: | 2 v
Signal . .1 I.:”:I r::z:I 200ns
assert$1
b
clk
Jact_1
lact_2
E
12.6.11 seqgl and seq2
—o D fi @% -~ csv e entd rodg e =00 =

M3

15¢
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—

=
—
N

seql
se®

I I R s

seql< seq2| ~ co01d oo ™e
seqls seq2— %y e W ot d oo ™

v

A
Y

12-13

module test;
bit clk, a, b, c,d, e,z

property p;
@(posedge clk) $rose(z)| ->(a ##1 b) and (c ##1 d ##1 e);
endproperty
assert property (p)
else $display("@%0t: FAIL",$time);
cover property (p) $display("@%0t: PASS",$time);

initial repeat (16) #10 clk = ~clk;

initial begin #20z =1, #20z =0; #60z =1, #20z =0; end
initial begin #20a =1, #40 a = 0; #40 a = 1; #20a=0; end
initial begin #40 b = 1; #20 b =0; #60 b = 1; #20 b =0; end
initial begin #20c =1, #40c =1, #40c =1, #20c=0; end
initial begin #40d =1, #20d = 0; #60d =1, #20 d=0; end
initial begin #60 e =1; #20e =0; end

endmodule
| — rodsqac

@70: PASS

@150: FAIL

E

12.6.12 seql or seq2

d%—- 0 fi @kv euwAd f <e=vewev ~odzA° J%B%vew-V|
od” 2o "fi -q A°

T2
5 o]
i< se@ E ________ >
N e s G
seqls seq2— 4| %¥%%y e <ot d ro o™ 4 %%y ewaq< °
15¢
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module test;
bit clk, a, b, c, d, z;

property p;
@ (posedge clk) $rose(z) | - > a[*2] or (b ##1 c ##1 d);
endproperty
assert property (p)
else $display("@%0t: FAIL",$time);
cover property (p) $display("@%0t: PASS",$time);

initial repeat (15) #10 clk = ~clk;

initial begin #20z =1, #20z=0; #40z =1, #20z=0; end
initial begin #20a=1,; #40a =0; #20a=1,; #20a=0; end
initial begin #20 b =1, #20 b =0; #40 b =1, #20 b =0; end
initial begin #40c =1, #20c =0; #40c =1, #20c =0; end
endmodule
| — rodga4c
@50: PASS
@130: FAIL
E
12.6.13 seql intersect seq2
ando Q" D A< = ™3 A %S —o D fi ®% - sotd pa™ % 1
3A° L8 —o 23 fi @ - -8 - =8 Fv el entd rodq
340
T2
Ti seql R
se

seql< seq2| - cotd Folo ™e
seqls seq?| - “ot1d oo™
seqls seq2— %y e W =0t d polo ™o

seqlandseq2 |4 L ™ < a13A°

16(
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module test;
bit clk, a, b, c, d, z;

property p;
@(posedge clk) $rose(z) | ->
(a ##[1:3] b) intersect (c ##2 d[*2]);
endproperty

assert property (p)
else $display("@%0t: FAIL",$time);

cover property (p) $display ("@%0t: PASS",$time);
initial repeat (19) #10 clk = ~clk;
initial begin #20z =1, #20z =0; #80z =1, #20z =0; end
initial begin #20a=1,; #20a=0; #80a=1; #20a=0; end
initial begin #80 b =1, #20 b =0; #60 b = 1; #20 b =0; end
initi al begin #20c =1, #20c=0; #80c =1, #20c=0; end
initial begin #60d = 1; #40d = 0; #60d = 1; #40d = 0; end
endmodule
| — rodga4c
@90: PASS
@190: FAIL
E
12.6.14 first_match (seq)
—vewywn A s L oo A v ewd -8 —gopnd “3 A0
127 «dcfi F—R' 0 =
2 +fie— r~rR'o02af A{ % FA°R'o0daA-|fd80 1 @]
talga° 4 e

sequence si(ab) ;

a ##[1:3] b
endsequence
- ~=8 sl(re questgrant) — r A <

request ##[1:3] grant
< 9 r0dqA°0Cmm-ines" 02— LR'@da-a{ L gA° 4 8

sequence s2(a,b,left,right) ;
a##[l eftright]b
endsequence

- - ~= 8 s2(request,grant 13 )— -~ A<

request ##[1:3] grant
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< 8 r~ o043 A-° s2(requestgrant,1,$) |

request ##[1:$] grant

- - t1d3A8° «. PofiaNamzfi/| eventsimmk —R' ©2 242 13A9 4
sequence s3(eventev)
@(ev)a##lb

endsequence
- ~= 8 s3(posedge clk) - eg A1 — 4 o]

@(posedge clk) a##1 b
<oqd3A0° <8 «conmmzfil— & 1 ~|°eventmmk# t4 | 3
z+9 48 — - 13A°

sequence s 4 (reg sig);

@(posedge sig) X ##1 vy;

endsequence
LeA]<e sack |

@(posedge clk) x ##1y
< 1qga¢
12.8 oafiki
1281 ofik i

$sampled( expression ) ofiki 4 o3 A®

$rose ( expression expression — LSB % 1~ =V [ true &£ -
[, [clocking_event] ]) 300/ %| | 8 false 4L =3 A9

$fell ( expression expression — LSB % 0~ =V [ true &£ -
[, [clocking_event] ]) 5 A/ ] | s false &£ <3 A°

$stable (. expression expression — - % 14  tue L o3
[, [clocking_event] 1) Ao/ JI| | 8 false 4L o3 A°

$changed ( expression expression — % A4  tue L ~3A°
[, [clocking_event]] / JI| | 8 false 4t 3 A°

$past ( expressionl expressionz A — — & o3 A0

{' {number._ofztl]cks] number_of_ticks e e 0 | 19

» expression expression2 -. P < gating @ | 16b1e
[ [clocking_event]]] ]) clocking_event v. Pewmzfis?o

16z
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module test;

bit clk;

logic a,b;

logic [3:0] code;

always @(posedge clk)
$display ("@%0t: $sample=%0d $past=%0d",
$time, S$sampled (code), S$past (code));

initial begin
code = 0;
#25 code = 1;
#20 code = 2;
#20 code = 3;
#20 code = 4;
end
initial
repeat (10) #10 clk = ~clk;
endmodule
$past(code) % —v. EeNOwmei ~2%14 code — 4 s=™{ % # %3
A 9

@10: $sample=0 $past=x
@30: $sample=1 $past=0
@50: $sample=2 $past=1
@70: $sample=3 $past=2
@90: $sample=4 $past=3

E

1282 " zingfic vao K< «apOnN ¥fic v K

oQ 2o |-> Jdes=> L aAq | $rose 18 $fell% - %A 4

re” zingfioc ws K

@(posedge clk) z | ->a##lb

- 8z == 18&bd 4 4L -3 A° 0 8o k" 20 T 3

#82z == 106#Nef<® v, PenNmmzfis¥%m 1] -~ — L e ~oqd34°
@(posedge clk) z | ->a##lb

I L
e

a##lb | @(posedgeclk) % 14 -~ 4] e 9 ™9
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A=% L =3 A% z— % 11 | & 1600 - oV -—q 2
4 = & Adr ™ % ™MzA9/ — o - - | & «e on ¥fic weo K
0
@ (posedge clk) $rose(z) | ->a##lb
|" zintfioveaK[f{d %~ % ™ gd-'fisodgAac
@ (posedge clk) $rose(z) | ->a##lb
! | | | |
. [ e e e e
a##lb | $rosez) % r o — @(posedge clk) ~ —q A e
| ™9
12-17
module test;
bit clk, a, b;
property p;
@ (posedge clk) $rose(@) |=> $rose(b);
endproperty
assert property (p)
el se $display("@%0t: FAIL",$time);
cover property (p) $display("@%0t: PASS",$time);
initial repeat (14) #10 clk = ~clk;
initial #20a =1,
initial begin #40 b =1, #20 b = 0; #60 b = 1; #20 b =0; end
endmodule
Il — #|°® «pon¥fic ve Ko $rose 4 antecedent o= ™3 A9 < =V
Yo =%qA°
| — rodga4c
@50: PASS
164
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Message Wave

Cursor: 8 ns Marker: Magafles: |5 =

‘

Sigmal
assenst

"

® )N b ~' Fr =<8 30ns—7 - L o=™3 A9 — @(posedge clk)
wz fi J ~ | 8 vacuouspassof = ™3 A° 7 ziqn¥fic we Kr o= 3 A0

module test;
bit clk,a, b ;
property p;
@(posedge clk) a |=> $rose(b);
endproperty
assert property (p)
else $display("@%0t: FAIL",$time);
cover property (p) $display("@%0t: PASS",$time);

initial repeat (14) #10 clk = ~clk;
initial #20a=1;

initial begin #40b= 1, #20b=0; #60 b = 1; #20 b =0; end
endmodule

| — rodga4c

@50: PASS
@70: FAIL
@90: FAIL
@110: FAIL
@130: PASS

16t
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Mess00e Wave
. Cursor: 2ns Marker: Magother: |5 ¥
Signad
fact_1
racy
® P )N bmme ~' - < @@posedgeck) wmzfis % 14 -~ — % 4
= ™3 A° «f O ¥fioc vo K< =82 o9 KN @ P> % 00f=™3A°9
E
129 © & B » triggered
—eDdfi@%v e v %l =] % A9 ven =™ 8 101 &
=8/ ezotd 100 &£ o540 | — rod38°R' 00 ad
af L g4
sequence_instance.triggered
or
formal_argument_sequence.triggered
E| r8
sequence s2;
@(posedge clk) a ##1 sl.triggered ##1 b;
endsequence
— r e= -3 A% 1| #8 sl s2 eVed fi@A%a% rofV le. b
cNOmm-i r8sl|veweontd rodgyFosl % t 4 %] % | No
1IF°

sequence s2;
@(posedge clk) a ##1 sl.triggered ##1 b;

16€
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=—oD fi @% r “3 0D *fi @ex2| 20mm-i ~ exl¥% <V %L
=:1A9 .:,ETMJI|F1D_-i - fdL ==|A9 exl % @ETMOTJAFS/_
# ex2| e=E™MA™  ~ad3A0
module test;
logic a,b,c,
d, e, f;
bit clk;
int pass, fail;
sequence ex1,;
@ (posedge clk) $rose(a) ##1 b ##1 c;
endsequence
sequence ex2;
d ##1 e ##1 ex1.triggered ##1 f;
endsequence
asp: assert property (@(posedge clk) ex2)
$display("@%0t: PASS",$time);
else
$display("@%0t: FAIL",$time);
initial begin
fork begin a=0; #20a=1, #20a=0; end
begin b=0; #40b=1; end
begin ¢c=0; #60c=1, end
begin d= 0; #20d=1; #40d = 0; end
begin e=0; #20e=1,; #80 e =0; end
begin f=0; #80f=1; end
join
end
initial repeat (10) #10 clk = ~clk;
endmodule
| — 4240
@10: FAIL
@70: FAIL
@90: PASS
@90: FAIL
@90: FAIL
Lot z]| %] ™—%8 b b oqA0
167
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Message Wave

.| Cursor: 16 ns Marker: Magnifier: (5 | ¥

0 hs ns 40 ns B0 ns 80 ns 100 s
L T T T T T T T T T T T O T T AT S A A BB

L

Signal
asp
clk

fact_1
fact_2
fact_3
ex152

clk
fact_1
fact_2

Ys ex® Yoexl—= « 9o f wo £AS
d ##1 e ##1 ex1.t riggered ##1 f

%® ©) 8< ~= 30ns# -8 70ns# exltriggeredt £# ™3 A° | — s exl @ ¢
> T % e=™3 A9 [ =8 @ p) 8| l0m-i r~ fd =5 A9 90ns- f==10 —

26 @ £) 8| R®=5 A% hum ~' + %87 & 25— &L o=TMgA0

0 LA]< 90nsz & ey 11% =™ % Y%{gAc° | 9ons- ™=
exl1 & ¢y 16 ¥ o= ™p TM1/8|If-;i-A9
E

12.10 defaulte. o fi e
32— Z| . befiaNamzfilded fi @ F# ™3 oV %2 defaulte. e« fi
L A{=<-0-fi of ~odg00

defaulte. e fia% td=™|<ecd fi@e-v. Pafi=nNumzfisd A
% o0d43A° 418 — ~ ~= defaultclockingd == %3 A°

default clocking cb @(posedge clk); end clocking
property check _request_grant;
request ##[1:3] grant;
endproperty
assert property (check_request_grant);
»0dc "fisodrfi@ Jek. RO¥ore. PafiaNumgfil— Y% ™ 8

default clockings 14 34° 3481 — | @(posedgeck) % 1dq4°

— #| defaulte. P fianNK. £« r~k. ROwod eq A°®

16¢
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module test;
bit clk, req, gnt, check;
default clocking cb @(posedge clk) ;
property  req_gnt ;
$rose(check) | - > req ##[1:3] gnt;
end property
endclocking
asp: assert property ( req_gnt )
else $display("@%0t: FAIL",$time);
cop: cover property ( req_gnt )

$display("@%0t: PASS",$time);

initial begin #20req =1, #20req =0;
#20req = 1; #20req = 0; end
initial begin #60 gnt = 1, #20gnt=0
#60gnt=1 #20gnt=0 end
initial begin #20 check = 1; #20 check = 0;
#20 check = 1; #20 check = 0; end
initial repeat (15) #10 clk = ~clk;
endmodule
| — rodga4c
@70: PASS
@130: FAIL
E
1211 k. RO ¥=
4|=|$— ke ROwved o5 oV %s o= ™ / — #£A°K. RY¥:
- 9—o0d” DAY o8 A Lad % ga° s/ d -
| L g —-28 11 2| poQ et d  Lg A0
od” 2
#-# followed-by 0 Q" 2> < 43492
=t fi @en o d” 394|-> J|=>|— <:>ETM=1
A 9
followed-by o A™ 2 2~ | vacuous pass ¥s Ne
{354+ Ls  %ReaA| -7 %
Re-3 A°
#-#t - | 0PI Bk %N A0 %
#=t | %RQA-" 1 eo P o0 ume
i - AL -3 A
always property_expr property_expr % r Ad rR@®=3A°
s_always [ constant_range ] property_expr %o F* 7 2o T fi -
property_expr - A =I]| rRe®=3A°
nexttime property_expr Lo —o. Pe3% Ad p8/ — — —
16¢
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% tue #No rR@-3A° —-

« P - ¥ e ™ U-RQ.:,HAQ
nexttime [constant_expression ] constant_expression 2 A-. B« ~ ¥
property_expr true < 144 rRe=7A9 «. ¢
A -n ™ 8 — AL Sa™

s Re<ndgA°
s_nexttime property_expr —e. P e ¥ o= ¥ < tdldr
Re-35A°/ 4 | 8 fail ~0d 3 A°

S_nexttime [constant_expression ] constant_expression # A-. P~ - %
property_expr true < 144 rRe=7A9 «. ¢

- % sotd pefal-odgA0

12-20
module test;
bit clk, request, grant;
default clocking cb @(posedge clk); endclocking
property p;
request [*3] #=# grant;
endproperty
assert property (p)
$display("@%0t: PASS",$time);
else $display("@%0t: FAIL",$time);
initial repeat(13) #10 clk = ~clk;
initial begin
#20 request = 1;
#60 request = 0;
end
initial begin
#80 grant = 1;
end
endmodule
request % = == true- 048 1e. e ~ grant¥% true- o9 rR@®@<3A°/ 4

| & fail-0dq4°

| — rod34° % A ~ vacuouspash Nef 5 Y &9

@10: FAIL
@90: PASS
@90: FAIL
@90: FAIL
@90: FAIL
@110: FAIL
@130: FAIL
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Message Wave

testigrant=1 . Cursor 132ns Marker: 122 ns Magnifier: | 5 v

Signal 1 IIZII:I r::z:

assert$

clk

grant

request

fact_1

lact_2

fact_3

fact_4
E

- ™ #A9 | followedby #-# o Q" D s < alwayso A7 D =« o= g
Ao # |
always Ireset
% 4 = & s=™M3 A~ 4 =% % 3 YFoVS48o T Do
i =Ll — % o~ A{%zewnt A{ | 3 Y F - 4

| 86 k=" 20 i - % sa ™ % coW%[ Ve <™e #A9/
— #8 | — — always| weak alwayss g3 A° — # | @ fal <0 %[V
PASS< k' fiJ 14 =™ A% weak—  #— pasx = o= ™Mo

12-21

module test;

bit clk, done, reset;

default clocking cb @(posedge clk); endclocking

property p;
##[0:5]do ne # -# always Ireset;
endproperty

assert property (p)
$display("@%0t: PASS",$time);
else $display("@%0t: FAIL",$time);

initial repeat(13) #10 clk = ~clk;

initial begin
#40 done = 1;
#20 done = 0;
end
initial begin
#20 reset = 1;
#20 reset = 0;
end
endmodule
| — rodsac
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@130: PASS
@130: PASS
@130: PASS
#- | Simulation completed at time 130 ticks

hwme = ' b % | R ®% vacuous pass -= 14 =™ A0
Message Wave
q Cursor: 44 ns Marker: Magnifier: |5 v
Signal :.-:?............ T T T
assert$1
clk
done
reset
lact_1
lact_2
lact_3
lact_4
lact 5
lact_B
lact 7
E
12-22
I — # | @ s_alwayst =3 A° strongk. R ¥= 0 —% Y% - 4 vorq
rods Y+9 s aways— e kT30 Tfi% A 8 | fal<oqdga4°
I — % weakalwayxs o #A°
module test;
bit clk, a;
default clocking cb @(posedge clk); endclocking
property p;
s_always [2:3] a ;
endproperty
assert property (p)
$display("@%3t: PASS", $time);
else $display("@%3t: FAIL",$time);
initial repeat(11) #10 clk = ~clk;
initial begin
#60 a = 1,
end
endmodule
| — rodsqac
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@ 50: FAIL
@ 90: PASS
@110: PASS
@110: FAIL
@110: FAIL
@110: FAIL

R T 4 # fail =V L A % q40

Message Wave
o | Cursor: 10 ns Marker: Magnifier: (5 ¥

1ns Mns 40 ns Gl ns a0l ns 100 ns

Signal
assertsi
a

clk
fact_1
lact_2
fact_3
lact_4
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I — | ® nexttime property expE A°® —<. PenN¥e £e%Ng [ — # i o
GA9 —e. Penvere¥% ™M s L oyam_gz,failz]|o™M—  —R
@9 < 4L =3 A°

module test;
bit clk, a;

default cl ocking cb @(posedge clk); endclocking
property p;
nexttime a
endproperty
assert property (p)
$display("@%3t: PASS",$time);
else $display("@%3t: FAIL",$time);

initial repeat(10) #10 clk = ~clk;

initial begin
#20a=1;
#60 a = 0;
end
endmodule
| — rod34¢° 100—R ® | ® - #—Re#A>®
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@ 30: PASS

@ 50: PASS

@ 70: PASS

@ 90: FAIL

@100: PASS

#- | Simulation completed at time 100 ticks

b = b J<s 1-Re% =™ L& A{ % A0
Message Wave
. Cursor: 114 ns Marker: Magnifier: |5 v
Signal ] Iﬂ:f:I . I',Tz:l:l r'liE:I o I-'ill:l I'liE:I o IE:I:I t'l:E:I S IE:I:I n:E:I R I'l I,:”:I ns
assertd1
=l
clk
fact_1
fact_2
E
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module test;
bit clk, a;
default clocking cb @(posedge clk); endclocking
property p;
nexttime [2] a ;
endproperty
assert property (p)
$display ("@%3t: PASS",$time);
else $display("@%3t: FAIL",$time);
initial repeat(10) #10 clk = ~clk;
initial begin
#40a=1,
#40a=0;
end
endmodule
| = rodsqac
@ 50: PASS
@ 70: PASS
@ 90: FAIL
@100: PASS
@100: PASS

#- | Simulation completed at time 100 ticks

cmtre b 4-Rer af % qac
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Message Wave
4 Cursor: Marker: Magnifier: I.5 _"’
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asserts?
da
clk
fact_1
lact_2
fact_3
E
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module test;
bit clk, a;
default clocking cb @(posedge clk); endclocking
property p;
S_hexttimea
endproperty
assert property (p)
$display("@%3t: PASS",$time);
else $display("@%3t: FAIL",$time);
initial repeat(10) #10 clk = ~clk;
initial begi n
#20a=1;
#60 a = 0;
end
endmodule
| — rodga4c
@ 30: PASS
@ 50: PASS
@ 70: PASS
@ 90: FAIL
@100: FAIL

#- | Simulation completed at time 100 ticks
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b e =

b e e

J — fail &
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o | Cursor. Marker: Magnifier: | 5 v
[ ]
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assertd1
a
clk
lact_1
lact 2
£
12-26
module test;
bit clk, a;
default clocking cb @(posedge clk); endclocking
property p;
S_nexttime [2] a;
endp roperty
assert property (p)
$display("@%3t: PASS" $time);
else $display("@%3t: FAIL",$time);
initial repeat(10) #10 clk = ~clk;
initial begin
#40a=1,
#40 a = 0;
end
endmodule
| — rodsqac
@ 50: PASS
@ 70: PASS
@ 90: FAIL
@100: FAIL
@100: FAIL
#- 1 Simu lation completed at time 100 ticks

b =k | —faild  A{ % FAc°
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Message Wave

. Cursor: Marker: Magnifier: (5 | ¥
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Signal
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13 wwveod Checkers

13.1
- 4 rpgrveod | 4 o k| —«fivamgd#A9 4 81>
o Tfi| ke ROve <o ~fi @il td308%/ 4% { - o= ™ |
3 -oNdgstemveod|/d - L Lfwizoos o L 4 %
34°
Hweod | —®«edk ~ A % g4°
module
interface
program
checker
package
generate
fi Rmai N 7 2J  $unit
PdVEs:iij::-:)n—| — 0 4L 3 % 3 A°
=D i
Hwe oD
o P" B © covergroups
default clocking
k. o2 @ initial® alway$ always_comb always_latch always f# final

132 HVE oD Nemfi @24fi @
HVEodd A | wfi @2fi @ 4 53 A° wfi ®21fi ®

»gde Tfid A

% A 2Ned| r21 2L J 389 veodNe @2fi @k, -2 0 ~
% g A% ™|[8: 0 D Naemfi ®@2fi ®— 2 © D0 B VEOD DN mall ®2fi
e o L 5A9 s wmveodnefi ®2fi ®| reactve regios =3 A°

131

checker mutex(logic [31:0] sig,event clock,output bit failure);
assert property (@clock $onehot0(sig) )

failure = 1'b0;
else

failure = 1'b1;
endchecker : mutex
module test;
logic [31:0] bus;
logic  res;
bit clk;

muex check bus(bus,posedge clk,res) ;
always @(posedge clk)

scan <= res;
initial $monitor("@%0t: scan=%b",$time,scan);
initial repeat (10) #10 clk = ~clk;
initial begin #20 bus = 1; #40 bus = 3; #20 bus = 0; end

endmodule
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