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MemtoReg Register Write Data from ALU Register Write Data from data memory

Add
Instruction 25:21)  [Read .
Read register 1 e
address Read
Instruction [20:16] | Read _data 1

MemtoReg

register 2
nstruction |§ 5
(3101 M| |write  Read
Instruction | | nstructon (15:11)| U [] register  data 2
* =1

Write
data_Registers

AdoressRead |~

1
[
u
X
0

RegDsf

Instruction [15:0]

1 [sig

n-
extend
Instruction [5:0]
ALUOp

beq rs, rt, address

[ RegDst [ RegWrite [ ALUSrc [ PCSrc | MemRead | MemWrite | MemtoReg
beq | X [ 0 [ 0 [ 1 [ 0 [ 0 X




beq rs, rt, address

0
M
Add u
X
ALU
4 Add reguit 1
RegDst
Branch
| MemRead
Instruction [31-26] | MemtoReg
Control ALUO;
MemWrite
ALUSrc
RegWrite
]
Read Instruction [25-21] Read
ea °
PC > address register 1 Roaq
Instruction [20-16] Read datal
Instrlé(%tioon L 5 register 2 .
[31-01 M| | write ~ Read Address a0 (1
Instruction | | ||nstruction [15-11] :’ register data2 l\lﬂl
memory ||¢—— (] u
| Write 0
data Registers Dat
Write ata
data memory
Instruction [15-0] 16 Sign- 32
extend [
Instruction [5-0]

u]
o)
I
i
it




Control Signal 0 1

RegDst Write register address = rt Write register address = rd

RegWrite - Write register
AluSrc ALU Second Operand = Read data 2 ALU Second Operand = lower 16-bit of instruction
PCSrc PC=PC+4 PC=branch target

MemRead - Read data from memory

MemWrite - Write data into memory

MemtoReg Register Write Data from ALU Register Write Data from data memory

Add
RegWrite
= Instruction [25:21] [ Read
eal
Read register 1 goag
Instruction [20116] | Read _data 1
register 2
Instruction 1
! 0
131:0] M| | wri Read AddressRead | .1
Instruction | | instruction [15:11]| ¥ [7] register data 2 "
emory | gL ] X H
/.| wite 0
Reqbs|L9ata_ Registers Data
data 4
Instruction [15:0] 16 [sign-| 32

extend
Instruction [5:0]
ALUOp

MemRead

add rd, rs, rt

[ RegDst | RegWrite | ALUSrc [ PCSrc | MemRead | MemWrite | MemtoReg |
add |




Control Signal 0 1

RegDst Write register address = rt Write register address = rd

RegWrite - Write register
AluSrc ALU Second Operand = Read data 2 ALU Second Operand = lower 16-bit of instruction
PCSrc PC=PC+4 PC=branch target

MemRead - Read data from memory

MemWrite - Write data into memory

MemtoReg Register Write Data from ALU Register Write Data from data memory

Add
RegWrite
= Instruction [25:21] [ Read
eal
Read register 1 goag
Instruction [20116] | Read _data 1
register 2
Instruction 1
! 0
131:0] M| | wri Read AddressRead | .1
Instruction | | instruction [15:11]| ¥ [7] register data 2 "
emory | gL ] X H
/.| wite 0
Reqbs|L9ata_ Registers Data
data 4
Instruction [15:0] 16 [sign-| 32

extend
Instruction [5:0]
ALUOp

MemRead

add rd, rs, rt

[ RegDst [ RegWrite | ALUSrc | PCSrc | MemRead [ MemWrite [ MemtoReg |
add [T | | | | | l




Control Signal 0 1

RegDst Write register address = rt Write register address = rd

RegWrite - Write register
AluSrc ALU Second Operand = Read data 2 ALU Second Operand = lower 16-bit of instruction
PCSrc PC=PC+4 PC=branch target

MemRead - Read data from memory

MemWrite - Write data into memory

MemtoReg Register Write Data from ALU Register Write Data from data memory

Read
Address a0

1

[
u
x
0

Data

Add
RegWrite
— Instruction 2521 [Read
eal
Read register 1 goag
Instruction [20:16] | Read _data 1
register 2
Instruction 1
! 0
[31:0] m| | wi Read
Instruction | | nstruction [15:11]| Y [7| register data 2
emory | g LT L X
/.| wite
Reqnel| Ldata Registers
Instruction [15:0] 16 [sign-| 32

extend
Instruction [5:0]
ALUOp

data

MemRead

add rd, rs, rt

[ RegDst | RegWrite | ALUSrc [ PCSrc | MemRead | MemWrite | MemtoReg |

add | 1

1




Control Signal 0 1

RegDst Write register address = rt Write register address = rd

RegWrite - Write register
AluSrc ALU Second Operand = Read data 2 ALU Second Operand = lower 16-bit of instruction
PCSrc PC=PC+4 PC=branch target

MemRead - Read data from memory

MemWrite - Write data into memory

MemtoReg Register Write Data from ALU Register Write Data from data memory

Read
Address a0

1

[
u
x
0

Data

Add
RegWrite
— Instruction 2521 [Read
eal
Read register 1 goag
Instruction [20:16] | Read _data 1
register 2
Instruction 1
! 0
[31:0] m| | wi Read
Instruction | | nstruction [15:11]| Y [7| register data 2
emory | g LT L X
/.| wite
Reqnel| Ldata Registers
Instruction [15:0] 16 [sign-| 32

extend
Instruction [5:0]
ALUOp

data

MemRead

add rd, rs, rt

[ RegDst | RegWrite | ALUSrc [ PCSrc [ MemRead | MemWrite | MemtoReg |

add | 1

1 0




Control Signal 0 1

RegDst Write register address = rt Write register address = rd

RegWrite - Write register
AluSrc ALU Second Operand = Read data 2 ALU Second Operand = lower 16-bit of instruction
PCSrc PC=PC+4 PC=branch target

MemRead - Read data from memory

MemWrite - Write data into memory

MemtoReg Register Write Data from ALU Register Write Data from data memory

Add
RegWrite
— Instruction [25:21] _[Read
address register 1 geaq
Instruction [20:16] Read data 1
register 2
Instruction
101 [ Read
M| |wite  Read AddressRe2d | o1
Instruction | | nstruction p15:111| Y [7 register  data 2 )
emory | ¢ 10Uton (1517 x u
/| write 3
Reqbs|L9ata_ Registers Data
data 4
Instruction [15:0] 16 [sign.| 2
extend .
MemRead
Instruction [5:0]
ALUOp
add rd, rs, rt
[ RegDst | RegWrite | ALUSrc [ PCSrc | MemRead | MemWrite | MemtoReg |
add [ 1 1 0 | 0




Control Signal 0 1

RegDst Write register address = rt Write register address = rd

RegWrite - Write register
AluSrc ALU Second Operand = Read data 2 ALU Second Operand = lower 16-bit of instruction
PCSrc PC=PC+4 PC=branch target

MemRead - Read data from memory

MemWrite - Write data into memory

MemtoReg Register Write Data from ALU Register Write Data from data memory

Read
Address a0

1

[
u
x
0

Data

Add
RegWrite
— Instruction 2521 [Read
eal
Read register 1 goag
Instruction [20:16] | Read _data 1
register 2
Instruction 1
! 0
[31:0] m| | wi Read
Instruction | | nstruction [15:11]| Y [7| register data 2
emory | g LT L X
/.| wite
Reqnel| Ldata Registers
Instruction [15:0] 16 [sign-| 32

extend
Instruction [5:0]
ALUOp

data

MemRead

add rd, rs, rt

[ RegDst | RegWrite | ALUSrc [ PCSrc | MemRead | MemWrite | MemtoReg |

add | 1

T 0| o0

0




Control Signal 0 1

RegDst Write register address = rt Write register address = rd

RegWrite - Write register
AluSrc ALU Second Operand = Read data 2 ALU Second Operand = lower 16-bit of instruction
PCSrc PC=PC+4 PC=branch target

MemRead - Read data from memory

MemWrite - Write data into memory

MemtoReg Register Write Data from ALU Register Write Data from data memory

Read
Address a0

1

[
u
x
0

Data

Add
RegWrite
— Instruction 2521 [Read
eal
Read register 1 goag
Instruction [20:16] | Read _data 1
register 2
Instruction 1
! 0
[31:0] m| | wi Read
Instruction | | nstruction [15:11]| Y [7| register data 2
emory | g LT L X
/.| wite
Reqnel| Ldata Registers
Instruction [15:0] 16 [sign-| 32

extend
Instruction [5:0]
ALUOp

data

MemRead

add rd, rs, rt

[ RegDst [ RegWrite | ALUSrc [ PCSrc | MemRead | MemWrite | MemtoReg |

add | 1

T 0| _©

0 0




Control Signal 0 1

RegDst Write register address = rt Write register address = rd

RegWrite - Write register
AluSrc ALU Second Operand = Read data 2 ALU Second Operand = lower 16-bit of instruction
PCSrc PC=PC+4 PC=branch target

MemRead - Read data from memory

MemWrite - Write data into memory

MemtoReg Register Write Data from ALU Register Write Data from data memory

Read
Address a0

1

[
u
x
0

Data

Add
RegWrite
— Instruction 2521 [Read
eal
Read register 1 goag
Instruction [20:16] | Read _data 1
register 2
Instruction 1
! 0
[31:0] m| | wi Read
Instruction | | nstruction [15:11]| Y [7| register data 2
emory | g LT L X
/.| wite
Reqnel| Ldata Registers
Instruction [15:0] 16 [sign-| 32

extend
Instruction [5:0]
ALUOp

data

MemRead

add rd, rs, rt

[ RegDst [ RegWrite | ALUSrc [ PCSrc | MemRead | MemWrite | MemtoReg |

add | 1

T 0| _©

0 0 0




Control Signal 0 1

RegDst Write register address = rt Write register address = rd

RegWrite - Write register
AluSrc ALU Second Operand = Read data 2 ALU Second Operand = lower 16-bit of instruction
PCSrc PC=PC+4 PC=branch target

MemRead - Read data from memory

MemWrite - Write data into memory

MemtoReg Register Write Data from ALU Register Write Data from data memory

Add
RegWrite
= Instruction [25:21] [ Read
eal
Read register 1 goag
Instruction [20116] | Read _data 1
register 2
Instruction 1
! 0
131:0] M| | wri Read AddressRead | .1
Instruction | | instruction [15:11]| ¥ [7] register data 2 "
emory | gL ] X H
/.| wite 0
Reqbs|L9ata_ Registers Data
data 4
Instruction [15:0] 16 [sign-| 32

extend
Instruction [5:0]
ALUOp

MemRead

sub rd, rs, rt

[ RegDst [ RegWrite | ALUSrc | PCSrc | MemRead | MemWrite | MemtoReg |
sub |




Control Signal 0 1

RegDst Write register address = rt Write register address = rd

RegWrite - Write register
AluSrc ALU Second Operand = Read data 2 ALU Second Operand = lower 16-bit of instruction
PCSrc PC=PC+4 PC=branch target

MemRead - Read data from memory

MemWrite - Write data into memory

MemtoReg Register Write Data from ALU Register Write Data from data memory

Read
Address a0

1

[
u
x
0

Data

Add
RegWrite
— Instruction 2521 [Read
eal
Read register 1 goag
Instruction [20:16] | Read _data 1
register 2
Instruction 1
! 0
[31:0] m| | wi Read
Instruction | | nstruction [15:11]| Y [7| register data 2
emory | g LT L X
/.| wite
Reqnel| Ldata Registers
Instruction [15:0] 16 [sign-| 32

extend
Instruction [5:0]
ALUOp

data

MemRead

sub rd, rs, rt

[ RegDst | RegWrite | ALUSrc | PCSrc | MemRead [ MemWrite [ MemtoReg |

sub | 1




Control Signal 0 1

RegDst Write register address = rt Write register address = rd

RegWrite - Write register
AluSrc ALU Second Operand = Read data 2 ALU Second Operand = lower 16-bit of instruction
PCSrc PC=PC+4 PC=branch target

MemRead - Read data from memory

MemWrite - Write data into memory

MemtoReg Register Write Data from ALU Register Write Data from data memory

Read
Address a0

1

[
u
x
0

Data

Add
RegWrite
— Instruction 2521 [Read
eal
Read register 1 goag
Instruction [20:16] | Read _data 1
register 2
Instruction 1
! 0
[31:0] m| | wi Read
Instruction | | nstruction [15:11]| Y [7| register data 2
emory | g LT L X
/.| wite
Reqnel| Ldata Registers
Instruction [15:0] 16 [sign-| 32

extend
Instruction [5:0]
ALUOp

data

MemRead

sub rd, rs, rt

[ RegDst | RegWrite | ALUSrc [ PCSrc [ MemRead | MemWrite | MemtoReg |

sub | 1

1




Control Signal 0 1

RegDst Write register address = rt Write register address = rd

RegWrite - Write register
AluSrc ALU Second Operand = Read data 2 ALU Second Operand = lower 16-bit of instruction
PCSrc PC=PC+4 PC=branch target

MemRead - Read data from memory

MemWrite - Write data into memory

MemtoReg Register Write Data from ALU Register Write Data from data memory

Add
RegWrite
— Instruction [25:21] _[Read
address register 1 geaq
Instruction [20:16] Read data 1
register 2
Instruction
101 [ Read
M| | wri Read Address” (e (1
Instruction | | nstruction p15:111| Y [7 register  data 2 )
emory | ¢ 10Uton (1517 x u
/| write 3
Reqnel| Ldata Registers Data
data 4
Instruction [15:0] 16 [sign.| 2
extend .
MemRead
Instruction [5:0]
ALUOp
sub rd, rs, rt
[ RegDst | RegWrite | ALUSrc [ PCSrc [ MemRead | MemWrite | MemtoReg |
sub | 1 1 0




Control Signal 0 1

RegDst Write register address = rt Write register address = rd

RegWrite - Write register
AluSrc ALU Second Operand = Read data 2 ALU Second Operand = lower 16-bit of instruction
PCSrc PC=PC+4 PC=branch target

MemRead - Read data from memory

MemWrite - Write data into memory

MemtoReg Register Write Data from ALU Register Write Data from data memory

Read
Address a0

1

[
u
x
0

Data

Add
RegWrite
— Instruction 2521 [Read
eal
Read register 1 goag
Instruction [20:16] | Read _data 1
register 2
Instruction 1
! 0
[31:0] m| | wi Read
Instruction | | nstruction [15:11]| Y [7| register data 2
emory | g LT L X
/.| wite
Reqnel| Ldata Registers
Instruction [15:0] 16 [sign-| 32

extend
Instruction [5:0]
ALUOp

data

MemRead

sub rd, rs, rt

[ RegDst | RegWrite | ALUSrc [ PCSrc | MemRead | MemWrite [ MemtoReg |

sub | 1

T 0| _o©




Control Signal 0 1

RegDst Write register address = rt Write register address = rd

RegWrite - Write register
AluSrc ALU Second Operand = Read data 2 ALU Second Operand = lower 16-bit of instruction
PCSrc PC=PC+4 PC=branch target

MemRead - Read data from memory

MemWrite - Write data into memory

MemtoReg Register Write Data from ALU Register Write Data from data memory

Read
Address P40 -

1

[
u
x
0

Data

Add
RegWrite
— Instruction [25:21]  [Read
ea
Read register 1 ooy
Instruction [20:16] | Read _data 1
register 2
Instruction 1.5
131:0] 1 M| |wite  Read
Instruction | | nstruction [15:11]| Y [7| register data 2
emory | g LT L X
/.| write
Reqnst| L dala_Registers
Instruction [15:0] 16 [sign-| 32

extend
Instruction [5:0]
ALUOp

data

MemRead

sub rd, rs, rt

[ RegDst [ RegWrite | ALUSrc [ PCSrc | MemRead | MemWrite | MemtoReg |

sub | 1

T 0| _©

0




Control Signal 0 1

RegDst Write register address = rt Write register address = rd

RegWrite - Write register
AluSrc ALU Second Operand = Read data 2 ALU Second Operand = lower 16-bit of instruction
PCSrc PC=PC+4 PC=branch target

MemRead - Read data from memory

MemWrite - Write data into memory

MemtoReg Register Write Data from ALU Register Write Data from data memory

Read
Address P40 -

1

[
u
x
0

Data

Add
RegWrite
— Instruction [25:21]  [Read
ea
Read register 1 ooy
Instruction [20:16] | Read _data 1
register 2
Instruction 1.5
131:0] 1 M| |wite  Read
Instruction | | nstruction [15:11]| Y [7| register data 2
emory | g LT L X
/.| write
Reqnst| L dala_Registers
Instruction [15:0] 16 [sign-| 32

extend
Instruction [5:0]
ALUOp

data

MemRead

sub rd, rs, rt

[ RegDst | RegWrite | ALUSrc [ PCSrc | MemRead | MemWrite | MemtoReg |

sub | 1

T I

0 0




Control Signal 0 1

RegDst Write register address = rt Write register address = rd

RegWrite - Write register
AluSrc ALU Second Operand = Read data 2 ALU Second Operand = lower 16-bit of instruction
PCSrc PC=PC+4 PC=branch target

MemRead - Read data from memory

MemWrite - Write data into memory

MemtoReg Register Write Data from ALU Register Write Data from data memory

Read
Address a0

1

[
u
x
0

Data

Add
RegWrite
— Instruction 2521 [Read
eal
Read register 1 goag
Instruction [20:16] | Read _data 1
register 2
Instruction 1
! 0
[31:0] m| | wi Read
Instruction | | nstruction [15:11]| Y [7| register data 2
emory | g LT L X
/.| wite
Reqnel| Ldata Registers
Instruction [15:0] 16 [sign-| 32

extend
Instruction [5:0]
ALUOp

data

MemRead

sub rd, rs, rt

[ RegDst | RegWrite | ALUSrc [ PCSrc | MemRead | MemWrite | MemtoReg |

sub | 1

T 0| _©

0 0 0




Control Signal

0

1

RegDst Write register address = rt Write register address = rd

RegWrite - Write register
AluSrc ALU Second Operand = Read data 2 ALU Second Operand = lower 16-bit of instruction
PCSrc PC=PC+4 PC=branch target

MemRead - Read data from memory

MemWrite - Write data into memory

MemtoReg Register Write Data from ALU Register Write Data from data memory

RegWrite

Instruction [25:21] Read

Read
address register 1 poag

Read data 1
register 2

Instruction [20:16]
Instruction
31:01 ['1

Instruction | | nstruction [15:11
emory | g———— |

Wi Read
register  data 2

MemtoReg

Read
Address P40 -

G

Data

Write
Regpsi| L02ta_Registers
Instruction [15:0] 16 32

data
extend
MemRead
Instruction [5:0]

ALUOp

(add/sub/AND/OR/slt) rd, rs, rt

l

[ RegWrite [ ALUSrc | PCSrc | MemRead | MemWrite | MemtoReg |

rFormat |

RegDst
1

T [0 [ ©

0 | 0 | 0 |




add rd, rs,

rt

Read
address

Instruction | |
[3

Instruction
memory

| S

Instruction [31-26]

RegDst
Branch

Add

ALU
result

| MemRead

| MemtoReg

Control ALUO;
MemWrite
ALUSrc

Instruction [25-21]

Instruction [20-16]

Instruction [15-11]| X

Regerte

Read

register 1 Roaq

Read data 1

register 2

write ~ Read

register data 2
| Write

data Registers

Instruction [15-0]

16 32

Sign-

extend

Instruction [5-0]

Address Read

Write

data

data

Data
memory|




Arithmetic Logic Unit: ALU

ALU Control 0 .
NN peration
0Oj0|0}]O AND
0]01]0]1 OR
0Oj0|1]oO0 ADD
011 1 | 0 | SUBTRACT
011 1 1 SLT




ALU for different instructions

» 1w rt, 0(rs) > rt < [rs+4 0],

» sw rt, x(rs) ¢ [rs+4xx] < rt,

» beq rs, rt, rd <> zero < (rs—rt == 0)
» add rs, rt, rd < rd = rs+rt,

» sub rs, rt, rd < rd = rs—rt,

» and rs, rt, rd < rd = rs&rt,

» or rs, rt, rd <> rd = rs|rt,

» slt rs, rt, rd,



ALU for different instructions

» 1w rt, 0(rs) <> rt < [rs+4 % 0], add

» sw rt, x(rs) < [rs+4 x| < rt, add

» beq rs, rt, rd <> zero < (rs—rt == 0) subtract
» add rs, rt, rd < rd = rs+rt, add

» sub rs, rt, rd < rd = rs—rt, sub

» and rs, rt, rd < rd = rs&rt, and

» or rs, rt, rd <> rd = rs|rt, or

» slt rs, rt, rd, slt



Decoding Instuctions

opcode function

Iw 35 -
sw 43 -
beq -
add 32
sub 34

OR 37

4
0
0
AND 0 36
0
slt 0 42
j 2




Decoding Instuctions
Two step Control Unit

Main Control function (Isb 6 bit from instruction) ALU ALU Control
ALUOP1 ALUOPO Fs Fy F3 F F Fo operation S3 Sy S So ‘
Iw 0 0 X X X X X X add 0 0 1 0
sw 0 0 X X X X X X add 0 0 1 0
beq 0 1 X X X X X X sub 0 1 1 0
add 1 x 1 0 0 0 0 0 add 0 0 1 0
sub 1 x 1 0 0 0 1 0 sub 0 1 1 0
AND 1 X 1 0 0 1 0 0 and 0 0 0 0
OR 1 x 1 0 0 1 0 1 or 0 0 0 1
slt 1 x 1 0 1 0 1 0 slt 0 1 1 1
opcode function

lw 35 - ALU Control .

sw 43 - S3 S2 S So Operation

beq 4 - 0 0 0 0 AND

add 0 32 0 0 0 1 OR

sub 0 34 0 0 1 0 ADD

AND 0 36 0 1 1 0 SUBTRACT

OR 0 37 0 1 1 1 ST

slt 0 42

J 2 -




Decoding Instuctions
Two step Control Unit

Main Control function (Isb 6 bit from instruction) ALU ALU Control
ALUOP1 ALUOPO Fs Fy F3 F F Fo operation S3 Sy S So ‘
Iw 0 0 X X X X X X add 0 0 1 0
sw 0 0 X X X X X X add 0 0 1 0
beq 0 1 X X X X X X sub 0 1 1 0
add 1 x 1 0 0 0 0 0 add 0 0 1 0
sub 1 x 1 0 0 0 1 0 sub 0 1 1 0
AND 1 X 1 0 0 1 0 0 and 0 0 0 0
OR 1 x 1 0 0 1 0 1 or 0 0 0 1
slt 1 x 1 0 1 0 1 0 slt 0 1 1 1
opcode function

lw 35 - ALU Control .

sw 43 - S3 S2 S So Operation

beq 4 - 0 0 0 0 AND

add 0 32 0 0 0 1 OR

sub 0 34 0 0 1 0 ADD

AND 0 36 0 1 1 0 SUBTRACT

OR 0 37 0 1 1 1 ST

slt 0 42

J 2 -




Decoding Instuctions
Two step Control Unit

Main Control function (Isb 6 bit from instruction) ALU ALU Control
ALUOP1 ALUOPO Fs Fy F3 F F Fo operation S3 Sy S So ‘
Iw 0 0 X X X X X X add 0 0 1 0
sw 0 0 X X X X X X add 0 0 1 0
beq 0 1 X X X X X X sub 0 1 1 0
add 1 x 1 0 0 0 0 0 add 0 0 1 0
sub 1 x 1 0 0 0 1 0 sub 0 1 1 0
AND 1 X 1 0 0 1 0 0 and 0 0 0 0
OR 1 x 1 0 0 1 0 1 or 0 0 0 1
slt 1 x 1 0 1 0 1 0 slt 0 1 1 1
opcode function

lw 35 - ALU Control .

sw 43 - S3 S2 S So Operation

beq 4 - 0 0 0 0 AND

add 0 32 0 0 0 1 OR

sub 0 34 0 0 1 0 ADD

AND 0 36 0 1 1 0 SUBTRACT

OR 0 37 0 1 1 1 ST

slt 0 42

J 2 -




Decoding Instuctions
Two step Control Unit

Main Control function (Isb 6 bit from instruction) ALU ALU Control
ALUOP1 ALUOPO Fs Fy F3 F F Fo operation S3 Sy S So ‘
Iw 0 0 X X X X X X add 0 0 1 0
sw 0 0 X X X X X X add 0 0 1 0
beq 0 1 X X X X X X sub 0 1 1 0
add 1 x 1 0 0 0 0 0 add 0 0 1 0
sub 1 x 1 0 0 0 1 0 sub 0 1 1 0
AND 1 X 1 0 0 1 0 0 and 0 0 0 0
OR 1 x 1 0 0 1 0 1 or 0 0 0 1
slt 1 x 1 0 1 0 1 0 slt 0 1 1 1
S3 =0, Sy = ALUOP1’ ALUOPO + ALUOP1F;, Sy = - - -
opcode function

lw 35 - ALU Control .

sw 43 - S3 S2 S So Operation

beq 4 - 0 0 0 0 AND

add 0 32 0 0 0 1 OR

sub 0 34 0 0 1 0 ADD

AND 0 36 0 1 1 0 SUBTRACT

OR 0 37 0 1 1 1 ST

slt 0 42

J 2 -




j address

Instruction [15-0]

16 32

Sign-

extend

Instruction [5-0]

Instruction [25-0] Shift Jump address [31-0]
left 2
26 28 | pc+4[31-28] 0 1
Add l\lil I\lil
X X
4 Add S0 1 0
RegDst
Jump
Branch
MemRead
Instruction [31-26] MemtoReg
Control ALUO,
MemWrite
ALUSrc
RegWrite
1
Read Instruction [25-21] Read
ea °
PC®~ address register 1 Read
Instruction [20-16] Read data 1
Instruction register 2
[31- write  Read |l % Address 22| 1
Instruction | || nsiruction [15-11] % | | register 9@ 2 1] ]
memory |lo———————{/ ) u )
| Write 1X 0
data i
Registers Write Data
data Memory




j address




Total Main Control Unit

1

0

R-type

beq
Iw
sw

35

43



Total Main Control Unit

1

0

R-type

beq
Iw
sw

35

43

2% x 10 ROM



