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SYNOPSIS

Assembler is a system software that converts Assembly
instructions to machine code. Our project named AS86 1is an
Assembler for 8086 machine. Which is developed in 'C® language.
'C' language 1is chosen because of its capability of accessing
the memory and registers as a low level language. AS86 generates
opcodes for data transfer. Processor Control, Control transfer,

logic and arithmetic instructions involving registers and memory.

AS86 is a 2 pass Assembler. In the first pass, symbol
table is created. Symbol table consist of lable and the corres-
ponding addresses. In second pass opcodes are generated for each
instruction. The address displacement for control transfer
instructions are calculating by referring the symbol Table the

output of the form.

Address Label Mnemonics Opcode is stored in an output
file will be which mentioned by the user. When he runs the
AS86, the Input should be kept as a file containing the mnemonics
(ie) the assembly language program. The running environment

can be included by simply typing AS86.

We have followed modular programming approach in designing

AS86. AS86 contains separate functions for each mnemonics type.



The flow control will be transferred appropriately by function

calls.

The Modular Programming otherwise called, the structured
programming is a ''Goto-less" programming which is followed in
designing AS86 specifically, because such structured programming
approach is required for quick understanding of the flow of

the program.
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CHAPTER - 1

INTRODUCTION

We, in our system software have concentrated on producing
opcode which is the main process in an assembler. The language
'C' which is generally used for system software development

has been used for the development of our package.

8086 : Processor

The 8086 is a 16 bit processor that is available as a

40 pins integrated circuit which has thirteen 16 bit registers

and nine flags. They are

1. General registers.

2. Pointer and index registers.

3. Segment register.

4. Introduction pointer and flags.

The various addressing modes available in the 8086 processor

are

1. Register Addressing
2. Immediate Addressing
3. Direct Addressing



4. Indirect Addressing through an index or a base
register
5. Indirect addressing through the sum of a base and

an Index Register.

'C' Language

'C' Lanugage was developed in the early seventies by
programmers at Bell laboratories. 'C' language was designed
by a small group of highly talented programmers. 'C' is a small
language it is a structured language and it can be used tc construct

programs that execute very rapidly.

8086 Assembler in 'C’

The system software has been developed using structure
and file operation. It is a two pass assembler in which mnemonics
are stored in a structure (i.e.) mnemonics table. Input file is
checked to find whether it is a label instruction (or) ordinary
instruction if it is a label instruction pass. 1. functions is called
else the instruction is stored in temp file. In Pass I symbol

table is created.

In pass 2 temporary file is opened and the mnemonics are

compared with mnemonics table, if they match then the



corresponding function is called and the opcode is generated.

The opcode address generated are stored in the output file.
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CHAPTER - 2

ASSEMBLER

2.1 INTRODUCTION

At one time programmers found it difficult to write or
read programs in a machine language. In their output for a more
convenient language they began to use a mnemonic for each machine
instructions, which they would subsequently translate into machine
language such a mnemonic machine language 1is how called an
assembly language. Programs known as assemblers were written
to automate the translation of assembly language intc machine
language. The input to an assembler program 1s source program;

the output is a machine language translations (Object program).

2.2 GENERAL DESIGN PROCEDURE

Before going in for the detailed design of an assembler
let us examine the general problem of designing of software.
The six main steps to be followed in the design procedure are

given below.

1. Specify the problem.
2. Specify data structures.
3. Define format of data structures.



4. Specify algorithm.
5. Look for modularity.

6. Repeat 1 through 5 on modular.

2.3 TWO PASS ASSEMBLER

In assembly language program symbols can appear before
they are defined so it 1is convenient to make two passes over
the input. The first pass has only to define the symbols; the

second pass can generate instructions and addresses.

2.3.1 Functions of an Assembler

An Assembler must do the following

1. Generate instructions.

a. Evaluate the mnemonic in the operation field to produce
its machine code.

b. Evaluate the subfields-find the value of each symbol
process literals.

2. Process pseudo ops.

We can group thege tasks into two passes or sequential

scans over the input.



Pass 1
1. Determine length of machine instructions (MOTGETI)
2. Keep track of location counter (LC)
3. Remember values of symbols until pass 2 (STSTO)
4, Process some pseudo ops.
5. Remember literals.
Pass 2
1. Look up value of symbols (STGET)
2. Generate instructior{s
3. Generate data
4. Process Pseudo ops

The step involved in pass 1 and pass 2 are outlined in

fig. 2.1 and fig 2.2.

2.3.2 Data Structures

The second step in our design procedure is to establish

data bases that we have to work with

1. Input source program.



2. A location counter (LC) used to keep track of each

instructions location.

3. A table, the machine operation table MOT, that
indicates the symbolic mnemonic for each instruction

and its length.

4. A table, the pseudo operation table (POT) that indicate
the symbolic mnemonic and action to be taken for

each pseudo-op in pass 1.

5. A table the symbol (ST) that is used to store each

label and it is corresponding values.

6. A table, the literal table (LT) that is used to store
each literal encountered and its corresponding assigned

location.

7. A copy of the input to be used later by pass Z.

Pass 2 Data bases

Many of the databases used in pass 1 are common to pass

2. Those of them not found in pass 1 but used in pass 2 are

given below.



2.3.3

Copy of source program input to pass 1.
A base table, that indicates which registers are currently
specificed as base register by using pseudo-ops and what

are the specified contents of these registers.

A work-space, INST, that is used to hold each instruction

as it various parts are being assembled together.

A work-space, PRINTLINE, used to produce a printed listing.
A work space, pouch card used prior to actual out
putting for converting the assembled instruction into format

needed by the loader.

An output deck of assembled instruction in format needed

by loader.

Format of Data bases

The third step in our design procedure is to specify the

format and contents of each of data base.

(2.3)

The Pseudo operation table format has been shown in Fig.

in which each Pseudo-op is listed with an associated pointer

to the assembler routine for processing Pseudo-op similarly other

formats are specified.
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2.3.4 Algorithm

The purpose of first pass is to assign a location to each
instruction and data defining Pseudo-instruction - and then to define

values for symbols appearing in the 1lable fields of the source

program.

After all the symbols have been defined by pass 1 it is
possible to finish the assembly by processing each card and
determining value for its operation code, and its operand field.
In addition, pass 2 must structure the generated code into the
appropriate format for later processing by loader, and print
and assembly listing containing the original source and hexadecimal

equivalent of the bytes generated.

2.3.5 Look for modularity

We now review our design looking for function that can
be isolated. Typically such functions full into two categories
(1) multi-use and (2) unique likely choices for modularity are
selected and listed each of these likely choice should gc¢ through

the entire design process.
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CHAPTER - 3
8086 PROCESSOR

3.1 ORGANIZATION OF THE 8086

8086 is a 16 bit processor that is available as a 40 pin

integrated circuit. Three main organization in 8086 are

* Memory organization.
* Register Structure.
* Addressing Modes.

which has been detaited disqussed in the proceeding section.

3.2 MEMORY ORGANIZATION

The 8086 provides 20 lines on which address and data
is multiplexed. The organization is shown in fig. 3.1. The ADO-
AD1S are lines are used for transmitting 16 least significant bits
of the 20 bit address. The remaining four most significants bits

are transmitted over the A16-A19 lines.
One word of data, 16 bits is sent or received over the

ADO-AD15 lines. The Ileast significant byte of the word is

transmitted on ADO-AD7 and the most significant byte on AD8-

12



AD15. When only a byte of data is transferred and not a complete
word, then either ADO-AD7 or AD8-ADl5 are used depending on
which the byte corresponds to even or odd memory respectively
so the largest address is (220—1) which iinplies that a total

of one million bytes can be addressed directly by 8086.
Addressing bytes and words

Most instructions of the 8086 operate both on byte and
word operands. It is possible to move contents of the byte at
location 02 to the AL register. It is also possible to move the

contents of the word starting at location 02 to the AX Register.

Physically the memory can be viewed to be organized as
two banks of 512 bytes each. The DO-D7 lines being used for
data transfer involving the low bank and D8-D15 for high bank
and there is involved data address transfer also so the AO and
BHE lines are used for determining one of these possible reference

to memory which is shown in Table 3.1.
3.3 REGISTER STRUCTURE

The 8086 has thirteen 16 bit register and nine flage. The

registers can be classified.



1. General Registers.

2. Pointer and Index Registers.
3. Segment Registers.

4, Instructions Pointer and Flags.

General Registers

The four general registers are used as operand in arithmetic

and logic operation whose structure are as shown in fig. 3.2.

These registers can also be used as scartch pad while

evaluating arithmetic expressions.

Pointers and Index Registers

These 16 bit registers serve to hold offsets of operands
residing in the memory. The organization is shown in fig. 3.3
SP acts as stack points as in 8085. It points to the current

top of the stack.

The BP register can be used for holding the offset of the
base of a data area in the current stack segment. This enables
accesses to variables within a procedure to be specified

conveniently.



There are certain string operations provided by 8086.
Typical amongst them is the one to move a string of bytes or
words from one area to another. The SI and DI are used implicitly

in such instructions.

Segment Registers

The 8086 memory is logically divided into several segments.

In all there are four types of segments.

1. Code Segment
2. Data Segment
3. Stack Segment
4. Extra Segment.

Each segment can be at most 64 X bytes long. The starting
address of currently active segments in contained ‘in the segment
registers. The CS, DS and ES contains respectively start of code,
data stack and extra segments. The figure 3.4 illustrates

segmentations.

The figure 3.4 shows four currently active ccde, data,
stack and extra segments as pionted by the segment registers.
Program instructions reside in the code segment, Data area of

the program variables and constants may reside- in the data
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segment. Any stack used resides in the stack segment some data
like string operated on by special instructions reside in the

extra segment.

Instruction pointer and flags

The instruction pointer is a 16 bit register and points
to the next instruction to be executed with in the current code
segment it is automatically updated by the 8086 as program

execution proceeds.

There are nine flags available as shown in figure 3.5.
‘Based on the use of these flags it is possible to categorise them
into states and control flags. Status flag such as CF (Carry)
ZJF (Zero) are generaly set or (reset) after an arithmetic or
logical instructions in executed control flags such as DF (Direction
Flag). If (Interrupt enable) and TF(Trace Flag). Control the
execution of the 8086. The TF flag forces the 8086 tc generate

an interrupt after execution of each instruction.

3.4 ADDRESSING MODES IN 8086

Several powerful addressing modes are available for

specifying the operands in an instruction there are



1. Register addressing

2. Immediate addressing

3. Direct addressing

4. Indirect addressing through an index or a base register

Indirect addressing through the sum of a base and an index
register operands in memory can be specified using any of the
addressing modes mentioned above.

Register Addressing

This is the simplest of all addressing mode for example.

MOV AL, BL : Move contents of BL to AL
INC SI : Increment SI content by 1
ADD AX, BX : Add BX to AX and result is in AX

Immediate Addressing

Is as similar in 8085 examples of instructions using this

mode are given below.

MOV AL, OF AH : Move OFAH to AL

ADD BX,4 : Add 4 to BX
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Direct Addressing

The direct addressing mode is available in the 8086 a

few of which are given below.

MOV AL, X : Move the 8 bit value of X of AL

MUL Y : Multiply contents of AX by the 16

bit value of Y

Indirect Addressing through Base or Index Register

It is possible to indirectly address is memory operand

using any of the following four ways.

* through an index register

* through a base register

* through an index régister summed up with an 8 or 16 bit
offset

* through a base register summed up with an 8 or 16 bit
offset.

Indirect Addressing through Sum of Base and Index Register

It is possible to form an indirect address in the 8086

using following modes.
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* sum of base and an index register

* sum of base, index register and displaement.

3.5 BUS STRUCTURE

Bus Structure and Timing of 8086

In this section we shall discuss about the address data

and control bus structure and timings for the 8086.

The signals available are as shown in fig. 3.6. several
function depend on MN/MX. When MN/MX pin tied to VCC the
8086 is in minimum mode and when it is grounded in the 8086

is in the maximum mode.

Bus Interface and Execution Unit

The 8086 consists of two units which interact with each
other to perform various functions. The bus interface unit (BIU)
is responsible for transferring instruction and data, bytes between
the processor and memory OF I/0 Devices. The other unit named
execution unit perform instruction decoding and execution. The
BIU fetches successive instruction bytes from the memory and
inserts them into a 6 byte instruction queue. The EU remove
instructions from this Queue, decodes and execute them. The

BIU fetches the instruction bytes independent of the EU. In fact



20

whenever the bus is idle and there is space for atleast 2 bytes
in the instruction Queue, the BIU would fetch 2 bytes pointed

at by IP from the current code segment.

Using BIU and EU to perform bus operations and instruction
executions independend of each other the 8086 is able to achieve
a high degree of overlap between instruction execution and fetching.
This architectural features of the 8086 is known as instruction

pipeline. Pipelining is used to improve performance of the up.

3.6. OPCODE GENERATION

Opcodes are coded manually in 8086 which has a specific

format to calculate opcode.

The format to calculate opcode is show in fig. 3.7. the

coding could be explained with an example.

Coding MOV, SP, BX

This instruction will copy a word from the BX register
to sp register. Consulting the instruction set in Appendix A.
You find that the 6 bit opcode for this instruction 'is 100010.
Make the W bit a 1 because you are moving a word. The D bit

for this instruction may be some what confusing however since
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=

two registers are involved you can think of the move as to sp,
or from BX. If you think of the instruction as moving a word
to sp, then make the D bit as 1 and put 100 in the REG field
to represent sp. The mod field will be 11 to represent register
addressing mode. Make the R/M field 011 to represent other
register, BX. The resultant code for the instruction MOV SP,
BX will be 1000101111100011. Figure 3.8 shows the meaning of

all these bits.
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CHAPTER - 4

'C' LANGUAGE

4.1 ABOUT 'C’

'C' is a general purpose programming language. It has
been closely associated with the UNIX system, since it was
developed on that system and since UNIX and its soft ware are
written in 'C'. The Ilanguage however 1is not tied to any one
operating system or machine and although it has been called
a "system programming language" because it is useful fer writing
operating system it has been equally well to write major numerical

text processing and data-base programs.

'C' language was developed in the early seventies by an
independent hand ful of programmes at Bell 1laboratories ‘C'
language was designed by a small group of highly talented
programmers. It was designed as a short hand form of assembly

language that offered a high degree of portability of expression.

'C' mainly deal with the same sort of objects that most
computers do, namely characters, numbers, and addresses. These
may be combined and moved about with the wusual arithmetic

and logical operations implemented by actual machines.

22
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Similarly 'C' offers straight forward single thread control

flow construction : tests, loops, grouping and subprograms

'C' is a small language, it is a structured language and
it can be used to construct programs that execute very rapidly.
It has small number of statements and a compact set of functions

would be early grasped.

'C' offers you access to machine level with a rare blend
of efficiency and elegance 'C' is undoubtedly the language for

most system programers.

4.2 'C' FOR SYSTEM SOFTWARE DEVELOPMENT
There are humpty number of reasons for choosing 'C’ for

software development of which some are listed below.

'C' language is used mainly in commercial quality software
development. Its portability, compactcode fast execution time
and expressiveness are its strong points. It is used to address
many different operating environment. 'C' language compiler offer
a high degree of option that may be called upon to address

many different operating situation.

Also because the data types and control structure provided



by 'C' are supported directly by most existing computers, the -

run-time library required to implement self-contained program

is tiny.

Again because the language reflects the capabilities of
current computer. 'C' programs tend to be efficient enough that

there is no compulsion to write assemble language instead.

Also in 'C' the fundamental data objects are characters,
integers of several sizes, and floating point numbers. In addition
there is a hierarchy of derived data types created with pointer

arrays structure, unions and functions.

'C' provides the fundamental flow-control constructions
required for will structured programs. Statement grouping decision
making (if) looping with the termination test at the top (while,
for) or at the bottom (do) and selecting one of a set of possible

cases (switch).

'C' provides pointer and the ability to do address
arithmetic. Any function may be called recursively and its local
variables are typically automatic or created a new with each

invocation.



'C' also includes pascal when the emphasis on clearly
structuring programs the programs in 'C' tend to be better much
more understandable and therefore requires 'C' much less time
to develop then the program written in earlier language such

as COBOL and FORTRAN.

A Sample 'C' Program is an follows

While (True);

Puts ("Input File Name");

Gets (''Filename'');

If open (Filename, 0) = ERRoOR})
Continue;

ELSE

Break;

Since this language includes the facilities that are very
close to machine language we can get fairly close to the machine
which helps tremendously in making programs more efficeint when
it comes to execution speed. In a sense we get the best both

words, namely a high level language and machine language.

For these reasons 'C' has become the execeeding popular
language today many compiler and themselves written in 'C' and

so are many operation system such as UNIX.



Since the language 'C' speech up both development and

execution time our assembler is written in 'C'.



Software Development




CHAPTER - 5

SOFTWARE DEVELOPMENT

This chapter outlines the development of software and gives

a detailed algorithm. It has 2 sections which are

1. Software Outline.

2. Flow Chart.

5.1 SOFTWARE OUTLINE

This software includes files, pointers, structures and tables
etc. For input, output and intermediate operations files are used.
Each file operation includes a pointer in it. Structures are used
here to store symbols and its corresponding addresses. Tabiles

are used for searching the particular instructions etc.

First the program gets instruction from the input file and
checks its fifth character to see whether it is a label instruction.
If the fifth character of the instruction is going to be a ':°
then it decides it is a label instruction. Then it calls the pass
1 function to check it is a correct Label and finds its
corresponding address by calling the symbol function and then
the rest of the instruction is stored in the temporary file. If

the fifth character is not an ':' character then the instruction

27
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is stored in the temporary file. Then pass 2 function is called.

Here the pass 1 function finds all the Labels and checks
whether it is a correct label or not. The first character of
a Label should be an alphabet. Rest of the characters may be
a character (alphabet or digit) but it should not be an special
character. Once the correct label is found then the corresponding
instructions address also calculated by calling symbol function.
All the Lables in the input file and its addresses are stored

in the structure.

The function of pass 2 is to generate opcodes for each
instruction which appear in the input file. Temporary file is
the input file for pass 2. It takes only one instruction at a
time and matches with the instructions stored in the label. Once
there is a match found then it calls the corresponding function
which will give the corresponding opcode for ‘that particular

instruction. This is stored in the output file.

In the case of unconditional Jump instructions, the Label
is found and it is searched in the structure for matching. Once
there is a match then the actual address is compared with the
label address. If actual address is greater than the label address
then the displacement is found and the two's complement for
the displacement is placed at the jump instruction. Else the

displacement is placed.



The format in the output file is ADDRESS LABEL MNEMONICS

OPCODE. The o/p file can be read through an Editor. The opcodes

generated can be run on the machine by creating the running

environment.
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5.2 FLOW CHART

( START )
MAIN

READ INPUT FILE NAME
READ OUTPUT FILENAME

GET THE INSTRUCTION
FROM THE INPUT FILE

CALL
PASS 2

T

STORE THE

} INSTRUCTION 1IN

THE TEMPORARY
FIEJE

IS
IT A LABEL
INSTRUCTION?

P

YES

CALL PASS 1 .

FIG. b5.1.

This software includes 4 major flow charts with it. Which

are shown in the following diagrams.



PASS 1 FLOWCHART

PASS1

SET COUNTER = O

IS NO

PRINT ERROR

RST CHARACTER AN
ALPHABET?

NO

IN LABEL

SEXT CHARACTER
ALPHABET or DIGIT?:

COUNTER = COUNTER + 1

> COUNT=COUNT

FIFTH CHARACTER
EACHED?2-

NO -
YES

NO

IS

PRINT ERROR

COUNTER=4

STORE LABEL IN
THE STRUCTURE

CALL SYMBOL FUNCTION
TO FIND ADDRESS

STORE LABEL AND ITS
CORRESPONDING. ADDRESS IN
f STRUCTURE r

l

RETURN

FIG. 5, 2.

IN LABEL




PASS 2 FLOW CHART

PASS 2

i
OPEN TEMPORARY FILE

OPEN OQUTPUT FILE

32

—%
GET THE INSTRUCTION-

FROM THE TEMP. FILE

SEARCH TABLE FOR
MATCHING WITH INSTRUCTION

YES
RETURN
NO ERROR
ROUT.NE

CALL CORRESPONDING FUNCTION
SO AS TO GENERATE OP CODE

|

CALCULATE OP CODE FOR
THE CORRESPONDING INST.

STORE ADDRESS, MNEMONIC
AND QP CODE IN QUTPUT _FILE

FIG. 5.3

SR




JUMP FLOWCHART

JMP

l

READ LABEL

SEARCH THE STRUCTURE
FOR' LABEL MATCHING

s NO ERROR IN
MATGH LABEL
OU
YES
FIND ADDRESS OF
THE_LABEL
IS NO
FIND
LABEL- ADD > DISPLACEMENT

TUAL AD

AND FIND 2'S COMPLE-

FZALCULATE DISPLACEMENT
| MENT FOR DISPLACEMENT

PUT THE DISPLACEMENT
VALUE ON JUMP INSTRUCTION

-
RETURN

FIG. 5.4
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5.3

5.3.1

Input File-1

mov
mov
add
mov
add
mul
Xor

rax, 1000

bx, 1000
ax,bx
dx,ax
dx, 2000
ax
cx,dx

test dx,bx

cmp
and
stc
sub
sbb
inc
adc
cme
cle

ax, 8000
bx,dx

ax,dx
ax, 0080
ax

bx, 0400

or 8x,bx

hlt

TRIAL RUN

INPUT

34



Input File—z

cle

mov ax, 1000
mov bx,ax
mul bx

wait

aam
loopl:add ax,bx
or ax,bx
mov Sp,bx
mov si,bx
dec ax

jmp loopl
hlt

(@3]



Input File-3

mov dx.0050
mov bp, 1000
sub bp,dx
mov ax,0020
jJmp loop2
dec ax

sbb ax,dx
das
loop2:test ax,0010
or ax,bp
push ax

pop ax

hlt



3K KKK 3K K K K 30K 3K 30K KKK K 3K KK 30K 30K 30K 30K KKK 3K0K 0K KKK K 30K KKK KKK K KK KKK XK X

ADDRESS

KKK KK OK 0K KK 3K K K 3K K 0K 2K K K 3K 3K 30K 0K K 30K 0K 350K0KOK KKK 0K K KKK KK 0KOKOK KK KK 0K KK K

1000
1004
1008
100A
100C
1010
1012
1014
1016
101A
101C
101D
101F
1023
1024
1028
1029
102A
102C

LABEL

MNEMO

mov
mov
add
mov
add
mu.l
xar
tes
cmp
and
stc
sub
sbb
inc
adc
cmc
clc
or

hlt

5.3.2 OUTPUT

Output File-1

NICS

ax, 1000
bx, 1000
ax,bx
dx,ax
dx, 2000
ax
cx,dx

t dx,bx
ax ,8000
bx,dx

ax ,dx
ax , 0060
ax

bx , 0400

ax,bx

OPCODE

c7
c7

3
8B
83
F7
8B
85
83
23
F9
2B
83
40
83
FF
F8

B
74

O

3
c3
DO

2
40
cA
D3
38
DA

c2
18

13

C3

57

10
iC

2C

80

QG

04

Q0
GO

00

00

&0

00



3KOKOK KK K K K K K K KK 0K 3 330K KKK K KKK KK K K OK0KOK K 30K 3K OK0K K 3k k0K K 0K 0K 30OKOKOKOKOKOK K X K

ADDRESS

330K KK 0K K K K k00K K K K K K KK 30K KKK 3KKKCK K KK K K 3K K K 330Kk K080k KKK 5K K0K0K0OKOKOKOK KOK K K

1000
1001
1003
1007
1009
100A
100B
100D
100F
1011
1013
1014
1016

LABEL

loopl

Output File-2

MNEMONICS

clc

mov ax, 1000
mov bx,ax
mul bx
wait

aam

add ax,bx
or ax,bx
mov sp,bx
mov si,bx
dec ax
imp loopl
hlt

OPCODE

F8g
C7
8B
F7
FA
FD

3

B
8B
8B
48
DY
74

D8
43

C3
C3
E3
F3

Fa

38

00



*******X#X*****X******X***{*********************************

ADDRESS

***X********************************************************

1000
1004
1008
100A
100E
1010
1011
1013
1014
1018
101A
101B
101C

LABEL

loop2

OQutput File-3

MNEMONICS

mov
mov
sub
mov
Jjmp
dec
sbb
das

dx.0050
bp, 1000
bp,dx
ax,0020
loop2
ax
ax,dx

test ax,0010
or ax,bp

push ax
pop ax
hlt

OPCODE

c7
c7
2B
c7
D9
48
1B
FC
F7

B
50
58
74

2
3
EA
0]
0

c2

00
10

00

Q0

30
CO

20

10



Conclusion




CHAPTER - 6

CONCLUSION

The Assembler package was developed in the DOS Environment.
The package named AS86 works successfully for a certain set

of instructions.

AS86 has been developed to cover all instructions in the
8086 processor. We have included all instructions involving register

to register and memory instruction.

Structures and file pointers have been used to speed up
the generation of opcode. The user just specifies the input program
in an input file (file name of his choice). The AS86 does the

remaining and gives a fulformatted output in the output file.

Control transfer instructions have been included in the
software ie.,, forward and backward 1looping instructions 1like

jump in the II pass.

The software aimed at generating opcode for all instructions
has been done and provision been made to include other leftout

instruction.
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Appendix




A. PROGRAM LISTING

#tinclude <graphics.h>
#include <stdlib.h>
#define ESC 0Ox1b

char c¢;

int col,1=0,k;

struct viewporttype vp;
int maxx,maxy;

main()

{
int GraphDriver = CGACO,GraphMode;

initgraph(&GraphDriver,&GraphMode,"");
maxx = getmaxx();
maxy = getmaxy();

setviewport(0,0,maxx,maxy,1);
getviewsettings(&vp);
setcolor(3);
setbkcolor(LIGHTCYAN);

rectangle(D,O,Vp.right—vp.left,vp.bottom—

for(k=0;k<=80;k=k+5) {

rectangle(5+k,5+k,vp.right—valeft—k,vp.bottom-vp.top—k);

delay(200); 3} ,
settextstyle(GOTHIC_FONT,HORIZ_DIR,3);

vp.top);

outtextxy(160,90," sy s t em software');

delay(10000);
cleardevice();
for(k=0;k<=10000;k++){

putpixel(random(maxx),random(maxy),1); delay(1l); 1}

delay(1000);

cleardevice();

setbkcolor( YELLOW);

setfillstyle(10,1);
settextstyle(TRIPLEX_FONT,HORIZ_DIR,2);

bar(0,0,vp.right—vp.left,vp.bottom—vp.top—SO);
outtextxy(140,35, "WELCOME TO THE 8088 ASSEMBLER DEMO" );

settextstyle(DEFAULT_FONT,HORIZ_DIR,1);
delay(500);
outtextxy(maxx/2,maxy-110,"BY");
delay(100);

outtextxy(maxx/Z,maxy—lOO,"ELANGOVAN“);delay(500);
outtextxy(maxx/Z,maxy—QO,“SARAVANAN“);delay(SOO);
outtextxy(maxx/z,maxy—80,"SENDHIL MURUGAN");delay(500);

ocuttextxy(maxx/2,maxy-30, "Esc Aborts,
cont..... D I
c=getch();

escfn(l);

Press a Rey *to

outtextxy(200,10, "INSTRUCTION FORMAT");

delsy(1000);
outtextxy(20,30,"MOV reg,reg”);

outtextxy(20,40, "MOV reg,memory’

outtextxy(20,50, "ADD reg,reg”);

delay(300);
y; delay(300);
delay(300};



outtextxy (20,60, "ADD
outtextxy(20,70,"SUB
outtextxy(20,80,"SUB
outtextxy(20,80,"ADC

outtextxy(20, 100, "ADC"

outtextxy(20,110,"SBB
outtextxy (20,120, "SBB
outtextxy(210,30, "AND
outtextxy (210,40, "AND
outtextxy(210, 50, "CHP
outtextxy(210,60, "CHP

reg,memory’” ); delay(300);
reg,reg”); delay(300);
reg,memory” ); delay(300);
reg,reg’); delay(300);
reg,memory’ );delay(300);
reg,red” ); delay(300);
reg,memnory” );delay(300);
reg,reg”); delay(300);
reg,memory"” ); delay(300);
reg,reg” ); delay(300);
reg,memory”); delay(300);

outtextxy(210,70, "TEST reg,reg"); delay(300);
outtextxy(210,80, "TEST reg,memory"” );delay(300);

outtextxy(210,80, "XOR
outtextxy(210, 100, "X0
outtextxy(210,110,"0R
outtextxy(210,120,"0OR

reg,reg” ); delay(300);
R reg,memory” );delay(300);
reg,reg” ); delay(300);

reg,memory” ); delay(300);

outtextxy(420,30, "PUSH reg"); delay(300);

outtextxy(420,40, "POP
outtextxy(420,50,"INC
outtextxy(420,860,"DEC

outtextxy(420,70, "HLT"

outtextxy(420,80,"JHP
outtextxy(420, 80, "MUL

reg”); delay(300);
reg” ); delay(300);
reg”); delay(300);
Y delay(300);

label” ); delay(300);
reg'” );delay(300);

outtextxy(420,100,"CLC" );delay(300);
outtextxy(420,110,"CMC" );delay(300);
outtextxy(420,120,"STC" );delay(300);
outtextxy (520,60, "WAIT" );delay(300);

outtextxy(520,70, "AAS
outtextxy(520,80, "DAS
outtextxy(520,80, "AAM

c=getch();

closegraph();

}

escfn(col)

{

if(ESC == ¢)

{

closegraph();
exit(1l);

}

else

{

cleardevice();
setcolor(l);

if(ecol == 1)
setbkcolor(GREEN);
else if(col == 2)
setbkcolor (BROWN );

else { setbkcolor(CYAN);
setfillstyle(0,1);

"Y;delay(300);
"Y;delay(300);
“Y;delay(300);

3

settextstyle(DEFAULT_FONT,HORIZ_DIR,1)};



bar(0,0,vp;right—vp.1eft,vp.bottom—vp.top—30);

outtextxy(maxx/2,maxy-30, "Esc
Cont....");

}

Aborts,

Press a Key tao
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#include <stdio.h>

#include <ctype.h>

int i,j,s,w,op[10],e,ql,v k;

int ax,cx,dx,bx,sp,bp,si,di,ol,02,addr=0x1000;
char *p,*pl,infile[30],outfile{30],m[80],n{80],c;
struct label

{
char name[10];
int locat; } lab[15];
struct mne
{
char mnemo[80];
int index;
int bit;
1;
struct mne tab([] = {
“mov ",1,4,
"add ",2,4,
"sub ",3,4,
_cmp ",4,4,
"test ",5,5,
"ine ",6,4,
"dee ",7.4,
“push ",8,95,
"pop ",9.4,
"xor ",10,4,
"or ",11,3,
“and ",12,4,
"sbb ",13,4,
“ade ",14,4,
"jmp ",15.,4,
"mul ",16,4,
"ele”,17,3,
"cmec”,18,3,
"ste",19,3,
"wait",20,4,
"aas",21,3,
“"das",22,3,
“aam", 23,3,
"hlt",24,3
13
FILE xfp,%xfi,*xft;
FILE xfpl;
FILE *fp3;
main()
{
char m[80];
clrscr(); _
printf("NAME OF THE INPUT FILE: "y
scanf("%s",infile);
printf("NAME OF THE OUTPUT FILE : "y

scanf("%s" ,outfile);
fi = fopen(infile,"r");



ft = fopen(“"temp”,"wW");
clrscr();
fgets(m,80,f1);
while(!feof(£fi))
{
1i=0;
p=m; pl=m;
if(mlB51 ==":")
{ v=0:
passl();
for(i=6:mlil!="\n":i++)
forintf(ft, " %c”,m[1]);

fprintf(ft."\n" ).
3

else

{ wv=1:
ferintf(ft."%Zs" .m);
N

symboll():
fgets(m.80.fi):
Yoo o e A
felose(fi);
fclose(ft):

addr= 0x1000;
pass2():

Y e oo

passz2()
{
frl fopen("temp” . "r" )
fp3 fopen(infile."r"):
fo = fooen(ontfile."w"):
fprintf(fp, ™ 3K KK K K K K K K KK KKK KKK KK KRR IO KKK K KRR R KKK\ n ™
fprintf(fp,"” ADDRESS LABEL. MNEMONICS OPCODENNn"
Fprintf(£p, " HRKKKAKKKK KK KK KIKK KK KIOKIKIKAKA KKK KKK\ n\
fgets(m,80,fpl);
fgets(n,80,fp3);
while(!feof(fpl))

S’ N N

while(strnemp(p, tab[i].mnemo, tabf{i].bit} != 0>
i+=1;
switch(tab[i].index)

case 1:
movin();
break;

case Z2:addfn();
break;
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forintf(fo." %" mfil1):

iF(w==2)
forintf(Ffo."\t\£%10X" .op[11);
else

fprintf(fp."\tZ10X%Z5X\t" ,op[1],0p{2]);

if(w==0)

48

fprintf(fp.,"45c¥c\t%cXkc" ,op[3],0p[4],0p[5],0p[6]);

fprintf(fp,"\n");
fgets(m,80,fpl);
fgets(n,80,Ffp3);

locfn();
w = 1;
1

fclose(fp);

fclose(fpl);

fclose(fp3); |
} EE A pe B

passl()

{

int g9l1=0,ct=0;
if(isalpha(*p))

{
for(i=1i;i<bii++)
{
p=p+1;
if(isalpha(*kp) !! isdigit(*kp))
ct=ct+1:
3
)
if(ect ==4)
P
p=p-4:
For(i=N:i<5:i++)
i
lablgll,namelil :*P:
Xp++:
3
3
1ahlgi1;Inecat zaddr:
q1++:
}
symboll()
p
1=0;:
ifdv==1>{
while(strnemp(pl,tah[i].mnemo,tab[i].bit) 1= 0)
i+=1; o '
}

else {



49

pl =pl +6;
while(strncmp(pl,tab{i].mnemo,tab[i]}.bity = 0)
i+=1;
}
e= s = tab[i]}.index;
if((s==6) 11 (s8==7) 1 (s==8) |1(s==8) 11 (s8==17)
11 (s==18) |i(s==18))
e=6;
if((s==20) }||(s==21) }!(s==22) |i(s==23) }|i(s==24))
e =6;
switch(e) {
case 6:
addr = addr + 0x01;
break;
case 5:
if((isxdigit(m[81))! ! (isxdigit(m[15]
addr = addr +0x04;
else addr = addr +0x02;
case 15:
addr = addr +0x02;
break;
case 11:
1f((isxdigit(m[7]1))i(isxdigit(m[1T
addr=addr +0x04;
else addr=addr+0x02;
break;
default:
1f((isxdigit(m[8]1))! | (isxdigit(m[14]
addr = addr +0x04;
else addr = addr +0x02;
break;
1
}
Jmpfn()

{

char aaal[10];
int varl, temp;
op{11=0xd8;

p=p+4;
for(i=0;i<5;i++)
{
aaali] =%p;
p=p+1;
}
aaali] = "\0";
1=0;

while(strcmp(lab{i] .name,saa) =0) {
i++; 3
varl= labl[i].locat;

if(addr »>varl)



{
tempzaddr-varl;
temp=255-temp;
op[2]=temp;

}
else
{
temp=varl-addr;
opl[2l=temp;

}

}
movin()
{
p+:4;
switch(Xp++)
{ - -
case 'a’:

SECkp++ == X))
movafn();
break;

case ‘¢’
if(kp++ =="x")
movefn();
break;
case 'd’:
if(kp++ =="x")
movdfn();
else
movdifn();
break;
case 'b’:
if(kp++ =="x")
movbfn();
else
movbpfn();
break;
case ‘s’ :
1f(Xxp++ =="p’)
movspfn();
else
movsifn();
break;
default:
break;
3
3
imme ()
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P = pt+l;
if(isxdigit(*p))
{*p++;
if(isxdigit(kp))
w = 0O;
else w = 1; }
else{

Xp++;
w = 1;}
p = p-1; }

movafn()

{
imme( );
switch(w) ({
case 0 :
op{l] =0x0c <<4;
op{1] =op[1] {0x07;
opf{2] =0x00;

op[3] =%p;

Xp++;

op[4] = Xp;Xp++;
opl{3d] = Xp;Xp++;
op[8] = xp;
break;

case 1:

op[l] =0x08 << 4;
op[1l] =op[1] |0Ox0b;
switch(kp++)
{
case ‘¢’:
if(kp++ == "x7)
{
op[2] =0xcl;
}
break;
case’'d’:
if(*xp++ == "x7)
{
op[2] = Oxe2;

}

else {
opf{2] =0xc7;
}

break;
case ‘b’
if(kp++ == "x7)
{
op(2] =0xc3;
K

else

{
opf2] =0xc5;



}
break;
case 's’:
if(kp++ == 'p’)

op[2] =0xc4;
}

else

op[2] =0xc6;
3
bresak;
default: printf(“"error in mnemoniec\n”
break;
3
}
}
movefn()
{
imme();
switch(w) ({
case 0 :
op[1] =0x0c <<4;
op{1] =opl[1l] 10x07;
op[2] =0x01;
op{3] =*p;

Xp++;

op[4] = Xp;¥Xp++;
op[5] = Xp;Xp++;
op[B6] = *p;
bresak;

case 1:

op[1] =0x08 << 4;
op{1] =op[1] |0x0b;
switch(kp++)

{
case ‘a’
if(kp++ == "x7)
{
op[2] =0xc8;
}
break;
case 'd’:
if(kp++ == "'x7)
op[2] = Oxca;
}
else
{
op[2] =0xcf;
}
break;
case ‘b’

if(kp++ == "x7)



{
op[2] =0xcb;
3

else

op[2] =0xcd;
}
break;
case 's':
if(kp++ == "p’)

opl[2] =0xcc;
3

else

op[2] =0xce;
}
break;
default: printf("error in mnemonic\n”
break;
}
}
}
movdfn()
{
imme();
switeh(w) {
case 0 :
op[1] =0x0c <<4;
op[1] =op[1] 10x07;
op[2] =0x02;

op[3] =*p;

Xp++;

op{4] = *p;Xp++;
op[5] = Xp;*p++;
op[B] = *p;
break;

case 1

op[1] =0x08 << 4;
op{1] =op[1] |0x0b;
switch(*Xp++)

{

case ‘a’
if(xp++ == "x7)
{
op[2] =0xd0;
K
break;

case ¢ :

if(*xp++ == "x7)

op[2] = DOxd1l;
}

break;



Ll

case ‘b’
if (kp++ == XD
{
op[2] =0xd3;
}
else
{
opf2]1 =0xd5;
1
break:
case ‘s :
if(¥Xp++ == )
{
opl2] =0xd4;
N
else
{
opl2] =0xd6;
N
break;
case 'd’
if(kp++ == "1i7)
;
opf21 = 0xd7;
N
break:
default: printf(“"error in mnemonic\n"
break:
3
}
3
movbfn()
{
imme();
switch(w) {
case O

opfl1ll =0x0c <<4:
op[1] =opll1 0x07;
opl2] =0x03:

opl{3]1 =%p:

Xp++ 1

opr(41 = XpiXp++:
opl 51 = ¥Xp:Xkp++:
opfB1 = Xp:
break:

case 1:

opf11 =0x08 << 4:
opl1l1 =opl1l1 {0x0b:
switch(Xp++)

p
case ‘a’
if(kp++ == "x7)
{

opl21 =0xd8:
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3
break:
case ¢ :
if(*Xp++ == "x7)
{
opl21 = 0Oxd9:

N
break:
case ‘b’:
if(¥p++ == ‘p’)
[
opl21 =0xdd;
3
break:
case ‘s’ :
if(kp++ == "p’)
(
opl21 =0xdc;
N
else

opl21 =0xde:
3
break;
case 'd’
if(*¥p++ == "x7)
{
op{2] = Oxda;
i
else
{
opl[2] =0xdf;
}
break;
default: printf(“"error in mnemonic\n");
break;
}
}
}
movspfn()
{
imme();
switch(w) {
case 0 :
opfl1l] =0x0c <<4;
op[1] =op[l1l] :0x07;
op[2] =0x04;
op[3] =%p;

Xp++;

op[4] = *p;Xp++;
op[5] = *p;X¥Xp++;
op(B] = *p;

break;



g

A~

case 1 :

op[1] =0x08 << 4;
op[1] =opl[l1l] !0x0b;

switch(*p++)

{
case ‘a’:
if(xp++ == "x7)
{
op[2]1 =0xe0;
}
break;
case ¢’ :
1if(kp++ == X))
op[2] = Oxel;
}
break;
case ‘b’
1 (kp++ == X))
{
op[2] =0xe3;
)
else
{
op[2] =0xebd;
)
break:
case 's’:
if(xp++ == "17)
{
opl21 =0xeb;
N
break:
case 'd’
if(xp++ == "x7)
(
opl21 = OxeZ;
)
else
{
op[2] =0xe7;
N
break:
default: printf( error in mnemonic\n'
break;
Y
3
!
movbpfn()
{
imme( );
switch(w) {
case O

op[1l] =0x0c <<4;

")
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op[1] =-op(1] {0x07;
opl{2] =0x05;

op[3] =*p;

Xp++;

op[4] = Xp;*p++;
opl8] = Xp;Xp++;
op{B] = *p;
bresak;

case 1

op{1] =0x08 << 4;
op{1] =op[1l] |0x0b;
switch(¥p++)

{
case ‘a’
if(kp++ == "x7)
{
opl2] =0xe8;
3
break;
case ' ¢’ :
if(kp++ == "x7)
opf2] = 0Oxe9;
K
break;
case 'b’:
if(kp++ == "x7)
{
opl[2] =0xeb;
}
break;
case ‘s’ :
if(kpt+ == p’)
op{2] =0xec;
}
else
{
opf{2] =0xee;
}
break;
case 'd’:
if(kp++ == "x7)
{
op[2] = Oxes;
}
else
{
op{2] =0xef;
3
break;
default:printf( " error
break;

b

in mnemonic\n");
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(L

}
}

movsifn()

{
imme();
switch(w) {
case O
op{1l] =0x0c <«<4;
op{1] =op[1l] |0x07;
op[2] =0x06;

opl[3] =%p;

Xp++;

op[4] = Xp;*p++;
op[5] = Xp;Xp++;
op[6] = *p;
break;

case 1:

op[l] =0x08 << 4;
op[1l] =op[1l] 10x0b;
switch(kxp++)
{
case ‘a’
if(kp++ == "x7)
{
op[2] =0xf0;
K
bresk;
case ¢ :
1f(kp++ == "x7)
{
op{2] = Oxfl;

}
bresak;
case ‘b’
1if(*p++ == "x7)
{
op[2] =0xf3;
}

else

{
opf[2] =0xf5;
}
break;
case 's’:
if(kp++ == "p")
{
opf{2] =0xf4;
} :
break;
case 'd’:
if(kp++ == "x7)
{
opl[2] = 0xf2;



D
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3

else
{

opl[2] =0xf7;
}
break;
default: printf(“error in mnemonic\n”
break;
3
}
}
movdifn()
{
imme();
switch(w) ({
case 0 :
op[1] =0x0c <<4;
op[1] =op[l] i0x07;
opl[2] =0x07;

op[3] =*p;

Xp++;

op[4] = Xp;*p++;
op[S5] = Xp;*p++;
op(6] = *p;
break;

case 1:

op{1] =0x08 << 4;
op[1] =op[1l] !0x0b;
switch(kp++)
{
case ‘8’
if(Xp++ == ‘x7)
{
op[2] =0xf8;
}
break;
case ¢ :
if(kp++ == "x7)
{
opf21 = 0xf9:

3
break:
case ‘b’
if(kp++ == "x7)
[
opl21 =0xfa:
N
else
[
opl21 =0xfd:
N
break:
case 's':



~3

o

if(¥p++ == "p’)
[
opl21 =0xfc:
N
else
{
op[2] =0xfe:
}
break;
case 'd’
if(kp++ == “x
{
opl21 = Oxfa:
N
break:
default:
break;
Y
3
3
addfn()
{
p+:4;
switch(Xp++)
{
case ‘a’:
if(kp++ == "x7)
addafn();
break;
case ‘¢’
1if(kp++ =="x")
addefn();
break;
case 'd’:
if(¥p++ =="x")
adddfn();
else
adddifn():
break:
case 'b’:
if(kp++ =="x")
addbfn();
else
addbpfn():
break:
case ‘'s’:
if(kp++ =="p )
addspfn():
else
addsifn():
break:
default:

break;

D

printf("error in mnemonic\n"
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A8}

}
addafn()

{
imme( );
switech(w) {
case 0 :
opf1] =0x08 <<4;
op{1] =op[1l1 !0x03;

op[2]1 =0x00:
op[3] =%p;

Xp++

op{4] = *p;Xp++;
opl51 = XpiXp++:
opl[B61 = %p:
break:

case 1:

opl11 =0x00 << 4:
opll1l =opl1ll1 !|0x03:
switch(¥p++)

P
case ‘¢’
if(kp++ == "x7)
P
opl2] =0xcl:
3
break:
case’'d’:
if(Xp++ == "x')
{
opl21 = Oxe2Z:
N
else {
ool 21 =0xe7:
3
break:
case 'h’':
if(Xp++ == "x')
P
opl21 =0xe3:
3
else
[
ool 271 =0xebh:
3
break:
case ‘s :
if(kp++ == "p’)
[
opf21 =0xc4:
N

else
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‘
opf21 =0xcb:
k;
bresk:
default: printf(“"error in mnemonic\n");
break;
}
}
}
addefn()
{
imme();
switch(w) |
case 0 :
op{1] =0x08 <<4;
opf1] =op[1] [0x03;
opf2] =0x01;

opl[3] =*p;

Xp++;

opl[4] = *p;Xp++;
op[d] = *p;*p++;
op{B] = *p;
break;

case 1:

opfl]l =0x00 << 4;
op[1l] =-opil1 |0x03;
switch(*p++)
{
case ‘a’
if(kp++ == "x7)
{
opl21 =0xc8:
1
break:
case’ 'd’:
if(xXp++ == "x")
{
opf21 = Oxca:
Y
else
p
opl21 =0xcf:
3
break:
case b’
1f(kp++ == "x")
[
op{21 =0xcb;
N
else
p
op{21 =0xcd;
N
break;



case ‘s’

{
opf[2] =0xcc;
}

else

{

if(*p++ == 'p’)

op{2] =0xce;
}
break;
default: printf(“"error in mnemonic\n”);
break;
3
1
3
adddfn()
{
imme( ):
switch(w) {
case 0 :
opll1l =0x08 <<4;
op{1l1 =opfl1 10x03:
opl21 =0x02:
opl 31 =%p:

Xp++

oprl41 = Xpikp++:
opl 51 = Xp:Xp++:
oriB1 = %*p:
break:

case 1:

opl11 =0x00 << 4:
oofl11 =zopl11 ! 0xN3:
switeh(Xp++)
r
case “a’:
if(Xp++ == "%’
{
opf21 =0xd0:
3
hresk:
case ' ¢’ :
if(kp++ == "x )
{
opl21 = Oxdl:
3
hreak:
case “'h’:
if(Xp++ == "x")
P
ool 21 =0xd3:
3
else
[
ol 21 =0xdhH:



3
break:
case ‘'s7:
if(kp++ == ")
[
opl21 =0xda:
3
else
(
opl21 =0xdB:
N
bresak:
case ‘'d’:
if(kp++ == i)
(
oplf21 = 0xd7:
N
break:
default: printf("error in mnemonic\n");

break:
N
3
3
addbfn()
p
imme( ):
switeh(w) {
case 0O
ol 11 =0x08 <<4:
opf{l1ll =opll11 '0x03:
opl21 =0x03:

opl31 =%p:

Xp++:

opl41 = Xp:Xp++;
opl 81 = Xp:Xp++:
oplB1 = *p;
break:

case 1:

ool11 =0x00 <<¢ 4:
onf11lT =onl11 'NxNn3:

switeh(Xop++)

p
case a8’
1f(Xkp++ == “x 7))
{
ol 21 =0Oxd8:
3
break:
cRse ‘o
if(¥Xp++ == “x ')
{

oofZ21 = Oxd9:
3



I

break;
case 'b’:
1f(kp++ == 'p’)
{
op[2] =0xdd;
3
break;
case ‘s :
if(Ckp++ == "p’)
{
op[2] =0xdc;
}
else
{
op[2] =0xde;
break;
case 'd’:
if(kp++ == "x )
[
ol 2?21 = Nxda:
3
elae
‘
Al 2T =Nvde-
3
hresk-
defanlt: printf( errar in mnemonic\n" );
break;
3
Y
N
addspfn()
{
imme();
switch(w) ({
case 0

op[1] =0x08 <«<4;
op[1] =op([1] !0x03;
opl[2] =0x04;

op[3] =*p;

Xp++;

op[4] = Xp;%p++;
op[S] = Xp;*p++;
op[B] = xp;
break;

case 1:

opf{1l] =0x00 << 4;
op[1l] =op[1l] }0x03;
switchCkp++)
{
case ‘g :
1f(Xp++ == "x’)
{

w



zo

op

3

br
case ' ¢’

[2] =0xe0;

eak;

if(kp++ == "x')

case ‘'b’:

case ‘s’

{

case 'd’

{
op[2] = Oxel;

}

break;

1f(kp++ == "x7)
{

op{2] =0xe3;

}

else

{
op[2] =0xeb5;
}

bresk;
if(kp++ == "1i7)

op[2] =0xeb6;
}

break;

1f(kp++ == "x7)
{

opf{2] = 0Oxe2;
}
else

{
opf{2] =0xe7;
3

break;

default: printf("error in mnemonic\n"”

break;

1

}

3
addbpfn(
{

imme( )
switch
case 0
op(1]
opf1]
op[2]
op[3]
Xp++ ;
op[4]
opl35]
op[6]
break;

)

>

(%) |

=0x08 <«<4;
=op[1l] 0x03;
=0x05;

=Xp;

Xp ; Xp++;
Xp; Xp++;
Xp;

)
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case 1:
op[1] =0x00 << 4;
op[1] =op[1l] {0x03;
switeh(Xp++)
{
case ‘a’:
if(¥p++ == "x7)

op[2] =0xe8;
}
break;
case ¢’ :
iP(kp++ == "'x7)
{
op[2] = Oxe98;
}
break;
case 'b’:
if (kp++ == "x7)

op[2] =0xeb;
3
break;
case 's’:
if(kp++ == ‘p’)
{
op[2] =0xec;
}

else

opf{2] =0Oxee;
3
break;
case ‘d’:

if(kp++ == "x7)

{
op[2] = Oxesn;
}

else
{

op[2] =0xef;
}

break;

default:printf("error in mnemonic\n”

break;
3
3
3
addsifn()
{
imme();
switch(w) {
case 0 :
op[1l] =0x08 <<4;
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op[1] =op[1l] [0x03;
op{2] =0x06;
op{3] =*p;

Xp++;

opl[4] = *p;¥p++;
op[5] = Xp;*kp++;
op[6] = *p;
break;

case 1:

op[1] =0x00 << 4;
op[1] =op[1] {0x03;
switch(Xp++)
{
case ‘&’
if(Xxp++ == "x7)
{
opl2] =0xf0;
}
break;
case ¢’
if(¥p++ == "x7)
{
op[2] = Oxf1i;
}
break;
case ‘b7
if(kp++ == "x7)
{
opl[2] =0xf3;
}

else

{
op{2] =0xf5;
}
break;
case 's’:
if(Xxp++ == ‘p’)

op[2] =0xf4;

}

break;

case ‘d°
if(kp++ == "'x°)
{

op[2] = OxfZ;
}

else
{

opl{23] =0xf7;

}
break;
default: printf{ error in mnemonlic\n' );
break;

}



K
1
adddifn()
{
imme();
switch(w) {
case 0 :
op[1l] =0x08 <<4;
op[1] =op[1l] 10x03;
op[2] =0x07;
op[3] =*p;
Xp++;
opl[4]
op(35]
op[6]
break;
case 1:
opfl1l] =0x00 << 4;
op[1] =op[1] ;0x03;
switch(xp++)
{
case ‘a’
if(kp++ == "x7)
{
opl[2] =0xf8;
}
break;
case ¢ :
if(kp++ == "x7)

{

*p;Xp++;
Xp;kpt++;
*p;

oI

opl2] = 0xf9;
}
break;
case ‘b’
if(kp++ == "x7)

—3»-0op[2] =0xfb;
}
else

{
op[2] =0xfd;
}
break;
case 's’:
if(kp++ == "p’)
{
op[2] =0xfc;
3

else
op{2] =0xfe;

break;
case 'd’



if(kp++ == "x7)
{
op[2] = Oxfs;
}
break;
default: printf('error in mnemonic\n”
break;
}
}
}
subfn()
{
p+=4;
switeh(*p++)
{
case ‘a’ :
1f(kp++ == ‘X))
subafn();
break;
case ‘¢’
if(*Xp++ =="x")
subefn();
break;
case 'd’:
if(kp++ =="x")
subdfn();
else
subdifn();
break;
case ‘b’:
if(kp++ =="x")
subbfn():
else
subbpfn();
break:
case 's’: ‘
if(¥p++ =="p’ )
subspfn():
else
subsifn();
break:
default:
break:
3
Y
subafn()
{
imme();

switch(w) {
case 0
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opll1l1 =0x08 <<4:
opfl1l1 =opl11 10x03:
opl21 =0x28:

opl[3] =%p;

Xp++;

op[4] = *piXp++;
opf{d]l = XpiXp++;
opl[6] = *p;
break:

case 1:

oplfl1ll =0x00 << 4;
opl11 =opll] 10xZb;
switch(¥p++)

‘
case ‘¢’
if(kp++ == "x°)
F
opl21 =0xcl:
N
break:
case’'d’ :
if(kp++ == "x 7))
{
opf21 = 0xec2:
3
else {
opf21 =0xc7:
3
break:
case ‘b’
if(Xxp++ == "x°)
{
opl21 =0xc3:
N
else
{
op[2]1 =0xecd;
3
bresk;
case 's’:
if(kp++ == "p’)
{
op[2] =0xc4;
}
else
{
op[2} =0xcbB;
}
break;
default: printf("error in mnemonic\n"

b
}
}

break;
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subcfn()

{
imme();
switch(w) {
case 0 :
opl1l] =0x08 <<4;
op[1] =op{1] |0x03;
op[2] =0x29;

op[3] =*p;

Xp++;

op[4] = *p;*p++;
opl{d] = *p;*p++;
opl6] = *p;
bresak;

case 1:

op[l1l]l =0x00 << 4;
opfll =opf1l1 !0x2b;
switch(*p++)

[
case ‘&’
if(kp++ == "x7)
{
opl[21 =0xc8;
}
break;
case 'd’:
if(xp++ == "x7)
{
opf{2] = Oxca;
3
else
{
op[2] =0xcf;
}
break;
case ‘b’:
if(kp++ == "x7)
{
opf21 =0xcb;
3
else
p
opf21 =0xcd;
1
break;
case ‘s’
if(*p++ == "p’)
‘
opf21 =0xcB;
}
else

{
op[2] =0xce;
3



break:

default: printf(“error 1in mnemonic\n"”

break;

3

}

}

subdfn()
{
imme();
switch(w) {
case 0 :
op[1] =0x08 <<4;
op[1] =op[1] 10x03;
op[2]1 =0x0a;
op({3] =*p;
Xp++;
op[4] = ;
op[5] = Xp;Xp++;
op[B] =
break;
case 1:
op[1] =0x00 << 4;
op[1] =opll1l] i0x2b;

switch(¥p++)
{
case ‘&’

if (kp++ == "xX7)

op[2] =0xd0;
}
break;
case ¢’ :
if(kp++ == X))

op[2] = Oxdi;
}
bresk;
case ‘b’
if(kp++ == 'x7)

{
op{2] =0xd3;
}

else

op[2] =0xd5;
}
break;

case ‘s’ :

if(kp++ == ‘P’ )

op[2] =0xd4;
}

else

{
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op[2] =0xd6;

3
break;
case 'd’
if(kp++ == "17)
{
opf2] = 0Oxd7;
}
break;
default: printf(’error in mnemonic\n’);
bresak;
}
}
}
subbfn()
{
imme();
switch(w) ({
case O

opl[l] =6x08 <<4;
opf1] =op[1l] 10x03;
op[2] =0x0b;

opl{3] =*p;

Xp++;

op{4] = *p;Xp++;
op[S5] = *p;Xp++;
op[B] = *p;
break;

case 1:

op[1l] =0x00 << 4;
op[1] =opf[l1l] (0x2Z2b;
switch(*xp++)

{
case ‘a8’
if(kp++ == "x7)
{
opf{2] =0xd8;
:
bresak;
case ¢’ :
if(kp++ == "x7)
{
op[2]) = 0xdg;
}
break;
case ‘b’
1Ef(kp++ == "p’ )
{
op[2] =0xdd;
3
break;
case ‘s :
1f(Xp++ == "'p’)

{



-
!
Y

{
1

case ‘d’

opl[2]

3

else

op[2]

break;

if(Xp++ == “x

{
opl2]
N
else
(
opf2]
N

break:

default:

break;

}
}

3
subspfn(

)

imme();
switch(w) {

case 0
op[1]
op[1]
opl[2]
op[3]
Xp++;
op(4]
opl[9a]
op[6]
break;
case 1

=0xdc;

=0xde;

= 0Oxda:

=0xdf:

=0x08 <<«4;
=opfl1l] 10

op{1l} =0x00

op{1] =op[1l
switch(*p++)

{ -’ -
case ‘a
if (xp++ ==
{
op[2] =0xe0
}
break;
case ¢ :
if(xp++ ==
{
opl2]
3
break;

case ‘b’

x03;

<< 4;
] 10x2b

X))

3

%)

= Oxel;

)

printf(“"error in

2

mnemonic\n"
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case ‘s’

if(kp++ == "x7)
{
op[2] =0xe3;
}
else
{
opl2] =0xeb;
1
break;

if(*p++ == "i")
{

op[2] =0xeb;

1

break;

case 'd’

if(kp++ == X))
‘
opl2) = Oxe2;
}
else
(
opl21 =0xe7:
N
break:
defsult: printf( error in mnemonic\n");
break;
}
}
}

subbpfn()

{

imme();

switch(w) {

case 0 :

op[1] =0x08 <<4:
op[1] =op[11 10x03;

op{21 =0x2d;
op[3] =*p;

Xp++;

opl{4] = Xp;X¥Xp++;
op{5]1 = Xp;Xp++;
op[6] = *p;
break;

case 1:

op[1l] =0x00 << 4;
opli1ll =opll1l !|0x2b;
switeh(Xp++)

{

case ‘a’
if(xkp++ == "x")
(

opl[2]1 =0xeB8:
}
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break;
case ¢ : :
if(kp++ == "x7)

op[2] = Oxe8;
3
break;
case ‘b’
if(kp++ == "x7)

opf2] =0xeb;
}
break;
case ‘s’ ‘
if (kp++ == "p’")
(
opf2]1 =0xec:
N
else
[
opl21 =0xee:
3
break:
case 'd’
if(Xp++ == "x7)
(
opl21 = Oxea:
)
else
(
opfl21 =0xef:
N
break:
defsult:printf(“error in mnemonic\n"
break:
N
3
3
subsifn()
{
imme( );
switch(w) {
case 0 :
opll] =0x08 <<4:
opl11 =z=opl11 !0x03:
opl21 =0x0e:
opl31 =Xp:

Xp++

opld41 = ¥piXp++:
opl 51 = Xp:ikp++:
oplB1 = *p:
break:

case 1:

opll]l =0x00 << 4:



opl11 =opl11 10x2b:
switch(Xp++)
{
case ‘a’:
if(kp++ == "xD
{
opl21 =0xf0:
N
break:
case ¢’ :
if(kp++ == XD
{
opf21 = Oxf1:
N
break:
case ‘b’
if(Xp++ == x D
P
opl21 =0xf3:
N
else
{
opl21 =0xfhH:
N
break:
case 's’:
if(kp++ == ‘p’)
[
opl21 =0xf4:
N
break:
case 'd’
if(kp++ == "x7)
‘
opf21 = Oxf2:
N
else
(
opf21 =0xf7:
N

break:

defsult: printf(“error in mnemonic\n’);

break;

3

3

1

subdifn()
{

imme();
switch(w) {
case 0 :
op[1] =0x08 <<4;
op[1] =opl[1] 10x03;
op[2] =0x0f;



op[3] =%p;

*p++;

op[4] = *p;Xp++;
op[5] = Xp;Xp++;
op[{B] = *p;
break;

case 1:

{

op[1] =0x00 << 4;
op[1l] =op{1] {0x2b;
switch(Ckp++)

case

case

case

CASH

P

fa
if(kp++ == "x°)

opl21 =0xf8:

3

break:
case’ ' ¢’ :
if(*kp++ == "x7)

‘b’

{
opl21 = 0Oxf9.:
N

break:

if(kp++ == "x°)
P
opl21 =0xfb:
}
else
p
opl21 =0xfd:
N

break:

R

¢

‘q-

if(Xp++ == "p’)

opl 271 =0xfe:
3

else
onl 271 =0xfe:
hreak:
if(Xp++ == "x7)
P

ool21 = Oxfa:
3

bhresk:
default: printf("error
hresk:

N
3
1

in mnemonic\n"
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cmpfn()
/

printf("inside subfn”):

p+=4:

switeh(¥p++)

{

case ‘a’

case ‘¢’

case ‘d’:

case b’

case ‘&7

i

."

f(kp++ == "x7)
cmpafn():
break:

if(Xp++ =="Xx
cmoefnd):
break:

if(Xp++ =="x")
empdfnd )
else

cmodifndD:
hreak:

f(*ko++ =="x")
cmohfn( )

else

cmpbofn( )
break:

if(*kp++ =="D )
cmpspfn( Y :

defanlt:

3

cmpafn()

‘

Iimme( ) :
switch(w) {

case ()

opl 11
oof11
opl?21
onl 31
Xp++
nold4]
oplH1
opfB1

break:

else
cmosifnd )
hreak:

hreak:

NOxNB <<4:
onl11 !'Ox03:
=0x38:
Xp:
XD Xp++:
Xp:Xp++
Xp .

[T

case 1:

D



A

81

opl1] =0x00 << 4:
opl11 =zopl1l1 |0x3b:
switch(*p++)
{
case ‘C’
if(xp++ == X7

op[21 =0xc0;
3
break:
case 'd’:
if(Xp++ == "x '
{
opf?21 = Oxe?:
3
else {
Aanl 21 =Nwve7:
N
hreak:
case "h’7:
JFCkn4+ == v
r
Aanl?21 zNwve3:
N
elae
f
Anl?21 zNveS-
\
hreak:
case s’
if(kp++ == ‘D )}
‘
ool 21 =0xc4d:
3
else
P
opl21 =0xcbB;
3
break:
default: printf(“error in mnemonic\n” };
break;

}
}
}
cmpefn()

imme( );
switch(w) {
case 0 :
op[1l] =0x08 <<4;
opl[1] =op{1] [0x03;
op[2] =0x39;
op[3] =%p;
Xp++;



op[4] = *p;Xp++;
op[5] = *p;*p++;
op[B1 = *p;
bresak;

case 1:

op[1] =0x00 << 4;
op[1] =op[1] i0x3b;
switch(kXp++)

{
case ‘a’
if(xp++ == "x7)
{
op[2] =0xc8;
}
break;
case 'd’:
if(kp++ == X))
{
op[2] = Oxcsa;
}
else
{
opf2] =0xcf;
}
bresak;
case ‘b’
if(kp++ == "x7)
{
op[2] =0xcb;
}
else
op[2] =0xecd;
}
bresak;
case ‘s :
if(kp++ == ‘p’)
opl{2] =0xcc;
1
else
{
opf{2] =0xce;
3
break;
default: printf("error in mnemonic\n" );
break;
}
}
}
cmpdfn()
{
imme( );

switch(w) {
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-

case 0 :

op[1] =0x08 <<4;
op[1] =op[l] |0x03;
op[2} =0x3sa;

op[31 =*p;

Xp++;

op(4] = *p;Xp++;
op[5] = Xp;¥p++;
op[6] = *p;
break;

case 1:

op[1] =0x00 << 4;
op(1l] =op[1] [0x3b;
switch(*p++)
{
case ‘a’
if(kp++ == "x7)
{
op[2] =0xd0;
}
break;
case’ ¢ :
if(kp++ == "x7)
{
opf2] = 0xdil;
}
break;
case 'b’:
if(kp++ == "x7)
{
op[21 =0xd3;
}
else
{
op[2] =0xd5;
}
bresak;
case ‘s’ :
if(kp++ == "p’)
{
op{2] =0xd4;
3

else

opl[2] =0xd6;
3
break;
case 'd’:
if(kp++ == "1i7)
{
op[2] = 0xd7;
}
break;
default: printf(“error in mnemonic\n”



break;
3
3
3

cmpbfn ()
{
imme( );
switch(w) {
case 0O :
op[1] =0x08 <<4;
op[1] =opl1] 10x03;
op{2] =0x3b;

op[3] =*p;

Xp++;

op[4] = *p;X¥p++;
op[5] = Xp;*p++;
op{B1 = *p;
break;

case 1:

op[1] =0x00 << 4;
op[1] =opfl1] 10x3b;
switch(kXp++)

{
case & :
if(kp++ == "x7)
op[21 =0xd8;
}
break;
case ¢’ :
if(kp++ == X))
op[2] = 0xd8;
}
bresk;
case ‘b’
if(Ckp++ == ‘p )
{
op[2] =0xdd;
:
bresak;
case 's’:
if(kp++ == ‘'p’)
op[2] =0xdc;
}
else
{
opl[2] =0xde;
}
break;
case 'd’

if(kp++ == XD
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{ 4
op{2] = Oxds;
3
else
{
op[2] =0xdf;
}
break;
default: printf("error in mnemonic\n"
break;
}
}
}
cmpspfn()
{
imme();
switch(w) {
case O
opfl1l] =0x08 <<4;
opl[1] =op[1l] |0x03;
opl[2] =0x3c;
op[3] =Xp;
Xp++;
opl4]
op[5]
opl[6]
break;
case 1:
op[1l] =0x00 << 4;
op[1] =op[1] 10x3b;
switch(*p++)
{
case ‘a’:
if(*p++ == "'x7)

Xp; Xp++;
Xp ; ¥Xp++;
x*p;

o

opl2] =0xe0;
}
bresak;
case ¢ :
if(Xp++ == "x7)

op[2] = Oxel;
}
break;
case ‘b’
if(kp++ == "x°)

op[2] =0xe3;
}

else

{
op[2] =0xeb;
}

break;



/

case 's’:
if(kp++ == "17)

op[2] =0xebB;
3
break;
case ‘d’
1f(kp++ == "x7)
{
opl[2] = 0xe2;
}
else
{
op[2] =0xe7;
3
break;
defsult: printf("error in mnemonic\n" );
bresk;
}
}
}
cmpbpfn()

{
imme();
switch(w) ({
case 0 :
op[1] =0x08 <«<4;
op[1] =op[1] }0x03;
opf2] =0x3d;

op[3] =%p;

Xp++;

opl4] = Xp;¥p++;
op( 8] = Xp;¥p++;
op[B] = *p;
break;

case 1:

op[1] =0x00 << 4;
op{1} =op[1] {0x3b;
switch(kp++)

{
case ‘a’
1f(kp++ == "x7)
{
op[2] =0xe8;
}
break;
case ‘¢’ :
if(Xp++ == "x7)
{
opf[2] = 0Oxe9;
}
break;
case ‘b’

1f(kp++ == "x7)



op[2] =0xeb;
}
break;
case ‘s’ :
if(xp++ == ‘p’)
op[2] =0Oxec;
}

else

op[2] =0xee;

3
break;
case 'd’:
if(kp++ == "X
(
op{2]1 = 0Oxes;
}
else
‘
opl21 =0xef:
N
break:
defsult:printf( error in mnemonic\n"
break:
3
3
3
cmpsifn()
{
imme():
switch(w) {
case O

op[1l1 =0x08 <<4:
op[1] =opl[1] i0x03;
opfl21 =0x3e;

opl[3] =%p;

Xp++

opl41 = *p;¥p++;
opl 51 = XpiXp++:
op[B]1 = *p:
break:

case 1:

opll1] =0x00 << 4
opl1]1 =opfl1ll !0x3b:
switch(Xp++)

p
case ‘a’
if(Xp++ == "x7)
{
opl21 =0xf0:
3

break:
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case ¢ :
if (kp++ == "x7)
{
opf2] = 0xf1;
}
break;
case ‘b’
if(Xp++ == "x7)
{
op[2] =0xf3;
K
else
{
op[2] =0xf5;
3
break;
case ‘s :
if(kp++ == ‘p’)
{
opl[2] =0xf4;
1
break;
case 'd’
if (kp++ == "x7)
{
op[2] = Oxfz;
3
else
{
op[2] =0xf7;
}
break;
default: printf("error in mnemonic\n"”
break;
;
}
}
cmpdifn()
{
imme();
switch(w) {
case 0

opf{1] =0x08 <<4;
op(1] =op[1] 10x03;
opf2] =0x3f;

op[3] =*p;

Xp++;

op[4] = *pi;*p++;
opl[5] = *p;¥Xp++;
op[B] = Xp;
break;

case 1:

op[1] =0x00 << 4;
opl1] =zopll]l |0x3b;
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switch(*p++)
{
case '8’
1f(kp++ == ‘x7)
{
op{2] =0xf8;
}
break;
case ¢’ :
if(kp++ == ‘X7 )
{
op[2] = Oxf98;
}
break;
case 'b’:
if(kp++ == "x7)
{
op[2] =0xfb;
}
else
{
op[2] =0xfd;
1
break;
case ‘s’ :
if(kp++ == "p’)
{
opl21 =0xfc;
}
else
‘
opl21 =0xfe;
3
bresak:
case 'd’

if(kp++ == "x7)
{
opl[2] = Oxfe;
}
break;
default: printf("error in mnemonic\n"
break;
3
}
}

testfn()

{
pP+=9;
switch(Xp++)
{

case 8 :
if(kp++ == "x7)



a6

printf(“"calling test

testafn(};
break;
case ‘¢’
if (xp++ =="x")
testecfn();
break;
case 'd’:
if(kp++ =="x")
testdfn();

else
testdifn();
break;
case 'b’:
if (kp++ =="x")
testbfn();
else
testbpfn();
break;

case 's':
if(kp++ =="p )
testspfn();
else
testsifn();
break;
default:
break;

3
3

testafn()
{
imme();
switch(w) {
case 0 :
op[1] =0x0f <<4;
op[1] =op[l] [0x07;
op[2] =0x00;
opl[3] =%p;

Xp++;

op[4] = *p;¥p++;
op[5] = ¥p;*¥p++;
op[B] = *p;
break;

case 1:

op[1] =0x00 << 4;
op[1] =op[1] 10x85;
switch(Xp++)
{
case ‘¢ :
if(Xxp++ == XD

"Y;getch();
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{
op[2] =0xc0;
3
break;
case’'d’:
if(kp++ == "x°)
{
opf{2] = 0OxeZ;
} :
else {
opf{2] =0xc7?;
}
break;
case ‘b’:
if(kp++ == "x7)
{
op{2] =0xe¢3;
}
else
{
op[2] =0xcbH;
}
break;
case 's’:
if(kp++ == "p7)
{
op[2] =0xc4;
}
else
{
op[2] =0xc8B;
}
break;
default: printf(“"error in mnemonic\n");
break;
}
}
}
testefn()
{
imme( );
switech(w) {
case O

op{1l] =0x0f <<4;
op[1l] =op[1] |0x07;
op[2] =0x01;

opl{3] =%p;

*p++;

opl4] = *p;¥p++;
op[S5] = Xp;*p++;
opl6] = *p;
break;

case 1:

op[1] =0x00 << 4;



imme();
switch(w) [
case 0 :
op[1] =0x0f <<4;
op[1] =op[l1l] 10x07;
op[2] =0x03;
op[3] =*p;

Xp++;

op[4] = Xp;*p++;
opfi5] = Xp:%kp++:
opl[B6] = *p;
break;

case 1:

opf11 =0x00 << 4;
opl11 =opl11 10x85:
switch(Xp++)
p
case ‘8’
if(*xp++ == "x°D
[
opl 21 =0xd8:
3
break:
case ¢’ :
if(kp++ == "x )
{
oplf21 = 0Oxd9:
N
break:
case ‘b’
if(Xp++ == "‘p )
[
opl21 =0xdd;
N
break:
case s’
if(Xp++ == "p’)
‘
opf{21 =0xdc:
3
else
p
opl 21 =0xde:
3
break:

opl21 = Oxda:
N
else

opl21 =0xdf:
N



break:

default: printf("error in mnemonic\n" );
break;

3

3

}
testspfn()
{

imme();
switch(w) ¢
case 0 :
opl[1] =0x0f <<4;
op[1]) =op[1] |0x07;
op[2] =0x04;

op[3] =x%p;

*p++;

opl[4] = Xp;Xp++;
op[5] = Xp;Xp++;
op[6] = *p;
break;

case 1:

op[1l] =0x00 << 4;
opl1l] =opll}l !0x85;
switch(kxp++)
{
case ‘a8’
if(kp++ == "x7)
{
op[2] =0xel;
}
break;
case ¢’ :
if(*xp++ == "x°)
{
op[2] = Oxel;
}

break;

op[2] =0xe3;
}
else
{
op[2] =0xe5;
1
break:
case 's’:
1f(Xp++ == "1
[
opf21 =0xeb;
)
break:
case 'd’:



opl21 =0xec:
3
else
[
opf21 =0Oxee:
3
break:
case 'd’
‘ if(*p++ == "X’
‘
opl21 = Oxea:
N
else
‘
opf21 =0xef:
3
break:
default:printf(“error in mnemonic\n”
break:
3
N
3
testsifn()
{
imme( ):
switch(w) {
case 0 :
opfll =0x0f <<4:
opl11 =opf11 10x07:
opf21 =0x06:
opl 31 =%p;:

Xp++

opl41 = XpiXp++:
oplH1 = ¥Xp:iXp++:
op{B] = *p;
break;

case 1:

op{1] =0x00 << 4;
opl1l =opf11 10x85:
switch(X¥p++)

!
case ‘a’:
if(kp++ == "x'
P
opiz21 =0xf0:
3
break:
case ¢ :
If(kp++ == Tx )
{
Al 2?21 = Oxf1-
N
hrealk -

case h’



case ‘s’

1f(kp++ == "x7)
[
opl2] =0xf3;
}
else
{
op[2] =0xf5;
}

break;

if(*p++ == ‘p’)
{

opl[2] =0xf4;

}

break;

case ‘'d-’

if(kp++ == “x )
{

op{2] = Oxfz;

1

else
{

opl[2] =0xf7;
}
break;
default: printf(“error in mnemonic\n" );
bresk;
}
3
}

testdifn()

{

imme( );

switch(w) ({

case 0 :

op{1l] =0x0f <<4;
op[1] =op[1] }0x07;
opf{2] =0x07;

op[3] =xp;

Xp++;

op{4] = *p;Xp++;
op[91l = Xp;Xp++;
op[B] = *p;
break;

case 1:

opl[1l] =0x00 << 4;
op[1] =op[1] |0x85;
switch(*p++)

{

case ‘8’
if(*Xp++ == "x7)
{

op[2] =0xf8;
}
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break;
case ¢ :
if(*p++ == ’x’)
{
opl[2] = Oxf9;
}
bresak;
case ‘b’
if(kp++ == "x7)
{
opf2] =0xfb;
3
else
{
opl[2] =0xfd;
}
break;
case 's’:
if(¥*p++ == 'p’)
{
op{2] =0xfc;
}
else
{
opl[2] =0xfe;
}
break;
case 'd’
if(Ckp++ == ‘X))
{
op{2] = Oxfe;
}
break;
default: printf(“error in mnemonic\n");
break;
3
}
}
mulfn()
{
w = 1;
m{6]=" ";m{7])=" ";m{8]="\n";
p+=4;

op[1] = OxfO ;
op[l] = op[1]:i0x07;
switch(¥Xp++)

{ -’ ’
case ‘s’ :
if(kp++ == ')
op[2] = 0x40;
break;
case ‘¢’

if(Xp++ == "x7)

3
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op{2] = 0x41;
break;
case 'd’
if(kp++ =="x")
opf2] = 0x42;
else
opl[2] = 0x47;
break;
case ‘b’
if (kp++ =="x")
opl[2] = 0x43;
else
op[2] = 0x45;
break;

case 's’:
if (kp++ =='p’)
op{2]1 = 0x44;

else

op[2] = 0Ox46;

break;
default:
break;

3
3

incfn()
{
W = 2;
p+=4;
switch(Xp++)
{
case ‘a’:
if(kp++ == 'x7)
op{l] = 0x40;
break;
case ‘¢’
if(kp++ =="x7)
op[1l] = 0Ox41;
break;
case ‘d’
if(kp++ =="x")
opf{l] = 0Ox42;
else
op[l] = Dx47;
break;

op{l1l] = 0Ox45;
break;
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case ‘s’ :
if(xp++ =="p ")
op{1l] = Ox44;
else
op[1] = 0x46;
break;
default:
break;
}
}
decfn()
{
w = 2;
p+=4;
switch(*p++)
{ - ’
case ‘a’ :
if(kp++ == "x7)
op[1] = 0Ox48;
break;
case ‘¢’
if(kp++ =="x")
op{1] = 0Ox49;
break;
case 'd’:
if(kp++ =="x")
op[1] = Ox4a;
else
op[1] = Ox4f;
break;
case 'b’:
if(Xxp++ =="x")
op[1] = DOx4b;
else
op[1] = Ox4d;
break;
case 's':
if (kp++ =="p )
op[1] = Ox4c;
else
opl[1l] = Ox4e;
break;
default:
break;
}
}
pushfn()
{
w = 23
p+=93;

switch(kp++)
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{ -,
case ‘a’:
if(xp++ == "x°)
op{1] = 0Ox50;
break;
case ‘¢’ :
if(*p++ =="x")
op[1] = 0x51;
break;
case ‘d’: ‘
if(xp++ =="x")
op[1] = 0x52;
else
op[1] = 0Ox57;
break;
case ‘'b’:
if(kp++ =="x")
op[1] = 0x53;
else i
op[1l]) = 0x55;
break;
case ‘s’ :
if(*p++ =="p")
opl[l] = 0Ox54;
else
op[1]} = 0x56;
break;
default:
break;
3
}
popfn()
w = 2;
p+=4;
switch(xp++)
{
case ‘a’:
1f(kp++ == "x°)
opf1l] = 0x58;
break;
case ‘¢’
if(*p++ =="x")
op[1] = 0x59;
break;
case ‘d’
if(Xp++ =="x")
op[l] = Ox5a;
else
op{1l] = Ox5f;
break;

case ‘b’
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if(xp++ =="x")
op[1] = 0Ox5b;
else
op[1] = 0x5d;
break;

case ‘s’

if(xp++ =="p")
op[1] = 0x5c;
else
op[l] = Oxb5e;
break;
default:
break;
}
}
clefn() {
w=2;
m{31=" ";m{4]1=" ";m[51="\n";
opf1]1 =0xf8; 1
stefn() {
w=2:
m[31=" “:mf41=" “":ml31="\n":
opfl1ll =0xf9:
3
waitfn() {
w=2:
mf41=" ":ml51="\n":
opl11 =0xfa: 1
aasfn() {
w=2;
m[3]=" ";m[41=" ";m[5]1="\n";
opl11 =0xfb; 1}
dasfn() {
w=2;
m[31=" ";m[4]=" ";m{51="\n";
opfl11 =0xfc; 1%
aamnfn() {
w=2;
m{3]1=" “;mlf41=" ;ml[51="\n";
opl1l =0xfd: ?
cmefn()
(
Ww=2;
mi{31=" ":;mlf41=" ":m[51="\n";

opl{11=0xff: 1
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hltfn() {
w=2Z;
mn(31=" ";m{4]1=" ";m[51="\n";
op[1] =0x74; }
loefn()
{
switch(w) {
case 0O:
addr=addr+0x04;
break;
case 1:
addr=addr+0x02;
bresk;
default:
addr=addr+0x01;
break;
}
}
xorfn()
{
p+=4;
switch(¥p++)
{
case ‘a’:
if(kp++ == "x7)
xorafn();
break;
case ‘¢’
if(Xp++ =="Xx")
xorcfn();
break;
case ‘d’:
if(kp++ =="x")
xordfn();
else
xordifn();
break;
case 'b’:
if (kp++ =="x")
xorbfn();
else
xorbpfn();
break;
case ‘s’ :
if(xp++ =="p )
xorspfn();
else
xorsifn();
break;
default:
break;

3
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}

xorafn()
{
imme( );
switch(w) {
case 0 :
op[l1l] =0x08«<<4;
op[1] =op[1] [0x01;
opl[2] =0x30;
op[3] =%p;

Xp++;

op[4] = *p;Xp++;
op[d] = Xp;Xp++;
op[B] = *p;
break;

case 1:

opf{l] =0x08 << 4;
op[1l] =op[1] |0x0b;
switch(*p++)

{
case ‘¢’
if(kp++ == "x7)
{
opf[2] =0xcl;
}
bresak;
case 'd’:
if(kp++ == "x7)
{
op{2] = Oxc2Z;
1
else {
opl[2] =0xc7;
}
break;
case 'b’:
if(*p++ == 'x')
{
op{21 =0xc3;
}
else
{
op[2] =0xc5;
}
break;
case ‘s :
if(*p++ == 'p')

op[2] =0xc4;
3

else

{
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opf2] =0xc6;

}
break;
default: printf("error in mnemonic\n");
break;
}

}
}
xorcfn()
{
imme( );
switch(w) {
case 0 :
op[1l] =0x08 <<4;
opl{1] =op[1] 0x01;
op[2] =0x31;

opl[3] =*p;

Xp++;

op{4] = *p;X¥Xp++;
opl[9] = *p;Xp++;
op[6] = *p;
bresk;

case 1:

opfl] =0x08 << 4;
op[1] =op[1l] 10x0b;
switch(Xp++)
{
case ‘a’ :
if(Xp++ == "x7)
{
op[2] =0xc8;
}
break;
case’'d’:
if(kp++ == "x7)
{
op[2] = Oxca;
3
else
{
op[2] =0xcf;
}
bresk;
case 'b’:
if(kp++ == "'x7)
{
op{2] =0xcb;
}

else

opf2] =0xcd;
}
break;

case ‘s’
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if(xp++ == "p’)

op[2] =0Oxec;
}

else

op[2] =0xce;
3
break;
defasult: printf(“error in mnemonic\n");
break;
}
}

}
xordfn()

{
imme();
switch(w) {
case 0 :
op[1l] =0x08 <<4;
op[1] =op[1] 10x01;
op[2] =0xbs;
op[3] =%p;

Xp++;

op[4]1 = Xp;*Xp++;
op[5] = Xp;Xp++;
op[6] = Xxp;
break;

case 1

op[1] =0x08 << 4;
op[1] =op[1] {0x0b;
switch(Xp++)
{
case ‘a’
if(xp++ == "x7)
{
op[2} =0xd0;
}
break;
case ¢ :
if(kp++ == "x7)
{
op[2] = Oxdi;
3
break;
case ‘b’
if(kp++ == "x7)
{
op[2] =0xd3;
1

else

opl[2] =0xd5;
}
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break;

case ‘s’ :
if(kp++ == "p’)
{
op{2] =0xd4;
}
else
{
opf{2] =0xd6;
}
break;
case 'd”
if(kp++ == 1)
{
op[2] = 0xd7;
}
break;
default: printf(“"error in mnemonic\n");
break;
}
K
}
xorbfn()
{
imme();
switch(w) ({
case 0
op(1] =0x08 <<«4;
op[1] =op[1] {0x01;
op[2] =0x32;

op[3] =%p;

Xp++;

op[4] = Xp;Xp++;
op[3] = *p;Xp++;
op[6B] = *p;
break;

case 1:

op[l] =0x08 << 4;
op[l] =op{l1] !0x0Db;
switch(*p++)

{
case ‘a’
if(kp++ == "x7)
{
op[2] =0xd8;
}
break;
case ¢’ :
if(*kp++ == "x7)
{

op[2} = 0Oxd9;

3
break;



109

case 'b’:
if(Xp++ == ‘Y
r
opl21 =0xdd:
1
break:
case ‘'s’:
if(kp++ == ‘P

op[2] =0xdc;
}
else
{
opl21 =0xde;
3
break:
case ‘d°
if(kp++ == "x7)
‘
opf21 = Oxda:
N
else
‘
opf21 =0xdf:
)
break:
defsult: printf("error in mnemonic\n");
break;
3
3
3
xorspfn()
{
imme();
switch(w) {
case 0 :
op{1] =0x08 <«4;
op[1] =op(1] :0x01;
op[2] =0x33;
opf{3] =%p;

Xp++;

op{4] = *p;*p++;
op{5] = Xp;Xp++;
op{6] = *p;
break;

case 1

op[i} =0x08 << 4;
opl11 =opfl] (0x0b;
switch(Xp++)

{

case ‘&’
if(kp++ == "x7)
{

opl{2] =0xe0;
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}

break;
case ¢’ :
if(kp++ == XY

{

case ‘b’

case ‘s’

(

opl21 = Oxel;
3

break:

1if(kp++ == "x7)
[
opl21 =0xe3:
N
else
{
opl21 =0xeb:
)
bresk:

1if(kp++ == 17D

opf21 =0xeb:

N

break:

case 'd

if(kp++ == "x7)
¢
npl21 = Oxe2;
N
else
(
opf21 =0xe7:
N

break:

default: printf(“"error in mnemonic\n"

break;

}
;
3

xorbpfn()

{

imme( )

switch(w) |

case 0
opl 1]l
opfl]
opl2]
op{ 31
Xp++;
op[4]
opl[5]
opl6]
bresak;
case 1

1ot

0x08 <<4:
oplll 10x01;:
0x34:

Xp

Xp; Xp++;
Xp ; Xp++;
Xp;
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opll1l =0x08 << 4;

op[1] =op{11 10x0b;
switch(*p++)
{
case ‘a’
if(kp++ == "x7)
{
opl[21 =0xe8;
}
break;
case’ ¢’ :
if(kp++ == "x7)

op[2] = Oxe8;
}
break;
case ‘b’
if(kp++ == "x7)
{
op{21 =0xeb;
}
break:
case 's’:
if(kp++ == "‘p )
{
op[2] =0xec;
}
else

{
}

op[2] =0xee;

break;
case 'd°
if(kp++ == "x7)
{
op[2] = Oxes;
3

else
{

op[2] =0xef;
1
break;
default:printf(“error in mnemonic\n’);
break;
}
}
3
xorsifn()
{
imme( );
switeh(w) {
case 0 :
opl1l] =0x08 <<4;
op{1l =opll1 10x01;
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opf21 =0x36:
opf{31 =Xp:

Xp++ 3

opld41 = *piXp++]
opl 51 = XpiXp++:
oplB1 = *p;
break;:

case 1:

opll1l1 =0x08 << 4;
opl11 =opl11 !0x0b:
switch(Xp++)
{
case '8’
if(kp++ == "x7)
[
ool 21 =0xf0:
3
break:
case ' o
1F(kp++ == "x )
{
opf21 = 0xf1:

3
break:
case ‘b’
if(Xkp++ == "X
[
opl21 =0xf3:
3
else
{
opl21 =0xf5H:
1
hreak:
case ‘'s':
if(*kp++ == ‘b’
‘
opl 21 =0xf4:
3
hreak:
case ‘d’
if(Xp++ == "x'
‘
opl 21 = Oxf2:
3
else

nol 21 =0xf7:
3
hreak:
default: printf("error in mnemonic\n”);
break:
N
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}
}
xordifn()
{
imme( );
switch(w) {
case 0 :
op[l] =0x08 <<4;
op[1] =op[1] 0x01;
opl[2] =0x37; ‘
opf{3] =*%p;

Xp++;

op[4] = *p;Xp++;
op[5] = Xp;i;Xp++;
op[B] = *p;
break:

case 1:

opf11l =0x08 << 4:
orl11 =zopl1] 0x0b:
switch(Xp++)
P
case ‘'8’ :
1if(kp++ == "x )
[
opl 21 =0xf8:
N
hreak:
case o :
if(Xp++ == "x 7
{
opf?21 = Oxf8:

3
hreask:
case 'h’
1fkp++ == "x )
‘
ool 2?21 =0xfa:
3
else
[
ool 21 =0xfd:
3
break:
case ‘87 :
if(Xp++ == ‘p’
‘
opl21 =0xfe:
3

else
npl 21 =0xfe:

bresk:
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case 'd’
if(xp++ == "X
{
op{2] = Oxfa;
}
break;
default: printf(“"error in mnemonic\n");
break;
}
}
}
adcfn()
{
p+=4;
switch(Xp++)
{ - ’
case ‘'8’ :
if(kp++ == "x7)
adcafn();
break;
case ‘¢
if(kp++ =="x")
adecefn();
break;
case 'd’: if(kp++ =="x7)
adedfn();
else
adcdifn();
break;
case ‘b’:
if(kp++ =="x")
adebfn();
else
adcbpfn();
break;
case ‘s :
if(*p++ ::'p')
adespfn();
else
adesifn();
break;
default:
break;
}
}
adcafn()
{
imme( );

switch(w) {
case 0
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op[l] =0x08 <<4;

op[1] =opl[l1l] 10x03;
opl[2] =0x10;
opl3] =%p;

*p++;

op[4] = *p;kp++;
opl[d5] = *p;Xp++;
op[B] = *p;
break;

case 1:

op{1l] =0x01 << 4;
op[1] =op(1l] i0x03;
switch(Xp++)

{
case ‘¢’
if(kp++ == "x7)
{
opl[2] =0xc0;
}
break;
case’'d’ :
if(kp++ == ‘x7)
{
op[2] = Oxc2Z;
}
else {
op{2] =0xe7;
3
break;
case 'b’:
if(kp++ == "x7)
{
op[2] =0xc3;
1
else
{
op[2] =0xe¢d <<4;
}
break;
case ‘s’ :
if(*p++ == 'p’)
op[2] =0xc4;
3
else
{
opf{2] =0xc6;
:
bresak;
default: printf("error in mnemonie\n");

break;

3
b
3
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adcefn()

{
imme();
switeh(w) {
case 0 :
op[1] =0x08 <<4;
op[1] =op{1] 0x03;
op[2] =0x11;
op[3] =xp;

Xp++;

op[4] = Xp;Xp++;
op[5] = Xp;Xp++;
op[B] = *p;
break;

case 1:

opf{l] =0x01 << 4;

op[1] =op[1] :0x03;
switch(xp++)
{ ’ -’
case ‘a’:

if(kp++ == "x7)

{

opf{2] =0xc8;

3

break;

case’ 'd’:
1f(kp++ == XD

opl[2] = Oxcsa;
}
else
{

op[2] =0xcf;

1

break;

case ‘b’

if(kp++ == "x7)

opf2] =0xcb;
}
else
{
op[2] =0xcd;
}
break;
case 's’:
if(*p++ == 'p')
{
op[2] =0xcc;
}

else

op[2] =0xce;
1
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break;
default: printf("error in mnemonic\n");
break;
}
}
3
adedfn()

{
imme( );
switeh(w) {
case 0 :
opl[l1l] =0x08 <<4;
op[1] =op[1] 10x03;
op[2] =0x12;

op[3] =%p;

Xp++;

op[4] = Xp;*p++;
opl[5] = Xp;Xp++;
op[6] = *p;
break;

case 1:

op[1l] =0x01 << 4;
op[1] =op[1] ;0x03;
switch(*p++)

{
case ‘a’
if(kp++ == "x7)
{
opl[2] =0xd0;
3
break;
case ¢’
if(kp++ == "x7)
{
op[2] = Oxdl;
1
break;
case ‘b’
if(kp++ == "XxX7)
op[2] =0xd3;
}
else
op[2] =0xd5;
}
break;
case 's’:
if(Xkp++ == ‘p’)

op{2] =0xd4;
3

else
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{

op[2] =0xd6;
}
break;
case ‘'d’
if(kp++ == "1i7)
{
op[2] = 0xd7;
}
break;
default: printf("error in mnemoniec\n");
break;
1
}
3
adebfn()
{
imme( );
switch(w) {
case 0 :
op{1] =0x08 <<4;
op(1] =op[1] 10x03;
op[2] =0x13;

opl3] =*p;

Xp++;

opl[4] = Xp;¥Xp++;
oplS5] = Xp;Xp++;
op[6] = *p;
break;

case 1:

op{l] =0x01 << 4;
op[1l] =op[1l] 10x03;
switch(Xp++)

{
case ‘8’
if(kp++ == "x7)
{
opf{2] =0xd8;
}
break;
case ¢ :
if(kp++ == x7)
{
opl{2] = 0xdS;
}
break;
case 'b’:
if(xp++ == 'p’)
{
op{2] =0xdd;
}
break;
case s’

1if(kp++ == "p )



{
opl[2] =0Oxdc;
3
else
{
op[2] =0xde;
3
break;
case 'd’
if(kp++ == "x")
{
opl2] = Oxda;
}
else
{
op[2] =0xdf;
3

break;

default: printf(“error in mnemonic\n");

break;
}
}
}
adespfn()
{
imme( );
switch(w) {
case 0O
opfl] =0x08 <«<4;
op[1] =op[1l] 0x03;
op{2] =0x14;
op[3] =*p;
Xp++;
opl4]
op[5]
op[6]
break;
case 1:
opl1] =0x01 << 4;
oplll =opl1l] {0x03;
switch(Xp++)
p
case ‘a’ :
1if(kXp++ == "x7)
{
op[2] =0xe0;
}
break;
case ¢ :
if(kp++ == "x"
[

Xp ; XKp++;
Xp ; Xp++;
*p;

1o

opl21 = 0Oxel;
1

break;

119



120

case ‘b’
1if(Xkp++ == "x )Y
[
opf21 =0xe3:
)
else
{
opl2]1 =0xeb5:
N
break;
case ‘s’
if(xp++ == i)
(
op{2] =0xeB;
}
break;
case ‘d’
if(*p++ == 'x’)
[
op[2] = Oxe?2;
}

else
{

op[2] =0xe7;
}
break;
default: printf(“error in mnemonic\n" );
break;
1
!

}
adcbpfn()
{

imme( );

switch(w) {

case 0

op{1l] =0x08 <<4;
op[1l] =op[1] }0x03;

op[2] =0x15;
op[3] =%p;

Xp++ ;

op[4] = Xp;*p++;
op[5] = Xp;*p++;
op[B] = *p;
break;

case 1:

op[1] =0x01 << 4;
op[1l] =op[1l] !0x03;
switch(*p++)

{

case ‘a’ :
if(xkp++ == "x)
{

op[2] =0xe8;
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3
break:
case ' ¢’ :
if(kp++ == "x7)
{
opl2] = Oxe8;
3
break;
case ‘b’
1f(kp++ == "x7)
{
op{2] =0xeb;
}
break;
case 's’:
if(kp++ == "p’)
{
opl[2] =0xec;
}
else
{
op[2] =0xee;
3
break;
case ‘'d’:
if(kp++ == "x7)
{
op{2] = Oxes;
}
else
{
op[2] =0xef;
}
break;
default:printf("error in mnemonic\n");
break;
}
}
}
adesifn()
{
imme( );
switch(w) {
case O

op[1] =0x08 <<4;
op{l1l] =opf{1} !0x03;
op{2] =0x16;

op{3] =%p;

Xp++ ;

opl4] = Xp;Xp++;
op[S] = *p;Xp++;
op[6] = *p;
break;

case 1:
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op[1] =0x01 << 4;

op[1] =op[1l] |0x03;
switch(Xp++)
{
case ‘a’
if(kp++ == "x7)
{
opf{2] =0xf0;
}
break;
case ‘¢’ :
if(kp++ == "x7)
{
opf2] = 0Oxf1;
}
break;
case ‘b’
if(xp++ == "x7)
{
op[2] =0xf3;
3
else
{
op[2] =0xf5;
}
break;
case 's’:
if(kp++ == "p7)
{
opf2] =0xf4;
}
break;
case 'd’
if(kp++ == "x7)
{
op{2] = 0Oxf2;
}
else
{
op{2] =0xf7;
}

break;
default: printf(“"error in mnemonic\n’);
break;
3
H
}
adedifn()
{
imme();
switch(w) (
case O
op[1l] =0x08 <<4;
op{1] =op[1] |0x03;
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op[3] =x%p;

Xp++;

opf4] = Xp;Xp++;
opr[5] = Xp;Xp++;
op[B] = *p;
break;

case 1:

op[1] =0x01 << 4;
op[1] =opl1] [0x03;
switch(Xp++)
{
case 'a’:
if(kp++ == "x7)
{
op[2] =0xf8;
}
break;
case ¢ :
if(Xkp++ == "x7)
{
opl2] = 0Oxf9;
H
break;
case 'b’:
if(Ckp++ == "x7)
{
opl2]
}
else
{
opl[21 =0xfd;
}

break;

Oxfb;

case 's’:
if(kp++ == "p’)
{
opf{2] =0xfc;
}
else
{
opf[2] =0xfe;
}
break;
case '‘d’:

if(¥p++ == "x7)
{
op[2]1 = Oxfe;
3
break;
default: printf(“"error in mnemonic\n");
break;

}
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}
3
orfn()
{
p+=3;
switch(kp++)
{
case ‘a’:
ifF(kp++ == "x7)
orafn();
break;
case ‘¢’
if(kp++ =="x")
orcfn();
break;
case 'd’
if(Ckp++ =="x ")
ordfn();
else
ordifn();
break;
case ‘b’ :
if(kp++ =="x")
orbfn();
else
orbpfn();
break;
case 's’:
if(kp++ =="p’)
orspfn();
else
orsifn();
break;
default:
break;
}
}
orafn()
{
imme( );
switch(w) ({
case 0

op[{1] =0x08 <«<<4;
op{1] =op[1] [0x01;
opf2] =0x08;

op[3] =%p;

Xp++;

op[4] = Xp;¥p++;
opl[5] = Xp;*p++;
oplB6] = *Xp;

break;
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case 1:

op[1l] =0x00 << 4;
op[1l] =opl1l] [0x0b;
switch(Xp++)
{
case ‘¢’
if(*p++ == "x7)

opl[2] =0xcl;
3
break;
case’'d’:
if(kp++ == "x7)
{
opf21 = Oxc2;
N
else {
opl21 =0xc7:
)
. break:
case ‘b’
if(kp++ == "x7)
{
opl21 =0xc3;
N
else
[
opl21 =0xcb:
N
break:
case 's’:
if(*kp++ == "p’)
;
opl21 =0xc4:
N
else
‘
opf21 =0xc¢6:
3
bresak:
defsault: printf(“"error in mnemonic\n")};
break;

3
}
}
orcfn()
{
imme();
switch(w) ({
case 0 :
op{1] =0x08 <<4;
op[1] =op[1l] 10x01;
op[2] =0x08;
op[3] =*p;
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Xp++;

opl[4] = *p;Xp++;
op[5] = *p;Xp++;
opl[6] = *p;
break;

case 1:

op{l1l] =0x00 << 4;
opll1l] =opll]l |0x0b;
switch(kp++)
{
case ‘8’
if(kXp++ == "x7)
[
opl21 =0xc8:
N
break:
case’'d’:
if(kp++ == "x7)
{
oplZ21 = Oxca:
)
else
[
opl21 =0xcf;
:
break:
case 'b’:
if(kp++ == "x7)
[
opl[21 =0xcb;
}
else
[
opf2]1 =0xcd;
Y
break:
case ‘s’
if(kp++ == ‘p’)
‘
opl21 =0xcc:
N
else
‘
opf 271 =0xce:
3
break:
default: printf("error in mnemonic\n");
break;
}
3
}
ordfn()
{

imme( );
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switch(w) {
case 0 :
opf1l] =0x08 <<4;
opf{1] =opll1] [0x01;
opf2] =0x0s;
op[3] =%p;

Xp++ ;

op[4] = Xp;Xp++;
op[S5] = *p;*Xp++;
op[B] = Xp;
break;

case 1:

opl1l =0x00 << 4;
opl11 =opl11 [0x0b:
switch(*p++)
;
case ‘a8’
if(kxp++ == "x7)
{
opf21 =0xd0;
1
break;
case ¢ :
1f(Xkp++ == "x7)
{
opf21 = 0Oxdl:
)
break;
case ‘b’ :
if(kp++ == "x )
{
op{21 =0xd3;
1
else
‘
opl21 =0xd5:
3
break:
case ‘s’
if(kp++ == ‘p’ )
{
op{21 =0xd4:
)
else
)
opl21 =0xd8B:
:
break:
case 'd’:
if(xp++ == "17)
{
op{2] = 0Oxd7;
}

bresak;



defsult: printf(

break;
3
}
}
orbfn()
{
imme();
switeh(w) {
case 0 :
op{1] =0x08 <<4;

“error in mnemonic\n");

op[1] =op[1] i0x01;

op{2] =0x0b;

op[3] =*p;

Xp++;

op[4] = *p;*p++;
op[51 = *p;Xp++;
oplB1 = *p;
break:

case 1:

opf11 =0x00 << 4.
opl11 zopl11 !0x0b:

switch(Xp++)

{
case a’
if(kp++ == "X
{
opl21 =0xd8:
N
break:
case ¢’ :
if(Xxp++ == X
[
ool21 = 0xd9:
N
break:
case “h’
if(Xp++ ==
‘
opi21 =0xdd:
3
break.:
case 's':
if (Xp++ ==
‘
opl 21 =0xdc:
3
else
(
opl21 =0xde:
3
break:
case 'd’

ifF(Xp++ ==

D

p

‘D

.

]
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ol 21 = Oxdsa:
3
else

ol 21 =0xdf:
3
hreak:
defanlt: printf("error in mnemonic\n");
break:
3
3
3
orspfn()
[
imme( ):
switch(w) {
case 0 :
opl 1l =0x08 <<4:
opfl1ll =zopll1l1 !0x01:
opf21 =0x0c:
opl31 =%p:
Xp++
opf41l
opfHl
op(B1
break:
case 1:
opll1l1l =0x00 <<4
p
oof21 =0Oxel):
N
break:
case ¢’ :
if(kp++ == "x
{

Xp  Xp++
Xp : XKp++
Xp :

i1 N

onl 21 = Nxel:
3
bresk:
case “h’
if(Xp++ == "%
p
ol 21 =0xe3:
3
elce
7
anl?271 =ZNves-
3
hrealk -
caAase ‘s’
if(Xp++ == 3171
¢
ool 21 =0xeB:
3
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break:
case “d’:
iF(Xp++ == "x )
‘
opl?21 = Oxe?;
3
else
[
opl21 =0xe7:
N
break:
default: printf("error in mnemonic\n");
break:
3
3
3
orbpfn()
‘
imme():
switch(w) {
case 0O

opl1]l =0xN8 <<4:
opfll =opl11 '0x01:
opl21 =0x0d:

ol 31 =Xxp:

Xp++:

onl41 = Xp:Xp++:
opfhTl = Xp:Xkp++:
opfB1 = Xp:
hreak:

case 1:

ool 11 =0x00 << 4:

opl11 =opf1l !0x0b:
switch(Xp++)
{
case ‘a’

if(*kp++ == "x7)

[

op[21 =0xe8;

1

break;

case ¢’ :
if(xp++ =

{

1
»
~

opl2] = Oxe9;
3
break;
case 'b’:
if(kp++ == "x7)
{
op[2] =0xeb;
}
break;
case ‘s



1
if (Ckpat == pT) >

{
opl[2] =0xec;
H
else
{
op[2] =0xee;
}
break;
case ‘d’:
if(Ckpt+ == "x 7))
{
op{2] = Oxes;
}
else

{
opl2] =0xef;

break;
default:printf("error in mnemonic\n");
break;
3
1
}
orsifn()
{
imme( );
switch(w) {
case 0 :
opfl] =0x08 <<4;
op[l]} =op[l1l] |0x01;
opl2] =0x0e;
op[3] =%p;
Xp++;
opl4]
op[9]
opl{6]
break;
case 1:
opf{1l] =0x00 << 4;
op[1l] =op[1] i0x0b;
switch(Xp++)
{
case ‘a’
if(*xp++ == "x" )
{
opf[2] =0xf0;
}
break;
case ¢’
if(kp++ == "x°

Xp ; Xp++;
Xp; Xp++;

X*
ko]

o

op(2] = Oxfi1;
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break;
case ‘b’
if(*p++ == "x7)
{
op[2] =0xf3;
}
else
{
opf{2] =0xf5;
}
break;
case 's’:
if(kp++ == "p’)
{
op[2] =0xf4;
}
break;
case 'd’:
if(kp++ == "x7)
{
op[2] = 0Oxf2Z;
3
else
{
op[2] =0xf7;
}
break;
default: printf(“error in mnemonic\n'");
break;
3
}
K
ordifn()
{
imme( );
switch(w) {
case 0

op[1] =0x08 <«4;
op{1] =op[1] 10x01;
op(2] =0x0f;

op[3] =%p;

Xp++;

op{4] = *p;Xp++;
op[S5] = Xp;*p++;
op[6] = Xp;
break;

case 1:

op[1] =0x00 << 4;
op[l1l] =op[1l] :0x0b;
switch(Xp++)
{ s K
case ‘8 :
if(*p++ == "x"

{
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3
break;
case ' ¢’
if(kp++ == X))
{
opl2] = Oxf8;
}
break;
case ‘b’
1f(kp++ == ‘X7
{
opl[2] =0xfb;
}
else
{
op[2] =0xfd;
}
break;
case 's’:
if(*p++ == 'p')

{
op[2] =0xfc;
}

else
op[2] =0xfe;
break;

if(*p++ == ‘x7)
{
op[2] = Oxfs;
}
break;
default: printf("error in mnemonic\n")};
break;
1
}
}
andfn()
{
p+=4;
switch(Xp++)
{ r ’
case ‘a’:
if(kp++ == X))
andafn();
break;
case ‘¢’
1F(kp++ =="x" )
andefn();
break;
case 'd’



ifCkp++ == "x ")
anddfn();
else
snddifn();
break;
case ‘b’
if(kp++ =="x")
andbfn();
else
andbpfn();
break;
case ‘s’:
if(xp++ =="p’ )
andspfn();
else
andsifn(};
break;
default:
break;
}
}
andafn()
{
imme( );
switch(w) {
case O

opl{l1l] =0x08 <«<4;
op[1] =op[1l] i0x01;
op[2] =0x20;

op[3] =%p;

Xp++;

opl[4] = X*p;¥p++;
op{d] = Xp;Xp++;
op[B] = *p;
bresak;

case 1:

op[1l] =0x02 << 4;

op[1l] =op{1] {0x03;

switch(¥kp++)

{
case ‘¢’
if(kp++ == x7)
{
opf2] =0xcl;
}
break:;
case d’:
if(kp++ == "x7)
{

opl{2] = 0Oxc2;
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else {
op[2] =0xec7;
}

break;

case ‘b’

case s’

if(kp++ == "x°)
{

op[2] =0xc3;

}

else

{
op{2] =0xc5;

3

break;
if(kp++ == "'p’)

opl2] =0xc4;
}

else

{
op[2] =0xc8B;
1

break;

default: printf(“"error in mnemonic\n"

break;
3
3
}

andefn()

{

imme( );

switch(w) ({

case 0 :

op[1] =0x08 <<4;
op[1] =op[1] |0x01;
op{2] =0x21;

op[3] =*p;

Xp++;

op[4] = Xp;Xp++;
opl[3] = Xp;Xp++;
op[B8] = *p;
bresk;

case 1:

op[1l] =0x02 << 4;
op{l1l] =opfl1l] !0x03;
switch(Xp++)

{
case ‘a’:
ifCkp++ == "x7)
{
op[2] =0xc8;
K

break;

)
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case 'd’:
1if(kp++ == "x ")
[
opl21 = Oxca:
)
else
[
opl21 =0xcf;
N
break:
case ‘b’
if(kp++ == X))
{
op[2] =0xcb;
}
else
{
opf{2] =0xcd;
}
break;
case ‘s ’:
1f(¥*p++ == "p’)
[
opl21 =0xcB;
N
else
[
opl2] =0xce:
)
bresak:
default: printf("error in mnemonic\n" );
break;
3
3
3
anddfn()
{
imme( );
switch(w) {
case 0 :
op[1l] =0x08 <<4;
op[1] =op[1l] 0x01;
op[2] =0x22;

op[3] =%p;

*p++;
opl4] = Xp;*p++;
opl5] = Xp;*p++;
op{B] = *p;
break;
case 1:

op[1] =0x02 << 4;
op[1l] =op[1] !0x03;
switch(kp++)
{
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case ‘a’
if(kp++ == "x7)
{
opl2] =0xd0;
}
break;
case ¢ :
if(Ckp++ == "x7)
opl2] = Oxdi;
}
break;
case 'b’:
if(kp++ == "x7)
opl[2] =0xd3;
3
else
{
opl[2] =0xd5;
}
break;
case ‘s’
if (kp++ == ‘)
{
opl[2]1 =0xd4;
}
else
{
opl[2] =0xd6;
}
break;
case ‘d’
iF(kp++ == i)
{
op[2] = 0xd7;
}
break;
default: printf("error in mnemonic\n' );
bresak;
}
}
1
andbfn()
{
imme( );
switch(w) {
case O

opl[l] =0x08 <<4;
op[1] =op[1] {0x01;
op[2] =0x23;

opl3] =%p;

Xp++;

op[4] = *p;*Xp++;



opl[d] = Xp;Xp++;
opl[6]1 = *p;
break;

case 1:

op{1l] =0x02 << 4;
op[1] =op[1] {0x03;
switch(¥p++)
{
case ‘a’
1f(xkp++ == "x7)
{
op[2] =0xd8;
}
break;
case ¢
if(kp++ == "x7)
{
opl[2] = 0Oxd8;
}
break;
case ‘b’
if (kptt == )
{
opl[2] =0xdd;
3
bresak;
case 's’:
LE(kp++ == ‘p7)
{
opf{2}1 =0Oxdc;
}
else
{
opl{2] =0xde;

break;
case 'd’
1f(kp++ == "x7)
{
op{2] = 0Oxdsa;
}
else
{
op{2] =0xdf;
}
break;
default: printf(“"error in
break;
}
}
}
andspfn()
{

imme( );

mnemonic\n" );
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case O

op{1] =0x08 <«4;
op[1l]} =op{1] 10x01;
opl{2] =0x24;

op[3] =*p;

Xp++;

op[4] = Xp;Xp++;
op[5] = Xp;*Xp++;
op[6] = *p;
break;

case 1:

op[1] =0x02 << 4;
op{1l] =opf{1] {0x03;
switch(kp++)
{
case ‘a’
if(kp++ == "x7)
{
op{2] =0xe0;
3
break;
case ‘¢’ :
if(kp++ == X))
{
opl{2] = Oxel;
}
break;
case 'b’:
if(Xkp++ == "x )
{
op{2] =0xe3;
}
else
{
op[2] =0xeb;
}
break;
case ‘s’
if(*kp++ == "i7)
{ .
opl[2]} =0xeb;
}
break;
case '‘d’:
if(kp++ == "x7)
{
opf{2] = Oxe2;
}
else
{
op{2] =0xe7;
K

break;



default: printf(
break;
3
1
}
andbpfn()
{
imme();
switch(w) {
case 0 :
op[1] =0x08 <<4;

"error in mnemonic\n");

op[1] =op[1] [0x01;

opf{21 =0x25;
op[3] =*p;
Xp++;
opl4]
op[5]
opl[B]
break;
case 1:

opfl1l] =0x02 <<

Xp; ¥Xp++;
Xp ; Xp++;
Xp;

4;

op[1l] =opf{1} |0x03;

switch(Xp++)
{
case ‘&’
if(*p++ == "x7)
{
op[2] =0xe8;
}
break;
case ¢ :
if(xp++ == "x’

opf{2] = O0xe3;

}
break;
case ‘b’
1f(kp++ ==
{

"X

op{2] =0xeb;

}

break;
case ‘s :
if (kp++ ==
{
op[2] =Dxec;
}
else
{
opl{2] =0xee;
}
break;
case 'd’
1f(Xp++ ==

P

X

D

)
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{

{

break;

default:printf("error in mnemonici\n”

break;

3
3
3

andsifn()

{

imme()

>

switch(w)

case O
op[1]
op[1]
opl2]
op[3]
*p++;
opl4]
op[5]
op[6]
break;
case 1

op[1]

opf2] = Oxes;

}

else

op[{2} =0xef;
3

{

=0x08 <<4;
=op[1] 10x01;
=0x26;

*p;

1"

Honon

Xp; kp++;
Xp ; Xp++;
*p;

opl1]
switch(Xp++)

{

caSse

‘8’

=0x02 << 4;

=zop[1] :0x03;

if (Xp++ == X))

{

opf 21

}

break:

case ¢’ :

=0xf0;

if (kp++ == 'x7)

case b’

‘

opl21 = Oxfl:

N

break:

if(Xp++ == "X

[

opf21 =0x£3:

N

else

0

opl21 =0xf5:

7

break:

D
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case 's’:
if(*p++ == "‘p’ )
{
opf{21 =0xf4:
1
break:
case ‘d’
if(*p++ == "'x7)
{
opl2] = 0OxfZ;
H
else
{
opl[2] =0xf7;
3
break;
default: printf("error in mnemonic\n');
break;
3
}
3
anddifn()
{
imme( );
switch(w) (¢
case 0

op[1l] =0x08 <«<<4;
opl1] =op{1] 10x01;
opl[2] =0x27;

op[3] =*p;

*p++;

op[4] = Xp;Xp++;
op[5] = Xp;X¥Xp++;
op[B] = *p;
break;

case 1:

op[1] =0x02 << 4;
op[1l] =op[l] 0x03;
switch(Xp++)

{
case ‘a’:
if(Ckp++ == "x7)
{
op{2]1 =0x£f8;
}
break;
case ¢’ :
if(kp++ == "x7)
{
opl2]1 = 0Oxf9;
3
break;
case ‘b’

if(kp++ == Tx7)
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opf21 =0xfb;:

v
else
{
opf21 =0xfd;:
N
break:
case 's’:
if(kp++ == "p’)
{
op[2] =0xfc;
}
else
{
opl[2] =0xfe;
}
bresak;
case 'd’:
if(kp++ == "x7)
‘
opf21 = Oxfa:
3
break:
default: printf("error in mnemonic\n");
break:
}
)
,
sbbfn()
{
p+=4;
switch(Xp++)
{
case ‘a’
if(xp++ == "x7)
sbbafn();
break;
case ¢’
if(kp++ =="x")
sbbefn();
break;
case 'd’
if(kp++ =="x7)
sbbdfn();
else
sbbdifn();
break;
case ‘b’
if(kp++ =="x ")
sbbbfn();
else
sbbbpfn();

break:



case 's’:
if(kp++ =="p ")
sbbspfn();
else
sbbsifn();
break;
default:
bresk;
H
}
sbbafn()
{
imme( );
switch(w) {
case O

op[l] =0x08 <<4;
op[1] =op[1] i0x03;
opf2] =0x18;

op[3] =xp;

Xp++;

opl4] = *p;*p++;
op[S5] = Xp;Xp++;
op[B] = *p;
break;

case 1:

op[1] =0x01<< 4;

op[1l] =op[1l] |0x0b;

switch(Xp++)

{
case ‘¢’
if(kp++ == "x7)
{
op{21 =0xcl;
i
break;
case 'd’:
if(Xp++ == "x")
{
opf{21 = Oxc2;
3
else {
opl271 =0xc7:
3
break;
case ‘b’
1if(Xp++ == “x
p
opl21 =0xc3:
3

else

"
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{
op[2] =0xc5;
1
break;
case 's’:
if(*p++ - = 'p')

op[2] =0xc4;
3
else
{
op[2]1 =0xc6;
}
bresak;
default: printf("error in mnemonic\n");
break;
}
3

}
sbbefn()
{
imme();
switch(w) {
case 0
op[1] =0x08 <<4;
op[1] =op{1l] 0x03;
op[2] =0x189;

op[3] =*p;

Xp++;

opl4] = *p;Xp++;
opl[5] = *p;Xp++;
op[B] = *p;
break;

case 1:

op[1] =0x01 << 4;
opl[1] =op{1l] [0x0b;
switch(Xp++)

{
case ‘8’
if(kp++ == "x7)
{
op[2] =0xc8;
}
break;
case 'd’:
if(kp++ == "x7)
{
op[2] = Oxca;
}
else

{
op[2] =0xcf;
}

break;



IF(kp++ == "x )
p
ool 21 =0xeh:
3
else
[
ol 21 =0xed:
3
hreak:

case ‘a:

1f(kXp++ == ‘b’
[
0ol 271 =0xce:
3

else

P
ool 21 =0xce:
3

break:

defanlt: printf("error in mnemonic\n" );

break:
1
3
3

sbbdfn()

[

imme( )
switch(w) ¢
case 0 :
opl1l] =0x08 <<4:
op[1l] =op[1] !0x03;
op[2] =0xla;
opl 31 =%p;
Xp++
opf4]
opf 51
op[61
bresak:
case 1

nof 11 =0xD1 << 4:

anl11l Zanl 11T 'Nwnh:
switech(Xop++)
p
case ‘87 :

iflkn++ == “x Y

‘

ol 21 =0xdn-

3

bhresk:

Xp  Xp++;
Xp:Xp++:
Xp:

case o’ :

1f(Xp++ == “x '
{
opl 27 = Oxd1:

3

146



)
bresak:
case ‘b’
if(Xp++ == "x )
{
opl21 =0xd3:
N
else
{
opl[2] =0xd5;
}
break;
case 's’:
ifCkp+ == p)
op[2] =0xd4;
}
else
op[2] =0xd6;
}
break;
case 'd’
if(kp++ == "1}
{
op[2] = 0Oxd7;
}
break;
default: printf( error in mnemonic\n’
break;
}
3
}
sbbbfn()
{
imme( );
switch(w) ({
case O

op{1l] =0x08 <<4;
op[1] =op[1] 10x03;
op[2] =0x1b;

op[3] =*p;

Xp++ ;

op{4] = Xp;*p++;
op[3] = Xp;Xp++;
op[6] = *p;
bresak;

case 1:

op[1l] =0x01 << 4;
op[1] =op[1] |0x0b;
switch(X*p++)
{
case ‘8’ :
if(*kp++ == "X’
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{

op[2] =0xd8;

1

break;
case ‘¢’ :
if(kp++ == "x7)

case 'b’:

case ‘s’

{

op{2] = 0xd9;

3

break;

if(Xp++ == "p’)
{

op{2] =0xdd;

}

break;

if(kp++ == 'p’)

opf{2] =0xdc;

}

else

}

case 'd’

opl2] =0xde;

break;

{

break;
default: printf("error in
bresak;

3
3
3

sbbspfn()

{

imme( )

3

if(kp++ == "x7)

op{2] = Oxds;
}

else
{

op[2] =0xdf;
K

switch(w) {

case O
op[1]
opl[1]
opl[2]
opl[3]
Xp++;
opl4]
oplo]

=0x08 <<4;
zop[1] !0x03;
=0x1lc;

=Xp;

et

Xp;Xp++;
*p  XKp++;

mnemonic\n' );
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op[B] = Xp;
break;
case 1
op[1] =0x01 << 4;
opl[1l] =op{1l] [0x0b;
switch(kp++)

{
case ‘a’
1F(kp++ == "x7)
{
op[2]1 =0xe0;
}
break;
case’ ¢ :
1f(kp++ == X))
{
opf{2] = Oxel;
3
break;
case b’
if(*p++ == 'x’)
{
opf{2] =0xe3;
}
else
{
op{2] =0xeb5;
}
bresak;
case ‘s’ :
if(kp++ == i)
{
op[2] =0xeB;
}
break;
case 'd’:
if(kp++ == "x7)
{
op{2] = OxeZ;
3
else
{
op{2] =0xe7;
}
break;
default: printf( error in mnemonic\n" };
break;
3
3
}
sbbbpfn()
{
imme();

switch(w) {



&

case O

op[l] =0x08 <<4;
opl[1] =op[1] |0x03;
op[2] =0x1id;

op[3] =*p;

*p++;

opl4] = Xp;Xp++;
opl35] = Xp;Xp++;
op[6] = *p;
break;

case 1

op[1] =0x01 << 4;
op[1] =op[l1] !0Ox0b;
switch(kp++)
{
case ‘a’:
ifCkp++ == "x7)
{
opf{2] =0xe8;
3
break;
case ' ¢’ :
if(kp++ == "x7)
{
op[2] = Oxe9;
1
break;
case b’
if(kp++ == "x’)
{
op[2] =0xeb;
}
break;
case 's’:
if(Xp++ == ‘)
{
opl2] =0xec;
3
else
{
opl[2] =0xee;
3
break;
case ‘4’

else

{
op[2] =0xef;
K

break;

default:printf(“"error in mnemonic\n"
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}
3
}
sbbsifn()
{
imme();
switch(w) {
case 0O : o
opl{l1l} =0x08 <<4;
op{1l] =op[1l] }0x03;
op[2] =0xle; ‘
op[3] =%p;
Xp++;
opl4]
op[5]
op[6]
break;
case 1:
op[1] =0x01 << 4;
op[1l] =op[1] 0x0b;
switch(*p++)
{
case ‘a’
if(kp++ == "x7)
{
op[2] =0xf0;
}
break;
case’'¢c’:
if(kp++ == "x7)
{

Xp; Xp++;
Xp; Xp++;
*p;

op{2] = Oxf1l;

}
break;
case ‘b’
if(*p++ == 'x")

opf{2] =0xf3;
}
else
{
op{2] =0xf5;
3
break;
case 's’:
if(xp++ == 'p’)
{
op{2] =0xf4;
3
break;
case 'd°
if(kp++ == X))
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op{2] = Oxf2;
3
else

{
op[2] =0xf7;
}

break;

default: printf("error in mnemonic\n");
break;

3

}

b
sbbdifn()
{

imme();

switch(w) [

case O

op[1l] =0x08 <<4;
op[1] =op[1] }0x03;
op[2] =0x1f;

op[3] =xp;

Xp++ ;

op[4] = Xp;Xp++;
op[5] = *p;*p++;
op[B] = xp;
bresak;

case 1:

op[1] =0x01 << 4;
op[1] =op[1] |0Ox0b;

switch(kp++)
{
case “g°’
if(kp++ == ‘x7)
{
op{2] =0xf8;
}
break;
case ¢’ :
if(kp++ == "x7)
{
op{2] = 0Oxf9;
}
break;
case ‘'b”
if(*xp++ == "x7)
{
op[2] =0Oxfa;
}
else

p
opl 2] =0xfd:
}
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break;

case ‘s :

if(kp++ == ‘P

{

op[2] =0xfc;

}

else

{
op[2] =0xfe;

break;
case ‘d’
if(kp++ == ‘XD
{
op[2] = 0Oxfa;
3

break;

default: printf("error in mnemonic\n" );
bresak;

}

}

}



B. 8086 INSTRUCTION SET

Translation of Assembier Instructions

Machine code tor the BUBO/8UBE instiuction

Corporation. Copyright 1979.)

AL - 8 il accumutator

AX  16-bit accumutator

CX = Count regester

DS + Dita segment

ES « Extra segmem .
Aboverbetcw refers to unsigned value
Greater « moca pasive:

Less = less positive (more negative) signed values
W= lthen “to” reg; d 8 = O than ~tiom™ req
o =) then wurd nsiruenon, ot w - Jtnen dyte

astiuclion

W mod « 11 then 1/m 13 leated 23 2 RtG feld

it mod « 00 then DISP . g°. diSp-10w and disp high are absent
it mod « 01 then DISP - disp-low s:gn-extended 10 16-bits aisp-high 15 absent
it mod = 10 then DISP - disp-high- disp-low

it rim.- 000 then EA - (BX) - ($1) - QISP

it 1/m - 001 ihen EA « (BX) - {01) - DISP

#r/m - 010 then EA - (BP) - (S)) - DISP

iLrim = 011 then EA - (8P} - DI) - DISP

itr/m « 100 then EA ~ (SN} - DISP

i 1im = 101 then EA « (D)) - DISP

it t/m = 110 then EA - (BP) - DiSp-

rim = 111 1hen A - (BX) - DISP

DiSP follows 2nd bdyrs of Instruction (betore data 1 1equired}

“except it mod « 00 and 1/m - 110 then EA - disp-high disp-low

s w Gl inen 16 bits of inmedidle data form ine operang

'S w = 11 then an immediate data byte 15 sign extenged 1
form the 16-but operang

dv=0then “count =t dv=1ihen Tcount” ma (CL)

2= don't care

215 used Yor stung prmives or compaiison with IF FLAG

SEGMENT OVERRIDE PREFIX

@lnyllﬂ

BLG s avsigned accunbag b e lullowiig table

154

s. (Reprmted by permission of Iniet

158w 1 Bbitjw 0 Segment
000 AX 000 AL 00 ES
001 CX 001 CL 01 ¢s
010" Dx 010 Ot 108§
01! Bx 011 8L 1o0s
100 SP 100 AN

101 Bp 101 CH

116 8 110 DH

"t o 111 BH

Instructions which relerence ine Hag regrster hie as a 16 bt object use the symbol FLAGS 10

represent the lile

FLAGS - X X X X (OF) (DF} (IF) (TF) (SF)(ZF) X (AF) X (PF) X CF;

8086/8088 Instruction Encoding

OATATRANSFER
HOV = Move: 78543210 76543210 T8543210 786543210 Tes543210 7es43210
Registerimemory toltrom register 1000100 w | mod ey om (DISP LO) (DISP-HY
Immodiaie 10 registes/memory 1100011 wlmod oo o0 vim (DISP-LO) (DISP-Hy data [ datattw =1 l
immediale o register ‘ X 1011 wreg data daldihw =
Memory to accumulsior 1010000 w agdr-lo agar-h
Accumulaior to memory R 10610001 w addr-lo addr-tu ]
Registerimemory 1o segment regisier 19001310 [mod 0 SR r1m {DISP-LO) (DISP HY
Segment register loregisler/memory 10001100 }mod 0 SR m/m DISP-LO; (DISP-H1)
PUSH = Push:
Roqululmemory L 20 T O T O B I} mod L 1 0 rim I (DISP-LO) l[ {DISP.-Hij —I
Register 01 01 0 reg
e ——
Segmaniregiste: 00 0reg 110
POP w Pop: o i i
Regiatorimomory 100011 13 mod U 0 0 nnn] WOISE L O} i (DILP Hiy) —]
Register 0101 1 srug
Segmentiegistor 000 mnﬂlmj I—




DATATRANSFER (Cont'd.)
XCHQ = Exchangs:
S

Registerimemory with register

Regisiar with accumulator

M = Input ftom:
Fixed port

Varlable port

OUY = Output to:

Fixed pont

Varlable port

XLAT = Transiate byte to AL
LEA = Losd EA to register
LDS = Load pointer lo DS
LES = Load pointer to €S
LAHF = Load AH with Hags
SAHF = Store AH Into fiags
PUSHF = Push tiags

POPF = Pop flags

ARITHMETIC

ADD = Add:

Reg/memory wilh register to elther
immediale lo voglslarlmer;roly

immediate to accumuistor

ADC = Add with carry:
Reg/memory with register lo either
Immedtiate to registerimemory

Iimmediate to accumulator

INC = increment:
Regisler/memory
Regiater

AAA « ASCIl sdjust! for add

DAA = Dechnal adjust for ady

-~

68543210

Assembler Language Programming
155

Continued.

7TE343210 78543210 76343210 T7TEB543210 78543240

000011t w

mod reg rlml {DISP-LO) [ {DISP-HN ]

10010 reg

1110010 w DATA S J

11101 10w ’

1110011 w DATA-3 _]

111011 1w R ’
110101t

10001101t )| mod reg /im (DISP-LOY {DISP-HY

11000101} mod reg im {DISP-LO) {DISP-HI)

11000100 mod reg rim (DISP-LO) (DISP-HY

1001111t

10011110

10011100

1001130

000000d w | modg reg tim (DISP-LO) {DISP-HI)

1000003w|]mod 000 rim {DISP-LO) (DISP-HY dats E datails: w=01 ]
000001 0w data data ftw=1

000100dw]| mod. reg rim (DISP-LO) {DISP-HN

t00000sw] mog 010 r/im (DISP-LO) {DISP-HI) date data it 8: w01 ]
0001010 w data dataifw=1

1111111 w]mod OVD 0 rim (DISP-LO) l {DISP-HI) ]

01000 reg

001101 111

Q01 QDY it




ARITHMETIC (Cont'd )

SUB = Subtract:
Reg/memory and regisier 10 ether
immediate irom registerrmemory

Immediate from accumulator

SBB = Subtract with borrow:
Reg/memory and reQisier 10 either
immediaie from registerimemory

immediate bom accumulalor

DEC Decrement:
Qegisterimemory
Register

MEG Change sign

CMP = Compare.
Regisierimemory and regisier
immediale with regisiarimemory
Immediale with accumulator
AAS ASCH aqjust tur subtract
DAS Decimal sdjust lor subtract
MUL Muiliply {un3igned)

IMUL integer multiply i31gned)
AAM ASCH adjustior multiply
DIV Divida (unsignay)

101V integer divide {3igned)
AAD ASCH agjust lor'cn.ue
CBW ConvertDyle to worg

CWD Converl word 10 nouble word

LOGIC

NOT Invert

SHL/SAL Sniltlogreasidnmnete el
SHR Shittiogical nghit

SAR OBUE e el gt

ROL Rotate telt

Translation of Assembler Instructions

Continucd.

156

784543210 76543210 786543230 76543210 78543210 76543210
0010100 w ]| mod reg +im 1DISPLO) tDISP-H)

100000sw {imod ' 0 31 a/m (DISP LO)Y {DISP-HI data l datafs w-01 ]
C0101 10w dats Gata it wat

00011040 w ]| mod reg t/m (DISP-L O} » (DISP-H)

100000 sw !mod 01 1 am ISP LO) (DISP-HIy data ] datasls w=01 ]
000111 0w dala Gatat w1

P11y w fmog 00 -rml "l[‘);b:L'Q[‘“'"1"‘“(_0;,.““ l

0t 001 reg

131 011w | meag 0V rlm] DISP LO) l {DISP HI) ]

000V Y1009 w mod ey m DISP LDy (DISP-HY

100000 s w i fmog 1 1 1 e iDisP Ly (DISP-HI Jala ; dataif s w=01 ]
003 11V 10w data datadw-1

GO0ty

00 0%y 4

11 L1011V w]moo 1 00 iim DISP LOY (OISP Hi)

Y11 V0l twlmoea t 01 tm (DISP-LO: {DISP-Hi}

11010100 (00CO0YO0 1O

11110t w | mou 10 om ISP L (OISP I

T1Vv100 1w mod V11 oim (1S 1Oy tOISP 141y

\IﬂwlD\OfDDOO\D\O

1e@11 000

1001100

R PO 1 e

LRI 0‘0 v ow mog 3 i ‘UoSPHT)
EEEEET SRt R I

7; 1 ;W P00 v oy b " (A3 i RN

o oo wses | wsera |




LOGIT {Cont'd )

ROR Rotate r:ght

ACL Aotate Ihtough carry Hag lelt

RCR Raotate thtough varny nght

AND = And

Regimaemory wih regitter (o eiher

humediate M re@iuinr1imemory

Immediate to accumulator

TEST = And tunctionio liags noresult:

Registertmernory ang register
Immediate dald and regisier/ memory

iminediate data and accumuiatorn

OR = Or
Reg/maomary and regiatar to aihar
Imimmediate lo reQisterimenory

Immediaie to accumulator

XOR = Exclusive or:

Reg/memory and regQistar 1o either

immediate 1o regislerimemory

Immediaie (o saccumutalor

STRING MANIPULATION
REP = Repaat

MOVS =Move byte/word
CMPS = Compare bytaiword
SCAS = Scanbyte/word

LODS i ot iylalwd to ALTAX

STD3 = Sior byla/wd rom ALSA

Assembler Language Programming

Continued.
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6543210 716543210 76543210 786543210 785432 C 758543210
110100 % «:]moo 001 rim (DISP-LOY (DISP-HY

110100y w |mog 0t 0 i (DISP LO} (DISP HI

110100 v w Jmad 01 1 i ISP LOY (DISP HN

001000dw Jmod reg oim (DISP-LO) (DISP-HI}

1000000 w [med ¥+ 00 ¢fm DISP-LO) (OISP-H1} can I datartw=t J
0010010 w data data o wat

1000 Q10 w|mod reg rfm (DISP-LO) (DISP-H1)

111101t w fmod 00C 1/m {DISP-LOY (DISP-HY) dala ] datait wei
1010100 w data dataitw=1

000010dw |mos g im iDISP.LOY (DISP-HY)

1000000 w |modg 001 rtm (DISP-LO) (DISP-HN data l aataitw=t
00001 10 w data dataif w1

001100dw Jmod teg im (DISP-LOY (DISP-HI)

10000090 w |[moo ¥ V& om (DISP-LO)Y (DISP-HI) dala ] data it w-1
0011010'w data data it w=1

11110912

1010010 w

o

1010011 w

10101 10w,




Translation of Assembiler Instructions

CONTROL T‘IANSFE!
CALL = Cal:

Ditect within segment
Ingirect within segment

Direct intarsegmaent

Induectinigrsegment

JMP = Unconditionsl Jump:
Direct within segment
Direct within uqmo‘nl-shoﬂ
Indirect within segmaent

Direct interssgment

Indirect intersegmaent

REY = Relurn irom CALL:

Within ssgment

withina seg sdding immed la SP

intersegment

Intersagmaent adding iImmediate 10 SP
JE/4T = Jump on equalizero
SL/INQE = Jump on less/nol greater of equal
JLEZJNG @ Jump on less or squalinol grester
JB/INAE = Jump 0n below/not sbove of squal
JBE/INA = Jump On Delow OF squalinot above
JP7IPE w Jump on parity/pacity even

40 w Jump on overfiow

48 = Jump On sign

JME/INZ » Jump on nol equalinot 1erd
INL/IGE w Jump on NGt less i giealer or equal
JNLEZJG = Jump on notisas o7 eyusligisater
INB/JAE = Jump on not baicwiatove of aqual
INBE/IA = Jump on not beilow L1 syusiiabove
INP/IPO adump On nOt partpar oI

KO = Jump 0a NOL Overfiuw

Continued

76543210 78543210 783543210 76583210
11101000 IPINC-LO IPING HI

11111371y fmod 010 aim (DISP-LOY (DISP-H1) J
1001 10 IP-to PN

CS-lo CS b

F—I‘\ 11 11t {moo 0 % 3 ¢im (DISP-LO) (DISP-H1) ]
11,1 01001 IP-INC-LO IP-INC-HI

11101011 I1P-INCS

AER IR TR AN | t 1 fmod v 00 rim {DISP-LO) {DISP-HI} ]
1110631010 Plo 1P

'CS o CShi

[\ 111 11 fmod v 01 iim (ISP LOY {DISP KO J
117000 11

11000010 data-lo data-h

131021011

117001 10 data-io dala hi

¢yt110100 P INCS

01111 00 1PINCS

01111110 P-INCS

01110010 PINCS

e11101 10 IP-INC8

st111010 1P.INCB

01110000 IP-INCB

01111000 1P-INCS )

01110101 1P-INC8

o111 EYO W NG

011 1.‘1 mmca-ﬂ

or1100t IIP—INCI

ot11o08 11 1P INCB

Grrraeaa | wmes

011106001 IP-INCS

786843210
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CONTROL TRAMNSFER (Cont'd.)

JNS = Jump on not sign

LOOP «toop CX times

LOOPZ/LOOPE = Loon white zerolequat
LOOPNZ/LOOPNE = Loop while not zatotequat

JCXZ = Jump on CX zer0

INT = Interrupt:

Type specified

Type d

INTO =intetrupt on overfiow

JRET = Intartupt return

PROCESSOR CONTROL
CLC = Clear carry

CMC = Complement carry
STC=Setcarry

CLD = Ciear direction
8TD = Sel direction
CLi=Clesr interrupt
STi=Setinterrupt

HLY = Han

WALT = Wait
ESC=Eacape (10 exierngl device)
LOCK = 8us lock pretix

SEGMENT = Overrige pralix

Te54321 0

T86543210

01111001 IPINCA
Pireoore | mmes
1110000 I“ » TLIPINCS
114100000 P INCB N
1110600 |T [ IF’-IHCG o

78543210

11001101

DATA-8 i

110601100

ttoo01t1 0
—_
110011 vy
e v———

Tt111000

S——

tt1r1091 0

T1tt1t1100 1

tt111100
EEEEEE—————

Ttr1r 1100

1T111010

t1rt 1101

t1110100

1001101 ¢

AssembmrLanguageF%oganwmng
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Continued.

Teserz10 76543210 78543210

11011 xxx

modyyyrim

(DISP-LO) {DISP-HYy ]

11110000

GO0 1reg 110

would be assembled as

00111101

instead of

10100010

l 10000001 l [111.11000 ]

00000101

{ lOlOOO]OJ [ 00000101 j



C. DIAGRAMS
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INITIALIZE
READ
STORE LABEL]
ABED YES IN ST WITH |
ON CARD LC VALUE USING DROP
STSTO
SEARCH PSEUDO- END | Go 1O
OPTABLE (POT) TYPE PASS 2
POTGET ! DS, DC
DETERMINE
SEARCH LENGTH OF
MACHINE-OPTABLE MOT DATA ‘SPACE
MOTGET REQUIRED
GET LENGTH OF ‘ PROCESS ; UP
INSTRUCTION LITERAL LOCATION
LITSTO COUNTER(LC)

FIG. 2.1.

Flow charts given outline the steps involved in pass 1 and

pass 2, which specifies the algorithm and data structure involved.
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INITIALIZE
READ
CLEAR-UP AND EXIT
T
SEARCH FOUND TYPE?
PSEUDO-OPTABLE '
POTGET ) DC : [
OT FOUND CONVERT
OUTPUT
SEARCH CONSTANT
MACHINE OPTABLE — )
MOTGET J USING |
! DETERMINE
LENGTH OF | |
GET INSTRUCTION DATA SPACE | |
LENGTH, TYPE
AND BINARY CODE |
INDICATE
EVALUATION OPERAND | AVAILABLE
EXPRESSION BY g BASE REGISTHR|
'SFEARCHING FOR 5 T
VALUE OF SYMBOLS |

STGET

N

ASSEMBLE TOGETHER
THE PARTS QF THE :

BASE

INSTRUCTION
UPDATE LOCA-
COUNTER(LC)
PASS 2 OVERVIEW

[N}
o

FIG.

INDICATE
AVAILABLE

REGISTER
(BT »

<

EVALUATE FIELDS AND GENERATE CODE
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Q;—_—:-_DADO - AD15
8086 ::——_D Al16 - A19

.__——-{> BHE

FIG. NO. 3.1

BHE AO What is read/written

0 0 116 bit word

0 1 1 byte from /to odd address
1 0 1 byte from/tc even address
1 1 NONE

TABLE

No. 3.1.
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ACCUMULATOR (AX)

BASE (BX)

COUNT (CX)

DATA (DX)

GENERAL PURPOSE REGISTERS
FIG. No. 3.2.

15 0

STACK POINTER (SP)

BASE POINTER (BP])

SOURCE INDEX (SI)

DESTINATION INDEX

POINTERS AND INDEX REGISTERS

FIG. No. 3.3



00600

006FF
00700
007FF

00900

0098F

00990
00A00

\\\\\\\\ UNUSED

CS
CODE —{ 0050 ]
SEGMENT —
DATA — 0070
SEGMENT 0070
\\Y\\\\\ UNUSED
STACK SS
SEGMENT ——[ﬂ“‘j
EXTRA 653
SEGMENT

MEMORY SEGMENTATION IN 8086

FIG. 3.4
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X x | x| oF |DF [.IF TF | SF | ZF X

AF | PF | x |CF |

OVER FLOW

DIRECTION

INTERRUPT  ENABLE

i
TRACE [

CARRY

PARITY

AUXILLARY CARRY

CA ZERO

SIGN

FIG. No. 3.9
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GND
ADO-AD15

INMI

INTR
CLK

GND

Al6-A19
S3-36

—

READY
RESULT

]

(a)

MINIMUM

MODE

GND

ADO-AD15 <3::i>

INMI
INTR
CLK
GND

Al6-A19
S3-S6

READY
RESULT

AU

(b)

MAXIMUM MODE

No.

FIG.

3.6

MOV SP,BX

No. 3.8
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VCC
BHE/S7
MN/M
RD

HOLD
HLDA

WR
M/I0
DT/R
DEN
ALE
INTA
TEST

vCC
BHE/S7

MN/MXC
RD
RQ/GTO

RQ/GTO
LOCK

S0- S2

QS0-QSs2

TEST
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