The Flags Register

It is a 16-bit register, also called Program Status Word (PSW). Seven bits
remain unused while the rest nine are used. Six are status flags and three are
control flags.
¢ The control flags can be set/reset by the programmer.

1. DF (Direction Flag) : controls the direction of operation of string
instructions. (DF=0 Ascending order DF=1 Descending order)

2. IF (Interrupt Flag): controls the interrupt operation in 8086pP.

(IF=0 Disable interrupt  IF=1 Enable interrupt)

3. TF (Trap Flag): controls the operation of the microprocessor.

(TF=0 Normal operation TF=1 Single Step operation)
e The status flags are set/reset depending on the results of some arithmetic or
logical operations during program execution.

1. CF (Carry Flag) is set (CF=1) if there is a carry out of the MSB
position resulting from an addition operation or subtraction.

2. AF (Auxiliary Carry Flag) AF is set if there is a carry out of bit 3
resulting from an addition operation.
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3. SF (Sign Flag) set to 1 when result is negative. When result is positive
itis setto 0.

4. ZF (Zero Flag) is set (ZF=1) when result of an arithmetic or logical
operation is zero. For non-zero result this flag is reset (ZF=0).

5. PF (Parity Flag) this flag is set to 1 when there is even number of one
bits in result, and to 0 when there is odd number of one bits.

6. OF (Overflow Flag) set to 1 when there is a signed overflow. For
example, when you multiply FFH by 11H (result is not one byte).

X | X| X | X|OF|DF| IF | TF|SF| 2ZF| X | AF| X | PF| X" | CF

Overflow flag I I Carry flag
Direction flag Panty flag
Interrupt enable flag Auxiliary carry flag
Trap flag Zero Mag
6 are status flag Sign flag .
3 are control flag
Bits marked X are undefined
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Memory Organization

8086/8088pP, via its 20-bit address bus, can address 2*° = 1,048,576 bytes
or (1 Mbyte) of memory locations. Thus the memory space of 8086uP is
1,048,576 bytes or 524,288 words. The memory map of 8086uP as shown,
where the whole memory space starting from 00000H to FFFFFH.
The 8086puP operate in the Real mode memory addressing. Real mode
operation allows the microprocessor to address only the first 1 Mbyte of
memory. Even though the 8086 has a 1 Mbyte address space, not all this
memory is active at one time. Actually, the 1 Mbytes of memory are partitioned
into 64 Kbyte (65,536) segments. The 8086uP allows four memory segments.
The figure shows these memory segments.

FFFFF
External memory
Address space
59000
SSFFF
Extra segment
64 k byte
49000 4900 |ES
48FFF
44000
43FFF
Stack segment
64 I byte
34000 3400 |ss
33FFF
30000
2FFFF
Code segment
64 k byte
20000 2000 |CS
1FFFF
Data segment
64 k byte
10000 1000 |DS
OFFFF
00000
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The 20-bit physical address is generated by combining the offset (residing in

BX, BP, IP, SP, SI or DI) and the content of one of the segment registers CS,
DS, ES or SS. The process of combination is as follows:
The content of the segment register is internally appended with OH (0000B) on
its right most end to form a 20-bit memory address—this 20-bit address points
to the start of the segment. The offset is then added to the above to get the
physical address.

Physical Address = Segment Register : Offset (Effective Address)
= (Segment Register)0H + Offset (Effective Address)

15 € > 0

Effective Address (IP)= Logical Address

15 < { > 0 pe— 4-bits —>

Segment register ojO0OjO|O

[19 0
U

20-bit Physical Memory > 0)

[

For example if (DS)=2000H and the Logical address is 1234H then the physical
address 1s: PA = (2000)*10 + 1234H = 20000H + 1234H = 21234H
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Addressing Modes of 8086uP

The general form of an Assembly language instruction is :

N

Operation

Destination(D)
reg. / mem.

1

Source(S)
reg. / mem.

An instruction consists of an op-code and operands. The operand may reside in
the accumulator, or in a general purpose register or in a memory location.

Examples:

MOV AX, BX ; copy the content of BX to AX.

ADD AL, 12H ; add 12H to AL and store the result in AL.
An addressing mode is a method of specifying an operand. The following are
the different addressing modes of 8086uP:
1. Register Addressing Mode: The operands both are registers (8-bit or 16-

bit). Some examples are:

MOV AX , BX
ADD AL,BH

2. Immediate Addressing Mode: The source can be either 8-bit or 16-bit
number and the destination is a register . Some examples are:

MOV AL , 83H

ADD BX, 1284H

3. Memory Addressing Mode: One of the operands is a memory location. The
different memory addressing modes are:

a) Direct Addressing Mode: The effective address of the specified memory
location is given directly between [ ] brackets, for example: (DS)=1000H

MOV AL , [3000H]
()

pa={DSt. {Direct address}

SS
ES

Note: The default
segment register is DS

PA = (DS)0H + 3000H = 10000H + 3000H = 13000H

MOV AL, [3000H]

AL

60H |=

Memory
[ —

40H |43001H

DS

10000H+3000H

60H | 13000 H=—\

N

1000

DS = (10H)+3000H
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b) Register Indirect Addressing Mode: The effective address is located in
any of the following registers : BP, BX, SI and DI

EA = [Base BX. Based Addressing (Y BX
BP

pa—{DS|. )BP

EA = [Index S1 ] Indexed Addressing SS SI

DI Es’ \DpI

For example if (SI)=2000H, and (DS)=1000H, then the instruction
MOV BX , [SI] copies the word 2030H from locations 12000H and
12001H to BX.

PA=(DS)*10H + [2000H] = 10000H + 2000H = 12000H

Memary
___,/"\
f 20 1120001H
20 30 a0 12000H =—=—
BH BL 11FFFH
| S
BX —\q
1000[Q1H
DS| 1000H 55 (10m)
12000H
pra— Physical address
sl " Effective

address

¢) Register Relative Addressing Mode: The effective address can be found
as follows:

e Based with displacement (Based-Relative) addressing mode.

EA = g‘: + displacement (8 — bit or 16 — bit)

e Indexed with displacement(Indexed-Relative) addressing mode.

SI
DI

CcS BX
pa=1DS|. )BP { 8 — bit displacement}
—)SS( ) SI 16 — bit displacement

ES DI

For example if (BP)=1000H , (SS)=0100H , (AL)=FFH and a
displacement of 100H then the instruction MOV [BP+100H] , AL copies
the content of AL into memory location 02100H.

PA = (0100)*10H + [1000H + 100H] = 02100H
Note: the diagram is left as a H.-W for the student

EA = + displacement (8 — bit or 16 — bit)
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d) Based-Indexed Addressing Mode : The effective address can be found

as follows:

EA = [Base gi + Index g':,
()
BX SI
PA = ls)g ’ [BP}+ {m}
ES

For example if (BX) = 2000H , (DI) = 0030H and (DS) = 1000H then the
instruction MOV CX , [BX + DI] load the register CX with 1040H form
memory locations 12030H and 12031H.

PA =10000 + [2000H + 0030H] = 12030H

Memory
MOV CX, [BX+DI| T ~—
i 10H  |12031H
10H | 4oH 40H | 12030H =——
CH CL \/J
CX
ax | 2o00n 2000H
2)_12030H
DI | 0030H
ps | 1000H ;‘;"j‘ﬁ;‘m

e) Based-Indexed with Displacement Mode : The effective address can be
found as follows:
8 — bit

Effective Address = [Base BX  t Index 5! + disp. 16 — bit

BP DI
cs

Ds| . [BX} 4 {51} { 8 — bit displacement }
SS BP DI 16 — bit displacement

ES
For example if (BP) = 0100H , (SI) = 0200H , (SS) = 2000H and a
displacement of 10H then the instruction MOV AL , [BP+SI+10H] load
the register AL with 50H form memory location 203 10H.

PA =(2000)0H + [0200H + 0200H + 10H] = 20310H

PA =
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MOV AL, [BP + Sl + 10H]

p"\-“_—
AL 50 - son  fe—22310H
"
0300H 0310H
BP | 0100H ® ® -+
1
, i
10H
st | 0200H
ss | 2000H 20000H
(SS) x 10H

The table below shows the operand that stores the effective address and the
default segment register used to form the physical address

Addressing Mode Operand Default Segment
Direct [offset] DS
Register Indirect | [BX] or [SI] or [DI] DS
[BP] SS
Based Relative [BX + disp] DS
[BP + disp] SS
Indexed Relative | [SI+ disp] DS
[DI + disp] DS
Based-Indexed [BX + SIor DI +disp] |DS
Relative [BP + SI or DI + disp] SS

Note:

1. CS : IP together determine the address of the first instruction to execute.
In this way the first instruction in CS being execution, if the first
instruction is two byte long, the processor increment IP by 2 to indicate
the next instruction.

2. Segment override prefix means that we can use any segment register to
form the physical address as follows:

MOV AX, ES : [2000H]
ADD SS : [BX+SI], DX
AND CS : [BP], AL
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