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Block Diagram Of  Computer
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Types of Computers

• Microcomputers

• Minicomputers

• Mainframes/Supercomputers
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Definition Of A Microprocessor

1.It is an IC which processes set of instructions in 
a Micro-Second.

2.It is an IC which has ALU , Memory accessing 
capability, I/O accessing capability.

3. An IC that contains all the functions of a 
central processing unit(CPU) of a computer.
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Evolution of MP
• 4-bit processor

• 4004,1971

• 16-Pin,DIP

• Memory capacity : 4KB i.e 12 address line

• 4-bit Data bus

• Clock Speed: 0.108Mhz

• Applications

• Traffic Controllers,Blood Analyzers,Calculators

• Disadvantage

• Less speed of operation

• Less memory
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• 8-bit processor

• 8008,1972

• 18-Pin,DIP

• Memory capacity : 16KB i.e 14-bit address line

• 8-bit Data bus

• Clock Speed: 0.2Mhz

• Applications

• Not used much as it requires additional hardware to function 
it as a CPU

• Disadvantage

• Less memory

• Additional hardware to make use as CPU

• Advantage

• Faster compared to 4004
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• 8-bit processor (First General Purpose Computer)

• 8080,1974

• 40-Pin,DIP

• Memory capacity : 64KB i.e 16-bit address line

• 8-bit Data bus

• Clock Speed: 2Mhz

• 8-bit processor

• 8085,1977

• 40-Pin,DIP

• Memory capacity : 64KB i.e 16-bit address line

• 8-bit Data bus

• Clock Speed: 5Mhz

• Interrupts : 5

• Disadvantage

• Don’t support Pipelining



Aditya Engineering College  (A)

• 16-bit processor 

• 8086,1978

• 40-Pin,DIP

• Memory capacity : 1MB i.e 20 bit address line

• 16-bit Data bus

• Clock Speed: 5Mhz – 10 Mhz

• Advantage

• Support Pipelining mechanism

• Powerful Instruction set(CISC)

• Interrupt: 256

• 32-bit processors

• 80286,80287,80386,80387,80486, P1,P2,P4 etc….
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REGISTER SET OF 8086
or

REGISTER ORGANISATION OF 8086
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Register Set of 8086
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In the 8086 Microprocessor, the registers are categorized into mainly four types:
1.General Purpose Registers
2.Segment Registers
3.Pointers and Index Registers
4.Flag or Status Register

1) General Purpose Registers
i.AX = [AH:AL]
ii.BX = [BH:BL]
iii.CX = [CH:CL]
iv.DX = [DH:DL]

2) Segment Registers
There are 4 segment registers in 8086 Microprocessor and each of them is of 16 bit. The 
code and instructions are stored inside these different segments.
1.Code Segment (CS) Register: The user cannot modify the content of these registers. Only 
the microprocessor's compiler can do this.
2.Data Segment (DS) Register: The user can modify the content of the data segment.
3.Stack Segment (SS) Registers: The SS is used to store the information about the memory 
segment. The operations of the SS are mainly Push and Pop.
4.Extra Segment (ES) Register: By default, the control of the compiler remains in the DS 
where the user can add and modify the instructions. If there is less space in that segment, 
then ES is used. ES is also used for copying purpose.

https://www.includehelp.com/embedded-system/introduction-to-8086-microprocessor.aspx
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3) Pointers and Index Registers

The pointers will always store some address or memory location. In 8086 

Microprocessor, they usually store the offset through which the actual address is 

calculated.

1.Instruction Pointer (IP): The instruction pointer usually stores the address of the next 

instruction that is to be executed. Apart from this, it also acts as an offset for CS register.

2.Base Pointer (BP): The Base pointer stores the base address of the memory. Also, it 

acts as an offset for Stack Segment (SS).

3.Stack Pointer (SP): The Stack Pointer Points at the current top value of the Stack. Like 

the BP, it also acts as an offset to the Stack Segment (SS).

The indexes are used with the extra segment and they usually are used for copying the 

contents of a particular block of memory to a new location.

4.Source Index (SI): It stores the offset address of the source.

5.Destination Index (DI): It stores the offset address of the Destination.

4) Flag or Status Register

The Flag or Status register is a 16-bit register which contains 9 flags, and the remaining 7 

bits are idle in this register. These flags tell about the status of the processor after any 

arithmetic or logical operation. IF the flag value is 1, the flag is set, and if it is 0, it is said 

to be reset



Aditya Engineering College  (A)

PIN DIAGRAM OF 8086

Microprocessors and Microcontrollers
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 AD0-AD15 : Address/Data bus. These are low order address

bus. They are multiplexed with data. When AD lines are used

to transmit memory address the symbol A is used instead of

AD, for example A0-A15.

 A16-A19 : High order address bus. These are multiplexed with

status signals.

 S2, S1, S0 : Status pins. These pins are active during T4, T1

and T2 states and is returned to passive state (1,1,1 during T3

or Tw (when ready is inactive). These are used by the 8288 bus

controller for generating all the memory and I/O operation)

access control signals. Any change in S2, S1, S0 during T4

indicates the beginning of a bus cycle.

Microprocessors and Microcontrollers
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 A16/S3, A17/S4, A18/S5, A19/S6 : The specified address lines

are multiplexed with corresponding status signals.

Microprocessors and Microcontrollers
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Microprocessors and Microcontrollers
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 BHE’/S7 : Bus High Enable/Status. During T1 it is low. It is used to

enable data onto the most significant half of data bus, D8-D15. 8-bit

device connected to upper half of the data bus use BHE (Active Low)

signal. It is multiplexed with status signal S7. S7 signal is available

during T2, T3 and T4.

 RD’: This is used for read operation. It is an output signal. It is active 

when low.

READY : This is the acknowledgement from the memory or slow 

device that they have completed the data transfer. The signal made 

available by the devices is synchronized by the 8284A clock generator to 

provide ready input to the microprocessor. The signal is active high(1).

 INTR : Interrupt Request. This is triggered input. This is sampled

during the last clock cycles of each instruction for determining the

availability of the request. If any interrupt request is found pending, the

processor enters the interrupt acknowledge cycle. This can be internally

masked after resulting the interrupt enable flag. This signal is active

high(1) and has been synchronized internally.

Microprocessors and Microcontrollers
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• NMI : Non maskable interrupt. This is an edge triggered input which
results in a type II interrupt. A subroutine is then vectored through an
interrupt vector lookup table which is located in the system memory.
NMI is non-maskable internally by software. A transition made from
low(0) to high(1) initiates the interrupt at the end of the current
instruction. This input has been synchronized internally.

• INTA : Interrupt acknowledge. It is active low(0) during T2, T3 and Tw
of each interrupt acknowledge cycle.

• MN/MX’ : Minimum/Maximum. This pin signal indicates what mode
the processor will operate in.

• RQ’/GT1′, RQ’/GT0′ : Request/Grant. These pins are used by local bus
masters used to force the microprocessor to release the local bus at the
end of the microprocessor’s current bus cycle. Each of the pin is bi-
directional. RQ’/GT0′ have higher priority than RQ’/GT1′.

• LOCK’ : Its an active low pin. It indicates that other system bus masters
have not been allowed to gain control of the system bus while LOCK’ is
active low(0). The LOCK signal will be active until the completion of
the next instruction.

Microprocessors and Microcontrollers
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 TEST’ : This examined by a ‘WAIT’ instruction. If the TEST pin
goes low(0), execution will continue, else the processor remains in
an idle state. The input is internally synchronized during each of
the clock cycle on leading edge of the clock.

 CLK : Clock Input. The clock input provides the basic timing for
processing operation and bus control activity. Its an asymmetric
square wave with a 33% duty cycle.

 RESET : This pin requires the microprocessor to terminate its
present activity immediately. The signal must be active high(1) for
at least four clock cycles.

 Vcc : Power Supply( +5V D.C.)

 GND : Ground
Microprocessors and Microcontrollers
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 QS1,QS0 : Queue Status. These signals indicate the status of the

internal 8086 instruction queue according to the table shown

below

Microprocessors and Microcontrollers
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 DT/R : Data Transmit/Receive. This pin is required in minimum

systems, that want to use a data bus transceiver. The direction of

data flow is controlled through the transceiver.

 DEN : Data enable. This pin is provided as an output enable in a

minimum system which uses transceiver. DEN is active low(0)

during each memory and input-output access and for INTA

cycles.

 HOLD/HOLDA : HOLD indicates that another master has been

requesting a local bus .This is an active high(1). The

microprocessor receiving the HOLD request will issue HLDA

(high) as an acknowledgement in the middle of a T4 or T1 clock

cycle.

 ALE : Address Latch Enable. ALE is provided by the

microprocessor to latch the address. It is an active high(1) pulse

during T1 of any bus cycle. ALE signal is never floated, is

always integer.

Microprocessors and Microcontrollers
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Microprocessors and Microcontrollers

INTERNAL ARCHITECTURE OF 8086



Aditya Engineering College  (A)

INTERNAL ARCHITECTURE OF 8086

Microprocessors and Microcontrollers
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INTERRUPT VECTOR TABLE OF 8086

Microprocessors and Microcontrollers
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PHYSICAL MEMORY ORGANIZATION OF 8086

Microprocessors and Microcontrollers
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Microprocessors and Microcontrollers



Aditya Engineering College  (A)

MINIMUM AND MAXIMUM MODE OF 8086

Latching 20 bit address of 8086:

Microprocessors and Microcontrollers
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Buffering data bus of 8086:

Microprocessors and Microcontrollers



Aditya Engineering College  (A)

Block diagram of 8086 in minimum mode:

Microprocessors and Microcontrollers
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 Read cycle timing diagram for Minimum mode:

Microprocessors and Microcontrollers
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Write Cycle Timing diagram for Minimum mode operation:

Microprocessors and Microcontrollers
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Microprocessors and Microcontrollers
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Bus request and bus grant timings:

Microprocessors and Microcontrollers
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8288 Bus Controller:

 There are not enough pins available on the 8086 for bus

control during the maximum mode. It requires addition of

8288 bus controller.

Microprocessors and Microcontrollers
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 S2,S1,S0: Status inputs are connected to the status output pins of

8086.

 CLK: Provides internal timing. Must be connected to the CLK

output pin of 8284A clock generator.

 ALE: The address latch enable output is used to demultiplex the

address/data bus.

 DEN: The data bus enable pin controls the bidirectional data bus

buffers in the system.

 DT/R: Data transmit/receive signal output to control direction of

the bidirectional data bus buffers

 AEN: The address enable input causes the 8288 to enable the

memory control signals. Generally grounded.

 CEN: The control enable input enables the command output pins

on the 8288. Tied to +5V.

 IOB: The I/O bus mode input selects either I/O

bus mode or system bus mode operation. Generally grounded.

Microprocessors and Microcontrollers
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 AIOWC (bar): Advanced I/O write is a command output to

an advanced I/O write control signal.

 IORC (bar): The I/O read command output provides

I/O with its read control signal.

 IOWC (bar): The I/O write command output provides I/O

with its main write signal.

 AMWT (bar): Advanced memory write control pin provides

memory with an early/advanced write signal.

 MWTC (bar): The memory write control pin provides

memory with its normal write control signal.

 MRDC (bar): The memory read control pin provides

memory with a read control signal.

 INTA (bar): The interrupt acknowledge output

acknowledges an interrupt request input applied to the INTR

pin.
Microprocessors and Microcontrollers
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Maximum mode of 8086:

Microprocessors and Microcontrollers
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Memory read in maximum mode:

Microprocessors and Microcontrollers
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Memory write in maximum mode:

Microprocessors and Microcontrollers
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Timings for RQ/GT signals:

Microprocessors and Microcontrollers
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ASSEMBLER DIRECTIVES OF 8086
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1. ASSUME
2. SEGMENT
3. DB
4. DW
5. EQU
6. ENDS
7. OFFSET
8. DUPLICATE 
9. END

DEFINITION:
Assembler directives are the one which helps the assembler in converting assembly 
level program to machine level program.
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10 PROC

11 ENDP

12 MACRO

13 ENDM

14 DD

15 DQ

16 DT

17 ORG

18 EVEN 

19 EXTRN

20 GLOBAL
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21 GROUP

22 INCLUDE

23 LABEL

24 LENGTH

25 SHORT

26 TYPE
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ASSEMBLER DIRECTIVES

 The main advantage of the machine level programming (the

language which consist of binary files that can be executed by

a computer) is that the memory control will be in the hands of

the programmer.

 On the other hand assembly language is a low level language

which converts into machine level language using a software

assembler.

 The machine level language is quite tedious in terms of

programming and coding. In the assembly language the

instruction mnemonics can be directly used.

 In the assembly language the address values and the constants

can be directly identified by labels. Due to these labels the

programmer need not require to remember the addresses at

which the mnemonics are stored.

Microprocessors and Microcontrollers
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 Assembler is used to find out the syntactical errors. The logical

errors or other programming errors are not found by the

assembler.

 To identify the logical errors or programming errors (like

required storage for particular variables, logical names of the

segments, types of routines and modules etc), an assembler

needs some hints from the programmer.

 These type of hints are given to the assembler using some

alphabetical strings called assembler directives which help

the assembler to correctly understand the assembly language

program.

Microprocessors and Microcontrollers
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List of Assembler Directives

DB: Define Byte

 Used to reserve byte/bytes of memory locations in the

available memory.

 While the EXE file is prepared, this directive specify the

number of memory bytes to the said data type.

 Also initializes the reserved memory bytes with the ASCII

codes of the characters specified as a string.

Examples:

Microprocessors and Microcontrollers
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DW: Define Word

 Serves the same purpose as DB directive but makes the

assembler to reserve a word size of memory instead of byte

size.

Examples:

DQ: Define Quadword

 Used to direct the assembler to reserve 4 words (8 bytes) of

memory for the specified variable.

Microprocessors and Microcontrollers
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DT: Define Ten Bytes

 Directs the assembler to reserve 10 bytes of memory for a variable and

initialize the 10 bytes with the specified values.

 This directive may be used in the numerical calculations processed by

numerical processors.

ASSUME: Assume logical segment name

 Used to inform the assembler that the names of the logical segments will be

given different names used in the program.

 For example, code segment may be given the name CODE, the data

segment may be given the name DATA etc.

 The statement ASSUME CS : CODE directs the assembler that the machine

codes are available in a segment named CODE and the CS register is to be

loaded with the address assigned by the OS for the label CODE.

 Similarly ASSUME DS : DATA indicates that data items related to the

program are available in segment called DATA.

Microprocessors and Microcontrollers
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 The assume statement is a must for any assembly language

program without which a message ‘CODE/DATA EMITTED

WITHOUT SEGMENT’may be issued by an assembler.

END: END of the program

 Marks the end of the assembly language program. When the

assembler comes across this END line, it will ignore the

source lines that are present later on.

 END statement should be present in the last of the program

and should never appear in between the program.

ENDP: END of Procedure

 In assembly language the subroutines are called procedures.

They are the independent program modules which return the

particular program or values to the calling programs.

 ENDP is used to indicate the end of a procedure. A procedure

is usually assigned a name i.e. label.
Microprocessors and Microcontrollers
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 To mark the end of the procedure, a label may appear as a

prefix with the directive ENDP. The statements appearing in

the same module but after the ENDP directive, are neglected

from that procedure.

ENDS: END of Segment

 Marks the end of the logical segment.

 The logical segments are assigned with the names using the

ASSUME directive.

 The names appear as the prefixes with the ENDS directive to

mark the end of the particular statements.

Microprocessors and Microcontrollers
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 The statements of any segment has to appear before the ENDS

directive. Any statement appearing after the ENDS directive

are neglected from that particular segment.

EVEN: Align on even memory address

 The assembler while starting the assembling procedure of any

assembly program, initializes a location counter and goes on

updating it.
Microprocessors and Microcontrollers
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 It goes on assigning the available addresses i.e. contents of the

location counter sequentially to the program variables, constants,

and modules.

 The EVEN directive updates the location counter to the next even

address if the current location counter contents are not even.

 The assembler will start assembling the main program calling the

ROOT. When the assembler comes across the directive EVEN it

checks the contents of the location counter.

 If it is odd, it is updated to the next even value and the ROOT procedure is

assigned to that address. If the content of the location counter is even then the

ROOT procedure will be assigned with same address.
Microprocessors and Microcontrollers
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EQU: Equate

 Used to assign a variable with a value or symbol. Use of this

EQU is to reduce the occurrence of numerical values and

constants.

 If any value needs to be used continuously in a program, then

variable can be used in place of that numerical value.

 Using an EQU directive, an instruction mnemonic can also be

assigned.

 Assume a constant which appears in a program for 10 times. If

that value needs to be changed at a later time, then that value

needs to be corrected for 10 times.

 This may lead to human errors and may result in wrong

generation of codes. If the EQU directive is used, then the

value can be replaced directly which will reflect the entire

program.
Microprocessors and Microcontrollers
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EXTRN: External and PUBLIC: Public

 Extrn directive informs the assembler that the names,

procedures and labels declared after this directive have already

been defined in some other assembly modules.

 In the other module, where the names, procedures, and labels

actually appear, they must be declared public using the

PUBLIC directive.

Microprocessors and Microcontrollers
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GROUP: Group the related segments

 Used to form logical groups of segments with similar purpose

or type.

 Used to inform the assembler to form a logical group of the

following segment names.

 The group declared segments or operands must lie within a

64KByte memory segment.

 All segments and labels can be addressed using the same

segment base.

Microprocessors and Microcontrollers
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LENGTH: Byte length

 Used to refer the length of a data array or string. Not available

in MASM.

MOV CX, LENGTH ARRAY

 This statement when assembled will substitute the length of

the array ARRAY in bytes.

LOCAL:

 The labels, variables, constants or procedures declared

LOCAL in a module are to be used only by that particular

module.

 After sometime some other module may declare a particular

data type LOCAL which was previously declared LOCAL by

an other module or modules.

Microprocessors and Microcontrollers
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NAME: Logical name of a module

 Used to assign a name to an assembly language program

module.

 The module may now be referred to by its declared name.

OFFSET: Offset of a label

 When the assembler comes across the OFFSET directive along

with a label, it computes the 16 bit displacement of the

particular label and replaces the string OFFSET LABEL by the

computed displacement.

 This offset is used with arrays, strings, labels, and procedures

to decide their offsets in their default segments.

Microprocessors and Microcontrollers
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ORG: Origin

 Directs the assembler to start the memory allotment for a

particular segment, block or code from the declared address in

the ORG statement.

 During the start of any program, the assembler initializes the

location counter to keep track of all the addresses. The default

address location with which the initialization counter is

assigned will be 0000H.

 If the ORG directive is used (for example ORG 1000H) then

the code will start from the address mentioned.

 The location counter will get initialized to the address 1000H

instead of 0000H.

Microprocessors and Microcontrollers
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PROC: Procedure

 Marks the start of a named procedure in the statement. Also

the types NEAR or FAR specify the types of the procedure.

 This indicates that whether the procedure to be called by the

main program is within 64K of physical memory or not.

 The statement RESULT PROC NEAR marks the start of the

routine RESULT which is to be called by a program located in

the same segment of memory.

 Similarly for the statement RESULT PROC FAR.

Microprocessors and Microcontrollers
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PTR: Pointer

 POINTER operator is used to declare the type of a label,

variable, or memory operand. The operator PTR is prefixed

with either byte or word.

 PTR can be used to specify the data type - byte or word.

Microprocessors and Microcontrollers



Aditya Engineering College  (A)

PUBLIC:

 This directive will be used with the EXTRN directive.

 Informs the assembler that the constants, variables or

procedures declared PUBLIC may be used by other assembly

modules to form their codes.

 If the variables have to be declared with PUBLIC then the user

have to declare them as external using EXTRN directive.

SEG: Segment of a label

 Used to decide the segment address.

Microprocessors and Microcontrollers
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SEGMENT: Logical segment

 Marks the starting of a logical segment.

 The SEGMENT and ENDS directive must bracket each logical

segment of a program.

 The segment may be assigned a type PUBLIC or GLOBAL.

SHORT:

 Indicates the assembler that only one byte is required to code

the displacement for jump i,e. -128 to +127.

 The syntax is given below.

JMP SHORT LABEL

Microprocessors and Microcontrollers
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TYPE:

 Directs the assembler to decide the data type of the specified label.

GLOBAL:

 The labels, variables, procedures declared GLOBAL may be used

by other modules of the program.

 Once a variable is declared GLOBAL, it can be used by any

module in the program.

ROUTINE PROC GLOBAL

‘+ and –’ Operators:

 Represent arithmetic addition or subtraction and typically used to

add/subtract displacements to base/index register or stack/base

pointer.

Microprocessors and Microcontrollers
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FAR PTR:

 Indicates the assembler that a label is not available within the

same segment. The address of the label is 32 bits i.e. 2 bytes

offset followed by 2 bytes segment address.

NEAR PTR:

 Indicates the assembler that a label is available within the

same segment. The address of the label is 16 bits i.e. 2 bytes

offset.

Microprocessors and Microcontrollers
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Even: align On Even Memory Address

This directive tells the assembler to increment the 
location counter to the next even address if it is 
not already at an even address

Example:

Data Segment

Sales  db 03h dup(?)

even

record db 02h dup(?)

Data Ends
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Extrn

This directive is used to tell the assembler that 
the names or labels following the directive are 
in some other assembly module.

Example:

Extrn smart_divide:Far

Tells the assembler that Smart_divide is a label 
of type far in another assembly module.
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Global

This directive can be used in place of 
Public/Extrn directives.

This directive is used to make the symbol/name 
available to other modules

Example:

Global Divisor

Makes variable Divisor public so that it can be 
accessed from other modules.
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Group: Group Related Segments

This directive is used to tell the assembler to group the 
logical segments named after the directive into one 
logical group segment.The base addresses of all the 
segments used will be equal.

Example:

Small_system Group code,data,stack

Assume 
cs:small_system,ds:small_system,ss:small_system
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Label

This directive is used to give a name to the current 
value in the location counter. Can be used as 
destination for  jump /a call OR to refer data item.

Example:
1.Entry_point label FAR/NEAR
2.Stack segment

Stack_begin db 02h dup(00)
Stack_top label byte

// Stack_top points to 0002 location//
Stack ends
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Length: Not implemented in IBM MASM

It is an operator which tells the assembler to 
determine the number of elements in some 
named data item, such as a string or an array.

Example:

Mov cx,length string1
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Include: include source code from file

This directive is used to tell the assembler to 
insert a block of source code from the named 
file into the current source module. This 
shortens the source code.

Example:

Test.asm // An ALP//

Test1.am//Another ALP

include test.asm
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Type

This operator tells the assembler to determine the type 
of a specified variable. The assembler actually 
determine the number of bytes for a variable.

Example:

Data segment

Array db 03h,05h

Data ends

Add Bl , Type array // 01 is added to bl as db=1byte

// 02 will be added to bx if dw is used 
instead of db.



ADDRESSING MODES OF 8086



Definition : 

Several ways of locating data or operand in the memory is 

called an addressing modes.

Flow of Instruction Execution:

1.Sequential Instruction

eg: Arithmetic, Logical, data transfer, processor control

2.Control Transfer Instruction 

eg: INT, CALL, RET, JUMP



Addressing Modes For Sequential 
Control Flow Instructions

1.Immediate Addressing Mode(AM)

2.Direct AM

3.Register AM

4.Register Indirect AM

5.Indexed AM

6.Register Relative AM

7.Based Indexed AM

8.Relative Based Indexed AM
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Immediate Addressing Mode

Example: 

1.MOV  AX,1234H

2.MOV  CL,36H

3.MOV  BH,0FCH

Note:

1.The source and destination must be of same size.

2.All registers except Segment registers can be used 

in this mode.
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Direct Addressing Mode

Example:

1.MOV AX,[5000]

2.MOV [1234],AL

3.MOV CL,[3456]

4.MOV [8005],AX

Physical Address= DS*10H+5000H etc…
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Register Addressing Mode

Example:

1. MOV AX,BX

2. MOV CX,AX

3. MOV DS,AX

4. ADD AL,BL

All the registers, except IP may be used 
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Register Indirect Addressing Mode

Example:

1.MOV AX,[BX]

2.MOV CX,[DI]

3.MOV AX,[SI]

Physical Address= DS*10H+BX etc..
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Indexed Addressing Mode

Example:

1.MOV AX,[SI]

2.MOV CX,[DI]

3.MOV [SI],BX

Physical Address= DS*10H+SI etc..
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Register Relative Addressing Mode

Example:

1. MOV AX,50H[BX]

2. MOV CX,1234H[SI]

3. MOV 80H[DI],AX

Note:

Only registers BX,BP,SI,DI should be used for 
adding an 8-bit or 16-bit displacement.

Physical Address= DS*10H+50+BX etc..
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Based Indexed Addressing Mode

Example:

1. MOV AX,[BX][SI]

2. MOV CX,[BP][DI]

3. MOV [BX][SI],AX

Note:

No registers other than BX,BP,SI,DI

In this mode.

Physical Address= DS*10H+BX+SI etc…
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Relative Based Indexed Addressing Mode

Example:

1.MOV AX,50H[BX][SI]

2.MOV CX,1234H[BP][DI]

3.MOV 80H[BX][SI],AX

Physical Address= DS*10H+50H+BX+SI



Addressing Modes for  Control Transfer 
Instructions

1.Intrasegment Direct AM

2.Intrasegment Indirect AM

3.Intersegment Direct AM

4.Intersegment Indirect AM

Note: The destination for these addressing modes is an instruction



Aditya Engineering College  (A)

Intra segment Direct Addressing Mode

Example:

JMP SHORT LABEL;

8-bit displacement  = -128 <d<+127(Short)

16 -bit displacement = -32768<d<+32767(Long)
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Intrasegment Indirect Addressing Mode

Example:

JMP [BX]



Aditya Engineering College  (A)

Intersegment Direct Addressing Mode

Example:

JMP 5000H:2000H

Physical Address = CS*10H+2000H
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Intersegment Indirect Addressing Mode

Example:

JMP [2000H]

Physical Address = CS*10H+IP
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INSTRUCTION SET OF 8086
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Types of Instructions in 8086

1. Data copy/Transfer instructions

2. Arithmetic and Logical instructions

3. Branch instructions

4. Loop instructions

5. Machine Control instructions

6. Flag Manipulation instructions

7. Shift and Rotate instructions

8. String Manipulation instructions
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Data copy/Transfer instructions

1. MOV : Move

2. PUSH: Push To Stack

3. POP : Pop From Stack

4. XCHG : Exchange

5. IN : Input The Port Note:AL/AX,DX

6. OUT : Output The Port

7. LEA : Load Effective Address



Aditya Engineering College  (A)

8 LDS/LES : Load Register and DS/ES with words 
from memory

9 LAHF : Load Low Byte of Flag Register to AH

10 SAHF : Store AH Register to Low Byte of Flag 
Register 

11 PUSHF : Push Flags to Stack

12 POPF : Pop Flags from Stack
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Arithmetic and Logical instructions
1. ADD: Addition 

2. ADC: Add with carry 

3. INC: Increment 

4. AAA : ASCII adjust after addition

5. AAS : ASCII adjust after subtraction

6. AAM : ASCII adjust after multiplication

7. SUB : Subtraction

8. SBB : Subtraction with borrow
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8 DEC : Decrement

9 NEG : Negate 

10 CMP : Compare

11 DAA : Decimal adjust after addition

12 DAS : Decimal adjust after subtraction 

13 MUL : Unsigned multiplication

14 IMUL : Signed multiplication

15 AAD : ASCII adjust before division

16 DIV  : Unsigned division
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17 IDIV : Signed Division

19 CBW : Convert byte to word

20 CWD : Convert word to double word
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LOGICAL INSTRUCTIONS

1. AND : And operation

2. TEST : And operation to update flags

3. OR : Or operation 

4. XOR : Exclusive Or operation

5. NOT : Invert / Complement
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Branch instructions

UNCONDITIONAL:

1 CALL : Call a procedure

2 JMP : Jump

3 RET : Return from procedure 

4 IRET : Return from interrupt procedure

5 INT : Interrupt type
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CONDITONAL:

1. JE/JZ : jump if ZF=1

2. JB/JC

3. JNB/JNC :jump if CF=0

4. JO

5. JNO

6. JP

7. JNP

8. JNE/JNZ

9. JS

10.JNS

11.INTO : Interrupt on overflow
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Loop instructions

1. LOOP

2. LOOPZ/LOOPE

3. LOOPNZ/LOOPNE
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Machine Control instructions

1. NOP : No operation

2. HLT : Halt the processor until reset/ interrupt

3. WAIT : Wait for test input pin to go low

4. LOCK : Bus lock instruction prefix
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Flag Manipulation Instructions

1. CLC : Clear carry flag

2. CMC : Complement carry flag

3. STC : Set carry flag

4. CLD : Clear direction flag

5. STD : Set direction flag

6. CLI : Clear interrupt flag

7. STI : Set interrupt flag
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Shift and Rotate Instructions

1. SHL/SAL : Shift left / Shift arithmetic left

2. SHR : Shift right

3. SAR : Shift arithmetic right

4. ROL : Rotate left

5. ROR : Rotate right

6. RCL : Rotate left through carry

7. RCR : Rotate right through carry
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String Instructions

1. REP: Repeat instruction prefix

2. MOVSB/MOVSW: Move String Byte/Word

3. CMPSB/CMPSW: Compare String Byte/Word

4. SCASB/SCASW: Scan String Byte/Word

5. LODSB/W: Load String Byte/Word

6. STOSB/W: Store String Byte/Word
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INSTRUCTION SET OF 8086

 Data Copy/Transfer Instructions

 Arithmetic and Logical Instructions

 Branch Instructions

 Loop Instructions

 Machine Control Instructions

 Flag Manipulation Instructions

 Shift and Rotate Instructions

 String Instructions

Microprocessors and Microcontrollers
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Branch Instructions:

 Also known as Control Transfer Instructions.

 Transfers the execution of the flow of the program to a new

address specified in the instruction directly or indirectly.

 When this type of instructions are executed the values of CS

and IP are loaded with new values of CS and IP corresponding

to the location where the flow of execution is transferred.

 Classified into two types:

 Unconditional Control Transfer (Branch) Instructions: Execution

control is transferred to the specified location independent of any status

or condition.

 Conditional Control Transfer (Branch) Instructions: The control is

transferred to a specified location depending on the result of the

previous operation i.e. depending on the flag which satisfy the

condition.

Microprocessors and Microcontrollers
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Unconditional Branch Instructions:

 CALL: Unconditional Call

 Used to call a subroutine/procedure from a program.

 The address of the procedure may be specified directly or indirectly.

 Two types of procedures depending on the type of the segment with

respect to addressing modes.

 If the procedure is available in the same segment then NEAR CALL

can be used.

 If the procedure is available in the different segment then FAR CALL

can be used.

 This instruction on execution will store the CS and IP of the next

instruction. Loads the CS and IP registers with the segment and offset

addresses of the procedure to be called.

 NEAR CALL will push only the IP register & FAR CALL will push

both the CS and IP both on to the stack.

Microprocessors and Microcontrollers



Aditya Engineering College  (A)

 RET: Return from the procedure

 In each CALL instruction the IP and CS of the next instruction is

pushed on to the stack.

 At the end of the procedure, RET instruction must be executed.

 At the end of the procedure if RET instruction is executed previously

stored IP & CS along with flags are retrieved into the CS and IP and

flag registers from the stack.

 The procedure may be a near/far procedure.

 In case of FAR procedure the current contents of SP points to IP and

CS while in case of NEAR procedure it points to only IP.

 RET instruction is of 4 types:

 Return within segment

 Return within segment adding 16-bit immediate displacement to the SP contents

 Return intersegment

 Return intersegment adding 16 bit displacement to the SP contents

Microprocessors and Microcontrollers
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 INT N: Interrupt Type N

 256 interrupts are defined corresponding to the types from 00H to FFH.

 When an INT N instruction is executed the TYPE byte N is multiplied

with 4 and the contents of the IP and CS of the interrupt service routine

will be taken from the hexadecimal multiplication as offset address and

0000 as segment address.

 INTO: Interrupt on Overflow

 Executed when an overflow flag is set.

 This is equivalent to the TYPE 4 interrupt instruction.

 JMP: Unconditional Jump

 Transfers the control of the execution to the specified address using an

8-bit or 16-bit displacement.

 No flags are affected by this instruction

 IRET: Return from an ISR

 When an ISR is to be called, before the control transfers to it, CS and

IP are stored on to the stack. This is done in order to execute the rest of

the program after the ISR is executed.
Microprocessors and Microcontrollers
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 At the end of each ISR, when IRET is executed, the values of IP, CS,

and flags are retrieved from the stack to continue the execution of the

program.

 LOOP: Loop Unconditionally

 Executes the part of the program from the label or address specified in

the instruction up to the loop instruction, CX number of times

 Implements decrement counter. The execution proceeds sequentially

after the LOOP is executed CX number of times.

 If CX is already 00H, then execution continues sequentially.

Conditional Branch Instructions:

 Conditions here indicate the status of condition code flags. Do

not affect any flag.

 The address has to be specified relatively in terms of

displacement which must lie between -80H to 7FH (-128 to

+127) i.e. only short jumps can be implemented.

Microprocessors and Microcontrollers
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Microprocessors and Microcontrollers
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LOOP Instructions:

 These instructions will be used if there is any part of the

program that needs to be executed continuously for n number

of times.

 The LOOP instructions are similar to the structures like

DO_WHILE, REPEAT_UNTIL etc.

Microprocessors and Microcontrollers
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Machine Control Instructions:

 The machine control instructions do not require any operand.

These instructions control the bus usage and execution.

 The list below show the various machine control instructions

supported by 8086 processor.

Microprocessors and Microcontrollers
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Flag manipulation instructions:

 The flag manipulation instructions directly modify the flags of

8086.

 The flags which can be directly modified are Carry Flag,

Direction Flag, and Interrupt Flags.

 The DF and IF also control the processor operations like

interrupt responses & auto increment modes/auto decrement

modes.

Microprocessors and Microcontrollers
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String Manipulation Instructions:

 A series of data bytes or words available in memory at

consecutive locations, are called as byte strings/word strings.

 In a string each character is represented by its ASCII

equivalent.

 The two parameters that are required to refer to a string are

starting/end address of the string and the length of the string.

 The incrementing/decrementing a pointer in case of string

instructions is done based on Direction Flag(DF).

 The length of the string is stored in a count register known as

CX.

Microprocessors and Microcontrollers
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PROGRAM DEVELOPMENT STEPS

Microprocessors and Microcontrollers
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ASSUME CS: CODE, DS: DATA 

DATA SEGMENT 

N1 DB ‘8’ 

N2 DB ‘4’ 

DATA ENDS 

CODE SEGMENT 

ORG 1000H 

START: MOV AX, DATA 

MOV DS, AX 

MOV SI, 5000H 

XOR AX, AX 

MOV AL,N1 

MOV BL,N2 

ADD AL ,BL 

AAA 

MOV[ SI], AX 

MOV AL, N1 

SUB AL, BL 

AAS 

MOV [SI+2], AX 

MOV AL, 08H 

MOV BL, 04H 

MUL BL 

AAM 

MOV [SI+4], AX 

AAD 

DIV BL 

MOV [SI+6], AX 

MOV AH, 4CH 

INT 21H 

CODE ENDS 

END START 

Microprocessors and Microcontrollers
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• SIGNED OPERATIONS ON 8 -BIT 

DATA

ASSUME CS: CODE , DS: DATA 

DATA SEGMENT 

N1 DB 08H 

N2 DB 04H 

RESULT DW 02 DUP (00) 

DATA ENDS 

CODE SEGMENT 

START: MOV AX, DATA 

MOV DS, AX 

MOV AL, N1 

NEG AL 

MOV BL, N2 

IMUL BL 

MOV [RESULT], AX 

MOV AL, N1 

NEG AL 

CBW 

IDIV BL 

MOV [RESULT+2], AX 

MOV AH, 4CH 

INT 21H 

CODE ENDS 

END START 

Microprocessors and Microcontrollers


