8086 microprocessor instruction set with
example

8086 microprocessor instruction set with example is a fundamental topic in understanding the
architecture and programming of the Intel 8086 microprocessor. The 8086 microprocessor, introduced
in the late 1970s, is a 16-bit microprocessor that played a pivotal role in the evolution of computing.
Its instruction set is a collection of commands that the processor can execute, enabling it to perform a
wide range of tasks from arithmetic operations to data transfer and control flow. This article delves
into the various categories of the 8086 instruction set, explaining their functions and providing
examples to illustrate their usage. By exploring the instruction set, programmers and engineers gain
insights into efficient coding and hardware interaction. The discussion also covers addressing modes
and the significance of each instruction type within the overall microprocessor operation. Following is
a detailed table of contents outlining the key sections covered in this comprehensive guide.

e Overview of 8086 Microprocessor Instruction Set
e Data Transfer Instructions

e Arithmetic Instructions

e Logical Instructions

e Control Transfer Instructions

e String Instructions

e Example Programs Using 8086 Instructions

Overview of 8086 Microprocessor Instruction Set

The 8086 microprocessor instruction set is a collection of machine-level commands that control the
CPU's operations. These instructions are binary codes that direct the microprocessor to execute
specific tasks such as moving data, performing calculations, or altering the sequence of program
execution. The instruction set is categorized based on the operation types including data transfer,
arithmetic, logical, control transfer, and string manipulation instructions. Each category serves a
distinct purpose and is essential for the functional versatility of the 8086 CPU.

The instruction set supports a variety of addressing modes which determine how the processor
accesses operands. These addressing modes include immediate, register, direct, indirect, and
indexed, allowing flexible data manipulation. Understanding this instruction set is crucial for
developing assembly language programs and for hardware interfacing in embedded systems.



Data Transfer Instructions

Data transfer instructions are pivotal in moving data between registers, memory locations, and I/O
ports. These instructions do not alter the data but merely relocate it to the required destination. The
8086 microprocessor provides several data transfer instructions to facilitate efficient data handling.

MOV Instruction

The MOV instruction copies data from a source to a destination. It supports various addressing modes
and is one of the most frequently used instructions in 8086 programming. The syntax is MOV
destination, source, where both operands can be registers, memory locations, or immediate values.

Example:

1. MOV AX, BX ; Copies content of BX register into AX register

2. MOV AL, 0x25 ; Moves immediate value 0x25 into AL register

Other Data Transfer Instructions

Besides MQV, other instructions include:

e XCHG - Exchanges data between two registers or between a register and memory.
e LEA - Loads the effective address of a memory operand into a register.
e XLAT - Translates a byte in AL using a lookup table.

¢ IN and OUT - Transfer data between 1/0 ports and registers.

Arithmetic Instructions

Arithmetic instructions execute mathematical operations such as addition, subtraction, multiplication,
and division. These instructions manipulate numeric data stored in registers or memory and update
flags accordingly to reflect the result's characteristics.

ADD and SUB Instructions

These instructions perform addition and subtraction respectively. The syntax is similar to MOV,
allowing operands to be registers, memory locations, or immediate values.

Example:



1. ADD AX, BX ; Adds BX to AX and stores the result in AX

2. SUB CX, 5 ; Subtracts immediate value 5 from CX

MUL and DIV Instructions

MUL performs unsigned multiplication, while DIV performs unsigned division. For signed operations,
IMUL and IDIV are used. These instructions typically involve the AX register and may affect multiple
registers depending on operand size.

Example:

1. MUL BL ; Multiplies AL by BL, result stored in AX

2. DIV CL; Divides AX by CL, quotient in AL, remainder in AH

Logical Instructions

Logical instructions perform bitwise operations on data, including AND, OR, XOR, and NOT. These
operations are essential for masking, setting, or toggling specific bits in registers or memory
locations.

AND, OR, XOR Instructions

These instructions perform bitwise logical operations between two operands. They update the status
flags based on the result.

Example:
1. AND AX, 0xOF ; Masks higher nibble of AX register
2. OR BL, CL; Performs bitwise OR between BL and CL

3. XOR AL, AL ; Clears AL register by XORing with itself

NOT Instruction

NOT instruction performs bitwise inversion of the operand, flipping all bits.

Example:

1. NOT AX ; Inverts all bits in AX register



Control Transfer Instructions

Control transfer instructions alter the flow of program execution. They include jumps, calls, returns,
and loops. These instructions are crucial for implementing decision-making, loops, and function calls

in assembly language.

Jump Instructions

Jump instructions change the program counter to a specified address, either unconditionally or based
on a condition. Conditional jumps depend on the status flags updated by previous instructions.

Example:

1. JMP LABEL ; Unconditional jump to LABEL

2. JE LABEL ; Jump if equal (zero flag set)

Call and Return

CALL is used to invoke a procedure or function, saving the return address on the stack. RET returns
control to the calling procedure by popping the return address from the stack.

Example:
1. CALL SUBROUTINE ; Calls subroutine at SUBROUTINE

2. RET ; Returns from subroutine

Loop Instructions
Loop instructions decrement the CX register and jump if CX is not zero, facilitating iteration.

Example:

1. LOOP LABEL ; Decrements CX and jumps to LABEL if CX # 0

String Instructions

String instructions in the 8086 microprocessor allow efficient manipulation of blocks of data,
especially useful in operations such as copying, comparing, or scanning strings of bytes or words.



MOVS, CMPS, SCAS Instructions

These instructions perform move, compare, and scan operations on strings respectively, using Sl and
DI registers as source and destination pointers.

Example:
1. MOVSB ; Moves byte from DS:SI to ES:DI and increments/decrements pointers
2. CMPSW ; Compares word at DS:SI with word at ES:DI

3. SCASB ; Scans byte at ES:DI comparing with AL

LODS and STOS Instructions

LODS loads a string element into the accumulator, while STOS stores the accumulator content into a
string position.

Example:

1. LODSB ; Loads byte at DS:Sl into AL

2. STOSW ; Stores AX at ES:DI

Example Programs Using 8086 Instructions

To illustrate the practical use of the 8086 microprocessor instruction set with example, consider
simple programs demonstrating data transfer, arithmetic operations, and control flow.

Example 1: Adding Two Numbers

This program adds two numbers stored in registers and stores the result in another register.

1. MOV AX, 5; Load 5 into AX
2. MOV BX, 10 ; Load 10 into BX

3. ADD AX, BX ; Add BX to AX

After execution, AX contains 15.



Example 2: Loop to Decrement a Counter

This example uses the LOOP instruction to decrement CX from 5 to 0.

1. MOV CX, 5 : Initialize counter
2. LABEL: ; Loop label
3. DEC AX ; Decrement AX

4. LOOP LABEL ; Loop until CX is zero

Example 3: Data Transfer from Memory to Register

This program loads a byte from memory into a register.

1. MOV SI, OFFSET DATA : Load address of DATA into SI

2. MOV AL, [SI] ; Load byte at DS:Sl into AL

DATA is a predefined memory location containing a byte value.

Frequently Asked Questions

What is the 8086 microprocessor instruction set?

The 8086 microprocessor instruction set is a collection of machine-level commands that the 8086 CPU
can execute. It includes data transfer, arithmetic, logic, control, string, and processor control
instructions, enabling the processor to perform various operations.

What are the main categories of instructions in the 8086
instruction set?

The main categories of 8086 instructions are Data Transfer Instructions, Arithmetic Instructions,
Logical Instructions, Control Transfer Instructions (jumps, loops, calls), String Instructions, and
Processor Control Instructions.

Can you give an example of a data transfer instruction in the
8086 and explain it?

An example of a data transfer instruction is MOV AX, BX. This instruction copies the contents of
register BX into register AX without altering BX.



How does the ADD instruction work in the 8086
microprocessor?

The ADD instruction adds the value of the source operand to the destination operand and stores the
result in the destination operand. For example, ADD AX, 5 adds 5 to the contents of AX.

What is an example of a jump instruction in the 8086
instruction set?

An example is JMP LABEL, which causes the program execution to jump unconditionally to the
instruction at LABEL.

How are logical instructions used in the 8086, with an
example?

Logical instructions perform bitwise operations. For example, AND AX, BX performs a bitwise AND
between AX and BX and stores the result in AX.

What is the purpose of the LOOP instruction in the 8086 and
how is it used?

The LOOP instruction decrements the CX register and jumps to a specified label if CX is not zero. For
example, LOOP START will repeat the code at START CX times.

Can you explain the function of the INT instruction with an
example?

The INT instruction triggers a software interrupt. For example, INT 21h is used to invoke DOS services
such as reading a character from input.

What is an example of a string instruction in the 8086
instruction set?

An example is MOVSB, which moves a byte from the source string (pointed to by DS:SI) to the
destination string (pointed to by ES:DI) and increments or decrements Sl and DI based on the
direction flag.

Additional Resources

1. 8086 Microprocessor Instruction Set: A Comprehensive Guide with Examples

This book offers an in-depth exploration of the 8086 microprocessor’s instruction set, complete with
detailed examples and practical applications. It covers fundamental instructions as well as advanced
programming techniques, making it ideal for both beginners and experienced programmers. The clear
explanations and hands-on examples help readers understand how to effectively utilize the 8086
instruction set in real-world scenarios.



2. Programming 8086 Microprocessor: Instructions and Applications

Focused on programming the 8086 microprocessor, this book provides a thorough overview of its
instruction set along with step-by-step coding examples. It emphasizes the use of instruction
combinations to solve common programming problems. Readers will find practical exercises that
reinforce learning and enhance their understanding of assembly language programming.

3. Mastering 8086 Assembly Language and Instruction Set

This title delves into the intricacies of the 8086 assembly language and its instruction set, providing
clear examples that illustrate each concept. The book is designed to help readers develop proficiency
in writing efficient assembly code. It also includes tips on optimizing code performance and debugging
techniques.

4. 8086 Microprocessor: Instruction Set Architecture with Sample Programs

Offering a detailed look at the 8086’s instruction set architecture, this book combines theoretical
concepts with practical sample programs. It explains each instruction’s function and usage in the
context of real programming tasks. The examples provided help bridge the gap between theory and
practice for students and engineers alike.

5. Introduction to 8086 Microprocessor Instructions and Programming

This introductory book serves as a beginner-friendly resource on 8086 microprocessor instructions
and programming fundamentals. It presents the instruction set in an easy-to-understand format,
complemented by illustrative examples. The content is ideal for students who are new to
microprocessor concepts and assembly language.

6. 8086 Microprocessor Instruction Set: Theory and Practical Examples

Combining theoretical explanations with practical examples, this book offers a balanced approach to
learning the 8086 instruction set. It covers instruction formats, addressing modes, and programming
strategies, supported by example code snippets. The book is a valuable reference for both academic
study and hands-on programming.

7. Effective Programming with 8086 Microprocessor Instruction Set

This book focuses on effective programming techniques using the 8086 instruction set. It highlights
best practices, common pitfalls, and optimization strategies through clear examples. Readers will gain
insights into writing robust and efficient assembly programs for various applications.

8. 8086 Assembly Language Programming: Instructions and Worked Examples

A practical guide to 8086 assembly language programming, this book breaks down the instruction set
with worked examples for each type of instruction. It provides thorough explanations of syntax and
usage, helping readers build a strong foundation in low-level programming. The step-by-step
approach makes complex concepts accessible.

9. Comprehensive 8086 Instruction Set Reference with Example Programs

This reference book compiles the complete 8086 instruction set with detailed descriptions and
example programs for each instruction. It serves as a handy manual for programmers needing quick
access to instruction details and usage patterns. The extensive examples facilitate better
understanding and implementation of 8086 assembly language.
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