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+
Machine Instruction 

Characteristics

■ The operation of the processor is determined by the 

instructions it executes, referred to as machine instructions or 

computer instructions

■ The collection of different instructions that the processor can 

execute is referred to as the processor’s instruction set

■ Each instruction must contain the information required by 

the processor for execution
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Elements of a Machine Instruction

Operation code 
(opcode)

• Specifies the operation to 
be performed.  The 
operation is specified by a 
binary code, known as the 
operation code, or opcode

Source operand 
reference

• The operation may involve 
one or more source 
operands, that is, operands 
that are inputs for the 
operation

Result operand 
reference

• The operation may 
produce a result

Next instruction 
reference

• This tells the processor 
where to fetch the next 
instruction after the 
execution of this 
instruction is complete
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Instruction Representation

■ Within the computer each instruction is represented by a 

sequence of bits

■ The instruction is divided into fields, corresponding to the 

constituent elements of the instruction
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Instruction Representation

■ Opcodes are represented by abbreviations                                                          

called  mnemonics 

■ Examples include:

■ ADD Add

■ SUB Subtract

■ MUL Multiply

■ DIV Divide

■ LOAD Load data from memory

■ STOR Store data to memory

■ Operands are also represented symbolically

■ Each symbolic opcode has a fixed binary representation 

■ The programmer specifies the location of each symbolic operand
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Types of Operands
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+ Numbers 

■ All machine languages include numeric data types

■ Numbers stored in a computer are limited:

■ Limit to the magnitude of numbers representable on a machine

■ In the case of floating-point numbers, a limit to their precision

■ Three types of numerical data are common in computers:

■ Binary integer or binary fixed point

■ Binary floating point

■ Decimal

■ Packed decimal

■ Each decimal digit is represented by a 4-bit code with two digits 
stored per byte 
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Characters 

■ A common form of data is text or character strings

■ Textual data in character form cannot be easily stored or 

transmitted by data processing and communications systems 

because they are designed for binary data

■ Most commonly used character code is the International 

Reference Alphabet (IRA)

■ Referred to in the United States as the American Standard Code 

for Information Interchange (ASCII)

■ Another code used to encode characters is the Extended 

Binary Coded Decimal Interchange Code (EBCDIC)

■ EBCDIC is used on IBM mainframes
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Logical Data

■ An n-bit unit consisting of n 1-bit items of data, each item 

having the value 0 or 1

■ Two advantages to bit-oriented view:

■ Memory can be used most efficiently for storing an array of 

Boolean or binary data items in which each item can take on only 

the values 1 (true) and 0 (false)

■ To manipulate the bits of a data item

■ If floating-point operations are implemented in software, we 

need to be able to shift significant bits in some operations
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Single-Instruction-Multiple-Data 

(SIMD) Data Types
■ Introduced to the x86 architecture as part of the extensions of the 

instruction set to optimize performance of multimedia applications

■ These extensions include MMX (multimedia extensions) and SSE 
(streaming SIMD extensions)

■ SIMD (Single Instruction, Multiple Data) is a parallel processing 
technique used in CPUs to perform the same operation on multiple data 
points simultaneously.

■ Without SIMD (normal addition, one by one):

a1 = b1 + c1  

a2 = b2 + c2  

a3 = b3 + c3  

a4 = b4 + c4 

■ With SIMD (single instruction for all four):SIMD_ADD(a1-a4, b1-b4, c1-
c4)
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(Table can be found on page 

426 in textbook.)
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Table 12.4
Processor Actions for Various Types of Operations 

(Table can be found on page 427 in textbook.)


























	Slide 1: William Stallings  Computer Organization  and Architecture 10th Edition
	Slide 2: Chapter 12
	Slide 3: Machine Instruction Characteristics
	Slide 4: Elements of a Machine Instruction
	Slide 5
	Slide 6: Instruction Representation
	Slide 7: Instruction Representation
	Slide 8
	Slide 9: Types of Operands
	Slide 10: Numbers 
	Slide 11: Characters 
	Slide 12: Logical Data
	Slide 13: Single-Instruction-Multiple-Data (SIMD) Data Types
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28

