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—— func|10 000010 0010 SfuncFiE R X!
— op |00 000000 000000 110110 0011|10 1011{00 0100(00 0010
add sub ori Iw SW beq | jump
RegDst 1 1 0 0 X X X
ALUSrc 0 0 1 1 1 0 X
MemtoReg 0 0 0 1 X X X
RegWrite 1 1 1 1 0 0 0
MemWrite 0 0 0 0 1 0 0
Branch 0 0 0 0 0 1 0
Jump 0 0 0 0 0 0 1
ExtOp X X 0 1 1 X X
ALUctr<2:0>| add | sub or addu| addu| subu XXX
26 21 16 1 6 0
R-type op rs rt rd shamt func
I-type op rs rt immediate
J-type op target address jump

add, sub

ori, lw, sw, beq
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00 0000 00 1101|10 0011| 10 1011| 00 0100 00 0010

R-type ori Iw sSwW beq jump
RegDst 1 0 0 X X X
ALUSrc 0 1 1 1 0 X
MemtoReg 0 0 1 X X X
RegWrite 1 1 1 0 0 0
MemWrite 0 0 0 1 0 0
Branch 0 0 0 0 1 0
Jump 0 0 0 0 0 1
ExtOp X 0 1 1 X X
ALUctr Addisub | or | Addu| Addulsubu | xxx
op Main _’ ALUctr ,3

6 Control | ALUop®/ N=2

R-Type
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func ALU
# >
: 6 Control 11 ALUctr
‘337;. Main |- (Local) ﬁ
6 Control | ALUop / N=2 Jo
R-Type
000000 001101 | 100011 | 101011 | 000100 | 000010
=S R-type ori Iw sw beq | jump
e =] HfuncigE or addu | addu | subu XXX
ALUDP(Z:OD- xxx 2§ xx1 000 000 XXX

ALUop<2>=beq=!op<5>&!op<4>&!op<3>&op<2>&lop<l>&!lop<0> (op=000100)
ALUop<1>=ori=lop<5>&!op<4>&0op<3>&op<2>&!op<l>&op<0> (op=001101)
ALUop<0>= R-type=lop<5>&!op<4>&!Iop<3>&!lop<2>&!op<l>&!op<0> (op=000000)



ALUctr<2:0>¢| {EXRlo| SUBctro| OVetr | SIGetre| OPctr<l:0¢ OPctr fiI& X ¢
000¢ addue 0¢ 0 X¢ 000 | EENESNEREL,
001¢ add¢ 0 le X 000 | EEIZRAERRILe
010¢ ore oo |0 | xe 010 | i RS BRI
011 (%A) ¢ h i é é ¢
100 subue Lo 0o | xe 000 | EEmEERERRLe
1010 sube o | 1o | 000 | REMEEMEERT.
110 tue o | 0 | 0 100 | EFMTRNERRD?
1110 te o | 00 | e 100 | AT RUERL
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L, fund/ f ALu >
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R-Type
31 26 21 16 11 6 0
R-type 000000 rs rt rd shamt |
func<s5:0> | Instruciicii uperatio Tf-\LUctr<2:D:> ALU Operation
10 0000 add 001 Add
10 0010 sub 101 Sub
10 0100 and ] @ - And
10 0101 or 010 Or
10 1010 set-on-less-than 111 Sit
ALUctr<0> = lfunc<3> & 'func<2> & !func<l> & !func<0> + !func<2> & func<l> & !func<0>
ALUctr<1> = lfunc<3> & func<2> & 'func<l> & func<0> +func<3> & !func<2> & func<l>
& 'func<0>
ALUctr<2> = lfunc<2> & func<1> & !func<0>
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func
RegDst 6 CALtU |
op i | ALUSTE (f:c;ﬁ’) ALUctr
+. ain .
6 Control - //3 ALUop 1Y, 3
R-Type
op| 000000/00 110110001110 101100 0100{00 0010
R-type | ori lw SW beq | jump
RegDst 1 0 0 X X X
ALUSrc 0 1 1 1 0 X
MemtoReg 0 0 1 X X X
RegWrite 1 1 1 0 0 0
MemWrite 0 0 0 1 0 0
Branch 0 0 0 0 1 0
Jump 0 0 0 0 0 1
ExtOp X 0 1 1 X X
ALUIEE “R-type] Or Addu | Addu |Subu XXX
ALUop <2> X 0 0 0 1 X
ALUop <1> X 1 0 0 0 X
ALUop <0> 1 0 0 0 0 X
R-type 1 0 0 0 0 0




00 0000) 001101 |100011 |10 1011 ]00 0100 {00 0010
R-type ori Iw SW beq jump
RegWrite 1 1 1 0 0 0

RegWrite = R-type + ori + lw

= lop<5> & lop<4> & lop<3> & lop<2> & lop<l> & lop<0> (R-type)
+ lop<5> & lop<4> & 0p<3> & op<2> & lop<1> & op<0> (ori)
+ 0p<5> & lop<4> & lop<3> & lop<2> & op<l> & op<0> (Iw)
or<5 <5> <5> <5> <5> op<5>
|I|.<0> |I|<0> |I|<0> |I|<0> |I|<0>||I|.op<0>
R-typ or|| jump
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ALUop /

"I ALU

w

/ ALUctr
RegDst 3 func/ ﬁL'

Instr<5:0> 6

6 Control |-ALYSIC
Instr<31:26> .

Instruction<31:0>
N N

A A
Rd Rt ~ Jump— e |22
RePE T mux 7 e
RegWr s} 5+R55+Rt ALUctr Rt Rs Rd Imm16
| busA Zero | MemWr emtoReg
busW Rw Ra_Rb—'_’\
32 32-bit 32 , o
32 Registers | busB [0 cl 32 'g
Clk 0= 2 = I 1 3 E
Z g JWrEnAdr| =—!
imm16—/—>g 32 A Data n Data J
Instr<15:0-16 I Clk _|Memory
‘ ALUSrc o= |

ExtOp
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