THEHLA AR B S IO R &
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55 PB16020923




L6 H )

1. SEIL—Z I MIPS #8441 CPU, SZFFFE Iw. sw. R-type. addi- beq-
bgtz. j5F1E4

2. 1T MR AEBORRESINREF, Y1968 3, 3.

LI 5

ISE 14.7

LR ()

1. BT, EEA TR
a) alu Bh——RRIZHEH T
b) regfile Bih——2y {745 1
c) mux BEHUAT muxa BE——2 BN 4 B FEdE
d) 1P AR Mem BREER——7 T8 8 4 B A B
e) nextpclogic fE—— 5 T~ —/> PC
f) doff B——D filds, T2 & B A7
g) control #iHt——FSM #5 i regfile. IMem. DMem. nextpclogic 1 alu
h) top BEH——SLBILHT LR, EEENMES
2. alu B H case 1BA) KT 8 Al /ESAL,
3. regfile BRI G185, NTEES.

4, Mem Z[A2$i%, FEE, HHEIEE coe XUV, coe XHHIHNER 16
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BERISCAS,  H Mars Z 3 — MRS A A
5. nextpclogic I H & T nextPC A .
6+ dff B —> always 758 il & S0 AE BHZE A
7. control BLHL P SEH— N ARSI, =BaUseBl
(1) 5P ETHE, SO HADIRA, cstate<=nstate
(2) HAEEHEARE ZACRESNTE S7HF IS nstate
(3) IFeRFFENE, ARIEIKS nstate, EHFH&EGIET CHET D ETHE
EERD, TR EMHRESERNNAE, MEFHRERESE x, A
R REE 0,

FEHIE 50 h R
R S15 | SO S1 S2 S3 S4 S5 S6 S7 S8 S9 | S10 | S11
iRE Rst Start Instr MM MM | read MM | R-type | R-type | Beq | Addi | Addi | Jump
1E5 decode | addr | read | WB | write EXE WB EXE WB
LorD 0 0 X X 1 X 1 X X X X X X
MemRead 1 0 0 1 0 0 0 0 0 0 0 0
MemWrite 0 0 0 0 0 1 0 0 0 0 0 0
IRWrite 1 0 0 0 0 0 0 0 0 0 0 0
RegDst X X X X 0 X X 1 X X 0 X
MemtoReg X X X X 1 X X 0 X X 0 X
RegWrite 0 0 0 0 1 0 0 1 0 0 1 0
ALUSrcASel 0 0 1 X X X 1 X 1 1 X X
ALUSrcBSel 01 11 10 XX XX XX 00 XX 00 10 XX XX
ALUControl 001 001 001 | xxx | XXX | XxX @ XXX 010 | 001 | xxx | xxx
Branch 0 0 0 0 0 0 0 0 1 0 0 0
PCWrite 1 1 0 0 0 0 0 0 0 0 0 0 1
PCSrc 11©® | 00 XX XX XX XX XX XX XX 01 XX XX 10

VE: Orst IRZS T PCSre=11, FIH 4 MG HF2SHIR 4 1 8, B nextPC=0.
ORHE Funct B4R B ANF H) ALUControl
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REVLWT

lorD=0
AluSrcA=0
ALUSrcB=01
ALUOp =00
PCSrc=00
IRWrite

Reset
ALUSrcA=0
Op=J

ALUSrcB=11
ALUOp =00

PCSrc=10

PCWrite

PCWrite
Op=2aDDI
Op=1W Cp=Bid
or Op =R-type
Op=sw
ALUSrcA=1
ALUSrcA=1 ALUSrcA=1 ALUSrcB=00 ALUSrcA=1
ALUSrcB=10 ALUSrcB=00 ALUOp=01 ALUSrcB=10
ALUOp=00 ALUOp=10 PCSrc=01 ALUOp=00
Branch
Op=sw
Op=Lw
lorD =1 RegDst=1 RegDst=0
Mem\v’\;rile MemtoReg =0 MemtoReg=0
RegWrite RegWrite
RegDst=0
MemtoReg=1
RegWrite

8. top BRI HAB AR, HEEEIMMET.
9. bgtz HISLI: bgtz & hFE4 CGELIHA 1a A1 1), A& MIPS 18 S ETES,

G RN AT AL, OV LR TR ST
KRBT =682

slt $t6, Szero, Stl # 1if S$tl > 0, that $t6 = 1, else $St6 =0

addi $t7,S$Szero, |
beq $t6,$t7, loop # jump if S$t6

# set $t7 =1
= 1, that is to say, $tl > 0

SEH

| bgtz $tl, loop # repeat if not finished yet.
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10, ram fRER ) IR1E

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

xilinx.com:ip:blk_mem_gen:7.3

-

xilinx.com:ip:blk_mem_gen:7.3

IP Symbol B %
or Block Memory
logiCFE
Generator
Memory Type ISingIe Port RAM
Clocking Options
Common Clock
Addressing Options
|| Enable 32-bit Address
ADDRA[3:0] DOUTA[150] ECC Options
DINAIS) ECC Type No ECC -
Use Error Injection Pins | Single Bit Error Injection -
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.

=== S NS S

N 32, REN 256

TP Symbol 8 X
imr Block Memory
logiC [ FF
Generator
Port A Options
Memory Size
Write Width 32 Range: 1..4608 Read Width: (32 ~

ADDRA[T:0]
DINA[31-0]

DOUTA[31:0]

Write Depth 256

Operating Mode
(@) Write First
(7) Read First

") No Change

Range: 2..9011200 Read Depth: 256

Enable
@ Always Enabled
(7) Use ENA Pin

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

Memory Initialization

Load Init File

Coe File ,AdminstratorDesktop\mult-cycle cpu 20180508 v0.4\cpu\Mem_init.coe l Browse ] [ Show ]
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Horp coe LHNE N (Text XN 0-63, Data BN 64-255)

MEMORY INITIALIZATION RADIX=16;
MEMORY INITIALIZATION VECTOR=
20080100
20040150
8dad0000
200b0154
8d6b0000
200c0154
8d8c0004
ad0b0000
ad0c0004
2la9fffe
8d0b0000
8d0c0004
016c5020
ad0a0008
21080004
2129ffff
0009702a
200£0001
11cffff7
08000013
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
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00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000014
00000003
00000003

7125




11, SEREREHE I %

D
D
712 |
1]

ol |
|

LU

., Op
IRWrite §|5'D|

- o

Jump | “:
Instruction [25-0] address [31-0] ) x
e
L, -
Fe 2.,| Instruction Read —
u || Address [25-21) register 1
X .
- 1 Memory '"5[‘;3?'%'] iz?sdlerz d;ga;i _.
MemData Instruction ngleg'slers -—| ALUOu}
115-0)[ Instruction register dggazd | B 0
— | g!t';e Instruction | L [15-11] Write L 4|1 M
register data 2 5
Instruction 0 3
[15-0] M
u
Memory 1
data 6 [ sign |32 .
register " extend @ p—
Instruction [5-0]
12 srirdh
.data
fibs: .word 0 20 # "array" of 20 words to contain fib values
size: .word 20 # size of "array"
temp: .word 3 3
.text
la $t0, fibs # load address of array
la $t5, size # load address of size variable
1w $t5, 0($tH) # load array size
la $t3, temp # load
1w  S$t3, 0(S$t3)
la St4, temp
1w Std, 4(St4)
sw  $t3, 0($t0) # F[0] = $t3
sw S$td, 4($t0) # F[1] = $t4
addi $tl, $t5, # Counter for loop, will execute (size-2) times
loop: 1w $t3, 0(s$t0) # Get value from array F[n]
1w Std4, 4(St0) # Get value from array F[n+1]
add $t2, $t3, # $t2 = F[n] + Fln+1]
sw $t2, 8($t0) # Store F[n+2] = F[n] + F[n+l1l] in array
addi $t0, $toO, # increment address of Fib. number source
addi $t1, st1, # decrement loop counter
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slt $t6,S$zero, Stl # 1if $tl1 > 0, that $t6 = 1, else $t6 =0

addi $t7, Szero, # set S$t7 =1
beq $t6,5t7, loop # jump if $t6 = 1, that is to say, S$Stl > 0
out:
j out

SEAIC AR N b, R RIRR e o 1) A B BCE A B il (St0) AR/
($t5, TEIRIRED, EHIEE N f[0]=3, f[1]=3, ARG EIF 18 IR, $AT flil=fli-1]+f[i-2]
THRAEBIR RE S

W CPU %5 1EHH, Mem [0-19] (T Data M Text £E[F—1> Ram, #SEPr b
JETE 64-83) WA Z 3. 3. 6. 94 15, 24, 39, 63, 102, 165. 267. 432, 699.
1131, 1830. 2961. 4791. 7752. 12543. 20295

Reg WA K A2
$t0: fix 5 — IKIEM JG Hi 4l H ik ——256+4*18=328
Stl: FLRMEIAIRE—o0
$t2: FJo— RIS R——20295
$t3: ¢ — IR RE 1——7752
St4: HJm —IRIWTHRE 2——12543
St5: HH K/h——-20
$t6: fixJa —IRABEE—o0

St7: 1
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ISR

B4R,
i B15 Mem F1 reg ZidE N

Mem

0 1 2 3
0x0 537395456 537723218 23765925184 537592148
Ox4 2372599808 237657684 23747682300 2903179264
Ox8 2303244804 264789248 2366308352 2366373892

OxC 23875616 2903113736 554172420 556400639
0x10 &18538 537853953 298844151 134217747
0x14 0o ] ] o
0x18 o ] ] a
0x1C o ] ] ]
0x20 o ] ] ]
0x24 0 ] ] i
0x28 0 ] ] 0
0x2C 0o ] ] 0
0x30 0o ] a o
0x34 ¢ ] ] ]
0x38 0 ] ] ]
0x3C o ] ] ]
0x40 3 3 a |
Ox44 153 24 39 63
0x48 102 165 267 432
0x4C s39 1131 1830 2961
0x30 4791 7752 12543 20295
0x54 20 3 3 o
0x38 0 ] ] i
0x53C 0 i ] 0
0x60 o ] a o
0Ox64 0 ] ] o
0x68 0 ] ] ]
Ox6C 0o ] ] ]
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Regfile

0 1 2 3
0x0 0o il i i
Oxd4 n i] 0 0
Ox8 328 0 20295 7752
OxC 12543 20 0 1
0x10 o a 0 0
0x14 o ] 0 i
0x18 o a 0 0
0x1C o ] 0 0
0x20 ¢ a ] 0
0x24 0 0 0 0
0x28 0o a0 ] ]
0x2C 0 ] ] ]
0x30 0 i i 0
0x34 o i 0 ]
0x38 0o 1] i 0
0x3C 0o i] 0 0

B 3%

= ImEIAEE S| A — L
1. WURAIHHEE RS, A TEWELES, W
{{RegDst},{ALUSIc},{MemtoReg},{RegWrite},{MemWrite},{Branch},{ALUOp[1:0]},
{Jump}}=9'b100100100;
MR, AW, B RAIPHEIRE, XS —ITRKT, MASE
B -
2, "=="2 UK ULECAE — L, ELll module N 5 LT LR (—ANEE, —A
input), {HAMNTAE NI 3 60, b AR IF G x, B8 “==" ARGL,
XA AN R I T L
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3. MiEBREME, ZRERXMETAAELLE, BFERIHEHE T, A ise
o A R

4. RIUNE Mars (] memory configuration BB AERIA, 415 5 A B
T FIATA la (B A ZAAERRIRAE — A 32 ArHbhib) #BHEAELL B A) i F1 oris
memory configuration % & text at address 0 M4 % )5 5 HACHD L A PG la 1
BN —H]) addi. FRIEAFRIZ text bk O FFAGITE, QIR text HAHE, Ho
HEAE 0 oA 16 £, A la RFELSK 16 AIRERT 7, wlar LB
addi BBl (addi F84 K 16 A ASEIED . a2 54T 5216 32 A7 A8 addi w6
RENTI T, XIHMETRE lui 4575 16 AME, 1K 16 A2 ori Cori ) rs HXS0, YEH
FA addi —F£),

5. f£ top HLHJ wire {55, WAL control Btk (BILMAEL) 4TI,
TBLIXAME S A RE ELIEAE top T, ZE307 HALE BURAA, A48 control HLIK
X AME S HMER, 228 AN E -

6. 1F clk L F<=X 555 (U state) HEATIRAERT, 4R AR 2075 Exi% (5
TREAT AW CWPRASHL, ARYDIRA LTS BN REERAE ), AT A5 = BB /& A Ik
DR HT IR o CIERE ZE AR 1R PR A4 )
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T BHEACHY

top.v

module top ( //TijZHikk
input clk,

input rst n,

)

wire ALUSrcASel;

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

[1:0] ALUSrcBSel;
[ ] ALUSrcA;

[ ] ALUSrcB;

[2:0] ALUControl;

[ ] ALUResult;

[ ] ALUResult DFF; //Jli_DFF F/RXN D filk 28, T

[31:0] SignExtented;

[ ] RegRdaddrl;

[ ] RegRdoutl;

[ ] RegRdoutl DFF;
[ ] RegRdaddr?2;

[ ] RegRdout2;

[ 1 RegRdout2 DFF;
[ ] RegWdaddr;

[ ] RegWdin;
RegWrite;

RegDst;

Memaddr src; //iXZ&iHHHREVAFHbE

[ 1

[ 1 Memaddr; //XJEiHEHRIVIEIEAR 7 PI4AL, JE R I
[ 1

[

Memout;

] Memin;
MemRead;
MemWrite;
MemtoReg;
[31:0] Instr;
[31:0] Data;
[31:0] PC;
[31:0] nextPC;
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wire PCEn;
wire PCWrite;
wire LorD;

wire IRWrite;

wire [5:0] Funct;
wire [15:0] IMM16;
wire [4:0] Rd;
wire [4:0] Rt;
wire [4:0] Rs;

wire [5:0] Op;

wire [25:0] JumpIMM;

wire [1:0] PCSrc;

wire Branch;

/ /U EAG SRR E B a4, ROURBIE, A2 MR T

// m————=—PC==========—————m—o———ee

nextpclogic nextpclogic (PC,PCWrite,PCSrc,JumpIMM,Branch,Zero,ALUResult,
ALUResult DFF,nextPC,PCEn);
dff DFFPC(~clk,nextPC,PC,PCEn);

mux MUXPCALUout (LorD,PC,ALUResult DFF,Memaddr src);

// =======Memor y========================
assign Memaddr = Memaddr src >> 2;
//>>2 FEFIX E Mem 2N 4 25, ASEhR B (bl —51) A —FF

Mem Mem(clk,MemWrite,Memaddr,Memin,Memout) ;

dff DFFInstr(~clk,Memout,Instr,IRWrite);
dff DFFData(~clk,Memout,Data,l'bl);

assign JumpIMM = Instr[25:0];
assign Funct = Instr[5:0];
assign IMMl6 = Instr[15:0];
assign Rd = Instr[15:11];
Instr[20:16];

assign Rt

assign Rs = Instr[25:21];

assign Op = Instr[31:26];

assign Memin = RegRdout2 DFF;
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// =======Regfille========================

assign RegRdaddrl = Rs;

assign RegRdaddr?2 Rt;

mux #(6) MUXRegWdaddr (RegDst, { SRt} { ,Rd},RegWdaddr) ;

mux MUXMemtoReg (MemtoReg,ALUResult DFF,Data,RegWdin);

regfile regfile(clk,rst n,RegRdaddrl,RegRdoutl,RegRdaddr2,
RegRdout2,RegWdaddr,RegWdin,RegWrite) ;

dff DFFRegRdoutl (~clk,RegRdoutl,RegRdoutl DFF, )

dff DFFRegRdout2 (~clk,RegRdout2,RegRdout2 DFF, )

// =========AlJ==========================

assign SignExtented = {{16{IMM16[15]1}},IMM16};

mux MUXALUSrcA(ALUSrcASel,PC,RegRdoutl DFF,ALUSrcA);

mux4 MUXALUSrcB(ALUSrcBSel,RegRdout2 DFF,4,SignExtented,
SignExtented << 2 ,ALUSrcB) ;

alu alu(ALUSrcA,ALUSrcB, { , {ALUControl}},ALUResult,Zero,Sign) ;
dff DFFALUResult (~clk,ALUResult,ALUResult DFF, ) ;
// =======Control========================

control control(clk,rst n,Op,Funct,LorD,MemRead,MemWrite, IRWrite,RegDst,MemtoReq,
RegWrite,ALUSrcASel ,ALUSrcBSel,ALUControl,Branch,PCWrite,PCSrc,tcstate);

endmodule

alu.v
parameter A NOP = ; //nop
parameter A ADD = ; //sign_add
parameter A SUB = ; //sign_sub
parameter A AND = ; //and
parameter A OR = i //or
parameter A XOR = ; //xor
parameter A NOR = ; //nor
parameter A SLT = 7 //slt

module alu(
input [31:0] alu_ a,
input [31:0] alu b,
input [4:0] alu op,
output reg [31:0] alu out,
output zero
);
assign zero = (alu out == )?21:0;
alwaysQ@ (*)

case (alu_op)
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A NOP: alu out = 0;

A ADD: alu out = alu a + alu Db;

A SUB: alu out = alu a - alu Db;

A AND: alu out = alu a & alu Db;

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 SLT: //if 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

[/ ESIED, SRR NT RN 5 R
else alu out = (alu_ al31] < alu b[31]) ?
/1A R
end
default: ;
endcase
endmodule

32'b0 : 32'bl;

regfile.v

module regfile( / /% AFa8 M
input clk,
input rst n,
input [5:0] rAddrl,//#cHihl 1
output [31:0] rDoutl,//B%dE 1
input [5:0] rAddr2,//iEdihl 2
output [31:0] rDout2,//i%dE 2
input [5:0] wAddr,//5SHiht
input [21:0] wDin,//S% s
input wEna//5ffifE

reg [31:0] data [0:63];
integer 1i;
assign rDoutl=data[rAddrl];//iZ 1
assign rDout2=datal[rAddr2];//iL 2
always@ (posedge clk or negedge rst n)//HHEALL
if (~rst_n)
begin
for(i=0; i<64; i=i+l) datal[il<=0;
end
else
begin
if (wEna)
data[wAddr]<=wDin;
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end
endmodule

nextpclogic.v

module nextpclogic( //4W F—1 pC
input [31:0] PC,
input PCWrite,
input [1:0] PCSrc,
input [25:0] JumpIMM,
input Branch,

input Zero,

input [31:0] ALUResult,
input [31:0] ALUResult DFF,
output [31:0] nextPC,

output PCEn
);

wire [31:0] ShiftLeft2;

wire [31:0] PCJump;

wire tmp;

assign ShiftLeft2 = JumpIMM << 2;

assign PCJump = {{PC[31:281},{{ ,JumpIMM}<<2}};

mux4 MUXPC(PCSrc,ALUResult,ALUResult DFF,PCJump,0,nextPC);
and (tmp,Branch, Zero) ;

or (PCEn, tmp, PCWrite) ;

endmodule
dffv
module dff #(parameter WIDTH = ) ( //Data Flip-Flop
input clk,
input [WIDTH-1:0] datain,
output reg [WIDTH-1:0] dataout,
input en

)i
always@ (posedge clk)
begin
if (en)
dataout <= datain;
end
endmodule
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mux.v

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

input sel,

input [WIDTH-1:0] dO,

input [WIDTH-1:0] di1,

output [WIDTH-1:0] out

)i

assign out = (sel == ? dl : do);
endmodule

mux4.v

module mux4 #(parameter WIDTH = Y ( //4 Bk PEEE

input [1:0] sel,

input [WIDTH-1:0] doO,

input [WIDTH-1:0] di1,

input [WIDTH-1:0] d2,

input [WIDTH-1:0] d3,

output reg [WIDTH-1:0] out

);
always@ (*)

case(sel)

out=do;
out=dl;
out=dz;
out=d3;
default:;
endcase
endmodule

control.v

module control ( //#EMil#EEL, 155 [
input clk,rst n,
input [5:0] Op, //instr[31:26]
input [5:0] Funct,//instr[5:0]
output reg LorD,
output reg MemRead,
output reg MemWrite,
output reg IRWrite,
output reg RegDst,
output reg MemtoReg,

output reg ReglWrite,
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output reg ALUSrcASel,
output reg [1:0] ALUSrcBSel,
output reg [2:0] ALUControl,
output reg Branch,

output reg PCWrite,

output reg [1:0] PCSrc,
output [3:0] tcstate

);

reg [3:0] cstate;

reg [3:0] nstate;

assign tcstate=cstate;
always @ (posedge clk or negedge rst_n)//,tjfﬁﬁﬁ§§WV§
if (~rst_n) cstate <= 4'dl15;//reset K&

else cstate <= nstate;

always Q(*)//iFH KA
case(cstate)
4'd15://reset
nstate = 4'd0;
4'd0://fetch
nstate = 4'dl;
4'dl://decode
case (Op)

(o))

nstate = 4'd6;//R type

nstate = 4'd2;//1lw

(o))

(o))

nstate = 4'd2;//sw

nstate = 4'd8;//beq

(o))

(o))

nstate = 4'd9;//jump
nstate = 4'd10;//addi

endcase
4'd2: //memaddr
case (Op)
6'b100011: nstate = 4'd3;//1w
6'b101011: nstate = 4'd5;//sw
endcase
4'd3: //memread
nstate = 4'd4;
4'd4: //memwriteback
nstate = 4'd0;
4'd5: //memwrite
nstate = 4'd0;
4'd6: //execute
nstate = 4'd7/;
4'd7: //aluwriteback

nstate = 4'd0;
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4'd8: //branch
nstate = 4'd0;

4'd9: //jump
nstate = 4'd0;

4'd10:

4'dl1l:
nstate = 4'd0;

endcase

55 R BALRTH)

begin
if (~rst_n)
begin
LorD = 1'b0;
PCWrite = 1'bl;
end
else
case (nstate)
4'd0://fetch

//addi execute
nstate = 4'dl1l;
//addi writeback

//ARYE T RS ESEEHIE S CAMEAE R SOFEER, AMERRERESE <, AMEAMEREE 0
/ /X R EIRAE TR E S, BESRAAE T AW CETHE JBEM (B2 REX AT R A ER R IR

always Q(negedge clk or negedge rst n)// NFFEIEI, R, HHLES

PCSrc = 2'bll; //nextPC=0; FIfH 4 BRIEEEMF 4 1 B

begin
LorD = 1'b0; //-—--—- Memaddr: PC
MemRead = 1'bl; //-—-———- enable Mem read
MemWrite = 1'b0;
IRWrite = 1'bl; //-————- enable save Instr
RegDst = 1'bx;
MemtoReg = 1'bx;
RegWrite = 1'b0;
ALUSrcASel = 1'b0; //-————- srcA: PC
ALUSrcBSel = 2'b01; //-—---- srcB: 4
ALUControl = 3'b001; //-—===- ALU's func: add
Branch = 1'b0;
PCWrite = 1'bl; //--———-—- enable update PC
PCSrc = 2'b00; //-——-——- select nextPC=PC+4

end

4'dl://decode

begin
LorD = 1'bx;
MemRead = 1'b0;

MemWrite = 1'b0;
IRWrite = 1'b0;
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RegDst = 1'"bx;
MemtoReg =
RegWrite =
ALUSrcASel =
ALUSrcBSel = 2'bll;
ALUControl = 3

Branch = 1'b0;

PCWrite =
PCSrc =
end
4'd2: //memaddr
begin
LorD = 1'bx;

MemRead = 1'b0;

MemWrite = 1
IRWrite = 1'b0;
RegDst = 1'"bx;

MemtoReg =

RegWrite = 1
ALUSrcASel = 1
ALUSrcBSel =
ALUControl = 3
1'b0;
1'b0;

1; /)= SrcA:

Branch =
PCWrite =
PCSrc = 2'bxx;
end
4'd3: //memread
begin
LorD = 1'bl;
MemRead =
MemWrite = 1'b0;
IRWrite =
RegDst = 1'"bx;
MemtoReg =

RegWrite =
ALUSrcASel =
ALUSrcBSel =
ALUControl =
1'b0;

1'b0;

Branch =
PCWrite =
PCSrc =

2'bxx;
end
4'd4: //memwriteback
begin
LorD = 1'bx;

1'b0;

MemRead =

21/25

/) ====== ALU'

/) —-————- srcB:
/) —-————- ALU's func:

PC
SignExtended<<2

s func: add

RegRdoutl DFF
SignExtended
add

J/—————- Memaddr: ALUResult DFF

[/—————- enable Mem read




MemWrite = 1'b0;
IRWrite = 1'b0;

RegDst = 1'b0; //-—-—-—-—- RegWdaddr: Rt
MemtoReg = 1'bl; //—————- RegWdin: Memout
RegWrite = 1'bl; //--——-—- enable Reg write

ALUSrcASel = 1'bx;
ALUSrcBSel = 2'bxx;
ALUControl = 3'bxxx;
Branch = 1'b0;
PCWrite = 1'b0;
PCSrc = 2'bxx;

end

4'd5: //memwrite

begin
LorD = 1'bl; //-—=--- Memaddr: ALUResult DFF
MemRead = 1'b0;
MemWrite = 1'bl; //-—-———- enable Mem write

IRWrite = 1'b0;
RegDst = 1'"bx;
1'bx;
RegWrite = 1'b0;
ALUSrcASel = 1'bx;

MemtoReg

ALUSrcBSel = 2'bxx;
ALUControl = 3'bxxx;
Branch = 1'b0;
PCWrite = 1'b0;

PCSrc = 2 'bxx;
end

4'de: //R type execute

begin
LorD = 1'bx;
MemRead = 1'b0;
MemWrite = 1'b0;
IRWrite = 1'b0;
RegDst = 1'bx;

MemtoReg = 1'bx;
RegWrite = 1'b0;

ALUSrcASel = 1'bl; //-—==-- srcA: RegRdoutl DFF

ALUSrcBSel = 2'b00; //-----= srcB: RegRdout2 DFF

case (Funct) //----——- ALU's func: decided by 'Funct'
6'p100000: ALUControl = 5'h01;//add

J1

(o))

"H100010: ALUControl = 5'h02;//sub
"H100100: ALUControl = 5'h03;//and
'b100101: ALUControl = 5'h04;//or

'b100110: ALUControl = 5'h05;//xor
'b100111: ALUControl = 5'h06;//nor

J1

(o))

J1

(o))
J1

(&)}

J1

(&)}
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6'b101010: ALUControl = 5'h07;//slt
endcase
Branch = 1'b0;
PCWrite = 1'b0;
PCSrc = 2 'bxx;
end
4'd7: //aluwriteback
begin
LorD = 1'bx;
MemRead = 1'b0;
MemWrite = 1'b0;
IRWrite = 1'b0;

RegDst = 1'bl; //-—-—-—-—- RegWdaddr: Rd
MemtoReg = 1'b0; //-——--- RegWdin: ALUResult DFF
RegWrite = 1'bl; //-————- enable Reg write

ALUSrcASel = 1'bx;
ALUSrcBSel = 2'bxx;
ALUControl = 3'bxxx;
Branch = 1'b0;

PCWrite = 1'b0;

PCSrc = 2 'bxx;

end

4'd8: //branch

begin
LorD = 1'"bx;
MemRead = 1'b0;
MemWrite = 1'b0;
IRWrite = 1'b0;
RegDst = 1'bx;
MemtoReg = 1'bx;
RegWrite = 1'b0;
ALUSrcASel = 1'bl; //-===-- srcA: RegRdoutl DFF
ALUSrcBSel = 2'b00; //-————- srcB: RegRdout2 DFF
ALUControl = 3'b010; //-—-———- ALU's func: sub
Branch = 1'bl; //-————- enable update PC if beqg
PCWrite = 1'b0;
PCSrc = 2'b01; //-===—- select nextPC = ALUResult DFF (PCBeq)

end

4'd9: //jump
begin

LorD = 1'"'bx;
MemRead = 1'b0;
MemWrite = 1'b0;
IRWrite = 1'b0;
RegDst = 1'"'bx;
MemtoReg = 1'bx;
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RegWrite = 1'b0;
ALUSrcASel =
ALUSrcBSel
ALUControl = 3'bxxx;

Branch = 1'b0;
PCWrite = 1'bl; //-—-—--—- enable update PC
PCSrc = 2'bl0; //-——-——- select nextPC = PCJump

4'd10: //addi execute
begin

LorD = 1'bx;
MemRead = 1'b0;
MemWrite = 1'b0;
IRWrite = 1'b0;
RegDst = 1'"bx;
MemtoReg = 1 'bx;

RegWrite = 1'b0;
ALUSrcASel = 1'bl; //-===== srcA: RegRdoutl DFF
ALUSrcBSel = 2'bl0; //-—-——-—- srcB: SignExtended

—————— ALU's func: add

|

J
o
o
=
~
S~
S~

ALUControl =
Branch = 1'b0;
PCWrite = 1'b0;
PCSrc = 2 'bxx;

end

4'dll: //addi regwriteback

begin
LorD = 1'bx;
MemRead = 1'b0;
MemWrite = 1'b0;

IRWrite = 1'b0;

RegDhst = 1'b0; //-————- RegWdaddr: Rt
MemtoReg = 1'b0; //-————- RegWdin: ALUResult DFF
RegWrite = 1'bl; //-————- enable Reg write

ALUSrcASel = 1'bx;
ALUSrcBSel = 2'bxx;
ALUControl = 3'bxxx;
Branch = 1"'b0;
PCWrite = 1'b0;
PCSrc = 2 'bxx;
end
endcase

end

endmodule
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test.v

module test;

// Inputs
reg clk;

reg rst n;

// Instantiate the Unit Under Test (UUT)
top uut (
.clk(clk),

.rst n(rst n),

initial begin
// Initialize Inputs
clk = 1;

//
rst n = 1;

#100;

//

rst n = 0;
// Wait 100 ns for global reset to finish
#100;
rst n = 1;
forever begin
#10;

clk=~clk;

end

// Add stimulus here

end

endmodule
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