


























The simple datapath with the control unit

•  The input to the control unit is the 6-bit opcode field from the instruction.
• The outputs of the control unit consist of 

◦ three 1-bit signals that are used to control multiplexors (RegDst, ALUSrc, and MemtoReg), 
◦ three signals for controlling reads and writes in the register file and data memory (RegWrite, MemRead,

and MemWrite), 
◦ a 1-bit signal used in determining whether to possibly branch (Branch), and 
◦ a 2-bit control signal for the ALU (ALUOp). 

• An AND gate is used to combine the branch control signal and the Zero output from the ALU; the AND gate
output controls the selection of the next PC. 



i) Operation of the datapath for an R-type instruction

Ex: 
add $t1,$t2,$t3

Four steps to execute the instruction
1. The instruction is fetched, and the PC is incremented.
2. Two registers, $t2 and $t3, are read from the register file; also, the main control unit computes the setting of

the control lines during this step.
3. The ALU operates on the data read from the register file, using the function code (bits 5:0, which is the funct fi

eld, of the instruction) to generate the ALU function.
4. Th e result from the ALU is written into the register fi le using bits 15:11 of the instruction to select the

destination register ($t1).

The datapath in operation for an R-type instruction



ii) The execution of a load word

Ex:
lw $t1, offset($t2)

Five steps :
1. An instruction is fetched from the instruction memory, and the PC is incremented.
2. A register ($t2) value is read from the register file.
3. The ALU computes the sum of the value read from the register file and the sign-extended, lower 16 bits of the

instruction (offset).
4. The sum from the ALU is used as the address for the data memory.
5. The data from the memory unit is written into the register fi le; the register destination is given by bits 20:16 of

the instruction ($t1).

The datapath in operation for a load instruction

The datapath in operation for a load instruction
• The control lines, datapath units, and connections that are active are highlighted. 
• A store instruction would operate very similarly. 
• The main diff erence would be that the memory control would indicate a write rather than a read, the second

register value read would be used for the data to store, and the operation of writing the data memory value to
the register fi le would not occur.



iii) Operation of the branch-on-equal instruction

Ex:
beq $t1, $t2, offset

Four steps in execution:
1. An instruction is fetched from the instruction memory, and the PC is incremented.
2. Two registers, $t1 and $t2, are read from the register file.
3. Th e ALU performs a subtract on the data values read from the register file. The value of PC + 4 is added to the

sign-extended, lower 16 bits of the instruction (offset) shift ed left  by two; the result is  the branch target
address.

4. The Zero result from the ALU is used to decide which adder result to store into the PC.

The datapath in operation for a branch-on-equal instruction



































































                   The final datapath and control




