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ALU Control Unit

Instruction ALUop Instruction  Funct Desired  ALU control

opcode operation field  ALU action output
lw 00 Load word | xxxxxx add 010
sSwW 00 Store word | XXXXXX add 010
beq 01 Branch equal | xxxxxx | subtract 110
R-type 10 Add 100000 add 010
R-type 10 Subtract 100010 | subtract 110
R-type 10 AND 100100 and 000
R-type 10 OR 100101 or 001
R-type 10 slt 101010 slt 111
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Truth Table for ALU Control Unit

ALUOp Funct field
ALUOpl ALUOpO F5 F4 F3 F2 F1 FO Operation
0 0 X | X | X| X | X| X 010
X 1 X | X | X | X | X| X 110
1 X X| x|olo|o]|oO 010
1 X X| x|o|lo|[1]o0 110
1 X X| X|o|1]|0]|o0 000
1 X X| X|o|1]|0]| 1 001
1 X X| X|1]0/|1]|o0 111

You can map the truth table to gates
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Seven Control Signals

Signal name Effect when de-asserted Effect when asserted

RegDst The destination register no The destination register no
comes fromrt. comes from r d.
RegWrite None Destination register is
written with value on
Writedata
ALUSrc 2nd ALU operand comes from | 2"d ALU operand is the sign
Read Data_2 extended, lower 16 bit of the
instruction
PCSrc The PC is replaced by PC + 4 The PC is replaced by the
branch target address
MemRead None Memory is read
MemWrite None Memory is written
MemtoReg The value to the register The value to the register
Wit edat a input comes from | Wit edat a input comes from
the ALU. the data memory il
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Operation of the Datapath

Instruction  RegDest ALUSrc Memto Reg Mem Mem Branch ALU ALU

-Reg  Write' Read Write Opl  Op0
R- f or mat 1 0 0 1 0 0 0 1 0
| w 0 1 1 1 1 0 0 0 0
sSw X 1 X 0 0 1 0 0 0
beq X 0 X 0 0 0 1 0 1

Example Flow: beq $s0, $s1, address
The instruction is fetched from memory and PC is incremented
Read two register values
Subtract one from the other, calculate the branch address
Use the zero signal to determine which of the addresses is to be
used for fetching the next instruction
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IF IDF EX MEMWB

IF ID EX MEMWB

IF lID EX I\/IEI\/IWB.
IF IID EX I\/IEI\/IWB.
IF IID EX I\/IEI\/IWB.




* Break the datapath into smaller segments

* Portions of datapath can be shared by
instructions

- Use registers between two consecutive
segments of the datapath to hold the
infermediate results.

» Pipeline registers

* Data transfer between the stages happens
through the pipeline registers
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» PC is written on each clock cycle (no write
signal)

* No write signals for pipeline registers.

» IF stage: no control signal since instruction is
read and PC is updated each cycle

- ID stage: No control signals

- EX stage: RegDst, ALUOp, ALUSrc

+ MEM stage: branch, MenRead, MenWite
- WB stage: Ment oReg, RegWite
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Reminder: Seven Control Signals

Signhal name Effect when deasserted Effect when asserted

RegDst The destination register The destination register
number comes from rt. number comes from rd.
RegWrite None Destination register is written
with value on Writedata
ALUSrc 2nd ALU op comes from Read | 2nd ALU op is the sign
data 1 (i.e. rt) extended, lower 16 bit of the
Instruction
PCSrc The PC is replaced by PC + 4 | The PC is replaced by the
branch target address
MemRead None Memory is read
MemWrite None Memory is written
MemtoReg The value to the register The value to the register
Writedata input comes from | Writedata input comes from
the ALU. the data memory
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Control Signals for Instructions

* Nine control signals that start in the EX stage
* Main control unit generates the control signals
during the ID stage.

EX Stage MEM Stage WB Stage

Instruction RegDest ALU ALU ALU Branch Mem Mem Reg Memto-

Opl OpO0 Src Read Write Write Reg
R- f or mat 1 1 0 0 0 0 0 1 0
| w 0 0 0 1 0 1 0 1 1
SwW X 0 0 1 0 0 1 0 X

beq X 0 1 0 1 0 0 0 X
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