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Chapter 1

Lab3-1

1.1 SEIRE/
o I Verilog 1 3 MEAT I FF HUB L0715
o BCHRI I R A S
o BARA IR HLI B RIS

1.2 SLIEdiE
1.2.1 {EH enum &3k FSM i&it

Listing 1.1: enum SZHY fsm

module FSM(
input rstn,
input clk,
input a,
input b,

output [1:0] state

typedef enum logic [1:0]1{S0,S1,82,S53} fsm_state;
fsm_state curr_state;
always @(posedge clk or negedge rstn) begin
if (~rstn) begin
curr_state <=S0;
end
else begin

case (curr_state)
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SO0: if (a) curr_state <=81;
else begin
if (b) curr_state <= 80;
else curr_state <= SO0;
end
S1:
if (a) curr_state <= S2;
else begin
if (b) curr_state <= S0;
else curr_state <= 81;
end
S2: if(a) curr_state <= S3;
else begin
if (b) curr_state <= S0;
else curr_state <= 82;
end

S3: curr_state <= S3;

endcase
end
end
assign state = curr_state;
endmodule

1.2.2 %%

di H typedef enum logic [1:0] {SO, S1, S2, S3} fsm_state; ENX T — Pz

M4, FHFEH curr_state NB B,

Hrhposedge clk or negedge rstn f&[1/&H EFAlA B E1E reset 55N 0

F1RY g fiok
case(curr_state) WEMH, KIXET T Sy — S3 MEE
TERLE gtkwave HIH AT I3 K
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1.1: fsm W HE gtk

1.3 SLIGLER
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1.4 BEm

1.4.1 FBELE enum + case HRIZSERMBBERNRIEZTERN Z(H
ok A

enum--case HILEE

o WITEME: AR AT EAE R R, T B2 MR 9E,. IDLE, WORK, FINAL %545
AT PALEACHD A -8R 25 43 A B e i) s 28 BH

o TLNEMIREZL: 7E case ME—MIFN 2T, AJLURE if else 1BH], KL E IR
[ LS
enum-case El'{lﬁ;%,'f—f'\

o MBUFMHRK: B case M PFHN 2 BEILFARA L ROEHR, /P30, Wi
IR

o IR Z%: BWNES SRR, WEAAE M2 2 EITK.
HAERNMIETTARINE
o JPEBSURMARIEEE: TLAEIEAE hex STIF_EREAT B 0 A\ BHE
o WEEBEEE: HHNEZ bram JgfE.
BAERNFRIZ LR
o VIR HENS: $readmemh FEFIAG IR 5 2 IR A
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1.4.2 SHEI—PERIRSHARESEFARSEBR, MREAAD 01 F
et 1 NIRRT 3 4, T FSM Ml 1 RniESZ, R

H 0 FTRIE4
© 7,
|

1.3: A7 BRARSHLAPIRZ E

o]l

\_'
Hrp S, JRIZIREILFAHILA 1

R 11 RERRER

YEMAZ (Current State) | MiA (Input X) | T—1R7 (Next State) | #ith (Output V)
So (04~ 1) 0 So 0
1 Sh 0
Sy (14 1) 0 Sy 0
1 S 0
Sy (24 1) 0 S 0
1 S 0
Sy (3 1) 0 Sy 0
1 Sy 0
Sy (>34 1) 0 Sy 1
1 Sy 1
REEBR

1.4.3 MBLUTARKSHEESSINGEENASEMAEHERERE, WNRE
AR ENRSLAE M4l (bonus, ¥ At report):

always@(posedge clk)begin
if (~rstn) state <= 2’b01;
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else state[1:0] <= state[0:1];

end

EERERREINEIRE  state[1:0] 1 state[0:1] FEAR —DIrdERIRE .

RESKAEES BN MREZ T REMRESL.
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Chapter 2

Lab3-

2.1 ESCIGHRB
o 25U Verilog 1= HEFT4 2 U ER B0 i1 17122
o RS R BT

s

2.2.1 1{HEEIE, #iH success!!!

E W EdEee S B0 + v (gbash-lab32 (D W

root@LAPTOP-T2BINB3] :~/sys1-sp26/src/lab3-2# make verilate
simulation cnt_state = 17, co_state = @
simulation cnt_state = 18, co_state =
simulation cnt_state = 19, co_state =
simulation cnt_state = 20, co_state =
simulation cnt_state co_state =
simulation cnt_state = 22, co_state =
simulation cnt_state = 23, co_state =
simulation cnt_state = @, co_state = @
simulation cnt_state = 1, co_state = @
simulation cnt_state = 2, co_state = @
simulation cnt_state = 3, co_state = @
simulation cnt_state = 4, co_state = @
5 e
6 [
7 2}
8 e
= e

"
N
&
rooo oo

simulation cnt_state = 5, co_state =
simulation cnt_state = 6, co_state =
simulation cnt_state = 7, co_state =
simulation cnt_state = 8, co_state =
simulation cnt_state = 9, co_state =
simulation cnt_state = 10, co_state =
simulation cnt_state = 11, co_state =
simulation cnt_state =
simulation cnt_state =
simulation cnt_state =
simulation cnt_state =
simulation cnt_state =
simulation cnt_state =
simulation cnt_state = 18, co_state =
simulation cnt_state = 19, co_state =
simulation cnt_state = 20, co_state =
simulation cnt_state = 21, co_state =
simulation cnt_state = 22, co_state =
simulation cnt_state = 23, co_state =
simulation cnt_state = @, co_state = @
simulation cnt_state = 1, co_state = @
simulation cnt_state = 2, co_state = @
simulation cnt_state = 3, co_state = @
simulation cnt_state = 4, co_state = @

5 2}

6 e

7 [

HFOOOOOOOOOO® O ® O

simulation cnt_state = 5, co_state =

simulation cnt_state = 6, co_state =

simulation cnt_state = 7, co_state =

success!!!

- /root/sysl-sp26/src/lab3-2/../../repo/sys-project/lab3-2/sim/testbench.v:22: Verilog $finish
root@LAPTOP-T2BINB3] :~/sys1-sp26/src/lab3-2# [l

K] 2.1: make verilate H ¥ success!! HJE F




2.2.2 ZEEXITHEE

X R AT S M R B 42, 15 AT WL https: //www.bilibili. com/video/
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2.2: make verilate HF success!! & A

RAEREK

2.3 SLIGZER

2.3.1 KERER
TR R N SE BT ECES A O AR

Listing 2.1: Cnt.sv

module Cnt #(
parameter BASE = 10,


https://www.bilibili.com/video/BV1eMoTBJEqt/?spm_id_from=333.1387.homepage.video_card.click&vd_source=cca86c858a3feaf74510019f256d99fc
https://www.bilibili.com/video/BV1eMoTBJEqt/?spm_id_from=333.1387.homepage.video_card.click&vd_source=cca86c858a3feaf74510019f256d99fc

parameter INITIAL = O
) (

input en,

input clk,

input rstn,

input low_co,

input high_rst,

output co,

output reg [3:0] cnt

initial begin
cnt = INITIAL[3:0];
end
always@(posedge clk or negedge rstn) begin
if (~rstn)begin
cnt<=INITIAL[3:0];
end
else if (high_rst)begin
cnt <=4’b0000;
end
else if(en)begin
if (low_co)begin
if (cnt==BASE-1) begin
cnt<=4’b0000;
end
else begin
cnt<=cnt+1;
end

end

end
end
assign co=(cnt==BASE-1)&&low_co;

endmodule

Listing 2.2: Cnt2num.sv

module Cnt2num #(

parameter BASE = 24,

parameter INITIAL = 16
) (

X1




input en,

input clk,
input rstn,
input high_rst,
input low_co,
output co,

output [7:0] cnt

localparam HIGH_BASE = 10;
localparam LOW_BASE = 10;
localparam HIGH_INIT = INITIAL/10;
localparam LOW_INIT = INITIAL%10;

/* verilator lint_off WIDTHTRUNC x/
localparam [3:0] HIGH_CO (BASE-1)/10;
localparam [3:0] LOW_CO (BASE-1)%10;
/* verilator lint_on WIDTHTRUNC */

// £ill the code

wire [3:0]high_cnt1l;
wire [3:0]low_cntil;
wire co_high;

wire co_low;

wire high_rst_internal;

assign high_rst_internal = (high_cntl == HIGH_CO) &&
low_cntl == LOW_CO0) && low_co;
Cnt #(

.BASE (HIGH_BASE),
.INITIAL(HIGH_INIT)
) high_cnt(
.en(en) ,
.clk(clk),
.rstn(rstn),
.low_co(co_low),
.high_rst(high_rst_internal),
.co(co_high),
.cnt (high_cntl)
)
Cnt #(
.BASE(LOW_BASE),
JINITIAL (LOW_INIT)

Xii
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) low_cnt(
.en(en),
.clk(clk),
.rstn(rstn),
.low_co(low_co),
.high_rst(high_rst_internal),
.co(co_1low),
.cnt(low_cntl)
);

assign co = (high_cntl == HIGH_CO) && (low_cntl == LOW_CO0) &&
low_co;
assign cnt = (high_cnt1=*10+low_cntl1)==BASE ? 8’b0000_0000 : {
high_cntl, low_cntl};

endmodule
2.4 B

2.4.1 EAWMFAER Cnt2num SEIY 1234 B9 BCD Rt #88, HEE
Cnt2num 78 co. low_co. high rst 5|BEBIENX

Q1: SLWHR L 1234 THES T ERBEH A Cnt2num Lk, %IJJ\J'_‘\ EPAL (12)
FUEPILL (34) BITHE. i B B E R 2% e 1) BASE (R 1234) B, @it R 24
HEEEE N 4200000, FBAAEZLRAREN (FSMD &it, FIA enum IEX/H( » I
1E case WEH]HIRIER 2GS HATIRESHFL .

Q2: SIMEX T

o co (Carry Out): Vit tH#FRIFRE . ARG EERE B i KA K AT I, co BN 1,
FET — it Sas A RS 5, SeBlmhn 1.

« low_co (Low-bit Carry): {RAZHEAIHIA o« FTHlid K B AR TH B s HIBEALIRES . #
low_co A2, UMIANI T /5 2L N — IR

« high_rst (High-level Reset): mfyEAE5. H TR &EAETMA 7RIS
ZAF. 2 high_rst 4 1 I, REERENRE AT ECRITEE.
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Chapter 3

Lab3-3
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3.2

3.2.1

3.2.2

~

SN SuE

JER =

AEREI, #d success!!!

root@LAPTOP-T2BINB3]:~/sys1-sp26/src/lab3-3# make verilate

rameter -Wno-unused-variable -DVL_DEBUG -DTOP=Testbench -std=c++17 -DVL_TIME_CONTEXT -fcoroutines -c -o verilated_threads.
o /usr/local/share/verilator/include/verilated_threads.cpp

/usr/bin/python3 /usr/local/share/verilator/bin/verilator_includer -DVL_INCLUDE_OPT=include VTestbench.cpp VTestbench___024root
__DepSet_ha7d5f4a7__0.cpp VTestbench___024root__DepSet_h17da5287__0.cpp VTestbench___024unit__DepSet_h805a7447__@.cpp VTestbenc
h__main.cpp VTestbench__Dpi.cpp VTestbench__Trace__0.cpp VTestbench__ConstPool_0.cpp VTestbench___024root__Slow.cpp VTestbench_
__0B24root__DepSet_ha7d5f4a7__0__Slow.cpp VTestbench___024root__DepSet_h17da5287__0__Slow.cpp VTestbench___024unit__Slow.cpp VTe
stbench___024unit__DepSet_h3458d327__©__Slow.cpp VTestbench__Syms.cpp VTestbench__Trace__©__Slow.cpp VTestbench__TraceDecls__©_
_Slow.cpp > VTestbench__ALL.cpp

ccache g++ -Os -I. -MMD -I/usr/local/share/verilator/include -I/usr/local/share/verilator/include/v1tstd -DVM_COVERAGE=0 -DVM
_SC=0 -DVM_TRACE=1 -DVM_TRACE_FST=@ -DVM_TRACE_VCD=1 -faligned-new -fcf-protection=none -Wno-bool-operation -Wno-overloaded-vir
tual -Wno-shadow -Wno-sign-compare -Wno-uninitialized -Wno-unused-but-set-parameter -Wno-unused-but-set-variable -Wno-unused-pa
rameter -Wno-unused-variable -DVL_DEBUG -DTOP=Testbench -std=c++17 -DVL_TIME_CONTEXT -fcoroutines -c -o VTestbench__ALL.o
VTestbench__ALL.cpp

echo "" > VTestbench__ALL.verilator_deplist.tmp

Archive ar -rcs VTestbench__ALL.a VTestbench__ALL.o

g++ judge.o verilated.o verilated_dpi.o verilated_vcd_c.o verilated_timing.o verilated_threads.o VTestbench__ALL.a -pthre
ad -lpthread -latomic  -o Testbench

rm VTestbench__ALL.verilator_deplist.tmp

make[1]: Leaving directory '/root/sysl-sp26/src/lab3-3/build/verilate’

cd /root/sysl-sp26/src/lab3-3/build/verilate; ./Testbench

simulation multiplicand = 797673c4, multiplier = @ble5d9c, product = 05467f450934bf70

simulation multiplicand = 9efdd502, multiplier = 48c2e@e4, product = 2d3@6befaff775c8

simulation multiplicand = 92178378, multiplier = bbd58ebc, product = 6b310c@d5fe91c20

simulation multiplicand = caa49eb6, multiplier = 2al4ffe4, product = 214fal74b6ecadl8

simulation multiplicand = 7d6ff3b7, multiplier = fcc47153, product = 7bda7525d1fbcb55

simulation multiplicand = 6f9e1721, multiplier = 8a9a7del, product = 3c6e9473ff177101

simulation multiplicand = df8cafc5, multiplier = 1253382, product = 1001339ce728410a

simulation multiplicand = a451ff62, multiplier = 73581635, product = 4a096029e09c4bda

simulation multiplicand = adfbc912, multiplier = 62f9ab56, product = 434411511866920c

simulation multiplicand = b4323bfd, multiplier = dc6b41f4, product = 9b26aaf8ffdb6a24

simulation multiplicand = @6adf53b, multiplier = c66d4d58, product = ©52d65claaaedb48

simulation multiplicand = e9cf@4b2, multiplier = 56d1085c, product = 4f4a75391fdd3ff8

simulation multiplicand = 5alb85le, multiplier = ad1f459e, product = 3cef9acb6c7f3e84

simulation multiplicand = 3df8999e, multiplier = 7b331cee, product = 1dd2d156526618e4

simulation multiplicand = 983b6bl0, multiplier = 48fb7f76, product = 26a468d19e304960

simulation multiplicand = 5a5@ed63, multiplier = 599fa2c@, product = 1f9e7435ce67b040

simulation multiplicand = ©1c8bbld, multiplier = c11b@f22, product = ©158855798ae8cda

simulation multiplicand = ef938f06, multiplier = 85ee5b81, product = 7d56balf42c63406

simulation multiplicand = 792d3263, multiplier = c454c278, product = 5ceeb97561daa4d68

success!!!

- /root/sysl-sp26/src/lab3-3/sim/testbench.v:30: Verilog $finish

root@LAPTOP-T2BINB3] :~/sys1-sp26/src/lab3-3# D

K] 3.1: make verilate I success!! I H

ZEXIF LS

N PR s e ARk AR 1 £

XV



5 nit

6 » repo » sys-project * lab3-3 2 syn

SL: UBUINTU-22.04]

§026 1 797673c4
L o) Bblesd9c
. . 3 gefddsez
Jl:-];péﬂm E 4 ABc2eBed
1 92178378
falb -2 bbdS&ebe
lab2-1 caaddebb

v lab3-1 2a14ffed-

» lab3-2

M lab3-3

() Rastare Visual $tu

¢ a2 JBI &1 A
Y ——8)

K| 3.2: make verilate ¥ success!! FIE F

JUN [WSL: UBUNIU-22.04] sys1-sp26 2 repo > sys-project * lab3-37> syn > nitial hex
sys1-5p26 1 797673c4
2 e 2 eble5d9c
3 -
o s 3 9efddsez
> 1ab0-2 i AL
> lab1-2 5 92178378
[} bbd58et
» lab2-1 odls i
caadfebb

> lab3-1 i 2
8] 2al4ffed- EFE
> lab3-2 =8

v lab3-3 ' e
—_—— - - 2D30 6BEF AFF7 75C8

30 GBEF AFFT T5CB

-

. N

Mot a directory

o ELERERES

(D) Restart Visy

A e veany [ 50

K 3.3: make verilate I success!! FIE Fr
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3.3 SLIGLER

SR 45 R R A LA

Listing 3.1: Multiplier.sv

module Multiplier #(
parameter LEN = 32
/] BB HRERBEKES K

) (
input clk,
input rst,
// R rst, rst = 1 & fL
input [LEN-1:0] multiplicand,
input [LEN-1:0] multiplier,

input start,

output [LEN*2-1:0] product,

output finish

localparam PRODUCT_LEN = LEN*2;

/] &R R

logic [LEN-1:0] multiplicand_reg;
logic [PRODUCT_LEN-1:0] product_reg;

localparam CNT_LEN = $clog2(LEN);
VU - A - =
localparam CNT_NUM = LEN - 1;

/I ERFEHNLINEK, KXZFHEHA
logic [CNT_LEN-1:0] work_cnt;

typedef enum [1:0] {IDLE, WORK, FINAL}
/1 AR A M
fsm_state fsm_state_reg;
always @(posedge clk or posedge rst) begin
if (rst) begin
fsm_state_reg <= IDLE;
end
else begin

case(fsm_state_reg)

xXVvii

fsm_state;




IDLE: begin
if (start) begin
multiplicand_reg<=multiplicand;
product_reg <= 0;
work_cnt <=0;
fsm_state_reg <= WORK;
end
end
WORK: begin
logic [32:0] next_sum;

next_sum=multiplier [work_cnt]?({1’°b0, product_reg

[63:32]} + {1°b0, multiplicand_reg}) :{1°b0O,

product_reg[63:32]};
product_reg<={next_sum,product_reg[31:1]1};
work_cnt<=work_cnt+1;
if (work_cnt==5’d31) begin
fsm_state_reg <= FINAL;

end
end
FINAL :begin
fsm_state_reg<=IDLE;
end
default: begin
fsm_state_reg <= IDLE;
end
endcase
end
end

assign product=product_reg;
assign finish=fsm_state_reg==FINAL?1’b1:1°b0;

endmodule

xviil




3.4 BEEMm

3.4.1 MBRAHEEMLHEGAFMTIRMNINESEB AT 4 E start-finish 1E
Fiil. BIRE L start-finish BEF N FERNGHRSFGHNS
Eo
ETEE T, RAELE btn KESN 1 KR EA SHTHHE. SiHEEREER 2
S, AR DA4kEEAE R btn B{ES, WA T finish.
£ ERA, RA%T T NI7 Wiz A ST i &, b N17 f93% 4R
start 15 5. MZEETTEERE R T GA 0 DIk s4%  N17 W%, 268~ —
HPTHHE . B2 E S EEATIR BE S EIA finish 155 .
BT DA BEAA 2 i 12 0T -
B
o EIEIR: H—UCIRESR AR, HEZWR finish {554 0] LT~ — Rz 5. ¥
RSN
o BEfEEEAL T BT REmMAW B INE 5 ar DO ZIRTES, BLEFiE
P ot ] 11 g 1 o L1 e e S =

o THAER: B UARRAERE DU A S AL
ok AT LATE start 30V A U133 finish K982 M52 BTBEAT k. 7E i g
22 PR BT 20 T ASR T HEAT R — OB A AL 2R, SR PRAIE A BB AR S5 44 AN TR 9
3.4.2 HNRFERINZH AEMBMNFHHERZERNN, &I 32bit
RFSEHIRERS, RRFELLITERBHT. RIEEFHAK
B RHEF IR N .

1 module Divider_32(
input clk,
input rst,

1
input start,

6 input [31:0] dividend,
input [31:0] divisor,

9 output finish,

10 output [31:0] quotient,

11 output [31:0] remainder

Xix




)

endmodule
Listing 3.2: fhfCHS
define [31:0]devisor_t={divisor ,0000 - - } // ¥ divisor ¥ ¥y U £ # |
Vil

define i=31;
while decidend>=decisor do
if devisor_t >devidend do
remainder [i] =1
end
else do
reminder [1]1=0
end
i=i-1;
end
remainder=devidend;

quotient={0000 - ,quetient [31:31-i]}

3.4.3 bonus

RAEEFTCIIHES final BPRES, BEEELE work HPIRESHIn—/ AW, BHEH finish B
CFET] LA — AN B R A

f?q’ El

N

3.5 ILiFhks
i

BEH 7T OAGI m T iR !

Aﬁ»
2:‘
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