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Sample Verilog HDL code \3\&‘
\

e ACRi Room DY —/N\—[ZYE—rTRIMYTTAT AT B.
« /home/tu_kise/cld/lecd/ IZH2TILDaA—FNHSHD T, Ubuntu DF—ZF )L TR
DIAXEZEAALT, BADTALIR)IZOE—T 5.

« /home/tu_kise I automount DT 4L IR)EDT, 7OERALGWEI7AMILHRRZ
HUY. tabF—[CKDHEIDFEEMELBZWCENH LD TEET 5.

$ cd
$ mkdir cld

$ cd cld
$ cp /home/tu _kise/cld/lecd/* .

« codeOblv L Ial—iardb=0HIZIF.
o JE—FTRIMYTTHELHLIZ Ubuntu DA—3FI)ILTROATVRZEANTS.
« a7k iverilog TaAV/NAILLT, £FEND aout EETT 5.

$ iverilog code@51.v

$ ./a.out

~ ==
! 2

P CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH



codeOblyv EHE1—T GTKwave 2> TERZR 5

$ iverilog code@51.v

* code0blv Z12aL—23vL T, EORTEHR T HL. & /a.out
o LZaAlL—i3ardf=H0o0OvIIEEDERERT. $ gtkwave main.vcd &

«  foreverX(d, #<7AVIDWNEBLEERICIEYIRT. COHITIE, regBDIESr_clkzFAiakFIZ0I
MERIEL, #B0DE(Zr_clkDIED REF#EYIRT .

*  GTKwave TKEMZMHEET H&, IOMHz(AH 100ns) DY/OVIMNERSNDZEAHHD.

code®51.v | module m top (); Simulation output
reg r_clk=0; )
initial forever #50 r clk = ~r_clk;
= = 50 1
always@(*) $write("%3d %d¥n", $time, r_clk); 122 2
initial #8000 $finish;
200 0
initial $dumpfile("main.vcd"); /* file name for GTKWave */ 250 1
initial $dumpvars(@, m_top); /* module for GTKWave */ 300 0
endmodule 350 1
400 ©
Bl GTKWave - N:¥Lecture¥CL D¥main.ved =1 e 459 1
wa Ve'FO r‘m File Edit Search Time Markers View Help | 5@9 9
O-F GTKwave V@ZST Q @ j;‘j ‘E‘“,U ivi From:{0 sec Tn 200 ns . Marker: 188 ps | Cursor: 381800 ps : ﬁ | 559 1
W -:iz'ik . 188 ns 200 ns 380 ns 488 ns 5 7 8 6@9 9
....... 650 1
Type |Signals
reg rclk 7@9 9
' 750 1
= n F\\ter:’i 8@6 6
~ : : Append‘ Insert ‘ Replace | T &
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GTKwave FHEA—TJDTEVARNL—L 3y

Vivado TD GTKwave D{ELVA.
774)1/0);.,Lc7+a_c7+ TRT HIEFDIENM.
T HDZE, 2:E%, 10&EETDOERR.




code0b2.v A AMEIRZER L TEIZZR 5

* code0b2.v jé_:/slb—yﬂybf, %@iﬁ‘%ﬁﬁgﬁté:t $ iverilog code@52.v
. BR2E YRS AN RBBIETRT . 5 ./a.out

. $ gtakwave a.ou
«  OYI{ES w_clk DiLH EHAYDEF (posedge w_clk) IZ, i -
142 91) A0 5. 12120, r_cnt ORPIDEZE 0 L5, code@52.v

 r_cnt OEHIIIOVIESDIUE ENYLL #5 FZ1H#EE module m_top ();
LTHh. reg r_clk=0;

initial forever #50 r_clk = ~r_clk;
° = b T I — ! M dla ! wire [1:0] w_cnt;
2E VRNV EEDT, BAMED 3 (2b11) DRIT ON2b00) | wire [Lelwents
&:t;%S- initial $dumpfile("main.vcd");
initial $dumpvars(@, m _main®@);

« iverilogTY2al—23vl, 6TKWave TR EH#RT 5. initial #1000 $finish;
endmodule
Bl GTKWave - Ni¥Lecture¥CLD¥main.ved — O X \\
File Edit Search Time Markers View Help ‘

dule m main (w_clk, w _cnt);
Mput wire w_clk;

da Q@ C § k| €@ & [ Fomusec To1us & | Marker: 506 ns | Cursor: 956 ns\ ‘

v SST Signals Waves

5 m_top Time B ut wire [1:0] w_cnt;
wW_clk=l
(w cncp1:0] -

------ ] r_cnt = 0;
i | sedge w_clk) begin
reg r_cnt[1:0] i i .
wire w_clk : : #5 r‘—cnt + 11
end
- assign w_cnt = r_cnt;

=|| | endmodule
Append| Inser‘t‘ Replace| q [ [ >
Waveform
~

~ ==
! 5
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code053.v regD H AldreglliEfmSNf-wire

e ¢0de0b3.vEIIAL—1aVLT, FORREHERTHI L. \
o HHA2EYNITDOUAD R DEERFIETRT

o OvI{ES w_clk MiLHE EHYDEF (posedge w_clk) 12, 1429V AV T S, 12120, r_cnt D&
FIDEZ 0 ET D,

« EVa2—IILOHAR—ITIE wire & reg ZRWNSIENTES.

» " timescale 1Ins/100ps &ELVSEE D 1ns (& #1 NERFET Ins THHZEZRL, XD 100ps TV
SaL—2avDFEED 100ps B THAHZEEIBET S. Cinescai ine/ioons

* timescale 0)'??[i:@iﬂf%ﬂﬁbfj—'glﬂf:jﬁfﬁﬁ[ﬂ “default_nettype none

code®53.v module m_top ();
reg r_clk=0;

initial forever #50 r_clk = ~r clk;
wire [1:0] w_cnt;

m_main m_main@ (r_clk, w_cnt);
initial $dumpfile("main.vcd");
initial $dumpvars(®, m _main®);
initial #1000 $finish;

coded52.v

module m_main (w_clk, w_cnt);

input wire w_clk; endmodule
output wire [1:0] w_cnt;
reg [1:0] r_cnt = 0; module m_main (w_clk, r_cnt);

always@(posedge w_clk) begin input wire w_clk;
r_cnt <= #5 r_cnt + 1; output reg [1:0] r_cnt;

end o

assign w_cnt = r_cnt; initial r_cnt = 0;

ehdmodlle always@(posedge w_clk) r_cnt <= #5 r_cnt + 1;
ﬁ’ endmodule
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code054.v R YMMTZED A3

e code0b4.v H#2aL—1ar LT, ZORTREERTH L.
o REHEVEYMIEF2EVR D AN R FIETRT .
o OYVEE w_clkdDiIb EAYDEFIZ, UL yMESE r_rst A

] %

coded54.v

ITHhOUADEIXER TS,
ZEXTHEFNIEIA DA RENS.

e iverifgTIIal—¥arl, 6TKWave TR EZHERET 5.

Waveform

B GTKWave - N:¥Lecture¥CLD¥main.ved =n =R ==
File Edit Search Time Markers View Nelp |

ha @ G)\ G)\ U:j E":U AEL Fr}\:h) sec N?OO sec £3 | Marker: 350 sec | Cursor: 659 sec ‘

v 55T Signals ves
T mmo Time —
_oP w_clk=
w_rst=
““““ r_ent[1l:8]=
Type |Signa|s | — ||w_cnt[1:8]=
reg r_cnt[1:0] g :
wire w_clk ! i
wire w_cnt[1:0] -
Filter:
Append| Insert | Replace | 1 el [+]

module m_top ();
reg r_clk=0;
initial forever #50 r_clk = ~r_clk;
reg r_rst=1;
initial #230 r_rst=0;
wire [1:0] w_cnt;
m_main m_main® (r_clk, r_rst, w_cnt);
initial $dumpfile("main.vcd");
initial $dumpvars(@, m maine@);
initial #1000 $finish;

endmodule

module m main (w_clk, w_rst, w_cnt);
input wire w_clk, w_rst;
output wire [1:0] w_cnt;

reg [1:0] r_cnt;
always@(posedge w_clk) begin
if (w_rst) r_cnt <= 0;
else r_cnt <= #5 r_cnt + 1;
end
assign w_cnt = r_cnt;
endmodule

‘i:efl'
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RIEAYU v, ERER) Vv, Uty hEL

3
BlEA) vk iR () TlE, 7a99ESICEIELTYEYvrEN 5.
- JEEEAEYrOERR (R R) TIX, 7Oy ESICREETIC, JEyMESDIL ENYD
BAZY T YrENS.
e ADE(FEYMEEEEHLLVEEMR.
o WEMNGITNIX, VEyrEEDHGZVLEER (H) AR
bR ETHNIX, BH) vk () ZESEEBRARL.

code@54.v
module m _main (w_clk, w_rst, w cnt); module m_main (w_clk, w_rst, w_cnt); module m main (w_clk, w _cnt);
input wire w_clk, w _rst; input wire w_clk, w_rst; input wire w_clk;
output wire [1:0] w_cnt; output wire [1:0] w_cnt; output wire [1:0] w_cnt;
reg [1:0] r_cnt; reg [1:0] r_cnt; reg [1:0] r_cnt = 0;
always@(posedge w_clk) begin always@(posedge w_clk or posedge w _rst) begin always@(posedge w_clk) begin
if (w_rst) r_cnt <= 0; if (w_rst) r_cnt <= 0; r_cnt <= #5 r_cnt + 1;
else r_cnt <= #5 r_cnt + 1; else r cnt <= #5 r_cnt + 1; end
end end assign w_cnt = r_cnt;
assign w_cnt = r_cnt; assign w_cnt = r_cnt; endmodule
endmodule endmodule

EECUEAINOY] ERE) DA IR LT o VAN AN
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A

o IEFEETIE, 7O097ESICHTEHILAZDEEFZELKEBETHIENEER

e LTURAL, 4OY9EBEDIBLLEAYDRAIVY TANBEDIEEZRE
(sampling)L T, PLENTEFLIZEZE DIRICH AT 5.

« LPRADMEFHTIL, initial 4> always TAAIUTZHRETHIL.
« ZHDEVAI-IWDEREZEZLD.

Sequential Circuit (IEFRIER) EL D AZ D ENE 2%

module m_counter

w_clk

w_rst

1

—>

+

4 4 4 w_out
VAN r_cnt / w_cnt 5| r_out 7_>_

[3:0] [3:0]
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code055.v, code056.v —TEDEImTELAHAENEDEE 1R
\

« c0de0b55.v M 999999 % 4 [CEBEL T 2aLl—23aVl T, TDORREHERT HIL.
« IMHz 7OV ESZANELT I DOERTO,1,0,1 EEELSEA/N—FDITDERBFHZRT.

N = =] ~ LS -
LED %:ﬁl@éﬁéiﬁéat '\*Ijﬁj-éo code®55.v
° *ﬁ/@ “timescale 1ns/10@ps
. _ module m_top ();
1IMB = 1024 x 1024 B reg r_clk=0;
. 1MHz = 1000 x 1000 Hz ir.11tial forever #50 r _clk = ~r_ clk;
wire w_out;
* c0de055.v M2HFTDalways7 OV IzFEDHHE, e i oy
— e initia umpfile("main.vcd");
code056.v (»t:ké initial $dumpvars(@, m _main®);
initial #1000 $finish;
endmodule
code@56.v
module m_main (w_clk, r_out); module m_main (w_clk, r_out);
input wire w_clk; input wire w_clk;
output reg r_out; output reg r_out;
initial r_out = 0; reg [31:0] r_cnt = 0;
reg [31:0] r_cnt = 0; always@(posedge w_clk) begin
always@(posedge w_clk) begin r_cnt <= (r_cnt==999999) ? 0 : r_cnt +1;
r_cnt <= (r_cnt==999999) ? @ : r_cnt +1; end
r_out <= (r_cnt==0) ? ~r_out : r_out;
end initial r_out = 0;
endmodule always@(posedge w_clk) begin
r_out <= (r_cnt==0) ? ~r_out : r_out;
end

ﬁ’ endmodule
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code057.v ;EE (1) TE>F=/\—F 75k

+ 100MHz @OV {ESZANELT IR DEIRTO,1,0,1 £&ElLSEDH/N—F07
DEtihlZzRY . LED ’E,.\\/Jﬁéﬁéiﬁé&&l_ﬂﬁﬁﬂ'é.

. S(IEBETEA.

code®57.v

module m_main (w_clk, w_led);
input wire w_clk;
output wire [3:0] w_led;

reg r_out = 0;
reg [31:0] r_cnt = 0;
always@(posedge w_clk) begin
r_cnt <= (r_cnt==99999999) ? 0@ : r_cnt +1;
r_out <= (r_cnt==0) ? ~r_out : r_out;
end
assign w_led = {r_out, r_out, r_out, r_out};
// vio @ vio_00(w_clk, w_led[3], w_led[2], w_led[1], w_led[@9]);
endmodule
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codeQ6lyv IORLIURBA(HLTH)

\
e code0blv Z#LIal—3ar LT, FOXRREHERTHIL. \

o VIMDREE, HAUIILEIC, FORABRZIEVMITE (HEWEE)IZO TR
3% T, REGMEYMGBIWERTHEYN) ICAASh-EZRHMT S.

code@6l.v

module m_top ();

reg r_clk=0;

initial forever #50 r_clk = ~r_clk;

wire [7:0] w_out;

m_main m_main® (r_clk, w_out);

initial $dumpfile("main.vcd");

initial $dumpvars(@, m main@);

initial #1000 $finish;

always@(*) #1 $display("%3d: %b”, $time, w_out);
endmodule

module m_main (w_clk, r_sreg);
input wire w_clk;
output reg [7:0] r_sreg = 8’b10101111;

wire w_in = 0;
always@(posedge w_clk) begin
r_sreg <= {w_in, r_sreg[7:1]};
end
endmodule

ATk
>

Simulation output

1: 10101111

51: 901010111
151: 00101011
251: 00010101
351: 00001010
451: 00000101
551: 00000010
651: 00000001
751: 00000000
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code062.v ITRLIURBZA(ELTH)

\
e codeQ62.vELIaL—Lav LT, FORTREZERTH L. \

o VIRLDREIE, YAV EIC, TEORBZIEVMIITE (HAWEE)IZD TR
3% F-, REMEYMBIWERTHREYR) IZANShT-EZEHNT 5.

code062.v

module m_top ();

reg r_clk=0;

initial forever #5060 r_clk = ~r_clk;

wire [7:0] w_out;

m_main m_main®@ (r_clk, w out);

initial $dumpfile("main.vcd");

initial $dumpvars(@, m _main@);

initial #1000 $finish;

always@(*) #1 $display("%3d: %b”, $time, w_out);
endmodule

module m_main (w_clk, r_sreg);
input wire w_clk;
output reg [7:0] r_sreg = 8’b10101111;

wire w_in = 0;
always@(posedge w_clk) begin
r_sreg <= {r_sreg[6:0], w_in};
end
endmodule

ETk

G

Simulation output

1: 10101111

51: 901011110
151: 10111100
251: 01111000
351: 11110000
451: 11100000
551: 11000000
651: 10000000
751: 00000000
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code064.v EXOR (Heth s EmIERD) 77—k

e codeOb4yv %L 3aLl—a LT, FORTEHERTBHZLE.

- WEEFFICE,
HIEHEEFD ~ (NOT), 2ZIH;EEFELT & (AND), | (OR), © (EXOR)D ®H 5.

code@64.v

d
C
bD

EXOR gate

\

Simulation output

module m_top ();
reg r_a, r_b;
wire w_c;
assign w.c = r_a " r_b;

initial begin

#10 r_a <= 0; r_ b <= 0;
#10 r_a <= 0; r b <= 1;
#10 r_a <= 1; r b <= 0;
#1090 r_a <= 1; r_b <= 1;

end
always@(*) #1 $display("%2d: %d %d -> %d", $time, r_a, r_b, w_c);

11: 6 0 -> 0
21: 61 -> 1

31: |16 -> 1
41: (111 -> ©

o ()
—C
b_

1E YD INE

endmodule
(D
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code065.v 3A M EXOR 77—+

e code06bvE#L3IaLl—av LT, FORTEHERTHILE.

- WMEEEFICIE 2IEEEFELT & (AND), | (OR), © (EXOR)A HS.

« SANLEOHBEEFZEZLD.

module m_top ();
reg r_a, r_b, r_c;
wire w_out;
assign w out =r_a *“ r_b " r_c;

initial begin

#1090 r_a <= 0; r_b <= 0; r_c <= 0;
#10 r_a <= 0; r_b <= 0; r_c <= 1;
#1090 r_a <= 0; r_b <= 1; r_c <= 0;
#10 r_a <= 0; r_ b <= 1; r_c <= 1;
#1090 r_a <= 1; r_b <= 0; r_c <= 0;
#10 r_a <= 1; r_b <= 0; r_c <= 1;
#10 r_a <= 1; r_b <= 1; r_c <= 0;
#10 r_a <= 1; r_ b <= 1; r_c <= 1;

end

always@(*) #1 $display("%2d: %d %d %d -> %d", $time, r_a, r_b, r_c, w_out);

endmodule

Simulation output

11:
21:
31:
41:
51:
61:
71:
81:

P RPPRPRPRPROOOO
P RPOORFRLREFRLROO
P OFRPROFRPRORFRLO

RPOOCRFRRORFRPRERLRO

code@65.v a
b out
C

EXOR gate
EXOR gate
CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH
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code066.v SAHTD EXOR 5—rMD/NRZEFRALV=E2uh

e codeQbbyv EL3IaL—a LT, FORTEHERT B L.

code@66.v
module m_top ();
reg [2:0] r_a; Simulation output
wire w_out;
assign w_out = ~r_a; 11: @00 -> ©
21: 001 -> 1
initial begin 31: 910 -> 1
#10 r_a <= 3’°bo0o; 41: 911 -> ©
#16 12 < 270616, 51: 100 -> 1
#10 r_a <= 3’°b01l; 61: 101 -> 0
#10 r_a <= 3°b100; 71: 110 -> ©
#10 r_a <= 3°b101; 81: 111 -> 1
#10 r_a <= 3’blie;
#10 r_a <= 3’b111;
end
always@(*) #1 $display("%2d: %b -> %d", $time, r_a, w_out);
endmodule

ale]
al[1] out
a[2]
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EE(2) MEZFDV)TAAIVNADEEREZETAT S

e code078.v Z{EIELT, 100MHzDEEE KR E D
ROBZE. 1=12L, n [TE5DEEHET S.

« code078.v #AHLNTERKT H(Run Implementation) . BitstreamlF &KL S E(TAELY.
- 117TB®D D_N DEZZELEETAEAM. Failed Timing! EH ASN =B I HIFZE =L TLVELY.
« 1TH® D_N DfEZ/NEKLTERK. Implementation Complete A AESNF-EFIEiEL TS,

coded78.v

K CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH

“define D_N 32

module m_main (w_clk, w_a, w_b, w_dout);
input wire w_clk, w_a, w_b;
output wire w_dout;
reg [ D_N-1:0] r_a=0, r_b=0, r_s=0;
wire ['D_N-1:0] w_s;
assign w_dout = ~r_s;
always@(posedge w_clk) begin
ra <= {w.a, r.a['D_N-1:17};
r b <= {wb, rb[’D N-1:17};
r_s <= W_s;
end
m_ADDER m_ADDER® (r_a, r_b, w_s);
endmodule

module m_ADDER (w_a, w_b, w_s);
input wire ['D_N-1:0] w_a, w_b;
output wire ['D_N-1:0] w_s;
wire ['D_N:0] w_cin;
assign w_cin[@] = 0;

click this -
generate genvar g;

for (g = 0; g < DN; g =g+ 1) begin : Gen

m_FA m_FAQ(w_a[g], w_b[g], w cin[g], w_s[g], w_cin[g+1]);
end
endgenerate
endmodule

LARR (T &R

Flow Navigator T & 7

~ PROJECT MANAGER
£} Settings
Add Sources
Language Templates

L+ IP catalog

~ IP INTEGRATOR
Create Block Design
Open Block Design

Generate Block Design

~ SIMULATION

Run Simulation

~ RTL AMNALYSIS
> Open Elaborated Design

~ SYNTHESIS
P Run Synthesis

> Open Synthesized Design

A E[MED

ATICI
Run Implementation

> OpenImplemented Design

~ PROGRAM AND DEBUG
Vi Generate Bitstream

> Open Hardware Manager

Hil#9Zi#E=9 n-bit Adder D&ZKD n ’é\

L Implementation Completed x

o Implementation successfully completed.

' Next

@Qpen Implemented Design
() Generate Bitstream

() wiew Reports

[ Don't show this dialog again

Implementation Complete, Failed Timing!  +/

-

4

Implementation Complete

o F I+ 1
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ACRIIL—LDTEARL— 3>

« Vivado T®D VIO M{#ELVA.

»  Vivado T® HW manager, #A—J > Lf=TH 1>, V—RDUYEZ FE.
- WNS

 Vivado [ZH+5[ERE (schematic) D&RR.

Activities
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