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An instruction is a binary code, which specifies a basic operation for the 

computer. 

Stored Program Concept is an idea that instructions and data of many types can be 

stored in memory as numbers, leading to the stored program computer. 

1.4 INSTRUCTIONS 

 

 Operation Code (op code) defines the operation type. Operands define the 

operation source and destination. 

 Instruction Set Architecture (ISA) describes the processor in terms of 

what the assembly language programmer sees, i.e. the instructions and 

registers. 

 The op codes and operands follows Stores Program Concept. 

 Operations 

 The computer performs the arithmetic through operations. 

  The MIPS arithmetic instruction performs only one operation and must 

always have exactly three variables. 

Example: Add a, b, c 

Adds b and c and stores the sum in a. 

 The hardware for a variable number of operands is more complicated than 

hardware for a fixed number. 

 It is always essential to design the instructions with same number of operands 

so as to simplify the hardware requirement. 

 Operands 

 The operands of arithmetic instruction must be from specially built memory 

locations called registers. 

 The registers are accessed as 32 bit groups termed as words. MIPS 

architecture supports 32 registers. 

Memory Operands 

 The operands are always stored in registers. 

 Data transfer instruction is a command that moves data between 

memory and registers. 

 Address of an operand is a value used to delineate the location of a 
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specific data element within a memory array. 

 The data transfer instruction that copies data from memory to a 

register is traditionally called load (lw- load word). 

 The format of the load instruction is the name of the operation 

followed by the register to be loaded, then a constant and register used 

to access memory. 

 The sum of the constant portion of the instruction and the contents of the 

second register forms the memory address. 

 Store (sw- store word) instruction copies data from a register to memory. 

 The format of a store is the name of the operation, followed by the 

register to be stored, then offset to select the array element, and finally 

the base register.  

 The MIPS address is specified in part by a constant and in part by the 

contents of a register.  

 Many programs have more variables than computers have registers. 

The compiler tries to keep the most frequently used variables in 

registers and places the rest in memory, using loads and stores to 

move variables between registers and memory. The process of 

putting less commonly used variables into memory is called 

spilling registers. Constant or Immediate Operands 

 Sometimes it is necessary to load a constant from memory to use one. 

The constants would have been placed in memory when the program 

was loaded. 

Example: add I $s3,$s3,10 

 This instruction is interpreted as addition of content of $s3 and the 

value 10. The sum is stored in $s3. Add I means add immediate, since 

one of the operand is in immediate addressing mode. 

 As per the design principle Make common case faster, the 

constant operands must be loaded faster from the memory. 

 Since constants occur more frequently in the instruction, they are 

mentioned in the instruction itself rather than to load from registers. 

 



ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY  

 

EC8552 COMPUTER ARCHITECTURE AND ORGANIZATION 

 

Name Example Comments 

32 Registers $S0, $S1… 

$t0, $t1… 

230   memory Memory[0], 

words Memory [1]… 

They can be accessed quickly. In MIPS architecture, 

the data must be loaded into the register to perform 

arithmetic operation. 

The contents can be accessed only after data transfer 

instructions. MIPS use byte addressing. 

Category Instruction Operation 

Arithmetic Add $s1, $s2, $s3 

Sub $s1, $s2, $s3 

S1=s2+s3. 

There are three operands in this instruction. The data 

resides in the registers. 

S1=s2-s3. 

There are three operands in this instruction. The data 

resides in the registers. 

A bit or binary digit is a single digit of a binary number and is the smallest indivisible 

unit of computing. 

 

 

Representation of Instructions 

 Numbers are represented in computer hardware as a series of high and low  

 The binary digit may be used to denote high or low, on or off, true or false, or 1 or 0. 

 

Addi $s1, $s2, 50 S1=s2+50. 

This is add immediate instruction. 

It has two operands and one constant value, 

which is directly added to get the result. 

Data Transfer Lw $s1, 50($s2 ) 

 

Sw $s1, 50($s2) 

S1=memory [s2+50] 

Data is transferred from memory to registers. 

Memory[s2+50]=$s1 

Data is transferred from register to memory. 
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 Registers are part of every instruction, hence there must be a convention to map 

register names into numbers. 

Example: add $t0,$s1,$s2. 

This instruction is mapped to its equivalent decimal representation as: The 

binary 

equivalent representation is given as: 

 

 Each cell is termed as a field. 

 The binary representation used for communication within a computer system 

is termed as Machine Language. 

 Instruction Format is a representative form an instruction of fields of binary 

numbers. 

Fields in MIPS 

 

 Op code is the field that denotes the operation and format of an instruction. 

 rs: The first register source operand. 

 rt: The second register source operand. 

 rd: The register destination operand. It gets the result of the operation. 

 shamt: Shift amount. This is done to adds two zero╆s to the low-order end of 

the sign- extended offset field in calculating the address. This operation 

truncated the sign values. 

 op field and is sometimes called the function code. 

 The MIPS instructions are designed in the same format for easy manipulation this 

is in accordance with the design principle Good design demands good 

compromises. 
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Fig 1 Mapping of register names and numbers  

Op code values of MIPS instruction 

In the MIPS instruction reg means a register number ranging from 0 and 

31. Address means a 16-bit address, and not applicable (n.a.) means this field does not 

appear in this format. The add and sub instructions have the same value in the op field. 

The hardware uses the funct field to decide the whether it is addition or subtraction 

operation using: add (32) or subtract (34). 

Instruction Format Op Rs Rt Rd Shamt Funct Address 

Add R 0 Reg Reg Reg 0 3210 Na 

Sub R 0 Reg Reg Reg 0 
3410 Na 

Add 

immediate 

I 810 Reg Reg Na Na Na Constant 

Lw I 3510 Reg Reg Na Na Na Address 

Sw I 4310 Reg Reg Na Na Na Address 

 


