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Sample Verilog HDL code \3\&‘
\

e ACRi Room DY —/N\—[ZYE—rTRIMYTTAT AT B.
« /home/tu_kise/cld/lec2/ IZH2TILDaA—FNHSD 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/lec2/* .

e« codeQ01lvZLIal—ia>d5=0HIZIF.
o JE—FTRIMYTTHELHLIZ Ubuntu DA—3FI)ILTROATVRZEANTS.
« a7k iverilog TaAV/NAILLT, £FEND aout EETT 5.

$ iverilog code@@l.v

$ ./a.out

~ ==
! 3
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codeQ0ly ELa1—IILNDEHEEXNFI DR

e ¢c0de00lv & 3aL—23a LT, FORTEERTHIL. X

e EDA—ILDEZEIZTF—T—FmodulehbF —T—KendmoduleE T.
¢ moduleMRIZED1—ILEAZFEL ZOHITIEMainAAED 2—ILA.

« ED2-ILADRDIBFIMNICAHENDInFRZINETSH. CCTRImFIXEAIBEZRLTLD
AN

« EIOOV()T, EDa1—IILALIHFDINEEZRZD.

o F—T—Finitiallc&kV, 2alb—a ik (BFZI0) Mo WEFIGDH LS ETIETET .

«  S$display £=[& $write (FLRATLARIDI1DT, 2yt—%H AT S, $write Tl
FiTSNiEL. EXIECEEDprintf EFEHk.

Verilog HDL code (code@@l.v) Simulation output

module main (); hello, world
initial $display("hello, world");

endmodule

Verilog HDLOOA—KIIFRT, ¥2al—2avDHEAIFERTKRY.

&7 ATARPDFAMLIAE—TF BEELSEMELENZENHAD T, a—FKIE /home/tu_kise/ MHaE—L=2DZEFES L.
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code002.v 7OV IDIBEELEAV /N ILIF—D X

\

e ¢c0de002vZE#IIaL—3 LT, FORTREHERTHIL. \

o 2DMIRTLARYS$displayz HWLNV=HADH]. 2DV AT LARYZTAYIELTEE
HTLS.

. JOvYIEF—T—FbeginTIAEY, ¥—T—KRendTHhH%. CEED { } TR
. c0de002_ngl.viZ2%E B M$displaylinitial IO B FNHENDTIETS—E45,

code002.v
module main (); hello, world
initial begin in Verilog HDL

$display("hello, world");
$display("in Verilog HDL");
end
endmodule

code@02_ng.v

module main ();
initial $display("hello, world");
$display("in Verilog HDL");
endmodule

ﬁ’ ATARPDFAMLIAE—TF BEELSEMELENZENHAD T, a—FKIE /home/tu_kise/ MHaE—L=2DZEFES L.
CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH 5



code003.v E# Dinitial D F|

e ¢c0deO03.vEIIaAL—a LT, FORTEHE
« EDaA—I)LRNTHEHD initial ZAAWNTERL.

code002.v & code003.v D AIZFEIL.

code002.v

AR HL.

module main ();
initial begin
$display("hello, world");
$display("in Verilog HDL");
end
endmodule

hello, world
in Verilog HDL

code@@3.v

module main ();
initial $display("hello, world");
initial $display("in Verilog HDL");
endmodule

<

hello, world
in Verilog HDL

ASARPDFMNLIAE—F BEELLEELIEWZEAHAD T, O—FKIE /home/tu_kise/ MdIAE—LIE=EtDEFES L.
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code005.v tEELI-FFRIMNER T HAETIHF-EL5mTH

e ¢c0deO0bv #L3aL—a LT, FORTEHERTBHZLE.

« BELE-EENEBETIETHL-ELMTH ZALH.
« #200 [2&Y, SCTEYZaL—arBAE (FFZI0) h 52000 BfE AV B L =B %

20012 hello, world #x&Rr9 5.

\

« #100 I2&Y, CCTIRYEab—avFtak (FFZI0) o100 D ErfE AV#E @ L f= K¢ %100

[Z in Verilog HDL &R 5.
- 1fTBIEaAUk, Verilog HDLO AU MEC, C++ LRIk

e BN EfGLIIE nsec £95. #300 IE 300nsec DEEIREERT.

code05.v

/* sample Verilog code */
module main ();
initial #200 $display("hello, world");
initial #100 $display("in Verilog HDL");
endmodule

in Verilog HDL
hello, world

ﬁ’ ATARPDFAMLIAE—TF BEELSEMELENZENHAD T, a—FKIE /home/tu_kise/ MHaE—L=2DZEFES L.
C
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code006.v £ Dinitialz AL f-a— o & Hl 1E1 9D 451

\
e c0de006.v &322l —Lav LT, ZORTEEZRTHL. \
»  $displaylZ&AHHNDIEHFIEESGLHM?

code06.v

module main ();
initial #200 $display("hello, world");
initial begin
#100 $display("in Verilog HDL");
#150 $display("When am I displayed?");
end
endmodule

ﬁw ASARPDFMNLIAE—F BEELLEELIEWZEAHAD T, O—FKIE /home/tu_kise/ MdIAE—LIE=EtDEFES L.
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codeQ07.v o3aL—1 a2 HHDH

3
e ¢c0de007.vZEI3IaL—a LT, FORTEHERTBHZLE.
« HWHIFESHEEZMN?

« VivadoZALNTY2al—23v 9 51568, TI74/ILEDERE TIEH1000nsL M 2oL —Y
32 L7ELND T Verilog is easy? [&H gLy,

code@07.v

module main ();
initial #200 $display("hello, world");
initial begin
#100 $display("in Verilog HDL");
#150 $display("When am I displayed?");
#1000 $display("Verilog is easy?");
end
endmodule

ﬁw ASARPDFMNLIAE—F BEELLEELIEWZEAHAD T, O—FKIE /home/tu_kise/ MdIAE—LIE=EtDEFES L.
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code008.v VAT LARXI$time

\
« c0de008.v &L Ial—LavlL T, ZORTEERTHL. \
o VATLARTS$timeld, 64AEVRD UL — 3 BERIERT .

« ZOI—FTIE, ZNEND $display NERRTIEZNERTT 5.

o BEHLEEODIIAL—3VTE, EOHEANEDFZIZH hSnf-DOhhHmnY <L
EENHL. TDHEE, COBIDIIICHRNZHNTIHERL.

code@o8.v

module main (); 100 in Verilog HDL
initial #200 $display("%3d hello, world", $time); 200 hello, world
initial begin 250 When am I displayed?

#100 $display("%3d in Verilog HDL", $time);
#150 $display("%3d When am I displayed?", $time);
end
endmodule

ﬁw ASARPDFMNLIAE—F BEELLEELIEWZEAHAD T, O—FKIE /home/tu_kise/ MdIAE—LIE=EtDEFES L.
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code009.v L X TLAZRXI$finish

e c0ode009.v &> 3aL—13 LT, FORTEERTHL.
o DATLARY$FinishlE, 2ol —a ERTIES.
o ZOO—KRTIXRZI210TYZaL—avh&T95.

\

e VivadoDTI7A4ILEDERFE TIEXI000ns SaL— 30980, FRLYEVEBROLIA
L—a 0, HAFHTUIAL—La3 a3 R TIERWNERICAWVSERL.

code@9.v

module main ();
initial #200 $display("%3d hello, world", $time);
initial begin
#100 $display("%3d in Verilog HDL", $time);
#150 $display("%3d When am I displayed?", $time);
end
initial #210 $finish;
endmodule

100 in Verilog HDL
200 hello, world

ﬁ’ ATARPDFAMLIAE—TF BEELSEMELENZENHAD T, a—FKIE /home/tu_kise/ MHaE—L=2DZEFES L.
C
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codeOllv ANDY —hrEEELEE R DE DM

« codeOlly Z#2aL—23 LT, EORTEHERTHIL. x

© regMIEFa, bZEETH. reg [ICEEDEMICHET .

« wire2DIEFEEETSH. wireR(IN—FDzT7ERBREFTEICEEFEDNLD.

o MR Aassign [E, wireR DIEBcEa & bIZHERT 5. initial 7 By Ralways@ T v o D4}
ERPUNE B

« & [XFANDODHEEHE T

o always@TOv7(E, @LIRIZENNIZERNRLETLH-VITEYRLETINSD. always@(*) T
(&, FAISADAADNEILE-ERELS.

o initiadlZAYIDHRD <= (F/0TAvFUTRALEEN, regl DIEFTADHKAZERT. a<=0; [
regB DEBalEOEHK AT S. wireRIZ/oT7AvyF TR AIIEZLGL.

code@ll.v Simulation output

module main (); 11: 9 0 -> ©

— wire c; 31: 10 -> 0
b C assign ¢ = a & b; 41: 11 -> 1
AND gate initial
#10 a
#10 a
#10 a
#10 a
end

always@(*) #1 $display("%2d: %d %d -> %d", $time, a, b, c);
ﬁ endmodule
CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH 12
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code012.v ORY —, SmEEE ¥, EiEEF

3
e c0deQ12.vEI3IaL—a LT, FORTEERTHIL.
e | IXFORDBEEHEF.

- WMIEEEFICE BEEEFD ~ (NOT), 2IEJEEFELT & (AND), | (OR),
" (EXOR)D % 5.

- HIUEEFICE, + (NRF), - (BRE), ™ (FH), / (RE), % FEIR)LHHS.
« IhoDmEBEET, BEMNEEFXCSHELEL.

code@12.v Simulation output
module main (); 11: 6 06 -> ©
5 FEE &y 197 21: @1 -> 1
C ol 31: 10 -> 1
b assign ¢ = a | b; 41: 11 -> 1
OR gate initial begin
#10 a <= 0; b <= 0;
#10 a <= 0; b <= 1;
#10 a <= 1; b <= 0;
#10 a <= 1; b <= 1;
end
always@(*) #1 $display("%2d: %d %d -> %d", $time, a, b, c);
endmodule
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code013.v ORY —k, AEEE/NAAE—F R

\
code013.v &2 2aL—23 LT, TORREHERTHL. \
wire dIZECITHERINTULVEL. OSaL—ia ERIE?

ESHOMYBBEIZX 0,1, x, z0H5. xXIXAFEEE, z[INAIVE—F U RERT.
EZIZHEHINTULVELWire, HAWIBETRMICANSMA U E—RF U RIZEHRTE LIzwireldzE s 5.
MEAEESN TG L regB DIEFT O, FEEZRAVVZERERRGE (IxEGS.

ERMIx, zZELTWVELDI(ZX, zDNE ASNSIHZE, O—FICERBRIANHAHIEMNZ LD T, O
—FDERERETERLN.

code@l13.v Simulation output

—d module main (); 11:
reg a, b; 21:

wire c, d; 31:
C assign ¢ = a | b; 41:

OR gate initial begin
#10 a <= 0;
#1090 a <= 0
#1090 a <=1
#1090 a <=1
end
always@(*) #1 $display("%2d: %d %d -> %d %d", $time, a, b, c, d);

. AEE51' endmodule

P CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH 14
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code0l4.v EHADEFTIR(\R), BIED KR

« code0l4v %L 2aL—avL T, FORREERT L L. x

«  Verilog HDLTIZE, 2ALL EDEEHRDERE/ VX (bus)EHEA.

«  reg®, wireBDEERENRELTEETSICIE, reg, wire D&IZ [3:0] DRRICAEEIRET 5.
B ZIE reg [3:0]a (&, a[3], a[2], a[1], a[O]DAERMN LKL/ NNREEET 5.

« codeQl4.v TlE, 4EYMBED/NREL TregHla, b%, 4EYMBED/NNRELTwireBcEEE T 5.

o HBEZERINTHE=HICIE, U TIWI+r—T—230) KYRIDOEFIAE YMEZRL, 'DEDbH2
HETHDHIEERT (FDIh, 16:E%h, 10::%d, 8#ZoNH D). HIZIE, 4b1010 (L2#% TR
N=4EvrM1010&7%4%. IED KRB TIERXZFE, INXFIXXFIETN L. 4b1010 & 4'B1010 &
4hAlIZEICIEEES.

EvhMEZ AT HEI2E VN LS. BEHFIRTELGEWNEI0E L LA S.
. YRFLARY$displayTlE, 2EETERRTH1=HD %b ERIFATES.

code@l4d.v Simulation output

module main (); 11: 1010 1100 -> 1110
4 reg [3:0] a, b;

d 4 wire [3:0] c;
b 4 C assign c = a | b;

OR gate initial begin
#10 a <= 4°b1010; b <= 4°b1100;

end
always@(*) #1 $display("%2d: %b %b -> %b", $time, a, b, c);
endmodule

K CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH 15




codeQ1b.v W ILFTL oY

* code015.v L 2aL—23 LT, TDRREHERTHIL.
*  Multiplexer(ZIJLFTL24) DVerilog HDLEL B EE Z 5.
c sHNOTHNIE aZHALLT, s BNITHNIE b ZH HETHEER.

2— D__D——c
e B>

<

-
codel>.v Simulation output
module main (); s, a, b c
reg a, b, s; —
wire C; 11: |9||10| 0 -> ©
assign ¢ = (a & ~s) | (s & b); 21: |0||0|1 -> ©
initial begin 31: |9||1] @ -> 1
#10 s <= 0; a <= 0; b <= 0; 41: ol|1l1 -> 1
#10 s <= 0; a <= 0; b <= 1; =
#10 s <= 0; a <= 1; b <= 0; > 00 =26
#10 s <= 0; a <= 1; b <= 1; 61: 11101 -> 1
#10 s <= 1; a <= 9; b <= 0; 71: (11110 -> ©
#10 s <= 1; a <= 0; b <= 1; 81:1)1(1 -> 1
#1090 s <= 1; a <= 1; b <= 0;
#10 s <= 1; a <= 1; b <= 1;
end
always@(*) #1 $display("%2d: %d %d %d -> %b", $time, s, a, b, c);
endmodule

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




codeO16.v SIEHEHFETILFILIY

« codeOl6.v E:/EZLI/_:/HDL—C, %O)iﬂ_‘%ﬁﬁnu?é &.
« TILFTLUYDVerilog HDLEE R EE Z 5.

- 3EERETFOEHEREF(? )’E{Eo'@bﬂuﬁ*%( 5. COERBDALEEZETH
MYBF L,
d
d -
S ——E — C
C
_— bl
code@16.v
module main (); Simulation output
reg a, b, s; s, a, b C
wire c; 5, 4,
assign c = s ? b : a; 11: 9||9|©@ -> ©
initial begin 21: 0llel1 -> ©
#10 s <= 0; a <= 0; b <= 0; 31: |oll1l@ -> 1
#10 s <= 0; a <= 0; b <= 1; . _
#10 s <= 0; a <= 1; b <= 0; 41:211>1
#1090 s <= 0; a <= 1; b <= 1; >1:11j@010/ -> 0
#10 s <= 1; a <= 0; b <= 0; 61: 11|01 -> 1
#10 s <= 1; a <= 0; b <= 1; 71:1(111|0| -> ©
#10 s <= 1; a <= 1; b <= 0; 81: 111111 -> 1
#10 s <= 1; a <=1; b <= 1; -
end
always@(*) #1 $display("%2d: %d %d %d -> %b", $time, s, a, b, c);
endmodule

<

SC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH
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codeQl17.v £

¢ codeO17.vE#L3aL—23 LT, TDXRTREERTHIL.

© EVA—IWNBREAVAZVAZZERIRLT, AHAIRFRZINET S, JIFEL-EF CTEREN EHTRINDS.

o CEZOBMMEUHLIZEUTWLWS. ZOHITIE m_mux ELVDED2A—ILBDAVRAEZU R m_mux0 4

—ILDARAZ AL

XL, m_topEPa1—ILD q,b,s, cEAVARIVA m_mux0 M a, b, s, c ITHEKELTULNS.

<

code@l7.v

module m_top ();
reg a, b, s;

wire c;

initial begin
#10 s <= 0; a <= 0; b <= 0;
#10 s <= 0; a <= 0; b <= 1;
#10 s <= 0; a <= 1; b <= 0;
#10 s <= 0; a <= 1; b <= 1;
#10 s <= 1; a <= 0; b <= 0;
#10 s <= 1; a <= 0; b <= 1;
#10 s <= 1; a <= 1; b <= 0;
#10 s <= 1; a <= 1; b <= 1;

end

always@(*) #1 $display("%2d: %d %d %d -> %b", $time, s, a,

m _mux m_mux® (a, b, s, c);

endmodule

module m_mux (a,

input wire a, b, s;

output wire c;

assign c = s ? b :

endmodu

le

a;

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

b, s, c);

b, c);

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

(1)a -

(2)b -

Simulation output

S (3)

s, a, b C
11: [e][e] @ -> ©
21: (0||0|1 -> o
31: [0(|1|0 -> 1
41: |ol|1|1 -> 1
51: (1] @ [0] -> ©
61: 1| 01| -> 1
71: 1|1 (0| -> @
81:(1/1(1 -> 1

\
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EOA—ILDAAZ AL DHEE

o EVAINWABEAVARAVAZZFEBLT, AMNIRFREINETS. 5']"55szllﬁﬁﬁﬁﬂ%ﬁh“?ﬁﬁéhé.\
o ZOHITIE m_mux ELVIEDI—ILBADAVRAZVA m_mux0 ZER/L, m_topEPa—ILD a,b,s, ¢

EAVARZIA M_mMuxO D w a,w b w s w cllBEITEGELTWLS.

o AVARRAVARILTEAEDA—ILDALENIHFRETNZFIHTHIED 12— ILDEIRDAFII—FHLLELT

HRL.

module m_top ();
reg a, b, s;

wire c;

initial begin
#10 s <= 0; a
#10 s <= 0; a
#10 s <= 0; a
#10 s <= 0; a
#10 s <= 1; a
#10 s <= 1; a
#10 s <= 1; a
#10 s <= 1; a

end

m_mux m_mux@ (a,
endmodule
(1)
module m mux (w_a,
input wire w_a,
output wire w_c;

endmodule

assign w.c =w_s ? w_b

e
e

e
e

e \we
e v

VAN
P RPOOREFLPOO
“e Le Le Lo W
C O OCOCOCOCOCOC
A
|
P OFRPROCFROFRLO®
“e Le Le Lo W

always@(*) #1 $display("%2d: %d %d %d -> %b", $time, s, a, b, c);

b, s, ¢);
(2) @3) 4
Wb, ws, wc);

w b, w_s;

T w._aj

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

S (3)

(1) d =
C (4)
(2)b -

Simulation output

s, a, b C
11: [e][e] @ -> ©
21: (0||0|1 -> o
31: [0(|1|0 -> 1
41: |ol|1|1 -> 1
51: (1] @ [0] -> ©
61: 1| 01| -> 1
71: 1|1 (0| -> @
81:(1/1(1 -> 1
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ACRIIL— L TFIAT HFPGATR—FK Digilent Arty A7-35T
T— S— ————— — — \

Arty A7

The Arty A7, formerly known as the Arty, is a ready-to-use development platform designed

around the Artix-7™ Field Programmable Gate Array (FPGA) from Xilinx. It was designed
specifically for use as a MicroBlaze 5oft Processing System. When used in this context, the

Arty A7 becomes the most flexible processing platform you could hope to add to vour

collection, capable of adapting to whatever your project requires. Unlike other 5ingle Board

Computers, the Arty A7 isn't bound to a single set of processing peripherals: One moment Arty A7
it's a communication powerhouse chack-full of UARTs, 5Pls, IICs, and an Ethernet MAC, and Artix-7 FPGA Development Board
the next it's a meticulous timekeeper with a dozen 32-bit timers. P

* Programmable over JTAG and Quad-5PI
Flash
= On-chip analog-to-digital converter

<_FPGA Part # AC7A35TICSG324-1L >

(KC7ATO0TCSG324-1%)

Logic Slices 5,20010(15,850%)

Block RAM 1,800 Khits (4,8600* Kbits)
DSF Slices 90 (240%)

DDR3 256 MR @ 667 Hz

Internal clock 450 MHz+

Quad-5PI Flash 16 VB

Ethernet 10/100 Mbps

ﬁ https://reference.digilentinc.com/reference/programmable-logic/arty-a7/start
CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH 20
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« mainll.xdc DHNZBE% Ubuntu DF—3FI)LH BN Vivado THEET HZ L.

o ILERFAHY xdc DITFAILIE, Hl#I (constraint) 52 51=HIZFIFAT 5.

e HIFIT7AIL mainll.xdec D1IFTEHTIE, w_clk ELVSIEEZE E3 £ULVWSEY (100MHzZD -
OvO{ES) ICEY Y TAHAHNZEEMT 5.

w_clk [FFREBERD=HDMYTED2—)L m_main &L TVerilog HDLEE R THIZELI-EE 4

« EBEFEVEFIHYLHTAHHNUNENGS, TDES(EVivadolZL>TEHEIMIZEYGLE
[CEYHTONS.

« 2fTEHT. AHAE> w_clk A%, 10.00ns (100MH2)D - Oy o THBZEFIBET .

« ZMET% LVCMOS33 (low voltage CMOS 3.3V) &9 5%lIZBMLTULVS. CDHFl#Y
[2DWWT, REE CIXEFHZIEE T DDLELGL.

mainll.xdcDExXFD21T

set_property -dict { PACKAGE_PIN E3 IOSTANDARD LVCMOS33} [get_ports { w_clk }];
create_clock -add -name sys clk -period 10.00 [get ports {w_clk}];

\

FPGA constraint file, XDC (Xilinx Design Constraints) 2%
\

N\
module m_main (Qlclk);
input wire w_clk;

K CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH 22




FPGA constraint file, XDC (Xilinx Design Constraints)

«  mainll.xdc M21TB LLETIE, w_led[0] DIEEE HS OEVIZEIY LB TAHHIFNZEMT 5.
BI#R(Z, w_led[1], w_led[2], w_led[3]IZ, JB, T9, TI0 MELZEIYHTS.

mainll.xdc | set_property -dict { PACKAGE_PIN E3 IOSTANDARD LVCMO0S33} [get_ports { w_clk }1;
create_clock -add -name sys clk -period 10.00 [get ports {w_clk}];

set_property -dict { PACKAGE_PIN/H5 \ IOSTANDARD LVCMOS33} [get ports { w_led[©O] }];
set_property -dict { PACKAGE_PIN J5 |IOSTANDARD LVCMOS33} [get ports { w_led[1] }];
set_property -dict { PACKAGE_PIN T9 TANDARD LVCMOS33} [get_ports { w_led[2] }];
set_property -dict { PACKAGE_PIN\T10/IOST RD LVCMOS33} [get _ports { w_led[3] }];
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