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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
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MemWrite - Write data into memory
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Arithmetic Logic Unit: ALU

ALU Control
Operation

S3 S2 S1 S0
0 0 0 0 AND

0 0 0 1 OR

0 0 1 0 ADD

0 1 1 0 SUBTRACT

0 1 1 1 SLT



ALU for different instructions

I lw rt, 0(rs) ↔ rt ← [rs+4 ∗ 0],

add

I sw rt, x(rs) ↔ [rs+4 ∗ x ]← rt,

add

I beq rs, rt, rd ↔ zero ← (rs−rt == 0)

subtract

I add rs, rt, rd ↔ rd = rs+rt,

add

I sub rs, rt, rd ↔ rd = rs−rt,

sub

I and rs, rt, rd ↔ rd = rs&rt,

and

I or rs, rt, rd ↔ rd = rs|rt,

or

I slt rs, rt, rd,

slt



ALU for different instructions

I lw rt, 0(rs) ↔ rt ← [rs+4 ∗ 0], add
I sw rt, x(rs) ↔ [rs+4 ∗ x ]← rt, add

I beq rs, rt, rd ↔ zero ← (rs−rt == 0) subtract

I add rs, rt, rd ↔ rd = rs+rt, add

I sub rs, rt, rd ↔ rd = rs−rt, sub
I and rs, rt, rd ↔ rd = rs&rt, and

I or rs, rt, rd ↔ rd = rs|rt, or
I slt rs, rt, rd, slt



Decoding Instuctions

opcode function

lw 35 -
sw 43 -
beq 4 -
add 0 32
sub 0 34
AND 0 36
OR 0 37
slt 0 42
j 2 -



Decoding Instuctions
Two step Control Unit

Main Control function (lsb 6 bit from instruction) ALU ALU Control
ALUOP1 ALUOP0 F5 F4 F3 F2 F1 F0 operation S3 S2 S1 S0

lw 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, S2 = ALUOP1′ALUOP0 + ALUOP1F1, S2 = · · ·

opcode function

lw 35 -
sw 43 -
beq 4 -
add 0 32
sub 0 34
AND 0 36
OR 0 37
slt 0 42
j 2 -

ALU Control
Operation

S3 S2 S1 S0
0 0 0 0 AND
0 0 0 1 OR
0 0 1 0 ADD
0 1 1 0 SUBTRACT
0 1 1 1 SLT



Decoding Instuctions
Two step Control Unit

Main Control function (lsb 6 bit from instruction) ALU ALU Control
ALUOP1 ALUOP0 F5 F4 F3 F2 F1 F0 operation S3 S2 S1 S0
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add 1 x 1 0 0 0 0 0 add 0 0 1 0
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AND 0 36
OR 0 37
slt 0 42
j 2 -

ALU Control
Operation

S3 S2 S1 S0
0 0 0 0 AND
0 0 0 1 OR
0 0 1 0 ADD
0 1 1 0 SUBTRACT
0 1 1 1 SLT
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0 0 0 0 AND
0 0 0 1 OR
0 0 1 0 ADD
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0 1 1 1 SLT



Decoding Instuctions
Two step Control Unit

Main Control function (lsb 6 bit from instruction) ALU ALU Control
ALUOP1 ALUOP0 F5 F4 F3 F2 F1 F0 operation S3 S2 S1 S0

lw 0 0 x x x x x x add 0 0 1 0
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OR 1 x 1 0 0 1 0 1 or 0 0 0 1
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S3 = 0, S2 = ALUOP1′ALUOP0 + ALUOP1F1, S2 = · · ·

opcode function
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sw 43 -
beq 4 -
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AND 0 36
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slt 0 42
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0 0 0 0 AND
0 0 0 1 OR
0 0 1 0 ADD
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Total Main Control Unit
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P0
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m
p

R-type 0 1 1 0 0 0 0 0 1 x 0
j 2 x x x x x x x x x 1
beq 4 x 0 0 1 0 0 x 0 1 0
lw 35 0 1 1 0 1 0 1 0 0 0
sw 43 x 0 1 0 0 1 x 0 0 0

26 × 10 ROM



Total Main Control Unit

Re
gD
st

Re
gW

rit
e

AL
US
rc

PC
Sr
c

M
em
Re
ad

M
em
W
rit
e

M
em
to
Re
g

AL
UO

P1

AL
UO

P0

Ju
m
p

R-type 0 1 1 0 0 0 0 0 1 x 0
j 2 x x x x x x x x x 1
beq 4 x 0 0 1 0 0 x 0 1 0
lw 35 0 1 1 0 1 0 1 0 0 0
sw 43 x 0 1 0 0 1 x 0 0 0

26 × 10 ROM


