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Processor Design 
 

•          :  
1- Arithmetic Logical Instructions (R-Type): add, sub, and, or, slt 
2- Memory Reference Instructions: lw, sw 
3- Control Flow Instructions: beq, j 

  
•         : 
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             )  lw   
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         ALU    
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•    

op rs rt rd shamnt func

6-bits 6-bits5-bits 5-bits 5-bits 5-bits

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

add, sub, and, or, slt

lw, sw, beq

op rs rt address

6-bits 16-bits5-bits 5-bits

31 26 25 21 20 16 15 0
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•        
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•    
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   :     beq 
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•    

 ALU Control 
 

ALU Control Input Function 
000 AND 
001 OR 
010 Add 
110 Sub 
111 Set on less than 

 
   lw  sw  ALU       ) ( 

   beq  ALU         )( 

   R-Type  ALU        ) 
 Function( 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Instruction 
opcode ALUOp 

Instruction 
operation 

Func. 
field 

Desired 
ALU 

action 

ALU 
control 
input 

lw 00 Load word XXXXXX Add 010 
sw 00 Store word XXXXXX Add 010 

beq 01 
Branch 
equal XXXXXX Sub 110 

R-Type 10 Add 100000 Add 010 
R-Type 10 Sub 100010 Sub 110 
R-Type 10 And 100100 And 000 
R-Type 10 Or 100101 Or 001 

R-Type 10 
Set on less 

than 
101010 

Set on 
less than 

111 

ALUOp Function field 
1 0 F5 F4 F3 F2 F1 F0 

Operation 

0 0 X X X X X X 010 
X 1 X X X X X X 110 
1 X X X 0 0 0 0 010 
1 X X X 0 0 1 0 110 
1 X X X 0 1 0 0 000 
1 X X X 0 1 0 1 001 
1 X X X 1 0 1 0 111 
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•           Clock        

     Single Cycle   . 

 
•     R-Type)   : add $1, $2, $3     ( 

       (Fetch)    PC   . 

   )$2, $3 (     . 

 ALU           )      
 (  ALU   . 

   ALU    $1    . 

 
•     lw)   : lw $1, offset($2)     ( 

       (Fetch)    PC   . 

  $2      . 

 ALU             offset  
  . 

  ALU                
 . 

           $1      .  

 
•     sw)   : sw $1, offset($2)     ( 

       (Fetch)    PC   . 

   )$1, $2 (     . 

 ALU             offset  
  . 

  ALU          $1     
  . 

Instruction Reg 
Dst 

ALU 
Src 

Mem 
To 
Reg 

Reg 
Write 

Mem 
Read 

Mem 
Write Branch ALU 

Op1 
ALU 
Op0 

R-Type 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 
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•     beq)   : beq $1, $2, offset     ( 

       (Fetch)    PC   . 

   )$1, $2 (     . 

 ALU              . 
   PC (PC+4)      offset       

                . 

  Zero   ALU      PC   . 

  
•     j)    : j adr     ( 

j adr

6-bits 26-bits

31 26 25 0

 
        )  PC   ( concatenation  

    : 

      PC+4)  31-28( 

       ) 25-0( 

   00  
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•                  

     . 

•      Multi-Cycle            
    Clock Cycle    .         

           .     
  . 

•        : 

    Clock Cycle   

            

 
•       : 

        

   ALU    ALU     

                  
       .      . 

IR (Instruction Register) :        
MDR (Memory Data Register) :        

A, B :          
ALUOut :      ALU 

   :    IR     Clock    
       .  
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