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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

1.1t is an IC which processes set of instructions in
a Micro-Second.

2.1t 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

e 16-Pin,DIP

* Memory capacity : 4KB i.e 12 address line
* 4-bit Data bus

e Clock Speed: 0.108Mhz

* Applications

* Traffic Controllers,Blood Analyzers,Calculators
 Disadvantage

* Less speed of operation
* Less memory



Aditya Engineering College (A)

e 8-bit processor

* 8008,1972

e 18-Pin,DIP

* Memory capacity : 16KB i.e 14-bit address line
e 8-bit Data bus

* Clock Speed: 0.2Mhz

* Applications

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

 Disadvantage

* Less memory
 Additional hardware to make use as CPU
 Advantage

* Faster compared to 4004
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e 8-bit processor (First General Purpose Computer)
 8080,1974

e 40-Pin,DIP

* Memory capacity : 64KB i.e 16-bit address line
e 8-bit Data bus

* Clock Speed: 2Mhz

e 8-bit processor

 8085,1977

* 40-Pin,DIP

* Memory capacity : 64KB i.e 16-bit address line
e 8-bit Data bus

* Clock Speed: 5Mhz

* Interrupts:5

Aditya Engineering College (A)

e Disadvantage

* Don’t support Pipelining
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* 16-bit processor
* 8086,1978
e 40-Pin,DIP
* Memory capacity : 1MB i.e 20 bit address line
e 16-bit Data bus
* Clock Speed: 5Mhz — 10 Mhz
 Advantage

e Support Pipelining mechanism

e Powerful Instruction set(CISC)

* Interrupt: 256

e 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



Register Set of 8086

_ ES Extra Segment
(leg gﬁg;f;‘ge;f; CS Code Segment
SS Stack Segment
DS Data Segment
IP Instruction Pointer
AX AH AL Accumulator
BX BH BL Base Register
CX CH CL Count Register
DX DH DL Data Register
SP Stack Pointer
BP Base Pointer
EU registers S| Source Index Register
16 bit arithmetic DI Destination Index Register
FLAGS
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BIT

BIES COMPATIBELE FLAGS
1% 14 13 12 11 W & &8 |7 & 5 4 3 2 1 O
vlujowpu 'EIF:I:I-F IF|TF|SF(2ZF| U |AF| LM |PF| U |CF

LS

.

.

o
U= UNDEFINED

i

1

' 8

4

[ §

L CARRY FLAG = SET BY CARRY OUT OF M5B

PARITY FLAG = SET IF RESULT HAS EVEN PARITY

AUXILIARY CARRY FLAG FOR BCD
ZEROQ FLAG — SET IF RESULT =D
SIGN FLAG = M5B OF RESLILT
SINGLE STEP TRAP FLAG
INTERRUPT EMABLE FLAG
STRING DIRECTION FLAG
OVERFLOW FLAG

\

S

8086 [lag register format. (Intel Corp.)



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

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 O, it is said
to be reset



PIN DIAGRAM OF 8086

MAX
MODE
Vss(GNDY 1 ' 400 Vec(5P)
AD14 [ 2 38 O AD15
AD12 O3 38 0 A16/S3
AD12 4 37 O A17/54
AD11 5 36 0 A18/S5
AD10 OB 35 0 A19/S6
ADE O7 34 O BRE/ST
ADS []8 33 0 MNAIX
AD7 @ 320 RD
ADs OJ10 8 311 RGO
ADs Q11 2 30Q RQ/GT1
AD4 []12 20 [ TOCK
AD3 Q13 280 52
ADZ2 []14 270 57
AD1 Q15 260 S0
ADD 118 250 Qs0
MM O 17 24 0 Qs1
INTR []18 23 O TEST
CLK 18 22 0 READY
Vss (GND) []20 21 [0 RESET

Microprocessors and Microcontrollers

MODE

HOLD
HLDA

MAD
DT/R
DEN
ALE

TNTA
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Power supply
Voo GND
T T Address/data bus

INTR =

— s

= ALE

INTA +——
Interrupt
L T e

N ="

RESET ="

= M0 yemowyiio
Mo HOLD =——— s pT/R  CONtrols
intetlace HLDA i
vﬂ' e ﬁ
l-_.- Iﬁ
Mode -
slect  MN/MX b= READY
CLK
(lock
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» ADO-ADI15 : 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, SO : 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 1/O operation)
access control signals. Any change in S2, S1, SO during T4
Indicates the beginning of a bus cycle.
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0O 0 0O Interrupt acknowledge
0 0 1 Read I/0O port

0O 1 0O Write I/O port

0 1 1 Halt

1 O 0 Code access

1 8] 1 Read memory

1 1 0 Wrrite memory

1 1 1 Passive state

» A16/S3, Al17/S4, A18/S5, A19/S6 : The specified address lines
are multiplexed with corresponding status signals.

Microprocessors and Microcontrollers
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0 0 Extra segment access
0 1 Stack segment access
1 0 Code segment access

1 1 Data segment access

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 i1s 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 8284 A 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.
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NMI : Non maskable interrupt. This is an edge triggered input which
results in a type Il 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’/GTO0’ : 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’/GTOQ’ 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.



ﬁji"\ Aditya Engi ing Coll A
EAEa AN itya Engineering College (A)

» 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
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> QSl QSO0 : Queue Status. These signals indicate the status of the
Internal 8086 Instruction queue according to the table shown

below
0 0 No operation
0 1 First byte of op code from queue
1 0 Empty the queue

1 1 Subseqguent byte from queue

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 iIs 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.

B
4
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INTERNAL ARCHITECTURE OF 8086

Address/siaius Address/data
BelSy — felSe ADL — AD s
Memory address and data
bus intarface
<" Intarnal data bus 3
- — -

]
5
i m‘-nl-m l[ I"]
M Instructicon
E QqueE (5 b =)
=1 cs
F
A Ds
-tE: 55 -

ES
]
[ | e
]
T 1L

- - — e -
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E D o irvgy
é 15 o circuwit
E oo AU AL
T BXx BH BL
.._!:, cx | CH cL
M [ =} i [ =] AL [18)
sSP
- o | ——
rd S1
T L [ D1 ]
Register bank | Frags 18y |———— |
-
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carcuit

Clock amnd comtrol
signals
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INTERNAL ARCHITECTURE OF 8086

i - |
: BIU C-Bus L !
1
, _ 3 :
: - 6 |
1
: 7 — 5 Instructicon :
: B-bus 4 4 Stream I
I 3 Byle i
i 2] > Queus '
: CS - i
! s - 1  t— ;
! DS !I w :
1
P i 1
: : Controt :
:— ——————— ?i— —————————————— . System 1
|
1 !
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: S *.
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1
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ADDRESS

FFFFFH

= HIGHEST ADDREES

SFFFFH

TOF OF EXTRA SECMENT

“— EXTHASEGMENT BASE
B = PHEH

-— TOP OF STACK SEGMENT

=— STACHK SEGMENT BASE
55 = 5000H

TOF OF CODE SEGMERNT

= CODE SEGMENT BASE
G5 = 3EAH

IFFFFH

TOF OF DATA SEGMENT

N

-p—B-ﬂTI‘E..IE-Fhﬂ.‘I’.ﬁ.BEﬂE-H:/I

One way four 64-Kbyte segments might
e positioned within the -Mbyie address
space of an BOSE,
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INTERRUPT VECTOR TABLE OF 8086
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Interrupt ——

rogram

N

/

Push flags register
Clear [Fand TF
Push CSand [P

Load CS and IP

Routine (ISR)

e

Microprocessors and Microcontrollers

Pop 1Pand CS
Pop flags register

Aditya Engineering College (A)

Interrupt Service

Interrupt program

N [RET
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AD‘%;IE’AHYS ICAL MEMORY ORGAN IZATyI Olg\l OIi 80986( |
BHE =0 A0D=0
0dd bank 8 BIT even bank 8 BIT
Memory 1 Memory 2
8086 . D8-DIS DO - D7
system °
. | Higher lower
D8 -D15 byte byte
D0 -D7
No. Operation BHE A Data Lines Used
1. Read /Write a byte at an even i 0 D, - Dy
address
2._ Read/Write a byte at an odd address 0 1 Dys - Dg
3. Read/Write a word at an even 0 0 Dys - Dy
address
4. Read/Write a word at an odd 0 1 D,5-Dy in first operation byte
address from odd bank is transferred.
1 0 D,-Dg in-second operation
byte from even bank is.
transferred.

Table 10.2
Microprocessors and Microcontrollers
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|.¢_Memury read cycle . Memory write cyvele )
T, | T, T, T, T, T, | T, T, | T, T,

ALE_ /i /N SN

S:=50 ! /11 \ [/ \
| AyemAgg S1-5¢ AgoAg S1=-5¢
Add/stat 1y = _};" Y
: BHE Bus reserve BHE
Add/data % ¢ for Data In Y e % Data Out D=1, -
| AamAys ' D=y Ag=Ays Dys=Dy

| 1
—_— 1
RININTA I
! \ X: eady
READY 1\, %\ % /‘ﬂeady ;
| 1
DT/R ! Wait | Wait
\ |
_ ! ,
DEN |
N A /
WR r—NMemory access time—"
ALE Indicates the availability of valid address
52-50 Status lines
Add/stat Multiplexed addr/status. Status info available on T2,7T3,Tw,T4
Add/Data Addr during Tl state and data during T72,73,Tw,T4
RD/INTA Low indicates memory read. Low duringT2,T3,TW to indicate read

VicrRTA RssFornmemery «sead means receive and memory write means transfer
DEN Active during middle of T2 to T4 and denotes availability of valid data




franituid Aditya Engineering College (A)

| MINIMUM AND MAXIMUM MODE OF 8086
Latching 20 bit address of 8086:

Q I
’ 07 Mg — Aqas
—=a Clk Ca

Eﬁﬁsa—amﬁJ
8086
74373
£ b, Chys —
ADg — AD +5 { ADg — AD 15 > Dig—Diy ° |Ag — Aqs
o -~ Q."
) =2 Sl
ALE .
7A3T3
. ADy — AD- Diig — Di+
Qo= — A,
| Clk Q7

Microprocessors and Microcontrollers
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N
Mﬁﬁﬁ ering data bus of 8086:

= DIR
Td4245
A i ko
_ ADg — AD1s5 ¥ Xg — X7 Yo-¥7 K Dg—Dys >
DT/R < 7
EN — 9 >0 EN
8086 p
ADp — AD;5 <
M
E—— ﬁ
74245
& Y
ADD—AD? J;"{.:,—K,r Yo— Y7 < Do — D7 >
., i
= DIR

Microprocessors and Microcontrollers
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Block diagram of 8086 in minimum mode:

o+ Reset

Clk GEM.

——»| RDY 8284 T
| ! .Rasat..CIh..RDv - ” -‘
| Reset Clk Ready MRD -
—— MN/MX MAC > LI ”
¢ RD ~|  DMUX JORD .
Voo | WE OWR "
a1, Cse RAM
8086 SFE Ao CSLogie [ Csn RAM
R R E TR . _:_' CSe ROM
: T _—=,,  CS
I I : . TSI o ROM
ALE =~ STB i An— Aag - }
FA3T73 i
ADg—AD1s. (7 > D Latches @ :
AiglSa — T or3 !
Pon/Bg _d e
_ B Cs
DT/R DEN - — — — ——
— So CSe CSo CSe IORD | IOWR
Xi ¥ S l L | Y ¥
'J P T — e H e
CS : CS CS : cs | |
Q Transceivers ' RAM ROM Ve
~ G 74245 i : '
~ DIR  vj RD WR ! OE :
MRD MWR MRD H
Do—Dys

Microprocessors and Microcontrollers
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> Read cycle timing diagram for Minimum mode:
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CLK

| Ty | L Ta | T | Ts |

ADDI/STATUS >< BHE., A .- A

X

Bus reserved

ADD/DATA XA15—AD > ,(\ e chia I :)< Bys— Dg 5
ALE Indicates the availability of valid address and active high.
BHE Used to transfer the data with respect to high b{tes

RD When goes low then indicates that valid data available on bus. Goes Tow during T2.
DEN Indicates the availability of valid data. Low from T2 to T4. Used to enable transceivers

W DT/R Low indicates that.read is done

2|
w]

)
m
a
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“Whrite Cycle Timing diagram for Minimum mode operation:

| T4 Tz | Tx | Thar | Ty Ty
CLK | I
ALE 4'/_—\
AddrfStatus >< BHE >< S5y — S, X
Aia— Aae
AddData >< Bgs — Bg >< Walid data D45 — D ><
WR
\\ /
DEN \\ //

In T2 after sending the address in TL processor sends the data to be written to the addressed location
DEN To indicate the valid data and remains low till the middle of T

iR Becomes active at beginning of T2 (not Tike RD which is delayed in T2)

Microprocessors and Microcontrollers
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WIO RD DEN T ransfer Type
0 0 | 1/Oread
0 1 0 [/Ownte
1 0 | Memory read
1 1 0 Memory write
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O o
Bus request and bus grant timings:

CLK _‘
HOLD / \

HLDA / \_

H1gh 1nd1cates that another bus 1 reguest1ng DUS 4CCess,
After receiving Hold, HLDA in the middle of next clack cycle.

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.

Bus
Command
Logic

Control Signal
Logic

£
]
o

L]
£
o

|

>
3
o

L)

(3]

]

>
E
o

z
>

L DTIR

fat)

Microprocessors and Microcontrollers

MULTIBUS™
COMMAND
SIGNALS

ADDRESS LATCH, DATA
TRANSCEIVER, AND

MCE/PDEN [ INTERRUPT CONTROL

SIGNALS

8288

W e o O W B W M

—r
[=]

Aditya Engineering College (A)

20 ] vce

19 []50
181152

17 [ MCE/PDEN
16 [ ] DEN

15 [ ] CEN

14 [ ]INTA

13 [J1ORC

12 [ Alowe

11 ] iowc

(b)
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» S52,51,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.

» 10B: The 1/O Dbus mode Input selects either [1/O
bus mode or system bus mode operation. Generally grounded.

c
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e
§ NOWC (bar): Advanced 1/O write i1s a command output to
an advanced I/O write control signal.

» IORC (bar): The 1/O read command output provides
I/0O with its read control signal.

» IOWC (bar): The 1/O write command output provides /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.
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ximum mode of 8086:
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2k INTA
Reset ——
Clk = > MRDC
Generator » _So
Rotst Clk ROY =S+ 8288 [ MWIC
ese vl B Bus 5 I1ORC
i > Controller IOwWC
L/ ¥ ALE
Reset Clk RDY | DEN DT/R CSe RAM
So | cs - CSo RAM
§—1 Apg ——> Logic L CSe ROM
S | CSo ROM
8086 BHE —— | cs 10
. e
ADg — AD1s, L ST?_atches : Ao — Ao >
A19/Se ' 20 i
74373 :
[
G Data
MN / MX ) Xi t;zl;firss
1 [ loir
- //\\Y| CSo CSe CSo CSe IORC
s Nl A W
i i RD
> RPI\M R(.)M /0
- I - I
RD WR! OE ! WR
MRDC MWTC MRDC 1OwWC
Do — D15

Microprocessors and Microcontrollers
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emory read In maximum mode:
| T4+ | T2 | Tz | Ta | T+ |
CLK |
One bus cycle — ™
ALE ------J/F_________w\ /
S, -S Active >(r _I;a—cthe_ B \>< Active
2 (o] \__ aetive Py
ADD/STATUS > BHE, Ajs—Ae X S7—Ss )——————
ADD/DATA — —{A15—Ao >_< D1s— Do >_ _____
AD15 — ADg

ros 1\ /
pT/R  \ /
DEN / \

Processor derives the status signals SZ,SL,SU. Bus controller derives the control signals using th1s status intormation.
52-50: Become active during T4 of previous clock cycle and remain active during T1 and T2 of current bus cycle. Return to
passive state during T3 of current bus cycle.

ALE indicates the availability of valid address and active high

BHE used to transfer the data with high bytes

MRDC Tow indicates that valid data is available on the bus. Goes Tow during T1

DEN Indicates the availability of valid data. High from T2 to T4

DT/R Indicates that read is done

Microprocessors and Microcontrollers
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emory write In maximum mode:

CLK

ALE _/ \

- \
S2 - So Active >\/ Inactive X
N —
AppssTatus X X BHE X S;—Ss \Float

ADD/DATA >—< Aqs—Ag >< DATA OUT D15 — Do >—

AD.5 — ADg
AMWC or
AIOWC \ /

MWTC or

IOWC \ /

DT/R High

DEN \ /

Microprocessors and Microcontrollers
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Timings for RQ/GT signals:

Clk
RQ/GT / \ w =
yi _SS_ /
Another master CPU grants Master releases
requests bus bus to it bus

access
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ASSEMBLER DIRECTIVES OF 8086
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DEFINITION:
Assembler directives are the one which helps the assembler in converting assembly

level program to machine level program.

Aditya Engineering College (A)

1. ASSUME
2. SEGMENT
3. DB

4. DW

5. EQU

6. ENDS

7. OFFSET

8. DUPLICATE
9. END
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TWROC
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
23
24

NCLUDE
LABEL

LENGTH

25 SHORT
26 TYPE

Aditya Engineering College (A)
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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.
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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.
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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:
RANKS DB 0O1H, 02H, 03H, 04H

This statement directs the assembler to reserve four memory locations for a list named RANKS
and initialise them with the above specified four values.
MESS5AGE DB “GOOD MORNING'

This makes the assembler reserve the number of bytes of memory equal to the number of char-
acters in the string named MESSAGE and initialise those locations by the ASCIl equivalent of these

characters.

VALUE DB 50H

This statement directs the assembler to reserve 50H memory bytes and leave them uninitialised
for the variable named VALUE.

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.

WORDS  DW 1234H, 4567H, 78ABH, 045CH,

This makes the assembler reserve four words in memory (8 bytes), and initialize the words with
the specified values in the statements. During initialisation, the lower bytes are stored at the lower

memory addresses, while the upper bytes are stored at the higher addresses. Another option of the
DW directive is explained with the DUP operator.
WOATA  DW 5 DUP (6666H)

This statement reserves five words, i.e. 10-bytes of memory for a word lable WDATA and initia-
lises all the word locations with 6666H.

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.
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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.
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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.

PFHOCEDUREE ST AR

STAR ENDP

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.

DATA SEGMEN]

DATA ENDS

ASSUME Lo : CODE, D> : DATA
CODE SEGMENT

EialEfe END3S

EMD

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.
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» It goes on assigning the available addresses 1.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.

Aditya Engineering College (A)

EVERM
PROCEDURE ROOT
ROOT ENDP

» 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.
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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.

Aditya Engineering College (A)
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LABEL EQU 0500H
ADDITION  EQU ADD

The first statement assigns the constant 500H with the label LABEL, while the second statement
assigns another label ADDITION with mnemonic ADD.

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.

MODULEZD SEGMENT
PUBLIC FACTORIAL FAR
MODULE?Q EMNDZ%=

MODULEZ SEGMENT

EXTRN FACTORIAL FARK
MODULEZ ENDS
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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.

PROGRAM GROUP CODE, DATA, STACK

ASSUME C5: PROGRAM, D5: PROGRAM, 55: PROGRAN

Microprocessors and Microcontrollers
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LENGTH: Byte length

» Used to refer the length of a data array or string. Not available
iIn MASM.

Aditya Engineering College (A)

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.

LOCAL a. b, DA TA. ARRKEAY . ROUTINE
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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, 1t 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.

CODE SEGMENT
MOV SI1I. OFFSET LIST
CODE ENDS
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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.
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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.

HFHE>=SLILT F RO C M E A
FOLLT IMNE F RO C F A=

» 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.
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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.

MOV AL, BYTE PTR [SI] - Moves content of memory Tocation
addressed by SI (8-bit) to AL
INC BYTE PTR [BX]- Increments byte contents of memory

location addressed by BX

JMP NEAR PTR [BX]-NEAR Jump
JMP FAR PTR [BX]-FAR Jump.

Microprocessors and Microcontrollers
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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.

MOV AX, SEG ARRAY  This statement moves the seqment address of ARRAY in
MOV D5, AX . Which 1T 1s appearing, to register AX and then fo 05,

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.

EXE.CODE SEGMENT GLOBAL; Start of Segment named EXE.CODE,

: that can be accessed by any other module.
EXE.CODE ENDS : END of EXE.CODE logical segment.

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.
MOW AL ., SI +2 ]
MOV DX . BX — 5 1

L
C
MOV BX. [ OFFSET LABEL +— 10 H 1
MOV AX. [ BX + 91 1

Aditya Engineering College (A)
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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.

JMP FAR PTR LABEL
CALL FAR PTR ROUTINE

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.

JMP NEAR PTR LABEL
CALL NEAR PTR ROUTINE

Microprocessors and Microcontrollers
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Even: aligh 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



R : : :
rnturd Aditya Engineering College (A)

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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éa%”%“ength 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 stringl
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Include: include source code from file

Aditya Engineering College (A)

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//

Testl.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.Reqgister AM

4.Register Indirect AM

5.Indexed AM

6.Register Relative AM

/.Based Indexed AM

8.Relative Based Indexed AM
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Immediate Addressing Mode

>
SADTYAY

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.MOQV [8005],AX
Physical Address= DS*10H+5000H etc...
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Register Addressing Mode

FADITYA Y

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.MOQOV AX,[BX]

2.MOV CX,[DlI]

3.MOQOV AX,[SI]

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

1.MQV AX,[SI]

2.MOV CX,[DlI]

3.MOV [SI],BX

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

>
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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..



74 Aditya Engineering College (A)

{\ﬂinrgu/i%
Based Indexed Addressing Mode
Example:

1. MOV AX,[BX][SI]

2. MOV CX,[BP][DlI]

3. MOV [BX][SI],AX

Note:

No registers other than BX,BP,SI,DI

In this mode.

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

Example:

1.MOQOV AX,50H[BX][SI]
2.MOV CX,1234H[BP][DlI]

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
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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]
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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

i1

.»"; 3 %“
SADTYAY

Data copy/Transfer instructions
Arithmetic and Logical instructions
Branch instructions

Loop instructions

Machine Control instructions

Flag Manipulation instructions
Shift and Rotate instructions
String Manipulation instructions

O N O U s Wb R
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“#% Data copy/Transfer instructions

MOV : Move

PUSH: Push To Stack

POP : Pop From Stack

XCHG : Exchange

IN : Input The Port Note:AL/AX,DX
OUT : Output The Port

LEA : Load Effective Address

N o kA wh e
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8 LDS/LES : Load Register and DS/ES with words
from memory

O 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

. ADD: Addition

. ADC: Add with carry

INC: Increment

AAA : ASCII adjust after addition

AAS : ASCII adjust after subtraction
AAM : ASCII adjust after multiplication
. SUB : Subtraction

. SBB : Subtraction with borrow

© N OV R WN R
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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

>
SADTYAY

AND : And operation

TEST : And operation to update flags
OR : Or operation

XOR : Exclusive Or operation

A S

NOT : Invert / Complement
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— Branch instructions
UNCONDITIONAL:
1 CALL : Call a procedure
2 JMP : Jump
RET : Return from procedure

3
4 |RET : Return from interrupt procedure
5 INT : Interrupt type
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CONDITONAL:

JE/IZ : jump if ZF=1
JB/IC

JNB/INC :jump if CF=0
JO

JNO

JP

JNP

JNE/INZ

JS
JNS

.INTO : Interrupt on overflow

© 00 NO U WDhE

—
o
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—



1. LOO
2. LOO
3. LOO
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Loop instructions

D

PZ/LOOPE

PNZ/LOOPNE
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Machine Control instructions

NOP : No operation

HLT : Halt the processor until reset/ interrupt
WAIT : Wait for test input pin to go low

LOCK : Bus lock instruction prefix
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Flag Manipulation Instructions
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CLC : Clear carry flag

CMC : Complement carry flag
STC : Set carry flag

D : Clear direction flag

‘D : Set direction flag

| : Clear interrupt flag

N o kA wh e

“wowvo

| : Set interrupt flag
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Shift and Rotate Instructions
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. SHL/SAL : Shift left / Shift arithmetic left
SHR : Shift right

SAR : Shift arithmetic right

ROL : Rotate left

ROR : Rotate right

RCL : Rotate left through carry

N o kA wh e

RCR : Rotate right through carry
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String Instructions
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REP: Repeat instruction prefix
MOVSB/MOVSW: Move String Byte/Word
CMPSB/CMPSW: Compare String Byte/Word
SCASB/SCASW: Scan String Byte/Word
LODSB/W: Load String Byte/Word
STOSB/W: Store String Byte/Word

A S
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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

A\Dm
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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.
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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.
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» 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
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» INT N: Interrupt Type N
» 256 interrupts are defined corresponding to the types from O0OH 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.
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RIS 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 iIn
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 O0H, 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) 1.e. only short jumps can be implemented.
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Mnemonic Displacement Operation
1. JZ/IE Label Transfer execution control to address ‘Label’, if ZF=1.
2. INZ/INE Label Transfer execution control to address ‘Label’, if ZF=0.
3. IS Label Transfer execution control to address ‘Label’, if SF=1.
4. JNS Label Transfer execution control to address *Label’, if SF=0.
5. JO Label Transfer execution control to address *Label’, if OF=1.
6. JNO Label Transfer execution control to address “Label’, 1f OF=0.
7. JP/JPE Label Transfer execution control to address ‘Label’, if PF=1.
8. JNP Label Transfer execution control to address ‘Label’, if PF=0.
9, JB/INAE/IC Label Transfer execution control to address *Label’, if CF=1.
10. INB/TAE/INC Label Transfer execution control to address *Label’, if CF=0.
11. JBE/JNA Label Transfer execution control to address *Label’, if CF=1 or ZF=1.
12. JNBE/JA Label Transfer execution control to address *Label’, if CF=0 or ZF=0.
13. JL/INGE Label Transfer execution control to address *Label’, if neither SF=1 nor
OF=1.
14. JNL/IGE Label Transfer execution control to address *Label’, if neither SF=0 nor
OF=0.
15. JLE/INC Label Transfer execution control to address ‘Label’, if ZF=1 or neither SF
nor OF is 1.
16. JNLE/JE Label Transfer execution control to address ‘Label’, if ZF=0 or at least

any one of SF and OF is 1(Both SF and OF are not 0).

Microprocessors and Microcontrollers
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LOOQOP 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.

LOQP - Used to loop a group of instructions until the condition satisfies, 1., CX =0

LOOPE/LOOPZ - Used to loop a group of instructions till it satisfies /F =1 & CX =10
LOOPNE/LOOPNZ - Used to loop a group of instructions till it satisfies ZF =0 & CX=0

JCXZ - Used to jump to the provided address if CX =0

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.

WAIT - Wait for Test input pin to go low

HLT : Halt the processor

NOP - No operation

ESC - Lscape to external device like NDP (numenic co-processor)

LOCK - Bus lock instruction prefix.

Microprocessors and Microcontrollers
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» 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.

control the processor operations like
auto increment modes/auto decrement

» The DF and IF also
Interrupt responses &

CLC
CMC
STC
CLD
STD
CLI
STI

Clear carry flag
Complement carry flag
Set carry flag
Clear direction flag
Set direction flag
Clear interrupt flag

Set interrupt flag

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 i1s 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.
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REP - Used to repeat the given instruction till CX £ 0.

REPE/REPZ - Used to repeat the given instruction until CX = 0 or zero flag ZF = 1.
REPNE/REPNZ - Used to repeat the given instruction until CX = 0 or zero flag ZF = 1.
MOVS/IMOVSBIMOVSW - Used to move the byte/word from one string to another.
COMSICOMPSBICOMPSW - Used to compare two string bytes/words.

INS/INSB/INSW - Used as an input string/byte/word from the /O port to the provided
memaory location.

QUTSIOUTSBIOUTSW - Used as an output string/byte/word from the provided memaory
location to the /O port.

SCAS/SCASB/SCASW - Used to scan a string and compare its byte with a byte in AL or
string word with a word in AX.

LODS/LODSB/ILODSW - Used to store the string byte into AL or string word into AX.

Microprocessors and Microcontrollers
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PROGRAM DEVELOPMENT STEPS

* IF-THEN PROGRAMS
* Structure:
IF Condition THEN
Action.
 IF-THEN-ELSE PROGRAMS
* Structure:
IF Condition THEN
Action
ELSE
Action.

NMULTIPLE IF-THENMN-ELSE ASSEMBLY PROGRAMS
= Structure:
IF Condition THEMN

Action.
ELSE IF Condition THENMN

Action.
ELSE

Action.

Microprocessors and Microcontrollers
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WHILE-DO PROGRAMS

* Structure:
WHILE some condition is present DO

Action.
Action.

REPEAT-UNTIL PROGRAMS

* Structure:
REPEAT

Action
UNTIL some condition is present.

Microprocessors and Microcontrollers



Aditya Engineering College (A)

; BOBS PROGRAM F3-14.ASM \
ABSTRACT : This program multiplies the two 16-bit words in the memory

; locations called MULTIPLICAND and MULTIPLIER. The result

; is stored in the memory location, PRODUCT
;REGISTERS : Uses CS, DS, AX, DX
:PORTS : None used

DATA_HERE  SEGMENT

MULTIPLICAND DW 204AH ; First word here
MULTIPLIER OV 382AN : Second word here
PRODUCT DW 2 DUP(D) ; Result of multiplication here

DATA_KERE  ENDS

CODE_WERE  SEGMENT
ASSUME  CS:CODE_WERE, DS:DATA_WERE

START: MOV AX, DATA_HERE ; Initialize DS register
MOV DS, AX
MOV AX, MULTIPLICAND ; Get one word
MUL MULTIPLIER ; Multiply by second word
MOV PRODUCT, AX ; Store low word of result
MOV PRODUCT+2, DX ; Store high word of result
INT 3 ; Wait for command from user
CODE_KERE ENDS
END STARY

Prograns to be run using a debugger in DOS must include the START: label and the
START after the END followed by a carriage return. Programs to be downloaded and run need
. ; only the END directive followed by a carriage return. )

Microprocessors and Microcontrollers
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ASSUME CS: CODE, DS: DATA SUB AL, BL
DATA SEGMENT AAS
N1 DB ‘8’ MOV [SI+2], AX
N2 DB ¢4’ MOV AL, 08H
DATA ENDS MOV BL, 04H
CODE SEGMENT MUL BL
ORG 1000H AAM
START: MOV AX, DATA MOV [SI+4], AX
MOV DS, AX AAD
MOV SI, 5000H DIV BL
XOR AX, AX MOV [SI+6], AX
MOV AL,N1 MOV AH, 4CH
MOV BL,N2 INT 21H
ADD AL BL CODE ENDS
AAA END START
MOV[ SI], AX

MOV AL, N1
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« SIGNED OPERATIONS ON 8 -BIT CBW

DATA IDIV BL
ASSUME CS: CODE , DS: DATA MOV [RESULT+2], AX

DATA SEGMENT MOV AH, 4CH
N1 DB 08H INT 21H

N2 DB 04H CODE ENDS
RESULT DW 02 DUP (00) END START

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

N
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