
Instruction RegDst ALUSrc
Memto-

Reg
Reg-
Write

Mem-
Read

Mem-
Write Branch ALUOp1 ALUOp0

R-format 1 0 0 1 0 0 0 1 0

lw 0 1 1 1 1 0 0 0 0

sw X 1 X 0 0 1 0 0 0

beq X 0 X 0 0 0 1 0 1

FIGURE 4.18 The setting of the control lines is completely determined by the opcode fi elds of the instruction. The fi rst 
row of the table corresponds to the R-format instructions (add, sub, AND, OR, and slt). For all these instructions, the source register fi elds 
are rs and rt, and the destination register fi eld is rd; this defi nes how the signals ALUSrc and RegDst are set. Furthermore, an R-type instruction 
writes a register (Reg Write = 1), but neither reads nor writes data memory. When the Branch control signal is 0, the PC is unconditionally 
replaced with PC + 4; otherwise, the PC is replaced by the branch target if the Zero output of the ALU is also high. The ALUOp fi eld for R-type 
instructions is set to 10 to indicate that the ALU control should be generated from the funct fi eld. The second and third rows of this table 
give the control signal settings for lw and sw. These ALUSrc and ALUOp fi elds are set to perform the address calculation. The MemRead and 
MemWrite are set to perform the memory access. Finally, RegDst and RegWrite are set for a load to cause the result to be stored into the rt 
register. The branch instruction is similar to an R-format operation, since it sends the rs and rt registers to the ALU. The ALUOp fi eld for branch 
is set for a subtract (ALU control = 01), which is used to test for equality. Notice that the MemtoReg fi eld is irrelevant when the RegWrite signal 
is 0: since the register is not being written, the value of the data on the register data write port is not used. Thus, the entry MemtoReg in the last 
two rows of the table is replaced with X for don’t care. Don’t cares can also be added to RegDst when RegWrite is 0. This type of don’t care must 
be added by the designer, since it depends on knowledge of how the datapath works. Copyright © 2009 Elsevier, Inc. All rights reserved.


