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Datapath



Datapath Components

register register file memory



5 Stages of Datapath

• IF: Instruction Fetch
• ID: Instruction Decode
• EX: Execute
• MEM: Memory
• WB: Write Back



R-format: add

• IF
• ID
• EX: alu = R[rs1] + R[rs2]
• MEM
• WB: R[rd] = alu
• PC = PC + 4



Time Fiagram

Attention! WB actually finishes after the next rising edge of Clock. 



I-format: addi

• IF
• ID
• EX: alu = R[rs1] + imm
• MEM
• WB: R[rd] = alu
• PC = PC + 4



I-format: lw

• IF
• ID
• EX: alu = R[rs1] + imm
• MEM: mem = M[alu]
• WB: R[rd] = mem
• PC = PC + 4



S-format: sw

• IF
• ID
• EX: alu = R[rs1] + imm
• MEM: M[alu] = R[rs2]
• WB
• PC = PC + 4



B-format

• IF
• ID
• EX: alu = PC + imm
• MEM
• WB
• PC = PCSel ? alu : PC + 4



jalr

• IF
• ID
• EX: alu = R[rs1] + imm
• MEM
• WB: R[rd] = PC + 4
• PC = alu



jal

• IF
• ID
• EX: alu = PC + imm
• MEM
• WB: R[rd] = PC + 4
• PC = alu



U-format: auipc

• IF
• ID
• EX: alu = PC + imm
• MEM
• WB: R[rd] = alu
• PC = PC + 4



Example from CA 2022 final
For instruction jalr ra, select the correct value for the control logic.

1. PCSel:
A. alu
B. pc + 4

2. Asel:
A. 0
B. 1

3. WBsel:
A. pc + 4
B. alu
C. mem
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Example from CA 2022 final
(True or False)

1. (F) For instruction add, the value is written back to Reg as soon as it is 
computed by ALU.

2. (F) Except Write Enable, all the input and output buses of register file are 
32-bit.

3. (T) For register file and memory, CLK is a factor ONLY during write 
operation.

4. (F) Register file holds all the registers needed for instruction execution.
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