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9.2 Verilog HDL Test Bench{i &
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9.2 Verilog HDL Test Bench{i &
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9.2 Verilog HDL Test Bench{i &

[1519-1] Test Bench3f44: CNT10 TB.v

“timescale 10ns/1lns

module CNT10 TB ();

reg clkl, enl, rstl, loadl; reg [3:0] datal;//& XHiHHIENESHregdiy
wire [3:0] doutl ; wire coutl ; //xECRBEMMBEHMAG S HHIELREY Ereg
always #20 clkl=~clkl; //FEAERBRIESR], ®ME201%0, BI200ns, c1kE#lEE—k

initial

Smonitor ("DOUT=%h",doutl); / /AN 2 F T ENRR AR B DoUT 1 ) HH B4
initial begin /] — IR R E ]

#0 clkl=1'b0; / /OB A BT, B 1kl FI&0

#0 rstl=1'bl; #61 rstl=1'b0; #20 1rstl=1'bl; end //VEE, =MFBR{EEH
initial begin
#0 enl = 1'b0; #50 enl = 1'bl; end
initial begin
#1 loadl=1'bl; #240 loadl=1'b0O; #25 loadl=1'bl;
#700 loadl=1'b0O; #30 loadl=1'bl; end
initial begin
#0 datal=4'h4; #70 datal=4'h8; #450 datal=4'h7; #500 datal=4'h8; end
CNT10 Ul (.CLK(clkl), .RST(rstl), .DATA(datal), .LOAD(loadl),
.EN (enl), .COUT (coutl), .DOUT (doutl)); / /BAiEH]
endmodule

EDR L
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9.3 HDLA B4

1. ZIFEModelSim

2. NTest Bench{iEiXESH

= Settings - CNT10

Category:

General
Files
Libraries
¥ IP Settings
IP Catalog Search Locations
Design Templates
' Operating Settings and Conditions
Voltage
Temperature
» Compilation Process Settings
Incremental Compilation
~ EDA Tool Settings
Design Entry/Synthesis
Simulation
Board-Level
¥ Compiler Settings
VHDL Input
Verilog HOL Input
Default Parameters
Timing Analyzer
Assembler

Design Assistant

Signal Tap Logic Analyzer

K49-5

Specify options for generating output files for use with other EDA tools.

Tool name: | ModelSim-Altera ¥

[ Run gate-level simulation automatically after compilation

EDA Netlist Writer settings

Format for output netlist: |Ver1'log HDL i | Time scale: |1 ps

Output directory: | Ci\Verilog_TESTBench

[] Map illegal HOL characters [ Enable glitch filtering

Options for Power Estimation
[ Generate value Change Dump (VCD) file script  Seript Settings

Design instance name:

|More EDA Netlist Writer Settings. |

NativeLink settings

O None

® Compile test bench: |CNT10_TB = i |Te-st Benches|

WAy T B AL BR A S W31 5 T 2

Lab



9.3 HDLA B4

2. NTest Bench{iE¥BE S

=" Edit Test Bench Settings x

Edit test bench settings for the selected test bench.

Test bench name: [CNT10_TB |

Top level module in test bench: ‘CNT‘I{]_TB |

[ Use test bench to perform VHDL timing simulation

Design instance name in test bench: |U‘I |

Simulation period

() Run simulation until all vector stimuli are used

(® End simulation at: |‘|5 | ‘us "|

Test bench and simulation files

File name: ‘ |D Add

File Mame Library HDL Version Remove

CNT10 _TBv Default

K9-6 “NTest Benchflj EL¥4 B %]

3. B3l Test Bench{i &

Uo
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9.3 HDLA E- 54

4. sr#rTest Benchfi E 4R

r
™ ModelSim ALTERA STARTER EDITION 10.1d

File Edit View Compile Simulate Add Trar\scnpt Tools Layout Bookmarks Window Help

|8 328 1 RBL2 0 NET||SHEA|| Bt em BF oordHURBEAT J_|{'~| tatizas

J Layout |Simulate

JC‘N\LVW‘ ault IJIJ "‘-53"’”[@ Ea“l—l—l—il‘*’?“l_glgggi §| o “« %;'7 7 Jaé""’S';%-ESEarch:’—
aaasa|C AWMy ]

s -Defait 22 4 41 X| ‘iOhJectS* i-iilJ ] Wave - Default

'11nstame Name -

T ‘ JONT1D_TBjck 1
Tk: ::\LWAYS“S JCNT10_TB/en1
|BX #vsim_capacity# ialih _-] JCNT10_TBfrsti

/::rmo TE,!uadl
\_1_1 -l Ok :
\-tses (Active) z::: H df X ICNTIO Tsfdouu

Name JCNT10_TBfcout1 |S

_'li

=]
X P ER -l

Noew pO

F‘Z?MBEF%ﬁE’JModeISm?E (HTF?/& /ﬁMﬁU@ﬁD@9 8)5)T/T)

JCNT10 TE/dk1
JCNT10_TEjenl
JCNT10_TB/rst1
JCNT10_TBfload1
JCNT10_TB/datal |8

JCNT10_TE/doutl
JCNT10_TB/cout1

K19-8  Test Bench#y it t) £ F I L FE K]
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9.3 HDLA B4

[519-2]
module CNT4B (CLR, EN, CLK, DATA, LOAD, UD, COUT, DOUT);

input CLR,EN,CLK,LOAD, UD;
input[3:0] DATA ;
output COUT; output[3:0] DOUT;
wire sub wire0O; wire[3:0] sub wirel;
wire COUT = sub wire0; wire[3:0] DOUT = sub wirel([3:0];

lpm counter Ul (
.sload (LOAD), .clk en(EN), .aclr(CLR),
.data (DATA), .clock(CLK), .updown (UD),
.cout (sub _wireQ), .g(sub wirel), .alocad(1'b0),
.aset(1'b0), .cin(1l'bl), .cnt en(l'bl),
.eq(), .sclr(1'b0), .sset(l1'b0));

defparam

Ul.lpm direction = "UNUSED",

Ul.lpm modulus = 12,

Ul.lpm port updown = "PORT USED",

Ul.lpm type = "LPM COUNTER",

Ul.lpm width = 4;

endmodule w Lab



9.3 HDLA B4

[1519-3]
‘timescale 10ns/lns
module CNT4B_TB ();
reg clkl, enl, clrl, loadl,udl; reg[3:0] datal ;
wire[3:0] doutl; wire coutl;
always #35 clkl=~clkl;
initial
Smonitor ("DOUT=%h",doutl) ;
initial begin
#0 clkl=1'Db0O;
#0 clrl=1'b0; #200 clrl=1'bl; #25 clrl=1'b0; end
initial begin
#0 enl=1'b0; #180 enl=1'bl; end
initial begin
#0 udl=1'bl; #1500 udl=1"'b0; end
initial begin
#0 loadl=1'bO; #590 1locadl=1'bl ; #35 1loadl=1'b0;
#600 loadl=1'bl ; #39 loadl=1'boO;
#1100 loadl=1'bl ; #60 loadl=1'b0O; end
initial begin
#0 datal=4'h8; #800 datal=4'h7; #800 datal=4'h3; #900 datal=4'h9; end
CNT10 Ul (.CLK(clkl), .CLR(clrl), .DATA(datal), .LOAD(loadl), .UD(udl),
.EN(enl), .COUT(coutl), .DOUT (doutl) );
endmodule

EDR L



9.3 HDL{j B 524

JCNT10_TB/dk1
JCNT10_TBjent
JCNT10_TB/dr1
JCNT10_TBjload 1

JCNT10_TBjud1

JCNT10 TB/datal
JCNT10_TB/dout1
fCNT10_TB/couti

Lo T = = S =R

a5 6 o Ta o Jo oo Jo a7 e e o Tz T T T 2 T o e o 2 T b e ]

¥ =]

K19-9 ModelSim (E.$#%) %t i Test Benchfij Hi%

- aéu;a ﬂr_n;: 2%us 5120 768us M24us 128us 1536us 17.92us 0.48us B.04us Bbus Bisus HNT2us 3Bus 3B B
R HO ]
DATA  HO 0 ¥ 5 ¥ 3 b 4 4
EN HO |
LOAD  HO ] i R
uD Ho |l |
DOUT  HX
cour  Hx |[ | [ ] [

K9-10 WA B8 I B (Model Sim 8] 5 H )
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9.4 HDLAGEF M ARG R AL

> $display, $write
$strobe, $monitor
ThRzEH ) —> $finish, $stop

Fof 18] — $time

@ —»| sfopen, $fdiaplay, $fwrite

#RLLS
NIk

N\ /L

EDK 1



9.4 HDLAGEFF R A R

1. $display

$display ("R FERFE", 281, 282, .. )

[519-4]

module sdispl;
integer 1i; // iR
reg[3:0] x; // xNANL

initial begin // initialdk, RFIT—IK
i=21; x=4"'he;
Sdisplay ("1\t3d\n2\t%h\\",1i,x); //%iHE5

end endmodule

AT B RIS R | 4 1 21

¥ 2 e\ éégijEZZQTJLab




9.4 HDLAGEFF R A R

229-1 Verilogh: X 7F

¥ AT 7 X e AT 7 X ¥ AT X

\n WsF %b i) Y%V TINE TR

\t Tab %0 J\HE A% 20 %m WIRZEIRA

\ FAR %d kA X %s TR R

\ e o%h A Il S Yot IR AT [A]

\ddd 1342 )\ Bk R I ASCI 4% %l Bon: EHERR You A 2 —AH H 4

%% FH % %c FR% %z A A DU {8 £ A

%oe DARFE L o LA %f A3k ) B S AU %g H%e. Yobh 2 rh A 1) 2R
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9.4 HDLAGEFF R A R

IEEREE Y
1. $display

# rval = 00000065 hex
[1519-5]) 101 decimal
module sdisp2; / /BTN i H v 4 rval = 00000000145 octal
reg[31:0] rval; / /32 iregdshy
pulldown (pd); /o FRIEML, plldown ik A B4 % i r \4 a 1 =
initial begin //initialfk 00000000000000000000000001100101
rval = 101; //TREEE 101
S$display("rval = %h hex %d decimal",rval,rval); //Ft75#tdl. 3SR bin

$display("rval = %o octall\nrval = %b bin",rval,rval);///\idtH]. TR # rval has e ascii character

$display("rval has %c ascii character value",rval); //FFigaCERHmH

S$display ("pd strength value is %v",pd); / /pdfE TR EoR value

$display ("current scope is %m"); / /24T E AR 42 R # pd strength value is StX
Sdisplay("%s is ascii value for 101",101); /| R RN . .
Sdisplay("simulation time is %t", S$time); / /7 2 B ] # current scope is sdisp2

End # e 1s ascii value for 101
endmodule

# simulation time is

° EDK L



9.4 HDLAGEFF R A R

2. $write

Swrite ("WISNFERE", 81, SH2, ... );
$display = 1E3CA TG IN— D47, T Swrite & A INH
3. $strobefi$monitor

Sstrobe ("WHERFERE", ¥, 3H2, ... );
Smonitor ("WHAFERFE", 81, 82, ... );

$strobe MITIRER, ZiZIS ZIMI A FAFALBESE f5,  AEIX AN [R] (Y 45
Je B A S AL AT

$monitor ITIREZ = — DN EZ MEE NG TR ESAEN, &Sk
Wwrsras, HATEERES, At —1$monitor #3447

XA R BB 1E DL B AT LAsR kb Sdisplay B8 £ AN 2

EDR L



9.4 HDLAGEFF R A R

3. $strobefM$monitor e 45 R

(f19-6] # Sdisplay: a = 01

module sdisp3; [/ TN AE S
reg[l:0]a; //aN2hireg # Sstrobe a = 11
reg b # Smonitor: b = 0
initial S$monitor ("\S$monitor: a = %b", a); //S$monitorillam

AL # Smonitor: b =1

initial begin //initial¥k, HPIT—IK 4 Smonitor: b = 0
b =0; a=0; / /by alikfE0, PHZEM(E
Sstrobe ("\$strobe : a = %b", a); //Sstrobef@i~aIR{E
a=1; / /&A1
S$display ("\Sdisplay: a = %b", a); //Sdisplayi~al)4uiR{E
a = 2; //altfa2
Smonitor ("\Smonitor: b = %b", b); //SmonitorBUCHEI —Smonitor
a = 3; //al {3

#30 $finish; / /3ERF 30N R AT 5, HLE& IR
end
always #10 b = ~b; / /D EERRL O [A BRA, fH R 3%,

Clockfgs
endmodule Lab



9.4 HDLAGEFF R A R

4. $finishM$stop  srinisn;

Sstop;
(519-7]
module sdisp4 () ;
reg[3:0]a,b; //a, b Nafireg ,fjj‘ﬁélﬂj:
initial S$monitor (Stime," \Smonitor:a=%0d,b=%d", a,b);// B2k 2RI [E]
initial begin //initial¥k, RA#AT—
K # 0 S$display:a=1
b = 0; / /IRAEO
Sstrobe (Stime," \$strobe : a = %0d4", a); //Sr~alIlt{EssE # 0 ystrobe :a=2
$monitoron; //FFJA $monitor i 0 Smonitor:a=2,b=0
a=1; //alifE L, FHIENRME 4 10 S$monitor:a=2,b=1
a <= 2; //alfi2, AEFHZEMR ,
$display ($time," \Sdisplay: a = %d", a); //EmalIX4iE # 20 smonitor:a=2,b=2
a = 3; //alt(E3, FHZEMR(E
#25 Smonitoroff; / /KM $monitor
#10 S$stop; //LOANIT[E BRALJS, BT
R R

end
always #10 b = b+1; / /o1 0N A B, w Lab



9.4 HDLAGEFF R A R

5. $time

StimelR [Al—A™ 6 4f BEEIN A E
$stimeik [ —A> 320 BEEL I [A]{EL
$realtimeik [a]—>SEEUN [AI{E
$time forma tFZ I [A] f) 5= 77 2

Smonitor ("$d d=%b,e=%b", S$stime, d, e); //StimelsYETHAF A —FHE

EDK L



9.4 HDLAGEFF R A R

6. XfriRfE

MAFEIIN = Sfopen ("IAFAAM)

$fstrobe (XMFAIN, "tg TR &7, ZHIIER)
$fdisplay LA, 7t X7 Rk, SHFI1K )
$fmonitor (LHFAIM, 7t XNF Rk, SHFIK )
Stwrite UHFAINR, 7t NFERFeR 7, SHIIR)
$fclose (LMFAIMR) ;

Sfeof (LIFHIM) ;

/ /¥

/ / strobe Rl 3 AF

//display @I

//monitor B3, WAL
/ /writeF M

/ 1 R

[/ EHRE SRR

EDK Lu



9.4 HDLAGEFF R A R

6. SCHFEEE
Sdumpfile ("M%,  //SFHBICE, XBESXMES Nved
Sdumpvar; // FH AT T R =

/ /TR AT A

/ /TS RATIR T 258 1B iy AL

/ /S B TUEEIRB|TE T in-1 ZHERE T2 E
Sdumpvar (0, top); / /3 TSRS BT 2 R L BT AR
Sdumpon; / /TR

Sdumpoff; //fE IR

Sdumpvar (1, top);
Sdumpvar (2, top);
(
(

Sdumpvar (n, top);

EDR L



9.4 HDLAGEFF R A R

6. SUIF#fE
[1519-8]

module fileio demo; /XS
integer fp r, fp w, cnt; //EXSCHAIN, A
reg[7:0] regl, reg2, reg3; //318firegfd
initial begin
fp r = $fopen("in.txt", "r"); / /LR FT Hin . txt
fp w = $fopen ("out.txt", "w"); / /A5 T RFT Hrout . txt
while (!$feof (fp r)) begin //fEMEE XM, BHFlin.txtKRE
cnt = S$fscanf(fp r, "%d %d %d", regl, reg2, reg3); //BE—AT
Sdisplay ("%d %d %d", regl, reg2, reg3); / /BN AE
$fwrite (fp w, "%d %d %d\n", reg3, reg2, regl); [/ RIFE—A4T
end
$fclose (fp r); [/ RAMin. txt
$fclose (fp w); /| R ffFout . txt

end

endmodule
w Lab



9.4 HDLAGEFF R A R

7. MgmEiEH]

"define dnand({dly) nand #dly<

‘dnand(Z} gl2l (g2l1l, nl0, nll):<
‘dnand {(>) gl22 (g2Z2, nll0, nll):<

//synthesis translate off¢
//synthesis translate on¢

EDR L



“#10 rout = cin; FKIi~ciNZEIR10K][R]EAL f5, TRE % rout

#  JE BT S TR B

e # (FFAEIR, TFREER)

[e]

o # (EJFHEIR, TREEE, FEEB|zMIER) .

[519-9]
module dnot();
reg in; wire out;
not #(3,4) (out,in); //Bltknot, [FIES 1B ] SE R

initial begin

Smonitor ("%g in = %b out=%b", $time, in, out);
in = 0; / /WG {ELO
#10 in = 1; / /L0 TR EA i, T{E L
#10 in = 0; / /1O [ EA i, T{ELO
#10 S$Sstop; / /10 G, B B
end
endmodule

//W¥Ein, out

(USSP Y

#
#
#
#
#
#

0 in
3 in
10 in
14 in
20 in
23 in

= 0 out=x

= 0 out=1

Il
o o = B

out=1
out=0
out=0

out=1

EDK Lu



[519-10]

module veridelay (output out, input a,b,c,d);

wire e, £;

specify //specify IR B
(a=>out)=3; / / aFout Lk} 34N} [a] BEA
(b=>out)=3;  //bF|outIEmf 34> & HFhz HUIBE—%

(c=>out)=5;  //cRloutiEifs et |  ERRIKEER
(d=>out)=51; //dF|outiER} 514K} [E]FRAL
endspecify

and Ul(e,a,b); and U2(f,c,d); and U3 (out,e,f);//Fltb3A otk

endmodule

EDK L



9.6 At ff HiEH]

1 fork_ joiniRiEH]

fork_joinbie 5 4 R FAT S BN AT I, (L% Heil ) (BT £ 48 B S
) e b AT BN T A 4R

[519-11]
module forkA(clk,a,b);
input clk;
output reg a, b;
initial begin
a=0; b=0; end

always @ (posedge clk)

fork

#30 a = 1;

#10 b = 1;
join
endmodule

[519-12]
module forkB(clk,a,b);
input clk;
output reg a, b;
initial begin
a=0; b=0; end

always @ (posedge clk)

begin
#30 a = 1;
#10 b = a;
end
endmodule

[$519-13]
module forkC(clk,a,b);
input clk;
output reg a, b;
initial begin
a=0; b=0; end
always @ (posedge clk)
fork
#30 a
#10 b

Il
—
e

Il
V]

join

endmodule

EDK L



1 fork_ joinitiEH]

L

i
o IFork18fb

—  Cursor 1

30 ns

Kl9-11 19- mﬁﬁfﬂzﬁ/

» [Forkz0fb

sons | TS I
B9-12 f19-1245 E

= Cursor

f

o Ifarkl9fa 1

F

~| Cursorl | 30ns

Kl9-13 1119-1345 H I T

EDR L



9.6 At ff HiEH]

2 waitigf)
waitiB ) ATl 256, HeEH T HE. &N T

wait (GRHFRIEN) HA;

AL LR 5 5

forever wait(start) #10 go = ~go;

SF5 A B1E Tstart true, TEgo b4 3 420ns 177 % -

EDR L



9.6 At ff HiEH]

3 forcefireleasei&H]

O force e Verilogif ) H (1) 35 il (=
SE, &R K e IAE
initialzalwaystit i,

O forcer] XJwireskreg 4% & KA

O AR ZHUH |, nH

releaseift) B il

[1519-14]

module testforce;
reg a, b, c, d;

and andl (e, a, b, c);

initial begin

assign d = a & b & c;
a=1; b = 0; c = 1;
#10;

(a | b | ¢c);

force d

ModelSimfjj &, #iArun -all

id
id 1

i EAFE =, H%iArun -all

# 20 d=0,e=0

(a | b | c);

force e

0 d=0,e=0 #10 S$stop;
0 d=1,e=1 release d;
release e;
#10 Sstop;
end

endmodule

Smonitor ("%d d=%b,e=%b", S$stime,

/ / forceiB a5

wire e;

// WA, e AL
d, e);
/ /ESBIRE A

/ / ZEIR 10N [H] LA
/ /5 B a

/ /5 e
/B H

/ /FEId

// FEifle
/B H

EDR L



9.6 At ff HiEH]

4 deassigniEf]

fEAE Hassignif A AT SRR f5, 16 7] LU H deassignif f1) R B jH assign FRAH

always @ (clear or preset)
if (clear)
assign g = 0;
else if (preset)
assign gq = 1;
else
deassign g;

always @ (posedge clock) g = d;

« HclearfF %L, qMEO; Zclear L MpresetE &L, qE1; BN, JBEFHFqiIIRAE
o ZEEHBEAEER LA, 2562880 X FrdeassigniEf)
EDR L



9.741 BBl 5 Verilog Bl F R AT B

= FE—: HVerilogr=4& s 5

A 4%
\

TR RSB REa LT ERMES

[519-15] 4f7hnikes
module adder4 (input[3:0] a, input[3:0] b,
output reg[3:0] ¢, output reg co);
always @ *
{co,c} <= a + b; // coNBhL, cHM

endmodule

EDK L



9.741 BBl 5 Verilog Bl F R AT B

FHE—: FiVerilogr=4& s S

[1519-16]
‘timescale 10ns/1ns / /i a5 B
module signal gen (output reg [3:0] sigl,output reg [3:0] sig2);
initial begin

sigl <= 4'd10; //KFFIHERNE T2

sig2 <= 4'd3;

#10 sig2 <=4'd4; #10 sigl <=4'dl1l; #10 sig2 <=4'de6;
#10 sigl <=4'd8; #10 Sstop;
end
endmodule
[1519-17]
module test adder4(); / /T BT Z S
wire[3:0] a,b,c; wire co;
adder4 Ul(.a(a),.b(b),.c(c),.co(co));  //BIMBI ctpuT
signal gen TUl(.sigl(a),.sig2(b)); / /B 5 AR AR R
endmodule

EDK L



9.741 BBl 5 Verilog Bl F R AT B

TEZ: RSB REMLTERMES

force <8 5%> <{H> [<WE]>]1[, <{H> <Hf[E]> ..] [-repeat <JEH>]

force a 0 Comfil{E =5 S EME N 0D
force b 0 0, 1 10 ComilE S fER ZI0HME N0, FERTZI10MME N

force clk 0 0, 1 15 -repeat 20 (clkNEIES, A N20)

n] DL B Headderd (125 /R HEAT 11 B -

force a 10 0, 5 200, 8 400
force b 3 0, 4 100, 6 300

EDR L



9.741 BBl 5 Verilog Bl F R AT B

SOC(SOPC):t: F ety

E DK L4



9.741 BBl 5 Verilog Bl F R AT B

o MEAMHCE RGBT s [
R AR
o NTHRT RSNIE, H Rk % $Verilog 5051 %EL%
5 L R O S R LIPLL, AT veriog (2 "\
{12388 P B 2R = B
o B A6 T Verilog B 14 i HL R
[FIRE AT LLBELT B Verilog 17 BLAE 7 9-14 Verilog &4t )i AR

EDR L
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EDK L
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[ 519-18]
module acc16(input[15:0] a, input rst, input clk,
outputreg [15:0] ¢);
always @(posedge clk,negedge rst) if(Irst) c=0; else c=c+aq;
endmodule

EDR L



