| nstruction set of 8086

e The Instruction set of 8086 can be classified fotlmwing
groups

1.Data transfer instructions

2. Arithmetic instructions

3. Bit manipulation instructions

4. String instructions

5.Program execution transfer instructions

6. Processor control instructions

e The data transfer instructions can be classiidal |
following categories

1. General purpose byte / word transfer instrustion
2.Simple input and output port transfer instrucsion
3. Special address transfer instructions

4. Flag transfer instructions
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Data transfer instructions
e The functions of data transfer instructionsis

1. Copy the contents of a register to another reqis
2. Copy the contents of a register to memory og-viersa.
3. Load the immediate operand to memory/register

4. Copy the contents of a register/ memory to sejme
registers (excluding CS register) or vice-versa.

5. Exchange the contents of two registers or regiahd

memory.
6. Copy the contents of accumulator to port or-vieesa.
7. Load the effective address in segment registers.

« The data transfer instructions generally involwsot
operands i.e. Source operand and Destination ogeran
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Data transfer instructions

The Source and Destination operand should bené saze
l.e. both the operands should be either 8-bitse(oyt 16-bit
(word).

Only 8-bit word can be moved to a 8-bit registeanory or
a 16-bit word can be moved to 16-bit register/megmor

Moving the contents of 8-bit register to 16-bitgister/
memory or vice-versa is illegal.

The Source can be a register or a memory locairoan
Immediate data.

The destination can be a register or a memonytimta

In double operand instructions the source andirtEgin
cannot refer to memory locations in the same icstn.
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Data transfer instructions

Copying the contents of one memory location to tlaso
memory location In a single instruction is not pblss
(except push instruction).

The data transfer instructions (except POPF & SAHF
Instructions) do not affect any flags of 8086.

While executing the POPF instruction, the previgs$ored
status of flag Is restored in the flag register.

The instruction SAHF is used to modify the contehtlag
register.

For XCHG Iinstruction, at least one of the operamast be a
register, but neither operand can be a segmersteegi
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Data transfer instructions

 General purpose byte or word transfer instructions:
1) MOV
2) PUSH
3) POP
4) XCHG
5) XLAT
« MOV: Copy byte or word from specified source to@ped destination.
Format: MOV <dest>, <source>
Operation:  (dest& (source)
Examples: MOV Reg2, Regl
MOV AL, Mem

MOV Seg reg, Mem
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Data transfer instructions
General purpose byte or word transfer instructions

« PUSH: Copy specified word to top of the stack
Format: PUSH < source >
Operation: (SP)- (SP) -2
(PA)saci= (SS) X 16, + (SP)
(PA; PA+1) — source

The stack point is decremented by 2 and the cantdithe
source are transferred to stack memory pointedtagks
pointer

Examples: PUSH Regl6
PUSH Mem
PUSH Seg reg
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Data transfer instructions
General purpose byte or word transfer instructions

« POP: Copy word from top of the stack to specifazhtion
Format: POP < destination >
Operation: (PA) = (SS) X 16+ (SP)
destination— (PA; PA+1)
(SP) ~ (SP) + 2

The contents of 16-bit stack memory pointed by SP |
moved to destination and the stack pointer is memrged
by 2
Examples: POP Regl6

POP Mem

POP Seg reg
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Data transfer instructions

General purpose byte or word transfer instructions

« XCHG: Exchange bytes or words between 2 registess
register and memory location

Format: XCHG < destination >, < source >
Operation: (destination) (Source)

Examples: XCHG Regl, Reg2
XCHG Mem, Reg
XCHG AX, Regl6
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Data transfer instructions
General purpose byte or word transfer instructions

XLAT: Translate a byte in AL, using a table in memor
Format: XLAT
Operation: PA =DS X 1§+ (BX) + (AL)
(AL) ~ (PA)
This instruction is used to translate a byte from oco@ecto another
code

The instruction replaces a byte in the AL registehwityte pointed to
by BX register in a look up table in memory

Before executing XLAT instruction, the look up taldeto be put into
memory and the starting address of the look up taédeto be loaded
Into BX register

Examples:  ASCII value of 0-9 is 30-39 and EBCDIC 8.0Hence
to convert EBCDIC code in ASCII, the ASCII valuestioé 0-9 has to
be stored say from 2000H, then save 2000H in BX.
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Data transfer instructions

Simple input and output port transfer instructions
IN & OUT

 IN : Copy a byte or word from specified port to
accumulator.

Format : IN <Accumulator>, <Source>
Example : IN AL/AX,[DX]
(AL/AX) < ( Port)

the contents of 8-bit port whose address is s@echy DX
register is transferred to 8-bit accumulator (AL)AX

IN AL/AX, addr8

(AL/AX) < (addr8)

The contents of 8-bit port whose address is ginghe
Instruction is transferred to accumulator (AL/AX)
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Data transfer instructions
Simple input and output port transfer instructions

« OUT : copy a byte or word from accumulator to sped
port.

Format : OUT <Destination>, AL/AX
(port) € AL/AX

Example: OUT [DX],AL/AX

The contents of accumulator is transferred tcspexified
port whose address is given in DX register.

OUT addr8,AL/AX

The contents of accumulator are transferred t@tnewhose
address is specified in the instruction.
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Data transfer instructions
Special Address transfer instructions

Special address transfer instructions
LEA, LDS & LES

 LEA : Load effective address of operand into sfredi
register.

LEA Regl6,Mem

(Regl6)< EA

The 16-bit reqgister is loaded with the effectiveliaads (EA)
of the memory location specified by the instruction
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Data transfer instructions
Special Address transfer instructions

« LDS : Load DS register and the other specifiedstegifrom memory.
LDS Regl6,Mem
(Regl6)< (Mem)
(DS) € (Mem+2)
Copies a word from two memory locations into thastey specified in

the instruction,it then copies a word from the rtesd memory
locations into the DS register.

« LES: Load ES register and the other specifietstegfrom memory.
LES Regl6,Mem
(Regl6)< (Mem)
(ES) &< (Mem+2)
Copies a word from two memory locations into thastey specified in

the instruction,it then copies a word from the rtexd memory
locations into the ES register.
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Data transfer instructions
Flag Transfer instructions

Flag Transfer Instructions
LAHF,SAHF,PUSHF&POPF

LAHF: Load AH wit6h the low byte of the flag register.

(AH) < (lower byte of flag register)

The contents of the lower byte of flag register iagfarred to the
higher byte register of the accumulator.

SAHF: Store (copy) AH register to Low byte of flag register

(Lower byte of flag registert (AH)

The content of the higher byte register of the audator is moved to
lower byte flag register.
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Data transfer instructions
Flag Transfer instructions

PUSHF:Push (copy) the flag register to the top of the stack
(sp) & (sp)-2

MAS = (ss) X 16, + (sp)

(MAs; MAs + 1) < (flags)

the stack pointer is decremented by two and the ntstd the 16-bit
flag register is pushed to stack memory to pointechb\SP.

POPF:
MAS = (ss) X 16, + (Sp)
(flags) € (MAs; MAs + 1)

(sp) < (sp) + 2
The contents of (16-bit) stack memory pointed bySRas moved to
flag register and the stack pointer is incremented. by
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ARITHMETIC INSTRUCTIONS

The Arithmetic instructions can be classified intthdwing categories
1. Addition instructions

2. Subtraction instructions

3. Multiplication instructions

4. Division instructions

The arithmetic operands involve two operands iairce and
destination.

The result of the arithmetic operations is storedestination register
or memory location except in the case of compari@arcomparison
the result is used only to update the flags and ithsrdiscarded).

Performing arithmetic operations directly on twaomnds in two
memory locations is not possible.

In immediate addressing mode arithmetic operatiotigeis
data/operand is not matching with the size of registen the
operation will be performed on sign extended data.
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ARITHMETIC INSTRUCTIONS
Addition instructions

* The arithmetic instructions alter the flags, the ltaswsed to update
the flags.

Addition instruction
ADD,ADC,INC,AAA,DAA

 ADD: Add
ADD Regl,Reg2®» Regl = Regl. + Reg2.

the contents of two registers or a immediate datadster or
contents of one memory location to a register coatardg added.

The ADD instruction affects all conditional flags @epling on the
result of operation.

Example: ADD AX,BX
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ARITHMETIC INSTRUCTIONS
Addition instructions

2 ADC: Add with carry
ADC Regl. ,Reg? Regl + Reg2 + [CY]

the contents of two registers or a immediate datagister or contents
of one memory location to a register contents aloilg e@arry flag
contents are added.

The ADC instruction affects all conditional flags dading on the
result of operation.

Example: ADC AX,BX

INC : Increment
INC <source>

This instruction increases the contents of the speaifigter or
memory location i.e., source by 1.

This instruction affects all conditional flags excépa carry flag.
This instruction adds 1 to the contents of the operand
Immediate data cannot be operand of this instruction.
Example: INC BX

INC [5000H]
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ARITHMETIC INSTRUCTIONS

Addition Iinstructions

g AAA : ASCII Adjust after Addition

The AAA instruction is executed after an ADD instrantthat adds two
ASCII coded operands to give a byte of result in Abhe AAA instruction
converts the resulting contents of AL to unpackedndalcdigits.

After the addition the AAA instruction examines tbhever 4-bits of AL to
check whether it contains a valid BCD between 0.to 9

If the contents of AL is between 0 to 9 and AF = B\AAsets the 4 higher
order bits of AL to 0.The AH must be cleared befaidition.

If the lower digit of AL is between 0 to 9 and AFL=06 is added to AL,
The upper 4 bits of AL are cleared and AH is incretee by one

If the value in the lower nibble is greater thamént the AL is
Incremented by 06,AH is incremented by 1,the AF @krdlags are set to
1, and the higher nibble of AL is cleared to O.
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ARITHMETIC INSTRUCTIONS
Addition instructions

Example: 1) AL = 67 (before AAA)
AL = 07(after AAA)
2) AL = 6A; AH = 00 (before AAA)
A>9 hence A+6=1010 + 0110
=10000B =10H & AF =1

Thus before AAA instruction AX = O06AH

After the execution of AAA instruction AX = 0100 aafter OR’ing
the contents of AX with 3030H then AX = 3130H whishequivalent
to ASCII equivalent of BCD number 10.
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ARITHMETIC INSTRUCTIONS
Addition instructions

& DAA : Decimal adjust Accumulator

This instruction Is used to convert the result ofatddition of two
packed numbers to a valid BCD number,but the résdtto be
only in AL.

If the lower nibble is greater than 9, after aduhtor if AF is set, it
will add O6H to the lower nibble in AL. After addjr06 in the
lower nibble of AL is greater than 9 or if carradl is set, DAA
Instruction adds 60H to AL.

The DAA instruction affects AF,CF,PF and ZF flags. Theis
undefined.

Example: AL =53, CL =29
ADD AL,CL ; AL <- (AL) + (CL)
AL=53+29=7CH
After DAA AL<-7C + 06 H
AL = 82
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ARITHMETIC INSTRUCTIONS
Addition instructions

& Example:
AL =73 and CL =29
ADD AL,CL
AL <-AL + CL
AL <-73 + 29
AL <-9CH
BJAVA
AL<-02and CF=1
AL = 73
CL-> + 29
9C
+ 06
A2
+ 60
CF=1 02inAL
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ARITHMETIC INSTRUCTIONS
Subtraction instructions

Subtraction instructions:
SUB, SBB, DEC, NEG, CMP, AAS, DAS

0 SUB : subtraction
SUB X,Y
X =X-Y, X - destination, Y - source
This instruction subtracts the source operand frad#stination
operand and the result is stored in destination.

the source operand may be a register or a memoridoaa an
Immediate data and the destination operand mayreegister or a
memory location, but source and destination opebarial must not
be memory operands.The destination operand canraot be

Immediate data.
All the conditional flags are affected by SUB instrog.

Example: SUB BX,DX

instruction set




ARITHMETIC INSTRUCTIONS

Subtraction instructions

SBB : Subtract with Borrow

SBB X,Y

X=X-Y -BW(CY) X - destination, Y=> Source,
BW - Borrow i.e., Carry flag contents.

The subtract with borrow instruction subtracts thee®operand
and borrow flag(CF) which may reflect the resultred previous
calculations , from the destination operand.

Subtraction with borrow is equivalent to subtractinjom the
result of SUB (subtraction) operation when the célay is set.

The result is stored in the destination operand.

All the flags are affected (conditional flags) bystimstruction.
Example: SBB CX,DX
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ARITHMETIC INSTRUCTIONS
Subtraction instructions

o DEC : Decrement
DEC <Destination>

The decrement instruction subtracts 1 from the casitefrthe
specified register or memory location.

All the conditional flags except the carry flag afeected
depending upon the result

Immediate data cannot be operand of the instruction.

Example : DEC AX
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ARITHMETIC INSTRUCTIONS
Subtraction instructions

o NEG : Negate
NEG Mem./Reg.

The negate instruction forms 2's complement of theifpd
destination in the instruction.

For obtaining 2's complement,it subtracts the contefts
destination from O(zero).

The result is stored back in the destination operdmdhamay be a
register or a memory location.

Using NEG instruction if the OF flag is set, it wilidicate that the
operation was not successfully completed.

The NEG instruction affects all conditional flags.

Example:NEG BX
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ARITHMETIC INSTRUCTIONS

Subtraction instructions

o CMP :Compare
CMP X,Y ; X 2 Destination, Y=> Source

This instruction compares the source operand, whighbaa
register or an immediate data or memory locatioth widestination
operand that may be a register or a memory location.

For comparison, it subtracts the source operand finem

destination operand but does not store the resukvaeye.
The flags are affected depending upon the resulteo$tibtraction.
ZF = 1; when the source and destination operandscara.

CF = 1; when source operand is greater than thendash
operand.

CF = 0; when destination operand is greater tharceayerand

Example: CMP AX, 1098 H
CMP AX, BX
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ARITHMETIC INSTRUCTIONS
Subtraction instructions

0 AAS : ASCII adjust AL after subtraction
JAVARS

AAS instruction corrects the result in AL register aftabtracting
two Unpacked ASCII operands.

The result is in unpacked decimal format.If the lovits of AL
register are greater than 9 or if the AF flag ishig AL is
decremented by 6 and AH register is decremented theIlCF and
AF are set to 1.

Otherwise, the CF and AF are set to 0, the resultsieed
correction.

As a result, the upper nibble of AL is 00 and the lombble may
be any number from O to 9.

the procedure is similar to the AAA instruction e
subtraction of 06 from AL. AH is modified as differenof the
previous contents(usually zero) of AH and borrowddjustment.
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ARITHMETIC INSTRUCTIONS
Subtraction instructions

o DAS: Decimal adjust after subtraction
DAS

The instruction converts the result of subtractiohwaf packed BCD
numbers to a valid BCD number.

The subtraction has to be in AL only.

If the lower nibble of AL is greater than 9, thistruction will
subtractO6 from the lower nibble of AL. If the rasofl subtraction sets

the carry flag or if upper nibble is greater thait Subtracts 60 H
from AL.

DAS instruction modifies the AF,CF,SF,PF and ZF flagse OF flag
Is undefined after DAS instruction.

DAA and DAS instructions are also called packed Bf£ithmetic
Instructions.
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ARITHMETIC INSTRUCTIONS
Subtraction instructions

 Example:
e (1) AL=75,BL =46
SUB AL,BL ; AL € 2F = (AL) — (BL)
AF=1
DAS AL < 29(asF>9,F-6=9)

AL =38,DL =61

SUBAL,DL ;AL € D7 & CF = 1(borrow)

DAS AL &< 77 (asD>9,D-6=7)
; CF =1 (borrow)
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ARITHMETIC INSTRUCTIONS

Multiplication instructions
Multiplication instructions:
MUL, IMUL, AAM
o MUL : Unsigned Multiplication of byte or word.
MUL Reg. / Mem.

This instruction multiplies an unsigned byte or wbydthe contents of
AL.

The Unsigned byte or word may be in any one of teegal purpose
registers or memory locations.

For Byte multiplication the most significant byte Mok stored in AH
register and least significant byte is stored in ALigtey.

For Word multiplication the most significant wordtog result is stored
In DX, while the least significant word of the regslistored in AX
register

All the flags are modified depending upon the restithe operation.
Immediate operand is not allowed in this instruction.

If the most significant byte or word of result is @F and OF both will
be set.

Example: MUL BL
MUL BX
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ARITHMETIC INSTRUCTIONS
Multiplication instructions

» IMUL : Signed Multiplication.

This instruction multiplies a signed byte in souoperand by a signed
byte in AL register or A signed word in AX register.

The source can be a general purpose register, mepersind,index
register or base register, but it cannot be an immediata.

While using this instruction the content of accumulatad register
should be sign extended binary in 2’s complement famohthe result
IS also in sign extended binary.

In case of 32-bit results, the higher order word(M3%\stored in DX
and lower order word is stored in AX

In case of 16-bit result it will be stored in AX rstgr.
The AF, PF, SF, and ZF flags are undefined aftdgliNhstruction
execution.

If AH and DX contains parts of 16-bit and 32-bituksespectively,
CF and OF both will be set.

The AL and AX are the implicit operands in case eb@s and 16-bits
multiplication respectively.

The unsigned higher bits of the result are filledsign bit and CF,AF
are cleared.

Example: IMUL BL / IMUL BX
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ARITHMETIC INSTRUCTIONS

Multiplication instructions

» AAM : ASCII Adjust after Multiplication

This instruction after execution, converts the patdwailable in AL
Into unpacked BCD format.

The AAM instruction follows a multiplication instruoh that
multiplies two unpacked BCD operands, i.e., higinbbles of the
multiplication operands should be ‘0’.The multlpllcmt of such
operands is carried out using MUL instruction.

The result of the multiplication will be availableAX.
(AH) = (AL) + 0OA
(AL) = (AL) MOD 0A
The AAM instruction replaces the contents of AH bystehdecimal
multiplication and AL by singles of the decimal mplication.
MOV AL, 04 ; AL € 04
MOV BL, 09 ; BL < 09
MUL BL ; AH:AL € 24 H (9 X 4)
AVA\Y/ ; AH < 03
- AL <06
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ARITHMETIC INSTRUCTIONS

Division instructions

Division instructionsDIV, IDIV, AAD, CBW, CWD
o DIV : Unsigned division
DIV <reg./Mem>

This instruction performs unsigned division. It divscen unsigned
word or double word by a 16-bit or 8-bit operand.

The dividend must be in AX for 16-bit operation dhd divisor
may be specified using any one of the addressing neoaept
Immediate.

The dividend for 32-bit operation will be in DX:Adegister pair
(Most significant word in DX and least significant wan AX).

All the flags are undefined for DIV instruction.

The result of division is for 16-bit number dividedg &-bit number
the Quotient will be in AL register and the remainadd! be in

AH register similarly for 32-bit number divided by-b& number
the Quotient will be in AX register and the remainddl be in

DX register.

If the result is too big to fit into AL or AX regist then Type-0
(divide by zero) interrupt is generated and the 1&Rhe Type
zero will be executed such that correction steps$adken to
accommodate the result.
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ARITHMETIC INSTRUCTIONS
Division instructions

» For 16-bit+ 8-bit
(AL) € (AX) + (reg.-8) ; Quotient
reg.-8 : 8 — bit register
(AH) €< (AX) Mod (reg.-8) ; Remainder

» For 32-bit+ 16-bit
(AX) € (DX)(AX) + (reg.-16) ; Quotient
(DX) € (DX)(AX) Mod (reg.-16) ; Remainder
Reg.-16 : 16 — bit register
Example: DIV AX/ DIV [BX]
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ARITHMETIC INSTRUCTIONS

Division instructions
IDIV : signed division

IDIV <reg./Mem>

This instruction performs signed division. It dividessagned word or
double word by a signed 16-bit or 8-bit operand.

While using IDIV instruction the contents of accumatand register
should be sign extended binary.

The signed dividend must be in AX for 16-bit operatand the signed
pliviso(; ‘may be specified using any one of the addrgssiodes except
immediate.

The signed dividend for 32-bit operation will beDiX:AX register pair
(Most significant word in DX and least significant wan AX).

All the flags are undefined for IDIV instruction.

The sign of the quotient depends on the sign ofidvil and divisor. The
sign of remainder will be same as that of dividend.

The result of division of signed division is also storethe same way as
the result of unsigned division but the sign ofgetient and remainder
depends on the sign of dividend and divisor.

If the result is too big to fit into AL or AX regist then Type-0 (divide by
zero) interrupt is generated and the ISR for theeTagro will be executed

such that correction steps are taken to accommduatesult.
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ARITHMETIC INSTRUCTIONS

Division instructions

AAD: ASCII adjust before division

The AAD instruction converts two unpacked BCD digit#\H and
AL .

The ASCII adjustment must be made before dividingweeunpacked
BCD digits in AX by an unpacked BCD byte.

After execution of AAD instruction PF,SF,ZF are nimdl but
AF,.CF and OF are not defined.

The AAD instruction has to be used before DIV insiarcts used in

the program.
(AL) € (AH) X 16,5+ (AL)
(AH) < O0OH
Example: AX = 0508
After executing AAD instruction AX = 3A ; As 58D 3AH

All the ASCII adjust instructions are also called apagked BCD
arithmetic instructions.
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ARITHMETIC INSTRUCTIONS
Division instructions

CBW : Convert signed byte or word

This instruction converts a signed byte to a signediwe., it
copies the sign bit of a byte to be converted tthallbits in the
higher byte of the result word.

The byte to be converted will be in AL register ainel result will be
In AX register

CBW is used before signed division.

CBW does not affect any flags.
Using bit-7 of AL is moved to all the bits of AH ratgr.
If AL = Ixxx Xxxx (i.e.,= 80,)
Then AH< 1111 1111(FF)
If AL = OXxX Xxxx (i.e., < 8Q)
Then AH < 0000 0000 (09)
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ARITHMETIC INSTRUCTIONS
Division instructions

CWD : Convert signed word to double word

CWD instruction copies the sign bit of AX to all thigs of DX
register

This operation is to be done before signed division.

CWD is used for sign extension of 16-bit number ir2ebi
number.

CWD does not affect any flags.

Bit-15 of AX is moved to all the bits of DX register.
If AX = IXXX XXXX XXXX XXXX (i.e.,= 800Q,)
then DX< 1111 1111 1111 1111 (FFRF
If AX = OXXX XXXX XXXX XXXX (i.e. < 800Q)
then DX < 0000 0000 0000 0000 (00RO

instruction set




Bit Manipulation Instructions

The Logical group includes instructions for perfanmAND, OR,

EX-OR, complement, shift and rotate operations oiafyi data. The
mnemonics used for logical instructions are AND, GRR, TEST

The Logical instructions except shift and rotate lmgdwo operands
l.e., source and destination operand.

The source operand can be a register or memorydoaat immediate
data.

The destination operand can be a register or meraoafion.

The result of the logical operation is stored in i@$ion register or
memory except in the case of TEST instruction , foicv the result is
used only to modify the flags and then the resulissaided.

In double operand logical instructions, both the sewand destination
cannot refer to memory locations in the same instractiThus
performing logical operation on two memory bytesvords
simultaneously is not possible.

In double operand logical instructions, the sourakdastination
operand should be of same size, either both the ighsrae should be
byte or word.
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Bit Manipulation Instructions

The Logical instructions alter the flags of 8086.

The processor uses the result of logical operatioakdnthe flags
which reflect the status of the result.

The various categories of Bit manipulation instrutsi@re
1. Logical instructions
2.  Shift instructions
3. Rotate instructions

The various logical instructions are
NOT

AND

OR

XOR

TEST
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Bit Manipulation Instructions
Logical Instructions

» NOT : Complement / Negation (Invert each bit of igel)
NOT < Destination>

The NOT instruction inverts each bit (forms the 1’'swptement) of
the byte or word at the specified destination.

The destination can be a register or a memory latapecified by
any one of the addressing mode except for immeddatesasing
mode.

No flags are affected by the NOT instruction.
Example: NOT AL
NOT [AX]
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Bit Manipulation Instructions
Logical Instructions

» AND : Logical AND of corresponding bits of two opeds
AND <Destination> , <Source>
This instruction ANDs each bit in a source byte ordvavhich might be a

register or a memory location or an immediate datth) the same number

bit in a destination (which might be a register one@mory location) byte or
word.

The result is stored in destination operand. At leastof the operands
should be a register or an memory location , but ttstloperands cannot be

memory locations or immediate operands and also inateedperand
cannot be a destination operand.

The AND operation gives output 1 only when bothithpits are high.
AND AX , 0008H (let [AX] = 4567H
4567 = 0100 0101 0110 0111 ; 0008 = 0000 0000 Q000
(1 4567 ANDO0O08> 0 100 0101 0110 0111
AND 1111 Ll bbby by
0000 0000 0000 1000

0000 OO0OOO0O OOOO 10 00=8WO0
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Bit Manipulation Instructions
Logical Instructions

» OR : Logical OR of corresponding bits of two opersand
OR <Destination> , <Source>

This instruction ORs each bit in a source byte ordwWarhich might be a
register or a memory location or an immediate datity) the same number
bit in a destination (which might be a register onemory location) byte or
word.

The result is stored in destination operand. At leastof the operands
should be a register or an memory location , but bwloperands cannot be
memory locations or immediate operands and also inateedperand

cannot be a destination operand.
The OR operation gives output 1 when any one oinjets are high.
OR AX , 0008H (let [AX] = 4567H
4567 = 0100 0101 0110 0111 ; 0008 = 0000 0000 Q00C
] 4567 OR 0008 0 100 0101 0110 01112
OR L A A A
O0O00 0000 0000 1000

0100 0101 0110 1111 =Hbb
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Bit Manipulation Instructions
Logical Instructions

» XOR : Logical XOR of corresponding bits of two opeda
XOR <Destination> , <Source>

This instruction XORs each bit in a source byte ordyavhich might be a
register or a memory location or an immediate datity) the same number
bit in a destination (which might be a register onemory location) byte or
word.

The result is stored in destination operand. At leastof the operands
should be a register or an memory location , but bwloperands cannot be
memory locations or immediate operands and also inateedperand

cannot be a destination operand.
The XOR operation gives output 1 only when bothitipaits are dissimilar.
XOR AX, 0018H (let [AX] = 4567H
4567 = 0100 0101 0110 0111 ; 0008 = 0000 0000 Q00O
[J 4567 XOR0018» 0100 0101 0110 0111
XOR (114 iy Lol il
0000 0000 0001 1000

0100 0101 0111 1111 =Hbl
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Bit Manipulation Instructions
Logical Instructions

» TEST : Logical Compare instruction( AND operands pdate flags)
TEST <Destination> , <Source>

This instruction performs a bit by bit logical AND enation on two
operands.

The source and destination operands are not altieegdsimply update the
flags.

The result of the ANDIing operation is not availafdefurther use,but flags
are affected.The affected flags are OF, CF,SF,4HR4n

The TEST instruction is often used to set flags befaenaitional jump
Instruction.

The source operand can be a register or a memaiida®r immediate
data.

The destination operand can be either a registenwmaory location .
But both source and destination cannot be memoryidoca

CF and OF are both O’s after TEST instruction exeaoulti

AF will be undefined for TEST instruction.
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Bit Manipulation Instructions
Shift Instructions

Shift instructions
SHL / SAL, SHR, SAR
SHL / SAL : Shift Logical / Arithmetic Left
SHL <reg. / Mem>
CF < R(MSB) ; R(n+1)< R(n) ; R(LSD)< 0

CF [ MSD - 0

These instructions shift the operand word or byteyplibto the left
and insert zeros in the newly introduced least sigpni bits.

The number of bits to be shifted if 1 will be spedlfia the instruction
itself if the count is more than 1 then the count &l in CL register.

The operand to be shifted can be either registeremnory location
contents but cannot be immediate data.

All the flags are affected depending upon the redudt.shift operation
will considering using carry flag.
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Bit Manipulation Instructions
Shift Instructions
SHR : Shift Logical Right

SHR <reg. / Mem>
CF < R(LSB) ; R(n)< R(n+1) ; RIMSD)< O

O———|MSD > |LSDl—| CF

These instructions shift the operand word or byte\bhibto the right
and insert zeros in the newly introduced Most sigarfidoits.

The result of the shift operation will be storedhe register itself.

The number of bits to be shifted if 1 will be spedfia the instruction
itself if the count is more than 1 then the count &l in CL register.

The operand to be shifted can be either registeremnory location
contents but cannot be immediate data.

All the flags are affected depending upon the redudt.shift operation
will considering using carry flag.
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Bit Manipulation Instructions
Shift Instructions

SAR : Shift Logical Right
SAR <reg./Mem> , <count>
CF < R(LSB) ; R(n)< R(n+1) ; R(MSD)< R(MSD)

— * |MSD > |LSD CF

These instructions shift the operand word or byte\bhibto the right.

SAR instruction inserts the most significant bit of ¢perand in the
newly inserted bit positions.

The result will be stored in the register or memitsglf.

The number of bits to be shifted if 1 will be spedlfia the instruction
itself if the count is more than 1 then the count &l in CL register.

The operand to be shifted can be either registeremnory location
contents but cannot be immediate data.

All the flags are affected depending upon the redudt.shift operation
will considering using carry flag.
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Bit Manipulation Instructions
Rotate Instructions

Rotate instructions
ROL, RCL, ROR, RCR
» ROL : Rotate left without carry
ROL <Reg. / Mem> , <Count>
R(n+1) < R(n) ; CF< R(MSB) ; R(LSB)< R(MSB)

<

MSB ° LSB
CF : :

This instruction rotates all the bits in a specifigald or byte to the left by the
specified count (bit-wise) excluding carry.

The MSB is pushed into the carry flag as well as ir8& lat each operation.
The remaining bits are shifted left subsequentlyneyspecified count
positions.

The PF, SF, and ZF flags are left unchanged in thete operation . The
operand can be a register or a memory location.

The count will be in instruction if it is 1, and @L register if greater than 1.
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Bit Manipulation Instructions
Rotate Instructions

» RCL : Rotate left through i.e., with carry
RCL <Reg. / Mem> , <Count>
R(n+1)< R(n) ; CF< R(MSB) ; R(LSB)< CF
MSB < LSB

. CF : A

\ 4 >
»

This instruction rotates all the bits in a specifiaatd or byte to the left by
the specified count (bit-wise) including carry.

The MSB is pushed into the CF and CF into LSB at epanation. The
remaining bits are shifted left subsequently by theipd@ount positions.

The PF, SF, and ZF flags are left unchanged in th&e operation . The
operand can be a register or a memory location.

The count will be in instruction if it is 1, and @L regqister if greater than 1.
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Bit Manipulation Instructions
Rotate Instructions

» ROR : Rotate right without carry
ROR <Reg. / Mem> , <Count>
R(n) < R(n +1) ; RIMSB)X- R(LSB) ; CF< R(LSB)
MSB > LSB

CF : :

A

v

>
<

This instruction rotates all the bits in a specifieald or byte to the right by
the specified count (bit-wise) excluding carry.

The LSB is pushed into the carry flag as well as th&M&each operation.
The remaining bits are shifted right subsequentlyhieyspecified count
positions.

The PF, SF, and ZF flags are left unchanged in th&te operation . The
operand can be a register or a memory location.

The count will be in instruction if it is 1, and @L register if greater than 1.
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Bit Manipulation Instructions
Rotate Instructions

» RCR : Rotate right through i.e., with carry
RCR <Reg. / Mem> , <Count>
R(n) < R(n +1) ; RIMSB)X- CF ; CF< R(LSB)
MSB > LSB

; (= > >

v

>
<

This instruction rotates all the bits in a specifieald or byte to the right by
the specified count (bit-wise) excluding carry.

The LSB is pushed into the carry flag as well as th&M&each operation.
The remaining bits are shifted right subsequentlyhieyspecified count
positions.

The PF, SF, and ZF flags are left unchanged in th&te operation . The
operand can be a register or a memory location.

The count will be in instruction if it is 1, and @L register if greater than 1.
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String Instructions

A string is a sequence of bytes or words i.e., a sefidata bytes or
words available in memory at consecutive Iocatlomlbetreferred to

collectively or individually and is known ds/te strings or word
strings.

For referring to a string, two parameters are reguire
v' Starting or end address of the string.
v" Length of the string.
The length of the string is usually stored as couthenCX register.

In case of 8085, the strings are referred by usimgtgrs and counter
arrangement which are modified at each iteratiiriheé required
condition for proceeding further is satisfied.

But in the case of 8086, a set of instructions are fssananipulating
the string bytes or words and the index registersisgd as pointers for
the source and destination strings (S| and DI respdg}ivl he pointers
are updated i.e., incrementing and decrementinigeopointers
depending on the status of the DF flag.

If the pointers are byte pointers then they are tgatlay one. On the
other hand, if it is a word string operation, theexdegisters are
updated by two. The counter is decremented by anecfih byte and
word strings.

instruction set 54




>
>
>
>
>
>
>
>

A\

String Instructions

The 8086 instruction set includes instructions for stmmuyement,
comparison, scanning, loading and storing.

Generally the string instructions have prefix foreapng the execution of
string instructions till the condition is satisfied.

The string instructions end with “S” or “SB” or “SW’where “S” represents
string, “SB” represents string byte, “SW” representsigtword.

All the string instructions has implied source andidasibn operand (i.e.,
the operands are not specified as a part of the atistni.

The string instructions MOVS and CMPS assume thasdiece operand is
in data segment memory, and the destination is na @ggment memory.

The string instructions STOS and SCANS assumes taaoiirce operand is
in accumulator, and the destination is in extra se¢memory.

The string instruction LODS assumes that the soureeaop is in data
segment memory and the destination is accumulator.

For string operations, the offset or the effectiverads of the source
operand is stored in Sl register and that of destinatperand is stored in DI
register.

On execution of string instruction depending on DIFars#l DI registers are
automatically updated to point to the next byteofdvof the source and
destination.If DF = 0 Sl and DI are incremented @andl if DF = 1 then Sl
and DI are decremented by 1.
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String Instructions

»  The string instructions are categorized as
1. Prefix instructions
2. String data manipulation instructions

The Prefix instructions are:
REP

REPE / REPZ

REPNE / REPNZ

The string data manipulation instructions are :
MOVS / MOVSB / MOVSW

CMPS / CMPSB / CMPSW

SCAS / SCASB / SCASW

LODS / LODSB / LODSW

STOS/STOSB / STOSW
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String Instructions
Prefix instructions

» REP : Repeat instruction Prefix

The instruction with REP prefix will be executed eafedly until the
CX register becomes zero( for each iteration CX israatically
decremented by one).

When CX becomes zero , the execution proceeds toetktanstruction
In the sequence.

REPE / REPZ : Repeat when equal or till ZF = 1.

The instruction with REPE / REPZ prefix will be reped if CX£ 0 and
ZF =1 ( for each iteration CX is automatically decemnted by 1).

The repeat operation is terminated if CX = 0 or=Z6-
REPNE / REPNZ : Repeat when not equal or till ZB =

The instruction with REPNE / REPNZ prefix will bgoesated if

gX 7; 0 and ZF =0 ( for each iteration CX is automaticadlcremented
y 1).

The repeat operation is terminated if CX = 0 or=ZE.
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String Instructions

String data byte/word manipulation instructions

» MOVS /MOVSB / MOVSW: Move string byte or word

One byte or word of a string data stored in data segim€&opied into
extra segment.

The Sl register points to the source string and Bister points to the
destination string.

The CX register is decremented by one for each byted movement.

The Sl and DI registers are automatically incremeotetkecremented
depending on the status of DF.

MA = (DS) X 16, + (SI)

MAg = (ES) X 16, + (DI)

(MAp) € (MA)

For byte operation

If DF =0, then (D)< (D) +1;(SH< (S +1
If DF =1, then (D)< (D) -1;(SH< (SI)-1
For word operation

If DF =0, then (D)< (D) +2; (SH< (SI) +2
If DF =1, then (D)< (DI)-2; (SI)< (SI) - 2
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String Instructions
String data byte/word manipulation instructions

» CMPS/CMPSB / CMPSW: Compare string byte or word

Compare one byte or word of a string data store@ia segment with
that stored in extra segment.

The Sl register points to the source string and Bister points to the
destination string.

The CX register is decremented by one for each byte#d movement.

The Sl and DI registers are automatically incrementetkecremented
depending on the status of DF.

MA = (DS) X 16, + (SI)

MA¢ = (ES) X 16, + (DI)

Modify flags € (MA) - (MA ;)

If (MA)>(MAg) thenCF=0;ZF=0;SF=0
If (MA)<(MAg)thenCF=1;ZF=0;SF=1
If (MA)=(MAg)thenCF=0;ZF=1;SF=0
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String Instructions

String data byte/word manipulation instructions

» For byte operation
If DF =0, then (D)< (D) +1; (SH< (SI) +1
If DF =1, then (D)< (D) -1; (SH< (SI) -1
For word operation
If DF =0, then (D)< (DI) + 2 ; (S))< (SI) + 2
If DF =1, then (D)< (D) -2; (SH< (SI) -2
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String Instructions

String data byte/word manipulation instructions

» SCAS /SCASB / SCASW: Scan string byte or Stringdvor

One byte or word of a string data stored in extra segms subtracted from
the contents of AL / AX and the result modifies flags.

The DI register points to the string byte or word.
The CX register is decremented by one for each byted movement.

The DI register is automatically incremented or dew@nted depending on
the status of DF.

MA = (DS) X 16, + (SI)

MAEL = (ES) X 16, + (DI)

Modify flags € (AL) - (MA ) / (AX) - (MAc: MAL+ 1)
If (AL)>(MAp)thenCF=0;ZF=0;SF=0
If (AL)<(MAp)thenCF=1;ZF=0;SF=1
If (AL)=(MAp) thenCF=0;ZF=1;SF=0
For byte operation

If DF =0, then (D)< (DI) + 1

If DF =1, then (D)< (DI) -1

For word operation

If DF =0, then (D)< (DI) + 2

If DF =1, then (D)< (DI) - 2
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String Instructions

String data byte/word manipulation instructions

» LODS /LODSB / LODSW: Load string byte or word irdb register.

One byte or word of a string data stored in data segmdéoaded or
stored into AL / AX register.

The Sl register points to the source string .

The Sl register is automatically incremented or elie@anted depending
on the status of DF.

load instruction does not affect any flags.
MA = (DS) X 16, + (SI)

(AL) € (MA) / (AX) € (MA: MA + 1)
For byte operation

If DF =0, then (SIX- (SI) + 1

If DF =1, then (S (SI) -1

For word operation

If DF =0, then (S (SI) + 2

If DF =1, then (S (SI) - 2
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String Instructions

String data byte/word manipulation instructions

» STOS/STOSB / STOSW: Store string byte or wordhfdL register.

One byte or word of a string data stored in AL / Agister is copied or
stored as string data into extra segment.

The DI register points to the destination string.

The DI register is automatically incremented or dewnted depending
on the status of DF.

MAE = (ES) X 16, + (DI)

(MAp) € (AL) / (MAL: MAC+ 1) € (AX)
For byte operation

If DF =0, then (D)< (DI) + 1

If DF =1, then (D)< (DI) -1

For word operation

If DF =0, then (D)< (DI) + 2

If DF =1, then (D)< (DI) - 2
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Processor Control Instructions

The Processor control instructions include flag mdaipmn and
processor control instructions.These instructions obttte functioning of
the available hardware (programmer accessible haejweaside the
processor chip.

These are categorized into two types:
a) Flag manipulation instructions
b) Machine control instructions

The flag manipulation instructions directly modify seof the flags of the
8086 flag register.

The machine control instructions controls the bus uaageexecution.

The processor control group includes instructions torselear carry flag,
direction flag, and interrupt flag.It also includes HLT, NOP, LOCK
and ESC instructions which controls the processor @para

The Various Flag manipulation instructions are
CLC, CMC, STC, CLD, STD, CLI, STI
The Various machine control instructions are

WAIT, HLT, NOP, ESC, LOCK
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Processor Control Instructions
Flag manipulation instructions

CLC : Clear Carry

The carry flag is reset to zero i.e., CF =0
CF<O0

CMC : Complement the carry

The carry Flag is Complemented i.e., if CF = 0 befoMC then after
CMC CF =1 and vice versa.

CF< ~CF

STC : Set Carry

The carry flag is setto one i.e., CF =1

CF< 1

CLD : Clear direction

The direction flag is cleared to zero i.e., DF =0
DF < O

STD : Set direction

The direction flag issetto 1 i.e., DF =1

DF < 1
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Processor Control Instructions
Flag manipulation instructions

» CLI : Clear Interrupt

The Interrupt flag is cleared to zero i.e., IF =0
IF< 0

STI : Set Interrupt

The Interrupt flag is setto 1 i.e., IF = 1.
IF< 1
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Processor Control Instructions
Machine control instructions

WAIT : Wait for Test input pin to go low or an intapt signal

This instruction causes the processor to enter intdleastate or wait

state and continue to remain in that state until @a$ig asserted on the
TEST input pin or until a valid interrupt signal eceived on the INTR or
NMI interrupt input pin.

If a valid interrupt signal occurs while the 8086nsdle state, the 8086
will return to the idle state after the interruptvdes procedure executes. It
returns to the idle state because the address of th@ Watruction is the
address pushed on to the stack when the 8086 respathesimberrupt
request.

WAIT affects no flags

The WAIT instruction is used to synchronize the 80&&pssor with the
external hardware such as the 8087 math processor.

HLT : Halt Processing

The HLT instruction will cause the 8086 to stop thtelieng and
execution of the instructions. The 8086 will entdradt state i.e., used to
terminate a program.

The only ways to get processor out of Halt state ateam interrupt
signal on INTR pin, an interrupt signal on NMI pim,avalid reset signal
on RESET input.
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Processor Control Instructions
Machine control instructions

NOP : No Operation
No operation is performed for three clock periods

This instruction simply uses up three clock cyclesianements the
Instruction pointer to point to the next instruction.

The NOP instruction does not affect any flag.
The NOP instruction can be used to increase the délaylelay loop.
When hand coding, a NOP can also be used to holaca pi a program

for instruction that will be added later.
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Processor Control Instructions
Machine control instructions

ESC : Escape
ESC opcode, Mem. / Reg.

This instruction is used to pass instructions to a c@ssmr , such as the
8087 math coprocessor which shares the address anoudatath 8086

Instructions for coprocessor are represented by adbté embedded in
the escape instruction.

As 8086 fetches the instructions bytes, the coprocessmicatches these
bytes from the data bus and puts them in its queutttdats all the
normal 8086 instructions as NOPs and when ESC ingiruist fetched by
8086, the coprocessor decodes the instruction aneésant the action
specified by the 6-bit code in the instruction.

In most cases 8086 treats the ESC instruction as NbiA bome cases
8086 will access a data item in memory for the cogsear.

For ESC opcode, Mem format the data is accessed By B8 memory

For ESC opcode, Mem format the data is accessed byfB¥8 8086
register specified in the instruction.
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Processor Control Instructions
Machine control instructions

LOCK : Assert Bus Lock signal

The LOCK is used as a prefix to a critical instructidmch has to be
executed without any disturbances to system bus froer bus masters.

When LOCK prefix is used in an instruction then dgraxecution of this
instruction the lock prefix ensures that the sharetesy resources are not
taken over by other bus masters in the middle otthieal instruction
execution.

When an instruction with LOCK prefix is executed 8886 will assert its
bus lock signal output.This signal is connected texdarnal bus
controller device, which then prevents any othecpssor from taking
over the system bus

LOCK affects no flags.
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Program execution transfer instructions

The control transfer group consists of call, jumppl@and software
Interrupt instructions.

Normally a program is executed sequentially( ilee,grogram instructions
are executed one after the other), when a bramstiuction is encountered
the program execution control is transferred tosihecified destination or
target instructions. The transfer of program executiontrol is done either
by changing the content of IP or by changing th&teats of IP and CS.

When the content of IP alone is modified, the progcantrol branches to

new memory location in the same segment.

When the contents of IP and CS are modified, tbgnam control
branches to new memory location in another memaggnset.

The control transfer instructions do not affect tlag$ of 8086.

The jump and loop instructions can be classified iotddional and
unconditional instructions.

In conditional instructions, the status of one or nftags are checked and
control transfer takes place only if the specifieddibon is satisfied.
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Program execution transfer instructions

» The program execution transfer instructions candbegorized as:
Unconditional transfer instructions
s Conditional transfer instructions
s Iteration control instructions
s Software interrupt instructions
» Unconditional transfer instructions:
CALL
=
JMP
CALL : Unconditional Call

The CALL instructions transfer control to a subprog@msubroutine or a
procedure after saving return address in the stackonyem

There are two types of CALL instructions:
Intra-segment or near call
Inter-segment or far call
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Program execution transfer instructions
Unconditional transfer instructions

» A near call refers to calling a procedure storethen
same code segment memory in which main progra
or calling program) resides.

» A far call refers to calling a procedure stored in

different code segment memory than that of main
program.

» While executing near call, the content of IP alae
pushed to stack. While executing far call the cotste
of CS and IP are pushed to stack.
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Program execution transfer instructions
Unconditional transfer instructions

» Direct near call;
CALL Disp-16

This instruction is near-direct call in which the giram control is
transferred within the same segment.

The stack pointer is decremented by 2, the IP isgulisito stack and
effective address (Disp-16) of the subroutine or pface to be executed is

loaded in IP.

CALL Disp-16

(SP)& (SP) -2

MA = (SS) X 16, + (SP)
(MA € (IP)

(IP) € Disp-16
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Program execution transfer instructions
Unconditional transfer instructions

> In-direct Near CALL

CALL reg./ Mem.

This instruction is near- indirect call in which thentrol transfer is within
same segment and the effective address of subroytroeédure to be
called is stored in register or memory.

The stack pointer is decremented by 2, the IP isgulisito the stack and

the effective address of the subroutine / procedubetexecuted is loaded
in IP from the register / memory.

CALL reg. / CALL Mem.
(SP)& (SP) -2

MA = (SS) X 16, + (SP)
(MA € (IP)

(IP) & (reg.) / (IP)< (Mem.)
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Program execution transfer instructions
Unconditional transfer instructions

» Direct Far CALL

CALL Addr .., Addr..

offset

This instruction is far-direct call in which the prag control is transferred
to another segment.

The offset and segment base address of the procedugeste@cuted are
stored in memory.

The stack pointer is decremented by 2, the IP isqulisiio the stack. The
stack pointer is again decremented by 2 and CS Isepusnto the stack

and the base address of the procedure to be exeslbadled into CS.
(SP)< (SP) -2

MA = (SS) X 16, + (SP)

(MA ) < (IP)

(IP) € Addrofiset

(SP)< (SP) -2

MA = (SS) X 16, + (SP)

(MA < (CS)

(IP) €< Addr, .
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Program execution transfer instructions

Unconditional transfer instructions
> In-direct Far CALL
CALL Mem.

This instruction is far-indirect call in which theggram control is
transferred to another segment.

The offset and segment base address of the procedugeste@cuted are
directly given in the instruction.

The stack pointer is decremented by 2, the IP isqulistio the stack. The
stack pointer is again decremented by 2 and CS Isepusnto the stack

and the base address available in memory is loatieC®.
(SP)< (SP) -2

MA = (SS) X 16, + (SP)

(MA ) < (IP)

(I P) < (Mem')(offset address)

(SP)< (SP) -2

MA = (SS) X 16, + (SP)

(MA €< (CS)

(IP) < (Mem-)(base address)
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Program execution transfer instructions
Unconditional transfer instructions

Every procedure or subroutine end with RET instaurcti

The execution of RET instruction at the end of subn@ or procedure,
will pop the contents of top of the stack to IP iseaf near call or to IP
and CS in case of far call. Thus the program congtokn back to main
program.

Return instruction does not affect any flags.

Depending upon the type of procedure and the Skt the RET
Instruction is of four types.

1. Return within segment

2. Return within segment adding 16-bit immediate disginent to the
SP contents.

3. Return inter-segment
4. Return inter-segment adding 16-bit immediate 60SR contents
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Program execution transfer instructions
Unconditional transfer instructions

» Return from call within segment
=

Return the control back to calling procedure frowa ¢alled procedure with
In the segment.

The content of top of stack is transferred to IP thedstack pointer is
Incremented by two.

MA = (SS) X 16, + (SP)
(IP) € (MAQ
(SP)€ (SP) + 2
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Program execution transfer instructions
Unconditional transfer instructions

» Return from call within segment adding immediataueab SP
RET data-16

Return the control back to calling procedure frowa ¢alled procedure
within the segment. The content of top of the stadkansferred to IP and
the SP is incremented by a value (data-16) speaifiite instruction.

MA = (SS) X 16, + (SP)

(IP) € (MA)
(SP)< (SP) + data-16
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Program execution transfer instructions
Unconditional transfer instructions
» Return from inter-segment call
RET

Return the control back to calling procedure frowa ¢alled procedure
which is in different segment. The content of tophaf stack is transferred
to IP and the SP is incremented by 2. Next theesdrdf the current top of
the stack is moved to CS and SP is incremented by 2.

MA = (SS) X 16, + (SP)
(IP) € (MA)

(SP)& (SP) + 2

MA = (SS) X 16, + (SP)
(CS) € (MAY)

(SP)& (SP) + 2
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Program execution transfer instructions

Unconditional transfer instructions
» Return from inter-segment call adding immediate t@@P.

RET data-16

Return the control back to calling procedure frowa ¢alled procedure
which is in different segment. The content of tophaf stack is transferred
to IP and the SP is incremented by 2. Next theesdrdf the current top of
the stack is moved to CS and SP is incremented bjua Ydata-16)
specified in the instruction.

MA = (SS) X 16, + (SP)
(IP) € (MAY)

(SP)< (SP) + 2

MA = (SS) X 16, + (SP)
(CS) €< (MAY)

(SP)< (SP) + data-16
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Program execution transfer instructions
Unconditional transfer instructions

» JMP : Unconditional Jump

The unconditional jump instructions does not checlafty flag condition.
When the unconditional jump instruction is executeslgrogram control is
transferred to new memory location either in sameng®g or in another
segment.

In near jump instruction the program control is tfarmred to new memory
location in the same segment by modifying the cordémtstruction

pointer (IP).

In far jump instruction the program control is treameed to new memory
location in another segment by modifying the contdnimstruction pointer
(IP) and code segment (CS) register.

JMP Disp-16 (near jump instruction)

The 16-bit value (Disp-16)given in the instructieradded to instruction
pointer (IP).

(IP) €« (IP) + Disp-16
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Program execution transfer instructions
Unconditional transfer instructions

» JMP Disp-8 (near jump instruction)

The 8-bit value (Disp-8) given in the instructiorsign extended to 16-bit
and added to instruction pointer(IP).

Disp-16 < (sign extended) Disp-8
(IP) < (IP) + Disp-16

JMP reg. / Mem. (near jJump instruction)

JMP Reg.
JMP Mem.

The 16-bit value stored in the register or memergdded to instruction
pointer (IP).

(IP) €« (IP) + (Reg.)
(IP) €« (IP) + (Mem)
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Program execution transfer instructions
Unconditional transfer instructions

» JMP Addgg.., Addr,..(Far jump instruction)

The offset address given in the instruction is loadd& iand the base
address given in the instruction is loaded in CS reqist

(IP) < Addroffset
(CS) < Addr, .

JMP Mem.

The content of (16-bit) memory is moved into IP &melnext word in
memory is moved into CS register.

(IP) &< (Mem.)
(CS) < (Mem. + 2)
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Program execution transfer instructions
Iteration control instructions

The iteration instructions are also known as Loop ulcsions.

Loop instructions are used to execute a group of ictsbns, a number of
times as specified by a count value stored in CXstepi

The number of instructions to be looped will be sfedidirectly in the
instruction as a signed eight bit number ( Displaadre Disp-8).

For positive displacement the instructions below tB€IP instruction are

executed and for negative displacement the instmst@bove the LOOP
Instruction are executed.

The contents of CX register is decremented by ome afich execution of
looped instructions. The effective address of firstrurction of the loop is
obtained by sign extending the Disp-8 to 16-bit adding to IP.
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Program execution transfer instructions
Iteration control instructions

» LOOP Disp-8
LOOP <Disp-8>

Repeat execution of the group of instructions uhal content of CX is
zero. After each execution CX is decremented by one.

Loop if (CX)#0
(CX) € (CX) -1
Example:

MOV BX, OFFSET List ; BX loaded with the address 8f 1
,element in array List array .

MOV CX, 20 ; load the no. of elements in array ludb CX Reg.
. MOV AL, [BX] ; get the element pointed by BiXto AL Reg.

ADD AL, O5H ; Add 5H to element

MOV [BX], AL ; Store the result back into array List

INC BX ; Increment pointer

LOOP X1 ; Repeat the process till count is zero

LOOP X1 similar to DEC CX ; INZ X1
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Program execution transfer instructions
Iteration control instructions

> LOOPZ / LOOPE <Disp-8>

Repeat execution of the group of instructiondhé tontent of CX is
not zero and ZF = 1. After each execution CX is ee@nted by one.

Loop if (CX)#0 and ZF =1
(CX) €« (CX) -1
Example:
MOV BX, OFFSET List ; Get offset offlelement of List array

* into BX.
MOV CX, 10 ; Count in CX
DEC BX
. INC BX

CMP [BX], 45H  ; compare all array elements with 45H

LOOPE X1
If (CX) =0 and ZF = 1 on exit then all elementsarfray are 45H;
If (CX) #£0 and ZF = 0 BX pointing to first elemert45H in array ;
If (CX) =0 and ZF =0 then last element of the ansas5 H.
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Program execution transfer instructions
Iteration control instructions

» LOOPNZ / LOOPNE <Disp-8>

Repeat execution of the group of instructiondhé tontent of CX is not
zero and ZF = 0. After each execution CX is decrdettby one.

Loop if (CX)# 0 and ZF =0
(CX) €« (CX) -1
Example:

MOV BX, OFFSET List

MOV CX, 20
DEC BX
. INC BX
CMP [BX], 40H ; Compare the array elements with 40H
LOOPNE X1
If (CX) =0 and ZF =0 then 40H was not found in arydfy(CX) # 0 and

ZF = 1 then BX is pointing to the element which i$140f (CX) = 0 and
ZF = 1 then the last element in the array was 40H.
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Program execution transfer instructions
Iteration control instructions

» JCXZ : Jump if the CX register is zero

This instruction will cause a jump to a label givarthe instruction if the
CX register contains all O’s.

If CX does not contain all zeros , execution will plygnproceed to the next
instruction. This instruction does not refer to theoZéag when it decides
whether to jump or not.

The destination label for this instruction must béhmrange of —128 to

+127 bytes from the address of the instruction aftelJCXZ instruction.
JCXZ affects no flags.
Example:
JCXZ X1 ; If CX is all zeros then go to label X1
X2 : ADD [BX], O5H
INC BX
LOOP X2
X1 : MOV [BX], OOH
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Program execution transfer instructions
Software Interrupt Instructions

The Software Interrupt instructions are the instrungtiosed for executing
Interrupts through instructions.

The INT instructions are called Software Interrupts.

The INT instructions are used to call a procedursubroutine on Interrupt
basis.

The procedure executed on Interrupt basis is caiedrupt Service
Routine (ISR).

The INT instruction is accompanied by a type numisbdich can be in the
range of 0 to 255. Thus 8086 processor has 256 tysedtavare interrupts
that can be implemented.

The software interrupts are used to implement thesystll service of the
operating system.

In order to execute an ISR, a 16-bit effective addifor IP and a 16-bit
base address for CS are needed. Thus for each INtiateh four memory
locations are reserved in the first 1K address spacewfany.
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Program execution transfer instructions
Software Interrupt Instructions
In the reserved locations, th&tlo locations are used to store the effective

address(to be loaded into IP) and the next two ilmtsiare used to store the
base address(to be loaded into CS register).

The address of the reserved memory location is cedletbr address.

The vector address of an interrupt is obtained bljiphging the type
number by 4.

Before executing ISR, the contents of IP, CS and Fdgister are pushed to
stack. Each ISR is terminated by IRET (Interruptnmtinstruction.

On executing IRET instruction the top of stack arpgeal to IP, CS and
Flag register.

Thus the program control returns back to main progafier executing ISR.
INT = Interrupt program execution

INT 3 - Break-point Interrupt

INTO - Interrupt on overflow

IRET - Interrupt return
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Program execution transfer instructions
Software Interrupt Instructions

> INT <type>

*» This instruction is a software interrupt and used tbacservice
procedure(or subroutine) on interrupt basis.

¢ The type number is from 0 to 255.0n execution o thstruction the
contents of flag register, CS register and IP areguih stack, one by
one after decrementing SP by 2 before each pudiatope

*» The flags IF and TF are also cleared.

s The effective vector address is calculated by multglyhe type
number by 4.

*+ The memory location pointed by vector address cortkea address of
Interrupt service routine.

*» The F'word pointed by the calculated vector address is ohtwdP and
the next word is moved to IP and the next word isedaw CS register.
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Program execution transfer instructions
Software Interrupt Instructions

> (SP)< (SP) -2
(MA ) < (flags)
(SP)< (SP) -2
(MA € (CS)
(SP)< (SP) -2
(MA ) € (IP)

(IP) €< (0000 : (Type X 4))
(CS)< (0000 : (Type X 4) + 2)
IF< 0; TF< O

For each push operation stack memory is given by
MA;=(SS) X 16,+ (SP)
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Program execution transfer instructions
Software Interrupt Instructions

»  The sequence operations for executing INT instrudipB8086:
1. Decrement the stack pointer by 2 and push the fiago the stack.

2. Decrement the stack pointer by 2 and push theentsof CS on to
the stack.

Decrement the stack pointer by 2 and push the aifdbe next
Instruction after the INT number instruction on te #tack.

Get a new value for IP from an absolute memodress of 4-times

the type specified in the instruction.EX : For INTh& new IP value
will be read from address 00020H

Get a new value for CS from an absolute memodyess of 4-times
the type specified in the instruction + 2; FOR INh$truction the
new CS value will be read from 00022H location

Reset both IF and TF flags but other flags araffetted by INT
Instruction
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Program execution transfer instructions
Software Interrupt Instructions

»> INT 3H

¢ This instruction is a special type of software intptnwhich has the
single byte code of GC

* Many systems use this as a break point instruction.

¢ The operations performed by this instruction is sashat of type-3
Interrupt.

> (SP)< (SP) -2
(MA ) € (flags)
(SP)< (SP) -2
(MA €< (CS)
(SP)< (SP) -2
(MA ) < (IP)
(IP) € (0000G) :3X4=12i.e. OCH
(CS) < ( 0000E) 12+ 2 =14 i.e. OEH
IF< 0, TF<O0
MA = (SS) X 16, + (SP) for each PUSH operation.
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Program execution transfer instructions
Software Interrupt Instructions

> INTO
If overflow flag (OF) is 1, then type-4 interruptpsrformed.
If OF = 1, then following operation are performed.
(SP)< (SP) -2
(MA ) < (flags)
(SP)<& (SP) -2
(MA € (CS)
(SP)<& (SP) -2
(MA ) < (IP)
(IP) €< (0001Q,) ;4 X4=161.e. 10H
(CS)< (00012) ;16 +2=18i.e. 12H
IF< O0; TF< 0
MA = (SS) X 16, + (SP) for each PUSH operation.
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Program execution transfer instructions
Software Interrupt Instructions

> IRET

This instruction is used to terminate an interruptiserprocedure and
transfer the program control back to main program.

On execution of this instruction the contents of tbfhe stack (pointed by
SP) are moved (popped) to IP , CS and Flag register®y one

After each pop operation the SP is incremented by 2.

The RET instruction should not be used to return fppotedures because
the RET instruction does not copy the flags from theksback to the flag
register.

(IP) € (MAY) ; (SP)< (SP) + 2

(CS)<& (MAY) ; (SP)< (SP) + 2

(Flags)& (MAY) ; (SP)< (SP) + 2

For each pop operation the stack memory addresfcidatad as
MA = (SS) X 16, + (SP)
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Program execution transfer instructions
Conditional Jump Instructions
In a conditional jJump instruction one or more f@anditions are checked. If

conditions are true, then the program control isdf@red to new memory
location in the same segment by modifying the coatehtP.

All conditional instructions are only near jump &brort jJump), hence the
contents of CS is not altered.

In all conditional jump instructions an 8-bit val(igisp-8), will be directly
specified in the instruction which is sign extended@ebit and added to IP.

The new value of IP is the effective address of tls&uiction where the
program control is transferred, if the conditionrise.

The conditional jump instructions are often usedrateompare instruction.

When the conditional jJump instructions are execebtegtution control is
transferred to the address specified relatively enitistruction, provide the
condition implicit in the opcode is satisfied, whee tondition is not
satisfied the execution continues sequentially andanelitions here
indicate the status of the conditional flags inftag register.
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Program execution transfer instructions
Conditional Jump Instructions

Conditional jump instructions does not affect anyslag

As the address has to be specified in the instrucgiatively in terms of
displacement which must lie within —80H to 7FH (428 to 127) bytes
from the address of the branch instruction.

A label may represent the displacement, if it lieghimithe above specified
range.

As the conditional jump instructions are generally usgld congestion

with comparison of numbers the comparison candieden unsigned and
as well as between signed numbers. Thus theliefow andabove refer

to unsigned binary numbers. The terngreater than andlesser than

refer tosigned binary numbers.

The termabove meandarger in magnitude andbelow meanssmaller in
magnitude.

The termgreater than meansmore positive and thdesser than means
more negative.
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Program execution transfer instructions
Conditional Jump Instructions

Mnemonic

Condition

Operation by instruction

JA / INBE

CF=0AND ZF =0

Jump if above / Jump if not beloy
or equal.

JAE / INB

Jump if above or equal / Jump |
not below

JB /INAE

Jump if below / Jump if not abov
or equal

JC

Jump if carry flag (CF) = 1.

JNC

Jump if no carry i.e., CF=0

JE 137

Jump if equal / Jump if zero ( ZF
1)

JNE / INZ

Jump if not equal/ Jump if Non
zero (ZF =0)
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Program execution transfer instructions
Conditional Jump Instructions

Mnemonic| Condition Operation by instruction

JO OF=1 Jump if Over flow flag OF = 1

JNO OF=0 Jump if no over-flow (OF = 0)

Je=IRE PF=1 Jump if parity / Jump if even parity

JNP / JPO PF=0 Jump if no parity / Jump if Odd parity

JS SF=1 Jump if sign

SF=0 Jump if no sign
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Program execution transfer instructions
Conditional Jump Instructions

Mnemonic

Condition

Operation by instruction

JG /INLE

ZF = 0 (AND) CF = OF

Jump if greater / Jump if not le
than or equal

JGE / JNL

SF = OF

Jump if greater than or equal
Jump if not less than

JL / INGE

SF# OF

Jump if less than / Jump if no
greater than or equal

JLE / ING

SF# OF (OR) ZF =1

Jump if less than or equal / Jup
If not greater than
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Program execution transfer instructions
Conditional Jump Instructions

» JG/JINLE:

Greater means more positive and not less than @l etgans not more
negative and also not equal.

Example:

00000111 is greater than 11101010. As in signediont@0000111 is more

positive than 11101010 as the second number has MEBi&s negative
number.

» JL/JINGE:

Lesser than means more negative and Not greater tiegmual means
more negative and also not equal.
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