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BRASLILTIRE

1. SEH BRI K&
2. SZELSE AL KNS Rl
3. LI 36 44154

4, SEELFHIFEHONE LA BIRAE
il agpur s

1.  MIPS #5442

MIPS-IV $8 2 vE FHIFR K E N 32 v, 2y R AL, | BN ) B$g 4

op(6 bits) | rs(5 bits) | rt(5 bits) | rd(5 bits) | shamt(5 bits) | funct(6 bits)

R-Tpye

op(6 bits) | rs(5 bits) | rt(5 bits) addr/immediate(16 bits)
I-Tpye

op(6 bits) addr(26 bits)
J-Tpye

EATHIILFRE 5 26-31 A2 Op 15, HIRX o AFRMITES, Hb
(1) R-Type [J454 Op=000000, P4 0-5 £ f#) Funct #73 X 73 AN Al 1 2
(2) I-Type HIFRA 0-15 ALNSZRIE, ALd o I+ Bt S e Ui 47 A
PR AsHhE . Op=000001 Y I-Type 54, R Rt HIAFIRX ).
(3) J-Type HITEA KT Op 24k, 0-25 A ASLBI%, Ay e AbkEs
IR p
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RIREEHIHT 36 25484, 1IN #

i 31-26 25-21 | 20-16 | 15-11 10-6 5-0 P
op rs rt rd shamt func
SLL - $2 $1 shamt 000000 $1=$2<<shamt
SRL - $2 $1 shamt 000010 $1=$2>>shamt
SRA - $2 $1 shamt 000011 $1=$2>>>shamt
SLLV $3 $2 $1 - 000100 $1=$2<<$3
SRLV $3 $2 $1 - 000110 $1=3$2>>$3
SRAV $3 $2 $1 - 000111 $1=$2>>>$3
JR $1 - - - 001000 PC=$1
MOVZ $3 $2 $1 001010 Set $t1 = $t2 if $t3 is zero
MOVN $3 $2 $1 001011 | Set $t1 = $t2 if $t3 is not zero
ADD 000000 $2 $3 $1 - 100000 $1=$2+83
ADDU $2 $3 $1 - 100001 $1=$2+$3 (unsigned)
SUB $2 $3 $1 - 100010 $1=$2-$3
SUBU $2 $3 $1 - 100011 $1=$2-$3 (unsigned)
AND $2 $3 $1 - 100100 $1=$2 and $3
OR $2 $3 $1 - 100101 $1=$2 or $3
XOR $2 $3 $1 - 100110 $1=$2 xor $3
NOR $2 $3 $1 - 100111 $1=$2 nor $3
SLT $2 $3 $1 - 101010 if (§2<$3) $1=1 else $1=0
if ($2<$3) $1=1 else
SLTU $2 $3 $1 - 101011 $1=0 (uns i gned)
BLTZ $1 00000 offset ,if($1<0)
PC=PC+4+ (sign—extend) of fset<<2
000001 if ($1>=0)
BGEZ $1 00001 offset PC=PC+4+ (sign—extend) of fset<<2
J 000010 immediate PC=PC[31:28]+immediate<<2
if ($1==$2)
BEQ 000100 $1 $2 offset PC=PC+4+ (sign—extend) of fset<<2
if ($11=82)
BNE 000101 $1 $2 offset PC=PC+4+ (sign—extend) of fset<<2
if ($1<=0)
BLEZ | 000110 $1 - offset PC=PC+4+ (sign—extend) of fset<<2
if ($1>0)
BGTZ | 000111 $1 - offset PC=PC+4+ (sign—extend) of fset<<2
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ADDI | 001000 $2 $1 immediate $1=$2+(sign—extend) immediate
1 i d)=$2+(sign—extend
ADDIU | 001001 | $2 $1 immediate $1(unsigned) =§2+(sign-extend)
immediate
if($2<(sign—extend) i diat
SLTI | 001010 | $2 $1 immediate if (§2<(sign-extend) inmediate)
$1=1 else $1=0
if($2<(sign—extend) i diat
SLTIU | 001011 |  $2 $1 immediate if (§2¢(sign-extend) inmediate)
$1=1 else $1=0
ANDI | 001100 $2 $1 immediate $1=$2 and (zero—extend) immediate
ORI 001101 $2 $1 immediate $1=$2 or (zero—extend)immediate
XORI | 001110 $2 $1 immediate $1=$2 xor (zero—extend)immediate
LUT 001111 - $1 immediate $1=immediate*65536
LW 100011 $2 $1 immediate $1=memory[$2+10]
Sw 101011 $2 $1 immediate memory [$2+10]=$1
2. BRI

(1) 75N FATRKEE IF. ID. EXs MEM. WB.

(2) clk ETHATAREBINIT G, BB cko
(3) BFBLHIAH AL AT AAT clk _EFHFEZE ] BLY clk F R .

(4) HRE:
IF+ 1D EX¢ | MEM | WB
[Fe | 1D EXe | MEM | WB
IF+ ID¢ | EX¢ | MEM | WB-
[Fe | IDY | EX¢ | MEM | WB-
IF. ID- EX¢ | MEM | WB
(5)ENE i @ Ean ™
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RegWriteAddr ex

PCEn Hazard MemRead_ex
Compare \-5:311 :' ;I ;I zl
_ S & g S
MenToReg_j 5 5 EX/MEM MEM/WB
e || T 120§ e e
Shift ™ Instruction[25:0] \ﬁ% T MemWrite_ex 7 g =
{ 1" |lcontrol | ALUCode_id M—T7e
| S I Left2 NextPCE:}S] Cont ol ALUSrCA_;d 5 ] g § %
H I = ALUSreB _id Lt &1 |8 s X
Il = IF_flush 0 1M 2= | o
- = R : Zara M ‘ J & | |DataRAM 2| @
g« ; Shift P ) P Tul o x T G
2 NextPC_if Left2 74 B | Lwe Bl %
FC / -
NextPC_id \Q/__ A = R
S-'l 2 M dout fel - 4 l.f
xtg:d Zero N, ; M L : | oin} ' L 'ﬂ;
extend / lu 0 % - 0 X
0 extz;od ; 2" MemfriteData _ex J- s
> RdAddr id =
| L u Instruction - N \l/ — ,g
j 2 x . L M Forwardd ;‘L’I
3 RsAddr_id REDetahd @ g
D | Fthddid RiData_id {ox|| 8 — L 2
RegWxite_WllJ Bagistess = T ; i Forward ‘_J %ﬁ
RegWiitehddiwd | o tis T =
RegwriteData_wb | b f RegWhiteAddr wh
| —
RsData_id (TrAdds) ii%ﬁ?:ﬂ:ﬁm
TN Y )'L N Ay H-
3. BAEHUTE, REA LU LA
H Ny =2 —
a) alu Bih——HRIPHE T
alu.v
N/ i L RE =5 15t BA
input [31:0] alu_a TRHSENEES o, MRFHRE, 2UHMIEFE
input [31:0] alu_b, TR SEARER b, MRERE, BUAMIFE
input [4:0] alu_op, prg =il
output [31:0] alu_out EHSENEEER, MREHE BUBFE

alu BLHLE R R BUFR S HITHEL, case HIWr alu_op HIME, AL verilog
(R R VRS S e RS ETey et =

X BNV AZIE R 2 add M addu FSEBLE — R, X2 R 4 BV EECRR 2 A Y
FoR, FFERLEES5IEE, WARLSHXAET, add E R AR,
Rt R ZE SR W D) gE, /R EEAIW R St . BARTTVAR alu_a 55 alu_b £F
SFESH, alu_out S ENIRS, NEERREH.

FAh, THEEE slt B, O/, ANEEfEH alu_a-alu_b>0, FKIA'E
MR TR S8, M RN N ZH, IR 550 2 fE AL .

b) regfile i ——FF (745 S A
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regfile.v

BN/ F RE =5 15t FA

input [0:0] clk g

input [0:0] rst_n BHES, REFLEX
input [4:0] rAddrl b AL 1
output [31:0] rDoutl R 1

input [4:0] rAddr2 Tk 2
output [31:0] rDout2 R 2

input [4:0] wAddr Sih it

input [31:0] wDin SR

input [0:0] wEna Effge, SBEFEN

XS 7 —A 32 > 32 D eI A es ., AWM REH, —

Fim O, BBV R D, BABIEAERN B BT B S EREA R

158 FH A FH ZE TR E
c) mux FEERAT muxd FEER——2 PR 4 BRI R A
mux.v
N/ B RE =5 1t B
input [0:0] sel ®EES
input [WIDTH-1:0] do LR 1
input [WIDTH-1:0] d1 ERREHE 2
output [WIDTH-1:0] out S

d) 1P £ B DMem BEELAT IMem B H—— 7 A4 BORIARAS B

Mem 2 [EH3E, [FHE, HH$EE coe XHHIUEMN, coe STAEHINE 2 16

BEFISCAS, B Mars 2w BI04 A LD A R

e) IFID fEE——IF BOFN ID B2 [l ) 1725

IFID.v

BN/ BE =5 15 HA
input [0:0] clk g
input [0:0] en FeEfES SBRFEN
input [0:0] flush BEES, SHEEEN
input [31:0] PCPlus_in IF XAy PC+4
input [31:0] IMemout_in IF EXAY Imem %
output [31:0] PCPlus_out ID gAY PC+4
output [31:0] IMemout_out ID EXHY Imem %
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f) IDEX FiHt——ID BOFN EX BX 2 A 25 17 2%

N e
input =2 Uk;
input clk AER
i R
nput PCPlus_in /ﬁ£1§f%%$;ﬁ%{
input Rengouzl - IDnExE’\J PCPlus
input RengoutZ_in - Eiﬁl\] RegRdoutd
input Il\/II\/ISignExten(;ed i LE)EXE{] RegRdout2
input |l\/II\/IZeroExtendeol_l'n = Eiﬁl\] MMSignExtended
input : ShamtZeroExtend ;n > EXE{] MM ZeroExtended
input 40] —— ed_in ID &Y ShamtZeroExtended
input [4:0] RLIn ID B Rs
input [4:0] ReqWiaddr | ID BXH9 Rt
output (310] Pl _t'n ID E& A9 RegWtaddr
output 31.0] Rengouﬁu EX BX#9 PCPlus
output [31:0] ReaRd tZ_Out EX ERf9 RegRdoutl
output 310] YV ut2_out EX E& 9 RegRdout2
Sutput . gnExtended_out EX &Y IMMSignExtended

[31:0] IMMZeroExtended_out n
- EX ERH9 IMM
output [31:0] ShamtZeroExtended n Zerobxtended
output [4:0] —— ed_out EX EXHY ShamtZeroExtended
output [4:0] Rt_out EX R Rs
output [4:0] RegWiaddr out EX BRHY Rt
Input [0:0] RegDst n : EX By RegWraddr
Input (0] ALUSrcASel | D P ReaDe
input 1:0] ALUSchSe|'m ID B9 ALUSrcASel
input [4:0] ALUCont el_l_n ID BXHY ALUSrcBSel
input [0:0] DMermR r(;_l_n ID E& A9 ALUControl
input [0:0] Dl\/lemvveét *lln ID EZHJ DMemRead
input [0:0] Y- FZI eln ID EZAY DMemWrite
nput (00 ceaniie ID £249 DMemtoReg
output [0:0] Reg DSL e_n ID B2 RegWrite
output [0:0] ALUS?CAS_SU'[ EX EXAY RegDst
output 0] NI l—OUt EX B2 # ALUSrcASel
output [4:0] ALUCont e|_OUt EX EXf9 ALUSrcBSel
output [0:0] OVemR rod_out EX Ex#y ALUControl
output [0:0] Dl\/lemV\f’c']t -out EX EX#9 DMemRead
output [0:0] DMemtoI'\r’I e_out EX EXH9 DMemWrite
output [0:0] ; cg-out EX BX#9 DMemtoReg
RegWrite_out EX E& ) RegWrite
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g) EXMEM Hit——EX Bt MEM Bt Z [8] /) 25 A7 7

EXMEM.v
BN/ RE =5 15t FA
input [0:0] clk g
input [0:0] en FREESEETEN
input [0:0] flush BEESERETEN
input [31:0] ALUResult_in EX EXH9 ALUResult
input [31:0] DMemin_in EX #9 Dmemin
input [4:0] RegWtaddr_in EX B9 RegWtaddr
output [31:0] ALUResult_out MEM E& A9 ALUResult
output [31:0] DMemin_out MEM 9 Dmemin
output [4:0] RegWtaddr_out MEM A9 RegWtaddr
input [0:0] DMemRead_in EX A9 DMemRead
input [0:0] DMemWrite_in EX ERH9 DMemWrite
input [0:0] DMemtoReg_in EX EX A9 DMemtoReg
input [0:0] RegWrite_in EX EX A9 RegWrite
output [0:0] DMemRead_out MEM EZHJ DMemRead
output [0:0] DMemWrite_out MEM EXHJ DMemWrite
output [0:0] DMemtoReg_out MEM EX Y DMemtoReg
output [0:0] RegWrite_out MEM E% 89 RegWrite
h) MEMWB #iHt——MEM BUF WB X 2 [R] f) 2717 2%
MEMWB.v
BWAN/fd = F5# 15t A
input clk VgD
input en FRESSETAEN
input flush BEESSETEN
input ALUResult_in MEM ExHY ALUResult
input DMemout_in MEM EZAY Dmemout
input RegWtaddr_in MEM EZAY RegWtaddr
output ALUResult_out WB &9 ALUResult
output DMemout_out WB EX#Y DMemout
output RegWtaddr_out WB EXHJ RegWtaddr
input DMemtoReg_in MEM EZ A9 DMemtoReg
input RegWrite_in MEM EXAY RegWrite
output DMemtoReg_out WB Ex#J DMemtoReg
output RegWrite_out WB E& A9 RegWrite

i) dff BEL——0D il 28, H T NEREAS

dff.v
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BN/ S RE E5% 5t A
input [0:0] clk g
input [0:0] en FRiESERETEN
input [0:0] rst EMESEBRIEN
input [WIDTH-1:0] datain HINERE
output [WIDTH-1:0] dataout By B3R

XE—ANEAM D ik gy, MEEASETRE T ER, H—1 always
TE B e >k SI2 20 A BH ZE A
j) compare BEER——H T 4335 5 1A W

dff.v
BN/ H RE 5% i
input [31:0] a, BEffS#a, FINEIS signed
input [31:0] b, BEHFSE b, TBILK signed
output [1:0] res FLESER
a %1 b Ix[F] 2'b01, a /M T b IR[F] 2'b00, a KT b ix[A] 2'b10, HLHEY
T A5

k) SignExtended Bi—— 7 BIEFF 59 &
TR B, EREAE top FSEHL T .

) ZeroExtended FiHt——17 R FT 59
TR E, EREAE top FSEHL T .

m) forward fREL——S3BEATHERL L, SZELEE K

forward.v

T N/ RE F= 1t B
input [4:0] Rs_EX EX BXBY Rs
input [4:0] Rt_EX EX EXAY Rt
input [0:0] RegWrite_ MEM MEM EZ A9 RegWrite
input [0:0] RegWrite_WB WB EXAY RegWrite
input [4:0] RegWtaddr_MEM MEM EZHJ RegWtaddr
input [4:0] RegWtaddr_WB WB E& A9 RegWtaddr
output [1:0] RegRdout1Sel_Forward_EX EX Eg A9 RegRdoutlSel_Forward
output [1:0] RegRdout2Sel_Forward_EX EX EXHJ RegRdout2Sel_Forward

XA SZ I DMem % H 31 ALU Fi N\ LA A2 ALU % i 3 ALU B N\ B 5%
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Ko

\

Time (in clock cycles) cC 1 €02 ©£89 ©C04 ©OCE ©CCe CoC7 COA

sub $2, $1, $3

or $13, $6, $2

Time (in clock cycles) cC 1 Chp ©C3 CoA L£CB CC8 07T 'coB

sub $2, $1, $3

and $12, $2, $5

\

n) hazard B ——E AL, SCHEH A

hazard.v
BN/ fL BE =5 15t AR

input [4:0] Rs_ID ID EXHY Rs

input [4:0] Rt_ID ID ExfY Rt

input [4:0] RegWtaddr_EX EX X A9 RegWtaddr
input [0:0] DMemRead_EX EX EXAY DMemRead
output [0:0] PCEn R PCEH, BBEFEN
output [0:0] IF_ID_En AW IFD 3, SEEHN
output [0:0] ID_EX_Flush IDEX &%, SHBFHM

lw ZJ& R-Type A HIVIAFLE R, IXAERS B E2RERAT, ASAlfE,

HAN—NRIE, 1S IDEX B ffes, ANFEHT IFID %9 F4%, A HH PCo

11/ 47

P2y
HAe




Time (inclockcycles)cc1  cc2 ©C3 C€CC4 CC5 CCé CC7 CC8 CC9 CC10
Iw $2, 20($1) 5'.5;, »
and becomes nop IE-I‘Lh d
add $4, $2, $5
or $8, $2, $6
o
add $9, $4, $2 ed
o) control fEHR—— L5 5
control.v
MN/RL | BE =5 15t BA
input [0:0] clk g
input [0:0] rst BAESSEFEN
input [5:0] Op
input [4:0] Rt
input [5:0] Funct
input [1:.0] | RsCMPRt Rs #l Rt HFF=FLLRER
input [1:.0] | RsCMPZero Rs ZFE840 0 LERER
output [1:0] PCSrc 0:+4, 1.Branch, 2J, 3JR
output [0:0] RegDst 0:RegWtaddr=rt, 1:RegWtaddr=rd
output [0:0] | ALUSrcASel 0:RegRdoutl, 1:ShamtZeroExtended
output [1:0] | ALUSrcBSel 0:RegRdout?2, 1:IMMSignExtended, 2:IMMZeroExtended
output [4:0] | ALUControl
output [0:0] | DMemRead 1:En
output [0:0] | DMemWrite 1:En
output [0:0] | DMemtoReg 0:Aluout, 1:DMemout
output [0:0] RegWrite 1:En

RIEMNGE S, AIWHRSRA, xS MAZHE 5 U EUE.

p) debounce BH——2: 8l 5]

debounce.v
By N/ RE =5 il
input [0:0] clk B $ha
input [0:0] in WMANES, TeBEEE
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output [0:0] out HWHES, MABRERATL

q) seg PEIR——7 BCHILE

seg.v
ATk BE =5 158
input [0:0] clk g
input [0:0] rstn BNES, KBEFEEX
input [31:0] data32 R REEIE
output [3:0] sel EREYF B A, EEEER
output [6:0] segments EEETHHLE, SETEN
r) top AEBER——SCEIfL DL B, EEKANME S
top.v
BN/ HH RE =5 154 AR
input [0:0] clk Vg
input [7:0] sw FFRERE
output [6:0] seg7 7 BB E R
output [3:0] an 7 BB E LR RE
input [0:0] btns 4R, BTEMN

4. fE5daraAm

(D E5EARE U RE (BEEE) Bk, SDREE TS
(2) —fHRG%ME TR A4, ARG IR RO 4

(3) MPZE TR METHILEREES, Whn L sel F4&.

(4) WRAZIF 5 RAEA R B a8, WA N B 5 5 LBy

TEB I 2R o
(5) DA BT kA A EEAR A2 T IR .
FEU: RegRdoutl EX Ron & A7 MCAFEEm 1 1 32 tH B A% 1) EX B

IDEERE
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5. DMem Fll IMem M#]t&1L

IP #%1% %% Block Memory, &N Single Port RAM,

1P Symbol g x
ym e Block Memory
K
Generator xilinx.com:ip:blk_mem_gen:7.3

-

Memory Type ISingIe Port RAM

Clocking Options

Common Clock

Addressing Options
|| Enable 32-bit Address

DOUTAHS0] ECC Options

ECC Type No ECC
Use Error Injection Pins | Single Bit Error Injection

ADDRA[3:0]
DINA[15:0]
Write Enable
|| Use Byte Write Enable
Byte Size |9 ~ | bits

Algorithm
Defines the algorithm used to concatenate the block RAM primitives. See the datasheet for more

information.

TEEON 32, RN 256

TP Symbol 8 X
imr Block Memory
logic 7
Generator xilinx.com:ip:blk_mem_gen:7.3
Port A Options
Memory Size
Write Width 32 Range: 1..4608 Read Width: (32 ~

Write Depth 256 Range: 2..9011200 Read Depth: 256

Operating Mode Enable

@ Always Enabled

ADDRAT0} DOUTAE1:0] (@) Write First S U ER T
DINA[31:0] . &
ENA (7) Read First
oo ") No Change

1% Load Init File W&, SEFWILE coe LA IEEAE,

Memory Initialization

Load Init File
Coe File 7\MIPS CPU\PipelineCPU_20180606_1.2\PipelineCPU\IMem_init_test.coe | Browse | | Show |
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H A1 IMem_init_test.coe AN

memory initialization radix = 16;
memory initialization vector =
20110008
01d17020
21lceffff
11c00001
02200008
20100001
200£2000
20080010
00084040
00084082
ade80000
21e£f0004
8de9fffc
01295004
3c090001
ade 90000
21e£f0004
adeal000
21e£f0004
01505022
adeal000
21ef0004
010a4025
01004024
01084027
ade80000
21ef0004
01485826
000b5843
020b5807
adeb0000
21ef0004
000b5842
020b5806
000b5dcO
0l6eb5821
adeb0000
21ef0004
01685823
adeb0000
21ef0004
256p0001
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adeb0000
21ef0004
356b0001
316b0003
390b0001
adeb0000
21ef0004
020b602a
adec0000
21ef0004
020b602b
adec0000
21ef0004
296c0001
adec0000
21ef0004
2d6c0001
adec0000
21ef0004
018c680a
aded0000
21ef0004
0210680b
aded0000
21ef0004
200e0000
08000062
08000066
21ce0001
adee0000
21ef0004
1560fffb
21ce0001
adee0000
21ef0004
1000£f£f£8
21ce0001
adee0000
21ef0004
1800£f£ff8
21ce0001
adee0000
21ef0004
0560fff8
21ce0001
adee0000
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21ef0004
0401fff8
21ce0001
adee0000
21ef0004
1e00ff£8
21ce0001
adee0000
21ef0004
1560ff£8
21ce0001
adee0000
21ef0004
116bfffs8
21ce0001
adee0000
08000068;

DMem HIFIIE A RINZIE AL, H coe MAFHIAE AN 0.
6. AT G FUAY

.text
addi $17, $0, 8 #const $17=8
add $14, $14, $17 #S$14=8
addi $14, $14, -1 #$14--
beq $14, $0, begin
jr $17 #jump to IMemAddr 8
begin:
addi $16, $0, 1 f#const 1
addi $15, $0, 8192 #MemAddr

addi $8, $0, 16 #58=16
sll $8, $8, 1 #S$8=32
srl $8, $8, 2 #58=8

sw $8, 0($15) #-——-—————- Save Value: 8-----—-
addi $15, $15, 4 #MemAddr++

lw $9, -4($15) #$9=8(32'b00000000 00000001 00000000 _00001000)
sllv 510, $9, $9 #310=2048(32'p00000000 00000000 00001000 _00000000)
lui $9, 1 #$9=32'b00000000_ 00000001 00000000 00000000

sw $9, 0($15) #---—-——- Save Value: 32'b00000000 00000001 00000000 00001000
addi $15, $15, 4 #MemAddr++

sw $10, 0($15) #-——-——-————- Save Value: 2048---—---
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addi $15, $15, 4 #MemAddr++

sub $10, $10, $16 #$10=2047(32'b00000000_00000000 00000111 11111111)

sw $10, 0($15) #-—-——-——-———- Save Value: 2047------
addi $15, $15, 4 #MemAddr++

or $8, $8, $10 #$8=2047(32'b111 11111111)
and $8, $8, $0 #$8=0

nor $8, $8, $8 #5$8=2"32-1

sw $8, 0($15) #-——————- Save Value: 27"32-1----——-
addi $15, $15, 4 #MemAddr++

xor $11, $10, $8 #$11=32'b11111111 11111111 11111000 00000000
sra $11, $11, 1 #$11=32'b11111111 11111111 11111100 00000000

srav $11, $11, $16 #$11=32'b11111111 11111111 11111110 00000000

sw $11, 0($15) #------- Save Value: 32'b11111111 11111111 11111110 _00000000------
addi $15, $15, 4 #MemAddr++

srl $11, $11, 1 #$11=32'b01111111 11111111 11111111 00000000
srlv $11, $11, $16 #$11=32'b00111111 11111111 11111111 10000000

sll $11, $11, 23 #$11=32'b01000000_ 00000000 00000000 00000000

addu $11, $11, $11 #$11=32'b10000000 00000000 00000000 00000000

sw $11, 0($15) #-—-——-——-———- Save Value: 32'b10000000_00000000_00000000_00000000--=---
addi $15, $15, 4 #MemAddr++

subu $11, $11, $8 #$11=32'b10000000 00000000 00000000 00000001

sw $11, 0($15) #-—-——-——-———- Save Value: 32'b10000000_00000000_00000000_00000001--—---
addi $15, $15, 4 #MemAddr++

addiu $11, $11, 1 #$11=32'b10000000 00000000 00000000 00000010

sw $11, 0($15) #------- Save Value: 32'b10000000 00000000 00000000 _00000010-=-—---
addi $15, $15, 4 #MemAddr++

ori $11, $11, 1 #$11=32"'b10000000 00000000 00000000 00000011
andi $11, $11, 3 #$11=32'b00000000 00000000 00000000 00000011
xori $11, $8, 1 #$11=32'b11111111 11111111 11111111 11111110

sw $11, 0($15) #------- Save Value: 32'b11111111 11111111 11111111 11111100------
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g:

addi $15,

slt $12,

sw $12,
addi $15,

sltu $12,

sw $12,
addi $15,

slti $12,

sw $12,
addi $15,

sltiu $12,

sw $12,
addi $15,

movz $13,

sw $13,
addi $15,

movn $13,

sw $13,
addi $15,

addi $14,
j a
j end

addi $14,
sw $14,
addi $15,
bne 511,

addi $14,
sw $14,
addi $15,

$16,

0(

0(

0(

0(

0(

0(

0(

$0,

0(

$15, 4 #MemAddr++

$11 #512=0

$15) #-——————- Save
$15, 4 #MemAddr++
$16, $11 #S12=1
$15)
$15, 4 #MemAddr++

$11, 1 #s512=1

$15) #-——--——- Save
$15, 4 #MemAddr++
$11, 1 #$12=0

$15) #-——--——- Save
$15, 4 #MemAddr++
$12, $12 #because
$15)
$15, 4 #MemAddr++

$16, $16 #because
$15) #-——--——- Save
$15, 4 #MemAddr++

$0, 0 #count

$14, 1
$15) #-——-———- Save
$15, 4 #MemAddr++
i #to 1

#count++

$14, |
$15)
$15, 4

#count++

#MemAddr++

Value:

Value:

Value:

Value:

$12=0,

$1e=1(

Value:

'=0),

set $13=3512,

set $13=3516,
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beq $0, $0, h #to h

addi $14, s$14, #count++
sw $14, 0($15) #-—-——-————- Save Value: $14

addi $15, $15, #MemAddr++

blez 50, g #to g

addi $14, s$14, #count++
sw $14, 0($15) #-—-——-————- Save Value: $14---——-—-

addi $15,
bltz $11, f #to £

$15, #MemAddr++

addi $14, $14, #count++
sw $14, 0($15) #-—-——-————- Save Value: $14---—--—-

addi $15, $15, #MemAddr++
bgez $0, e #to e

addi $14, $14, #count++
sw $14, 0($15) #-—-——-————- Save Value: $14

addi $15, $15, #MemAddr++
bgtz $16, d #to d

b: addi $14, $14, #count++
sw $14, 0($15) #-——-—————- Save Value: $14---——-
addi $15, $15, #MemAddr++

bne $11,3%0, ¢ #to c

a: addi $14, $14, #count++
sw $14, 0($15) #--—--—-——- Save Value: $14----—-—-—
addi s$15, s$15,
beq $11, $11, b #to b

#MemAddr++

end:addi $14, $14, #count++

sw $14, 0($15) #-—-—————- Save Value: $14-—--—-—-

out:j out

RIS E, 36 SKIRSEINNRE] 1, BERIEARPITE RAEZIER G
iz VR, R LIRS Bt 8 R S ANNAE, RS, JFH 3 MRl

BASRAE BT ARG
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ISR

(D) JCImARISLE Mars 9miiz 17133 Data BLAN

[*] pata Segmen
Address Value (+0) Value (+4) Value (+8) Value (+c) Value (+10) Value (+14) Value (+18) value (+10) |
Jx00002000 000000008 0x00000800 0000007 E£ [F333333333 (33333 =00] DxB0000000 0xB80000001 080000002 | -
0x00002020 OxfEfffffe 0x00000000 0x00000001 0x00000001 O00000000 0x00000000 0x00000001 0x00000001
0x00002040 0x00000002 000000003 000000004 000000005 000000006 0x00000007 000000008 0x00000008| =
Jx00002060 000000000 Dx00000000 000000000 0200000000 De00000000 000000000 Dx00000000 000000000
0x00002080 Dx 00000000 0x00000000 0x00000000 0x00000000 De00000000 Dx00000000 0x00000000 0x00000000
000002020 0x00000000 000000000 000000000 000000000 000000000 0x00000000 000000000 000000000
Jx00002020 000000000 0x00000000 000000000 000000000 D 00000000 000000000 0x00000000 0x00000000| |
7 | O 000020 &0 00000000 00000000 O00000000 O 00000000 CreCOO00000 00000000 e 00000000 0 nnnnnnln: -
| P | ™ ||Dx|}DDDZDl)D{.data) |v| Hiexadecsnat Arid Hexadecimal Values [ | ASCI

1M ISE 47 HL45 R 278 DMem
Address: | Iz” %l Columns: | hddress Radix: | Value Radix: Hexadecimal IZ|
1 2 5] 5 =]

0 4 T
0:0 goooooos |00000B00 |QOOOOTFE | FFFFFFFF | FFFFFEQ0 80000000 20000001 |€0000002
0«8 FFFFFFFE 00000000 00000001 00000001 00000000 00000000 00000001 | 00000001
0=10  pogooooz | 00000003 00000004 |0000000S 00000006 00000007 00000008 | 00000009
0z18  poooCoO0 | 00000000 00000000 00000000 00000000 00000000 00000000 00000000
0x20  poooooo0 | 00000000 00000000 00000000 00000000 00000000 00000000 00000000
0=28  poOoOOOO0 | 00000000 00000000 00000000 00000000 00000000 00000000 00000000
0=30  poooOCOO0 | 00000000 00000000 |00000000 00000000 00000000 00000000 00000000
0z33 poooocooo 00000000 (00000000 00000000 00000000 00000000 00000000 00000000
0x40  gooooooo |00000000 |00000000 00000000 00000000 00000000 |00000000 | 00000000
0x453  gooooooo | 00000000 | 00000000 00000000 00000000 00000000 00000000 00000000
030 gogooooo | 00000000 |00000000 |00000000 00000000 00000000 00000000 | 00000000

L9 ARRSAE Mars 2 BRI AT 19 21 45 AN 25 77 45 Bl A0 A5 R regfile £dfs

l/ Reqgisters |/ Coproc 1 r Coproc 0 | ]
MName Number Value 00 pooooooo
$zero 0 0x00000000 0x1  pooooooo
$at 1 0x00000000 Tl orooooo
) 2 0x00000000
i 3 0x00000000 03 o0ooooooo
$al £ 0x00000000 0x4  pononoon
$al 5 0x00000000 055 noooooan
$a? B 000000000
$a3 7 0x00000000 0x6  pooooooo
$tl 9 0x00000008 -
12 10 0x000007 ££ ®9  FFFFFFFY
$t3 11 OxffEEEEfe 0x9  poooooog
$td 12 0x00000000 Ok 0Q0007FF
$+5 13 000000001
$t6 14 0x00000003 UxB  FFFFFFFE
F17 15 0x0000205¢ 0:C  pooooooo
$s0 16 0x00000001 0D poonnnol
$s1 7 0x00000008
$s2 18 0x00000000 0xE  poooooos
$=3 19 0x00000000 0F  goonz0sc
$sd 20 0x00000000 el
=5 21 0x00000000 * fooooool
326 22 0x00000000 0x11  poooooos
Fs7 23 Ox 00000000 Oxl= aoaoooon
$+8 24 000000000
$1a 25 0x00000000 Ux13  0onooooo
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Bt 3%

= I B RE A IS B n) N — 2 I
1. WERALPHEIE N AAE, A AEWELSE S, W
{RegDst},{ALUSrc},{MemtoReg},{RegWrite},{MemWrite},{Branch},{ALUOP[1:0]},
{lump}}=9'b100100100;

2. "=="SAKICECAE—AL, LBA0 module N 5 ALELF LR (—ANEE, —A
input), {HAMBENKIRZ 3 62/, LB ETRZ x, B “==" AL,
XA — AN R I 7]

3. iEBFREAE, Z2FEERXMESTAAL, EEERIER T, ANE ise
RAAHK.

4. 1F top B wire (55, WAL control itk (AR HE4T 0,
WA ZAME SAREEFEAE top BIVIME, ZER07 EARASEE, AR control Bk
IXAME S HERS, A A E -

6. 1F clk A H <=3 HAZ FHEATIRAERS, W SR (R I 200 75 BEXHZAE 5 047 30
CAMARASHL, ARHEIRAS LS8 Bont BE AR D, TS W {5 -5 B RS A IR A JiT A - (R
IEL S TR AL ) AR A TR

7. srl REWAR, @i BREANE, 1 sra REALR, SAAMT S, 7E Verilog

Fr, BERTLLEATSRE, AT DL SEI

Ssigned(alu_a) >>>alu_b

POAZER, >>> BEALGE, BEXTEASE, A4 0, BreldEH
$signed () N A AT T HL

Ssigned(alu_a) >>alu_b
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RFESWAT, »>ARGEARLRITIGE

8. reset MR RIZAE & BAAT S I A5 5 B 0, 5K -T2 forward, hazard
S P E AN e A ORI BB S A (LUl PCEn ANHfiE, IXFE—
THIa R A RESEHT PC).

T BHEAY

top.v

module top (
input clk,
input [/:0] sw,
output [6:0] seg7,
output [3:0] an,
input btnr,btnl,btns,btnd,btnu
);

[/ _JEBRAEINZAR T TR K B

wire ALUSrcASel ID;

wire ALUSrcASel EX;

:0] ALUSrcBSel ID;//alu B{E regout2 Ml imm 2 [AlIE+
:0] ALUSrcBSel EX;

wire
wire
wire :0] ALUSrcA EX;
wire :0] ALUSrcB EX;
wire :0] ALUControl EX;
wire :0] ALUResult EX;
wire :0] ALUResult MEM;

[
[
[
[
wire [4:0] ALUControl ID;
[
[
[
wire [

:0] ALUResult WB;

wire [1:0] RsCMPZero;
wire [1:0] RsCMPRt;

wire [31:0] IMMSignExtended ID;
wire [31:0] IMMSignExtended EX;
wire [31:0] IMMZeroExtended ID;
wire [31:0] IMMZeroExtended EX;
wire [31:0] ShamtZeroExtended ID;
wire [31:0] ShamtZeroExtended EX;
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wire
wire
wire

wire

wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire

wire

wire

wire

wire
wire
wire
wire
wire
wire
wire
wire

wire

wire
wire
wire
wire
wire
wire
wire
wire

wire

1 RegRdoutlSel Forward EX;//53#H70 " LG FE S
1 RegRdout2Sel Forward EX;

1 RegRdoutl Forward EX;//57i&%dE

1 RegRdout2 Forward EX;

L B e T o T |

[ 1 RegRdaddrl ID;
[ 1 RegRdoutl ID;
[ 1 RegRdoutl EX;
[ 1 RegRdaddr2 ID;
[ 1 RegRdout2 ID;
[31:0] RegRdout2 EX;
[ RegWtaddr ID;
[ RegWtaddr EX;
[ RegWtaddr MEM;
[ RegWtaddr WB;
[ 1 RegWtin WB;
RegWrite ID;
RegWrite EX;
RegWrite MEM;
RegWrite WB;

[ W S S —

RegDst 1ID;

[31:0] IMemaddr;
[31:0] IMemout;
[31:0] DMemaddr MEM;
[31:0] DMemin MEM;
DMemRead MEM;

[31:0] DMemout MEM;
[31:0] DMemout WB;
DMemWrite MEM;

DMemtoReg EX;
DMemtoReg MEM;
DMemtoReg WB;

[ 1 PC;

[ ] PCPlus_ IF;

[ ] PCPlus_1ID;

[ ] PCPlus_ EX;

[ 1 EPC;

[ ] nextPC;

PCEn;

[1:0] PCSrc ID;//Control ¥ithf¥), 0:+4,1:Branch,2:J,3:JR

IF ID En;
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wire IF ID Flush;
wire ID EX Flush;

wire [31:0] PCJump ID;
wire [31:0] PCJR ID;
wire [31:0] PCBranch ID;

wire [31:0] Instr;

wire [5:0] Funct;

wire [4:0] Shamt;

wire [15:0] IMM16;

wire [4:0] Rd;

wire [4:0] Rt;

wire [4:0] Rs;

wire [5:0] Op;

wire [4:0] Rt _EX;//N [ 578%FIHr
wire [4:0] Rs_EX;//N [ 578%FIHr

wire [25:0] JumpIMM;
wire [31:0] IMMSignExtendedShiftLeft2;

wire btns d;

debounce debounce(clk,btns,btns d);//HELEZ)
reg rst;

assign Led = rst;

always @ (posedge btns d) rst=~rst;

wire [4:0] addr_ show;

wire [31:0] out show;

assign addr show = sw;//JFRHu AL LRk

seg segl(clk,l'bl,out show,an,seg7) ;// ‘Wi

regfile copy DMem regfile copy DMem(clk,~rst,addr show,out show,DMemaddr MEM >>
2 ,DMemin MEM,DMemWrite MEM) ;

// T B

mux4 MUXPC (
.sel(PCSrc_1ID),
.d0 (pPCPlus_IF),//+4 EH¥H 1F [
.d1l (PCBranch ID),
.d2 (PCJump_ 1ID),
.d3(PCJR ID),
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.out (nextPC)

);

dff DFFPC(
.clk(~clk),// FFEHEH pC
.en (PCEn),
.rst(rst),
.datain (nextPC),
.dataout (PC)

);

alu ALUPCPlus(PC,4, ,PCPlus_IF);

assign IMemaddr = PC >> 2;//>>2 A NIXH IMem 2B M HEEAF GG 4 7795, AISEPR Ay (—Hohk

A AR
IMem IMem(clk, , IMemaddr, , IMemout) ; // FTHE RS
// ======TFJD==============—==—==—=oo
IFID IFID(

.clk(~clk),

.en(IF _ID En),
.flush(IF ID Flush || rst),
.PCPlus_in(PCPlus_IF),

. IMemout in (IMemout),
.PCPlus out(PCPlus_1ID),

. IMemout out(Instr)

)

// =======]D==========================
assign JumpIMM = Instr[25:0];

assign Funct = Instr[5:0];

assign Shamt = Instr[10:6];

assign IMM16 = Instr[15:0];

assign Rd = Instr[15:11];

assign Rt = Instr[20:16];

assign Rs = Instr[25:21];

assign Op = Instr[31:26];

//*******Control*******
control control(
//in
.clk(clk),
.rst(rst),
-Op (Op) ,
.Rt (Rt),
.Funct (Funct),
.RsCMPRt (RsCMPRt) ,
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.RsCMPZero (RsCMPZero) ,
//out
.PCSrc(PCSrc_1ID),
//ID
.RegDst (RegDst_1ID),
//EX
.ALUSrcASel (ALUSrcASel ID),
.ALUSrcBSel (ALUSrcBSel ID),
.ALUControl (ALUControl ID),
/ /MEM
.DMemRead (DMemRead ID),
.DMemWrite (DMemWrite ID),
//WB
.DMemtoReg (DMemtoReg ID),
.RegWrite (RegWrite ID)

)

//*******Control*******

Rs;
Rt;
mux #(5) MUXRegWtaddr (RegDst ID,Rt,Rd,RegWtaddr ID);

assign RegRdaddrl ID

assign RegRdaddr2 ID

assign ShamtZeroExtended ID = {{27/{ }},Shamt};
assign IMMSignExtended ID = {{16{IMM16[15]1}},IMM16};
assign IMMZeroExtended ID = {{16{ }},IMM16G} ;

assign IMMSignExtendedShiftLeft2 = IMMSignExtended ID << 2;

alu BranchALU(PCPlus_ID,IMMSignExtendedShiftLeft2, ,PCBranch 1ID);
assign PCJump ID = {{PCPlus ID[31:281},{{ ,JumpIMM}<<2}};

assign PCJR ID = RegRdoutl ID;

assign IF ID Flush = (PCSrc ID != )i/ /ARG SS IF ID W AFAY

regfile regfile(clk,~rst,RegRdaddrl ID,RegRdoutl ID,RegRdaddr2 ID,
RegRdout2 ID,RegWtaddr WB,RegWtin WB,RegWrite WB) ;

compare comparel (RegRdoutl ID,RegRdout2 ID,RsCMPRt);//for beq, bne
compare compare2 (RegRdoutl ID,0,RsCMPZero);//for movz,movn,blez,bgtz,bltz,bgez

hazard hazard(Rs,Rt,RegWtaddr EX,DMemRead EX,PCEn,IF ID En,ID EX Flush);
// ======]DEX=========================
IDEX IDEX(
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.clk(~clk),

.en( ),
.flush(ID EX Flush || rst),
//data

//in

.PCPlus_in(PCPlus_1ID),

.RegRdoutl in(RegRdoutl ID),

.RegRdout2 in(RegRdout2 ID),

. IMMSignExtended in(IMMSignExtended ID),

. IMMZeroExtended in(IMMZeroExtended ID),
.ShamtZeroExtended in(ShamtZeroExtended ID),
.Rs_in(Rs),

.Rt_in(Rt),

.RegWtaddr_ in(RegWtaddr ID),

//out

.PCPlus out (PCPlus_EX),
.RegRdoutl out (RegRdoutl EX),
.RegRdout2 out (RegRdout2 EX),
.IMMSignExtended out (IMMSignExtended EX),

. IMMZeroExtended out (IMMZeroExtended EX),
.ShamtZeroExtended out (ShamtZeroExtended EX),
.Rs_out (Rs_EX),

.Rt_out (Rt_EX),
.RegWtaddr out (RegWtaddr EX),

//control sign

//in

.RegDst_in(RegDst_ ID),
.ALUSrcASel in(ALUSrcASel ID),
.ALUSrcBSel in(ALUSrcBSel ID),
.ALUControl in(ALUControl ID),
.DMemRead in (DMemRead ID),
.DMemWrite in(DMemWrite ID),
.DMemtoReg in(DMemtoReg ID),
.RegWrite in(RegWrite ID),
//out

.RegDst out (RegDst EX),
.ALUSrcASel out (ALUSrcASel EX),
.ALUSrcBSel out (ALUSrcBSel EX),
.ALUControl out (ALUControl EX),
.DMemRead out (DMemRead EX),
.DMemWrite out (DMemWrite EX),
.DMemtoReg out (DMemtoReg EX),
.RegWrite out (RegWrite EX)




forward forward(Rs EX,Rt EX,RegWrite MEM,RegWrite WB,RegWtaddr MEM,
RegWtaddr WB,RegRdoutlSel Forward EX,RegRdout2Sel Forward EX);
mux4 MUXRegRdoutlFW(RegRdoutlSel Forward EX,RegRdoutl EX,RegWtin WB,
ALUResult MEM, 0,RegRdoutl Forward EX);//forward
mux4 MUXRegRdout2FW(RegRdout2Sel Forward EX,RegRdout2 EX,RegWtin WB,
ALUResult MEM, 0,RegRdout2 Forward EX);//forward
mux MUXALUSrcA (ALUSrcASel EX,RegRdoutl Forward EX,ShamtZeroExtended EX,
ALUSTcA EX);
mux4 MUXALUSrcB(ALUSrcBSel EX,RegRdout2 Forward EX,IMMSignExtended EX,
IMMZeroExtended EX,0,ALUSrcB EX) ;
alu alu(ALUSrcA EX,ALUSrcB EX,ALUControl EX,ALUResult EX);
// ======EXMEM========================
EXMEM EXMEM (
.clk(~clk),
.en( ),
.flush(rst),
//data
//in
.ALUResult in(ALUResult EX),

.DMemin_ in(RegRdout2 Forward EX),
.RegWtaddr_ in(RegWtaddr EX),
//out
.ALUResult out (ALUResult MEM),
.DMemin out (DMemin MEM) ,
.RegWtaddr_ out (RegWtaddr MEM),
//control sign

//in
.DMemRead in (DMemRead EX),
.DMemWrite in(DMemWrite EX),
.DMemtoReg in(DMemtoReg EX),
.RegWrite in(RegWrite EX),
//out

.DMemRead_out (DMemRead MEM) ,
.DMemWrite out (DMemWrite MEM),
.DMemtoReg out (DMemtoReg MEM) ,
.RegWrite out (RegWrite MEM)

assign DMemaddr MEM = ALUResult MEM;
DMem DMem(clk,DMemWrite MEM,DMemaddr MEM >> 7 ,DMemin MEM,DMemout MEM) ;

MEMWB MEMWB (
.clk(~clk),
.en( ),
.flush(rst),
//data
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//in

.ALUResult in(ALUResult MEM),
.DMemout in (DMemout MEM),
.RegWtaddr in(RegWtaddr MEM),
//out

.ALUResult out (ALUResult WB),
.DMemout out (DMemout WB),
.RegWtaddr out (RegWtaddr WB),
//control sign

//in
.DMemtoReg_ in (DMemtoReg MEM) ,
.RegWrite in(RegWrite MEM),
//out
.DMemtoReg out (DMemtoReg WB),
.RegWrite out (RegWrite WB)

// m————=——|Bo========———————————oe o

mux MUXDMemtoReg(DMemtoReg WB,ALUResult WB,DMemout WB,RegWtin WB) ;

endmodule

alu.v
‘define A NOP 5'd00 //nop
‘define A ADD 5'd01 //signed add
‘define A SUB 5'd02 //signed sub
‘define A AND 5'd03 //and
‘define A OR 5'd04 //or

"define A XOR 5'd0
"define A NOR 5'd06
"define A ADDU 5
"define A SUBU 5'd0

//xor

//nor

//unsigned add

8 //unsigned sub

‘define A SLT 5'd09 //slt

‘define A SLTU 5'dl0 //unsigned slt
‘define A SLL 5'dll //sll

‘define A SRL 5'dl2 //srl

‘define A SRA 5'dl3 //sra

‘define A MOV 5'dl4 //movz,movn
"define A LUI 5'dl5 //1lui

module alu(
input [31:0]1 alu a,//EfF o8, A GE, & IAMD A7
input [31:0] alu b,
input [4:0] alu op,
output reg [31:0] alu out
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)7
always@ (*)
case (alu op)

A _NOP: alu out = 0;

A _ADD: alu out = alu a + alu b;

"A SUB: alu out = alu a - alu b;

A _AND: alu out = alu a & alu b;

A OR : alu out = alu a | alu b;

A XOR: alu out = alu a % alu b;

A NOR: alu out = ~(alu_a | alu b);

A _ADDU: alu out = alu a + alu b;

"A _SUBU: alu out = alu a - alu b;

A SLT: //a<b(signed) return 1 else return 0;

begin
if(alu al[31] ==alu b[31]) alu out = (alu a<alu b) ? 32'bl : 32'b0;
/IR FAN signed MAR SRR, B MLBMATER S, (EAKIRAT A A 15 550 X BT B ATAREE & L
Al
[/ ERARSE, RUFES ML, BB, WERELE, JETH 31 AR, FER, WERFES, JETE 31 67 (RS
K, MR JRECK
else alu out = (alu_ al31] < alu b[31]) ? 32'b0 : 32'bl;
/RSN, HIRERTS
end

A _SLTU: alu out = (alu_ a < alu b) ? 32'bl : 32'b0;

A SLL: alu out = alu b << alu a;

"A SRL: alu out alu b > alu a;

"A SRA: alu out $signed(alu b) >>> alu a;
[ IERS> > HER G, @AAMT S, MIZER, WRELEMNSH, >>>REEATE, MM iZssigned

A MOV: alu out = alu b;
/)RR, ST reglrt], mov AARFEEMEL alu, HEINE RType #&0, MH—

A LUI: alu out = alu b << 167

default: ;

endcase

endmodule

regfile.v

module regfile(
input clk,
input rst n,
input [4:0] rAddrl,//iEdihl 1
output [31:0] rDoutl,//i%dE 1
input [4:0] rAddr2,//uedik 2
output [31:0] rDout2,//iE%dE 2
input [4:0] wAddr,//SHilk
input [31:0] wDin,// 5
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input wEna//"5f#fE

reg [31:0] data [0:31]1;

integer i;

assign rDoutl=data[rAddrl];//#k1

assign rDout2=data[rAddr2];//Bk 2

always@ (posedge clk or negedge r
if (~rst_n)

begin

st_n)//SMEN

for (i=0; i<32; i=i+1) datal[i]l<=0;

end
else
begin
if (wEna)
data[wAddr]<=wDin;

end

endmodule

dff.v

module dff # (parameter WIDTH = 32)

input clk,
input en,
input rst,
input [WIDTH-1:0] datain,
output reg [WIDTH-1:0] dataout
);
always@ (posedge clk)
begin

if (rst)

dataout <= 0;
else if (en)

dataout <= datain;

( //Data Flip-Flop

end

endmodule
mux.v

module mux #(parameter WIDTH = 32) ( //2 B{ikFFs

input sel,

input [WIDTH-1:0] dO,

input [WIDTH-1:0] di1,

output [WIDTH-1:0] out
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);
assign out = (sel == ? dl : do0);
endmodule

mux4.v
module mux4 #(parameter WIDTH = 32) ( //4 BREFFa
input [1:0] sel,
input [WIDTH-1:0] dO,
input [WIDTH-1:0] di1,
input [WIDTH-1:0] d2,
input [WIDTH-1:0] d3,
output reg [WIDTH-1:0] out
);
alwaysQ@ (*)
case(sel)
out=do;
out=dl;
out=dz;
out=d3;
default:;
endcase
endmodule
[FID.v
module IFID(
input clk,
input en,
input flush,
input [31:0] PCPlus in,
input [31:0] IMemout in,
output [31:0] PCPlus_ out,
output [31:0] IMemout out

)

dff dffl(clk,en,flush,PCPlus in,PCPlus out);

dff dff2(clk,en,flush,IMemout in,IMemout out);
endmodule

IDEX.v

module IDEX (

input clk,
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input en,

input flush,//flush for stall or start

input [ ] PCPlus_in,

input [ 1 RegRdoutl in,

input [ 1 RegRdout2 in,

input [ ] IMMSignExtended in,
input [31:0] IMMZeroExtended in,
input [ ] ShamtZeroExtended in,
input [ 1 Rs_in,

input [ 1 Rt_in,

input [ 1 RegWtaddr in,

output [ 1 PCPlus_out,

output [ 1 RegRdoutl out,
output [ 1 RegRdout2 out,
output [ ] IMMSignExtended out,
output [ ] IMMZeroExtended out,
output [ ] ShamtZeroExtended out,
output [ 1 Rs_out,

output [ 1 Rt out,

output [4:0] RegWtaddr out,
//control

input RegDst in,

input ALUSrcASel in,

input [1:0] ALUSrcBSel in,

input [4:0] ALUControl in,

input DMemRead in,

input DMemWrite in,

input DMemtoReg in,

input RegWrite in,

output RegDst out,

output ALUSrcASel out,

output [1:0] ALUSrcBSel out,

output [4:0] ALUControl out,

output DMemRead out,

output DMemWrite out,

output DMemtoReg out,

output RegWrite out

)i

dff dffl(clk,en,flush,PCPlus _in,PCPlus out);

dff dff2(clk,en,flush,RegRdoutl in,RegRdoutl out);

dff dff3(clk,en,flush,RegRdout2 in,RegRdout2 out);

dff dff4(clk,en,flush,IMMSignExtended in,IMMSignExtended out);
dff dff5(clk,en,flush,IMMZeroExtended in,IMMZeroExtended out);
dff dff6(clk,en,flush,ShamtZeroExtended in,ShamtZeroExtended out);
dff #(5) dff7(clk,en,flush,Rs_in,Rs out);

dff #(5) dff8(clk,en,flush,Rt in,Rt out);
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dff #(5) dff9(clk,en,flush,RegWtaddr in,RegWtaddr out);

dff #(1) dffl0(clk,en,flush,RegDst in,RegDst out);

dff #(1) dffll(clk,en,flush,ALUSrcASel in,ALUSrcASel out);

dff #(2) dffl2(clk,en,flush,ALUSrcBSel in,ALUSrcBSel out);

dff #(5) dffl3(clk,en,flush,ALUControl in,ALUControl out);

dff #(1) dffl4(clk,en,flush,DMemRead in,DMemRead out);

dff #(1) dffl5(clk,en,flush,DMemWrite in,DMemWrite out);

dff #(1) dfflé6(clk,en,flush,DMemtoReg in,DMemtoReg out) ;

dff #(1) dffl7(clk,en,flush,RegWrite in,RegWrite out);
endmodule

EXMEM.v

module EXMEM (
input clk,
input en,
input flush,
input [31:0] ALUResult in,
input [31:0] DMemin in,

input [4:0] RegWtaddr in,

output [31:0] ALUResult out,
output [31:0] DMemin out,
output [4:0] RegWtaddr out,
//control

input DMemRead in,

input DMemWrite in,

input DMemtoReg in,

input RegWrite in,

output DMemRead out,

output DMemWrite out,

output DMemtoReg out,

output RegWrite out

);

dff dffl(clk,en,flush,ALUResult in,ALUResult out);
dff dff2(clk,en,flush,DMemin in,DMemin out) ;

dff #(5) dff3(clk,en,flush,RegWtaddr in,RegWtaddr out) ;

dff #(1) dffl4(clk,en,flush,DMemRead in,DMemRead out);

dff #(1) dffl5(clk,en,flush,DMemWrite in,DMemWrite out);

dff #(1) dfflé6(clk,en,flush,DMemtoReg in,DMemtoReg out) ;

dff #(1) dffl7(clk,en,flush,RegWrite in,RegWrite out);
endmodule
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MEMWAB.v

module MEMWB (
input clk,
input en,
input flush,
input [31:0] ALUResult in,
input [31:0] DMemout in,

input [4:0] RegWtaddr in,

output [31:0] ALUResult out,
output [31:0] DMemout out,
output [4:0] RegWtaddr out,
//control

input DMemtoReg in,

input RegWrite in,

output DMemtoReg out,

output RegWrite out

)

dff dffl(clk,en,flush,ALUResult in,ALUResult out);

dff dff2(clk,en,flush,DMemout in,DMemout out);

dff #(5) dff3(clk,en,flush,RegWtaddr in,RegWtaddr out) ;

dff #(1) dfflé6(clk,en,flush,DMemtoReg in,DMemtoReg out) ;

dff #(1) dffl7(clk,en,flush,RegWrite in,RegWrite out);
endmodule

compare.v

"define LESS
"define EQUAL
"define GREATER

module compare (// N T HIWi 73

input signed [31:0] a,
input signed [ :0] b,
output reg [1:0] res

)
always Q(*)

if(a == b) res = ;

else if(a < b) res ;

else if(a > b) res ;
endmodule
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forward.v

module forward(//Hiff
input [4:0] Rs_EX,
input [4:0] Rt EX,
input RegWrite MEM,
input RegWrite WB,
input [4:0] RegWtaddr MEM,
input [4:0] RegWtaddr WB,
output reg [1:0] RegRdoutlSel Forward EX,
output reg [1:0] RegRdout2Sel Forward EX
) ;
always Q@ (*) begin

RegRdoutlSel Forward EX[0] = RegWrite WB && (RegWtaddr WB '= 0) &&
(RegWtaddr MEM != Rs EX) && (RegWtaddr WB == Rs EX);

RegRdoutlSel Forward EX[1] = RegWrite MEM && (RegWtaddr MEM != 0) &&
(RegWtaddr MEM == Rs_ EX) ;

RegRdout2Sel Forward EX[0] = RegWrite WB && (RegWtaddr WB '= 0) &&
(Reglitaddr MEM != Rt EX) && (RegWtaddr WB == Rt EX);

RegRdout2Sel Forward EX[1] = RegWrite MEM && (RegWtaddr MEM != 0) &&
(RegWtaddr MEM == Rt EX);

end
endmodule
hazard.v

module hazard(//L—2fE42 Lw 54 H 41454 1D Jk)2 A — D arfrds, M bubble
input [4:0] Rs_1ID,
input [4:0] Rt ID,
input [4:0] RegWtaddr EX,
input DMemRead EX,
output PCEn,
output IF ID En,
output ID EX Flush
)
assign ID EX Flush = ((RegWtaddr EX == Rs ID) || (RegWtaddr EX == Rt ID)) &&
DMemRead_EX; //#AFMSLNN 1, 5%
assign IF ID En = ~ID EX Flush;//ZAfFMOrN o, fEF
assign PCEn = ~ID EX Flush;//ZfFMr Ml o, {15
endmodule

control.v

module control (
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input clk,rst,
input [5:0] Op, //instr([31:26]
input [4:0] Rt, //instr[20:16]

input [5:0] Funct,//instr[5:0]

input [1:0] RsCMPRt,

input [1:0] RsCMPZero,

output reg [1:0] PCSrc, //0:+4,1:Branch,2:J,3:JR

//ID

output reg RegDst,//0:RegWtaddr=rt,1:RegWtaddr=rd

//EX

output reg ALUSrcASel,//0:RegRdoutl,l:ShamtZeroExtended
output reg [1:0] ALUSrcBSel, //0:RegRdout2,1:IMMSignExtended,2:IMMZeroExtended
output reg [4:0] ALUControl,

//MEM

output reg DMemRead,//l1:En

output reg DMemWrite,//l:En

//WB

output reg DMemtoReg,//0:Aluout, l:DMemout

output reg RegWrite//l:En

)i

reg [1:0] tmpsrc;
always @ (*)

begin

if(rst)

begin

{{PCSrc},{RegDst},{ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg

} ,{RegWrite}}={{6'b00 0 O 00},{ A NOP},{4"'b0001}};
end
else
case (Op)
6'p000000: //R-Type

case (Funct)
//SLL M rs rt rd shamt 4= 0 BJ& nop, 4K nop ¥ XM
6'b000000: //SLL, ¥R Alu_a KH Shamt L5 E, B ALUSrcASel=1, FHEFFHE

{{PCSrc},{RegDst}, {ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg

},{RegWirite}}={{6'b00 1 1 00},{ A SLL},{4'b0001}};
//6'b000001: //MOVCI
6'b000010: //SRL

{{PCSrc},{RegDst}, {ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg
},{RegWrite}}={{6'Hb00 1 1 00},{ A SRL},{4'b0001}};
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6'b000011: //SRA

{{PCSrc},{RegDst},{ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg

},{RegWrite}}={{6'b00 1 1 00},{ A SRA},{4'b0001}};
6'b000100: //SLLV, V£ Alu a KH reglrs], Bl ALUSrcASel=0, TFHMHAFHE

{{PCSrc},{RegDhst},{ALUSrcASel},{ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg
},{RegWrite}}={{6'Hb00 1 0 00},{ A SLL},{4'b0001}};

//6'b000101: //*

6'b000110: //SRLV

{{PCSrc},{RegDst},{ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg
},{RegWrite}}={{6"'b00 1 O Qﬁ},{‘A_SRL},{é'b”U“l}};
6'b000111: //SRAV

{{PCSrc},{RegDst},{ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg
001}};

},{RegWrite}}={{6'b00 1 0 00},{ A SRA},{4'D

//JR

{{PCSrc},{RegDst},{ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg
z0}}s

} ,{RegWrite}}={{6'bll 2z z zz},{ A NOP},{4'b
//6'b001001: //JALR

6'0001010: //MOVZ, WME reg[rs]=0 M| reg[rd]=reg[rt], Ll RsCMPZero=01, fTLk
RegWrite=RsCMPZero[0]

{{PCSrc},{RegDst},{ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg
} ,{RegWrite}}={{6'b00 1 0 00},{ A MOV},{3'b000},{RsCMPZero[0]}};

6'b001011: //MOVN, W reglrs]!=0 W reg[rdl=reglrt], BbF RsCMPZero=00 8¢ 10,
TP RegWrite=~RsCMPZero[0]

{{PCSrc},{RegDst},{ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg

} ,{RegWrite}}={{6'b00 1 0 00},{ A MOV},{3'b000}, {~RsCMPZero[0]}};

6'b100

//ADD

{{PCSrc},{RegDst}, {ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite},b {DMemtoReg
},{RegWrite}}={{6'Hb00 1 0 00},{ A ADD},{4'b0001}};
6'b100001: //ADDU

{{PCSrc},{RegDst},{ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg
} ,{RegWrite}}={{6'b00 1 0 00},{ A ADDU},{4'b0001}};

6'b100010: //SUB

{{PCSrc},{RegDst}, {ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg
},{RegWrite}}={{6'Hb00 1 0 00},{ A SUB},{4'b0001}};
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//SUBU

{{PCSrc},{RegDst},{ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg
},{RegWrite}}={{ },{ A _SUB},{ }}i
//AND

{{PCSrc},{RegDhst},{ALUSrcASel},{ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg
},{RegWrite}}={{ },{ A _AND},{ }}i
//OR

{{PCSrc},{RegDst},{ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg

},{RegWrite}}={{ },{ A OR},{ Y}
//XOR

{{PCSrc},{RegDst},{ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg

},{RegWrite}}={{ },{ A _XOR},{ }}i
/ /NOR

{{PCSrc},{RegDhst},{ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg
},{Reglirite}}={{ },{ A_NOR},{ |3

//SLT

{{PCSrc},{RegDst},{ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg

},{RegWrite}}={{ },{ A _SLT},{ |
//SLTU

{{PCSrc},{RegDst},{ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg
},{Reglirite}}={{ },{ A_SLTU},{ I

endcase

case (Rt)
//BLTZ,Reqg[rs]<0 NBki
begin
if (RsCMPZero == "LESS) tmpsrc = ; else tmpsrc = ;

{{PCSrc},{RegDst}, {ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite},b {DMemtoReg
},{RegWrite}}={{tmpsrc}, { },{ A _NOP},{ b}
end
//BGEZ, Req [rs]>=0 NMIHki%
begin
if (RsCMPZero == "GREATER || RsCMPZero == "EQUAL) tmpsrc = ; else tmpsrc

{{PCSrc},{RegDst}, {ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg
},{Reglirite}}={{tmpsrc}, { },{ A_NOP},{ b}
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end

endcase

6'b000010: //J3, TLkAEBEEE

{{PCSrc},{RegDhst},{ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg

},{RegWrite}}={{6'010 2z 2 zz},{ A NOP},{4'b0020}};
//6'b000011: //JAL
6'b000100: //BEQ,Reg[rs]==Reg[rt] MEk#s, RsCMPRt=01 (==) , ] PCSrc=01, &M PCSrc=00 (A

B )

{{PCSrc},{RegDst},{ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg
},{Reglirite}}={{{1'b0},{RsCMPRt[0]1}},{4'bz =z zz},{ A NOP},{4'b0020}};

6'b000101: //BNE,Reglrs]!=Reqg[rt] k¥, RsCMPRt=00 (<) 8 10 (>), Il PCSrc=01, HMI
PCSrc=00 (A Bk#%)

{{PCSrc},{RegDst},{ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg
} ,{RegWrite}}={{{1'b0},{~RsCMPRt[0]}},{4'bz 2z =zz},{ A NOP},{4'0b00z0}};
6'0000110: //BLEZ,Reqg[rs]<=0 MIBEH
begin
if (RsCMPZero == "LESS || RsCMPZero == "EQUAL) tmpsrc = 2'b01; else tmpsrc =2'b00;

{{PCSrc},{RegDst},{ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg
} ,{RegWrite}}={{tmpsrc},{4'bz 2z zz},{ A NOP},{4'b00z0}};
end
6'b000111: //BGTZ,Reqg[rs]>0 MIHkEE
begin
if (RsCMPZero == "GREATER) tmpsrc = 2'b0l; else tmpsrc = 2'b00;

{{PCSrc},{RegDst},{ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite},b {DMemtoReg
} ,{RegWrite}}={{tmpsrc},{4'bz z zz},{ A NOP},{4'b00z0}};
end

6'b001000: //ADDI,V & RegDst=0,AluBSrcSel=01 (IMMSignExtended), FH="[E

{{PCSrc},{RegDst},{ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg

} ,{RegWrite}}={{6'b00 0 O O1},{ A ADD},{4"'b0001}};

6'b001001: //ADDIU

{{PCSrc},{RegDst},{ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg
},{RegWrite}}={{6'Hb00 0 0 01},{ A ADDU},{4'b0001}};
6'b001010: //SLTI

{{PCSrc},{RegDst}, {ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg

},{RegWrite}}={{6'b00 0 0 01},{ A SLT},{4'H0001}};
6'001011: //SLTIU
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{{PCSrc},{RegDst},{ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg
},{RegWrite}}={{6'Hb00 0 0 01},{ A SLTU},{4'b0001}};

6'b001100: //ANDI,VER RegDst=0,AluBSrcSel=10 (IMMZeroExtended), NIM=" [F#

{{PCSrc},{RegDst},{ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg
}, {RegWrite}}={{6"'b00 O O lﬁ},{‘A_AND},{é'b”U“l}};
6'b001101: //ORI

{{PCSrc},{RegDhst},{ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg
},{RegWrite}}={{6'b00 0 0 10},{ A OR},{4'b0001}};

6'b001110: //XORI
{{PCSrc},{RegDst},{ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg
},{RegWrite}}={{6'b00 0 0 10},{ A XOR},{4'b0001}};

6'b001111: //LUI

{{PCSrc},{RegDst},{ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg
},{RegWrite}}={{6'b00 0 0 10},{ A LUIL},{4'b0001}};

6'b100011: //LW,JEE RegDst=0 (5%

Reg[rt]),AluBSrcSel=01 (IMMSignExtended), DMemtoReg=1 (3] DMem) ,

{{PCSrc},{RegDst},{ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite}, {DMemtoReg
} ,{RegWrite}}={{6'b00 0 O O1},{ A ADD},{4'b1011}};

6'b101011: //SW,V & RegDst=x (5 Reqg) ,AluBSrcSel=01 (IMMSignExtended)

{{PCSrc},{RegDst},{ALUSrcASel}, {ALUSrcBSel}, {ALUControl}, {DMemRead}, {DMemWrite},b {DMemtoReg

} ,{RegWrite}}={{6'b00 =z O O1},{ A ADD},{4"'b012z0}};
default: ;
endcase
end
endmodule
debounce.v

module debounce (// 23]
input clk,
input in,

output reg out=0

);

reg [31:0] cnt=0;
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always@ (posedge clk)

begin
if (in'=out)
begin
cnt=cnt+1;
if (cnt==1I
begin
out=~out;
cnt=0;
end
end

else cnt=0;

end
endmodule

seg.v

module seg(
input clk,
input rst n,
input [31:0] data32,
output reg [3:0] sel,
output reg [6:0] segments
);
integer clk 25=0;//4 SIS E G ox H
integer clk 50000000=0;//2hz, #z)imxH]
reg [1:0] cnt;
reg [3:0] cnt2;
reg [15:0] datal6;//data32 [fJ 16bit
reg [3:0] data4;//datal6 [fJ 4bit
reg [3:0] empty;//%HNL
always@ (*) //HEEH, ZH-LEREE
begin
if('rst _n)
segments = 7'b000 0000;
else

case (datad)

0: segments = ~7'p011
1l: segments = ~7'p000
2: segments = ~7"D101
3: segments = ~7'0100
4: segments = ~7'"p110
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segments = ~ ://5

segments = ~ ;//6
segments = ~ i/
segments = ~ ://8
segments = ~ ://9
:segments = ~ ;//A
:segments = ~ ;//b
:segments = ~ ;//C
:segments = ~ ;//d
:segments = ~ ;//E
:segments = ~ ;//F
default: segments = ; // required
endcase

end

|
E:
=
&
™
—
il
dio
XA
&
w
—
alll3
Jn

always@ (posedge clk)//HfFiZ%
begin
//1if ('rst n)
//cnt = 2'b00;

//else
if (clk 25== )
begin
clk 25=0;
cnt = cnt + ;
end
else

clk 25=clk_25+1;

if (clk 50000000== )/ /
begin
clk 50000000=0;
cnt2=cnt2+1;
if (cnt2== ) cnt2= ;
end
else
clk 50000000=clk 50000000+1;

end

always@ (*) //HEEHE, EFLIERE

begin
case (cnt?2)
:begin datalé6={ ,data32[31: 1}; empty= ; end
:begin datalé6={ ,data32[31: 1}; empty= ; end
:begin datalé6=data32[31: 1; empty= ; end
:begin datalé6=data32[27: 1; empty= ; end
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:begin datalé6=data32[23:8]; empty=
:begin datalé6=data32[19:4]; empty=
:begin datalé6=data32[15:0]; empty=
:begin datalé6={data32[11:0],

:begin datalé={data32[7:0],
:begin datalé={data32[3:0],
empty= ; end
default:;
endcase

end

always@ (*) //HE1ZH, EF YR

begin
case (cnt)
:sel= | empty;
:sel= | empty;
:sel= | empty;
:sel= | empty;
default:sel= ;
endcase
end

always@ (*) / /G124, EE Y5 B B
begin
case (cnt)
:datad=datale6[3:0];
:datad=datale6[7:4];

; end

; end
; end
}; empty= ; end
}; empty= ; end
,data32[31:281};

:datad=datale[11:8];
:datad=datale6[15:12];
default:dataid= ;
endcase
end
endmodule
test.v

module test;
// Inputs
reg clk;
reg rst;
// Instantiate the Unit Under Test (UUT)
top uut (
.clk(clk),
.rst(rst),
)
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initial begin

// Initialize Inputs

clk = 1;
rst = 0;
#100;

rst = 1;

// Wait 100 ns for global reset to finish
#100;

clk=~clk;

#10;

clk=~clk;

rst = 0;

forever begin
#10;
clk=~clk;

end

// Add stimulus here

end

endmodule
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