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Building a Single-
Cycle Datapath

Set 1 

All the Chapter 5 Slides 
were developed by  Capt. 
Jim Kettner while he was 
teaching at The United 
States Air Force Academy. 
They are being used by 
permission of    

USAFA/DFCS

Overview

• We’ll be implementing a subset of the MIPS ISA
– What’s the difference between architecture and 

implementation?
• Limited instruction set…

– memory-reference instructions:  lw, sw
– arithmetic-logical instructions:  add, sub, and, or, slt
– control flow instructions:  beq, j

• The datapath will consist of two types of elements:
– State Elements
– Combinational Elements

• Single Cycle Datapath
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Datapath
An Abstract View
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Address

Edge Triggered Clocking 
Methodology

Clock
Cycle

State
Element

State
Element

Combinational
Logic

Clocking Methodology Specifies when to write/read signal

Writes on clock edge
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Edge Triggered Clocking 
Methodology

Clock
Cycle

State
Element

Combinational
Logic

Read and write in the same cycle – avoids race conditions

Writes on clock edge

Executing an Instruction

CPU

Memory

1. Fetch the 
next 
instruction 
from memory.

1. Fetch
2. Decode the 
instruction and 
move needed 
data to the CPU.

2. Decode 3. Execute the 
instruction.

3. Execute

4. Store 
results back in 
memory.

4. Store
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Datapath
Fetching Instructions

PC

PC – Program counter holds the address of the current instruction

Datapath
Fetching Instructions

PC

Add

4

Usually, the PC should go to the next instruction – in MIPS this is 
the next word.

ALU hard 
wired to Add

Input hardwired to 
4 (= 1 word)



cs 216 Fall, 2008

Datapath - Control Set 1- single cycle Page 5

Datapath
Fetching Instructions

PC

Add

Instruction
Memory

Read
Address

Instruction

4

Input: The address 
of the instruction

Output: The 
instruction

The Big Picture!!!

PC

Add

Instruction
Memory

Read
Address

Instruction

4
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Datapath
Supporting R-Type Instructions

Registers
Read 
Reg #1

Read
Reg #2

Write
Reg

Write
Data

Read
Data #1

Read
Data #2

Instruction

Register arguments (rs, rt, & rd) are extracted from instruction.

The register file contains the 
machine’s registers.  Registers 
can be read/written by referencing 
their number.

The contents of Read Reg #1 and 
#2.

The register to write to and the 
data to write.

RegWrite
Control signal to performing 
the write to the Write Reg.

Register numbers are extracted 
from the instruction.

Datapath
Supporting R-Type Instructions

Registers
Read 
Reg #1

Read
Reg #2

Write
Reg

Write
Data

Read
Data #1

Read
Data #2

ALU

Result

Zero

3

RegWrite

ALU Op

Instruction

Signal to control the operation 
performed by the ALU.

1 if Result = 0

Result of ALU 
operation.

Result is written 
to write reg when 
RegWrite = 1
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Datapath
Supporting R-Type Instructions

PC

Add

Instruction
Memory

Read
Address

Instruction

4

Registers
Read 
Reg #1

Read
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Write
Reg

Write
Data

Read
Data #1

Read
Data #2

ALU

Result

Zero

3

RegWrite

ALU Op

The Big Picture

“Sew Together” the 
datapath here.

Datapath
Supporting Memory Access

Of course, you need a 
memory unit to read 
from and write to.

PC

Add

Instruction
Memory

Read
Address

Instruction

4

Registers
Read 
Reg #1

Read
Reg #2

Write
Reg

Write
Data

Read
Data #1

Read
Data #2

RegWrite

ALU
Result

Zero

3 ALU Op

Data Memory

How do you read or write to the data memory?
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Datapath
Supporting Memory Access

First, you need lines to control whether memory read from or written to

MemRead is set to effect a 
read from memory. 

PC

Add

Instruction
Memory

Read
Address

Instruction

4

Registers
Read 
Reg #1

Read
Reg #2

Write
Reg

Write
Data

Read
Data #1

Read
Data #2

RegWrite

ALU
Result

Zero

3 ALU Op

Data Memory

Read
Data

MemRead

MemWrite

Write
Data

MemWrite is set to effect a 
write to memory. 

addr

Datapath
Supporting Load Instructions

PC

Add

Instruction
Memory

Read
Address

Instruction

4

Registers
Read 
Reg #1

Read
Reg #2

Write
Reg

Write
Data

Read
Data #1

Read
Data #2

RegWrite

ALU
Result

Zero

3 ALU Op

Sign
Extend16 32

Data Memory

Write
Data

Read
Data

MemRead

MemWrite

First, you need a way 
to extract the 16 bit 
offset field..

and extend it to 32 bits
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Datapath
Supporting Load Instructions

PC

Add

Instruction
Memory

Read
Address

Instruction

4

Registers
Read 
Reg #1

Read
Reg #2

Write
Reg

Write
Data

Read
Data #1

Read
Data #2

RegWrite

ALU
Result

Zero

3 ALU Op

Sign
Extend16

M
u
x

32

ALUSrc Data Memory

Write
Data

Read
Data

MemRead

MemWrite

And add it to the 
base register

The ALUSrc control line & this 
mux select between:
1. The offset, or …
2. The contents of read reg #2

Datapath
Supporting Load Instructions

PC

Add

Instruction
Memory

Read
Address

Instruction

4

Registers
Read 
Reg #1

Read
Reg #2

Write
Reg

Write
Data

Read
Data #1

Read
Data #2

RegWrite

ALU
Result

Zero

3 ALU Op

Sign
Extend16

M
u
x

32

ALUSrc Data Memory

Address

Write
Data

Read
Data

MemRead

MemWrite

M
u
x

MemtoReg

If the instruction is a load (or 
store), this will be an 
address = (Read Data #1 + 
Offset)

The control line MemtoReg determines if the 
Read Data or the ALU result is Written to the 
register file (Write Reg) (RegWrite has to be 
set appropriately too right?) 
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Datapath
Supporting Store Instructions

PC

Add

Instruction
Memory

Read
Address

Instruction

4

Registers
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Write
Reg

Write
Data

Read
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Result
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ALUSrc Data Memory

Address

Write
Data

Read
Data

MemRead

MemWrite

M
u
x

MemtoReg

Simply add the path from Read Data #2 to the 
Data memory, and the control line MemWrite
will take care of the rest!

The Big Picture!!!
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M
u
x

32

ALUSrc Data Memory

Address

Write
Data

Read
Data

MemRead

MemWrite

M
u
x

MemtoReg

The Big Picture
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Datapath
Supporting Branch Instructions
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Instruction
Memory
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Add

The branch instruction uses the “next”
instruction as the offset for the branch…

Datapath
Supporting Branch Instructions

Why do we shift the sign-extended offset left by two bits?
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Instruction
Memory

Read
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Instruction
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u
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Add
Shift
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2

..and adds the offset 
from the instruction.
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Datapath
Supporting Branch Instructions
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Add
Shift
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2

M
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x

PCSrc
We don’t always want to branch however, 
so we need to forward PC+4 too…

…and provide a mux
and the control line 
PCSrc to decide which 
address to use:
PC + 4 or…
PC + 4 + Branch OffSet

Datapath
Supporting Branch Instructions
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Feed the selected 
address back into the PC
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The Big Picture!!!
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The Big Picture!!!  Control
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