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SYNOPSIS

The latest development in Computer technology is
the 'MICROPROCESSOR', a device that has all the function
of the central processing unit of a computer on one or a few
tiny pieces of silicon. Such a device can fetch instruction from
memory, decode it and execute them, perform arithmetic and
logical operations, accept data from input devices and send

results to output devices.

There are many types of microprocessors, 8-bit
microprocessors are commonly used for control and measurement
applications. In this project an 8-bit microprocessor kit using
8088 chip is designed and fabricated. The monitor program

is developed and stored in the EPROM.

This project model can be used as a trainer kit
for practicing 8086/8088 software programs. This kit can also
be wused for control purposes like temperature, flow, pressure

etc. The main chip used is ‘Intel 8088.
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CHAPTER 1
INTRODUCTION
Microprocessor is now used in every walk of life.
It is ¢PU along with some registers fabricated in a single

chip by very large scale integration (VLSI).

As microprocessors are small in size they form a
part of the system. Another feature is that as microprocessors
are used to perform single task they have fixed program and
hence the programs are stored in permanent medium or read
only memory (ROM). Microprocessors often perform real-time
task 1like continuous monitoring of frequency and giving alarm
when there is a deviation in frequency from the required value

in generating station.

1.1 Evolution of Microprocessor:

The first microprocessor was designed by Intel in
1971. It was a 4 bit microprocessor (INTEL 4004). In 1973 Intel
released the first 8-bit microprocessor Intel 8080. The improved
version of 8080, 1Intel 8085, was released later by intel. There
are many 8 bit microprocessor released by other companies

like Z-80, Motorolas 6800 etc.

ot



In 1978 - the first 16-bit microprocessor Intel 8086
was released. The intel then released 8088 which is a 8-bit
version of 8086. It has only 8-bit output data path but 16
bit internal data path. Hence 8088 microprocessor has power

of 16 bit microprocessor but simplified hardware.

The 8088 has many built-in functionslike multiplication,
division etc. . which makes it more easy to be operated than
any other 8 bit microprocessor. It is also faster in operation

than any other 8 bit microprocessor.

1.2 Advantages of 8088
1. Writing software is easy.

2. As there are many built in functions, number of software

steps will be less.
3. It is very fast when compared to other 8 bit microprocessor.
4. Hardware is simpler than 8086.

5. The memory accessing capacity of 8088 is 1 mega byte
which is 16 times greater than memory accessing capacity

of any other 8 bit microprocessor.



CHAPTER 11

8088 MICROPROCESSOR
Intel 8088 is 8 bit version of 8086. It is used as
CPU in IBM Personal computers and several compatible personal

computers

2.1 Architecture:

An 8088 has just 8 bit  external data bus and
a 16 bit internal data path. However in order to have upward
compatibility with 8085 and other 8 bit microprocessors both
bytes and word operation are possible. Amnother feature of 8088
is that while instructions are fetched from program memory,
these are temporarily kept stored inside its so-called bus interface
unit (BIU). Upto four bytes in a queue can be held in it,
while the execution of the: fetched instructions is taking place.
Thus, wunlike the 8085, it can fetch an instruction even before
a fetched instruction is executed. This is called a "pipeline’
architecture and speeds up the program execution. The 8088
will begin its fetching instruction codes as soon  as one or
more bytes in the queue gets empty.

The architecture of 8088 is given in Fig.2.1



The maximum memory address range of the 8088
is one megabyte. Address lines Al5 to Al9 are for this purpose.
However at one stretch, one can access only a 64 k within
this one megabyte space. But one should not think that this
one megabyte is partitioned into 16 blocks of 64 k each. The

partitions can be anywhere and may even overlap.

These partitions are called 'Segments'. The beginning
address of a segment in this one megabyte space can be chosen
by 16 bits. For example, let us choose the beginning of the

segment at 12340. Then the extent of this segment is from

Beginning address 1 2 3 4 0 (HEX)
to + F F F F
End address 2 2 3 3 F

A segment beginning address must have a 0 at 1its last digit.
In the above, it was 1 2 3 4 o. Thus a segment and the next
can overlap upto as small as 16 bytes. Out of the 20-bit memory
address, the last four bits are always =zero for the beginning

address of a segment.



contain

There are four segment registers in the 8088 to

this information about the beginning address. They

are called:

Cs

DS

SS

ES

Code

Data

data

segment This segment is for the program codes.
segment This segment is the area of memory where
resides.

Stack segmént This segment is used as stack.

'Extra’ segment This is an 'Extra' segment used for

data

in those cases where data has to move from one

block to another.

2.1.1 Registers:

Apart from four segment registers, remaining registers

are similar to that of 8085 registers. They are:

Each

of

AX AL
BX BL
CX CL
DX DL

which are 8 bits wide. For word operation we use

the following registers.



AL + AH = AX

BL + BH = BX
CL + CH = CX
DL + DH = DX

Similar to that of Z80 and 6800, 8088 is also provided with
index registers. The 16 bit word size registers used for indexing

which are useful for memory reference, are:

Source Index register SI
Destination Index register DI and
Base Pointer register BP

The stack pointer (SP) and the program counter (PC) are similar

to that of 8085.
Table 2.1 shows the addressing possibilities using code segment,
Base pointer and index registers.

The flag register of 8088 has the following 2 bytes.
X X X X TF DF JF OF S Z X AC X PE X C

11 10 9 8 7 6 4 2 0

The first 7 bits resembles the corresponding flag bits of 8085.



The bits 8 to 11

10

11

OF

IF

DF

TF

of the flag register indicate the following:

Overflow

Interrupt enable.

Direction

Single step trap.

2.2 Pin out details of 8088:

Pit out
below
Pin 1~
Pin 2
Pin 9
Pin 17
Pin 18
Pin 19
Pin 21
Pin 22
Pin 23
Pin 24

diagram

and
to

to

20

16

is

given

in Fig. 2.2. The details are given

ground

address lines A14-A8

address data lines AD7—ADO
NMI (Non Maskable interrupt)
INTR (interrupt Request)
Clock (5 MHz from 8284)
Reset (5 MHz from 8284)
Ready (5 MHz from 8284)

TEST (Active Low) Execution continues
if Low otherwise, processor waits

in an ideal state.

INTA (Interrupt Acknowledge) Active,

Low



Pin

Pin

Pin

Pin

Pin

Pin

Pin

Pin

Pin

Pin

Pin

Pin

2.3

25 - ALE (Address Latch Enable)

26 - DEN {Data Enable Active LOW)
27 - DT/ﬁ (Data transmit/Receive)
28 - I0/M If High transfer of data between

vp & I/0 port If Low with memory

29 - WR (Write Active Low)

30 - HLDA (Hold Acknowledge)

30 - HOLD

32 - RD (Read active low)

33 - MN/I\B( (If high operates in minimum

mode. If LOW operates in maximum

mode).
34 - SSO
35-39 - Address lines A19-A15.
40 - VCG (+5V)

Modes of operation:
There are two modes of operating 8088.
a) Minimum mode

b) Maximum mode



With the pin No.. 33 tied to 5V the 8088 works
in its so-called "Minimum system' Hardware configuration

i.e., in this mode it works independently like other 8 bit microprocessors

If pin 33 is low the 8088 operates in maximum mode.
In this mode 8088 works as one member of a bigger family
of multiple microprocessor chips. The 8088 has built in logics
to handle bus access priorities in such multiple chip systems.
In such systems each processor will haveits own memory and

each can also share a common memory.

In this project the 8088 is made to operate in minimum

mode.

2.4 Instruction set of 8088:

There are around 75 instruction mnemonics in 8086-8088
set. They can be grouped as
2.4.1 DATA MOVEMENT INSTRUCTIONS:

The instruction is wused to transfer data from register
to register or -register 1o memory. This instruction has both
byte and word operations.

e.g. MOV AX, BX i.e., Move contents of BX to AX

XCHG AX, (0500) Move contents of 0500, 0501 to AX



2.4.2 Arithmetic Instructions

These instructions are used to perform arithmetic
operations like addition, subtraction, multiplication and division
between registers or register and a memory location.

e.g. MUL CL Multiply AL with CL & store the result in
AL |

2.4.3 Logical Instructions:

These instructions perform logical operations
like AND, NOT, OR and EXOR.
e.g. AND AL, OFH

ANDs AL with hexa number OF & stores the result

in AL.

2.4.4 Shift and Rotate Instruction:

The rotate instruction is wused to shift left or right
the contents of any register or even a memory byte. To shift
the contents of any register. left more than once the CL is
loaded with that count. The following instruction performs the
required shift.

ROL "Memory/REG", CL

10



2.4.5 CAll ,Return and Jump Instructions:

CALL jinstruction is used to call a subroutine. RETURN
instruction is the last statement of the subroutine which transfers
the control to the next instruction of CALL statement. There

are two types of jump instructions.

Unconditional instruction:
This instruction transfers the «control o address
given along with the opcode for unconditional jump instruction.

e.g IMP 07H

Conditional instruction:
These instructions transfer the control if ©certain

condition is satisfied. There are about 17 conditional jump

instructions.
e.g. JZ Jump if zero .flag is set
IG Jump on greater

The opcode & corresponding instruction are given in appendix B

2.5 Addressing Modes:
The 8088 uses 5 addressing modes These are discussed

below.

11



Direct addressing:

In this type of addressing the address 1is part of

instruction.
e.g. MOV AL, (0500)

This +transfers contents of memory address 0500 to

register AL.

2.5.2 Register Direct:

In this type of instruction the particular register
is directly specified along with the instruction

MOV BL, CH

transfers contents of CH to BL

2.5.3 Register Indirect:

In this type‘ of addressing the register containing
the address, where the data is present is given along with
the instruction .

ADD AL, (BX)
This instruction adds contents of AL with the contentents

of memory address given in BX.

2.5.4 Immediate Addressing:

The actual data forms a part of instruction in immediate

addressing.

12



e.g. MUL C & OFH
This instruction multiplies contents of CL  with

hexa number & stores the result in CL .

2.5.5 Index Addressing:

Indexed addressing means that the CPU adds the
contents of an index register to the address supplied with
the instruction in the order to find the effective address.

e.g. MOV CL, (BX)+(SI)

This instruction transfers contents of memory address

given by the sum of contents of registers BX & SI to register

CX.

13
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CHAPTER 111

HARDWARE
The hardware part consists of designing the circuit
and fabrication of a PCB for the circuit with selected support

chips.

3.1 Chips Used:
Main chip
Intel 8088 with clock rating 5 MHz. The detailed

specification are given in Table 3.1

Support chips
8284 - Clock generator

The 8088 does not have an internal clock. So an
external clock generator 8284 is used. A 15 MHz crystal oscillator
is used. This 15 MHz is divided by three and three 5 MHz
signals are fed as input to the Reset, RDY and CLK of 8088.
The pin 2 of 8284 gives a signal of 2.5 MHz which is used
for other peripheral devices such as 8279.
Fig. 3.1 illustrates 'i"irhing Ci\rcuit for 8088 using 8284.
74 LS 245:-

This is wused as a Buffer for I/0 lines from the

main IC 8088.

17



74 LS 373:

This is wused for latching the lower 8 address bits
(ADO—AD7),
The Fig 3.2 gives the buffering & latching circuitry for 8088

using LS 245 & LS 373

74 LS 155:
This is 1 out of 8 decoder used as memory chip
selector.
2732:
4 KB EPROM used to store monitor program.
6116:

RAM 4KB User Free.

The memory connection for 8088 is given in Fig.3.3

8253:

TIMER

8255

Programmable peripheral Interface

The Fig 3.4 ‘illustrates how 8255 is connected

8279:

For key board and display routines.

18



FND 507:
7 segment LED display.

The keyboard & display interfacing circuit is given in Fig.3.5

3.2 Reset:

The reset . key causes a hardware reset and starts
the monitor. If this key is pressed it passes a low signal
to pin 11 of the 8284. This resets 8088 i.e. the code segment
is intialized to FFFF. Hence the monitor program is written

from FFFF. On pressing Reset Key "8088 . P." sign is displayed.

3.3 Key Board and Display Interface:

The 8088 keyboard and display is controlled by
1C8279. It is programmed to operate in encoded keyboard with
two key lockout and 8 bit character with left entry mode. The
keyboard ‘reading is implemented throughpolling the 8279 status.
The 8279 can be addressed as follows:

8279 control Address_—OElQH

8279 Data Address-0E18H

The display consists of § number of seven segment
LED displays separated into two fields. The left field comprising

4 LEDs is called as address field and the right field comprising

19



two LEDs is called as data field. The 4 bit address is displayed
in address field and the opcode or data is displayed in data

field.

The correlation between the individual bits and the display

segments is given in table 3.2.

3.4 Program Testing

For testing programs using this kit the program
is loaded in RAM. To load the program into RAM, "EXAM MEM"
key is first pressed and then starting address is loaded. The
data i.e. opcode is loaded after pressing "NEXT" key. The data or
opcode is entered in the subsequent address field after pressing
"NEXT" key. On pressing "PRV" key the address is decreased

by 1.

For execution of program following keys are to be pressed.

STARTING
GO ADDRESS EXEC

3.5 Keyboard Monitor Command Supply:

COMMAND FUNCTION/FORMAT

Examine/modify memory Displays/Modifies the contents
of memory location

EXAM MEM "ADDR" NEXT

20



Examine/Modify .Register Displays/Modifies 8088

register contents
EXAM REG "HEXPAD"

GO Transfer control from

monitor to user program

GO (ADDR) EXEC

3.6 Programmable Peripheral Interface Devices:

The kit has two number of 8255A. Each 8255A consists
of a command port and three 8 bit programmable input/output
ports called PortA, PortB, and PortC. These 8255 are completely
available to wuser. The port signals are available on connector

J1 and J2.

3.7 Interrrupts:
There are two hardware interrupts INTR and NMI
both built within the chip.
NMI - Non Maskable Interrupt
INTR - Interrupt request
An interrupt caused by signal applied to one of these inputs
is referred to as hardware interrupt.
A second source of interrupt is software interrupt. This is got

by executing the interrupt instruction INT.

21



Another type of software interrupt is 'Interrupt on overflow'.
The mnemonic for this instruction is INTO. This interrupt is
enabled if overflow flag is set to 1. There is another interrupt
called as 'TYPE O INTERRUPT' which is enabled when a number

is tried to be divided by =zero.

A programmable interrupt controller 8259 can be

connected to this kit to have more hardware interrupts.
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Table 3.3 Key and Its Corresponding Code

Serial No. Key Corresponding Code (HEXA)
1 0 00
2 1 01
3 2 02
4 3 03
5 4 04
6 5 05
7 6 06
8 7 07
9 8 08
10 9 09
11 A 0A
12 B 0B
13 C 0C
14 D 0D
15 E 0E
16 F 0F
17 RESET 10
18 NEXT 11
19 PRV 12
20 GO 13
21 EXEC 14
22 BLK MOV 15
23 EXAM MEM 16
24 EXAM REG 17

28



Table 3.1 Specification

CPU :- 8088 operated at 5 MHz

Memory: -
4KB FIRMWARE in 2732
4KB USER FREE RAM 6116
4KB EMPROM 2732

Peripherals:-
8279: -

To control 24 keys keyboard and 6 digit 0.5"

seven segment LED display.

8253:~

Programmable interval timer

8255:-

(2 numbers) These are available to user.

Power supply:-
5V ($0.1V), 1A

29



Five

programs

CHAPTER 1V

PROGRAMMING EXAMPLES

are given in this chapter.

4.1 Binary Multiplication:

The

directly in 8088 as they have built

operations.

The following program performs 16 bit multiplication

Address
0400
0403
0405
0406
0407
0409
040B
040D
0411
0414

The 16 bit multiplier

OPcode

BB
8B
43
43
F7
86
86
89
A3
F4

G0 05
07

27

C4

D6

16 04 05
06 05

the memory address 0500.

binary multiplication

and multiplicand are

30

illustrating typical

Mnemonic
MOV BX, 0500
MOV AX, (BX)
INC BX

INC BX

MUL AX, (BX)
XCHG AX, AL
XCHG DX, DL
MOV 0504, DX
MOV 0506, AX
HLT

and division

to

instructions

done

in function codes for these

from



The result will be in memory locatios 0504, 0505, 0506 and 0507.

Sample problem

(0500) = E8 (0501) = 03 (0502) = E8 (0503) = 93
Result
(0504) = g0 (0505) = ¢oF (0506) = 42 (0507) = 40

Replacing instruction MUL by DIV in the above program 16 bit

division can be performed.

5.2 Transfer of One Page of FF Bytes:
This program transfers the contents of 05 page

RAM to 08 page.

Address OPcode Mnemonic
0400 BE 00 05 MOV SI, 0500
0403 BF 00 06 MOV DI, 0600
0406 B3 FF 00 MOV CX, 00FF
0409 FC CLD

0404 pt P A4 MOV DI, SI
040B E2 D LOOP P

040D F4 HLT

4.3 Unpacked BCD Numbers Division:
This program divides an unpacked BCD number

another unpacked BCD number.
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Address OPcode Mnemonic

0400 B8 06 05 MOV AX, 0605
0403 B3 08 MOV BL, 08
0405 D5 0A AAD

0407 F6 F3 DIV BL

0409 A3 00 05 MOV 0500, AX
040C F4 HLT

Result will be in 0500
(0500) = 07
4.4 Time Delay Routine:

This is subroutine when called will delay the execution.

Address OPcode Mnemonic
0400 50 PUSH AX

0401 9C PUSH F

0402 B8 09 FF MOV AX, FF09
0405 pt P 48 DEC AX

0406 75 FD INZ to pt A
0408 9D POP F

0409 58 POP AX

040A C3 RET

4.5 To Find the Average:

Address OPcode Mnemonic
0400 BE 00 05 MOV SI, 0500
0403 B9 0B 00 MOV CX, 0B00
0406 51 PUSH CX
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0407 TOP 02 04 ADD AL, (SI)

0409 80 D4 00 ADC AH, 00
040C 46 INC S1

040D E2 F8 LOOP to TOP
040F 59 POP CX

0410 F6 F1 DIV GL

0412 A3 50 05 MOV AX, 0550
0415 F4 HLT

The numbers to be averaged are stored in 0500 onwards.
Address
0500 01 62 03 04 05 06 07 08 09 QA 0B

The result 41H is stored in memory location (550.

To wuse this kit for any application the relevent
software program is to be written in EPROM with starting address
anywhere between 8000 to 9FFF. The corresponding interfacing

unit are to be interfaced.
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CONCLUSION
An 8088 system controller has been designed and
fabricated successfully. Number of programs have been tested

on this kit.

The kit developed can be wused as a trainer kit
to practice 8086/8088 software programs. The program is to be
loaded in RAM with starting address anywhere between 0000
to 1FFF and executed by pressing relevent keys as discussed

in chapter III.

‘To use this kit for control applications the software
is to be written in EPROM chip with starting address anywhere
between 8000 to 9FFF. The EPROM is to be placed in the socket
provided in the kit and corresponding interfacing wunit is to

be interfaced.

The advantage of 8088 is that there are more built
in function in 8088 compared with any other 8 bit microprocessors.
This reduces the number of software steps and hence speeds
up the execution. The clock frequency of 8088 1is also greater
than clock frequency of any other 8 bit microprocessor. This

reduces the time require to execute a program.
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Lable

START

APPENDIX A

MONITOR PROGRAM

Initialization of 8279:-

MOV
MOV
ouT
MOV
ouT
MOV
ouT

MOV

DX,
AL,
DX,
AL,
DX,
AL,
DX,

CH,

0E19 .
00000000B
AL
00111001B
AL
11000000B
AL

Display of message

8088

CALL ADDISP

MOV
MOV
ouT
MOV
MOV
ouT
MOV
ouT

MOV
MOV
ouT
MOV

AL,
DX,
DX,
DX,
AL,
DX,
AL,
DX,

AL,
DX,
DX,
DX,

gon
0E19H
AL
0E18H
E4
AL
EC
AL

"8088 uPp"

Examine memory and GO

01000000B
0E19

AL

0E18



NEXT

LOOP

COMPARE

RETURN

IN AL, DX

CMP

JZ, EXAM MEM

CMP

AL,

AL,

IZ, GO
JMP START

16H

12H

CALL ADDRESS
MOV BX, AX

MOV
MOV
MOV
MOV
ROL
AND
MOV
AND

CALL DATADISP

CL,
CH,
AL,
CL,
CH,
CH,
CL,
CL,

(BX)
CL
CL
04H
CL
0FH
AL
0FH

CALL KEY

CALL NPCMP
MOV CH, CL
MOV CL, AL

CALL DATADISP

JMP LOOP1

CMP AL,

10H

JS RETURN

JMP ERROR

RET

Examine memory

Compare

37



SUBROUTINES

NPCMP

NEXT1

PREV1

CMP AL, 11H
JZ NEXT1

CMP AL, 15H
JZ PREV1

CMP AL, 12H
JZ GO

CALL COMPARE
RET

MOV AL, CL
MOV CL, 04
ROL CH, CL
ADD AL, CH
MOV (BX), AL
INC BX

CALL ADDISP
JMP NEXT

MOV AL, CL
MOV CL, 04
ROL CH, CL
ADD AL, CH
MOV (BX), AL
DEC BX

CALL ADDISP
JMP NEXT
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ADDRESS

MOV CX, 0000H
CALL ADDISP
CALL DATADISP
CALL KEY
CALL COMPARE
ADD CL, AL
CALL ADDISP
MOV BH, CL
CALL KEY
CALL COMPARE
MOV BL, CL
MOV CL, 04
ROL BL, CL
MOV CL, BL
AND CL, OF
ADD CL, AL
CALL ADDISP
CALL KEY
CALL COMPARE
MOV CH, BH
MOV BL, CL
MOV CL, 04
ROL BL, CL
MOV CL, BL
ADD CL, AL
CALL ADDISP
RET
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ERROR

GO

ADDISP

MOV
MOV
ouT
MOV
MOV
ouT
MOV
ouT
MOV
ouT
HLT

DX,
AL,
DX,
DX,
AL,
DX,
AL,
DX,
AL,
DX,

0E19H
93H
AL
0E18H
97H
AL
05H
AL
05H
AL

CALL ADDRESS
MOV BX, CX
CALL KEY

CMP

13

JNZ ERROR

MOV

AL,

971

OUT DX, AL

JMP (BX)

PUSH
PUSH
PUSH
PUSH
PUSH
PUSH

F

GO and Execute

To Display address in address field



MOV
MOV
ouT
MOV
MOV
MOV
AND

DX,
AL,
DX,
BX,
DX,
AL,
AL,

XLATB

ouT
MOV
MOV
ROL
AND

DX,
AL,
CL,
AL,
AL,

XLATB

ouT

MOV AL,

AND

DX,

AL,

XLATB

MOV CL,
MOV CL,

ROL
AND

AL,
AL,

XLATB
OUT DX,

POP
POP
POP
POP
POP
POP
RET

DX
CX
BX
AX
DS

0E19H

92H

AL

SEVEN SEGMENT
0E18H

CL

0FH

AL
CL
04H
CL
OFH

AL
CH
0FH

BH
04
CL
0FH

AL

41



DATADISP

PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
MOV
MOV
ouT
MOV
MOV
MOV
AND

F
DS
AX
BX
CX
DX
DX,
AL,
DX,
BX,
DX,
AL,
AL,

XLATB

ouT
MOV
AND

DX,
AL,
AL,

XLATB

ouT
POP
POP
POP
POP
POP
POP
RET

DX,

0E19H

90H
AL

Displays Data in Data Field

SEVEN SEGMENT

0E18H

CL
0FH

AL

CH

0FH

AL

DB: CF 06 AD 2F 66 6B EB 0E EF 6F EE E3 C9 A7 E9 E§

0

1

2 3

4

5

6

7

8

9

A B C D E F
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Instruction Set Summary

BATA TRANSFER

MDY Meve

Magester imemery 10/ hiom regusler
1mmegidle to regester imemory
Immedeate 10 cequter

Memary Yo ascumunator

Aceumutator 1o memory

Registes “memnry 1o 40gment requser

Segment cegustes 19 seguetes imemery

PUIH Pusk
Registes imemary
Regatec
Seoment reguster

Lo L,
Register imemary
Register

Segment reguster

KCHE  [rchsnpe
Regiaien memary wih regit

Regatee wn aecumtatar

Meingut trom
1ired poy
vaearke pund

ot r Guipet e

Fired pout

Vanatie port

AT Transiate byte 10 AL
(LA 1036 EA 1o regster
LIS (o0a pornter 10 DS
LB 1020 pointer 10 S
AW -Lond AN with Hags
[T TS
PURRE - PuAn
POFE . Pop tiags

At anta tiags

ANTRMETIC

AN - Amd

Pog {mamory wilh 19grater o pethar
10 raguatecimamory

18 sccumutatar

ABC - Add i carry.

N Imemory with raguater to aithar
Imemedente 1o regites /memory
Immediate 1o sccumulnlor

WC « mersment:
Pogritor imemory
Pagestar

ARE-ASCH sdyusl (o s0d
AL -Dacimal pdpust fos

U9 - Bubaract;

Nog Imamory wnd tagetter 16 erther
Immedsats 1ram regrater smamary
Immedhate lrom accumulatsr

00 - Subtoet w08 berrew

Py Imamacy 4 10g01er 16 oithec
e st hom regetter - momary
nmediate brom secumulalos

mod 0 1rg

v500108m

11000 ¢ 1w mes000 tim N

YO0t 1w reg dany data w1

(010000« s ow ] .aa:ﬁ.

(1070001 » 204 tow :aua:;'
0 [mas0reg +im
e

VIT00 1T e

111011 1w

101t

TS o
11000101 [mog reg .

11000300 rioﬂ_-_ru_f

100118ty

Ttoi1110)

1086114100

ALLRAREY

0800000 mea rig iim

1000003 w|mod00D r/m P |
0000010 am tmadwt |
50010040 w]mod reg cim

1000003 w|mod010 e/m dana [ esniiwor])
9601010 w 4

REREEERS L IXI R |

01000 reg

00t101 1Y

IXXETERE

8010t0¢wimed rog 1/m

10000603 w[mog1 01 ovm data ] eandswnr}
00101 10w ol dmadwi |
0001604 m]med 1oy rim

106000 i | 1eedt]
0001110w dan

DL Decrumant
Registes imemory
Regester

ME Chamge sign

CMP  Compare
Aeqaiecimemary ang ragiaier

IDMEATe with 1egisles imemory

mod_iey tim

mod t 1 1 rim

UOmEARTe Wt ¢ Cumutalor

ARE ASTH adpust Tos subleags

BAY Decomar adjust for subtsact 001811011
HUL Myitgty 1onsged) 101101 1w [modt 00 om ]
IRUL aleger mudtiply 1ignedt 11190t wlmogigt vim
AAM ASCH 28pusl tor myttpty 11010100 J]000010YD
Y Diide nunssgrear TINI0t tw [mod 1 1 g sim
Y integer givide (signegt TYUI0Y 1w [mogd 0t vom
BAD ASCH a0ust for gevide 119010101 foo0o10r0
COW Convert Bylr 10 word t0041000

W8 Canvert woen 10 fioudle worg {1001 1001 |

Losic

LI P Ei0i o lmoab 1D sim
e A L A L TS
UK ShM Toguat sight 110400y e mdi 0t rim
SAN SRt Jinmeng cgh 110100 wimogr 11 1im
MGt Rotxie 1ol V10100 w]mos0 00 1/m
08 Rotare 1gn J10100v w|mg001 m
BCC Rotate hvough tacey Hag et {1 10100 v w fmod0 1 0 1.m
BER Rotate thiough ¢ oy 1ght 110100 v w|[mag0 11 «rm

ANg

Reg imemacy 200 1eQiiier ta tithes

And

a2

Imeedate to 1egster s memory

Immediate to a¢cumulator

TEST  And tunction 1o liogs. ne result

Regater imemary snd regirtes

(mmed.ale 0213 40d 1rgeatt imemory

Immediate gaes and sccumolator

[

Reg imemory and regaler fo erther

Immedaie 1o register imemory

Immediate 10 sccumutator

08 Enclwive o

Req rmemory and regestes 1o miher

Immeduate 10 registec imemory

(mmegisle to recumulatos

ITRING MANIPULATION

REP-Repest

MOYS-Move byle/word

CMPS-Compare byteiward

1000000« |medi 00 iim ] auasi]
0010010 st srad w1 |
1000010 w |mee g tim

111901 w [medD OO oim

1010100 w dap

0000100 w Jmog teg v/m

1000000 w |mod0 01 eim o T euiwt )
8000110w e ]
0011804 w Jmos 1oy tim

1000000 w [modt 10 erm ou T i |}
001 1010w an v

t111001

1610010 w

101001t w

SCAL-Scan Dytelmord

12101 11w

D03t oad byre/ad 10 AL/AX

STOT-Star byteiwd lram AUIA

1010101 w
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Instruction Set Summary (Continued)

CONTROL TAANSFER
CALL - Calt !
1

Dieect within yagment

3110
01000 ]

tndirect within segment IEERREER

Ovrect intersegment 1001101410

Tngaract ntersggment

JMP - Uncongitionnl Jumg,

mod 010 +/m
olfser.jow oftset-migh |
s0g-tow o hon |

medd it m ]

Tesa3rT R
drsp

INBZIAL Jump 00 nol delow/above

o pquat
HBTZR Jump an nol delow or
rqualiabove
INPZIPS Jump on not paripar 6do
JNQ Jump on not overitow
NS Jump on not sign
1007 Loop CX femes

[P ————— LOOP/LOOPE Loop while zero/equat dsp
Direct within segment 11101001 di5p-tow disp-high —1 LOOPNZ/LOOMME Loop white not T1100000 0sp
A tecosequal
Dract within segmant shor 11101018 arsp JEXT Jump on CX rero 111000017 dsp
tndirect withen segment 13311111 4mgg 100 t/m
Direct inlersegment 11101019 oltsel-low oMsel high INT  interrupt
109-low 308 gy Tyoe soecihed V0o [T T e )
Indirect tersegment [1 11 11011 [mod 101 rim Type 1 Y1001100
IMTY tntereupt 00 oveiflom 11901119
RET - Mewrn trom CALL e m e LT Interopt 1eturn 11801
Within egment 11000011 e
Within 109 88ding mmed fo SP 11000010 anatos | " Taangn )
v Interyegmaent V100101
Intergegmenl adding mimediate 10 $PE1 100101 0 08ts low data igh 7 PAOCESSCA CONTROL
JE231-Jump an eouatizere 01110100 disp CLE Crear carry
. loss S
"”'“d"-’:ﬁ.“.” osinot greater 01111100 Gisp £MC Complement carry IEREEEX R
ll""‘;*.';"'l""" fw3s ot squatinot PRV 1 11 0 430 _ 17C Set carey 111100
J0/IMAL: Jump on below ot sbove  [5T g g 1 anp CLO Clear duection T 00
or &Qua . e ——————
Jl(/JIA;J;:r:g&r:bclow or squal! 01110110 disp 310 Set direction (IR
IP1IPE Jump on parilyipardy even [0 1111010 [ U Ciear intestupt
M- Jump on overliow I) 7; ;E 6 EE disp $11 Set interrupl
<
J0:Jump on sign 0t111000 disp M Hant
For e w £ m ] e g .
JRE/JNT- Jump on.not equalinot rero [0V 15010 dinp WAT Way
) e = S,
NUIE hamp e not essgreater Y Y 0.0 50 £3C Fscane 1o external geveces mod s v & itm )
MLE/8 dump on rol fess or equal! [0 77 7 1y aisp LOCK Bus fock prehs IKRE )
Fostnotes:
AL = B-bit accumulator . it s.w =01 then 16 bils of immediale data form the operand
AX = 18-bit accumutator il s'w = 11 1hen an immediate dala byte 15 sign extended to
g; 1 g"“"‘ "“‘S"I' form the 16-bit operand
« Data segment. . s N . s
. = ot = 'y = count’” in (C
ES - Exlra segment if v Olen count’” =1 it v =1 then “count (€Y
Above/below refers 1o unsigned value x = don’t care
Groater - more positiva, 215 usad for slring primitives Tor compasison wilth IF 1L AG
Less = loss po‘s'lhve‘(mone ueqahvo)"smneo vatues SEGMENT OVERRIDE PREFIX
itd = ) then "10" rag, if d = 0 1hen “lrom™ reg
if w = 1 then word intruction; it w = 0 then Byte inslruction
it mod - 11 then 1/m is treated as a REG field REG is assigned according to the following table
#f mod - 00 then DISP = 0°, disp-low and disp-high are absent

it mod = 01 then DISP - disp-low sign-axiended to 16 bits. disp-high is absent

it mod - 10 then DISP = disp-high: disp-low
it r/m = 000 then EA » {BX) + (SI) + DISP

it r/m = 001 then EA = (BX) + (D1} « DISP
ife/m = 010 then EA ~ (BP) + (SI} + DISP
itrim = 011 then EA - (BPY « (DI} « DISP

if ¥/m ~ 100 then EA - (SI) + DISP

it r/m = 101 then €A - (DI) + DISP

W rim = 110 then EA - {BF) « DISP®

Hetm = 111 then EA « (BX) + DISP

DISP follows 2nd byte of instruction (before dala if required)

‘except Il mod - 00 and r/m = 110 then EA - disp-high: disp-low

44

188w - I} Sty - 01 Segment
000 AX 000 AL 0 S
001 €x 001 Ct 01 cs
010 DX 010 DL 10 ss
o011 BX 011 BL " os
100 SP 100 AH

1 op 101 CH

1o St 10 bM

AARA ] 11 BH

Instructions which relerance the Hag register tile as a 16-bit object use
{the svmbol FLAGS ta rapressnt the lils

FLAGS = X X X.X (OF) (OF) {IF) {TF} (SF).1ZF} X {AF) X {Pf) X {CF)




APPENDIX B |

8086/8088 Instructions
Notes for 80868088 Instructions

The individual instruction descriptions are shown by
a format box such as the following:

[(Oecode [ miopiom [ T " oaa |~ ]

These are byte-wise representations of the object code
generated by the assembler und are interpreted as
follows:

+ Opcode is the 8-bit opcode for the instruction.
The actual opcode generated is defined in the
“Opcode™ column of the instruction table that
follows each for nat box.

« m/op/r/mis the byte that specifies the operands
of the instruction. It contains a 2-bit mode ficld
(m), a 3-bit register field (op). and a 3-bit regis-
ter or memory (r/m} ficld.

+ Dashed blank boxes following the m/op/r/m box
are for any displacement required by the mode
fietd.

e Datais for a byte of immediate data.

* A dashed blank box following a Data box is used
whenever the immediate operand is o word
quantity.

Operand Summary

‘‘reg’" ftald Bit Assignments:

Word Operand Byte Operand Segment
000 AX 000 AL 00 ES
00t CX 001 CL 01 Cs
010 DX 010 DL 10 SS
041 BX 011 BL t1 DS
100 SP 100 AH
101 BP 101 CH
10 SI 110 DH
11 D} 111 BH

Second Instruction Byte Summary

mod I Displacement

00 | DISP = 0*, disp-low and disp-high are absent

€1 | DISP ~ disp-low sign-extended to 16-bits. disp-high is
absent

10 | DISP = disp-high: disp-low

11 Lrfmis treated as a “'req” field

/m Operand Address

000 | (BX) + (S + DISP
001 | (BX) + (D) + DISP
010 | (BP) + (SN + DISP
011 | (BF) + (DI} + DISP
100 | {s)) + DISP

101 | (o4 pise

110 | (8P) 4 DISP*

111 | (Bx) + pIse

DISP follows 2nd byte of instruction (belore data if required).
“except it mod =~ 00 and r/m = 110 then EA = disp-high: disp-low.

Flags

AF: AUXILIARY CARRY — BCD

CF: CARRY FLAG

OF: DIRECTION FLAG (STRINGS)

IF; INTERRUPT ENABLE FLAG

OF: OVERFLOW FLAG (CF  SF)

PEPARITY TELAG

S SIGN 1 LAG

TF: TRAP (SINGLE STEP FLAG)

ZF: ZERO FLAG
Instructions that referenca the flag register file as a 16-bit object use
the symbol FLAGS to represent the file:
5

8 [}
[T x JorToe T [re e [ze [ x [ar [ x [PF [ % Ter]

X ~ Don't Care

Segment Override Prefix

001regit 0

Timing: 2 clocks

Use of Segment Override

Operand Reglater Defauit With Override Prefix
iP (code address) Cs Never
SP {stack address) S$S Naver
BP {stack address or ss BP + DS or ES, or CS
stack marker) )
S or DI {not incl. strings) 0s ES. SS, or CS
Sl (impficit source addr DS £S.55,0r CS
for strings)
DI {implhcit dest addr ES Never
for strings)

Operand Address (EA) Timing (Clocks):
Add 4 clocks lor word operands at, 0DD ADDRESSES.

immed Offset ~ 6 f

Base (BX, BP, SI1,0l) ~ §

Base + DISP - 9

Base + Index (BP + DI, BX + SI) = 7

Base + Index (BP + SI.BX + D)) = 8

Base + Index (BP + D!, BX + S1) + DISP = 1t

Base + Index (BP -+ Si, BX + DI} + DISP = 12

AAA = ASCII Adjust for Addition

Opcode Clocks Qperation .

37 4 adjust AL, flags. AH

AAD = ASCIl Adjust for Division

Long——Opcode

Opcode Clocks Operation

D5.0A 80 Adjust AL, AH prior to division

AAM = ASCil Adjust for Multiplication

Long——Opcode

Opcode Clocks Operation

D4.0A 83 Adjust AL, AH afer
mulhphcation

AAS = ASCH Adjust for Subtraction

Opcode Clocks Operation

kig 4 adjust AL, Nags. AN

ADC = Integer Add with Carry
Memory/Reg + Reg

[ opcode Jmod req r/m] : f ::l

Opcode Clocks . Operation
Byte 12 3 Reg8 ~CF + Reg 8 + Reg8
12 GerA fingR - CF 1 Hegd ) MemB
10 16 HEA Memg « CF 1 Mem8 + flagd
Word 13 a Reg16 «CF + Rog16 + Regl6
13 9+EA Reg16 = CF + Reg!6 + Mem16
1" 164 EA Mem16 « CF + Memt6 +
Reg16

Immed to AX/AL

[ Opcode l Cata T—::]




Opcode Clocke Opetation
Gylc 14 4 AL = CF & AL ¢ ImmedB
urd 15 4 AX =~ CF 4 AX 4 Immed16

{mmed to Memory/Reg

[opeooe froaoe] [ — Joms | ]

Opcode Clocks Opseration
Byte 80 4 Reg8 ~ CF + RegB + Immed8
80 17tEA Mem8 --Cf + Mem8 + Immed8
Word 81 4 Reg16 -~ CFf + Regl6 +
Immed16
81 17+ EA Memi16 = CF + Memi16 ¢
tmmed16
83 4 Reg16 ~-CF + Reg!6 + Immed8
83 17 +EA Memi6 ~CF + Memi6 +
Immed8

ADD = Integer Addition
Memory /Regs! Reg

mod reg r/m : l_ : :]

Opcode Clocks Opeoration

Byte 02 3 RegB - AegB + Reg8
02 9EA fRlegB +~Reg8 + Mems
00 16t EA MermB8 --Mem8 ¢ fingB
Word 03 3 Req16 --Reg16 + Reglb
03 9+ EA Reg16 -~ flegl6 + Memib
01 16+ EA Mem16 --Mem16 + Reqgl6

tmmed to AX/AL

IOpcodeI Data l :j

Opcode Clocks Operatlon
04 4 AL =- AL + ImmedB
05 4 AX = AX 1 Immed16

Immed to Memory/Reg

{opcoce froaooowe T~ om0 7 7]

Opcode Clocka Operation
Byle 80 4 RegB -—Neg8 + Inmedd
80 17 +EA Mem8 --Mem8 + Immed8
Word 81 4 RegiB ~—Negl6 4 tmmedi6
) 81 17 HEA Meml6 =-Mem16 + lmmed16
83 4 Regi6 ~-Regl6 ! Immed8
83 17 4EA Mem16 - Memi6 + Immed8

AND — | ogical AND
Memory /Reg with Reg

l Opcode ]modvqgv/ml, : I ::]

Opcode élock- Operation
Byls 22 3 egB « Aeg8 AND RegB
22 9HEA flegB - Neg8 AND Mema
20 16 +EA Mem8 --Mem8 AND ReqB
word 23 3 Reg16 « Reg16 AND Regif
23 94+ EA Regt6 —Regl6 AND Memn 16
2 16 1 EA Mem16 -—-Mem16 AND Req16

Immed to AX/AL

[ Opcode [ Data l :j

Opcode Clocks Operation

AL = AL ANO Immed8

Byte 24 4
AX = AX AND Immed 16

Word 25 4

" Immed to Memory/Reg

T R I N

Opcods Clocks Operation
Byle 80 4 RegB - Neg8 AND Immedd
: 80 17 tEA Mem8 --Mem8 AND tmmed8
 Word 8t 4 Reg16 --Aeg16 AND Immed16
81 17 +EA Mem16 - Mem16 AND Immed16
CALL = Call

Within segment or group, 1P relative

46

[Opcodo Displ. [ Dhsptt

Cpcode Clocks Operation
€8 19 P = 1Pt Disp16—~ (SP} =+ return
Ik
Within segment or group. Indirect
[ Opcode ]mod OlOr/mI - w]‘ T
Opcode Clocks Operaiion
FF 16 IP = Reg16-~(SP) = return link
FF 211 EA IP ~Mem16—{SP} - return link
FE 21 +EA P = Mem16-—{SP) = return link

Inter-scgment or group, Direct

[Opcode ] oltset l offset lsegbaselseguasel segbase]

Opcode Clocks Operation
9A 28 CS--seqbase
IP - 0ffset

Inler-segiment ar group, Indirect

[_opcode Jnouvit o] - [ B j

Opcode Clocks Operation
FF 37+ EA CS «-segbase
1P — olfset

CBW = Convert Byte to Word

Opcode Clocks Cperation

98 2 convert byte i AL to word in AX

CLC = Clear Carry Flag

Opcode Clocks Cparalion

F8 2 clear the carry tag

CLD — Clear Direclion Flag

Opcods Clocks Operation

FC 2 ctear direction flag

CL! = Clear interrupt Enable Fiag

Opcode Clocks Operation

A 2 clear mitertupl itag

CMC — Complement Carry Fiag

Opcode Clocks Oparation

F5 2 cotnplement cairy llag

CMP —= Compare Two Operands
Memory /Reg with Reg

[ Opcode Imodvegv/m] : l .___:]

Opcode Clocks Operation
Byte 38 3 flags - RegB - Rag8
38 9+EA flags - Reg8 - Mem8
3A 9+EA ftags = Mem8 . NeqR
Word 39 3 ftags --Regi6 - Reglf
39 SHEA flags ~ Regt6 - Mem 16
38 94 EA flags =~ Mem16 - Regt6

Tmmed to AX/AL

[ Opcode ! Data I ij




e Gl e nibi

Byle S0 4 gy AL - Ioinead
Word 30 4 flags  AX - Immodi6

Linmed 10 Memory /Rep

[T D i I T

Opcudeo Clocka Operation
Byte 80 4 flags - Reg8 - Immedd
80 10+ EA ftags - Moem8 - immed8
Word 81 4 Htags < Reglb - Immed16
81 10+ EA flags = Mem16 - immed16
83 4 flags - Reg16 - Immed8
a3 10+EA flags «Mem16 - Immed8

CWD = Convert Word to Doubleword

Opcode Clocks Opaeration

99 5 convert word in AX to
doubleward in DX AX

DAA = Decimal Adjust for Addition

Opcode Clocks Operation

27 q agjust AL Mags. AH

DAS = Decimal Adjust tor Subtraction

| pcode l

Opcode Ctocks Operalion

2F 4 adjust AL, Hlags, AH

DEC = Decrement by 1
Waord Register

Opcode + reg

Opcode Clocks Operation
48 +reg 2 Reg16 <+ FRegl6 - 1
Memory /Byte Register

[ Opcode lmod OOII/mI : : j

v Slgnad Diviaios
Memory /Reg with AX o1

[ opcose fnod 111 ojm]

Opcode Ctocke

Byte F6 101-112
' F6 (107-118) 1 EA
Word F? 165-184

F7 (171190} + EA

DX.AX

N

Opetation
AH AL - AX { Reg8
ALAL = AX [ Mem8

OX.AX - DX AX [ Regt8
DX.AX = DX.AX { Mem16
'

IMUL = Signed Multiplication
Memory/Reg with AL or AX

L Opcode lmod 101 r/mr : I : j

Opcode Clocks
Byte F6 80-98
F6 (86-104)+ EA
Word F7 128-154
F7  (134-160) + EA

IN = Input Byte, Word
Fixed port

Opcode Clocks
Byle Ed 10
£5 10

Vartable port

Opcode Clocks
Word EC 8
ED 8

INC = Increment by 1
Waord Register

Opcode +reg

Opcode Clocks
40 + reg 2
Memory/Byte Register

Operallon
AX ~ AL Reg8
AX = AL*"Mem8

DX AX = AX'Reg16
DX AX = AX"Mem16

Operation

AL =—Port8
AX = Por8

Operation

AL = Port16(h DX)
AX =~ Port16un DX}

Operation

Reg16 =~ Regis + 1

L Opcode Imod 000 r/m] : I : j

Opcode Clocks

Byte FE 3
FE 151 EA
Word FF 154 EA

Operation

Aeg8 ~HegB i 1
Mem8 = Mem8 + 1

Mem16 —Memi1§ + 1

Opcods Clocke Operatlon
Byts FE 3 Reg8 —fHeg8 - 1
FE 15 HEA Mem8 - MemB - 1

Word FF 151 EA

Mem16 —Memi6 - 1

DIV = Unsigned Division
Memory/Reg with AX or DX:AX

LOpcode lmcdllOr/rﬂi—

N I

Opcode Clocks Operation:
Byle F6 80-30 AHAL - AX / Reg8
F§ (86-96) +EA AH AL = AX [ Mem8
Word F? 144-162 DX.AX = DX:AX / Reg16
F7 (150-168) + EA DX.AX = DX:AX / Mem16

ESC = Escape

lOpcode + iImod XXX r/rrTI

Opcode Clochks
D8t BIEA
sl 2
HLT = Halt
Opcode Clocks
F4 2

— -7
Operation

data bus = (EA)
data bus = (EA)

Operation

halt operation

INT
INTO © Interrupt

(e [ i ]

Opcods Clocks Opsration
cC 52 interrupt 3
CcD 51 tnlerrupt ‘type’
Cce 530r4 interrupld it FLAGS OF ~ 1,
else NOP

IRET = Return from Interrupt

QOpcode Clocks Operation

CF 24 Return from intersupt
Jecond = Jump on Condition
Operation

i condition 1s true then do,
sign-extend displacernent to 16 tuts:
1P =P 1« sign-extended di placement
end if;

Format

[neeee | o]



“pcods  Clocks Oparatlon cond LEA - Load Effective Address
.o n 16or4d jump il above JA - I _J
Y 73 16 or 4 jump it above or equal JAE LOpcode lmod req v/mr — —
72 160r 4 jump if betow JB
76 16 or 4 jump if below or equal JBE Opcode Clocks Operation
l .
72 t6ord jump if carry set JC 8D 24 EA Reg16 =—EA
74 16or4 jump if equat JE
7F 16 or 4 jump il greater JG L.O = Assert B
0 16or4 jump if greater or JGE CK A t Bus Lock
equal
C 16or4a jump it less JU
7E 16014 jump if less or equal JLE
76 16 or 4 jump if not above JNA )
72 16ord  jump il neither above INAE °°;;d' ¢ °;"' ::S’e’:'::g bus lock
nor equat . ; -
73 16 0r 4 jump il not betow JNB nextinstruction
77 16 or 4 jump if neither below JNBE .
nor equal LOOPxx = Loop Control
73 160r4 jump it no carry JNC
75 16 or 4 jump if not equal JNE Disp
7€ 16 ord jump if not greater JING
C 16 0r 4 jump il neither greater JINGE Opcods Clocks Operatl
nor equal ration xx -
70 16 or 4 jump it not less JNL Et 18 or 6 dec CX: loop if equal and CX LOOPE
7F 16 or 4 jump i neither less nor JNLE not 0
equal EQ 19 0r 5 dec CX: loop if not equal and LOOPNE
7 16 0r 4 furnp il no overflow JNO CX not 0
7B 16ord jump if no parity JNP Et 18 or 6 dec CX: loop il zero and CX LOOPZ
79 t6o0r 4 jump it positive JNS not 0 R
75 160r 4 jump if not zero JINZ €0 19 0r 5 dec CX: toop if not zero and CX LOOPNZ
70 16 or 4 jump il overflow JO not 0
7A 16ord jump i parity JP LE? 17 or 5 dec CX: loop it CX not 0 LOOP
7A 16 0r 4 fump if panty even JPE
i:] 160r4d jump it parity odd JPO -
78 16 0r 4 jump if sign Js MOV = Move Data
74 18or6 iump if zero 9z Memory/Reg to or from Reg
E3 1Borg jump it CXis 2em0 JCx2z — g
(does nol test flags) [ Opcode lmod teg l/l’"l ! :]
JMp — Jump Opcode Clocks Operation
s . Byle 88 9 +EA Mema —-Reg8
Within segment or group, IP relative 88 2 RegB ~ Regs,
- BA BiEA flegB = Mem8
[ opcote T oisol | oisp_| Word B9 91EA  Memi6=~Regl6
- 89 2 Reg16=Reg16
Opcode Clocks Operatlon 88 B1EA Reg16 - Mem16
€9 5 IP=iP ¢ Disp6 Dircct-Addressed Memory to or from AX/AL
£B 15 IP =~IP 4 DispB
(Disp8 sign-extended) | opcode | | Adam 1
Within segment or group, tndirect Opcode Clocks Operation
- I — ! Byte AQ 10 AL+ MemB
LOpcode lmod 100 r/ml ] A2 10 Mem8 :/\L
Word Al 10 AX =~ Mem16
Opcode Clocks Operation A3 10 Mem16 - AX
FF " 1P~ Reg16 Immed to Reg
FE 18+EA IP = Mem16 .
FF 18 +EA IP = Mem16 [ Opcode l Data l j
Inter-segment or group, Direct
Opcode Clocks Operation
[ Opcode l offset l oflsat I segbase ] segbase ] Byte DO !reg 4 Aeg B —immeds
Word B8+ rog 4 Rog16 = lnuned 16
Opcode Clocks Operation Immed to Memory/Reg
EA 15 CS - segbase - s b
1P ~oret [Opcode Jres oo m] T _J
Inter-segment or group, Indirect Opcode Clocks Operation
[of:} 4 flegh - tmmegd

I - - [o1} 10 tEA Mem8 «immeds
[ Opcode Imod 101 rjm — I —_ j c7 4 Reg16 ~Immedit
c7 10 +EA Mem16 -Immed16
Opcode Clocks Operation
FF 244EA  CS~segbase Memory/Reg ta or from SReg
P = oliset

T TEECT S e

LAHF = Load AH from Flags
Opcode Clacks Operatton

Word  8C 9EA Memi6 ~Sfeq
8C 2

Reg16 ~SReg

8E 8+EA SReg - Mem16
Opcode Clocks Oparation 8E 2 SRego Reg16
9F 4 copy low byte of flags word 5
to AH MUL = Unsigned Multiplication
Memory/Reg with AL or AX
LDS/LES = Load Pointer to DS/ES and — —
Registor , Opcode mod 100 r/m| - I ___ :]
— —_— Opcode Clocks Oparstion
[Lopeodo Jmogrogum — 1 _ Byte F6 70.77 AX ~AL"Rag8
F8 {76-83) + EA  AX = AL "Merng
Opcods  Clocks  Operatlon Word  F7 118:133  DXAX=AX'R
. - -~ eqib
2] 16 +EA dword pointer at EA goes to F7 (124-139) 4 EA DX AX = AX"Mem16
reg16 {1st word) and ES
(2nd word)
cs 16 +EA dword pointer at EA goes to NEG = Negate an Integer

reg16 {1st word} and DS
(2nd word) Memory/Reg

48



l Opcode Imod Onr/ml

Opcode Clocks
F6 3
F7 3
F6 16 + EA
F7 16t EA

NOP = No Operation

Clocks
3

R

Operation

Reg8=+00H - Aeg 8
Reg16 = 0000H - Reg16
Mem8 +00H - Mem8
Mem16 = 0000H - Mom16

Operation
no operation

NOT = Form One’s Complement

Memory/Reg

[ Opcode |mod 010 r/m]

Opcode Clocks

Byte F6 3
F6 16 +EA

Word F7 3
F7 16 +EA

S

Operation

RegB ~ OFFH - Reg8
Mem8 - 0FFH - Mem8
Reg16 = OFFFFH - Regl6 '
Mem16 - OFFFFH - Mem1§

OR = Logical Inclusive OR

Memory /Rep with Reg

{ Opcode ]mod reg r/ml

Opcode Clocks

Byls 0A 3
0A 9tEA
08 16+ EA

Word [¢]:] 3
0B 9 +EA
09 16+ EA

Immed to AX/AL

[Opcode [ Data [

Opcode Clocks
oc 4
00 4

Immed to Memory/Reg

(Opcode Jrosoor ] [° T oaa [ ]

Opcode Clocks

Byte B0 4
80 17 +EA

Word 81 q
81 174+ EA

N B

Operstion

AegB —RuegB OR Regd
Reg8 « Reg8 OR Mems
Mem8 - Mem8 OR Reg8

Reg16 - Reg16 OR Reg 16
Reg16 = Reg16 OR Mem16
Mem16 -Mem16 OR Regt6

—

Operation
AL = AL OR hnmed8
AX = AX OR Immeadi6

Operation

Reg8 ~leg8 OR immed8
Mem8 - MemB O Immed8

Reg16 - Reg16 OR tmmed16
Mem16 —Mem16 OR Immed16

OUT = Qutput Byte, Word

Fixed port

Opcode Clocks
Byle E6 10
€7 10

Variable port

Opcode Clocks
Word EE 8
EF B

Operation
Port8 =AL
Port8 - AX

Oporation
Port16 {in DX} = AL
Port16 {in DX) = AX

POP = Pop a Word from the Stack

Waord Memory

[ Opcode ]mod 000 r/ml

Opcode Clocks
8F 171EA

Word Repister

Opcode + reg

Opcode Clocks
58 + reg 8

Scgment Register

Opcode + SReg

1]

Operation
Mem16 = (SP) + +

Operation
Regi6 = (SP)+ +

Opcode Clocks Opaeration
07 1 SReg 8 SReg—(SP) '

POPF = Pop the TOS into the Flags

Opcode Clocks Qporation
D 8 FLAGS = (SP)+

PUSH = Push a Word onto the Stack
Memory /Reg

[ Opcode [rncdllo r/jl : : j

Obcods Clocks Operation
FF 16 + EA —{SP) = Mem16

Word Register

Opcode + reg '

Opcode Clocks Operation
504 reg 1" —(SP) = Regt6

Scpment Register

Opcode Clocks Operation
06 + SReg 10 —(SP) = SReg

PUSHF = Push the Flags to the Stack

Opcode Clocks Operation

9C 10 —(SP)~FLAGS

RCL = Rotate Left Through Carry
Memory or Reg by |

[ Opcode lr‘nud Oll)v/ml : :I:- : _—J

Opcode Clockn Operation
Byte Do 2 rotate Reg 8 by |
DO 15+EA  rotate Mbm8 by 1
Word D1 2 rolate Reg 16 by ¢
o1 15+ EA rotate Mem16 by 1

Memory or Reg by count in CL

[ Opcode ]modmOr/m] : : j

Opcode Clocks Operation
Byte D2 8t 4/t rotate Reg8 by CL
02 20t EA + 4/bit rotate Mem8 by CL
Word D3 8+ 4/bn rotate Reg16 by CL

D3 20+ EA +4/bit rotate Mem16 by CL.

RCR = Rotate Right Through Carry
Memory or Reg by 1

l Opcode Imod [2R] v/ml : I j :)

Opcode Clocks Operation
Byte 00 2 rotate Reg8 by 1
jold] 15 + EA rotate Mem8 by 1
Word D1 2 rotate Reg16 by 1
D1 15+ EA rotate Mem16 by 1

Memory or Reg by count in CL

{ opcoge frodoriym] : I : :]

Opcode Clocks Operation
Byte 02 8 +4/bil rotate Reg8 by CL.
D2 20 +EA +4/oit rotate Mem8 by CL
Word 03 8+ 4/bit rotate Regt6 by CL

D3 20 +EA +4/bit rotate Mem16 by CL

REPx = Repeat Prefix

Opcods Clocks Oparatlon . REPX =
F3 2 repeat next nstruction until REP
Ccx=0
F3 2 repeal next instruction unt! REPE
CX Oor ZF -1 REPZ
F2 2 rupeat nextnstruction until REPNE
CX~-0o0rZF 0 REPNZ

APPENDIX B



RET - Neturn from Subrouting

L;();yr(ui— l
=y

uUpcode Clocks
Ccl A
B 1]

Operation
inkra-segment roturn
nc-sngment return

Return and add constant to SP

l Opcoda l Datal. I Datant ]

Opcode Clocks
c2 12
CA 17

ROL = Rotate Left
Mecemory or Reg by |

| Opcode lmod 010 r/m]

Opcodse Clocks
Byte 0o 2
0o 15 +EA
Word Dt
01 151 EA

Operation
intra-segment ret and add
inter-segment ret and add

— L]

Operatlon

rotate RegB by 1
rotate Mem8 by !
rotate Reg16 by ¢
rotate Mem16 by 1

Memory or Reg by count in CL

l Opcodo lrnod 010 v/ml

Opcode Clocks

Byte 02 8 ¢ 4/bit
02 20 + Ea +4/bit

Word D3 8+ 4/bi

D3 20 +EAt 4)bit

ROR = Rotate Right
Memory or Reg by |

N

Operation

fotate RegB by CL
rotate Mem8 by CL
rotate Reg16 by CL
rotate Mem16 by CL

I Opcode lmod (23] r/mI : I : j

Opcode Clocks

Byte [s]4] 2
Do 15 +EA

Word 23] 2
o1 15+EA

Operation

rotate Reg@ by §
rotate Mem8 by 1
rolate Reg16 by 1
rotate Mem1f by 1 %

Memory or Reg by count in CLL

[ opcods Jmos 011 1]

Opcoude Ctocks

Byle D2 a8+ 4/bit
D2 20 +EA +4/bit

D3 8+ 4/bit

DI - 20 t EA+4/bit

I

Operation

rotate fleg8 by CL
rotate Mem8 by CL
rotate Reg16 by CL
rotate Mem16 by CL

SAHF = Store AH in Flags

Opcode Clocks
9E 4

Operation
copy AH to low byte of flags
word

SAL/SHL = Arithmetic/Logical Left Shift

Memory or Rep by |

I Opcode lmoleOr/r;l

Opcode Ciocks
Byte Do
00 15 +EA
Word D1 2
o1 150 EA

B B

Operation

shift Regd by 1

shift Mem8 by 1

shilt Reg16 by 1

shift Mam16 by 1 i

Memory or Reg by count in CL

[Copcode Jmog ool ~ T T T ]

Opcode Clocks

Byle D2 B+ 4/bil
02 20 + EA 1 4/bit

Word 03 8 +4/bit

D3 20+EA+4/bit

Operation

shift Re@8 by CL
shitt MemB by CL
shift leg16 by CL
shift Mem16 by CL.

SAR = Arithmetic Right Shift

Memory or Reg by

[ Opcode Imod m r/m]

Opcode Clocks
Byle Do 2
[ald] 154 EA

— L

Operation
shift flegB by 1
shilt MamB by 1

J

Word 3] 7 shift Plag16 by 1
it VEIETA Shill Mari th iy 1

Memory or Rep by connt in Cl

[ Opcode F,od 111 v/m[ _____ l : j

Opcode Clocka Operation
Byls D2 8+ 4/bit shift fleg8 by CL
D2 20 +EA 1 4/bit shil MemB by CL
Word D3 8t 4/bit stuft Nag16 by CL

na 200 TA L4/t shift Mam 18 by CL.

SBB = Integer Subtraction with Borrow
Memory /Reg with Reg

[ Opcode lmod reg '/"‘l : _14 : j

Opcode Clocks Operation

Byte tA 3 fleqB - FlegB - Regl - CF
1A G+ EA RegB - RegB - MemB - CF
18 16 1 EA Mem8 - Mem8 - RegB - CF

word 18 3 Reg16 - Reg16 - flegi6 - CF
18 91 EA Regl6 —fleg1b - Mem16 - CF
19 16 + EA Mem16 = Mem16 - Reg16 - CF

Tmmed from AX/AL

Opcode ] Data ] : j

Opcode Clocks Operation
1C 4 AL = AL - Immed8 - CF
10 4 AX = AX - Immed16 - CF

Lmmed from Memory /Regp

‘Opcode mod 011 1/m| - I - | Data I - j

Opcode Clocks Operation

80 4 fAegd - Reg8d - immed8s - CF

80 17 +EA MemB -—Mem8 - Immed8 - CF
81 4 Reg16 - Reg16 - Immedt6 - CF
a1 171 EA Mem16 = Mem16 - tmmed16 -

CF

83 4 feg16 - Reg16 - Immed8 - CF
83 171 EA Mem16 —-Mem16 - Immed8 - CF

{(fmmed8 is sign-extended
before subtract}

SHR = Logical Right Shift

Memory or Reg by 1

[ Opcode Imod 101 v/mi : i j

Opcode Clocks Operation
Byle oo 2 shift Reg8 by 1
00 15 +EA shit Mem8 by 1
Word D1 2 shilt Regi6 by 1
01 15+ EA stft Mem16 by 1

Memory or Reg by count in C1

upcod" lmod 101 v/r'\] j: _L —_ —:]

Opcode Ciocks Operation
Byte D2 844/ shift Reg8 by CL
D2 20 t Ea* 4/bit shilt Mem8 by CL
Word 03 8 44/bn shilt leg16 by CL

D3 202 EA ¢ 4/bit shift Memi16 by CL

STC - Set Carry Flag

Opcodae Clocke Oparation
Fg9 2 set the carry fag

STD = Set Direction Flags

Opcode Clocks Oparation
D 2 set ditechon fiag

STt = Set interrupt Enable Flag

Opcode Clocka Operation
F8 2 setintecrypt hag

String ~~ String Operations

Op

r
a
)

Opcode Clocks Oparation
AB 22 Mtags = (S - (DY



A7 22 flags = (S - (D) CMPS
A4 18 (O =(Sh MOVS
AS 18 (D)) =(S1) MOVS
AE 15 flags =(DI) - AL SCAS
AF 15 flags (D) - AX SCAS
AC 12 AL=(Sh LODS
AD 12 AX=(Sh i LODS
AA 11 {Dly =—AL ST0S
AB 1 (D) -AX $T0S

SUB = Integer Subtraction

Memory/Reg with Reg

[ Opcode lmod reqg r/ml

[ ]

Opcode Clocks
Byls 2A
2A 9t EA
28 161 EA
Worgd 2B 3
2B 9+ EA
29 164 EA

Immed to AX /AL

I Opcode [ Data l
Opcode Ctocks

Byte 2C 4

Word 20 4

Tmmed to Memory/Reg

Operstion

Reqg8 Reg8 - Reg8
Reg8  Reg8 - MemB
Mom8  Mem8 - Rng8
Reg16 Regtb - Reg16
Reg16 Reg16 - Mem16
Mem16 Mem16 - Regl16

Operation

AL AL - Immed8
AX =AX - Immed16

[Opeose froa torye] = T~ Towa T~ 7]

Opcnde Clocks

Byte 80 4
80 17 +EA

Word 81 4
81 17 +EA

83 4
83 171 EA

TEST = Logical Com
Memory/Reg with Reg

[ Opcode Jmod reg r/ml

Opcode Clocks

Byte 84 3
84 9 +EA

Word 85 3
85 9 +-EA

Tmmed to AX/AL

l Opcode ] Daia T
Opcode Clocks

Byls A8 4

Word AY 4

Emmed to Memory /Reg

D T

Opcode Clocks

Byls F6 5
6 11 HEA

Word F7 5
F7 11 +EA

Gperatlon

Reg8 =~ Reg8 - Immed8
Mem8 - Mem8 - Immed8
Reg16 «Regl6 - immed16
Mem16 -Mem16 - Immedi6
fegl16 -Feq16 - Immeds
Memi6 -—Mem16 - immed8

pare

Operation
lags = Reg8 AND Reg8
flags < Reg8 AND Mem8

liags = Reg16 AND Reg16
liags - FReg16 AND Memt6

Operation

ftags - AL AND immed8
Nags = AX AND Immed16

Oparation
flags -« RAeg8 AND Immed8
Hags —MemB AND immed8

llags - Regt6 AND Immedat6
Nags . Mem16 AND Immed16

WAIT = Wait While TEST Pin Not Asserted

Opcode Clocks
98 314 5n

QOperation
none

XCHG = Exchange Memory/Register with

Register

Memory/Reg with Reg

[ Opcode [mod req r/m]

[ _ ]

Opcode Clocks

Byte 86 4
86 17 +EA

Word 87 4
87 17 +EA

Word Register with AX

Opcode + Reg

Opcode Clocks
90 t Reg 3

Operation

RegB - - Reg8
Mern8 = - Mem8
Reg16 ~=Reg16
Mem16 == Mem16

Operation
AX == Reg16

al

XLAT Table Look-up Translation

XLATB
Opcods Clocks Operation
o7 " replace AL with table entry

XOR = Logical Exclusive OR
Memory/Reg with Reg

J

[ Opcode lmod reg r/mI

Opcode Clocks Operation
Byle 32 3 Reg8 -~ AegB XOR Reg8
32 8+EA Req8 - RegB XOR Mem8
30 16t EA Mem8 - MemB XOft Reg8
Word 33 3 Reg16 - Reg16 XOR Regl6
33 9+EA Aeg16 =~ Regtb XOR Mem16
31 16+ EA Mem16 -~ Mem16 XOR Reg16

Immed to AX/AL

[ Opcode l Data I l
Opcode Clocks Operatlon
34 4 AL = AL XOR immed8
35 4 AX = AX XOR Immed16

Immed to Memory/Reg

0 N e M BT R

Opcode Clocks Operation
Byle 80 4 Reg8 = Neg8 XON immed8
80 17+ EA Mem8 - Mem8 XOR Immed8
Word 81 4 feg16 = Reg16 XOR Immed16
81 17 +EA Mem16 - Mem16 XOR immed16



FAOW ¥31SIDIY

Juswsde|dsip 19-9| = 9p

JAOW AJOWIW

Juswiadedsip 1ig-g = gp

a H4

9Lp + (Xg) 8p + (Xg) (Xg) Ll
(Ssaippe 123l1p)
IS Ha 9Lp + (dg) 8p + (dg) 9Lp oLl
dg  HD 9Lp + (1) 8p + (IQ) (1a) 101
dS  HV 91p = (IS) 8p + (IS) (1) 001
Xg g 9Lp + (1Q) + (d8) 8P + (1Q) + (dg) (1Q) + (d9) 110
Xd 1d 9Lp + (IS) = (d9) 8P + (IS) + (d9) (1S) + (d9) 0L0
XD 10 91p + (1d) + (X9) 8P + (1A) + (X9) (@) + (Xg) 100
Xy v 9Lp + (1S) + (Xg) 8P +4S) + (X9) (1S) + (Xg) 000
L=M  0=M |
Ll ol 10 00 W/

doOWw
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