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— Memory reference: 1w, sw

— Arithmetic/logical: add, sub, and, or, sl1t

— Control transfer: beq, j

op rs rt rd shamt funct

6 bits 5 bits 5 bits 5 bits 5 bits 6 bits
op rs rt constant or address
6 bits 5 bits 5 bits 16 bits

»

6 bits 26 bits
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* lw, sw

* beq

o arithmatic-logical instruction ja
— add, sub, AND, OR, set on less than e L

o3lw a)b () @ e 1) «J joTws» cslsl )y e
:30)8] @anlod

4y




ALU IS bkt =—

ALU operation
ALU control Function g
0000 AND YLy zeo— |
0001 OR )
0010 add )
0110 subtract ‘
0111 set-on-less-than
1100 NOR
%
;05,0 03wl ALU Jy3iS boba i) calias Cilygiws (slp _@*""7’1
— Load/Store: F = add z;gj;
— Branch: F = subtract : & |
— R-type: F depends on funct field % b
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opcode ALUOp | Operation funct ALU function ALU control
lw 00 load word XXXXXX | add 0010
SwW 00 store word XXXXXX | add 0010
beq 01 branch equal XXXXXX | subtract 0110
R-type 10 add 100000 add 0010
subtract 100010 subtract 0110
AND 100100 AND 0000
OR 100101 OR 0001
set-on-less-than 101010 set-on-less-than 0111
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load word XXXXXX 0010
SW 00 store word XXXXXX add 0010
Branch equal 01 branch equal XXXXXX subtract 0110
R-type 10 add 100000 add 0010
R-type 10 subtract 100010 subtract 0110
R-type 10 AND 100100 AND 0000
R-type 10 OR 100101 OR 0001
R-type 10 set on less than 101010 set on less than 12 s
ALUCp
¥ AL control block
ALUORD
ALUOp1 :: Operation3
Eq - Operation2
F2 Operation > Operation
F(5-0) 1 2: )
] F1
— Operation0 |
Fo ] H>—1

4

ALU operation
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0 rs rt rd shamt funct

31:26 25:21 20:16 \15:11 10:6 5:0

35 0r43 rs rt \ address

31:26 25:21 20:16 \ \ 15:0

address

15:0
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Signal
name Effect when deasserted Effect when asserted

RegDst The register destination number for the The register destination number for the Write
Write register comes from the rt field register comes from the rd field (bits 15:11).
(bits 20:186).
RegWrite None. The register on the Write register input is
written with the value on the Write data input.
ALUSrc The second ALU operand comes from the | The second ALU operand is the sign-
second register file output (Read data 2). | extended, lower 16 bits of the instruction.
PCSrc The PC is replaced by the output of the The PC is replaced by the output of the adder
adder that computes the value of PC + 4. | that computes the branch target.
MemRead | None. Data memory contents designated by the
address input are put on the Read data output.
MemWrite | None. Data memory contents designated by the
address input are replaced by the value on
the Write data input.
MemtoReg | The value fed to the register Write data The value fed to the register Write data input
input comes from the ALU. comes from the data memory.
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| Input or output | _ Signalname | Rformat | 1w | sw | beq
Op5

Inputs 0 1 1 0
Op4 0 0 0 0
0p3 0 0 1 0
Op2 0 0 0 1
Op1 0 1 1 0
Op0 0 l 1 0

Outputs RegDst i 0 X X

ALUSrc 0 1 1 0
MemtoReg 0 1 X X
RegWrite if 1 0 0
MemRead 0 1 0 0
MemWrite 0 0 1 0
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ALUOp1 1 0 0 0
ALUOpO 0 0 0 1
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MemRead
Mem\Write
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