
UNIT III 

PROCESSOR AND CONTROL UNIT 

Building Datapath

Basic MIPS implementation – Building datapath – Control

Implementation scheme – Pipelining – Pipelined datapath and control –

Handling Data hazards & Control hazards – Exceptions.
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Recall the Prior Knowledge
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5 bits 5 bits 

31 25 20 15  0 

Opcode Source 1 
or base  

Source 2 
or dest’n 

op rs rt 

R 6 bits 5 bits 

rd 

5 bits 

sh 

6 bits 

10  5 
fn 

jta 
Jump target address, 26 bits 

imm 
Operand / Offset, 16 bits 

Destination Unused Opcode ext 
I 

J 

inst 
Instruction, 32 bits 
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Introduction
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Major components is required to execute each class in 

MIPS Instruction

Components required for data path is called Data 

path Element

Data path: Elements that process data and addresses

in the CPU (on or hold data within the Processor)

◼ Instruction and data memories, Registers, ALUs,

and Adders
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Introduction
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 the arithmetic-logical instructions add, sub, and,

or and slt

 the memory-reference instructions lw and sw

 the flow-of-control instructions beq and j
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Introduction
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Instruction Execution Steps
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Fetch

PC = PC+4

DecodeExec
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Fetching Instructions
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32-bit 

register

Increment by 

4 for next 

instruction

32-bit adder or 

ALU wired only 

for add

Once program is loaded, 

Imem is read-only
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Decoding Instructions
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Instruction

Write Data

Read Addr 1

Read Addr 2

Write Addr

Register

File

Read

Data 1

Read

Data 2

Control

Unit
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Executing R Format Operations
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R-type:

31 25 20 15 5 0

op rs rt rd functshamt

10

Instruction

Write Data

Read Addr 1

Read Addr 2

Write Addr

Register

File

Read

Data 1

Read

Data 2

ALU

overflow

zero

ALU controlRegWrite
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Executing Load and Store Operations
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Instruction

Write Data

Read Addr 1

Read Addr 2

Write Addr

Register

File

Read

Data 1

Read

Data 2

ALU

overflow

zero

ALU controlRegWrite

Data

Memory

Address

Write Data

Read Data

Sign

Extend

MemWrite

MemRead

16 32
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Executing Branch Operations
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Instruction

Write Data

Read Addr 1

Read Addr 2

Write Addr

Register

File

Read

Data 1

Read

Data 2

ALU

zero

ALU control

Sign

Extend16 32

Shift

left 2

Add

4
Add

PC

Branch

target

address

(to branch 

control logic)
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Executing Jump Operations
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Read

Address
Instruction

Instruction

Memory

Add

PC

4

Shift

left 2

Jump

address

26

4

28
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Fetch, R-type, and Memory Access 

Portions
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MemtoReg

Read

Address
Instruction

Instruction

Memory

Add

PC

4

Write Data

Read Addr 1

Read Addr 2

Write Addr

Register

File

Read

Data 1

Read

Data 2

ALU

overflow

zero

ALU controlRegWrite

Data

Memory

Address

Write Data

Read Data

MemWrite

MemRead
Sign

Extend16 32

ALUSrc
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Adding the Control
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I-Type: op rs rt address offset

31 25 20 15 0

R-type:

31 25 20 15 5 0

op rs rt rd functshamt

10

J-type:

31 25 0

op target address
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Single Cycle Datapath with Control Unit

Read

Address
Instr[31-0]

Instruction

Memory

Add

PC

4

Write Data

Read Addr 1

Read Addr 2

Write Addr

Register

File

Read

Data 1

Read

Data 2

ALU

ovf

zero

RegWrite

Data

Memory

Address

Write Data

Read Data

MemWrite

MemRead

Sign

Extend16 32

MemtoReg

ALUSrc

Shift

left 2

Add

PCSrc

RegDst

ALU

control

1

1

1

0

0
0

0

1

ALUOp

Instr[5-0]

Instr[15-0]

Instr[25-21]

Instr[20-16]

Instr[15  

-11]

Control

Unit
Instr[31-26]

Branch
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R-type Instruction Data/Control Flow

Read

Address
Instr[31-0]

Instruction

Memory

Add

PC

4

Write Data

Read Addr 1

Read Addr 2

Write Addr

Register

File

Read

Data 1

Read

Data 2

ALU

ovf

zero

RegWrite

Data

Memory

Address

Write Data

Read Data

MemWrite

MemRead

Sign

Extend16 32

MemtoReg

ALUSrc

Shift

left 2

Add

PCSrc

RegDst

ALU

control

1

1

1

0

0
0

0

1

ALUOp

Instr[5-0]

Instr[15-0]

Instr[25-21]

Instr[20-16]

Instr[15  

-11]

Control

Unit
Instr[31-26]

Branch
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Load Word Instruction Data/Control Flow

Read

Address
Instr[31-0]

Instruction

Memory

Add

PC

4

Write Data

Read Addr 1

Read Addr 2

Write Addr

Register

File

Read

Data 1

Read

Data 2

ALU

ovf

zero

RegWrite

Data

Memory

Address

Write Data

Read Data

MemWrite

MemRead

Sign

Extend16 32

MemtoReg

ALUSrc

Shift

left 2

Add

PCSrc

RegDst

ALU

control

1

1

1

0

0
0

0

1

ALUOp

Instr[5-0]

Instr[15-0]

Instr[25-21]

Instr[20-16]

Instr[15  

-11]

Control

Unit
Instr[31-26]

Branch
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Branch Instruction Data/Control Flow

Read

Address
Instr[31-0]

Instruction

Memory

Add

PC

4

Write Data

Read Addr 1

Read Addr 2

Write Addr

Register

File

Read

Data 1

Read

Data 2

ALU

ovf

zero

RegWrite

Data

Memory

Address

Write Data

Read Data

MemWrite

MemRead

Sign

Extend16 32

MemtoReg

ALUSrc

Shift

left 2

Add

PCSrc

RegDst

ALU

control

1

1

1

0

0
0

0

1

ALUOp

Instr[5-0]

Instr[15-0]

Instr[25-21]

Instr[20-16]

Instr[15  

-11]

Control

Unit
Instr[31-26]

Branch
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Adding the Jump Operation 

Read

Address
Instr[31-0]

Instruction

Memory

Add

PC

4

Write Data

Read Addr 1

Read Addr 2

Write Addr

Register

File

Read

Data 1

Read

Data 2

ALU

ovf

zero

RegWrite

Data

Memory

Address

Write Data

Read Data

MemWrite

MemRead

Sign

Extend16 32

MemtoReg

ALUSrc

Shift

left 2

Add

PCSrc

RegDst

ALU

control

1

1

1

0

0
0

0

1

ALUOp

Instr[5-0]

Instr[15-0]

Instr[25-21]

Instr[20-16]

Instr[15  

-11]

Control

Unit
Instr[31-26]

Branch

Shift

left 2

0

1

Jump

32

Instr[25-0]

26
PC+4[31-28]

28
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Upcoming….
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