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Sample Verilog HDL code \3\&‘
\

« ACRi Room DY —/\—[ZYE—rTRIbyTTAT AT 5.
« /home/tu_kise/cld/lec3/ 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/lec3/* .

e codeQl0.v ZL2al—ardB1-0IZIE.
e JE—FTRIMYTTESHLI- Ubuntu DA—SFILTROATKEEANTS.
« a7k iverilog TaAV/NAILLT, £FEND aout EETT 5.

$ iverilog code@10.v

$ ./a.out

~ ==
! 2
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code010.v CEEETELVE=MBLNGLNO—FK

\
e c0de010.v #2aL—3 LT, ZORTREERTHE Pe———— \
o EHMintegersfor)l—TZ#AW-REE#HTOS 7A0)1§'J.

o BHIDfahr, celsiusEE

ﬁﬁ%@’l‘%lwﬁﬁ?ﬁliﬁzf&lﬂ fahr++ ELVSEERIETS—ELELDTIEE.

code@10.v . g
module main (); 20 -6
integer fahr, celsius; 40 4
initial begin gg ;Z
for (fahr = @; fahr <= 300; fahr = fahr + 20) begin 100 37
celsius = 5*(fahr-32) / 9; 120 48
$display("%3d %6d", fahr, celsius); 140 60

end 160 71
end Fis fesiel (18 180 82
sieadile e 200 93
220 104

(i 240 115

260 126

“dg,g‘ 280 137

300 148

&7 ATARPDFMLIAE—TF BEELSEMELENZENHAD T, a—FKIE /home/tu_kise/ MHaAE—L=2DZEFES L.
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Some rules for following lectures and exercises

\
o EDa-IILOZHEINIIE m_ MOIEFELHBRIZED. wire2DESDARTIZIE w_ b\%&é‘i\
BAREED. regBDARINZIL r_ MNBIBFEDIRRIZEED.
o DEalL—2avOiLEDEDA—IL(IMYTED2—IL)ITIE m_top ELVSABRIZRED.
« $display GED VAT LARYIE m_top DHFTULMALTIELLMFZARLY.
« WMEAROMTED—ILIZIE m_main ELVSEZFTERES.
« NamebW\SRRIDED2A—ILDAVRAVRALIZIE Namel 23 FZEFmL-&ai&EfES.

JL—ILEEALT=Verilog HDLEZ DI

module m_top ();

reg r_a, r_b, r_s;

wire w_c;

initial begin
#10 r_s <= 0,
#10 r_s <= 0

end

always@(*) #1 $display("%2d: %d %d %d -> %b", $time, r_s, r_a, r_b, w c);

m_mux m_mux® (r_a, r_ b, r.s, wc);

0; 9;
0 1

r_a< r b <
; r_a < rb <

)

.
J J

endmodule
module m_mux (w_a, w b, w s, w c);
input wire w_a, w_b, w_s;

output wire w_c;
assigh w. c = w_s ? wb : w_a;

ﬁj endmodule
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codeQ18.v caseX %

LN =LEDTO—4

« code018v #1322l —2aV LT, ZORTREHRTHIL.
« 0~9%FKRY D seven-segment LED decoder DHIERT .

o BENITOWNIEBFEERTH-HD caseX HidH 5.

eIt (X CE FE LRIk

« EVa—)lm_7segledTIld, ASDEIZLY, RATESELHLEDDEYE1LET S.
« r_led ® MSBH5, LEDDabcdefgD &y AU REEIY HTS.

module m_7segled (w_in, r_led);
input wire [3:0] w_in;
output reg [6:0] r_led;
always @(*) begin
case (w_in)
4'de : r_led <= 7'bl1111110;
4'd1 : r_led <= 7'b0110000;
4'd2 : r_led <= 7'bl101101;
4'd3 : r_led <= 7'blllle01;
4'd4 : r_led <= 7'b0110011;
4'd5s : r_led <= 7'blo11011;
4'd6 : r_led <= 7'bl011111;
4'd7 : r_led <= 7'b1110000;
4'd8 : r_led <= 7'b1111111;
4'do : r_led <= 7'bl111011;
default: r_led <= 7'b0000000O;
endcase
end
endmodule

module m top ();

reg [3:0] r_in;
wire [6:0] w_led;
integer i;
initial
for (i=@; i<=15; i=i+1l) begin r_in <= i; #10; end
initial $display (" abcdefg");

always@(*) #1 $display(" %x -> %b", r_in, w_led);

m_7segled m_7segled® (r_in, w_led);

endmodule
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codedl18.v

: 1 1
" oo
; o
¢ OO
: N

| T

-~ QN VW VoONOTUDWNEDOO

abcdefg
1111110
0110000
1101101
1111001
0110011
1011011
1011111
1110000
1111111
1111011
0000000
0000000
0000000
0000000
0000000
0000000




code019.v 3IEEE ¥ %

« codeQ19.v #2322l —3 LT, TORTREHERTHIL.
« Seven-segment LED decoder DRI DHIZETRT .

JLN=LEDTO—4

o BABREEFE)ETFELOLEICUbIERY, ZF5TRITAIELIDOELLS.
* code019.v Tldreg® [EE>TLVELY. CDT=6, m_7segled Mo (FHEEEBENERINS.

*  co0de018.v M m_7segled Ao, HEEEBENERINLH ? [EFEERAEHINDLH ?

<

¢ regBlDIEEAEIILTRACERENDEVSRTIFALN,

code@19.v (m_topMitikidcodel8.vEEIL)

module m_7segled
input wire [3:
output wire [6:

assign w_led =

endmodule

(w_in, w_led);

0] w_in;
0] w_led;

(w_in==4
(w_in==
(w_in==
(w_in==
(w_in==
(w_in==
(w_in==
(w_in==
(w_in==
(w_in==

'de)
"d1)
'd2)
*d3)
'd4)
*ds)
*d6)
*d7)
*d8)
*d9)

7 'b0000000;

U Y Y Y Y Y A SV ARV
NN N NN NN NN

'bl111110 :
'b0110000 :
'bliellel :
'bli111e01 :
'b0110011 :
'ble11011 :
'bl1011111 :
'bl1110000 :
'b1111111 :
'b1111011 :
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-~ QN L VWoONOOTUA,WNEO®

abcdefg
1111110
0110000
1101101
1111001
0110011
1011011
1011111
1110000
1111111
1111011
0000000
0000000
0000000
0000000
0000000
0000000
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code020.v caseX TCIFIT RTOANEZTEET S

e c0de020.v & 2aL—3 LT, TORTEHERTHIL.

« Seven-segment LED decoder D RIDHIZERT .

«  c0de020.v ® m_7segled Mo, HEEEBENERENLIN? IEFEBNEHRINDGH?
e w_in A 4ha DEFIZ, £S5LT 7'b1111011 AHAZNhEDM?

codedl18.v

code020.v

output reg

4'do
4'dl

4'd9

endcase
end
endmodule

module m_7segled (w_in, r_led);
input wire [3:0] w_in;

[6:0] r_led;

always @(*) begin
case (w_in)
:r_led
:r_led
:r_led
:r_led
:r_led
:r_led
: r_led
: r_led
: r_led
: r_led
default: r_led

7'b1111110;
7'b0110000;
7'bl101101;
7'b1111001;
7'b0110011;
7'bl1011011;
7'b1011111;
7'b1110000;
7'b1111111;
7'b1111011;
7 'b0000000;

[SU S I i o)

I

-+~ D QN0 TV OO0 NOUV

abcdefg
1111110
0110000
1101101
1111001
0110011
1011011
1011111
1110000
1111111
1111011
0000000
0000000
0000000
0000000
0000000
0000000

module m_7segled (w_in, r_led);
input wire [3:0] w_in;

[6:0] r_led;

always @(*) begin
case (w_in)

output reg

4'doe
4'dl

endcase
end
endmodule

: r_led
: r_led
: r_led
: r_led
: r_led
: r_led
: r_led
: r_led
: r_led
: r_led

7'b1111110;
7'b0110000;
7'bl1e1101;
7'b1111001;
7'b0110011;
7'b1011011;
7'b1011111;
7'b1110000;
7'b1111111;
7'b1111011;

W NEREOe

N

-~ D QO N LW Vo0 NOU

abcdefg
1111110
0110000
1101101
1111001
0110011
1011011
1011111
1110000
1111111
1111011
1111011
1111011
1111011
1111011
1111011
1111011

Agezﬂ
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code021.v if XZERAL=LEDTO3—4

e code02lv %I 2aL—13 LT, TORTEHERTHL.

+ Seven-segment LED decoder DRI DHIZETRT .

o caseX TIF%L, i3 (if else) #ANTiEib 3521 TES.
« codel8.v & code2lv [IRLCH A ELS.

code@18.v code@2l.v
module m_7segled (w_in, r_led); module m_7segled (w_in, r_led);

input wire [3:0] w_in; input wire [3:0] w_in;

output reg [6:0] r_led; output reg [6:0] r_led;

always @(*) begin always @(*) begin

case (w_in) if (w_in==4'd@) r_led <= 7'bl111110;
4'de : r_led <= 7'b1111110; else if (w_in==4"'dl) r_led <= 7'b0110000;
4'dl : r_led <= 7'b0110000; else if (w_in==4'd2) r_led <= 7'bl101101;
4'd2 : r_led <= 7'bl101101; else if (w_in==4"'d3) r_led <= 7'bl111001;
4'd3 : r_led <= 7'b1111001; else if (w_in==4"'d4) r_led <= 7'b0110011;
4'd4 : r_led <= 7'b0110011; else if (w_in==4"'d5) r_led <= 7'bl011011;
4'd5 : r_led <= 7'bl1011011; else if (w_in==4"'d6) r_led <= 7'b1011111;
4'd6 : r_led <= 7'b1011111; else if (w_in==4"'d7) r_led <= 7'b1110000;
4'd7 : r_led <= 7'b1110000; else if (w_in==4"'d8) r_led <= 7'b1111111;
4'd8 : r_led <= 7'b1111111; else if (w_in==4"'d9) r_led <= 7'bl111011;
4'd9 : r_led <= 7'bl111011; else r_led <= 7'b0000000;
default: r_led <= 7'b0000000O; end
endcase endmodule
end
. ;gggar endmodule




code022.v EvkEIR

e c0de022v &I 3IaL—a LT, FORTEHERTHIL.

o EVMERDHIZTRT. NRAFZEVLDERTREFEINADT, NAMLEIRT HEVFDE
EZiEE T S. RISC-V7— #T’J?Jv(l)#%m#ﬁ%fﬁ%b\bhél?ﬁftd)ﬁi b\b%?»r L
F‘é E*Rj—é{gu 25 24 20 19 15 14 12 11 76

| funet7 | rs2 | rsl | funct3 | rd | opcode | R-type

module m_top ();
reg [31:0] r_ir = 32°h12345678;
wire [6:0] w_fct7, w_op;
wire [4:0] w_rs2, w rsl, w_rd;
wire [2:0] w_fct3;
initial begin #1

$display (" %x -> %x %x %x %x %x %x", r_ir, w_fct7, w _rs2, w rsl, w fct3, w_rd, w op);
$display (" %x -> %d %d %d %d %d %d", r_ir, w fct7, w rs2, w rsl, w_fct3, w_rd, w op);
end
m_decode m do (r_ir, w_fct7, w rs2, w rsl, w fct3, w rd, w op);
endmodule

module m_decode (w_ir, w_fct7, w_rs2, w rsl, w fct3, w rd, w op);
input wire [31:0] w_ir;
output wire [6:0] w_fct7, w_op;
output wire [4:0] w_rs2, w _rsl, w_rd;
output wire [2:0] w_fct3; 12345678 -> 09 03 08 5 Oc 78
assign w_fct7 = w_ir[31:25]; 12345678 -> 9 3 8 5 12 120
assign w_rs2 w_ir[24:20];
assign w_rsil w_ir[19:15];
assign w fct3 = w ir[14:12];
assign w_rd w ir[11:7];
assign w_op w_ir[6:0];

ﬁ’-’ endmodule Simulation output
CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH code@22.v 9




code023.v EvrDEfELE R

e c0de023.v&IZal—avl T, TDRTEHERTHL. \
. t‘“‘JF@L"f‘* (concatenation) MHIZTRT .

o EFEEHETF ({}, KIE curly brackets) I&, #OHNDESEEHELTEVFRDKRENVI DD/ARIC
'C%%) 4EYLDIES w_a, w_b ZEFETSHIZIE {w_a, w_b} itk T 5. 4dEVFDIES w_a, w_b,
w_c ZE#ETBIZIE (w_a, w_b,w_c} LBk T B.

- HIEBEERLTEYMROXZNMN DDNRIZTES. A 4AEVFDIES w_a Z3EERLTE
#£95121F {(3{w_a}} &3tk 3 5. BIRIE, {4{w_a}} &E{w_a, w_a,w_a, w_a} [FRILEYRAIELES.

c BREBEOHITRLETREVYFOMSBEHEERLTEME YNEHIET HIBEL, 2OMBTREIN-FE
FEDBHEFESIRTAEICALLONS. BROERTHRINRNT S.

code@23.v Simulation output
module m_top (); 10010101
reg [3:0] r_a = 4'ble0l; 100101011111
o ) e
reg [3:0] r c = ;
initial #1 begin 1oelieeileel
$display("%b", {r_a, r b}); 1001100110011001
$display("%b", {r_a, r b, r c}); 11111001
$display("%b", {2{r_al}}); 00000101

$display("%b"

$display("%b"

$display("%b"

$display("%b"
end

‘$ — w_bOD{EEH & THIALL-.
CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH 10

13{r_a}});
{4{r_a}});
{{4{r_a[3]}}, r_a});
{({4{r_b[3]}}, r_b});
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code024.v BAREEF

\
code024.v &2 2aL—3 LT, TORTEHERETHL. \
o BREETF (,<, =, <=, =5, ) OBETRT.

o PBIRIE w_a>>w_b (X w_a DEHA w_b DELULETHNIX I'bl, Z5THEMFHNIL 1'b0 &45.

- CEELRER.

o J0T7BYFVITRADEET <= £ BREET <= [XRILERBIZA, XEMICKRITES.

COEETIX (w_a>= w_b) D%k, BREFFOLEEROEIRIC () Z:EMLTHRMICKRT
B.

code@24.v Simulation output

module m_top ();
reg [3:0] r_a
reg [3:0] r_b
initial #1 begin

P ORFRPRORLRLRO

$display("%b", (r_a> r_b));
$display("%b", (r_a< r_b));
$display("%b", (r_a>=r_b));
$display("%b", (r_a<=r_b));
$display("%b", (r_a==r_b));
$display("%b", (r_al=r_b));
end
endmodule
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code025.v BB INEE

\
e c0de02bvEIIAL—3 LT, FORTREHERTHIL. \
. HRELINEE (», «) OHIETT.

« CERELME.

« BIZIE, w a« 3l w aDEZEIZIEVREEISE, FRODO3IEVYMNE0ELD. R
(2, w_b> 2 Tl&, w bOEZHRIZ2E YR EEISE, EAD2E vHI0ELS.

o WMEVINEETH JIRHEIEVMIELTIAVERDOLORSBDEFTEZANTY

ENAY

codef25.v

module m_top ();
reg [7:0] r_a
reg [2:0] r_s
initial #1 begin
$display("%b",
$display("%b",
$display("%b",
$display("%b",
$display("%b",
end
endmodule

8'b11110101;
3'd3;

(r_a>>0));
(r_a>>1));
(r_a<<l1));
(r_a>>r_s));
(r_a<<r_s));

Simulation output

11110101
01111010
11101010
00011110
10101000

K CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH 12



code026.v )X UL a3 EEF

e co0de026.vEIIaL—a LT, FORTEHERTHIL.

o NEOLAVEEF(&, |, ) DAl
BIZIE " [INZADETHOEYFDHEMBIGRIENEGD. OAVESHE.

codeB26.v

module m_top ();
reg [4:0] r_btn;
wire [2:0] w_led;
initial begin
#10 r_btn <= 5°bo0000;
#10 r_btn <= 5’b11111;
#10 r_btn <= 5°bo0010;
end
always@(*) #1 $display(" %b -> %b", r_btn, w_led);
m_main m_main® (r_btn, w_led);
endmodule

module m_main (w_btn, w_led);
input wire [4:0] w_btn;
output wire [2:0] w_led;
assign w_led[9] &w_btn; // same as w_btn[@] & w_btn[1l] & w_btn[2] & w_btn[3] & w_btn[4]
assign w_led[1] |w_btn; // same as w_btn[@] | w_btn[1] | w_btn[2] | w_btn[3] | w_btn[4]
assign w_led[2] “w_btn; // same as w_btn[@] ~ w_btn[1] ~ w_btn[2] ~ w_btn[3] * w_btn[4]
endmodule

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



code071.v default_nettype M3EN T ) s

« c0de071.v & code072.v % iverilog TAV/N\AILTHTE. b :>_C

« ANEZAT, EBELTLEWMEE M_sZRALTWLS. EXLTUWVELMESZEESL, IEVbDwire
ELTHRONS. EELTWREWMETDEAZIS—ICTBICEY—RO—FDRAIC
" default_nettype none #EMTNILRL.

«  c0de072.v TIEITF—(LD. S, §NTOY—RAO—FIZ “default_nettype none Z3EN
ER I

code@71.v code@72.v
module m_top (); 1: X X -> X 2 “default_nettype none
reg r_a, r_b; 11: 00 -> 0 z
wire w_c, w_s; 21: 91 -> 0 z module m_top ();
initial begin 31: 10 ->0 z reg r_a, r_b;
#10 r_a <= 0; r_b <= 0; 41: 11 -> 1 z wire w_c, Ww_s;
#10 r_a <= 0; r_b <= 1; initial begin
#10 r_a <= 1; r_b <= 0; #10 r_a <= 0; r_b <= 0;
#10 r_a <= 1; r_ b <= 1; #10 r_a <= 0; r_b <= 1;
end #10 r_a <= 1; r_b <= 0;
always@(*) #1 #10 r_a <= 1; r_b <= 1;
$write("%2d: %d %d -> %b %b¥n", end
$time, r_a, r_b, w_c, w_s); always@(*) #1
m HA m HA® (r_a, r b, wc, ws); $write("%2d: %d %d -> %b %b¥n",
endmodule $time, r_a, r_b, w_c, w_s);
m_HA m_HA® (r_a, r_b, w c, w_s);
module m_HA (w_a, w_b, w_c, w_s); endmodule
input wire w_a, w_b;
output wire w_c, w_s; module m_ HA (w_a, w b, w_c, w_s);
assign w c = w_a & w_b; input wire w_a, w_b;
assign M.s = w_a "~ w_b; output wire w_c, w_s;
endmodule assign w. c = w a & w_b;
assign M s = w_a ™ w_b;
endmodule 1‘1
CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH



code073.v F/MNE 25 (Half Adder)

e c0de073.v&ELIaL—13vLT, FORTEERTHL.
* Half Adder, HA (#MEZR)DEIREZDERDHIZERT .

- IEYFDAA G, b

DMNFE 7 2775 [EE.

« AJBa,b & c(carry out), s (sum) &EF Struth table(EH{ESR)Z table073 [TRY .

tableo73

coded73.v

ab cs
00 00
01 01
10 01
11 10

B

b —C
HA

W_a —> — W_S
HA

w_b— — W_C

“default_nettype none

module m_top ();
reg r_a, r_b;
wire w_c, w_s;
initial begin
#10 r_a <= 0;
#10 r_a <= 0;
#10 r_a <= 1;
#10 r_a <= 1;
end
always@(*) #1
$write("%2d: %d %d -> %b %b¥n", $time, r_a, r_ b, w c, w_s);
m HA m HA® (r_a, r b, w.s, w.c);
endmodule

e

I 1
o oC oo
P ORrROe

e e

|
e

i e e B |
AN AN AN AN
L[ | | B ||

module m_HA (w_a, w_ b, w_s, w_c);
input wire w_a, w_b;
output wire w_s, w_c;
assign w. c = w_a & w_b;
assign w.s = w_a  w_b;
endmodule

11:
21:
31:
41:

0 0 ->
01 ->
10 ->
11 ->

P OoOOO0
oOr PO

K CSC.T341 Computer Logic Design,
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code074.v £NE 35 (Full Adder)

3
« Full Adder, FA (2MEzx=)DEHEREEKRETRT.
1IEYRDAA a, b, cin DMEZEZEZHSEIE.
AJa, b, cin(carry in), H 7 cout (carry out), s (sum) &£F HER{ER (truth table) #Rd .

tableo74 HAQO

o HA1 T o -

g
}4’_[:>—> cout
.F

FA(Full Adder)

cin out

%)
1
%)
%)

olv,

1]
g

%)
1

=

P RRrPRRPROOOE®® W
RFROORROOCT
|PA|A kAks|kAks ® ® n
P OO RFRPROCRLREFRLPROW

|
°I

|
. f
b - L .~ cout FA —s
b —C | e_.} b —
HA cln > l

cout
ﬁ’ FA(Full Adder)
CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH 16




code074.v £NE 35 (Full Adder)

« EMEHRELTEMET DEIIC code074.v DFEDEHDZEREL, 3ol — 30 THRETH L.

=] =1 —
¢ ﬁ@xi’ﬂ*‘(:t‘/hﬁﬂ) module m_top (); 900 ->00
reg r_a, r_b, r_cin; 901 ->01
table@74 wire w_s, w_cout; 910 ->0 1
. initial begin _
a b cin cout s #10 r_a <= 0@; r_b <= 0; r_cin <= 0; AR
© 0 0 0 0 #10 r_a <= 0; r_ b <= 0; r_cin <= 1; 1 g 2 -2 2 ;
#10 r_a <= 0; r_b <= 1; r_cin <= 0; -2
J @4 & 1 #10 r_a <= 0; r_b <= 1; r_cin <= 1; 110->10
0160 %) 1 #10 r_a <= 1; r b <= 9; r_cin <= 0; 111->11
011 1 0 #10 r_a <= 1; r b <= @; r_cin <= 1;
100 0 1 #10 r_a <= 1; r_b <= 1; r_cin <= 9;
#10 r_a <= 1; r_b <= 1; r_cin <= 1;
11 0 1 0 always@(*) #1 $write("%d %d %d -> %b %b¥n",
111 1 1 ra, r b, r cin, w cout, w s);
m_FA m_FA® (r_a, r_b, r_cin, w_s, w_cout);
endmodule
cin > > S module m_FA (w_a, w b, w cin, w_s, w_cout);
/* Please describe here by yourself */ cin
HAQ endmodule l
- e g
a > > iD_, cout | module m_HA (w_a, w_b, w_s, w_c); a—"
input wire w_a, w_b;
HAl f ou‘lzput wire w_s, w_c; FA S
b > assign w. c = w_a & w_b; b >
assign w_s = w_a ™ w_b;

endmodule l
ﬁ, FA(Full Adder) cout
CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH 17



E2k code074.v £MNE 25 (Full Adder)

« EMEFELTEMET HLIIZ code074y DEBRDENZEEL, 2ol — 3> THERETHLE.
« Full Adder, FA (£N&E%3) ORIEEZDERD—EEFTRT .
Eok: DLERZFEBMLI= code074.v D—Ef

code@74.v D—EB

module m_FA (w_a, w_b, w _cin, w_s, w_cout);
/* Please describe here by yourself */

endmodule
(1) (2) (3) (4)

module m_HA (w_a, w b, w s, w c);

input wire w_a, w_b;

output wire w_s, w_c;

assign w_c a & w_b;

assign w_s a ™ w_b;
endmodule

:W_
:W_

HA
—C w_b—(2) (4)—w_

a \
D‘S W_a —(1)(3)—u_

HA

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

endmodule

module m_FA (w_a, w_b, w_cin, w_s, w_cout);
input wire w_a, w_b, w_cin;
output wire w_s, w_cout;
wire w e, w_f, w_g;
m_HA HA® ( /* connect wires here */ );
m_HA HAl1 ( /* connect wires here */ );
assign w_cout =

w_f | w_g;

module m_HA (w_a, w b, w s, w c);

input wire w_a, w_b;
output wire w_s, w_c;
assign w. ¢ = w_a & w_b;
assign w_s = w_a " w_b;
endmodule
cin ~(1)(3) -5
HAO
e g
aT(1)(3) =(2)(4')44:D;_> cout
HA1 P
b—1+(2)(4)
FA(Full Adder) 18



code075.v 4-bit Ripple Carry Adder

e ¢c0deQ75.vEIIaL—L3 LT, FORTEERTHIL.

«  4-bit AdderDEIEEZDIBRDBIZTT. COEBBRDIMERSRIEIERMTLIFMESS (Ripple
Carry Adder) &EFEIENS.

(%]
lcin[@]
alo]
FAQ >
b[O] >
COU't[@]" Cln[l]
al[1]
FA1 >
b[1] >
COUt[l]"Cin[Z]
al2] g
FA2
b[2] -
cout[2]l cin[3]
al3] >
FA3 >
b[3] >
COUt[3]1cin[4]

<

AADDER

s[e]

s[1]

s[2]

s[3]

module m_top ();
reg [3:0] r_a,
wire [3:0] w_s;
initial begin
#10 r_a <= 3;
#10 r_a <= 1;
#10 r_a <= 8;
end
always@(*) #1 $write("%2d %2d -> %2d¥n", r_a, r_b, w_s);
m_4ADDER m_4ADDER® (r_a, r_b, w_s);
endmodule

I—.)
(op
“e

|
o oo
AN AN A
oo
* we

O O b
-

e

e e |

module m_4ADDER (w_a, w_b, w_s);
input wire [3:0] w_a, w_b;
output wire [3:0] w_s;
wire [4:0] w_cin;
assign w_cin[@] = 0;
m_FA FAQ(w_a[@], w_b[@], w_cin[@], w_s[@], w_cin[1]);
m_FA FA1(w_a[1], w_b[1], w_cin[1], w_s[1], w_cin[2]);
m_FA FA2(w_a[2], w_b[2], w_cin[2], w_s[2], w_cin[3]);
m_FA FA3(w_a[3], w_b[3], w_cin[3], w_s[3], w_cin[4]);
endmodule

module m_FA (w_a, w b, w_cin, w_s, w_cout);
input wire w_a, w_b, w_cin;
output wire w_s, w_cout;
wire [1:0] w_sum = w_a + w b + w_cin;
assign w_s = w_sum[0@];
assign w_cout = w_sum[1];

endmodule

SC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH

code@75.v
3 4 -> 7
1 9 -> 10
8 9 -> 1

\
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codeQ76.v 32-bit Ripple Carry Adder

e c0de076.vEIIaAL—IaVLT, FORTEERTHL.

« 32-bit Adder® e DHIZERT .
* generate ZFEIET, W—TICEDBEHED 12— ILDAU XAV AL DOEENTES.
« for DERED : Gen T, {1V RAVARE% Gen ITIEET 5.
« ZMOHITIE, Gen[0]l.m_FAO, Gen[1].m_FAO, Gen[2].m_FAO, ... &% 5.

code@76.v | module m_top (); 321 4444 -> 4765
reg [31:0] r_a, r_b; 1024 2048 -> 3072
wire [31:0] w_s;
initial begin

#10 r_a <= 321; r_b <= 4444;
#10 r_a <= 1024; r_b <= 2048;
end
always@(*) #1 $write("%4d %4d -> %A4d¥n", r_a, r_b, w_s);
m_ADDER m_ADDER® (r_a, r_b, w_s);
endmodule

module m_ADDER (w_a, w_b, w_s);
input wire [31:0] w_a, w_b;
output wire [31:0] w_s;
wire [32:0] w_cin;
assign w_cin[@] = 0;
generate genvar g;
for (g = 9; g < 32; g =g + 1) begin : Gen
m_FA m_FAO(w_a[g], w_b[g], w_cin[g], w_s[g], w_cin[g+1l]);
end
endgenerate

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




codeQ77.v n-bit Ripple Carry Adder

e codeQ77.v &L 3IaL—13vLT, FORTEHERTHL.

* n-bit AdderM a2 DHIZTRT .
« define ZRAWL=5ERDH]. D_N DEEXZZEET ST, MERDEYMEEEETES.
« ZMEETIL, definelZkYEBRSNLSEHDAHIE D_ MolaFzHEDETD. .

code@77.yv | define DN 5 1 28 -> 29

module m_top ();
reg [ D_N-1:0] r_a, r_b;
wire ['D_N-1:0] w_s;
initial begin
#10 r_a <= 321; r b <
#10 r_a <= 1024; r b <
end
always@(*) #1 $write("%4d %4d -> %4d¥n", r_a, r_ b, w_s);
m_ADDER m_ADDER® (r_a, r_b, w_s);
endmodule

4444;
2048;

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,
generate genvar g;
for (g = 9; g < DN; g =g+ 1) begin : Gen
m_FA m_FA@(w_a[g], w_b[g], w_cin[g], w_s[g], w_cin[g+1]);
end
endgenerate

ﬁ) endmodule
CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH




Growth in clock rate of microprocessors

10,000
Intel Pentium4 Xeon  Intel Nehalem Xeon
3200 MHz in 2003 3330 MHz in 2010
Intel Pentium Il o
1000 MHz in 2000 .-
1000 e
Digital Alpha 21164A
500 MHz in 1996 ;
) 1%/year
g Digital Alpha 21064 yes
- 150 MHz in 1992
g A0
3 MIPS M2000
(&) 25 MHz in 1989
40%/year
10 - ,..e?f'.......-.T ...... BU SPARC i cciinsssrssaississsssmmisiossios S
,,,,,,,, 16.7 MHz in 1986
Digital VAX-11/780
5 MHz in 1978
15%/year
’ 1 ]

1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012
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Clock rate is mainly determined by X
\

Switching speed of gates (transistors)

The number of levels of gates

« The maximum number of gates cascaded in series
in any combinational logics.

* In this example, the number of levels of gates is 3.
Wiring delay and fanout
The slowest of all paths is called the critical path

_‘— fanout=2 .
Reqi — fanout=1 RQQISTZP
Q'STer AND gate
OR gate :)—

AND gate

~ =
! 23
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code078.v n-bit Ripple Carry Adder M9')T47ILINA
\
« The carry out signal (w_cout) from the carry in signal (w_cin) takes two
gate delays per bit.

HAO lcin[@]

cin i ) ] @
T e
Bar et
T > o cout [01] {113

.F Y

JO

FA(Full Adder)

a — f FAT —sl2]
b —>*>—_Z>—cout b[2]—
cout[2]lein[3]
€ — g
cin—} a[3]—
FA3 —s[3]

two gate delays b[3]|— ¥

cout[3 ]l
ﬁ" n=4 DERK
CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH 24




code078.v 4-bit Ripple Carry Adder M) T4HILINR

\

s[3]

HAO
cin[0] NI s[e]
HA1 o HA®
a[@] | “_\ e> . "_\ >S[1]
fi [ HA1 o HA®
b[9] HJ ' - a
1] L[E 3 T—) > L :5[2]
HA1l
FAQ i) f P mi g HA®
oLt a[2] =~ NN L
£ HA1 i
FA1 1) - e g
b[2] a[3] u%< > :j >
FA2 | -F'
b[3]
f FA3
b — cout
e —» g
cin

<

two gate delays per bit
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MEEDY)TAHILINADEEZETAIT S

code078.v D m_FA OFBDE %,
code074.v LREIFRIZEE T H L.

coded78.v

“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
r_a <= {w_a, r_a[ 'D_N-1:1]};
r b <= {w_b, r_b['D N-1:1]};
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;
generate genvar g;
for (g = 0; g < 'DN; g =g+ 1) begin : Gen
m_FA m_FA@(w_a[g], w_b[g], w_cin[g], w_s[g], w_cin[g+1]);
end
endgenerate
endmodule

module m_FA (w_a, w_b, w_cin, w_s, w_cout);
/* Please describe here by yourself */
endmodule

module m_HA (w_a, w b, w_s, w_c);
input wire w_a, w_b;
output wire w_s, w_c;
assign w_c = w_a & w_b;
assign w_s = w_a " w_b;
endmodule

CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH
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MEEDY)TAHILINADEEZETAIT S

\

e EE T, code078.v Z#{EIEL T, 1I00MHzD ENMERREE D HIFI% -9 n-bit Adder D&
KD nZERHBZE. =1L, n 1TDDEEHET 5.

« 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.
« 17TH® D_N DfEZ/NEKLTERK. Implementation Complete A AESnF-EFEiEL 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
r a<={w.a, r_a[ D N-1:1]};
r b <= {wb, r b['D N-1:1]};
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[@] = ©;

click this |
gener‘ate genvar‘ g;

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

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

LABE (S4B

Flow Navigator T8 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

mE NTATION
Run Implementation

> OpenImplemented Design

~ PROGRAM AND DEBUG
Vi Generate Bitstream

> Open Hardware Manager

2

L Implementation Completed x

‘ o Implementation successfully completed. ‘

| Next #
@Qpen Implemented Design
() Generate Bitstream
() wiew Reports

[ Don't show this dialog again

=D

x

Implementation Complete, Failed Timing!  « |

|

4

Implementation Complete

o F I+ 1
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Worst Negative Slack (WNS) & Critical Path

\
« From Vivado menu, select Open Implemented Design \
 Design Timing Summary 742N RKREND.
« WNS BNEDETHNIE, ESn-REERIEHHIZELLTNS. Ff=, BERIZEZED
ERTORB(slack)h b EERT.
« EX® D_N =32 OFITIE, 70y REKE#H 100MHz T 10 ns OFIFIIZxLT
WNS £ 1.796 ns L% TEY, INFEITORBAHAHIEETT. DFRYHIFIZ
LTWS. CORBDV)TAHIVINADEIEE 10 - 1.796 = 8.204 ns £755.

- BRX® D_N=80#HITIX, WNS [X -3.527 THY, Hlfzimi-LTLVEly. ZD[E
BDD)TAHILINZADEIEIL 10 + 3.527 = 13.527 ns &755%.

Design Timing Summary Design Timing Summary

Setup Hold Setup Hold
Worst Negative Slack (Worst Hold Slack (WHS): 0.166 ns Worst Negative Slack I{ Worst Hold Slack (WHS): 0.136 ns
Total Megative Slack (TNS):  0.000 ns Total Hold Slack (THS): 0.000 ns Total Megative Slack (TNS):  -80.012 ns Total Hold Slack (THS): 0.000 ns
Mumber of Failing Endpoints: 0 MNumber of Failing Endpoints: 0 Mumber of Failing Endpoints: 29 Murber of Failing Endpoints: 0
Total Mumber of Endpoints: 94 Total Number of Endpoints: 94 Total Number of Endpoints: 238 Total Mumber of Endpoints: 238

All user specified timing constraints are met. Timing constraints are not met.

— 3 O cf 4t _ : O pf 4t
D_N 32 &L7F§MDRipple Carry Adder® & iR D_N 80&L7=EfMDRipple Carry Adder® & iR

ﬁ Vivado 2022.2 ##IFA
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ACRIIL—LDTEARL— 3>

« Vivado T® VIO OfELVA.
»  Vivado T® HW manager, #A—7 > Lf=TH 1>, V—RDUYEZ FE.
« WNS
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