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Preface

This book is intended to appeal to those engineers and
technicians who wish to gain more detailed knowledge of
the 1Intel 8086 and 8088 16-bit microprocessors,
together with the associated 8087 numeric processor
extension, which are currently installed in the
majority of microcomputers and in many card systems.

The motivation for acguiring such knowledge may on
the one hand be biased towards software in the case of
system users keen to improve performance without “lift-
ing the bonnet’; on the other hand, it may be hardware
oriented in the case of designers of intelligent
machines or those entrusted with their maintenance. The
latter category are often more interested in the
development of complex architecture than in algorithm
optimisation.

However, this simplistic categoristion is misleading
and should be set aside. What software designer has not
had to concern himself with the programming of a
peripheral circuit controlling a dialogue protocol
between his machine and its environment, or with a
circuit controlling his system interrupts?

Where is the hardware designer who does not need to
interface a high level language controlling a console
with his assembler modules in order to make full use of
the hardware performance capability of his system?

Of course, the ideal is to achieve a balance between
the two apprcoaches and to know how to make the
appropriate <choice between a hardware and a software
solution for a given project.

This is the approach followed in this book, the
content of which has been tested on a number of courses
that have brought to light the need for many practical
examples. Such examples are included from chapter 2
onwards, together with detailed commentaries.

All the programs included can be processed by the
assembler in the form in which they are presented, and
from example 4.15 onwards they can be executed.

It should be noted that, in contrast to the case
with 8-bit machine language microprocessors, data
directives to the assembler and executable instructions

ix



X Preface

are by far the most important. One instruction can
therefore be translated in many ways into machine code,
depending on the context.

Indeed, in the case of short programs, it is by no
means rare to write as many, if not more, directives as
instructions.

Any reader tackling this topic for the first time is
therefore urged +to read the contents 1in the order
presented and to study the examples with care,
preferably trying them out on a machine. The author
would be grateful to receive any comments or
suggestions for improvements.

Both the author and the publishers would like to
record their grateful appreciation and thanks to Aidan
Loyns and Andy Vincent for their help in the
preparation of the English language edition.
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1 General Introduction

1.1 Hardware Organisation

1.1.1 Minimum system

The 8086 and 8088 microprocessors are both 16-bit
devices that differ essentially only in the size of
their external data buses - 16 bits for the 8086, 8
bits for the B8088. Software written for one processor
will run on the other without modification. The
advantage of producing a 16-bit processor that employs
an external 8-bit data bus is that small system design
is simplified. The price that must be paid for this
simplification is that, since program and data may only
be fetched from memory 8 bits at a time, a program will
take longer to execute on the 8088. With the
exception of some hardware aspects, the basic
similarity between the 8086 and 8088 allows the two
processors to be considered together. This chapter will
seek to give a general overview of both the hardware
and software aspects of the 8086/8088 processors.

8284 nggé <; CONTROL BUS 4;>

cLack SAT ¢ —MULTIPLEXED DATA AND ADDRESS BUS >

g4 Ul

INPUTS

MEMORY
QUTPUTS

Figure 1.1
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2 8086—-8088 Architecture and Programming

Data registers

(accessible as 16-bit or 8-bit registers)

15 8 7 0
AX AH AL Accunmulator
BX BH BL Base
CX CH CL Count
DX DH DL Data
Pointer and index registers
15 0
BP Base pointer
SI Source index
DI Destination index
SP Stack pointer
IP Instruction pointer
Segment registers
15 0
Cs Code segment
DS Data segment
SS Stack segment
ES Extra segment
Status word
15 8 7 0
H flags L flags




General Introduction 3

It 1is useful to start by outlining the register
structure of the processors. Although the registers
will be considered in some detail in chapter 6, it is
helpful to summarise them at this stage 1in order to
clarify the discussion that follows.

The registers accessible to the programmer are
grouped in four categories.

The CPU 1is synchronised both internally and to the
rest of the system by a crystal oscillator. In order to
simplify the design of an appropriate circuit a special
chip, the 8284, is provided as part of the 8086/8088
chip set. This device will be considered in more detail
in chapter 5.

In common with most microprocessors, the 8086/8088
employs the three buses described below.

(1) The control bus mainly c¢omprises the signals to
control reading, writing, and distinguishing between
memory and input/output (I/0) references.

(2) The address bus is made up of 20 lines and thus
permits access to 1 Megabyte (1,048,576 bytes) of
memory. Since it is unnecessary to be able to access
such an extensive range of I/0 locations, I/O
references are limited to 16 bits.

Internally, both the 8086 and 8088 microprocessors
employ 16-bit buses for data and addresses. In the 8088
the internal data bus 1is converted to the external
8-bit data bus by a bus interface unit (BIU). The BIU
contains all the differences between the 8086 and 8088
and will be returned to in a later chapter.

Despite the presence of a 20-bit external address
bus, both processors employ only an internal 16-bit
address bus in order to retain compatibility with the
processors’ 16-bit registers. The 20-bit external

J0707070! SEGMENT

151 14] 13] 12| 11} 10 9 [ ] 7 [ S 4 3 2 i Bl Thai Phet
15| 1a] 13f 12l 1] 10 J o] 71 sl st o 3| 2 1 gl OFFSET
- PHYSICAL
13 18 ylp is] 1ad 13| g2l 1) 0| sl of 7| e S| & 3 g 1 J ADDRESS

Figure 1.2



4 80868088 Architecture and Programming

address is formed from two 16-bit quantities, a segment
address and an offset. The segment portion of the
address 1is obtained from one of the four segment
registers, and is multiplied by 16 (shifted four places
to the left) before being added to the offset.

The combination rule is as shown in figure 1.2.

The resulting 20-bit address allows the full memory
space to be accessed. Producing an address in this way
means that the same physical address may be formed with
a great many combinations of segments and offsets.
However, the chief advantage of this method of address
formation 1is that all programs may be written to start
from address zero, added to which several such programs
may be loaded into memory at the same time.

To differentiate between programs, a separate
segment address 1is assigned to each program. The
segment address is that reqguired to allow the physical
start of the program code to be accessed with an
initial offset of zero. While the code segment register
is always used for program code references, the other
three segment registers, which do have default
functions, may be used more flexibly.

The CPU therefore retains permanently the following
four segments: CS for the code, DS and ES for the data
and variables and SS for the stack. It can therefore
access 4 x 64K bytes at any time. If physical addresses
outside this range are to be accessed, it must be done
by modifying one of the segment registers.

(3) The data bus, consisting of 8 or 16 lines. This bus
is multiplexed with the address bus. The schematic
system shown in figure 1.1 would require the memory
and I/0 devices to demultiplex the address and data if
it were to operate. A system where the address and data
are demultiplexed is shown in figure 1.3. In this
circuit 8282/8283 latches are used to retain the active
address, and one or two 8286/8287 bidirection bus
transceivers are used to control the data bus - two
transceivers being required for the 16-bit data bus of
the 8086.

1.1.2 Interrupt handling
In order to synchronise the execution of a program with

external events, the CPU is provided with interrupt

inputs. The 8086/8088 have one maskable,
general-purpose input and one non-maskable, high
priority input. The latter is reserved for the

detection of exceptional events, such as power supply
failure and other emergencies.
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The handling of maskable interrupts is normally
delegated to a special circuit that can handle up to
eight interrupt inputs. Each of these inputs can itself
receive the output of another identical controller,
thus allowing up to 64 interrupts.

The purpose of the controller is to latch pending
interrupts and select the highest priority input
pending according to the priority and masking
determined by the program.

It then forwards the interrupt reqguest to the CPU
and records the acknowledgement of it.

During execution of this acknowledgement, it gives
to the CPU, via the data bus, a number corresponding to
the interrupt line handled.

The CPU translates this number into an address in
the first 1K page of memory and fetches from it the
segment word and the offset word of the corresponding
interrupt service routine subroutine.

1.1.3 System with numeric co-processor and/or I/0
Each co-processor is capable of taking control of the
system instead of the CPU; it 1is therefore connected to
a local multimaster bus.

—



6 8086—8088 Architecture and Programming

8259A

CONTROLLER

1 IVVT

8284

cLocx

8086/ :>

8088 =S
cPU S §
@ §, :D 8282/83 ADDRESS BUS , ﬁ
Q LATCHES V:LL Z
~ 7 2 SN2
== 1 INPUTS 125'5:5“
MEMORY
@ 8286/87 < A OUTPUTS :>
BIDRECTIONA INTERRUPTS
TRANSCEIVER
s T
0.

Figure 1.4 Interrupt handling

The handling of control signals is delegated to a
special circuit, the 8288 bus controller, in order to
release a certain number of pins on the CPU and provide
sufficient power on the control bus.

The freed pins allow co-processors to follow the
CPU ‘s action permanently and regquest system control
from it.

The combination of numeric co~-processor and
8086/8088 is only visible to the programmer from the
extension to the CPU instruction set, if working in
assembler, or by-a 1library change if working in a
high-level language. All that is required is for some
details of synchronisation and interrupt in the event
of calculation error to be taken into account in the
event of writing programs in assembler.

The 8089 I/0 co-processor is 1itself an autonomous
processor that can have its own independent memory and

wrennorr Ko TETERRUPTE —

CONTROL BUS J})
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Figure 1.5 System with numeric co-processor and/or I/0

I1/0 system. All that is required is to have a memory
area 1in common with the CPU for the exchange of
housekeeping information.

1.1.4 Multi-user bus system

When the CPU and its co-processors are grouped on a bus
system whose use can be requested by another CPU or by
one or more 8089 devices functioning in remote mode, a
bus arbitration unit, the 8289, is required in order to
avoid bus conflicts (see figure 1.6).

1.2 Software Organisation

1.2.1 Minimum organisation
This is illustrated in figure 1.7.
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Figure 1.7
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The instructions are grouped in a segment whose base
address 1is held by the code segment (CS) register of
the CPU.

The program variables and constants are grouped 1in
another segment that is referenced by one of two data
segment registers of the CPU.

The I/0 circuits are the peripheral circuits of the
CPU and are positioned at addresses fixed by the wiring
and not by the assembler. There are rarely very many of
them and certainly their numbers never exceed 64K; the
CPU can therefore handle them ‘outside segment by only
activating 16 of the 20 lines of 1its address bus.
However, this specialised I/0 system is very limited;
there are only two instructions in the instructions set
that are applicable to it. For this reason input/
outputs are often regarded as “memories’ and thus form
a segment of ordinary variables’. It will then be
sufficient to <cause the assembler to look after the
allocation of addresses.

Finally, a stack is required for temporary storage
during execution of a program. It lies in a distinct
segment whose base address is held by the stack segment
(88} of the CPU.

All this information is grouped into a MODULE which
is held in a file by the operating system. It is this
file that the assembler operates on. All that is
required 1is to pass the name of this file to the
assembler.

1.2.2 Structured organisation

The programmer soon finds it necessary to structure his
program and distinguish a main program from
subroutines, called procedures. These enable a task
that is often repeated to be written only once but
which can then be called on from any part of the
program.,

{ ] rr i INTERRUPT
1o ADDRESS TABLE
PROCEDURES INTERRUPT COOOC0H CONSTANT
PROCEDURES oo TABLE
MAIN PROGRAM STACK VARIABLES
TABLE
SEGMENT
SEGMENT CODE_PP SEG_ SEGMENT DATA_TABLE
STACK

MODULE A

Figure 1.8



10 8086—8088 Architecture and Programming

In this organisation, the stack becomes very
important because it will control the passing of the
parameters of one program to another; it will also keep
the data that is indispensable for transferring control
of one task +to another - the return address, CPU
status, data values, and so on.

The variables can also be structured logically 1in
different arrays. For example, constants do not have
the same logical function as variables which are liable
to be modified at any time by the program.

Similarly, the table of interrupt addresses, which
responds to action of the interrupt controller, does
not have to be mixed with other tables. (In fact, this
table 1is necessarily located in the first kilobyte of
memory (00000H), whereas the others can be located
anywhere. )

1.2.3 Multiple segments

The last point made in the previous paragraph
illustrates the need to extend beyond the framework of
a single segment for variables and beyond another for

INTERRUPT ADDRESS PROCECURE
CONSTANT TABLE PROCESS
TABLE
O0000H SEGMENT
! CODE PROCESS
SEGMENT ADD INT

INTERRUPT
PROCEDURES

SEGMENT DIRECTORY

SEGMENT CODE_INT

MAIN
PROGRAM
STACK VARIABLE
TABLE
1
SEGEMENT CODE PP SEGMENT
SEG. SEGMENT DATA TABLE
STACK
]
PREPARATION
PROCEDURE VARIABLE
TABLE
"
SEGMENT CODE PREP MODULE A
SEGMENY PARAM

Figure 1.9



General Introduction 1

instructions. The size of the tables or programs may
exceed ©64K. They can therefore no longer be located in
a single segment.

Note that, just as it was held to be convenient to
group homogenous data into tables with distinct names,
it can also seem preferable to group tables of the same
type in different segments.

Figure 1.9 illustrates this new organisation.

1.2.4 Multiple modules

The next step is to extend the ideas to beyond the
framework of a single module. The module is in fact
placed in a unique file held by the operating system.
When listing, assembling or compiling, all the
information therefore has to be manipulated.

Why is it necessary to reassemble many times
procedures that have no errors and have already been
tested, when debugging subsequent procedures?

It is in fact more practical to divide the different
pieces of the program into several modules as shown 1in
figure 1.10.

In moving from one module to another it is possible
to reopen a segment that has already been created by
another module, or to create new segments in the
module.

Only the stack segment generally remains unique for
all modules. However, when size constraints are
involved, it is still possible to define several stack
segments.

This is particularly the case where recursive
procedures are involved as they can be called a large
number of times, thereby multiplying the size allocated
to the passing of parameters. Finally, multi-module
writing of a program is the norm when a mixture of
languages 1is involved, such as BASIC, Pascal, FORTRAN,
Assembler.

The object files generated by the assembler or
compilers are then linked together by the link utility
program which establishes the necessary connections for
the intermodular transfer of data.
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INTERRUPT TABLE o
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Figure 1.10
1.2.5 Information grouping
It is clear however at this stage that the scattering
There 1s

of data

can be inconvenient for programmers.

no point in carefully arranging everything in different

drawers and cupbcards if it becomes tedious to

the different
to this proble
group;

control

labels. The assembler has two solutions

m. First is a

the second a hardware one

software

solution
the class.

the
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Group

Each segment has its own segment address and, in order
to pass from one segment to another, it 1is necessary
for the CPU to alter one of its registers. Although
this takes little time, this operation can become a
handicap when +the sum of the 1lengths of several
segments does not exceed 64K.

In this <case, the assembler handles them as a
‘group *, working with a single ’segment’ value for all
the segments. It sees to the addition of what the
variable offsets of the different segments require 1in
order for the absolute memory locations to be
correctly attained (see figure 1.11).

Class
Apart from any software <c¢onsiderations, it can be
useful, 1if not indispensable, to gather the elements of
information into homogenous groups from the hardware
point of view.

Thus, although program constants normally belong to
a group of ‘data’, they can be placed in read only
memory with the instructions, and not in working
storage with the variables.

Similarly, the set of code segments, whether grouped
or not, 1is placed in an often enforced physical
location.

Finally, the stack segment is generally placed at
the highest addresses of working storage, since it 1is
loaded dynamically by address decrementation. On the
other hand, the variables are placed at 1low addresses
in working storage so that they cover the interrupt
table.

These considerations lead to the definition of a
small number of classes used subsequently by the
program loader or locator whose role is to assign all
the physical addresses (see figure 1.12).
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2 Program Structures

2.1 Segment

All instructions and variables must be contained
within a segment. If no segment is defined, the
assembler creates one, called “??SEG” which will
contain any instructions or variables defined outside
of a segment.

2.1.1 Creation of the segment

The SEGMENT and ENDS directives are used to identify
the segments as well as to control their alignment,
their combination and their contiguity.

Example 2.1

CODE_PP SEGMENT BYTE PUBLIC ’ROM’

CODE_PP ENDS

END

CODE PP is the user supplied segment name, to which the
assembler assigns the segment value used, as the
segment address, in the calculation of the absolute
addresses of all the operands used between the lines
CODE_PP SEGMENT and CODE_PP ENDS.

BYTE defines the alignment of the segment. The
alignment information, which is optional, must follow
the SEGMENT directive. The possible aligment directives
are as follows.

PARA (Default if no alignment 1is specified 1in this
field.) The segment begins at an address divisible by
16, that is, one whose last hexadecimal digit is zero

(paragraph).

16
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BYTE The segment can begin anywhere. In particular, it
can ‘stick’ to the preceding segment without any
intervening space.

WORD The segment begins at an even address.

PAGE The segment begins at an address whose two last
hexadecimal numbers are zero. In this case, from 0 to
254 bytes can be left unused between the preceding
segment and the present one.

INPAGE (For memory.) All the segment is contained in
one page.

The last two alignment directives allow
compatibility with the 1Intel 8-bit microprocessor
family.

PUBLIC is a combination directive. There are six such
directives.

No indication {Default)}.

The segment is “local” to the module. If a segment with
the same name is written in another module, it will be
considered to be different.

PUBLIC The segment can be reopened and extended in
other modules. The LINK utility looks after this.

AT followed by a value less than 64K.
This directive forces the assembler to align the start
of the segment with the address cpecified.

Therefore, after taking account of the shift applied
to all the segment values at the time of the
calculation of the physical address, the first physical
address of the segment is the value following the AT,
multiplied by 16.

Example 2.2

. PERIPH SEGMENT WORD AT OEOO4H

FERIPH ENDS

wa

END
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The first physical address of the PERIPH segment,
corresponding to a zero offset, is OQEOQ040H.

This directive 1is to be used with care because it
assumes that the precise memory usage of all other
segments is known.

Using this directive places a restriction on the
program loader: an overlap of segments may result from
this restriction.

On the other hand, the AT directive is a very
convenient mechanism for accessing memory-mapped
peripherals.

There is no danger of overlap since the
LOADER/LOCATER ’‘knows ~ that there is no memory
available at this locatiocn; it will therefore not load
any other segments at this address.

In association with the ORG directive that allows
the offset to be fixed (see below)}, it is thus possible
to cause code to be assembled at absolute addresses.

STACK The segment 1is a stack segment. It can be
reopened in other modules, as for the PUBLIC directive.

But in this case only the reserved memory space 1is
increased and the physical address of the last item
defined in the segment, at the time of its creation in
the main program, is not altered.

This arrangement allows the highest address in the
stack segment to be known when the segment is created.
The stack is filled from the highest address words down
during program execution.

COMMON All segments with the same name that have this
combination characteristic are mapped on to the same
start address instead of being concatenated.

This provides a COMMON function similar to that of
FORTRAN.

MEMORY The segment is loaded at the highest possible
address. If several segments have the MEMORY
combination, the first segment encountered is loaded
high; all other MEMORY segments are then loaded to the
same address in the same way as for the COMMON
directive.

‘ROM°. This is the name of the CLASS to be associated
with the segment. The c¢lass name must be enclosed
within gquotation marks.

2.1.2 Generation of the offset in the segment

Location counter
As soon as a segment 1s created, the assembler
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allocates a counter to 1t and sets the counter value to
zero. The counter is used to indicate where the next
item of information should be written into the segment.
Each time data is written into the segment the counter
is incremented.

Incrementing stops when the directive ENDS is
encountered. It can continue when the segment 1is
reopened in a module or in another module if it has
been declared public.

It is even possible to nest segments, although in
the interests of readability this practice is not to be
encouraged.

Example 2.3

DATA_TABLE SEBMENT W®WORD PUBLIC ’RAM’

F' Y ¥ ¥ 3 T 1 2 3 3 R X T 2t E 2 2 2 2 3 3 & & 3 2 B B B b 2 B % 4 )

. =} (counter of DATRA_THRBLE

-
L]
L]

=> (counter of DATA_TARBLE

e 'as we es as
L]
(4

CONSTANT SEGMENT WORD PUBLIC °*ROM’

AR R EEEE RS AEAEEE TSSO EEEEEREEEZSEXE

=> (counter of CONSTANT

W

02

=X (counter of CONSTANT

n
=
R
St

a¢ ‘av ‘ms ma e

CONSTANT ENDS

I
e
—-
i

h
h

ounter of DATA_TABLE

. => (counter of DATA_TRBLE = 7

-@e s -as cam ms

DATA_TABLE ENDS

END

Altering the location counter
ORG directive

Example 2.4

§
PERIPH SEGMENT WORD AT OEOOA4H

= ====:=======‘=ﬁ==-========-======
. » {counter = 0}

111

» (counter = [54 H)

- am ae

ORGE 1000H
. » (counter = Q00 H)

. z>» (counter = 1037 K}

ws 'as ‘my sa

PERIPH ENDS

END

Ly
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On encountering an ORG directive, the value
contained in the directive is written into the location
counter. When used 1in a segment that includes an AT
combination, it allows the full 20-bit address to be
defined completely.

Thus, in the following example, the location of the
information following the ORG directive has the address

OE0040 H
+ 1000 H

0E1040 H

EVEN directive

The code or data item following this directive is
aligned to an even address, if necessary generating a
NOP(NO OPERATION) instruction for the code or modifying
the location counter for the data.

Example 2.5

DATA_TABLE SEGMENT WORD PUBLIC ~RAM’

; :ztz:-:sz:s:nz------:xgtnnzxantgs---'ans

=> (counter

o)

. => (counter = 5 H)
EVEN
. => (counter = 54 W instead of

DATA_TABLE ENDS

END

This directive is only of interest for the 8086
which reads or writes a 16-bit word in a single
operation if the word is located at an even address, or
in two operations if the word is not aligned to an even
address.

It is therefore useful to be able to realign
information in this way.

Note that this directive cannot be used in a BYTE
type alignment segment.

Direct use of the location counter value
The '$° symbol allows reference to the current counter
value. It is used in particular for jumps.

o3 H2
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Example 2.6

'~ CODE_PP SEGMENT BYTE PUBLIC ’ROM’

; EEEX X I EE S EE R EEE N EE NN EE RN E R R R

H . z> {(counter = Q)

JMF & + 05 i =2 {counter = 10 H)

-t -AB s

=} (counter = 15 H)., The place

to which the JMP instruction
s tranfers czontrol.

: . s> (counter = 57 K

CODE_PP ENDS

END

Use of the counter for offset generation

DATA

All variables and constants used within a program are
named by the user. The assembler allocates to each name
a segment value, an offset and a type. The offset is
derived from the value of the counter at the data
location.

Example 2.7

! DATA_TABLE SEGMENT WORP PUBLIC *RAM®

; X ¢+ T ¥ 2 3 ¢ X 2+ 2 ¢ ¢ T 2 1 4 0 22 2 2 3 2 2 2 F 0 2 3 2 2 & . . f

Vofed
VAR_1 DE 05 i <= (counter = 23 HY - -

‘as an cas as

DATA_TABLE ENDS

END

The segment value of VAR 1 is that of DATA TABLE;
its type is byte (DB directive) and its offset 1is the
value of the location counter (23H), which may be
slightly modified to take account of alignment.

As the segment value must be a multiple of 16, if
the alignment is not of the PARA type, it 1s necessary
for the assembler to add a small shift to +the counter
in order to ensure that the segment value is a multiple
of 16.

This underlines the danger of wishing to calculate
the offset of a variable manually.
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For example, it is tempting to assign the value 0 to
the offset of the first variable of a byte or word
aligned segment. However, this variable can be up to 15
bytes offset from the start of the segment.

It 1is therefore necessary to use the assembler
OFFSET directive to obtain the exact value of the
offset of a variable.

CODE

The principle 1is the same as for data but here the
offsets of the labels used when branching have to be
defined.

Example 2.8

' CODE_PP SEGMENT BYTE PUBLIC *ROM?

; 1 4 3 1t 1t 1 1 1 2 3 Pt f 2 1 3 k3 3 3 3 2 3 & 3 3 2

ASSUME CS:CODE_PF
AGAIN: i Y= {(counter = &9 H)

LOOF ABGAIN

ad tme ad AR

CODE_PP ENDS

END

AGAIN is a label whose segment value 1is that of
CODE _PP. 1Its offset is obtained from the value 69H of
the counter. Its type is NEAR or FAR (see next
chapter).

LABEL directive
Since the offset 1is assigned by the position in the
text of the variable or the label, how can the same
offset be assigned to two variables or to two labels
with different names? This dual use of location is
required when it is necessary to access the data with
differing types, for example, WORD, BYTE.

The LABEL directive permits incrementation of the
counter to be suspended so that this problem can be
solved.
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Example 2.9

| DATA_TABLE SEGMENT WORD PUBLIC ’RAM?

; SN IR 3 IX IOE IE I BT B SS IX IX Ot SC SR O ONT AT AN 4R I IT T IR T S 2N AW Ak Sk MKk IX o ST 3T OX OE N By

.
H .

ZONE_B LABREL BYTE { (= (counter
ZONE _W D4 100H 1 (= (counter

23 M
23 W

‘me ms ar as

DATA_TABLE ENDS
END

ZONE_B is of type BYTE and ZONE W is type WORD.
Their segment and their offset are identical.

2.1.3 Loading CPU segment registers and pointers
The CPU has four segment registers:

CS: Code segment, used exclusively for program
instructions.

DS: Data segment, used for variables and constants.

ES: Extra segment, used for variables and constants.

SS: Stack segment, used exclusively for stack
operations.

In addition, there are a further six pointer
registers that allow the microprocessor to retain all
or part of the offset. They are

IP: Instruction pointer, working exclusively with CS
to address program instructions. '

SP: Stack pointer, working exclusively with SS.

BP: Base pointer, working in preference with SS.

BX: Base pointer, working in preference with DS.

DI: Destination index, working in preference with DS
but necessarily with ES for repeat instructians.

SI: Source index, working in preference with DS.

All these registers have a length of 16 bits.

In an operating system environment, the programmer
generally does not have to concern himself with the
initialisation of CS, DS and SS if he uses a high-level
language to write the main program.

One should take care to preserve these values and
restore them to the system on returning from an
assembler program, that 1is, if the assembler alters
them. On the other hand, ES may often be available to
it.
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In a non-operating system environment, the main
program must initialise these registers on start up.

Loading and use of CS and IP
These registers are not directly accessible. There are
four ways of initialising or altering them.

A RESET
Initialisation of the microprocessor is achieved by
pulsing the CPU reset pin.

OFFFFH is then automatically loaded into CS and 0O
into IP.

The first instruction executed after RESET 1is at
physical address OFFFFOH.

An interrupt
After receiving the interrupt number, the CPU looks 1n
the interrupt address table for the offset and then the
segment corresponding to the first address of the
interrupt subroutine.

It loads them into IP and CS respectively.

A subroutine call: CALL
1f this is a FAR type instruction, the values of the
of fset and segment of the subroutine to be executed are
contained in the CALL instruction and loaded into IP
and CS. ’

1f it 1is of the NEAR type, only IP is loaded.
However, the subroutine must be located in the same 64K
memory block and be placed in the same group as the
calling program.

Thus CS is the same for the calling program and for
the callied program.

A jump: JMP

This instruction operates in the same way as the
subroutine call so far as the loading of CS and IP are
concerned. |

" It can also be of FAR or NEAR type. It should
however be noted that it is unusual to have to execute
a FAR type JMP in a well-structured program.

Conditional jumps

These are all of type NEAR and therefore only alter IP.
Furthermore, the branch point must be within +127 or
-127 bytes of the jump instruction.

As most conditional jumps only transfer control to
an address a short distance away, the designers of the
CPU have provided a mechanism whereby the Conditional
Jump instruction can be encoded within 16 bits instead
of the 24 bits required by the Jump instruction.
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The ’“short distance’ is defined to be +127 or -127
bytes. Of the 16-bit conditional jump instruction, 8

bits are used to indicate the branch condition, leaving
8 bits to represent a signed offset.

Loading and use of SS and SP

Example 2.10

SEG_STACK SEGMENT STACK Seq
; WA N SR EE EE NE NG 3K NR SE SE ER NE Sk 0k Sk 2R EE BE ER BK IR 2p A I
Du 100H DUP(?) s Before statement, -ounter = 0.

1 After,counter=200H. Counter will
i then indicate the next free bLyte.
TOP_STACK  LABEL WORD )
H

SEG_STACK ENDS

CODE_PP SEGMENT BYTE PUBLIC *ROM’

H AR EEEEETEEEEEAEEEEEEEE NN EREERRE N EEL . i L S s eae
;
' MoV AX, SEG_STACK v
MOV 8S, AX '
; .
MOV SP, OFFSET TOP_STACK ‘ A
-; 1
FUSH  AX
FOP  AX

CODE_PP ENDS

END

The instruction DW 100H DUP(?) reserves 100H (=256)
memory words (see next chapter). The variable TOP_STACK
thus has 200 H as its offset, and points to the nearest
unreserved memory location.

SS is loaded from a data, pointer or index register.
In this example, AX is set to the value of the segment
name SEG_STACK by using the MOV instruction. A second
MOV transfers this value into SS.

Now that the stack segment value is known, the
offset value needs to be loaded into SP in order to fix
the absolute address of the top of the stack.

SP is initialised, directly this time, by the
instruction MOV SP which sets it to 200H.

When it is required to write to the stack, for
example by means of the instruction PUSH AX, SP is
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first decremented by 2, then the absolute address is
calculated. When a value is retrieved from the stack
using POP AX, SP 1is incremented by 2 after the
absolute address has been calculated and the value
extracted.

Assuming that §8S is loaded with the value 35H, the
example works out as follows:

- before the instruction PUSH AX, SS = 35H and SP
200H. The absolute 1location pointed to is 350H
200H = 550H.

- after the instruction PUSH AX, SS = 35H and SP =
IFEH. The value contained in register AX is stored
at the physical address 54EH and SP points to this
value.

- the address of the value which will be restored to
register AX on execution of the POP 1is calculated
from the SS register and the current contents of
SP{(IFEH); in this case the address is 54EH. The &SP
is then incremented by 2 (SP = 200H) in order to
free this memory location ready for a future PUSH.

+

This setting of SS and SP must be carried out at the
beginning of the main program, either explicitly by the
assembler language programmer, or automatically by the
use of a high-level language.

With the exception of this initial loading, SS is
rarely altered and SP should only be altered with care,
otherwise essential data may be lost with catastrophic
results, such as the losing of the return address of a
subroutine, for example.

The above clearly indicates the wuse of the STACK
alignment directive, because if the STACK_SEG segment
is reopened in another module, only the total number of
reserved words can be altered and not the highest
address (TOP_STACK in our example).

It is in fact essential for the main program to
know, on initiation, what the highest address wused by
the stack is, so that SP can be correctly initialised.

Loading and use of DS, ES and base and index registers

Example 2.11

" DATA_TABLE SEGMENT WORD PUBLIC *RAM’
; -::z:a-:a::s:-asz-:=:=n---.--sg-zu=---= ;
H . A L S Qe S g
TABLE_1 DB 100 DUP(?) - S
. R _4
L] . o0
TABLE_2 DW 300 DUP(?) )
3 . Tq I P R R
" DATA_TABLE  ENDS
(-‘{‘ . é{i
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DIRECTDRY SEGMENT WORD PUBLIC *ROM”

LR R & 2 % 2 22 % 32 34 % + % 3.2 3+ 2 + 3 2 + + % + 3 F 3 7 3 3 3§ % 3]

EONSTANT _PI DD S.141 t Harning : MICROSOFT assewbleér
: . does not follow the IEEE rule
for the representation of real

. numbers (see chapter 3).

DIRECTORY ENDS

CODE_PP SEGMENT BYTE PUBLIC *ROM’

ErEEEERERE T EEEEEERERER Y SN NI IORAEIEEIEEERER

Moy AX,DIRECTORY

MOV - DS,AX ol 6aq4re1‘uulu4‘?j}uz4.r-'
L o .

- . ‘_7) o

MOV AX,DATA_TAELE

MOV ES, AX

MOV BX,OFFSET TABLE_2

Mov DI, 150

MOV S1,0FFSET TABLE_1

MOV EF,SP

CODE_PP ENDS

END

DS and ES are loaded in the same way that SS is loaded;

a

value 1is transferred from another register using a

MOV instruction. Note that this other register cannot
be a segment register. In general AX is used to load DS
and ES. On the other hand, the base and index registers
are loaded directly, as is shown in example 2.11.

Chapter 4 describes a method whereby a segment and

index register can be loaded with a single instruction

SO

as to form a pointer to a particular memory

location.

Using specialised index registers 1like IP and SP

does not present any problems over the choice of
segment register that will be wused in order to
reconstruct the absolute address, because these index
registers work exclusively with CS and SS respectively.

The same is not true for BP which works implicitly

with S8S but which can also be linked with DS, ES and
CS.

Similarly, BX, DI and SI, which work implicitly with

DS, can be linked to §S, ES and CS.

In such circumstances, how does the assembler decide

which segment register to use?
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Implicit rules
Where no conditions are imposed, the base registers BX
and BP are associated with DS and SS respectively.

If used by themselves, indexes DI and SI work with
DS. If they are used in conjunction with one of the two
base registers, the 1implicit base register segment
predominates. ‘

Example 2.12

. CODE_PP SEGMENT BYTE PUBLIC ’'ROM’

MoV AX, [BF] t segments 35 and offset= contents of
MoV [BX1,AX ; segment= DE and offsets contents of
‘ MoV AX, [BXII[SI] 1 segment= DS and offset= contents of
H + contents of
‘ MOV [DI],AX 1 segwentx DS and offsets contents of
MOV AX,[BFILBI] 1 segments 85 and offsets contents of

t + contents of &

CODE_PP ENRS

END

Alterations of segment association

In order to override the implicit segment association
values, all that is required is to specify a segment
prefix, which consists of a segment name followed by a
colon, placed in front of the base or index register.

Example 2.13

CODE_PP SEGMENT BYTE PUBLIC ’ROM’

i

ADV AX,CS: {BF) 1 segwent= L5 and offsets contents of

; ﬁov ES: [BX1,AX 3 seqgment= ES and offsets contents of
= hov AX,CS:[RXIISI] ; segment= C5 and offsets contents of
i * contents of

: ADV S8: (DI1,AX { segeent= 53 and offset= contents of
; ADV AX,DS: {BPILSI] segment> DS and offset> contents of

+ contents of

- aw
-

CODE_PP ENDS

END

BP

B

BX

-
)

DI

kp

BX

BX
&I

DI

Br
sI
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Prefix
CS 2E H
bs gfs 3E H
ES 26 H
SS 36 H
Figure 2.1
shows

registers shown.

136404

CS(BP+DIT)

l!lFl!!:

e -

CS«(BP+SI)
CS:(BP)
| CS+(BX+DI)

HHM':

mrm!:: CSHiBX4SI)
xmm[:jCSHBm

mumi___. CS«(DI)
mnm:::!CSNSI)

wn-E:iW
CS=0FFFH

2.2 The PROC/ENDP Directive

Example 2.14

CODE_PREP

ASSUME

POINTERS
SI=8H 1P=0
DI=150H
BX=1000H
BP=3500H SP=450H

LOCATIONS ADDRESSABLE WITH

B3E30H

35084

833004

sussou[ ] SS1(BX+DI)
[] SSe(BX4SI)

B1008H

810004

804504

801500

SEGMENT

CS: CODE_PREF

S5=8000H

SS

£33 (8PsDI)
[ (BP+s)
3 8P

i ssstex)
= sp

| ss1(01)
[ ssssD

BYTE

DS

DS+{BP+DI)

DS¢{BP4+SI)

] DS:(BP)
| (BX+D1}

(BX+S1)

srol

| (BX)

w3 (OD)
woe| ] (ST)

0S=_ 400H

PUBLIC

CPU

segment

’ROM”

prefix appearing in the columns of
This prefix

choose a
segment register different from the implicit one.

and

which absolute addresses the CPU
can reach, given the values of the

index

ESs(BP+DI1)

| ES+(BP+SI)
| ES¢(BP)

ESs(BX+DI)
| ES#(BX4S1)
| ES+(BX)

ESH(DI)

ESttShH)
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H
PREPARATION PROC } equivalent to FROC NERR'

e W ae ee

RET
PREPARATION  ENDP
CODE_PREP ENDS

END

Example 2.15

i
CODE_INT SEGMENT BYTE PUBLIC °*ROM’

INT_1 PROC FAR

1
H .
IRET
INT_i ENDP

CODE_INT ENDS

5
END

A procedure is implicitly of type NEAR. It maybe
specified as type FAR.

In the case of a NEAR procedure, only the return
address offset is saved at the call and restored at the
return (RET). It is therefore necessary for the
procedure to be in the same segment or in the same
group as the calling program (example 2.14).

In the case of a FAR procedure, the offset and the
return address segment are saved, and are restored on
the execution of a RET instruction. There are no memory
constraints for this procedure.

The FAR type should be used whenever a procedure
written in assembler is called by a high level language
or when an interrupt procedure is involved. 1In the
latter case, IRET should be used instead of RET .
(example 2.15), because the status word is also saved
when an interrupt occurs. The IRET instruction resets
the status word from the stack (see chapter 5 on
interrupts).

2.3 GROUP Directive

The GROUP directive specifies that certain segments
belong to one and the same block of 64K of memory and
that it is possible to assign to them a common segment
value for the calculation of absolute addresses.
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Example 2.16

CODE GROUP  CODE_PP,CODE_PREP,CODE_FROCESS

i
CODE_PFP SEGMENT BYTE PUBLIC ’ROM’

’ EBREEESREEREEEESNESEEEEEENAEERAERREESERERE

ASSUME (CSi1CODE

CALL PREPARATION

CODE_PP ENDS

CODE_PREP SEBMENT BYTE PUBLIC *ROM’

ASSBUME (CS5:CODE

PREPARATION PROC NEAR

CALL CAaLCuL 1

: .
TWO Dw 2

PREPARATION ENDP
CODE _PREP ENDS

CODE_PROCESS SEGMENT BYTE PUBLIC ’ROM’

; WS N NN EE R S M AR TR RE AR SR NED ER S Sk SR Ss SR R K Sk JE SR 2R EE SR SR SX Ok BR 5N By X 3B NE AR 2m Bk Ak
ASSUME S:CODE
H
CALCUL_! PROC NEAR

MoV BX,OFFSET CODE: TWO

MOV AX,CS: [BX)
{ .

CALCUL_1 ENDP

CODE_PROCESS ENDS

]
END

We will take the following values for the symbols
used in example 2.16.

CODE = 200H
CODE_PREP = 315H
CODE_PROCESS = 52QH
TWO = offset in CODE_PREP = 63H
PREPARATION = offset in CODE_PREP = T7H
CALCUL_1 = offset in CODE_PROCESS = 154

The group name CODE represents the same value as the
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first segment in the list CODE_PP:
CODE = CODE_ PP = 200H

On entering the main program in the segment CODE_PP,
CS is set to the value 200H and IP points to each
instruction in turn.

With reference to the subroutine call of
PREPARATION, since PREPARATION has been declared NEAR,
although it is not in the segment CODE PP, the
assembler must alter the offset of PREPARATION in order
to generate the correct code.

Using the values given, the absolute location of the
first instruction of PREPARATION is

31500 + 7H = 3157H

As CS is equal to 200H when the subroutine 1is
called, if IP 1is simply made equal to the offset of
PREPARATION, 7H, the next instruction address would be
2000H + 7H = 2007H which 1is 1incorrect.

What actually occurs is that the assembler
recognises that a different segment 1is involved. It
then 1looks to see which group this segment is in and
adds to the offset of PREPARATION the distance between
CODE_PREP and CODE, multiplied by 16, which gives

CODE_PREP - CODE = 315H - 200H = 115H.
The actual value lcaded into IP is

OFFSET PREPARATION + (CODE_PREP - CODE) * 16
= 7H + 1150H = 1157

The next instruction address, using CS = 200H, is
then

2000H + 1157H = 3157H (correct).

From the above example, it can be seen that if the
GROUP is not restricted tc a maximum size of 64K bytes,
the assembler would be unable to generate these
modified 16-bit offsets.

For the CALCUL 1 call, the calculation is as follows

absolute address = CODE PROCESS:CALCUL_1 = 5200H + 15H
= 5215H
Cs = 200H -> 2000H
IP = 15H + (520H - 200H) * 16 -> 3215H
Absolute address = 5215H

(correct)
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In fact the assembler has to be told that it needs
to work with the group rather than with segments.

This is the role of the ASSUME directive which works
in the following way.

Let us assume that the assembler has now reached the
PREPARATION subroutine call.

Now this subroutine is in the CODE_PREP segment
which uses the ASSUME directive to set CS to the value
of the GROUP instead of the segment itself.

The assembler therefore modifies all the offsets
accordingly.

The ASSUME directive is described in greater detail
in chapter 4.

Finally, in our example, if BX is loaded with the
offset of 'TWO” which has the value 63H in CODE_PREP,
the assembler will need to be informed that it must
correct this value.

This operation is carried out by writing

MOV BX, OFFSET CODE:TWO

In this case, OFFSET CODE:TWO has the value

63H + (315H - 200H) * 16 63H + 1150 H = 11B3H
and this value is loaded into BX. Consequently, on the
instruction

MOV AX, CS:[BX]

the absolute operand address is 200H : 11B3H = 2000H
+ 11B3H = 31B3H pointing correctly to the word
containing the value 2.

The instruction LEA BX, TWO (Load Effective Address)
carries out the same operation, using a simpler form of
coding, because it interrogates the ASSUME directive in
nrder to establish to which group the operand belongs.

2.4 The Link Between Modules

In order to allow symbolic references from one module
to another, the assembler provides three directives:
NAME, PUBLIC and EXTRN. The use of each directive is
described below.

2.4.1 NAME directive
In each module, the NAME directive, which has the
syntax NAME name, allows the user to associate a name
with each module. For the user, this name only
reappears 1n the MAP file obtained after executing the
utility program LINK.
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2.4.2 PUBLIC directive

All the variables or subroutines used by other modules
must appear in a PUBLIC directive. If not, they are
considered to be local to the module in which they are
defined and invisible to other modules. While this
allows the same name to be used in different modules
without confusion, it is not recommended.

2.4.3 EXTRN directive
The EXTRN directive indicates to the assembler the name
and type (and possibly the segment name) of a symbol
defined within another module.

The type can be literally

BYTE, WORD, DWORD for variables
NEAR, FAR for code
ABS for numbers

The types QWORD, TBYTE, STRUCTURE or RECORD are
only available in the latest versions of the Intel
assembler and are not dealt with here. 1In order to
specify the segment name, the EXTRN directive must be
declared within a segment of the correct name. The
segment is specially reopened for this if necessary.
The variable may then be used like a local variable.
This is the case with the variable GLOBAL in example
2.17.
‘ I1f the segment is not known, it is possible to leave
it to the assembler to find it by placing the directive
EXTRN outside all the segments (as in the case of
VAR_EXT in example 2.17) and by using the directive SEG
to load a segment register, generally ES.

Finally, the prefix ES: allows us to specify to the
assembler which segment register should be wused with
this variable to calculate the absolute address.

Example 2.17
NAME  MODULE_A

' EnErEsdENneunaeann
PUBLIC GLOBAL
CODE  GROUP CODE_FP,CODE_FREP
DATA_TABLE SEGMENT WORD PUBLIC ’RAM’
; --E--'t--=---.---'--’--'----8-------ﬂ"
GLOBAL W 1035H
DATA_TABLE ENDS
CODE_PREP SEGMENT BYTE PUBLIC *ROM’
’ ----‘.---.--‘*---‘---------.-------‘-'-

EXTRN PREFARATION: NEAR

CODE_PREP ENDS



Program Structures 35

CODE_PP SEGMENT BYTE PUBLIC *ROM’

ASSUME CS: CODE 1 ASSUME: see chapter 4,

MAIN_PROG_START:

]

CALL PREFARATION

CODE _PP ENDS

END MAIN_PROG_START

NAME  MODULE_B

PUBLIC PREPARATION
EXTRN  VAR_EXT:WORD

CODE GROUP CODE_FF,CODE_PREP

DATA_TABLE SEGMENT WORD PUBLIC ’"RAM’

; EEEEEEENEERSEENAEEEAEEEAMEIEEEEEEEETEERKEEZE

EXTRN  GLDPAL:WORD
DATA_TABLE ENDS

CODE_PREP SEGMENT BYTE PUBLIC ’ROM’

ASSUME CS:CODE,DS:DATA_TABLE i RSSUME: ree chapter 4.

PREPARATION PROC NEAR

e

MoV AX,SEG VAR_EXT 1 Load E5 with the segment con_
1 taining VAR_EXT.
MoV ES,.AX
H .
MOV AX,BLOBAL
MOV ES: VAR_EXT, BX fssembler does not know

P R

bler.
PREPARATION ENDP

CODE_PREP ENDS

-

END

2.4.4 END directive
END tells the assembler that the source of program is
terminated.

In a module, there should be only one END directive
and this should be the last statement. (Of course, this
must be followed by a carriage return.)

In the module that contains the main program, and
uniquely in this case, the END directive should be
followed by the start address of the main program (see
in example 2.17 the end of module A).

This is the address to which the loader transfers
control after the program has been loaded.

segment of URR_EAT, por the re_
gister segment concerned. This
pust be indicated to the assen_



3 Definition and Initialisation of Data

3.1 Writing Identifiers

An identifier is a name attributed to an item of data,
a segment, a procedure, and so on. It possesses the
following characteristics.

it begins with a letter or one of the three special
characters ? @ or -

it can contain letters, names or the three special
characters

it can contain up to 31 characters.

over and above this number the characters are ignored,
even though they still appear in the .LST file. '

3.2 Identifier Attributes
The assembler recognises three forms of identifier

Constants: pure numbers, without attribute

Variables: data that can be manipulated. They are
the operands of the instructions MOV, ADD, and sO on.

Labels: point to the program instructions. They are
the operands of the CALL, JMP and conditional jump
instructions.

Variables and labels have different attributes,
depending on the following. :

What is the physical location?
What is the segment value?
What is the offset value?

How is this variable or label used?
What is the type of a variable, counted in bytes?

BYTE TYPE = 1
WORD TYPE = 2
DWORD TYPE = 4
QWORD TYPE = 8
TBYTE TYPE = 10
Structure name TYPE = n (number of bytes in

structure)

36
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What 1is the type of a label

NEAR
FAR

3.3 Constants

Constants are pure numbers presented to the assembler
either in direct form in different bases, or in
symbolic form specified using the directive EQU prior
to the first use of the symbol.

3.3.1 Use in direct form in an instruction

The assembler translates the values, written in
different bases, into two’s complement binary occupying
16 bits (giving a signed range of -32768 to +32767 or
an unsigned range of 0 to 65536). The number handled
can be the result of an arithmetic operation +, -, *,
/, MOD or a logical operation AND, OR, XOR, NOT.

Example 3.1

CODE_PROCESS SEGMENT BYTE PUBLIC ~ROM’

; -'----‘8B---'-----Bttg-------ﬂ'-‘--ﬂ====-

ASSUME CS:CODE_PROCESS 3 RSSUME: see chapter 4.

CALCUL_2 PROC NEAR

MOV AX, 15 : Decimal value: OF H stored in AX

: QDV BX,-12D 1 Decimal value:0FFF¢ H stored in BX
= ADV p1,77%d 1 Dctal value: 3F KW stored in DI

; EDV SI,101B AND 100B : Binary value: 04 H stored in &I

: HOV BP, "A’ 1 ASCI! value: #1 H stored in BP

; EUV CX,20H%2H 1 Hexadecimal value: ¥R ¥ stored in CX
= QDV AX,'8” AND OFH i 38 H AND OF H: 08 W stored iIn RX

; HDV CX.100 MDD 18H 1 modulo 1 OF K stored in CX

CALCUL _2 ENDP

CODE_PROCESS ENDS

END

3.3.2 EQU directive

Figure 3.2 shows the use of the EQU directive to form a
symbolic constant; it also shows hows the symbolic
constant is used.

T Ut A
s
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Example 3.2

SIXTEEN EGU 54%4-200
| CODE_PROCESS SEGMENT BYTE PUBLIC ’'ROM’

ASSUME CS: CODE_PROCESS 3 RSSUME: see chapter 4,

CALCUL_2 PROC NEAR

MoV AX,SIXTEEN 1 Symbolic value 10 W stored in AX
1 .

CALCUL_2 ENDP
CODE_PROCESS ENDS

END

The following section describes the use of constants to
initialise variables.

3.4 Definition of Variables
A variable 1is completely defined when the assembler
knows its segment, its offset, its type and possibly
its initial value, which may remain undefined as long
as it is not used by the program during execution.
Segment and offset were examined in chapter 2. This
section therefore deals with the type and initial
value.

3.4.1 Initialisation with a constant expression
Example 3.3

DIRECTORY SEGMENT WORD PUBLIC *ROM’

TABLE_1 LABEL BYTE

SERIAL _NUMBER [1):] 23H + 35

IDENTITY DB 'MR SMITH’

NUMBER DW 12344

REDUCTIDN bD 0.80 } Warning : MICROSOFT assembler
{ does not follow the rule of
{ numeric representation (see DD
: in this chapter).

NUMERATOR DwW 80

DENDMINATOR DW 100

PRECISION Da 1B4446743073709551615

LARGE _NUMBER T 1234567890123454678

COUNTY DW - Y

END_TABLE_! LABEL BYTE

DIRECTORY ENDS
END
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The method of initialising a variable depends upon the
type o©f the variable. The use of the keywords DB, DW,
DD, DQ, DT is described below.

DB (Define Byte)

DB accepts all signed values 1lying between =128 and
+127; it also accepts all unsigned values between 0 and
255,

For numerical values only a single byte is
initialised. Additionally, DB 1is used to initialise
strings of more than 2 characters. This is demonstrated
with the initialisation of IDENTITY in example 3.3.

In this case, 8 bytes have been allocated and loaded

with the ASCII values, the ‘M~ at the lowest address,

the 'H™ at the highest address.
If a quote mark (') is included in the character

string, it must be preceded by an additional single
gquote ~ thus {° 7). For Microsoft assembler, it must be
included in its ASCII form, that is, 39 or 27H. The
string length is limited to 255 characters.

DW (Define Word)

DW allocates 2 bytes and accepts all signed values
lying between -32768 and +32767, and unsigned values in
the range 0 to 65536.

It should be noted that the lower part of the number
is loaded at the lowest address and the higher part at
the highest address. Thus, in .example 3.3, 34H is
loaded at the offset NUMBER and 12H at the offset
NUMBER + 1.

It is possible to load a word with two characters,
as for the variable COUNTY, but here the ASCII code for
6 is loaded at the offset COUNTY + 1 and the ASCII code
for 7 at COUNTY, in contrast to loading with DB.

DD (Define Double Word)
Use of DD allows 2 words or 4 bytes to be allocated.
The possible numerical values are as follows

31 +231

(a) an integer from -2 to -1

That is, -2 147 483 647 to 2 147 483 646.
(b) a real number
from -—2-128 to -2-126, 0, 2—126 to 2128
covering the decimal values from +-3.37 E+38 to +-1.18
E-38 (simple precision in FORTRAN) with an empty

interval either side of zero.

(c) an assembler expression in 16 bits with the most
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significant bits completed by 0's or 17's according to
the sign bit,

(d) loading of a string of a maximum of two characters,
carried out as for DW at the low address word, with 0
being loaded in the high address word (wrong usage).

Special note for Microsoft assembler users

The numeric representation of iMicrosoft’s 1.06 version
does not conform to the IEEE standard: the sign 1is
placed at the beginning of the mantissa instead of at
the beginning of the number and the exponent shift is
not the same.

This fact must be taken into account when
transferring arguments with high-level languages and
for the defining of constants used by the 8087. In the
latter case, it is preferable to define such constants
with integer values.

Thus in example 3.3., the instruction

FLD REDUCTION

should be replaced by the following lines which load
the value 0.80

FILD REDUCTION_ NUM
FIDIV REDUCTION DENOM

Here the first instruction loads the integer value
80, while the second divides this value by 100.

The Microsoft representation can also be converted
to the IEEE form, and vice versa, as 1is shown in
example 4.21a.

DQ (Define Quadword)
DO allocates 8 bytes to the following numerical values

INTEGER: from —263 to +263 -1

hat is, approximately, the values below 9.22 x
10 , in absolute value.

1024 -1022 -1022 1024
REA%624from -2 to -2 , 0, +2 to 2
with 2 = 1.7 E + 308 covering the decimal values
308 -308
from +-1.80 10 to +-2.23 10 (double precision in

FORTRAN) .

an assembler expression in 16 bits completed by 0°s
or 1’s depending on the sign bit.
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loading a string of two characters carried out under
the same conditions as for DW, the more significant
words being initialised with zeros.

Microsoft assembler users should note that in the
numerical representation of real numbers the same
non-standard features apply, as mentioned above under
the DD directive.

Note that variables defined with the aid of DQ can
only be referenced in EXTRN in the latest versions of
the assembler.

DT (Define Ten bytes)

The allocation of 10 bytes is made for operation with
the 8087 mathematics co-processor (see chapter 7),
either to output or input magnitudes presented as a
string of BCD numbers ranging from

(10—18 10+18

-1) to + ¢ -1)
or to write and re-read numbers in the internal format

of the 8087.

In fact the 8087 mathematics co-processor carries
out all its operations with numbers lying between

_216384 o _2—16382' 0, 2*16382 to 216384

with 216384 =1.2 x 104932

This format is only useful in memory to store
intermediary calculation results.

DT can also be used to initialise a two-character
string, subject to the same rules as for DD and DQ.

Note that, as for DQ, DT can only be used to define
a variable referenced in EXTRN in recent versions of
the assembler.

3.4.2 Variable definition without initialisation
A question mark replaces the numerical values in all
the types so far described.

Only the required number of bytes are reserved, with
no initialisation taking place.

3.4.3 Pointer or index definition

A pointer or an index 1is a variable containing the
segment and offset or offset alone of an instruction
label or of the address of another variable.
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Example 3.4

DATA BROUP DATA_TABLE,DIRECTORY

DIRECTDRY SEGMENT WORD PUBLIC

; t 2 % 3 & % 2 3+ 3 R 2 X £ £ & 3 & 3 F_E_&£ £ 5 3 3 -F_ 3§ & _§ -3

TABLE_1 LABEL  BYTE
"~ END_TABLE_1 LABEL  BYTE
ADD_TABLE 1 DD TABLE_1

DIRECTORY ENDS

CODE_PROCESS SEGMENT BYTE PUBLIC *ROM?

ASSUME CS:CODE_FROCESS, DS: DIRECTORY i ASSUME: see chapter 4.

CALCUL_3 PROC FAR

LDS BX.ADD_TABLE !
TRET

CALCUL_S ENDP

CODE_PROCESS ENDS

ADD _INT SEGMENT WORD TRAM?

; EEomEEEsESsmERERENSEIEESESES=SRERRESS

INT_CALCUL_3 DD CALCUL_3

ADD_INT ENDS

DATA_TABLE SEGMENT WORD "RAM’

rEEs st T PR R EET TN EESIREREE

-

LONG DW END_TABLE_1-TAELE_1
DEF_OFFSET_1  DW TABLE _1
DEF_OFFSET_2  DW OFFSET TABLE_!
DEF_OFFSET_3  DW OFFSET DATA: TRBLE_1

DATA_TABLE ENDS

END

Pointers
In a pointer, the offset is always in the low address
word and the segment in the high address word.

The instruction LDS BX, ADD TABLE_1l in example 3.4
illustrates the use of such a pointer. The segment
stored at the offset ADD TABLE_1 +2 is loaded into DS
while the offset stored at ADD_TABLE_l is loaded into
BX.
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There is also a LES instruction which operates 1in
the same say with the ES register. (See the instruction
set or example 4.11.)

~ This method of working, by pointer, is often used
for passing parameters that come from a program written
FORTRAN or Pascal. In this case, the pointer is read in
from the stack (see chapter 4). The pointers are also
frequently used to establish the interrupt vector
table, illustrated in example 3.4 by the pointer
INT CALCUL_3 which contains the branch address to the
interrupt program CALCUL 3.

Indexes

The definition and use of offsets is not entirely
straightforward. The problem is demonstrated in example
3.4 by the three 1index definitions DEF_OFFSET 1,
DEF_OFFSET 2 and DEF_OFFSET_3. '

The first possibility is to load DEF_OFFSET_1 with
the offset value of TABLE_ 1 calculated at the time of
the assembly of the module without taking account of
other information being added to the segment 1in other
modules.

In all probability the resultant offset will be
incorrect.

The correct use of variable names for the
manipulation of offsets at assembly time is shown by
the variable LONG loaded with a number representing the
difference of two offsets. Their absolute value is then
no longer of importance.

Incidentally, this usage is very convenient since it
allows TABLE 1 to be lengthened without requiring major
changes in the rest of the program.

The second definition DEF_OFFSET_2 takes account,
for the loading of the offset, of its value in the
segment after LINK has 1linked all the modules. It
thereby takes into account any other use of the segment
in other modules. .

However, if access to TABLE_ 1 is made with the aid
of a segment register loaded with the DATA value, base
of the group containing DIRECTORY, the calculation of
the address will again be incorrect.

In fact, account must be taken of the shift that
exists between the base of the DIRECTORY segment that
contains TABLE 1 and the base of the DATA group.

The third definition, DEF_OFFSET 3, is initialised
with the offset of TABLE 1 in DIRECTORY, after LINK, to
which is added the distance (DIRECTORY-DATA) * 16.

DEF_OFFSET_2 and DEF OFFSET_3 are two possible
choices of offset calculation. One or other must be
indicated to the assembler as a function of the loading
of the segment register used for the calculation of the
physical address of TABLE_l.
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Now this loading 1is not known to the assembler,
since it is made at the time of program execution and
the actual position of the instruction that causes this
loading 1is perhaps contained in another module, for
example, in the module containing the main program.

Again, it is necessary to specify for the assembler,
the value of the segment registers at the time of
execution. The directive ASSUME allows the assembler to
verify the <choice of offset or select the correct
segment register when it can do it itself.

This directive is studied in chapter 4.

3.4.4 Definition and initialisation of a data list
A single variable definition can point to a list of
data values stored one after the other.

Initialisation of a string of characters by the
directive DB already operates in this way.

It is possible to extend this concept to all types,
provided that, for each directive, no more than 16
successive data values are specified.

Thus, a single DB directive can support up to 16
strings, each of 255 characters.

Example 3.5

DIRECTORY SEGMENT WORD PUBLIC ’ROM?

==================—-======'=====-=====-——

PRIME_NDS  DW

2,3,5,7,11,15,17,1%
IDENT DE *FAMILY NQME’ ODH, 0AH, "NAME* , ODH, 0AH
TABLE DD 1.0,2.0,3.0, a, 0,5.0,4.0
DD 2.0,4.0,6.0,8. 0.10 0_12 a
DD 2.0.4.0,8.0,16.0,32.0,&4.0

;.

DIRECTORY ENDS

END

3.4.5 Values repeated several times

The DUP symbol allows a data value, or a simple memory
allocation without initialisation, to be repeated a
precise number of times.

Example 3.6

DIRECTORY SEGMENT WORD PUBLIC °ROM’

; =-====ﬂ========ﬂ=-==.====B=I=--=======

VAR _O DB 100 DUP (0}

DB 2 DUF((D)},S DUP(4A)) { =0 0, 4,4,4,0,4,4,4 .
ERROR DE 100 DUP(*ERRDR’,0DH,0AH} ; =» 700 lines ’ERRDR’ff)J
NUMBERS Dw 100 PUF(S DUF(S) ,7) i =) 100 copies 5,5,5,5,5,7

DT 100 DUF (M t = 1000 bytes of O

DO S0 DUFR(7) 1 = 400 bytes reserved

with initial value of 7

-
-
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DIRECTORY ENDS

END

Note that DUP 1s also used to reserve one or more
bytes without initialisation.

WORD _1 DB 2 DUP(?)
WORD 2 DW 1 DUP(?)

In this case no initialisation is generated, whereas

WORD 1  DW ?
WORD 2  DW ?

depending on the systems, can set these locations to an
inderminate value. This can cause problems if the
locations are those of the registers of a memory-mapped
peripheral.

3.5 RECORD

3.5.1 Definition

The directive RECORD allows a new type to be defined,
which is then used in the same manner as DB or DW, and
which allows bit ‘fields’  to be defined within a byte
or a word.

The fields are defined by means of a symbol,
followed by a colon and then by the number of bits in
the field.

If the total number of bits defined is less than 8
for a byte and 16 for a word, the bits involved will be
the least significant bits.

When the +type 1is being defined, each field can be
initialised by adding an equals sign followed by a
value after the number of bits in the field.

If no value is given, an initial value of zero is
assumed.

Finally, if the field is exactly 8 bits wide, a
character can be used to initialise the field.

3.5.2 Using RECORD for the definition and
initialisation of variables
Example 3.7
NAME  MODULE_A

FUBLIC TABLE_B

MODEL _1 RECORD X:2=7, Y:4=8, Z:9=207
MODEL _2 RECORD NUMBER:4=0FH, FIGURE:8="3"
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Initial format of MODEL_I:
15 13 12 98 ¢

-

112110002 060000001¢

——— -

LR Y 2N Z >

.y Wy g en #P

A

Initial format of MODEL_2:
11 87 0

- - - -

XXXX0240001270011

My ey wy Ry ‘wy e

{NUNBER> < FIGURE 2

DIRECTORY SESMENT WORD PUBLIC ’ROM’

TABLE_B MODEL _1 <>
MODEL_1 5 DUP(<,15,3>)
MODEL_1 5 DUP(<,,15)
SETATUS_WORD  MODEL_2 <>
MODEL_2 <5,'9">

i .
DIRECTORY ENDS

CODE SEGMENT BYTE PUBLIC 'ROM?

MOV AX,DIRECTORY

MoV ES,AX
1 .
1 .
MOV BX,O0FFSET TABLE_B
MOV DI, 0O
MoV AX,ES: (BXILDI} i 7111000100000007 B stored

; L]
Moy DI, 5k2

MOV AX,ES: (BX1(DI] 3 11%1!110000000!1 B stored
H
1 .
MoV DI,7%2
MOV AX,ES: [BXI(DI] 3 1111000000000001 B stored
MoV AX, ES1 STATUS_WORD 3 0000112100110011 B stored
MOV AX,ES:STATUS_WORDE2] 3 0000010700111001 B stored

3
CODE ENDS

’
END

3.5.3 Use for the calculation of a constant expression
One of the main uses of record structuring at the bit
level is the ease with which bits can be read or
written in bytes or words associated with a peripheral
or I/0 port. .

This generally involves programmable integrated
circuits that require bit-structured control words (see
chapter 6 and following). It is therefore practicable

in

in

in
in
in

RX

ax

AX
Ax
AX
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to load the fields as though a 1 byte or 1 word
variable was involved. To this end, it is also possible
to use directly the type defined in RECORD in an
instruction operand or in an EQU in order to calculate
a constant expression.

Example 3.8

NAME MODULE_A

R RECORD DZ:2, D2:6, D1:2, DO:é
NUMBER _ECD EQU R(1,2,3.43

CODE_PP SEGMENT BYTE PUBLIC *ROM’

= R T EEEE N EENEEEEE O ECIESRNNEEETEXKEIE

MoV AX, NUMBER_ECD ; 01000010110001008 stored in AX
' MOV BX,R<,8, ,20> i 00007000000101008 stored in BX
- { )
' MOV DX,0AF7SH AND R(3%,0,3,0> 31 10000000010000008 stored in DX

CODPE_PP ENDS

END

3.5.4 Operators associated with RECORD

The type RECORD is also used to read bit fields within
a WORD or a byte. Here again, the case of reading from
a peripheral, such as a pert, is typical.

In fact, the external data is generally present on
one or more lines of a port. In order to isolate the
data of interest it is first necessary to isolate the
field. This is done with the aid of the operator MASK.

Then, the result 1is shifted so that normal
formatting takes place. For this the name of the field
itself gives the necessary shift number. Finally, when
the data gathered in this way is processed, it is often
practicable to use the number of bits of a field, given
by the operator WIDTH. ) e

i
Example 3.9
NAME MDDULE _A
l AP REPENEEERNNERN “
R RECORD D3:2, INPUT_2:4, D1:2, D016
' CODE_PP SEGMENT BYTE PUBLIC *ROM’
i EPEEEEREEEEEREAMEEEES A ESTEEENEEEREKESERRT
ASSUME CS:CODE_PP 1 ASSUME: see chapter 4.
i .
MoV DX.CAE7SH 1010111001110101 B stored in DX
AND DX,MASK INPUT_2 NASK INPUT_2 = 0011111100000000 R

e w40

OOSQ{{J??PQQOOO B stored in DX
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MoV
SHR

MoV
NEXT_BIT:

ey

LooP

CODE_PP ENDS

END

3.6 Structure
Just as RECORD

STRUC makes it possible

CL, INFUT_2
DX,

CX,WIDTH INPUT_2

cL

NEXT_BIT

as e am -ss

é’storrd in CL

Shift right to "CL” kits
00000000001071110 B stored in DX
BX = Z2E H

& stored in CX

The loop =starting at NEXT_RIT is
repeated as many timer as the num»_
ber of bits in the field,

allows new ‘personalised’ types to be
defined, partitioning the data at the bit level, so

define new types of

structured variables according to any combination of

any other type.

It is really a question of defining a ‘super type .

3.6.1 Definition and use in reserving memory

Example 3.10

NAME

MODULE_A

IDENT _NUMBER 8TRUC

SEX DB
YEAR DW
MONTH DW
STATE oW
NUMBEKR W

D

Dw

% RS UL TRV IO IS |

IDENT_NUMBER ENDS

IDENT_CLIENT STRUC

FAMILY_NAME DB

NAME DB
STREET_NUM DW
STREET DE
CITY DB

POSTAL_CODE DB

]

15

~J

25
25

]

IDENT_CLIENT ENDS

DUP ()
PUF (7)

DUF (™)
DUP ()
DUF (™)

) Length of IDENT_NUMBER=13 bytes

} Length of IDENT _CLIENT=87 bLytes
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i
DATA_TABLE SEGMENT WORD PUBLIC *RAM’

t Dimension of FILE _CLIENT=87#1Q0
_ § = 8700 bytes
FILE_NUM IDENT_NUMBER 100 DUP(< >) 3 Dimension of FILE_MUM=13%#100
s * 1300 bLytes

FILE_CLIENT IDENT _CLIENT 100 DUF (< )

DATA_TABLE ENDS

3
END

For the assembler, the value associated with TYPE is
the number of bytes in the structure. In example 3.10,
TYPE IDENT CLIENT = 87.

3.6.2 Use with initialisation and initialisation
overwriting

Wnen a type is defined with the aid of STRUC, the
fields can be initialised to a given value, which is
used when a variable of this type is created.

When this variable is created, it 1is possible to
impose a new initial value provided that the field does
not consist of several parts (see example 3.12).

Example 3.11

NAME  MODULE_A

DATA_TABLE SEGMENT WORD PUBLIC °’RAM’

" ADDRESS_1 LABEL  WORD

COPY_1 MODEL < >
COPY_2 MODEL  <,0,,,,255
CoPY_3 MODEL 3 DUP(<,,,,50%)

DATA_TABLE ENDS

MODEL STRUC
’ - - - - E= W W "R W
ONE oW OFFEH
THO DM OFFSET ADDRESS_1
THREE DB 7,5
FOUR DB A
FIVE DB . ?
S1X DW 257
~ MODEL ENDS
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Note that in the event of the initialised values
being overriden, the new values must be listed inside
the brackets <>. The fields are identified in the order
left to right.

Thus, for COPY 3 four commas on the left are
regquired to inform the assembler that 50 must be loaded
into the field FIVE. On the other hand, field SIX,
which keeps its wvalue by default, is not shown in
brackets.

The memory space is then as follows, in hexadecimal.

o1 o1 30 H
3 2 41 2E H
03 o7 2C H

OFFSET ADDRESS_1] 2R H

OF FE 28 H
01 01 26 H
32 41 24 H
05 07 ‘22 H

OFFSET ADDRESS_1| 20 H

0F FE 1E H
01 01 1C H
32 a1 1A H
oS 07 18 H
OFFSET ADDRESS_1| 16 H
oF FE 14 H (= COPY_3
00 FF 12 H
X X 41 10 H
085S 07 OE H
00 00 0C H
0OF Fe 0A H (= COPY_2
o1 ot WY
X X 41 06
05 07 04

OFFSET ADDRESS_1| 02

OF FE 00 (= COPY_1
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Example 3.12 shows which fields <can have their
initial values overridden.

Example 3.12

OVERRIDE_? STRUC

’ - o W e e e o e o

DR 2 i YEE single fields, therefore overridable.
DB 1,2,3 t NO multiple fields, therefore pot over_
i ridable.
T DO 10 DUP(?) s Mo
DE "MESSAGE’ 1 YES overridable by another string of the
i Fame maxiwun length. IFf string is shorter
s It will be completed with the last let_
i ters of the word MESSAGE.
M DE "MESSAGE_1 *,’MESSABGE_2* 1 NO
oD OFFSET T : YES
DW M ; YES
DW T.M s ND
DT Teded : NO

OVERRIDE_? ENDS

END

3.6.3 Reference to structured variables

It 1is possible to make reference to a particular field
of a structured variable, in an instruction operand. To
do this, the name of the structured variable - :s
followed by a dot and the name of the field.

Example 3.13

NAME MODULE_A

N EQu 3

DATA_TABLE SEGMENT WORD PUBLIC 'RAM?

; -2 2 F & K & & F & = F & F & B 3 -F 3 £ 3 & B2 % B B % R 3§ 3 2% &% % 3 3 |} ]

ADDRESS_1  LAPEL  WORD

COPY_1 MODEL < >
COPY_2 MODEL  <,0,,,,255>
COPY_3 MODEL 3 DUP(<,,,,503)

DATA_TABLE ENDS

MODEL 8TRUC
' M M ek m s e o
ONE DW OFFEH
TWO DW OFFSET ADDRESS_1
THREE DB 7,5
FOUR DB '
FIVE DB ?
51X DW 257

MODEL ENDS
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CODE_PP

MoV
MoV

-

MoV

MoV

MOV

MoV
CODE_PP

END

8086—-8088 Architecture and Programming

SEGMENT BYTE

AL,COPY_1. THREE
CL,COPY_1.THREE+1

FUBLIC *ROM”

ASBUME €5:CODE_PP,DS:DATA_TAELE

.
’
.
v

DL,COPY_Z.FIVE((N-1)XTYPE

BX,OFFSET COFY_3

81, (N-1}$TYPE COPY_3
AH, [BXI[SI1.FIVE

ENDS

e e

3 ASSUME: see chapter ¢
07 stored in AL (OFFSET = O4)
05 stored in CL (OFFSET = 05)

COPY_3) 1 (N-I}#TYPE COPY_3 = 2%10
50 stored in DL (OFFSET= I4H#7#20= 2FH)

OFFSET COPY_3 = 14H + QFFSET COPY_2
in the segment DATA_TABLE

§ 20 = 14K stored in 51

50 stored in AH (OFFESET = Z2FH)
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4.1 Operands

Transfers are for the most part executed with the aid
of a two-operand instruction; the left operand
represents the destination, while the right operand
represents the source.

The destination operand is a register or a memory
location. The source operand can be a register, a
memory location, or an immediate data item.

It should be noted that the two operands cannot both
be memory locations. In other words, direct memory to
memory transfer is not allowed. The MOVS instruction
does in fact constitute an exception to this rule, but
it is generally used for block transfers.

Finally, the type of the two operands is necessarily
the same. This rule allows the assembler to determine
the type of an operand, when it cannot know it, with
the help of its correspondent. '

The HIGH or LOW operators allow a memory word type
to be modified, if this is necessary (see below).

For single operand transfer instructions, the second
operand is implied as follows.

An implicit destination -

- A register, usually the accumulator, for the
operations of multiplicationﬁ division’or repetitive
transfer. For example, MUL BX; implies AX * BX -> AX
and DX (32 bits).

- The top of the 8087 stack. For example, FST ST(1l);
implies ST(1) -> ST(0). '

- JMP and CALL; imply that IP or CS and IP are the
destination.,

- Write operations to the stack. Example, PUSH BX.

An implicit source

- Read operations from the stack. For example, POP BX;
implying that the word pointed to by SS:[SP] is the
source and the register (BX in this case) 1is the
destination.

- Iterative transfers which may include no operand
(see the discussion of the instruction set 1in
chapter 6).

53
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4.1.1 Register type operands
The different possible register operands are described
below.

Segment registers (16 bits)
cs, DS, SS, ES

Pointer and index registers (16 bits)
sp, Bp, DI, SI

(These registers can also serve as general registers
but only in 16 bits.)

General registers (16 bits)
AX, BX, CX, DX

Although capable of being used as required in all
the instructions, each of these registers has a
privileged use.

- Accumulator AX is used in preference for all numeric
operations. Its use is obligatory for multiplication
and division, as well as for communicating with any
peripherals in the I/0 field and certain repetitive
operations.

- Base BX can be classified in the preceding category
of pointers. When loaded with an offest address, it
allows indirect addressing, associated as required
with a variable name and an index.

- Register DX 1is associated with the accumulator to
form the 32-bit word necessary for multiply and
divide operations.

General registers (8 bits)
AH, AL, BH, BL, CH, CL, DH, DL

Each of the general l16-bit registers can be accessed
as a pair of 8-bit registers as shown below.

15 8 7 0
AH AL AX
BH BL BX
CH CL CX
DH DL DX
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- AL necessarily looks after all 8-bit transfers with
I/0 peripherals which are not memory mapped.

- CL is used as the count for shift and bit rotation
operations on memory words, 16 or 8 bit registers.

Numeric calculation registers within the 8087 (80 bits)
ST or ST{(0), ST(l), ST(2), ST(3), sT(4), ST(5), ST(6),
ST(7)

Organised as stacks, these registers always work 1in
temporary real on 80 bits (see chapter 7).
Examples of the use of these register operands have

been provided in previous chapters. Special use of
these operands will be illustrated when we come to
examine the instruction set and the following
examples.

4.1.2 Immediate operands
Being located of course in the source, these operands
are either numbers or the result of an evaluation by
the assembler in B8 or 16 bits depending on the size of
the destination operand.

As pure numbers are involved (that 1is, those not
associated with a type), the size has to be specified
to the assembler when this information is not provided
by the destination operand. This is particualrly true
of indirect addressing by base and index.

Example 4.1

CODE SEGMENT BYTE PUBLIC ~ROM’

' ASSUME CS:CODE

PREPARATION PROC

MoV AL, 3 1 000000118 stored In AL
MOV BX.9 : 0005 M stored in BX
' MoV BYTE PTR (BF1,1018 { Destination type if-unknown to

i1 Assembler and therefore must be
1 indicated by using BYTE PTR,

PREFARATION ENDP

CODE ENDS

END
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4.1.3 Memory type operands
Strictly speaking, only registers are not memory (or
peripheral) operands since the immediate operands are
also located in memory, but in the ,yer ...body of the
instruction and because of this they preSent no problem
of access to the assembler.

The same does not go for other types of operand
called ‘memory’” for which the assembler has continually
to determine the following

~ the segment value (see the directive ASSUME below)
- the type, already called (see operator PTR below)
~ the offset

In this section we shall examine the offset more
closely.

Jump and branch operands

For the most part, the jump or branch, whether NEAR or
FAR, is direct and the operand provides either the
address to 1load into IP alone, or the values to load
into IP and CS.

However, it is possible to make Jjumps (JMP) and
branches (CALL) indirectly. In this case, the operand
provides the location of the branch address.

This location may be a register, a memory pointer
name or a reference, itself indirect, with the help of
the base or index register.

Example 4.2 illustrates simple and double indirect
branches. It also shows the use of branch tables, which
allow many programs to be simplified (eguivalent to the
Pascal instruction CASE OF).

Example 4.2

NAME MODULE _C

COoDE GROUFP  CODE_PROCESS, CODE_MEASURE

-

DIRECTORY SEGMENY WORD PUBLIC ~°ROM’

; -*8’El..-’ﬂ-sl‘g"=’s’.*8-8’..‘.".:‘8

SHORT _BRANCH_TABLE DW DFFSET CODE:PROC_1
W OFFSET CODE:PROC_Z
DM DFFSET CODE:FROC_T
{ONG_ BRANCH_TABLE DD PROC_A
DD FROC_B
POINTER_1 DU OFFSET CODE:MEASURE
POIMTER_2 DD CALCUL

DIRECTORY ENDS



L1

P

as

- - ay aw

a3 aw s

CODE_PROCESS

PROCESSING PROC

MOV
Mav

MoV
AGAIN:

LOOPZ

JCXZ
END_AGAIN:

LEA

IMF

MOV
CALL

MOV
caLL

MoV
MoV
MOV
ADD
ADD
caLL

ADD

CALL
PROCEESING ENDP
PROC_1 PROC

RET

PROC_t ENDP
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SEGMENT BYTE PUBLIC ~°ROM’

ASSUME CS:CODE,DS: DIRECTORY

AX,DIRECTORY
DS, AX

£X, 10

ABAIN

END_AGAIN

EX.ABAIN

EX

BX,DFFSET PDINTER_1
WORD FPTR [BX1

BX,OFFSET POINTER_2
DWORD FPTR [BX)

AX, 2
DI,0
SI1,0
S1,AX
DI, AX
SHORT_BRANCH_TABLELDI]

51.AX
LONG_BRANCH_TABLELSI)

‘as qa  as

an ss an aw

- aa A

28 A ax mw es as & an a0

) &8 =8

CODE_PROCESS segment is part of
the group CODE. CS contains the
value of CODE when jumping.

fiptional if calling progras has
already loaded P5. DS Is set to
point at DIRECTORY as ASSUME has
indicated to Assembler.

Direct ;ump as long as £X is
not equal to zero or & termina_
ting condition i not fulfilled.

Direct Jjump if €CX = 0.

nffset of RABRIN, within the
group, ix loaded in BX.

2ingle indirect Jjump,
NOTICE THE ABSENCE 0OF BRRACKETS.

BX contains the address of the
location in which is the offset
of the Jjump ( Double indirect !}
NOTICE THE PRESENCE OF BRACKETS,

Doulble indirect by long pointer
FAR jump,

AR=Z

fester to use XOR DI, DI.
X0R 81,81 is faster.

8l=7

DI=2

Indirect jusp to PROC 2
WRRNING: increase DI by 2.

o4 stored in 5l

Indirect jump at PROC R
WRRNING: INCREASE =1 RY 4.

NERR: C5=CODE anchanged.
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PROC_2 PROC | NEAR: C3=CODE unchanged.

AET
PROC_2 ENDP

CODE_PROCESS ENDS

e

CODE_MEASURE SEGMENT BYTE PUBLIC ~ROM’

2 TR EEREAEEEERERENCEEECTE NN EEEERE N AR NIRRT

ASSUME CS:CODE This seqgment is part of gqroup
CODE. CS=CODE remains unchanged

t during Jjumps.
}

FROC_3 PROC NEAR:CR=0ODE remains unchanged,
RET
t
PROC_3 ENDP
MEASURE PROC t NEBRR: CS=CODE remains unchanged.
' RET

MEASURE ENDP
CODE_MEASURE ENDS

CODE_CALCUL SEGMENT BYTE PUBLIC *ROM?

#’::‘ﬂ--Sﬂﬂﬂaﬂ-==-====-=-------------BSI
ASSUME CS:CODE_CALCUL s This segment IS NOT PART UF
3 group CODE. CR=CODE_CRLLUL when
i Jusps,

CALCUL PROC FAR’

éET
CALCUL ENDP
PROC_A PROC FAR

RET

E1)

PROC_A ENDP

PROC_B PROC FAR

RET
PROC_B ENDP

CODE_CALCUL ENDS

END



Access to Data 59

Data operands

Here again, apart from segment and type, the assembler
must be able to find the offset of the memory location
to be reached. '

This access can be simple, indexed or structured.
Simple access
This consists in naming the variable in order to reach

the value contained in this location.

Example 4.3

DATA_TABLE SEGMENT WORD PUBLIC ’RaAM’

; (2 ¥ 3 2 F X 3 F 2 32 3 3 2 2 3 £ 3 32 2 £ 2 32 2 2 2 £ 3 3 3 & -+ R 32 2 3 B 3 J

NUMBER DB S
VALUE_1 DM 2007H
" DATA_TABLE ENDS

CODE SEGMENT BYTE PUBLIC *ROM’

ASSUME DS:DATA_TARBLE

MOV AX.DATA_TABLE
MOV DS, AX
: MOV AL , NUMBER : O5H stored in AL
: I:|DV DX.VALUE _1 1 J007K stored in DX
' MOV AL,BYTE PTR VALUE_1 i1 O7W stored in AL (See PTR below)

CODE ENDS

END

Indexed access

All or part of the offset value of the physical
location to be reached is contained in a base register
and/or a register index.

In addition, it is possible to add to the wvalue of
these registers a supplementary constant displacement.
Several different forms of writing are possible.

When this index value is added to a variable name,
the assembler can determine the type and the segment
(see ASSUME).

If this is not the case, this fact must be
specified. '
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Example 4.4

DIRECTORY SEGMENT

WORD PUBLIC

*ROM?

EREREEESEEEEEEEENENEENNESBREKEEREE RIS

CONST_87  LABEL

PARAM_A Da
. ,ADD_BFK oD

TABLE_X_Y  LABEL

A $ DwW
X2 DW
X3 DW
Y1 W
Y2 DW
Y3 . oW

WORD

8990000000000
BUFFERS

WORD

11
12
13
24
24

32

DIRECTORY ENDS

DATA_TABLE SEGMENT WORD PUBLIC

BUFFERS LABEL

¢t BUFFER_1 DT
BUFFER 2 DT

WORD

?

el

" DATA_TABLE ENDS

CODE_PROCESS

ASSUME CS: CODE_PROCESS, DS: DIRECTORY

PROCESSING PROC

v+ FILD

L o LES

: MoV
FSTP

FLD
FSTFP

MoV
MOV
MOV
MOV
MoV
MoV

ADD

FARAM_A
Rei g
BX.ADD_BFR ' rif: ¥
WOBR A (5 ¥
SI,TYPE BUFFER_1

TBYTE PTR ES: (BX]

TBYTE PTR ES: (BX}
TBYTE PTR ES:{BXJ)(S11]

"'}“—:'»)) l:‘lf:\“!
BX.OFFSET TABLE_X_Y
AX, DIRECTORY
ES, AX
SI.TYPE X1
DI.Y1-X1

AX ,EG1 TABLE_X_Y[S12

RX,ES:1 TABLE _X_YIDI)

e as e ‘A sa

ae me cas 2% -as -

a2 ma me

-

*RAM’

SEGMENT BYTE PUBLIC ’ROM’

Starting from this line, B& is
assumed to contain the value
DIRECTORY. If «calling program
has not loaded DS, called pro_
gram »ust do the loading.

The integer value &§990000000000
is loaded into &T(02.
DATA_TRBLE wvalue is loaded in_
to ES. OFFSET of RUFFERS within
DATAR_TABLE is loaded into BX.
10 stored in &1

Temporary real number contained
withip 5T¢0) is stored into BUF_
FER_1. (£990000000000¢ in binary
notation with 20 bits). See
chapter 7.

BUFFER_.1 stored in 5T(0)

S7(0) stored Iin BUFFER_Z

. (. <
- N/

P

¢ stored in 51

% stored in DI

12 stored Iin ARX., The nawe

TABLE _X_Y gives the type.

XZe¥l = 12+24 stored in AX
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MOV AX,ES: [BX] t Xi=1}! stored in BX.Type unknown
t to Assembler. It pust be the
i same of the type of BX (KORD),.

Moy DX, ES: [(BXILSI) t Xe=12 stored in DX

MoV CX.ES: (BXI{S5I)+2 t XK3=13 stored in CX

MoV CX,ES: [(BX+4][(S81-2) i Identical: 13 stored In CX

Mav CX,ES: {BX+8I+2] t Identical: 13 stored in CX

Mav CX,ES:TABLE_X_Y[SI+2] 1 Identical: I3 stored in CX

.
L] .

-

PROCEBBING ENDP

CODPE_PRBLCESS ENDS

END .

Access to structured variables
Apart from the above-mentioned possibilities we can
also use structured variable field names.

This leads not only to a change of the offset, as in
the case of a constant displacement, but in particular
to a change of type to that of the field.

Example 4.5

NAME MODULE_A

' AENNYEEEIESERERD
8 BTRUC
l -----
A DB - 0
B DW - 0
c pD- 7
D DW - 0
E DB . =
8 ENDS

DIRECTORY SEGMENT WORD PUBLIC ’ROM’

FILE_1 =] <1,2,FILE_2,,0>
IR I

.

DIRECTORY ENDS

DATA_TABLE SEGMENT WORD PUBLIC *RAM’

FILE_2 8 . €a1.25,,05

-

DATA_TABLE ENDS

CODE_PP SEGMENT BYTE PUBLIC °’ROM’

;  EREENEEREERR R AEE SR TEEEREESESTENEECSTEEERRERE

ASSUME DS:DIRECTORY

MOV AX, DIRECTORY
MOV DS, AX
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LES BX,FILE_1.C 1 TYPE of & = DNHORD {(Painter}
i SEGMENT of FILE_Z stored in EX
v QFFSET of FILE_ 2 stored in BA

mMav AL, ES: [BX1.E s TYPE of £ = BYTE
5 OFFSET = OFFSET of FILE 2 +¢¢
1 O stored in AL

FLD ES: (BX1.C : TYPE of € = DHORD (Real Simple)
3 1.23 stored ip 3T(Q). Harning:
: MICROSOFT accesbler does not
3 follow the rule of IEEE puweric
i representation (See 7D in chap_
: Eer 3).

L} .
MoV AX.FILE_I1.B Q007 stored in AX
Mav ES: {BX1.D,AX 0002 stored in FILE_2.D

(initial value?

as =% ‘mw

CODE_PP ENDS

END

4.2 Attribute Operators

These operators allow operand attributes to be

modified, the value of one of these attributes to be

used, or the characteristics of a RECORD to be used.
Several of these operators are used frequently. They

have already been employed in the previous examples.

4.2.1 Attribute corrector operators

PTR operator

This needs to be used whenever one operand type does
not correspond to the type of another operand, or when
the assembler cannot determine it.

Example 4.6
NAME MODULE _A

v v+ CODE GROUP  CODE_PP,CODE_PREP

DATA_TABLE SEGMENT WORD PUBLIC ’RAM’

¢ “RESERVED DM 12344
JuMe DW OFFSET ADDRESS_1
. DW OFFSET CODE:ADDRESS 2
e 7 DW CODE
- . VALUES , DD ?
B T . ° SE10 1 MARNING : MICROSOFT assemtler
T : does not follow the I1EE rule of
oo . 1 representation (See chapter 3).
pet e DT ”

et

DATA_TABLE ENDS

CODE_PP SEGMENT WORD FPUBLIC *ROM?

ASSUME DS:DATA_TABLE,CS:CODE

' MOV AX,DATA_TABLE
MOV bs, Ax
"~ ADDRESS_1: MOV AL,BYTE PTR RESERVED  : 34# stored in AL

MoV CL,BYTE PTR RESERVED+1 : 2 stored in (L
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MOV AX,RESERVED 1 12340 stored in AX

MoV WORD PTR VALUES,AX

MoV WORD FTR VALUES+2,0 3 VRLUES = 000012344

MOV BX,0FFSET VALUES See also instruction LER

FILD DWORD PTR [BX) Loading of a long integer in
8T(Q) of RrOA7.
Storage of ST(Q) with temporary

real format.

FSTP TBYTE PTR [BX]+12

as ws we as as 84 BB a8

FLD GWORD PTR [BX1+4 Loading of a double precision
real in ST(Q) of RO8F.

Mov BX,OFFSET JuMP See also instruction LERA.

JMP WORD PTR L[BX) IP=z OFFSET of ADDRESS_I1 within

CODE_PP.

CaLl DWORD PTR [BXJ+2 1P= OFFSET of RDDRESS_Z withip

CODE. CODE within (5.

CODE_PP ENDS

CODE_PREP SEGMENT BYTE PUBLIC *ROM’

’ ----------------'-------------‘-------
ASSUME CS:CODE

PREPARATION PROC NEAR

ADDRESS _21

RET
PREPARATION ENDP
CODE_PREP ENDS

END

In example 4.6 “hand calculation’ of the values +12 and
+4 in instructions FSTP and FLD must be avoided, as
this could lead to errors. Variable field modifications
are difficult and the readability is very poor. Use of
a structure would have avoided these advantages.

Additionally, types would have been provided by the
field types of the structure, thus avoiding use of PTR
in structions FILD, FSTP and FLD (see example 4.5).

Segment prefix
The operator is the colon “:”, preceded by the name of
a segment register, by the name of a segment - either
nominally or by means of the SEG operator (see section
4.2.2), or by the name of a group.
In the last-named case, the OFFSET attribute is
recalculated to give the offset from the group base.
The use of these prefixes has already been shown in
several examples.
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SHORT operator
This is used in the operand of a JMP or a CALL, and it
allows a byte of code to be saved in the instruction
coding and thus speeds up execution. In order to be
able to make use of it, the address to be reached must
lie between -127 and +126 bytes of the JMP or CALL
instruction.

This operator is used implicitly by the assembler if
the branch address at assembly time precedes the
transfer instruction (see example 4.8).

HIGH and LOW operators
These allow a byte in a 16-bit memory word or an
immediate value to be isolated.

Example 4.7

CODE SEGMENT BYTE PUBLIC ~ROM’

; 3 F T 3 i 3 2 3 3 s i 3 2 2 2 F 0 0+ 3 0 2 £ & B 0 &
ASSUME CS5:CODE

TRIAL DW 12344

HALF DW ?
MOV AL,LOW TRIAL : J4H stored In AL
MoV AL,BYTE FTR TRIAL 1 344 stored in AL (identical’
MOV AL,HIGH TRIAL
MOV AH, LOW TRIAL 1 341ZK stored In AX
MoV DX, 0
Mav DH,.LOW TRIAL t 344 stored Iin DH
MOV BYTE PTR HALF,DH
MoV BYTE PTR HALF+1,DL 1 Q034K stored In HALF

CODE ENDS

END

THIS operator

THIS allows a name and a type to be given to the
current value of the location counter. When used in the
EQU directive, it is of little value since 1t causes
double use with the LABEL directive for the definition
of variables and the $ symbol for determining the
length of jumps in transfer instructions.

4.2.2 Attribute use operators
These operators permit access to the values attributed
by the assembler to each variable or label.

SEG provides the segment value of the variables or
label. It is very useful when assigned to the variables
or labels defined in other modules and passed by EXTRN
(see below). In reality, in such a case, the segment
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name 1in which these symbols have been defined is not
always known to the programmer.

OFFSET provides the offset value, calculated at the
time of LINK.

TYPE assigns to each variable type the number of
bytes used by that type or the attribute NEAR or FAR
for labels.

LENCTH provides the number of units in a wvariable.
In fact, it resupplies the DUP number used to define
the variable.

SIZE provides the byte number of a variable:

SIZE = LEKGTH * TYPE

Example 4.8

H This example demonstrates some of the flexikility and clarity resulting
sfrom the systematic use of operators described above,

The procedure 5UM is used for totalling the 150 itews, in real sisple
sprecision, of any of the 20 vectors of TARLE_SHORY. The same procedure 5SUN-
ithen totals the I00 items, in real double precision, of any of the 20 vectors of
$TARLE_LONG.

NAME MODULE _A

' IEEENSNUNIARERRE
REAL_SHORT STRUC . . . o
L
' --------- L R H . i { , ; :
DATA_SHORT DD 150 DUP(?) o AL e
SUM_SHORT DD . L

REAL_BHORT ENDS

REAL_LONG S8TRUC [ ¢ . ey

' - e W e o m om o= RATN ‘ j
DATA_LONG Da 100 DUP(?)  fer XG - to eyld
SUM_LONG e -

REAL_LONG ENDBS

DATA_TABLE SEGMENT WORD PUBLIC ’RAM’

TABLE LABEL . -+ WORD .

N ! 1434 *‘T‘J“f; .
TABLE_SHORT REAL_SHORT 20 DUF (<) IR I DA
TABL.E _L.DNG REAL_LONG 20 DUP (<)

be 4Lk ey £1)
DATA_TABLE ENDS '

CODE SEGMENT BYTE PUBLIC *ROM’

ASSUME CS:CODE,ESsSEG TABLE

MoV AX,SEG TAEBLE
MOV ES,AX gLz rror
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LEA

MOV
MoV
MOV
MOV
EALL

..

ADD
mMov
MoV
Mov
MoV
CALL

suM PROC

DEC
MUL
ADD

mov
XOR
FLDZ
ABAIN: CHMP
JINE
FLD

JMP

LONG: FLD

NEXT: FADDP
ADD
LOoP

CMP
INE
FSTP

JMP

OUTFUT: F5TP

EXIT: RET
§

8uUM ENDP

CODE ENDS

4.2.3 Operators specific to RECORD
are three operators which are specific to record

There
fields:

BX, TABLE_SHORT

SI,TYPE DATA_SHORT
D1, TYPE REAL_SHORT
CX,LENGTH DATA_SHORT
AX, 3

SUM

BX,SIZE TABLE_SHORT
SI,TYPE DATA_LONG
DI, TYPE REAL _LDNG
Cx,LENGTH DATA_LONG
AX,14

SUM

AX

DI

BX, AX
LB

AX,SI

81,51

AX, 4
LONG
DMORD PTR ES: (BXILSI)

SHORT NEXT
OWORD PTR ES: (BXIE(SI)

ST(1),5T<(0)

h s +
SI,AX
ABAIN

AX, 4
DUTPUT
DWORD PTR ES:[BX1(SI]

SHORT EXIT
BWORD PTR ES: (BXILSI]

END

ma mu CAw S8 Aav as

ae me 44 a8

ma ae a8 &9 S8 aa ‘es AN A an &

a8 ma se e aw

LEA : Load Effective Address,

BX = OFF3ET of TABLE _SHORT
stored in DATA_TABLE.

§1 = ¢

DI = 404 (250%4+ 4}

€K =

150

Determines the sum of the third
vector of TARLE_SHORT.

BX = BA+Z20%604

sl = 2

bl = 802

CX = 100

Sum of the fourteenth vector.
8X = BX-1 -~ 4 \

AK « AXK#DT  sx b

RX points the start of the nth
vector.

5]=0 initialisation of the index
£T{0) = ¢ initialisation of the
sum.

Comparison of 81 with 4,
Jump of the case of real long.
Loading of the simple precision
item of the vector.3T(0) within
ST(1) and element within ST(Q).
Short juamp.

Loading of the double precision
item of the vector.

§TC2Y = STC1Y # 87(0)

then ST(0) = 5T(1)

&Iz SI+AX increase of the index
cx = CX-1

Looping if CX is not equal to ¢

“3
o<
=

Outcowe as real short in

SHORT
gutcome as real
LONG

long in SUM_

1. The right shift number required for a byte or a word
field. The operator is the field name itself.
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2. MASK, which allows a particular field to be
isolated.

3. WIDTH, which provides the number of bits in a field
or in the RECORD itself. (See also chapter 3.}

4.2.4 Arithmetic operators
These operators apply to absolute numbers and give
results that are also absolute numbers.

Their operations are carried out during assembly and
they should not be confused with instructions that cah
be executed using the same mnemonics (see example 4.9).

The format of the operands and results is thus that
of the assembler, that is, 16 bits (signed or un-
signed). '

HIGH and LOW. These serve to isclate the high order and
low order bytes of an expression.

HIGH(1234H) has the value 12H

LOW(1234H)} has the value 34H

*,  / and MOD. 20 * 4 has the value 50H. Care should be
taken to avoid obtaining results that are too large as
they could affect the 16th bit and thus modify the
interpretation of the sign for numerical values.
1234H/256 has the value 12H
1234h MOD 256 has the value 34H

SHL and SHR. These operators carry out bit shifts in
expressions, either to the left (SHL)} or to the right
{SHR). The freed bits are reset.

114 SHL 3 has the value 88H

11H SHR 2 has the value 4

+ and -. These have their normal function, and their
use has already been illustrated in the previous
examples.

4.2.5 Boolean operators
These also serve to allow the assembler to evaluate

expressions. The result is either all bits at 1 if the
proposition is true, or all bits at 0 if it is false.
There are the following six operations:

EQ : equal : 3 EQ 11B = OFFFFH (true)

NE : not equal ;: 3 NE 11B = 0000 (false)

LT : less than ; 3 LT 01B = 0000 (false)

LE : less than/equal to : 3LE 30 MOD 4 = 0000 (false)
GT : greater than

GE : greater than/equal to
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4.2.6 Binary operators
NOT ; provides the one’s complement
NOT 32H = NOT (00100000B) = 11011111B = ODFH
AND ; 1AH AND OFH = 00011010B AND 00001111B =#1010B =
0AH
OR ;: 1AH OR OFH = 1FH
XOR ; 1AH XOR OFH = 00010101B = 15H

4.2.7 Operator hierarchy
It is useful to know the operator priority order so
that one can insert brackets 1f necessary to ensure
that operations are carried out in the required
sequence.

The hierarchy is as follows, in decreasing order of
priority:

*] : Brackets, <> for RECORD, sguare brackets for
structures, the operator “.  of a structure,
LENGTH, SIZE, WIDTH and MASK.

*2 : PTR, OFFSET, SEG, TYPE, THIS and segment prefix.
* 3 : HIGH, LOW.

*4 : *, /, MOD, SHL, SHR.

*5 . 4+, -,

*6 : EQ, NE, LT, LE, GT, GE.

*7 :+ NOT.

*8 : AND.

*Q : OR, XOR.

*10 : SHORT.

4.2.8 EQU directive
The EQU directive, already described in part, has two
very different sorts of use.

Evaluation of an expression
The result is a pure number and EQU allows 1t to be
named.

This feature is extremely practical since it allows
the constants used in many instructions to be put at
the front of a program. If a value has to be modified,
only one line has to be corrected. In addition, program
readability is greatly improved.

Replacing a string of characters

In this case, no evaluation is carried out. There is
simply a substitution of one character string by
another.

This facility makes it possible to reduce writing
considerably or create one’s own mnemonics. Even
instruction mnemonics can be changed (but not both at
once within one and the same EQU).
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Example 4.9

NAME MODULE_C

' EETEEEEANTEEEEEE
BAUDOT RECORD A:3,B:7,C:5
333 EQU BAUDOT<3, 3, 3> i B33 =.011p000b71060118 = 3053H
B505 EQU BAUDOT<S, 0, 5> i B505 = 101000000001018 = 5005H
COMBINE EQU B333 OR B50S i CONBINE=711000007100111R= 7047H
LOAD EQu MOV '
GRID1 EOU 01010101010101018
GRID2 EQU 1016101010101010B
CHOICE EQU 2
P EoU €S: (BX]

CODE SEGMENT BYTE PUBRLIC *ROM’

ASSUME CS5:CODE

-
s

.
*

TABLE bW 1AH
DW OFFH
LEA BX, TABLE
XOR 51,51 &1 = 0 : shows the fastest way

of Ipitiating a register at 0
Equivalent to NOU RX,CS:[BAILEIT
AX = 1RKW .
Assembler evaluates B3I33 AND
GRID?! and places the result
1041H as rwmediat value in ope_
rating code, Instruction AKD,at
ruan time, will lead CFU to ope_
ration IRH AND I1Q041KH=0 stored

LOAD AX,PLSI]
T . . .
AND AX,B333 AND GRIDI

‘ME @8 as @8 A8 AR a8 A8 & A -As

in 8X
INC S1 Increment ; 5] £ 53] + 2,
INC SI Must be prefered to Instrucétion

ADD B1.2 which is longer,
AX = OFFH

LOAD AX,FISI]

XOR AX . BITZ AND ((BRID1 AND CHOICE E@ 1) OR (GRIDZ AND CHOICE ER 2))
The asserbler evaluates first
the right operand of the 1ins_
truction, CHOICE £ 1 is false
therefore equal to zero. GRIDI
AND CHOICE EQ ! is equal to zero
However CHOILE EQ 2 is true
therefore equal to OFFFFH and
GRID: is selected. BI3II AND
GRIDZ = 2022H is loaded as
irpediate value in the instruc_
tion. At run time, OFFK XOR
202K = ODDH stored in BX.

AR @4 AR AR as A8 49 ‘B4 au

CODE ENDS
END
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4.3 The ASSUME Directive
Often in the previocus chapters the following problem
has arisen for the 16-bit assembler: the memory field
is segmented and there are many segment and offset
combinations that allow a particular absolute value to
be reached. Now, on execution the segment value is
necessarily provided by one of the four segment
registers.

From then on, the logical route for the assembler
when it needs to reach a variable or label location is
by establishing the following:

- in which segment or group is this variable or label
located?

- which is the register loaded with this segment or
group value?

Thanks to its symbol arrays, the assembler can
easily solve the first problem, more easily even that
the programmer, since the latter can ask it, by means
of the SEG directive, to find the name and thus the
value of the segment in which a particular variable or
label is located.

On the other hand, the second question poses, a
priori, an insuperable problem. How can the assembler
know the value that will be held in the CPU segment
registers at the time of execution of the instruction
that it is in the process of coding?

Similarly, how could it chose one register in
preference to another or how can it tell the programmer
that none of the register contents is suitable?

It would have to carry out an execution simulation
in order to establish how the programmer loaded such
and such a register.

And even then, what happens if this loading has been
carried out in another assembly module?

It is therefore essential for the programmer to
indicate to the assembler the contents of segment
registers, such as he has foreseen them to be at the
time of execution, and he will pay the penalty if he
does not load them correctly.

Against this, the assembler automatically generates
corrective prefixes for segment use if the implicit
segment 1is not the one required. It also corrects the
offsets if the segment registers are loaded with group
bases.

Furthermore, the assembler is then able to indicate
to the programmer if any segment register does not
allow correct access.

The ASSUME directive provides this information link
between the programmer and the assembler.
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4.3.1 Access in the same module

This is the simplest case. As soon as the assembler
knows the ASSUME directive, it has all the necessary
information.

Example 4.10

NAME MODULE_C

ADD_INT SEGMENT WORD AT O

ORG 00
DIVISION 0 DD ?

DRG 08
NMI DD ?

ADD _INT ENDS

DATA_TABLE SEGMENT WORD PUBLIC ’RAM’

TABLE DM 100 DUP ()
RESULT g 7
DATA_TABLE ENDS

DIRECTORY SEGMENT WORD PUBLIC °ROM’

INTER_O DD EXCEPTION_O
INTER_2 DD NON_MASKABLE
ADD_VAR_1 DD VAR_1 .

DIRECTORY ENDS

CCH)E__INT'. SEGMENT BYTE PUBLIC ~ROM’

EXCEPTION_O PROC FAR

IRET
EXCEPTION_O ENDP

NON_MASKABLE PROC FAR

IRET

NON_MABKABLE ENDP

CODE_INT ENDS
H
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CODE

VAR_1

ASSUME

ASSUME

ASSLUME

SEGMENT

ABSUME CS:CODE

bB

MOV
MOV

MoV

BYTE #fUBLIC

S5aH

AX,DATA_TABLE ....
DS, AX

TABLE+&, 0FH

DS:DATA_TABLE

Mav

TABLE+5,07H
MOV WORD PTR RESULT,OLFS
LES BX,ADD_VAR_1
MOV AX,DIRECTORY
MOV ES. AX
ES: DIRECTORY
LES BX, ADD_VAF_1

ES:SEG VAR_I

MoV

MOV

MoV

MoV

LEA

MOV

mov
MOV

AX,[BX1

AX,ES: [BX]

ES: TARLE, AX

TABLE, AX

BF.TABLE

WORD PTR [BP+231,22H

BP. 04
TABLELEBF], 44H

80868088 Architecture and Programming

*"ROM’

-ae am as -as A8

H

-a s aa

4w =4 e as

as aw =8 -y

-

A an 4w aw

Al ae &%

FRULT: assembler cdoes not khow
that DS, implicitly used, con_
tains DATR_TABLE. However the
execution would have been
correct.,

CORRECT.

CORRECT: REZUHLT  Fkelongs  to

DATA_TARLE, «contained in D&
which is implicitly used.

FRULT: po segment reqister of

CPU contains DIRECTORY. Error
will he Issued.
CORRECT: ARssembler generates

correcting prefix in order to
utilize E% instead of DS.

FRULT: Psseabler cannot identi_
fy YAR_I. [BX] is ancnymous and
works jpplicity with D&,

NG ERROP 15 TSSUED.

CORRECT .
FRULT:

register
No ERROR

takes ES
checking.

Ascentler
nithout any
18 ISSUED,

CORRELCT,
CORRECT.

FAULT: BP works iwplicitly with

-

NO ERRGR IS ISSUED.

CORPECT: Assembler <can werify
access with D3 isplicitly used.
The name has priority over the
bhase or the index,
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ASSUME ES:DIRECTORY

MOV AX,.WORD FTR INTER_O s FRULT: Assembler finds INTER_C
: in DIRECTORY and generates
1 correcting prefix for using
: @r Indicated in ASSUME. However
;1 ES contains the segsent
: VAR_?. Assembler cannot replace
1 nor verify the right loading of
' ES.
1 NOOERROR IS JSGUED.

MOV AX,DIRECTORY

MOV ES. AX

MOV DX, WORD FTR INTER_O 1 CORRECT: ES is used.

MoV AX,SEEG DIVISION_O

MoV DS, AX

ASSUME DS:S5EG DIVISION_O

MoV WORD FTR DIVISION O,DX 1 CORRECT: implied D& Is checked.
MOV DX.WORD PTR INTER_O+Z 1 COPRECT: EX is used.

mav WORD PTR DIVISION_O+2,DX: CORRELT.

CODE ENDS

END

Example 4.10 shows that the ASSUME directive is only
taken into account for the instructions that follow it.
It remains effective until the next ASSUME directive
that bears on the same segment register.

In order to remove as ASSUME directive without
defining a fresh one, the keyword NOTHING can be used.

Thus ASSUME DS:NOTHING cancels the effect of the
last ASSUME directive bearing on DS.

ASSUME NOTHING frees all segment registers.

Example 4.10 also illustrates the difficulties
encountered by the programmer when he works 1in a
context that comprises several segments.

The following section outlines the simplifications
brought through the use of the GROUP directive.

4.3.2 Access within a group

Example 4.11

NAME MODULE_C

l s N S N e O
FUELIC NMI, TABLE,RESUL _W, INTER_2,ADD_VAR_1,LONG_TABLE
EXTRN NON_MASKABLE: FAR
CODE GROUF  CODE_PF 1 See intermodule access.

DATA GROUP  DATA_TABLE,DIRECTORY
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ADD_INT SEGMENT WORD AT O

ORG
NMI DD

ADD_INT ENDS

DATA_TABLE SEGMENT WORD PUBLIC

08
?

*RAM~”

TABLE Dw
RESUL _W LABEL
RESULT pa

DATA_TABLE

LONG _TAEBLE EBU

DIRECTORY SEGMENT WORD PUBLIC

100 DUF (D)
WORD

el

ENDS

LENGTH TABLE

*ROM’

ErrEEE TR EsESEEEEDDEEERT RO ERSEREIDIEEERS

INTER_2 DD
ADD_VAR_i DD

NON_MASKABLE
VAR_1

DIRECTORY ENDS

CODE _PFP

VAR_1 DW

ENTRY_PDINT:
MOV
MOV
MOV

MoV

MoV

Mav

LEA

MoV

SEGMENT BYTE PUBLIC

SAH

AX.DATA
DS, AX
ES, AX

TRELE+H, O3H

WORD PTR RESULT,.OQ1FSH

RESUL _W, 01FSH

BX,ADD_VAR_1

AX,.[BX]

ASSUME ES:NOTHING

LES

BX,ADD_VAR_1

*ROM’

2 ¥ & 2 T+ 3 F F 3 3 3+ 2 2 2 2 8 2 -5 0 & B 2 2 2 F 2. 3 3

ASSUME  CS:CODE, DS:DATA,ES: DATA

FIERT)

e 'me AW as mN Ee ‘a8 e

CORPECT: RAssembler will itrself
add to 04 the offset existing
between DRTAR and DRTA_TRBLE

CORRECT.,

Equivalent to preceding ins_
truction.

EXACT: Rssembler knows through
Assume that the only possibili_
ty to reach AOD_VAR_I is to use
the group DATA. Therefore
the of fset of RDD_VAR_I is cowm_
puted then placed as imwediate
value in instruction with refe_
rence to DATAR ars base.

v CORRECT: the offset of VURR_I in

s =8 Ev se am .

CODE_PP is loaded In AX.

The content of ADD_VRAR_I s
used here. E5 is loaded with
CODE _PP which is the segment of
URR_1. BK is loaded with the
offset of VRR_I in CODE_PP.
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MOV AX, VAR _1
MOV TABLE, AX
MOV BP,OFFSET TRELE
MOV AX, [BX]
MOV WORD PTR CBFI,11H
MOV AX,ES: CBX]
MOV WORD PTR DS:[BF1,11H
LEA BP, TABLE
MOV WORD PTR DS:[BF,11H
MOV BF, 04
MOV TABLECEF ], 44H
MOV AX,WORD PTR INTER_2
MOV WORD FTR NMI.AX
MOV DX, ADD_ INT
MOV ES, DX
MOV ES:WORD PTR NMI,AX

ASSUME ES:SEG NMI
MOV AX, INTER_2+2
MOV WORD PTR NMI+2,AX
CODE_PP ENDS

j

END

4.3.3 Intermodular access

The PUBLIC

head of a module,
variables or

or more

directive,
indicates to the assembler
labels held in this module are

used in other modules.
The assembler then places the

variables or
by LINK.

Additionally, when a module refers to an

e mp me ma -

FLE T

me wE ws s wa wr aw

ma e w5 me

attributes of
labels in a table that will be exploited

75
CORRECT: segment C£F Is issued.
CORRECT.
FRULT: the offset contained In

BX is without reference to the
content of D5 implicitly used.
NO ERROR 12 ISSUED.

-

FRULT: RP works implicitly with

o
PP

NG ERROR 1S ISSUED.

CORRECT.

FRULT: BP has been loaded with
offset in the segeent DATA_
TRBLE. The offset existing
between DATA and  DATA_TABLE
-annot ke taken Into account

by the Assembler.
NO ERRCGR 1% ISSUED.

BP is loaded with the offset of
TABLE within the group bLecause
the directive RSSUNE shows that
there Is no other access.

CORRELT.

CORRECT.
CORRECT: D3 is used.

FAULT: SEG_INT does not Lelong
to the Group.

CORRECT .

CORRELT.

which is usually placed at the

that one

these

external

variable or label it must place it in one or more EXTRN

directives.
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However, the assembler cannot wait for the LINK in
order to resolve 1its immediate problems, that 1is,
whether segment, type, offset within/outside a group.

For the type, the indication is carried in the EXTRN
directive itself, after a colon “:  after the name,.
BYTE, WORD, QWORD, NEAR, FAR are allowed, as well as
BBS for an absolute number defined using an EQU.

Note thqt QWORD, TBYTE, the names of structures and
records are only supported in recent versions of the
assembler.

For the segment, it 1is necessary to proceed to a
reopening of the segment in the module, provided that
this segment 1is known and that it includes a PUBLIC
alignment attribute.

In this case, the EXTRN is placed in the segment.

If this is not the case, the SEG operation also
allows the segment *to be provided for the assembler,
but the EXTRN directive must be placed outside any
segment and it can no longer belong to a group.

Taking MODULE C to be written as in example 4.11,
example 4.12 shows the use of +the EXTRN and PUBLIC
directives.

Example 4.12

NAME  MDDULE_A

1 SuEEEEEEEEREREEER
FUBLIC PREFPARATION
EXTRN NMI : DWORD, LONG_TABLE: ABS

CODE GROUF  CODE_FP,CODE_PREF
DATA GROUF  DATA_TAELE,DIRECTORY

DATA_TABLE SEGMENT WORD PUBLIC *RAM”’

e TS I E RS e T N N AR EOEE XXX EEE

EXTRN  TAEBLE:WORD,RESUL _W:WORD

DATA_TABLE ENDS

DIRECTORY SEGBMENT WORD PUBLIC ’ROM’

EXTRN  INTER_Z: DWORD,ADD_VAR_1:DWORD

DIRECTORY ENDS

CODE_PP SEGMENT BYTE PUBLIC T'ROM’

' EEEEErE TSRS CEEESIEISESNERREERXEREEXZ=SSE

EXTRN VAR _1:WORD

-

CODE_PF ENDS
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CODE_FREF SEGMENT BYTE FPUBLIC

77

*ROMT

; TR R R E R R TR ISR EES A EEEEEEREE XX &=

ASSUME CS:CDDE.DS: DATA, ES: SEG NMI
" PREPARATION PROC

mMov AX,DATA i D8 loaded with DATA in accor_

MoV DS, AX { dance with ASSUME.

MoV AX,5EG NMI i £S5 loaded with SE& NMI in  ac_

MOV ES,AX 3 cordance with ASSUNE.

MOV AX,WORD FTR INTER_2 ;3 DS is used.

MOV WORD FTR NMI,AX ; ES Is used.

MDV AX,WORD FTR INTER_2+2

MOV WORD PTR NMI+2,AX

Moy DX, VAR_1 ;i CORRECT: CS is used and the
;} offset is computed with refe_
: rence to COBDE.

LEA DI,VAR_1 i Loading of offsel with referen_
i ce to CODE, since there is no o_
3 ther possibility through ARSSUME

MoV DX,CS:(DI3 i CORRECT.

H .
MoV CX,LONG_TABLE
XOR DI,DI
AGATIN: MOV TABLEEDI1, O

INC D1

INC DI

i 0OP AGAIN

FLD GWORD FTR RESUL _W 31 Rccess to double real outride

1 of the module.
RET

PREPARATION ENDP
CODE_PREFP ENDS

END

4.4 Use of the Stack '

The stack 1is used primarily in assembler language
programs for the temporary storage of variables, wusing
the PUSH and POP instructions.

However, such usage brings with it the constraint of
sorting the data into a very precise order - the
inverse order of the items in the stack.

How then does one proceed to access a value that was
not the last value pushed on to the stack?

Also, how does one choose a type other than WORD,
which is enforced by the PUSH and POP instructions?

Furthermore, defining variables in data segments can
seem clumsy when it is only a question of purely local
variables that are of no importance for other
procedures.
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It is therefore necessary to be able to to work with
direct access to the stack. For this, the systematic
use of STRUCTURES is practically indispensable.

4.4.1 Local variables
The base register BP, associated implicitly with SS, is
intended specifically for this use.

On the other hand, use of a structure allows both
memory slots in the stack to be named, even though
dynamic allocation 1is invelved, and a type to be
attributed to them.

Example 4.13

NAME  MODULE_A

i sssaEsssEsassaas
FUBLIC PRODUCTS_XY

TEST X EQU
TEST_Y EQU

L7 o ]

VAR_LOC STRUC

X W ? _
X _REAL DD o b
BUFFER 0o 10 DUP(?)
Y DW ?
Y_REAL DD ?
FOKMER_BF  DW 2

VAR_LOC ENDS

VL EQuU [BF - OFFSET FORMER_BF1]

CODE_PREP SEGMENT BYTE PUBLIC °"ROM’

; BH--E"II"-------'---..'.---tlﬂ----’--
ASSUME CS:CODE_PREF
H
PRODUCTS_XY PROC FAR

PUSH BF r 3 Storage of register’s actual
; 1 value, in order not to prevent
s calling program from working
DR 3 Nith its own local variables.
MOV BF,SF o { BP points to the wmewory word
1 containing FORMER_BP.
SUB SP,OFFSET FDRMER_BP { Reservation of memory for lo_
1 cal variables 1 92 bytes. The
\ stack can work normally below
i the area reserved for the local
;1 variatleés.
teascasss . Computing of BUFFERCI) 3 (RY¥2¥ 2. usiiursecsancsccnviaavesssnsnnncnsons
FINIT 1 Initialisation of the buderic
;s data processor.
XOR DI.DI 1 DI = 0
MOV CX.LENBTH BUFFER 1 CX = 10
¥

Moy VL. X TEST_X [BP-OFFSET FORMER_BPJ.X =TEST_X
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(immediate value), BP ~ OFFSET
FORMER_BP, working implicitly

of the structured area. Placed
at the start, .X adds an offset

H
;: with 55, points the Leginning
L]
i
:

equal to zero.

FILD VL. X 1 3T¢0})= integer., ST(0) is loaded
;: from wepory. The name of field
i X gives the type HORD.

FST VL, X_REAL 1 ST(Q) stored in X_RERL=Real

MoV DX.TEST_Y

FILD VL.Y

FST VL.Y_REAL 3 ST(¢) = Y_REAL 3T¢1) = X

FMULF 8T(1),5T(M 3 STC1Y = ET(O*ETCL) thep 5T(0)=
1 ST(1). At the end ST(0) = XaY

FLD ST () 3 ST(0) = XY 2TC2) = AV

NEXT: FST VL, BUFFERLCDI)] s BUFFERCE) <= (Xwey)?
ADD DI,TYPE BUFFER 1 DI = DI+

FMUL ST,ST(1)
LOoF NEXT

STCO) = (X#Y)4 ST(2) = X*Y

FINIT

short

i Flush the stack of the 8047
MOV SF, BF s The area of local variables is
s returned to the stack.
FOF BF ; Restoring of the former BP. The
1 stack is in its initial state.
RET

PRODUCTS_XY ENDP

CODE_PREP ENDS

END

4.4.2 Parameter passing by the stack
In example 4.13, the values of X and Y are typically
input values for the procedure.

Why not have them written on to the stack by the
calling program? In this case only the structure is
modified. This is the method that is almost exclusively
used by the high level languages (see below).

Example 4.14

NAME MODULE_C

EXTRN  PRODUCTS_XY:FAR

CODE_PP SEGMENT BYTE PUBLIC *ROM’

.—..=l==r=====z=======&=======n=¢==x======

ASSUME CS:CODE_FF

START:

. (Line C)
PUSH WORD FPTR CS:VAL_X+2
FUSH WORD PTR CS:VAL_X

PUSH WORD PTR CS:VAL_Y+2
PUSH WORD PTR CS:VAL_Y X and ¥ are “passed” to

integer.

H
1 procedure, in the form of short

the
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CALL  PRODUCTS_XY
vaL X DD 125325
VAL_Y DD 235000
' CODE_PP ENDS
;
END START
NAME  MODULE_A

l EEEREEDRERDRENEEE
PUBLIC PRODUCTS_XY

PARAM STRUC

' - am mn 4% am am W

BUFFER DO

FORMER _BF DM

RETURN_ADDRESS DD

Y DD

X DD

PARAM ENDS

i

F EQU
AREA_FARAM EQU

CODE _FREFP

SEGMENT

10 DUR(?)
?
?

(BF-OFFSET FORMER_EF]

SIZE PARAM-OFFSET Y

BYTE

PUBLIC

80868088 Architecture and Programming

This called procedure is in
charge of restoring the stack
to the state existing in line C
(hefore passing of parameters).

Local variakles.

therefore CS and
CS before IP.

FAR procedure,
IP are saved @
Parameter X.
Parageter 7,

*ROM?

ASSUME CS:CODE_

PRODUCTS_XY PROC FAR

FREF

FUSH
MoV
SuB
FINIT
XOR
MOV

FILD

FILD

FMULFP

FLD

NEXT: FST

ADD
FMUL
LOOF

O

FINIT
MOV

POF
RET

BF
Br,SP
SF, OFFSET FDRMER_BF

DI,DI
CX.LENGTH BUFFER

P.X

F.Y
ST(1),8T(0)

ST (O}
BUFFERIDI]
DI,TYPE BUFFER

8T (0),8T{1)
NEXT

SF, BF

BF
AREA_PARAM

as s me WA aB

‘me ma AR =8

See example 4.12.

Loading of integer value X

Loading of Integer value V
gT(Q) = ¥ ET¢1)y = A
|T¢ry & ST(0) *» BT(1)
271y stored in ST(Q)

STCO) = X*Y ETC1Y = X*Y

then

Restoring of area occuped by
BUFFER (i).

Restoring of the forwer BP.
=RET & The return is done first
by the return address, then the
stack pointér is Incremented by
& bytes in order to frée the

area occuped by the parapeters:
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;i erasing the effect of the PUSH
i instruction of the rcalling pro_
$ gras,

PRODUCTS_XY ENDP

CODE_PREF ENDS
; .

END

4.4.3 Pascal-assembler link
Example 4.14 showed the transfer of two real simple
precision values X and Y. In order to be able to
transfer the value of other type variables, it is
necessary to know the size, in bytes, occupied by each
type.

For MS-Pascal (version 3.13), the sizes of the main
types are as follows:

BOOLEAN 1 byte (0 = false; 1 = true)

CHAR 1 byte (ASCII code)

BYTE = 1 byte (unsigned binary)

WORD = 2 bytes (unsigned binary)

INTEGER = 2 bytes (signed binary)

INTEGER4 = 4 bytes (signed binary)

REAL = 4 bytes (MS format)

REAL4 = 4 bytes (standard IEEE format)

REALS = 8 bytes (standard IEEE format)

AD OF... = 2 bytes {pointer containing the offset)

ADS OF... 4 bytes (pointer containing the offset
and the segment)

LSTRING(n) = n bytes+l (containing the length of the

string)

There is also the facility for passing the address
of a variable rather than its value. The advantage is
clear for structured or long variables, so that their
contents do not have to be copied on the stack.

In the case of procedures, this format 1is very
important because it is the only one that makes it
possible for the assembler to respond by writing the
results to the addresses indicated by the calling
program.

The transfer of this address can be done either in
VAR, where only the offset is passed and the segment is
implicitly the value contained in DS, or in VARS, where
the offset and the segment are passed.

Examples 4.15, 4.15a, A.l and A.la illustrate this
transfer of parameters by value and by address; A.l and
A.la show how to return the address of a table defined
in assembler.
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Example 4.15

{$LINESIZE: 1312
{$PAGESIZE: &2}
\
This prograw calls for an assembler lanquage procedure, using the 087
‘numeric date processor, in order to compute the square root of the sum of the

fsquares of an inteqer, of a real simple and 2 real double precision. The result

’is returped by the assembler in double precision.
/

!

This prograe uses the 3.13 version of MS_PRSCAL which follows the IEEE
‘rule of numeric representation for the types REBLY and REALE. This rule is that
‘followed by the €087. Previous versions only have the type REAL and therefore
‘canpot he used here.

PROGRAM  CALL _PROCEDURE (INPUT,OUTPUT)3

VAR I: INTEGER:
R4:REALA;
RESULT,RB:REALS;

PROCEDURE SOROOT (RB: REALB; R4:REALA: I: INTEGER; VARS RESULT: REALB) s EXTERN:

BEGIN

|
WRITECT = ) {READLN(I);
WRITE(’R4 = *) ;READLN(R4);
WRITE('RB = *) ;READLN(R8)
S@ROOT (RE, R4, 1,RESULT) ;
WRITELN('RESULT = * ,RESULT) 3

]

END.

Example 4.15a

FPABE 62,1722
TITLE SGROOT

; In addition to showing how the 2087 performss the required task, this sub_

sroutine shows the automatic conversion of the different input or output frformats
iwithin the internal real temporary £0 hLits foreat. The conversion depends on the
ttype given, either explicitly or through the structure, as well as on the ips_

jtruction distinguishing integers from reals.

NAME SarROAY

PUBLIC SGROOT

Py

PARAM STRUC

DS_SYSTEM DW ? 1 Store for DS of calling program
OLD_BF DW ? : BP points this level of the stack
RETURN_ADD DD - ; Return address : 1P then (5.
RESULT_ADD 00D ? s Address of RESULT

b

offset then segment (VARE).
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VAL I DW ? 1 Value of I (short integer).
VAL_R4 DD ? i Value of R4 (short real’.
VAL _R8 D@ ? i Value of RE (long real).
PARAM ENDS
}
F EGU [BP-OFFSET OLD_BP]
LENGTH_F EQU SIZE PARAM - (OFFSET RETURN_ADD+4)

s This last directive allows the
i changing of name and the orde_
i ring of the parameters without
3 changing the instruction RET.
i1 The same »ethod is thus used
i for the examples 4.15, 4.1&,
1 4,17, 4,18,

CODE_SQROODT SEGMENT

CEEEmTEESSOERSEREOEREIEIIN

ASSUME CS:CODE_SGROOT

SGROOT PROC FAR

fereesscdrganication of the stack and SCOP@YE fo-vivsresersssrsrceararersarsrsnanns

PUSH BP i Store for BF of calling program

MOV BF,SF i Placing of the stack pointer.

SuB SP,OFFSET OLD_BF s Reservation of the area for
: local variables.

MOy F.DS_SYSTEM, DS s Storage of D3,

Precavan tise of 8087. Rutomatic change of the formats ..ieiiviveevesss Cesssranraaan

FINIT t Initialisation of 8087 ( stan_
1 dard state).

FILD P.VAL_I $ STCQ) = value of 1

FMUL ST,8T(0) 1 BT¢Q) = 12

FLD F.YAL_R4 1 SY(0) = value of R4, E&T(1) = ]2

FMUL ST.STM 3 ST(Q) = RS2, ST()) = ]2

FADDP ST(1),8T t ST(Z) =R42¢12 then 2T(1) within
s §T(00,

FLD F.VAL_RB $ Actual value of RE& within 2T(0)
5 STCE) = Re® + I8

FMUL 8T,ST(0) : STCQ) = Re®, ST(1) = R42 4+ |2

FADDP ST (1},S5T t ST(Q) = REZ + R4% 4 I2

FSGRT t ST(Q) = ( RB® + R42 4 2 jo.s

SveeeeesHPItIng OF the result f..iiesiuassess ettt octvnneeessssancessessansanes
LDS BX,P.RESULT_ADD DS:[BX] contains the address of

L]
1 RESULT.
FSTF GIWORD PTR [BX] $ DS5:LBX3 = 8T(0) 1in real 1lIong.
s QHORD type »ust be indicated
i since it Is an anonymous ad_
s dress., The 8087 stack is empty
1

after this Instruction.

e . RESEOrIng And PetUPD f. .t it e e s asss s n s s aan creen
MOV DS,P.D5_SYSTEM
MDV SF, BF s Freeing of the area of local
1 variables.
FOP BP
RET LENGTH_P i Return then freeing of the area

of paramcsters.

wa

SQROOT ENDP

CODE_SGROOT ENDS

END
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On the other hand, in the case of functions, return
is always carried out by value.

In the case of integers, boolean or real numbers
(MS-Pascal), the transfer 1is simply made by the CPU
registers.

* 1 byte: the result is written in AL.
AH is set to O.

* 2 bytes: the result is written in AX.
AH contains the high order bit and AL the
low order bit.

* 4 bytes: (REAL, pointer) the result is written in
ES:[BX]. ES contains the high order word and
BX the low order word.

* 4 bytes and more: (REAL4, REALS, structured vari-
ables) the result is written in a temporary
location in the stack. This location is set
by the Pascal program and passed to the
assembler in the form of an offset written
after the parameters and before the new
branch address. On the return, the assembler
must recopy this offset in the accumulator.
The segment of this temporary location is
always held in SS since the stack is
involved. '

Examples 4.16 and 4.l6a use these formats for the
calling of a REAL8 type function, while A.l1 and A.la
show the return of a boolean number in a function of
this type, placed directly in an IF instruction.

Example 4.16

{$LINESIZE: 121}

{$FAGESIZE: &23

1

! This program executes the same task as the one defined in example 4.1
Jbut the assembler procedure is here @ function of the PRSCAL prograe
‘version of MS-PRSCARL).

PROGRAM  CALL_FUNCTION(INPUT,OUTPUT);

VAR I: INTEGER}
R4:RERLA;
RESULT,R8: REALB;

FUNCTION SOROOT (RB: REALBiR4: REALA; I: INTEGER) ; REALB; EXTERN:
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BEGIN

WRITE("I = ’)3;READLN(I);

WRITE{'R4 = ") ;READLN(R4);

WRITE('RB = ") ;RERDLN(RB)
WRITELN(*RESULT = *,SGROOT(RB,R4,1));

END.

Example 4.16a

FRABE &2,132
TITLE SGFNCP

This program executes the same task as the one in exasple 4.15, but it
answers as a functiop by writing the result in a temporary variable created
within the stack by the calling progras.

See also commentaries on the 4.158 example.

ay ta Cmy g cam

NAME SQAFNCP

FUBLIC S@ROOT

PARAM BTRUC

DS_BYSTEM DW ?
FORMER_BEP DW ?
RETURN_ADD DD 7
RESULT _DFF DW ? 1 Offset of temporary variable
s stored In the stack.
VAL I DwW ?
VAL _R4 DD ?
VAL_RS D@ ?
" PARAM ENDS
)
P EQU [BF-DFFSEY FORMER_BF1
LENGTH_P £au SIZE PARAM — (OFFSET RETURN_ADD+4)
' CODE_SGROOT SEGMENT
’ EEEETEIIRERESIE T EZEENIEENI
ASSUME CS:CODE_SGROOT
' S@ROOT PROC FAR
) 1
teversssOrganisation of the stack and storage I..viveearvesasscensnsscnsans crsaae
PUSH BF
MOV BF, SF
Sup SP,0FFSET FORMER_BP

mov F.DS_SYSTEM,DS
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teeesacodise of 8087 1.t vineenniranens vreer st aanacerrees
FINIT

FILD  P.VAL_I

FMUL  ST,.ST(®
FLD P.VAL_R4
FMUL  ST,ST(O)
FADDP  ST(1),ST
FLD P.VAL_R8
FMUL  ST,ST(Q)
FADDF  ST(1),ST

FSEART
PR Writing of result 1.e.0s..s teesssesaenns tssssasaen e easasae ssasessesaa
Moy BX,F.RESULT_OFF s BX = offset within the stack of
; the temporary variable.
FSTP QWORD PTR SS:[BX] i WHriting in S3:(BX], with indi_
: cation of the type.
MOV AX, BX : Copy in AX of the offset of
3 teaporary varilable.
H Restoring and returp 2...... P fecasesnssacans cervanase sersseivianue .
MDY DS,P.D5_SYSTEM
MOV SF,.BP
FOF BF
RET LENGTH_P

SQROOT ENDP

CODE_SGROOT ENDS

END

In all cases of procedures or functions, the branch-
ing is of type FAR and the called program must preserve
the value of DS and restore it intact on return.

It is equally more prudent to do the same for BP.

The RET instruction must ensure the clearing of
locations occupied by the passing of parameters.

4.4.4 FORTRAN-assembler link
For MS-FORTRAN the size of possible values is:

Integer :2 bytes (INTEGER *2)}
Integer long :4 bytes (INTEGER *4)
Real short :4 bytes (REAL * 4)
Real double precision :8 bytes (REAL * 8)

to IEEE standard
Boolean :2 bytes (LOGICAL * 2)
Boolean long :4 bytes (LOGICAL * 4)

The assembler subroutine 1is called by MS-FORTRAN
with the aid of a FAR type branch.
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The subroutine is charged with the task of conserv-
ing the values of the BP, DS and SS registers.

These values must be restored on return.

The RET instruction must also ensure the clearing of
the location occupied by the passing of parameters.

The FORTRAN Program passes the parameter addresses,
with the aid of two-word pointers, and not their
values. (Equivalent to the VARS of MS-Pascal.)

In procedures, results are written by the assembler
subroutine to the addresses indicated.

On the other hand, in the <case of functions the
return is always carried out by value.

In the case of integers and booleans, the transfer
is done simply by the CPU registers:

2 bytes (integer, boolean)

the result is written in AX by the assembler;

AH contains the high order word and AX the low order
word.

4 bytes (long integer, long boolean)

the result is written in DX : AX; .

DX contains the high order word and AX the low order
word.

In the case of real numbers (short in 4 Dbytes or
long in 8 bytes), a location is reserved in the stack,
by the FORTRAN program, for receiving the value of the
result. It 1is this location address that is passed to
the assembler. Only the offset of this address is
necessary in the stack, since its segment value is
contained implicitly in SS.

This offset is written to the stack after the
parameter pointers and just before the return address
pointer.

Examples 4.17 and 4.17a show the calling of a
procedure, while examples 4.18 and 4.18a show the use
of a function.

Example 4.17

This program calls an assesbler procedure using the 8067
numeric data processor to compute the square root of the sum of
the squares of an integer, of & real simple and & real double
precision., The result is returned by the asseabler in double
precision.

This progra® uses the 3.13 version of NS-FORTRAN which
follows the 1EEE rule of numeric representation for the types
REAL*4 and REAL*&. The 8087 follows this rule.

DONOOeHOOMOOoOD NN
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REAL$B RESULT.RS

WRITE (¥,500)

READ (8, 100)

WRITE (¥, 4600}
READ (¥, 200) k4

WKITE (X, 700)

READ (£, 300)R8

CALL SQFOR(RB,R4,1,RESULT)
WRITE (%, 400) RESUL.T

100 FORMAT (I8)
200 FORMAT (ES. 2}
300 FORMAT (D5.2)
400 FORMAT (1X,’RESULT = *,D10.4)
S00 FORMAT(1X,’1 = *)
&00 FORMAT(1X, R4 = *)
700 FORMAT(1X,*RB = *)
STOF
END

Example 4.17a

FAGE &62,1I2
TITLE SGFOR
: This cubroutine is called by the FORTRAN prograw to perform the sawe task

;jas that of example #4.15A.

:Note that as Fortran only passes the addresses of variables as parapceters (equi_
'valent to VARS of NS_PASCAL), reading and writing of parameters is done Indirec_
itly, thus needing the explicit indication of the type contained in the transfer
iinstruction,

H See also commentaries on the 4.15R example.
NAME SQFOR
| SENEpEESENERE

PUBLIC SAQFOR

PARAM STRUC

DS _SYSTEM DW ?
FORMER _EF DW ?
RETURN_ADD DD ?
RESULT _ADD DD 7 t Segment and offset of variables:
ADD_1I DD ? t RE, R4, I and RESULT in the wri_
ADD_R4 oD ? 1 ting order of the procedure call
ADD_R8 DD ?
PARAM ENDS
i
F EQU {BFP-OFFSET FDRMER_EF1]
LENGTH_F EQU SIZE PARAM - (OFFSET RETURN_ADD+4}
CODE_S@FDOR SEBMENT
; ERNEAEEESEEESDEITTEEREENIE®R
ASSUME CS:CODE_SAFDR
' BGFOR PROC FAR
' - e A S e — - -
$v.s.ass0rganisation of the stack and SEOrage f...cevsreosancassiassnrsranrnnes
PUSH BF
MOV BF, SF
SuUB S§P,.OFFSET FORMER_BF

MOV F.DS_SYSTEM, DS
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Jeaeeeaalise of 8027, Automatic chanqge of the foreets f....icevasvaeens

FINIT
LDS BX,F.ADD_1I

FILD  WORD PTR [BX]
FMUL  ST,ST(O

LDS BX,.F.ADD_R4
FLD DWORD PTR [BX])
FMUL  ST,ST(0)

FADDP  ST(1),8T

LDS BX,P.ADD_R8
FLD GWORD PTR [BX1]
FMUL  ST,ST(O

FADDF  &T(1),ST

FSORT
HIPR Mriting of result :........... tean e
LDS BX,P.RESULT_ADD

FSTF GQWORD FTR CEX1]

PR e Aw as

- .

e me as as

89

DS:[BX} contains the address
of I.
ET{0) = value of 1.

DS:[BX] = address of R4.
ST(0) = value of R4.

DE:LRX2 = address of R&.
ST(0) = value of RE.

------- 244 s aaccg st tnarargetbayn

DE:[BX] = address of RESULT.
Value of RESULT = 5T¢(Q). The
stack is empty after this Ins_
truction.

tseceosRestoring and return f...cevecenaas T I
MoV DS,F.DS_SYSTEM
MOV SF, BP
FOF BF
RET LENGTH_FP
SAQFOR ENDP

CODE_SQGFOR ENDS

END

Example 4.18

£
C
C CALLING AN ASTEMBLER FUNLTION
In Same tasks as in example 4.17.
c SQROOT is declared In double precision.
c
C
REAL¥B RB,SGROOT
WRITE(X,500)
READ (¥, 100)
WRITE (%, 600)
READ (%, 200} R4
WRITE (¥,700)
REARD (¥, Z00)RB
WKITE (¥,400)SAROOT(RB,R4, 1)
100 FORMAT (IB)
200 FORMAT (ES. 2}
00 FORMAT (DS. 2)
400 FORMAT (1X, *RESULT = *,D10,4)
=00 FORMAT (11X, = 7)
&00 FORMAT (1X,"R4 = °}
700 FORMAT(i1X, RB = ")

STOF
END
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Example 4.18a

FAGE 62,132
TITLE S@rOoT

‘ay mm

This procedure returns, to the calling prograw, a double precision type
value.

& temporary variable is created within the stack and its offset is writ_
ten as 2 last parawmeter at the moment the function is called ( idemtical frfunc_
tionning for FURTRAN and PASCAL).

e my R hy e

Y

Ree also the commentaries on examples #_I5R and 4_IT7R.

NAME SQROOT

PUBLIC S@ROOT

e

PARAM STRUC

DS_SYSTEM DW w
FORMER_BP bw ?
RETURN_ADD DD 7
RESULT _OFF D ? 1 ffset of the temporary varia_
;s ble within the stack.
ADD_I DD ?
ADD_R4 DD ?
ADD_RB 1]4] ?
PARAM ENDS
)
F £aQu (eF-0OFFSET FORMER_BF1J
LENGTH_F EQn S1ZE PARAM - {OFFSET RETURN_ADD+4)
" CODE_SORODT SEBMENT
i TSSO REERXEE=EXEERS
ASSUME CS:CODE_SGROOT
 BQRODT PROC FAR
} -
1.vese..Urganisation of the stack f...... Wsesuraesessasaseessranas s st et ns s
PUSH BP
MoV BF,SF
SUE SP,OFFSET FORMER_BF
MoV F.DS_SYSTEM, DS
feernsoolise of BOE7 I.iieaavnaes. essrerseesessanssssnvaa ettt sessen A u s e by
FINIT
DS BX . F.ADD_I

FILD  WORD PTR [BX]
FMUL  ST,ST(O)

LDS BX,P.ADD_R4
FLD DWORD PTR [EX)
FMUL  ST,ST(O)

FADDP  ST(1),5T

LDS BX,P.ADD_R8
FLD OWORD PTR [EX]
FMUL  ST,ST(O)

FADDP  ST(1),ST
FSART
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PRI RESUIL I8 FUE f4eenrvensaaantesossssseneioinasanaeseenanssnsanasnennsssaans

e

type

MOV BX,P.RESULT_QOFF ! BX = offset of the temporary
{1 varigble.

FETF GWORD PTR SS:(EBX) i Hriting in SS5:[BKR3, with
i indication.

MOV DS,F,DS_SYSTEM
MOV SF,BP

POF BF

RET LENGTH_F

SGROOT ENDP

CODE_SQ@QROOT ENDS

END

4.4.5 BASIC 86-assembler link
For BASIC, assembler language procedures are called by
means of a CALL (formerly USR) statement. This branch-
ing is always of a far type (FAR).

Two methods of operation must be distinguished, as
follows.

Compiled mode
This method of operation is very similar to that of
Pascal or FORTRAN. The object modules coming from the
BASIC or from the assembler are joined by the LINK
utility and the program *.EXE is loaded by the system
for execution.

In the BASIC program the CALL order simply refers to
the name of the assembler procedure.

This mode has been used in examples 4.19 and 4.19%a.

Interpreted mode

Here the method of operation is less convenient because
the assembler module must be loaded into memory at the
same time as the BASIC program and its interpreter. In
addition, the procedure address must be known to the
programmer.

Different solutions, often scarcely practical, are
offered depending on the system environment, The user
needs to refer to his own particular BASIC User's
Guide.

Apart from this loading problem, there are no
differences between the two modes.

The size of the variables is as follows:

Integer 2 bytes
Real, simple precision 4 bytes (Microsoft, non-IEE)}
Real, double precision 8 bytes (Microsoft)

e
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Examples 4.2]1 and 4.21a use two short procedures to
transform the MS-DOS representation of a real into the
IEEE form, and vice versa.

For character strings, the MS-BASIC compiler uses a
string descriptor consisting of 4 bytes. The first two
bytes give the string length in 16 bits, restricted to
32767. The second two bytes give the offset of the
beginning of the string. When a string of characters is
used as a parameter, the offset of this descriptor is
indicated to the subroutine.

Examples 4.20 and 4.20a illustrate the use of this
descriptor in order to effect the exchange of a string
of characters between BASIC and assembler, and vice
versa.

The BASIC program passes the parameters by means of
their single offset address. The segment used is the
one held in DS {(equivalent to VAR in MS-Pascal}.

These parameter offsets are pushed on to the stack
in the order in which they are written in the call.

If a particular stack is used by the assembler, the
source stack must of course be restored before the
return, and the RET instruction must ensure the
clearing of the locations occupied during the parameter
transfers.

Example 4.19

5¢ 7

&0 7 This program performs a byte by byte reception on the port AKX, Ly Bmeans
70 ‘of an assembler call, and puts the bytes read intoc file.

20 7

a0 Qfter reception, the same file may also be transmitted through the port
100 *AUX.

110 °

120 °

130 " itennes ReCEpltion fiweeisisvsonssaassnausnssasaansons errssasearsenas seessstarnas

140 °

150 OFEN "C".1,"FILE.LOW"

160 FRINT "RECEPTION ENDS WITH alt Z"

170 FRINT “FOR TEXT THE END OF LINE IS : alt M,att J“
180 *

190 CALL RECEFTION(ENTRYX,TERMZ)

200 IF TERMZ=1 THEN 190

210 WRITE +JENTRY%

220 GOTO 140

230 7

240 WRITE JENTRYZ

250 CLOSE 1

260 PRINT

770 INPUT "RECEFTION ENDED, TRANSMIT 7<Y/N> “iANSWEFR$
280 IF ANSWERS: >"Y" THEN J40

290

TO0 Pt TrANSBISEION eiiirssssrranaasseaaastatnanan sesreerananns resr et easesaenna
3107

T20 OFEN "I".1,"FILE.LOW"

3% ¢

T40 IF EOF (1) THEN 240
2S00 INFUT JEXITY
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760 CALL TRANSMIT(EXITY)

370 GOTO 290

zao

290 PRINT

400 PRINT "TRANSMISSION ENDED*
410 END

Example 4.19%9a

FAGE &2,132

TITLE LINK

: This subroutine uses the BUX input and output systew calls, & standard
susually associated with RS 232 serial port, Through this port it is possible to
iestaklish & connéction Letween two systems in order to exchange textual data
s{e.q. language source},

This program réads and writes the bytes contained within the lower half
of a PASIC integer.

ey

In order to trace the transmsissions, these bytes are written on the
screen in hexadecimal form.This translation is performed with the aid of the
instruction XLAT.

e ma ey Ay wy

RTIN TREE N

The end of file symbol here is ALT-I (26 in RSCII) which is most frequen_
tlyv used, but it can easily be modified if regquired.

-y wa

_ The function of the procedure 15 sisulated by reading the kevboard
:(withoyt echo) and by screen writing. In order to work with the AUAN port, the
sdirectives EQll for the AUX _ENTRY and AUX_EXIT must Le modified.

[}
1

: The procedure assunes either version 1.25a or 2.11 of MS_DOS,
NAME LINK
; SRABNARABREREE

PUELIC TRANSMISSION,RECEPTION

-

RECEP STRUC

FORMER_BF DW ?
RETURN_ADD Db ?
END_OFF D ?
ENTRY _OFF DW ?
RECEP ENDS
i
R eau [BF - OFFSET FORMER_EP]
LENGTH_k €aQu SIZE RECEP - (OFFSET RETURN_ADD + 4)
3 Hriting a&llowing changes of
1 parameters, as desired,
EMI STRUC
! ------
OLD _EF DW 7
RETURN pD ?
EXIT_OFF DW 7
EMI ENDS
i
E EQU [EF - OFFSET OLD_BF1]
LENGTH_E EGU SIZE EMI - (OFFSET RETURN + 4)

3 Hriting allowing changes of
i paramcters, as desired.
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RECEPTION_END EQU 26

M5 _DOS_CALL E0U 21H
AUX_ENTRY EQU 08H
AUX_EXIT €QU O2H
SCREEN_VIEW EQu 02H

CODE_LINK SEGMENT

ASSUME CS:CODE_LINK

TRANSLATE _TABLE LABEL  BYTE

80868088 Architecture and Programming

Jimulated by keyboard call
without echo. Must ke replaced
by O3 for RUKXK.

cimulated by screen display.
Must be replaced by 04 for RUA.

DB *O1234567BFABCDEF” 3 List aof ASCII codes of hexa_

DISPLAY PROC NEAR

ceccencsltorage Of reQisters Used f...esissranssesessrsssssarrssnssrsanes

FUSH DX
PUSH cXx
FUSH BX
PUSH AX
MOV DH, AL

e W ae am

decimal pumbers frowm O to F,or_
dered according to their values.
Screen display of the content
of AL in hexadecimal form.

s e s s 825

Storage of AL in AN.

eeesnssloading of the table offset of translation in BE f....vieveiecsnnsnnanase

LEA BX, TRANSLATE _TABLE

weese..Right shift In order to isolate upper part DUBLEr i...ecosieessvrsvesnaes

mov cL,4
SHR AL, CL

esssseTranslation of the upper part in

XLAT TRANSLATE _TABELE

weeess.Display of the upper part number

MOV oL, AL
MOV AH, SCREEN_VIEW
INT MS_DOS_CALL

vessa.Display of the lower part nusber

Mav AL, DH
AND AL, OFH

ALAT TRANSLATE_TABLE

MOV DL, AL
MOV AH, SCREEN_VIEW
INT MS_DOS_CALL

-
1
-
.

4 right shifts, Q000 on upper
part.

SCI] cof€ 2.vcvveveoacccans evrnesrrara

.
# v a0

[
L]
-
1
-
’
-
L]
-
L]
]

»

The value of the table addres_
sed by BX and Indexed by AL is
transferred to AL. TRANSLATE
TABLE is used only for gqiving
the type (byte) and the seqwent
(€S,

QR rr e F s T s s s A N R R R TR EFATRF LIRSS

P N N N N R NN E RN N

Restoring of AL.
The lower nusber is 1i1solated.

Translation in ASCI! code.



Access to Data | 95

SR Restoring of rejisters use€d and retirhD f....ceicicsoscoososcassnsassssnsons
POF AX
FOF BX
FOP Cx
POF DX
RET

DISPLAY ENDP
RECEPTION PROC FAR

S ..0rdering of the stack (without local variables) f..iiviivvanrcnsnansnnnes
FUSH BF
MoV BF,SF

levrase REGTING Of OFfsets of BASIC variables .. isroriasseasasasssssssnnnas

MOV BX,R.ENTRY_OFF
MOV DI.R.END_OFF

;.--.--.R‘cfﬂtian or & byt' H YRR R N N N N N N N A R R A R R A I T Y

MOV AH, AUX_ENTRY
INT MS_DOS_CALL
PUSH  AX

$.v.e...Display of receéived byte, followed Ly tN0 Blanks feecvriuasnasaaccnnnanss

CAaLL DISPLAY

MOV oL,’ °
MoV AH, SCREEN_VIEW
INT MS_DOS_CALL
MOV oL’ ’

MOV AH, SCREEN_VIEW
INT MS_DOS_CALL
FOF AX

JesoesscEventual detection of end of transmission (@alt I) i.eeeevvaacceccvsnnnnns

CMP AL, RECEPTION_END

MoV WORD FTR (DI, 0 s END = O & priori.

JNE NOT_END

MOV WORD PTR [DI2. 1 } END = 1 if RECEPTION END is

s found.

ll..S‘ndjng byt‘es to BASIC :lll‘-‘...l..lllll.'.l"'l‘l‘..’-'-"..“l'l..lll'.l

NOT _END: XOR AH, AH
MoV LBX1,AX 3 The end of reception Lyte is
; also sent.
PR ..Restoring of the stack and return I.....ccvessesrarresrsssesssescscssanns
MoV SP, BF
POF BP
RET LENGTH_R ;3 “clearing ” of paraseters.

RECEPTION ENDP
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TRANSMISEION PROC FAR

i

Jacaoens drdering of stack {(without local variables) :...... T
PUSH BFP
mMav BF ., SF

$.......Rea0ing of the offset then of the contentsof the BRZIC variable f........
MOV BX,E.EXIT_OFF
MoV aL, [EX]
PUSH AX

$..0000.5creen display of the contents in hexadecimal followed by “2% !.iieeecavas

CALL DISFLAY

MOV DL, ¥’
MOV AH, SCREEN_VIEW
INT MS_DOS_CALL
feieers.5ending of the byte to AUK f...visevrenerinunncensocianens s ressencensasenn
FOP DX
Mav AH, AUX_EXIT
INT MS_DOS_CALL
HEPR ..5ending of the separating blank I...civesenaisianrrsasrcriirnaserarvaanns
MoV pL,” °
MOV AH, SCREEN_VIEW
INT MS_DOS_CALL
te00....Restoring of the stack and TELUPD f.osovasansrasroanrocarrovuoraasnsssons
MoV SF, BF
FOF BF
RET LENGTH_E i "clearing” of parameters.

TRANSMISSION ENDP

CODE_LINK ENDS

Ll

END

Example 4.20

&0’ This example shows the exchange of & character string between a BRSIC
%0 ‘'progras and an assembler subroutine.

100'

110’ The calling program gives the offset of the address of a describer which
120’ contains the length and the cffset of location of the string.

1307

740’ The subroutine displays this character string on the screen, in Letween

150" angle brackets. Then, It answers by overwriting the memory locations used bv the
160" BASIC string with an  answer. In this case, the procedure Bwust not write wore
170" characters back than were initially contained in the BRASIC string in order to avoid
1807 ¢rasing part of the calling programs instructions.

1907

200°

2t0 INPUT "STRING TD SEND":CHAIN%

220 CALL DISFLAY(CHAINS)

230 FRINT CHAINS

=40 INFUT "NEW TRIAL ? <Y/N> "iANSWERS

250 IF ANSWERS$="Y" THEN GOTO 200

260 END



Example 4.20a

TITLE

CODE_DISFLAY

FAGE 62,132
DISPLAY_STRING

NAME

Access to Data

DIBPLAY _BTRING

FUBLIC DISPLAY

SCREEN_DISFLAY ERU p

MS_DOS_CALL

PARAM STRUC

FORMER_BF D
ADD_RETURN DD
OFF DESCRIBER DM
PARAM ENDS

F EoLs
DEL_PARAM EQU

DESCRIBER S8TRUC

LONG_STRING DW
OFF _STRING Du

DESCRIBER ENDS

SEGMENT

EQU 21H

-

{BF - OFFSET FORMER_BF1

97

SIZE PARAM - (OFFSET ADD_RETURN + &)

PUBLIC

RN SR P E R R RS R R RS

RSSUME €S: CODE_DISFLAY
ANSWER DB ODH, OAH, " TRANSMISSION IS OK’ s ODH and CRH are counted
END_ANSHWER LABEL  BYTE ;1 in the string length.
H
DISPLAY PROC FAR
' RN
Levevsesnrsenss Ordering of the stack (without local variables) s...icvvvercansiieneanas,
PUSH BF
MOV BP,8F
S avenenenns veseREGIING Of the BRSIC character striny describer i.....covevenanien. arnaes
Mav BX,F.OFF_DESCRIBER : BX contains offset of the BARSIC
: character string describer.
MOV CX.[BX).LONG_STRING 1 CX = length of string.
JCx2 END_WORK t Rhort if the string Is empty.
MOV DI.Cx t Teaporary storage of Ci.
MOV BX,[BX).0FF _STRING 1 BX = offset of the string.
Terveosevesvennan Display of the string of characters between <> f....esvvusrresesas caeses
MOV AH,SCREEN_DISFLAY
MoV DL.?<”
INT MS_DOS_CALL
XOR sI,81
DISF_LDOF: MoV PL,[BX+SI]
INT MS_DOS_CALL
INC SI
LooP DISP_LOOP
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MoV DL, »?
INT MS_DOS_CALL

cerisssee UVErNrIting of the answer on the BASIC character string :........... raees
MOV Cx,DI i Restoring: CX= length of string
XOR S1.81

ANSWER_LOOF; MoV AL, ANSKWERLSI)

MOV (ex+5I1,AL
INC S1
CHF SI,END_ANSWER - ANSWER

LODOPNE ANSWER_LOOP

IF THE BASIC STRING 1S
EROUGH.

JCX2Z END_WORK
BLANKING: MoV BYTE FTR (BX+SI1,’ * i Clearing of the rest of
BASIC character string.

-.

INC s1
LOOF  BLANKING
END_WORK :

............ Restoring of the stack and return j..oveuviavsvrvrvnanannas

MOV SP, BP
POP BF
RET DEL _PARAM

"DISPLAY ENDP

)
CODE_DISPLAY ENDS

END

Example 4.21

&0

90

100
110
120
130
130
140
150
140
170
180
190
200
210

220

»

This example shows the exchange of sisple precision real value
‘hetween a BASIC program and an assembler subroutine,which is named "ROOT".

»

r

The calling progras gives the offset of the address of two real
‘numhers, The second parameter “OUTRERL” is written, by the "ROUT” asseabler
*subroutine, with the square root of the first parameter “INRERL”.

’ This result s then displayed on the screen by & PRINT instruction.
INPUT "NUMBER TO COMPUTE":INREAL

PRINT " THE SQUARE ROOT OF ";INREAL;" IS “;

CALL ROOT (INREAL ,DUTREAL)

PRINT DUTREAL

INPUT “"NEW TRIAL ? <{Y/N> “iANSWERS

IF ANSHWERS="Y" GOTO 160

END

------------

Looping until the end of answer
LONG

the
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Example 4.21a

PAGE 42,132
TITLE ROOT_WITH_BASIC

H The BRSIC calling progras gives the offset of the address of two real
cnunbers., The first one is converted to IEEE pumeric notation, then it is loaded into the
18087 pumeric Jata processor. The result of square root, shich is coaputed Ly the 8087,
tis then written ipto the second BRSIC real number.

Finally, this number is converted to Kicrosoft numeric notation Lefore
displav on the screen by a PRINT Instruction.

1EEE data numeric representation:
FXrFryyrry g gy g5 3Kk 3 28 F g ¥ il rs

ETRRL T T PO 1)

H (ol mmmm e g —we=——- > m—— - i T it >
: S EEEEEELEE ENNNNNAEN NNHNNNNN NHNMNNENNN
: byte 3 byte 2 byte 1 byte ©

H with S = sign of number

: E = exponent with an offset of 127

H M« mantissa

MICROSOFT data numeric representation:

I R NP E S S T T ST I E L SRR ESES IS TS ESTE

“y w8 wm Wy W e e

§m———— 3 ———— R F34 23 =
EEEEEEEE SHMNMNNNNN NHENNNKNN NNHNNNNN
byte 3 byte 2 byte 1 byte ¢

with £ = exponent with an offset of 128

S = sign of number
N = mantisca

ETRE R TR TR TOE T

NAME  ROOT_WITH_BASIC

PUBLIC ROOY

-

PARAM BTRUC
' NEREEDESWEEN
FORMER_BP DM ?
RETURN_ADD DD 2
OUTPUT _REAL_OFF DM ”
INPUT_REAL_OFF DW 2
PARAM ENDS
]
P EQU [BF - OFFSET FORMER_BP}
DELETE_PARAM  EQU SIZE PARAM - (OFFSET RETURN_ADD + 4)

CODE SEGMENT FPUBLIC
GESEEXRIRERARERIRNERLER
ASSUME CS:C0DE

NORM PROC

' DR EEE

HIPUPPP ve...Conversioni MICROSOFT representation to IEEE representation Z.....iiic000002
CMP BYTE PTR {BX+31,0 t Mo wmodification if the nusber’
JE ZERO_ABORT t is equal to O (exponent x 0).
SUE BYTE PTR [BX+31,2
RCL BYTE PTR [BX+2]1,1
RCR BYTE PTR (BX+31,1
RCR BYTE PTR [BX+2]).1

ZERO_ABORT:

RET
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NORM ENDP
UNNORM PROC
' -TedEusTEREER
teseseeesesslonversion: 1LEE representation to MICROGSOFT representation f....esseccecenen
PUSH AX
MoV AX,[BX1+2 1 No wodification If the result
SHL AX,1 t iy equal to O (exponent = ().
CMP AH, 0
POF AX
JE ZERD
RCL BYTE PTR £BX+2]1,1
RCL BYTE FTR [BX+3].1
RCR BYTE PTR (BX+2]l,1
ADD BYTE PTR [BX+31.2
RET
ZEROD:
MOV BYTE PTR [BX+3Z1.0 1 If the nusbter is equal to -0,
: the sjgn is reset to 0 (+},
RET
UNNDRM ENDP
I
ROOT PROC FAR
l SENSEESGEBARENEN
Savscncens cesss.Ordering of the stack (without local variables) :...... Wessseeveananss PR
PUSH BP
MOV BF.SP
FINIT s Initialisation of the BO87.
Yeeroranoons ..2.Conversion and loading aof the input number f.....cevscsvc0cinncacecns vens
MOV BX,P. INPUT_REAL_OFF
CMP BYTE FPTR {BX)+Z, 1 Is the number equal to ¢ ?
JE NUL
CALL NORM
FLD DWORD PTR [BX1]
HIPPP vescarsesCOMputation of the SQUAre root I.,..evcutisesaacrrcarsssesccanans ceereess
FSART
JMP 1S5UE
NUL: FLDZ 1 0 is loaded in 5T(Q).
$erene teeeesers l5suing and inverse conversion of the resalt f...ocoueceanaes veserevanenn
ISSUE: MoV BX.,P.OUTPUT _REAL _OFF
FSTF DWORD PTR [BX}
WAIT 1 To be sure that the nuaber is
; completely written.
CALL UNNORM
LeessennseassraRESEOring of the stack and Feturn fooccacoivivianaes tasacsssacsvssanann ‘e
MoV SF.BF
FOF EF
RET DELETE_PARAM
ROOT ENDP

’
CODE ENDS

3
END



5 Circuit Description

5.1 Description of CPU
The 8086 and the 8088 are packaged as 40-pin devices,
requiring a single 5 V power supply.

Both microprocessors are entirely compatible from
the software point of view: a program executed by one
can be executed by the other. The essential difference
lies in the fact that the 8088 is only able to make
8-bit accesses to memory and peripherals instead of the
16-bit accesses of the 8086. As a result, programs take
longer to execute on the B088.

Each has two possible modes, selected by the logical
state of pin 33. At 0, the microprocessor is in maximum
mode, and at 1 it is in minimum mode.

GROUND «+{i L_‘I wph— VCC

AD14 2 nph— AD15

AD13 3 o> Al16 83
AD12 4 vl A17 S4

AD11 45 -+ A18 S5
AD10 s s> A19 S6

AD9 +H7 ul—- BHE S7
ADS8 s sh—  MN-MX

AD7 a9 wl— RD

AD6 4 10 up—  HOLD (RQ GTO)
AD5 o4 11 808b uf+ HLDA (RQ GT1)
AD4 12 2+ WR (LOCK)
AD3 4413 B> M-i0 (52)
AD2 4 1 vl— DT-R (S1)
AD1 415 #— DEN (SO)
ADO +H1e L ALE {QS0)
NM! —q 17 upb—  INTA (QS1)
INTR —H 18 sb—  TEST

CLK —5 19 zp— READY

GROUND <% Ap—  RESET

Figure 5.1 8086

101
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Minimum mode
This mode allows the number of external circuits
required to be reduced to a minimum for small, single
processor systems.

In this mode, the CPU retains its full addressing
capacity and directly drives the control bus.

Maximum mode

This mode extends the architecture of the system to
permit multiprocessor configurations and thus enables
the CPU instruction set to be extended to include the
numeric processor instructions.

The provision of two levels of priority for bus
requests allow several processors to reside on the
local bus of the 8086 and share its interfacing with
the system bus.

5.1.1 Pin assignment

A brief description of the pin assignment follows
below. The functions that correspond to the various
pins will be described in more detail throughout this
chapter. A bar placed over the pin name indicates that

GROUND <+ '—-I—-—u:p-— vCC

A4 +—]2 wiE— A1b

A13 3 Bl A16 S3

Al12 {1 v+  A17 S4

A1) e _ wl»> A8 S5

A10 s sl  A19 S6

A9 +—17 uf—+ SSO (HIGH)
A8 a—{e Bp—  MN-MX

AD7 9 2l— RD

AD6 3 10 8088 ip—  HOLD (FT_d éj'_r_ﬁi
ADS 1 W  HLDA (RQ GTY
AD4 4 12 s~ WR {LOCK)
AD3 41 B> 10-M (52)
AD2 ad e 7+  DT-R (81
AD1 15 s DEN (S0)
ADO 51 18 sH+  ALE {QS0)
NMI —Hv uH—  INTA (Qs1)
INTR —H18 sp—  TEST

CLK —*T 19 2zf—  READY

GROUND <12 2‘J°— RESET

Figure 5.2 8088



Circuit Description 103

the pin is active low. The pin names in brackets show
the maximum mode functions of pins whose function is
mode dependent.

5.1.la Pins with common function in minimum/maximum
mode

GROUND and Vcc

5 V power supply and ground connections.

CLK

(input)

System clock, wusually provided by the special clock
circuit (8284), which is designed to satisfy the close
timing tolerances imposed on this input.

INTR

(input)

Maskable interrupt request input, usually from an 8259A
interrupt controller.

NMI

(input)

Non-maskable interrupt. When it is used, it is usually
connected to a power supply failure detection circuit
or an alarm. It can also be wused to interrupt an
infinite program loop, when other masked interrupts
cannot (see example 5.1)}.

RESET

(input)

Provides CPU initialisation. This signal must remain
active, at high state, for at least 4 clock cycles to
allow the CPU time to initialise the internal
registers. This delay is provided automatically when a
8284 clock chip is used to condition the RESET signal.

Whenever the CPU is reset, the segment register CS
is set to FFFFH and IP to 0. The CPU will then
automatically execute the instruction held at physical
addresss FFFFOH, which would normally hold a jump to
the start of the main program.

RESET also resets the other segment registers and
the status word to 0, which has the effect of in-
hibiting interrupts. This last provision is important
to allow the processor to start correctly and configure
the interrupt controllers before they are enabled.

READY

This input is provided to allow the CPU to access
devices that cannot meet the normal CPU bus timing. As
soon as a slow peripheral is addressed, it signals the
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CPU via the 8284 which resets this input, synchronised
to the clock.

When the device 1is ready, it raises the ready
signal, thus allowing the CPU to <continue. The CPU
pauses by inserting 'WAIT states into its bus cycle.

TEST

(input)

This input also allows a further method for the CPU to
be synchronised to external events.

When the CPU decodes a WAIT instruction, it tests
the status of this input and only proceeds to execute
the program when it is at a low level.

This input corresponds to the BUSY pin of the 8087
co-processor and provides a method for the processor to
determine whether a result has been produced by the
8087.

Where there is no 8087, this input can serve to
verify the end of execution of a slow operation, such
as a motor start-up, read or write to a disk unit, etc.

RD
(tristate output)
This signal, which is active low, informs the system
that the CPU 1is performing a read cycle. Data input
occurs on the positive edge of this signal.

The output can be forced to a high impedance state
to allow other masters to take control of the control
bus.

ADO-AD7
(bidirectional, tristate)
This is the multiplexed low byte of the address and
data buses. These pins act as outputs while the address
is written and then switch to an appropriate direction
for the data transfer.

The pins can be forced to a high impedance state to
allow other masters to use the bus, for example, for
DMA.

AD8-AD15 for the 8086

A8-Al5 for the 8088

The same purpose as pins ADO-AD7, with the exception
that the 8088 uses pins A8-Al5 for address output only,
since it only possesses an 8-bit data bus.

A19(S6)~Al6(S3)

(tristate outputs)

These four pins are also multiplexed. While the address
is being output, these four pins provide the top four

address bits.
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When the data bus 1is active, outputs 83 and S4
indicate which segment register was employed to
generate the physical address, and consequently provide
processor status information.

S4 S3 Register

0 0 ES

0 1 58

1 0 CS (or none)
1 1 DS

At the same time line S5 provides an indication of
the status of the interrupt enable flag.

Line 86 is always at 0.

These status signals are wused chiefly to allow a
circuit emulator to follow the operation of the CPU
when a system 1s debugged.

BHE(S7)/SS0

(tristate output, for the 8086)

While an address is being output, BHE (active low) and
the address bit A0 are used to enable data on to the
upper and lower halves of the data bus, allowing both 8
and 16 bit data transfers to be performed by the 8086.

During data transfers, §S7 (active low) indicates
whether or not the CPU 1is starting an interrupt
acknowledge operation.

The corresponding pin on the 8088 provides the SS0
status signal (in minimum mode only) and allows further
status information to be obtained.

In maximum mode, this pin on the 8088 is always high
and allows an 8087 to identify whether it is operating
with an 8086 or with an 8088, also allowing the
co-processor to adjust its data bus width accordingly.

MN (MX)
This input is used to select minimum or maximum mode
when tied to 5 V and ground respectively.

5.1.1b Definition of pins used in maximum mode

s2, s1, SO
{tristate outputs)
These status lines are activated at the start of a bus
cycle to allow an 8288 bus controller to determine the
nature of the current bus cycle and to generate the
corresponding signals.

At the end of the bus cycle all three return to a
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high state. As soon as one of them leaves this state it
signals the start of a new operation cycle.

S2 Sl S0 Operation cycle
0 0 0 Interrupt acknowledge
0 0 1 Read 1/0
0 1 0 Write 1/0
0 1 1 HALT
1 0 0 Fetch instruction
1 0 1 Read memory
1 1 0 Write memory
1 1 1 Passive state
(no external access)

These three signals are forced to a high impedance
state when the local bus is used by another master.

RQ (GT0), RQ (GTL)

(bidirectional, active low)

Each of the two pins is used to receive requests to use
the local bus that are sent by other bus controllers
and each is used to signal that a reguest will be
granted at the end of the current bus cycle. The bus
controller that has taken control finally informs the
CPU, still wvia the same pin, that it can again take
control of its local bus. _____

RQ (GTO0) has higher priority than RQ (GTl ).

This alternating input and output operation is
intended for use with 8087 and 8089 co-processors and
requires the designer to provide additional circuitry
if a more conventional bus request protocol is needed,
for example for use with DMA controllers.

LOCK

(tristate output, active low})

This signal, which is asserted by writing the prefix
LOCK at the start of an instruction, indicates to other
pbus controllers that they may not take charge of it.
LOCK remains active until the instruction has been
completely executed.

QSs1, QsO
{outputs)
These two lines allow the 8087 numeric co-processor, oOr
other circuits, to follow the use that the CPU makes of
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its instruction gueue (see below).

QS1 QSO0 Operation
0 0 No operation
0 1 Fetch first byte of
instruction from gqueue
1 0 Clear queue
1 1 Fetch next byte

This information is wvalid during the clock cycle
that follows the operation on the instruction queue.

5.1.1c Definitions of the pins used in minimum mode

In this mode the CPU operates without a bus controller
and must itself generate all the signals that are
required by the system components.

M(1/0)
(tristate output)
This signal distinguishes between a memory access and
an input/output peripheral access.
It is valid throughout a complete operation cycle.

It switches to high impedance if the CPU does not
have control of the bus.

The following logical inversion between the 8088 and
the 8086 should be noted

8086 8088

M(I/0) I/0(M)
Memory access 1 0
I/0 access 0 1

DT (R)
(tristate output)
This pin may be used to control the direction of the

data bus buffers.

data write =1 (transmit)
data read = 0 {receive)

As with the previous signal, it is valid throughout
a complete operation cycle and switches to high
impedance to free the bus if another processor requests
it.
___For the 8088 in minumum mode, the combination of
Ss0 , DT (R) and I/0 (M) allows the current
cycle type to be identified
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I/0(M) DT(R) SS Operation
1 0 0 Interrupt acknowledge
1 0 1 Read I/O
1 1 0 Write I/0
1 1 1 Halt
0 0 0 Fetch instruction
0 0 1 Read memory
0 1 0 Write memory
0 1 1 Passive

WR
(tristate output)
This active 1low signal indicates that the CPU is
performing a write operation, and is asserted following
address output.

It switches to high impedance to free the bus on
request.

INTA
(output) (INTerrupt Acknowledge)
This active low signal 1is wused during 1interrupt

acknowledgement to allow the CPU to read the interrupt
number that is placed on the data bus by the interrupt
controller.

ALE

(output) (Address Latch Enable)

Active high, this signal is used to latch the address
at the beginning of an operation cycle.

HOLD, HLDA

(input), (ocutput) (HOLD Acknowledge)

The active high, HOLD input is used to inform the CPU
that another master wishes to use the bus.

The CPU responds by asserting the active high HLDA
signal at the end of the current operation cycle. At
the same time, it puts its own bus control signals into
a high impedance state .

When the local bus controller has completed its use
of the buses, it lowers the HOLD request signal. The
CPU responds by lowering HLDA and resuming bus control.

DEN

(tristate output) (Data ENable)

Active low, DEN is used to enable all data transfers,
and consequently can be wused, with other logic, to
control isolation of the local bus when another
processor takes control of the system, or during a
direct memory access.
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5.1.2 Internal organisation
The CPU consists of two distinct units.

Execution Unit (EU)

In essence this part contains the arithmetic and logic
unit (ALU) and executes all the instructions. The ALU
contains the CPU status and control words and manipul-
ates the operands and general registers. All the
registers and internal buses are 16 bits wide.

The EU is isolated from the external environment. It
receives instructions and operands from an internal
memory, an instruction gueue that functions as a
First-In-First-Out (FIFO) buffer, controlled by the
interface unit.

This queue is 4 bytes long for the 8088 and 6 bytes
long for the 8086.

When an instruction requires an operand to be
fetched from memory, the EU requests the fetch from the
interface unit.

Bus Interface Unit (BIU)

This part carries out all bus operations on behalf of
the EU. It contains segment registers and it calculates
the 20-bit physical address. It alsoc looks after
address management for the 8087 numeric co-processsor
(see also chapter 7).

The BIU also contains the instruction pointer
register (IP} and wuses its contents to fetch
instructions from memory depending upon the
availability of the buses and the instruction gqueue
status.

This operation is called prefetching and helps to
improve performance considerably. Generally, the EU
will almost always have available to it, stored in the
BIU, the next following bytes of code.

The BIU prefetches instructions based on sgimple
incrementing of the IP; consequently, a branch {either
a jump or subroutine call) to an instruction outside
the scope of the instruction queue necessitates the
gueue being cleared. When this happens, the EU
inevitably slows until the gqueue can be replenished.

This feature can be useful in optimising the per-
formance of a loop, since tests chosen to allow the
most common results to cause execution to continue at
the next address, rather than requiring a branch, will
execute faster.

5.1.2a Prefetch

The following example illustrates the time advantage
gained as a result of the separation of the EU and BIU
tasks and from the use of the instruction queue.
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Thus the program

(1)
(2)

(3)
(4)

(5)

MOV

MUL BX

MOV CX,2
ADD

ADD

{BX],

SI,CX

DI,CX

AL

-~

write data

;: instruction without
external access

-

-4

external access

-

instruction without

external access

instruction with external
operand read
instruction without

would execute without prefetch in the following way

CPU:

Exec 1

Wri H

Fetch 2

Exec 2

Fetch 3

Rd Op 3

Exec 3

Bus occupation

XXXXX XXXXXXX

AXXXXXX XXXXXXX

While with prefetch, bus operation is optimised.

EU:

BIU:

Execute 1

Execute 2

Execute 3

Fetch 2

Fetch 3

Write 1

Rd Op 3

Fetch 4

Fetch 5

Bus occupation
XXXXXXX XXXXXXX

5.1.2b Registers
The set of registers accessible to the
into the four groups, described in chapter

be
1.

divided

XXXXXXX XXXXXXX

programmer

XXXXXXX XXXXXXX

can
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Data group

AX
ACCUMULATOR
AH AL
BX
BASE
BH BL
CX
COUNTER
CH CL
DX
DATA
DH DL
Pointer and index group
SP Stack peinter
BP Base pointer
SI Source index
DI Destination index
IP Instruction pointer
Segment group
CS CODE segment
DS DATA segment
SS STACK segment
ES EXTRA segment
Status word (Flags)
15 08 07 00

[T T T Tor|[prF[IF|[TF[SF]ZF] |AF| | PF]

{ CF ]
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Six bits reflect the results of an arithmetic or
logical operation and three take part in the control of
the processor.

The first six are as follows.

AF

The auxiliary flag 1indicates a carry between 4 bit
groups of a 8 bit quantity. It is used implicitly for
arithmetic decimal matching. In fact, the sum of two
decimal numbers that are considered by the CPU like
hexadecimal numbers, gives a hexadecimal number

3D + 5D 8H (AH = 0)
4D + 9D = ODH (AH 1) <- {overflow of 9)

it

In the case of an operation beyond decimal matching
the CPU adds 06 if the flag AF has been set

AF = 0 -> BH -> 8D

AF =1 -> ODH + 06 -> 13D

CF

The carry flag indicates that the result of an
operation has caused an overflow of the most

significant digit of the byte or word specified in the
instruction.

This flag is wused implicitly, as a carry, for
concatenated arithmetic calculations, or explicitly for
certain conditional jumps.

OF

The overflow flag indicates that an operation between
bytes or between words has exceeded by more than 1 the
capacity of a byte or of a word respectively. The
result can no longer be represented, even with carry.
This error causes a specific interrupt with the help of
the instruction INTO.

SF
The sign flag reproduces the value of the most

significant bit of a signed 8 or 16 bit quantity.

The signed arithmetic operates in two ‘s complement
and negative numbers therefore have to have the most
significant bit set.

SF = 0 positive number
SF = 1 negative number

This flag is used explicitly for certain conditional
jumps.
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ZF

The zero flag indicates that the result of an
arithmetic or logical operation is zero. It is used in
several conditional jump instructions.

PF

The parity flag indicates that the number of bits
having the value 1, in a byte or a word, 1is an even
number. This flag is wused with certain Jjumps, in
particular to test the integrity of data in
communications software.

DF

The direction flag fixes the direction of repetitive
operations (string instructions).

DF = 0 -> index increment
DF =1 -> 1index decrement

IF
The interrupt enable flag indicates whether or not
interrupts are currently enabled.

IF =1 -> interrupts allowed
IF = 0 -> interrupt requests not acknowledged
TF

The trap flag puts the CPU in single step mode to aid
execution fault finding.

5.2 Bus Transfers
5.2.1 Read and write cycle

The CPU communicates with its environment by means
of a 20-bit bus time-multiplexed into the address, data
and status buses, and by means of a control bus.

In order to carry out a data transfer or read an
instruction, the CPU executes an operation cycle,
counting at least four clock cycles, known as T, T2,
T3 and T4, and shown in figures 5.3, 5.4, 5.5 and 5.6.

The 20-bit address is output during Tl. The trailing
edge of the ALE signal is timed to allow it to be used
to latch the address so that it may be maintained
throughout the complete operation cycle.

The data transfer (8 or 16 bits) takes place during
T3 and T4. o .

The read (RD) or write (WR) signals are always active
during T2.
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<T,%(T,><T,>&T‘>

cock /N

A9 ~A16(Se —S3)
AND BFE(S)) Hﬁl‘uonnesses STATUS S$7-S3

ADis—ADo _ »—{ aooresses Y DATA (INPUTS)
ALE / \

jf"ijﬁ\TT

M(IO) 1 0->1/0 1->MEMORY
WR \
OTR)
DEN \
Figure 5.5

«————— OPERATION CYCLE ————~——>
— I —"0——T——T—>

cock /T \_ /M \/ S/ U/ L

A1g—A16(Se—Ssl Y Aooresses X STATUS S7-53 —
A5 —Asg )——( ADDRESSES )___

AD7-ADg H ADDRESSES x DATA (OUTPUTS) )__

ALE ___/_-\ 4
M (I_O_) —1 0->MEMORY 1->1/Q E
WR \ /

- ———

DT(R) ; \

- | -

DEN 7 _ /-

Figure 5.6



116 8086—8088 Architecture and Programming

If the selected memory or peripheral 1is not in a
position to complete the transfer with the normal CPU
timing, the peripheral must inform the CPU, usually via
the 8284 clock circuit, wusing the processor’'s READY
input.

This change of state must occur before T3 if the CPU
is to be able to insert wait states (TW) after T3.

As soon as the selected circuit is ready, it returns
READY to 1its normal state, via the 8284, and the CPU
completes its bus cycle.

Status bits 83 to S7 for the 8086 and S3 to 86 for
the 8088 may be demultiplexed from the high address
bits (and from the BHE bit for the 8086) during cycles
T2, T3 and T4.

Finally, passive states are inserted when the
instruction queue has been completely filled by the
BIU. These states are detectable by means of the status
lines.

5.2.2 Organisation of memory space for the 8086

The 8086 must be able to read or write either a byte or
a word. In the case of a byte it may be found at either
an even or an odd address. Similarly, a word may begin
at an even or odd address.

In order to solve this addressing problem, the
memory space has to be divided into two byte-wide
blocks of up to 512K each. One block is connected to
the lower half of the data bus (D0-D7) and responds to
even addresses (A0 = 0). The other block 1is connected
to the wupper half of the bus (D8-D15) and responds to
odd addresses (A0 = 1).

If a 16-bit word begins at an odd address, 1t will
always be read 1in two passes: one byte at the odd
address, then one byte at the even address immediately
above,

However, a 16-bit word located at an even address
may be read in a single bus cycle with the bytes being
accessed in both odd and even memory banks con-
currently.

It is therefore necessary to be able to determine,
for each address output, whether a word or byte
transfer is to be performed and, in the latter case,
whether the odd or even address byte is being accessed.
This information may be obtained from the BHE (Bus High
Enable) signal and A0 address bit in accordance with
the following table. The BHE signal may be latched

using ALE.
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BHE AQ Write or Read
0 0 word
0 1 Byte - odd address
1 0 Byte - even address
1 1 No operation

ODD ADDRESS WORD
Y+1 Y
— X+ —N X
2% N
Vv 1
Apg—A; Dis—Dg BHE(LOW]) D7-Do Ao (HIGH)
FIRST CYCLE
:’\V Y+1 — Y v
X+1 X
ZAN
Awg—-A1 Dis-Dsg BHE (HIGH) D7-Do Ap (LOW)
SECOND CYCLE
TRANSFER X+1, Y

Figure 5.7

Address bits Al19-Al select a byte in each of the two
blocks. BHE and A0 choose one or the other, or both.
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EVEN ADDRESS WORD
Y+1 Y
= X+ X

v

Aw—A1 Dis—Dg BHE (LOW) D7;-Do Ag (LOW)

TRANSFER X+1, X

Figure 5.8

EVEN ADDRESS BYTE

Y+1 Y
X +1

i)

V

Aja—A1 Dis—Dg BHE (HIGH) D7-Do Ao (LOW)

1
L

TRANSFER X

Figure 5.9

It should be noted that the CPU does not necessarily
write DO-D7 to the lower byte of a 16-bit register (for
example, AL) and D8-D15 to the upper byte.

In the case of an operation on a word located at an
even address, the first cycle will read the low part of
the word on DB8-D15 and the second, the high part on
DO-D7.

Although a 16-bit word is referenced by the
programmer, independently of whether or not it is
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situated at an even address, it is important to note
that word transfers located at an odd address extends
the execution time. In the case of an array of words,
the penalty may become significant. For this reason the
EVEN assembler directive is provided to reserve memory
storage on even address boundaries.

ODD ADDRESS BYTE
Y+1 Y
X+1 X
Aw—-A; Dis-Dg BHE (LOW) D7-Do Ao (HIGH)
TRANSFER X +1

Figure 5.10

It is important to appreciate that these remarks do
not apply to the 8088 which necessarily operates in
bytes and does not require any BHE signal.

5.3 Circuits in the 8086/8088 family

5.3.1 8284A clock generator

The main function of this circuit is to provide the
clock signals, not only for the CPU but also for other
peripheral circuits such as timers and serial
transmitters (USART). It is also responsible for
initialising the CPU and peripherals via the RESET
signal and for synchronising the processor by
controlling the READY pin.

The actual clock signal is provided either by an
external clock or a crystal, and is determined by the
state of the F(C) pin.

When F(C) 1is connected to ground, the frequency
source is controlled by the quartz crystal (inputs X1,
X2), whose resonance frequency must be three times the
required processor clock rate.

when F(C) is connected to the 5 V power supply, the
source is a TTL compatible signal, connected to the EFI
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J

CSYNC —4 1 18p— VCC
PCLK 2 i7p— X1
AEN1 —43 sp— X2
RDY1 —4 ¢ 15— ASYNC
READY +—s 828414 p— EFI
RDY 2 —4{ 6 13k— F~C
AEN2 —7 1z QSC
CLK a8 inb— RES
GROUND <3 10— RESET

Figure 5.11 8284A clock generator
(NC = not connected or ASYNC for the 8284A)

pin, also with a frequency three times that of the CPU,

The O0SC oscillator output of the 8284 delivers a
frequency equal to that of the crystal. It is intended
to be connected to the EFI inputs of other 8284A
circuits in multiprocessor systems. In such systems
each processor must have 1its own clock generator
because of the necessity of independent control of each
processor READY signal.

The CLK clock output is the clock for the CPU and
coprocessors working on the same local bus.

The peripheral clock PCLK produces a clock signal at
half the frequency of CLK. It 1is usually used by
peripherals.

In addition, CLK and PCLK can be synchronised to an
external event. When the CSYNC input is taken high, it
forces the CLK and PCLK outputs high. When CSYNC
returns low, the clock signals resume on the trailing
edge of the frequency source.

The RES input controls the CPU’s RESET input. The
8284A RESET output is synchronised with the clock and
can be used as a general RESET for the system.

The READY input may be driven by those circuits that
are unable to transfer data at the CPU bus frequency.
It 1is also used in multiprocessor systems to force the
CPU to wait before accessing the MULTIBUS.

The following are the two possible approaches.

1. The system 1is normally NOT READY. When the
selected circuit has had time to execute the transfer,
it asserts the CPU READY signal.

This is the method adopted in large systems.

If the READY signal does not arrive in time,
unnecessary wait cycles (TW) are inserted.
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2. The second technique 1is to assume that all the
circuits are fast enough. If the chosen circuit is
slow, it must deassert READY. This technique is used in
single CPU systems. If, however, the signal is not
deactivated in time, the cycle terminates prematurely
and the data transferred is likely to be corrupted.

The 8284A has two inputs RDY 1 and RDY 2_and a
single synchronised READY output. The inputs AENl and
AEN2, which are active low, allow the inputs RDY1l and
RDY2 to be selected.

5.3.2 8282/8283 8-bit address latch

The main function of this circuit 1is to latch the
address using the ALE strobe signal connected to the
STB (strobe) pin.

ALE is provided by the CPU in minimum mode or by the
8288 bus controller in maximum mode.

The latched address remains present throughout the
entire operation cycle even if the cycle includes state
waits (TW).

This device also has to provide sufficient drive to
supply circuits connected to the address bus.

Another facility provided 1is to isolate the local
bus by switching all the outputs to a high impedance
state upon request from another system bus master, or
in the event of a direct memory access. .

This function is carried out by the input OE
(output enable, active low). In systems having only a
single processor this input may be hardwired to ground.

The 8283 has inverted outputs, whereas the 8282 does
not.

L
DIO — 1 wk— VCC
DI —H 2 15— DOO
Di2 —H3 s DO1
DI3 —4 ¢ 17— DO2
Di4 —H5 s DO3
Di5 —4 6 8282 15— DO4
DI6 —47 1ur— DOb
DI7 —8 B DO6
OE —9 12— DO7
GROUND <10 npg— STB

Figure 5.12 8282 latch
(In the 8283 the outputs are inverted.)}
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5.3.3 8286/8287 8-bit data transceivers

The main function of this circuit is to buffer the data
bus lines to provide sufficient drive power for the
system.

It 1is not necessary to latch data since the CPU
maintains the data valid for write operations
throughout the entire transfer.

Control of the direction of data flow through the
bidirectional transceiver for read and write operations
is obtained by connecting the DT(R), data transmit
- data receive output, that comes from the CPU in
minimum mode or from the 8288 in maximum mode, to pin T
of the 8286/8287. If T is high, the data present at
AQ0-A7 is_output on pins B0-B7 when OE 1is asserted.

The OE _signals may be controlled either by in-
verting the DEN output of the 8288 for a maximum mode
CPU, or directly at the DEN output of the CPU in
mimimum mode.

L
AO 1 wk— VCC
Al 2 vk—+ BO
A2 a4 3 sbh—+ Bl
A3 4 7p> B2
A4 e E sp—> B3
A5 6 828615&—0 B4
A6 ¢-4f 7 14 p—o B5b
A7 +H8 13— B6
OE —49 zk—+ B7
GROUND ¢ Hp— T

Figure 5.13 8286 transmitter
{In the 8287 the outputs are inverted.)
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5.3.4 8288 bus controller

LJ
0B —1 wohb— Ve
CLK —f2 whk— S0
1 —43 Bp—  §2
DT-R  «J¢  vf+ MCE_PDEN /
ALE 45 16—
AT NN My
MRDC +—17 U INTA
AMWC 18 B3l [ORC
MWTC +—{9 2= AJOWC
GROUND <« i iOWC

Figure 5.14 8288 pin assignment

— S0 AIOWE |- |
CPU STATUS | 4 & AVWE |
1 s OWC I | CONTROL
M1 Bus
MROC |-
IORC }—
8088 ™ |+
| = )
CONTROL | _J o
INPUTS | o 108 DT-R | |
— cen ate |-»] CONTROL
- wee 5% s | OUTPUTS
DEN |

Figure 5.15 8288 functions

The controller decodes the three status lines of
maximum mode CPU - S0, S1 and S2 - in order to
generate the following bus control signals.

123
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52 | S1 | 80 | CPU activity 8288 command
D 0 0 Interrupt acknowledge INTA

D 0 1 Read 1I/0 peripheral ICORC

D 1 0 Write I/0 peripheral IOWC, AIOWC
D 1 1 Halt None

i 0 0 Read code MRDC

il 0 1 Read memory MRDC

1 1 0 Write memory MWTC, AMWC

1 1 1 Passive None

Unlike a minimum mode CPU, the 8288 splits read
operations, controlled by the RD signal in minimum
mode systems, into separate memory (MRDC) and I/O
(IORC) read signals to distinguish I/0 references from
memory references.

The same applies for writing; WR becomes IOWC for
the I/0 field and MWTC for the memory field. It should
also be noted that for writing two new signals AIOWC
and AMWC are created. The A prefix denotes that the
strobe occurs in advance of its normal timing. This
allows more time for peripherals or slower memories to
react, and reduces the need for state waits (TW).

One further input, AEN, is provided to enable the
control signal outputs. The function of this input 1is
dependent upon the mode of operation of the 8288.

The following sections describe the two possible
modes of operation that are selectable using the IOB
pin.

I/0 bus mode

(10B high)

This configuration is suited to the case of a multi-
processor system where the CPU that uses the 8288 has
its own I/0 peripheral bus. This arrangement allows a
CPU to have some local resources that may be accessed
without involving the remainder of the system.
Consequently, accesses to resources on the I/0 bus may
proceed independently of the system resource
arbitration procedure.

Arbitration of requests for system resources can
only proceed after a stable address is available. To
allow for this delay the 8288 delays some of its
control signals by 105 ns.

In the I/O bus mode, this delay is not introduced
for IORC, IOWC, AIOWC and INTA, which are also always
enabled, since the AEN input (Address Enable) has no

effect on them.
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When set at logic 1, the IOB input also has the
effect of selecting function PDEN on pin 17. This
function is equivalent to DEN but is especially for
peripherals and combines with DT-R to control the I/0
bus transceivers.

System bus mode

(IOB low)

This mode is used where a multi-master system shares
resources in both the memory field and in the 1I/0
field.

The set of 8288 control signals is put under the
control of the AEN input and none of them is
activated until 105 ns have elapsed.

Arbitration is therefore possible for both fields.

When AEN is not active all the control outputs
remain in a high impedance state.

In this mode, pin 17 provides the Master Cascade
Enable (MCE) function which allows a slave interrupt
controller on the system bus to be addressed during an
interrupt acknowledge (see section 5.4).

For both modes, Command Enable (CEN) inhibits all
DEN and PDEN commands when it is selected. This input
is used to regulate the contention for access to
circuits available on the system bus with those
available on the resident bus, 1in cases where the
latter might be located at the same address.

5.4 Interrupts
The CPU can process up to 256 different interrupt
types, numbered from 0 to 255.

These interrupts can be generated by program
instructions. In addition, the CPU can itself generate
interrupts in cases of overflow, division by zero or
TRAP.

5.4.1 External interrupts
The CPU has two pins (NMI and INTR) on which external
interrupts may be signalled.

NMI is a type 2 non-maskable external interrupt; it
is used to counter a catastrophic event or in order to
extricate the processor from the execution of an
infinite loop where no other interrupt is possible.

INTR 1is generated by an interrupt controller
(8259A), which is itself connected to the circuits that
need to interrupt the CPU. One or more of these
circuits can themselves be interrupt controllers; they
are then called ‘slaves  of the ’‘master” «circuit
connected to the CPU.

The 8259A is a programmable circuit (see section
5.4.5) capable of selectively receiving interrupt
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requests, resolving priority problems, activating the
CPU’s INTR pin and providing the CPU with the stored
interrupt type.

When INTR is active, the state of the IF flag of the
status word conditions the response of the CPU. At
best, the interrupt will only be taken into account at
the end of the complete execution of the current
instruction, including any prefix, such as REP, LOCK or
segment corrector.

It should be noted that in the <case of an
instruction modifying a segment register, such as POP
DS or MOV SS, AX, the interrupt will only be taken into
account at the end of the following instruction, even
in the case of a non-maskable NMI interrupt.

Thus, in the case of a stack change the following
sequence

MOV AX, NEW-STACK
(a)

MOV 85, AX

MOV SP, OFFSET NEW-TOP
(b)

cannot be interrupted between (a) and (b). This
arrangement thus avoids the risk of wusing an in-
completely defined stack. It 1is therefore important for
the loading of the SP register to be carried out
immediately after the loading of SS.

on the other hand, a repeated loop instruction can
be interrupted at the end of a sequence but before its
complete execution.

Similarly, execution of a WAIT instruction, which
tests the state of the TEST pin, can be suspended.

If IF = 0, the interrupt is masked and the CPU
continues execution of the program soO long as 1IF
remains at this state. This masking is initiated by the
CLI instruction (Clear Interrupt enable flag).

If IF = 1, the interrupt 1is allowed and the CPU
executes the switching sequence. The STI (Set Interrupt
enable flag) instruction sets IF to l.

The masking of interrupts can also be done within
the 8259A itself. In this case, even if IF =1, it will
also be necessary for the interrupt type to be
permitted by an appropriate interrupt mask currently
being active in the interrupt controller. Thus, the
inhibition or selective authorisation of a particular
external interrupt is possible.

The CPU acknowledges the interrupt by carrying out,
in conjuction with the bus controller, two acknowledge
cycles. '

These cycles behave like I/0 reads, but the INTA
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signal is generated in place of RD with the same
duration and timing characteristics in the operation
cycle.

The first cycle warns the 8259A that the interrupt
is being granted. The second allows the B825%A to
provide the CPU via the data bus with the type of
interrupt that it has accepted.

Provided with this information, the CPU <can then
execute the corresponding interrupt procedure.

5.4.2 Internal interrupts

An internal interrupt is initiated by the INT
instruction. The interrupt type is placed in the INT
operand and tells the CPU which procedure to execute.

An internal interrupt can also be initiated
automatically in the following three cases.

1. Flag OF = 1 indicates an overflow. Interrupt type
4 is generated by the special instruction INTO.

2. The result of a division is of greater size than
its destination (8 or 16 bits). This is a case of
division by zero and a type 0 interrupt is generated.

3. Flag TF has been set to 1 (TRAP); the CPU then
generates a type 1 interrupt after each instruction.
This arragement allows the single step testing of a
program. The type 1 interrupt can for example load the
contents of the CPU registers into a special memory
zone that can be read or modified. The interrupt
procedure then reloads the registers and returns to the
main program.

All the internal interrupts have the following
characteristics:

there is no INTA operation cycle

they are not maskable, except for single step

the order of priority is as follows

l. Division by zero, INTn, INTO (the first
encountered)

2. NMI

3. INTR (external)

4. Single step

5.4.3 Interrupt pointer table
This table must be located in the first 1024 bytes of
memory (from 0 to 3FFH}.

It is made up of 256 pointers (maximum) containing
the addresses of the service routines corresponding to
each interrupt type.

A particular pointer s address may be calculated by
multiplying the interrupt type by four. The pointer is
made up of +two 16-bit words. The first, at the lower
address, is the IP offset, and the second, higher
address word is the CS value.
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3FFH

3FCH

100H

FFH

80H

7FH

14H

10H

CH

80868088 Architecture and Programming

Type FFH
Free

Free

Type 40H
Free

Type 3FH
Reserved

by

Microsoft

Reserved

by

Microsoft

Type 20H
Reserved

by

Microsoft

Type 1FH
Reserved

by

Intel

Reserved

Intel

Type 5
Reserved

Intel

Type 4
Overflow

Type 3
One-byte

instruction

Type 2
NMI

Type 1

Single step

Type 0

Division by 0

CS segment
IP offset




Circuit Description 129

The table is normally placed in RAM and initialising
it is one of the first tasks that must be performed
once a processor 1s started, and certainly before
interrupts are enabled.

The location of the interrupt service routine point-
ers in RAM allows a program to modify routines if
necessary. However, care should be taken in the choice
of interrupt types since some are reserved for pro-
prietary software.

Thus, for example, Microsoft’s MSDOS reserves
interrupts of type 20H to 3FH, while Intel wuses
interrupts of type 0 to 1FH.

5.4.4 Branch to interrupt routine

After reading the interrupt type and calculating the
corresponding address of the pointer in the table, the
CPU carries out the following operations:

- the status word is written on to the stack;

- the contents of CS are written on to the stack and
replaced with the upper word of the service routine
pointer;

- the contents of IP are written on to the stack and
replaced with the lower word of the service routine
pointer;

- the TF and IF flags are set to zero, thus inhibiting
further interrupts and single-step operation.
Further interrupts are suspended to allow the
programmer to reappraise interrupt priorities in the
light of the interrupt currently being serviced.

Return is effected with the aid of the IRET
instruction and not RET. This might otherwise be a
possible source of error because in an ordinary
subroutine the status word is not saved. Any confusion
would result 1in a serious fault in the functioning of
the stack.

IP and then CS are reloaded and the status word
restored last; the CPU too 1is restored to the same
condition as it was before the interrupt.

At the end of an interrupt service routine, it is
important to establish that the interrupt request which
caused the service routine to be has been removed. If
this were not the case, the routine would be executed
again with possibly undefined results. Furthermore, if
the 8259A is operating in the specific acknowledge
mode, one must not forget to send the interrupt end
contrcol word.
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5.4.5 B8259A PIC - Programmable Interrupt Controller
Pin assignment

D7-DO 8-bit bidirectional data busg
RD read command (connected to IORDC  on the 8288)
WR write command (connected to AIOWC on the 8288)
AQ select command (connected to Al on the
L 8086 and to A0 on the 8088)
Cs chip select from address decoder circuits
gﬁSZ—CASO cascade lines
SP or EN slave activation or buffer control
INT interrupt request (connected to INTR on

CPU)
INTA interrupt acknowledge (connected to

INTA on the 8288)
IR1-IR7 interrupt request inputs

— ||

CS — wk— VCC

WR —4i2 vp— AO

RD s sk— INTA

D7 a4 sp— IR7

D6 K up— IR6

D5 +—H6 2zk— IRH

D4 7 2k— IR4

B299A

D3 = L 21— |R3

D2 <+ 9 2p— IR2

D1 a1 10 vk— IR1

DO 4+ 11 18k— RO

CASO 12 7  INT

CAS1 a4 13 sk—> SP-EN

GROUND +—{u > CAS2

Figure 5.16 8259A Programmable Interrupt Contreller

Method of operation

The 8259A receives eight interrupt requests (IR0-IR7)
and detects either a change of state on the pin or a
high level. The Interrupt Request Register {IRR) stores
this request according to its rank.

According to the <chosen priority type the 8259A
verifies that the last received request is not masked
and that it is of higher priority than the one
currently being serviced. If so, the CPU ‘s INTR pin is
activated.
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If the interrupts are enabled in the CPU, the latter
initiates an acknowledge cycle by generating INTA.

At this point the bit from IRR that initiated the
interrupt is written into the 8-bit In Service Register
ISR. The corresponding bit is reset to 0 in IRR.

When the second INTA is received, the 8259A provides
an 8-bit interrupt type by taking the first 5 bits from
a register loaded on initialisation and completing the
remaining 3 bits according to the rank of the current
interrupt request in the order IRO-IR7. '

There are then two possibilities

1. Automatic interrupt mode has be chosen, in which
case the appropriate bit in ISR is reset to zero at
the end of the second INTA pulse. The interrupt

is said to be serviced as soon as the interrupt type
has been read.

2. Specific interrupt end mode has been chosen. In
this case, the programmer must provide for a command
word to be sent telling the 8259%9A to consider this
interrupt to be serviced and to delete the
appropriate bit in ISR.

Clearly, in the second method if the interrupt is
not cleared before the service routine is exited, the
corresponding interrupt will always be considered as
being serviced and will no longer be able to interrupt
the CPU.

Despite this risk of being forgotten, this is the
safer method of operation because it 1is often the
execution of the interrupt service routine that causes
the interrupt request to disappear. If the automatic
mode has been chosen and interrupts have been enabled
in the service routine before the request 1is removed,
there 1is the danger that the program may jump back on
itself and completely fill the stack.

Additionally, this mode allows the CPU to know if
other interrupts have themselves been interrupted by
re-reading the ISR register of the 8259A. Other bits
set at 1 in this register will reveal those service
routines that are waiting. By this means, the
programmer can prevent one Oor more interrupt service
routines from being held up by another interrupt
service routine.

Cascade connection

On initialisation, the master is informed that one or
more IR pins support a slave 8259A. When this pin is
selected to interrupt the CPU, the master places the
pin’s rank on the cascade output lines. The appropriate
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slave ‘knows that it is involved because on 1its own
initialisation it was informed which priority input it
is connected to, and consequently it can recognise its
address on the cascade outputs.

This exchange is made when the first INTA is re-
ceived, whether by the master or by the one or more of
the slaves.

Subsequently, two EOI (End Of Interrupt) commands
are required, one for the master and the other for the
slave.

Programming
The 82§9A accepts two kinds of byte formatted command.

- Initialisation commands made by a sequence of 3
writes if there is only one 8259A, or 4 writes if
8259A slaves are also involved.

. -~ Operating commands generated at any time during the
program.

In the following command formats it should be noted
that X indicates that the value of the bit can be
placed at 0 or 1.

Initialisation

ICW (Initialisation Command Word)

The initialisation bytes must be sent in the following
order

ICW 1
AQ 7 0
0 X X X 1 LTIM 1 SNGL 1

LTIM (Level Triggered Input Mode):
1 indicates detection of a level on IRi

0 indicates detection of a state change (leading
edge) on IRi

SNGL (Single):
1 indicates to the 8259A that it is alone
0 indicates that the 8259A is not alone. ICW 3 is

therefore necessary.

ICW 2
AQ 7 0

1 T7 T6 T5 T4 T3 X X X
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T7-T3: These bits are used to generate the interrupt
types. T7-T3 are concatenated with the three bits
generated automatically according to the order number
of the IR pin that initiated the interrupt to form the

8-bit interrupt type that will be signalled to the CPU.

ICw 3
(Only required if SNGL of ICW 1 is at 0)

This word is interpreted by the 8259A in two different
ways depending on whether a master or a slave is
involved. The correct interpretation is achieved either
by hardwiring the SP pin to ground for the slave, or
by an indication in the ICW 4 word, if the buffer mode
has been selected (EN).

In the case of the master

AQ 7 0

1 s7 S6 S5 S4 S3 52 Sl S0

If a slave interrupt controller 1is connected to an
interrupt input, the bit S, corresponding to the input
to which the (one or more) slaves are attached is set
to 1. Otherwise, a 0 denotes that the input is a single
request input.

In the case of the slave

AQ 7 0
1 0 0 0 0 0 ID2 ID1l | 1IDO
ID2, IDl and ID0 make up the slave identifier number.

The slave will be active when it recognises this number
on its three cascade lines.

ICW 4
AQ 7 0
1 0 0 0 SEFNM BUF M/S EOI 1

SFNM (Special Fully Nested Mode): This priority mode is

selected by a logic 1

Unbuffered mode.

Pin SP
whether the 8259A is a master or a slave.

is

(see priorities below).

hardwired to

BUF M/S
0 X Unbuffered mode
1 0 Buffered mode: slave circuit
1 1 Buffered mode: master circuit

indicate
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Buffered mode 1is necessary when the 8259A is not
connected to the local bus and in the absence of the
DEN signal must enable the 8286/B287 transceivers in
order to allow the interrupt type to be passed to the
CPU during the second INTA.

A logical NAND function is required to ensure the
logical combining of DEN coming from the 8288 and EN
from the 8259A for the transceivers.

EOI (End of Interrupt)

At 1: The automatic end of interrupt mode is
selected and the appropriate ISR bit is reset to 0 at
the end of the second INTA.

At 0: Selection of specific mode - a special command
word must be sent before the return from the interrupt
procedure.

Commands
These commands can be sent in any order and at any
time.

oCw 1

Interrupt masks

Al 7 0
1 M7 M6 M5 M4 M3 M2 M1 MO

Mj If a bit of the mask word is set to 1, the

interrupt request appearing on the corresponding IR;

pin is inhibited. In the reverse case, it is enabled.
In all cases, the requests are written into the IRR.

oCw 2
AQ 7 0
0 R SL EOI 0 0 L2 L1 LO

R SL EOI

0 0 1 End of interrupt - non specific
0 1 1 *End of interrupt - specific
1 0 1 Priority rotation at time of

non-specific EOI
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R SL EQOI

1 0 0 Rotation authorised at each automatic
EOI

0 0 0 Halt rotation on automatic EOIs

1 1 1 *Rotation on each specific EOI

0 1 0 *Fixes the highest priority bit

0 1 0 No coperation

*Note that the combinations marked with an asterisk are
used in conjunction with bits L2, L1 and LO; the others
ignore them.

L2, L1 and LO may be used to fix the interrupt
number involved by the action of OCW 2.

OCw 3
AQ 7 0
0 0 ESMM SMM 0 1 P RR RIS

ESMM (Enable Special Mask Mode). If at 1, it enables
SMM; if not, the latter is ignored.

SMM (Special Mask Mode)
1 = special mode is selected
0 = special mode is halted.

While an interrupt is being serviced it normally
inhibits all those of a lower priority from
interrupting. This can cause problems when a particular
service routine takes a long time to execute. For
example, a service routine may perform an important
task early on, followed by extensive low priority
tasks. The special mask mode provides a mechanism by
which it is possible to accept lower priority tasks
before the end of the service routine. In order to
achieve this, the following sequence of operations must
be executed

1. the bit corresponding to the current routine alone
must be masked;

2. the 8259A must be placed in special mask mode using
OCW 3;

3. interrupts are enabled, allowing interrupts with a
lower priecrity than the current service routine to
be recognised.
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Before exiting the service routine, the following
sequence must be executed

inhibit the special mask mode;
re-establish normal masking.

P (Poll command)
This type of command is selected by setting bit P to 1.
In this mode, the CPU has the responsibility for
processing interrupts. These are received as normal by
the 8259A, but it cannot interrupt the CPU (flag IF =
0).

When required, the CPU issues a command word OCW 3,
containing a 1 in bit P. _ _

The 8259A then handles the next read (RD = 0, CS
= Q) as if it were an interrupt acknowledge cycle.

During this read the 8259A responds by putting the
following status word on to the bus.

7 0

I X X X X W2 Wl wo

W2-W0 is the binary code of the highest priority
interrupt reguest.

I is egual to 1 when an interrupt has been
requested.

This mode has the following benefits

- the interrupts are handled at the moment most
convenient for the program, only allowing the
desired interrupts to pass through. A simple
authorisation (IF = 1) would not allow such a
control.

- a procedure that is identical for several interrupt
levels is only written once.

- the number of levels can be extended beyond 64 (the
maximum number available with cascaded 8259A°s),
with the CPU polling as many 8259A°s as required.

RR (Read Register) enables the reading of IRR or ISR
registers, if it is set to 1.
The choice of register read is carried out by RIS.

RIS (Read In Service)
This bit is used to select ISR or IRR.

the service register ISR is selected
0 : the request register IRR is chosen.

|
—

RIS =
RIS

)]
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This selection will remain effective until another
command word is sent, allowing repeated register reads.

Mask read

The interrupt mask, loaded on initialisation, can be
carried directly without previously sending a command
word, as in the case of ISR and IRR. It is sufficient
to carry out a read (RD = 0, C5 = 0) with A0 at
level 1.

It 1is wuseful to be able to read the current mask
whenever a bit of the mask is modified. This allows a
particular bit of the mask to be modified with the aid
of an OR instruction to set it or unmask it with an AND
instruction, without changing the other mask bits. This
new byte may then be written into the mask register of
the 8259A.

Priority organisation
Without going into the details of these organisations,
it is possible to define the different possibilities.

Fully Nested Mode

This 1is the normal implicit mode. After the
initialisation sequence, IR0 has the highest priority
and IR7 the lowest.

Special Fully Nested Mode
When the 8259A controllers are cascaded, the master can
be programmed with this mode (ICW 4).

The advantage of this latter mode over the normal
mode is that a slave which already has an interrupt in
service would be able to inform the master of other
inputs to the same slave, 1f they are of a higher
priority.

In normal mode, the master ignores subsequent
interrupts from the same slave, up to the EQI command
corresponding to the interrupt being serviced.

Consequently, the CPU must verify, before exiting
from the interrupt program, that the slave which has
interrupted it does not have a second interrupt being
serviced.

For that, it sends a non-specific EOI command to the
slave and reads its ISR register.

If the latter is empty, it also sends an EOI to the
master.

If there is still an interrupt being serviced, it
must not send EOI commands to the master.

The automatic end of interrupt must not be chosen in
this case.
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Priority rotation
Examination of bits R, SL and EOI of the command word
OCW 2 indicates the possible <choices for modifying
priorities by rotation, in order to prevent an
interrupt from monopolising the CPU’s attention to the
detriment of the others.

In a general way, the lowest priority is assigned to
the last interrupt taken into account.

This rotation <can be carried out when the EOI is
sent, whether automatic, specific or non-specific.

It can also be carried out when OCW 2 (R =1, §SL
1, EOI = 0) is sent.

Example 5.1

FAGE 62,132

TITLE TEST_NMI

H This program shows a possible use of NMI, allowing the CPU to exit frosm
ian endless wait, when the interrupts are masked., This condition is oftep met:for
:example, when trying to estatlish communication with & peripheral that gives no
;apswer, Bispanagement of computing errors of the 8087, endless loop, et-.

& bounceless interrupt source must however bLe provided, to explicitly
(force pin I7 (NMI) of the CPU to 5 volts.
ft the start of the »ain program, a call for the INIT _NHI subroutine

akes provision for the saving of the actual context as well as the loading of
the type 2 pointer (NMI),

wa e Wa wg wn Sy W

o+

During an unmashkatle Interrupt, this context is restored and the execu_
tion starts immediately all over again at the return address of INIT_WNI,

A certain disturbance may however result if files have been opened; their
sclasing must then be planped in the answeripg procedure to the NNI interrupt.

wa Wy Ry wy ey ey

Calls to systew are made In accordance with versions 1.25 and 2.11 of

e
X =
1271
o
D
v
»

NAME  TEST_NMI

EXTRN INIT_NMI:FAR

MS_DOS_CALL EQU 21H
PROGRAM_END EQU 4CH
SCREEN_VIEW EQU 02H

S6_STACK SEGMENT STACK

ETEZESESRTESEECSCRRSrEEEEZRIIE=TE

DW S00 DUF(?)
DW 128 DUP(?)

Store reserved for general use.
Supplementary reservation for
system calls.

STACK_TOF LABEL  WORD

SG_STACK ENDS

DATA_TABLE SEGMENT WORD PUBLIE ’RAM’

; T I I I II TSI T T I T T T 1t 2 1 2 2 3 ¢+ F 2 8 + 2§ 4 % 4

VAR _TEST DB ?

DATA_TABLE ENDS
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CODE_PP SEGMENT BYTE PUBLIC *ROM’

H TS TS E RN SRS ENEEE S S EEESEER SIS

ASSUME CS:CODE_FP,DS:DATA_TABLE

1eveneecBrea o0f cONStANts .. v stverecrcscoceroaansnssssacnnssasssnas

e s e v a2 s rsan

MESSAGE Ok OAH, ODH, *LAST TRIAL’
MESSAGE_END LABEL  BYTE

..Initialisation of the stack and the segPents 2.....0100000000s00000 020000

START1 START defines together with END
STRRT the entry point of the

program.

e ms As av AR ‘A We

mov AX,56_STACK Initialisation of the stack.

MoV 58S, AX Protects the next instruction.
MoV SP,OFFSET STACK_TOP No possible interrupt.

MoV AX,DATA_TRBLE Tallying with ASSUME.

MOV DS, AX

MOV VaR_TEST, O ; VAR_TEST distinguishes the first

3 passage and tests the restart.
brereesStorage and initialisation of NNl f...0erercenvianacsarirnasiassnvanannas
caLlL INET_NMI

Sreesec-cPoSsible restart at this point 2...iceeisevssccecnrasraneercnssnasncasneas

CmP VAR_TEST, 05SH ;s (CoMPare) After a restart, UVAR_
s TEST is not equal to zero.
JE PASS_2 s (Jump if Equal)

tesvess.Endless loop caused at first Pass@Q€ i...covsosnsvranrsaassscssvacsaanas

PASS_1: MoV VAR_TEST, SaH
MOV AH, SCREEN_VIEW 1 Screen display of a passage in_
mov DL,'¥’ ;1 dicator (7#7),
INT MS_DOS_CALL s+ Internal interrupt of type 2IH
1 used by the systea.
: AW contains the call number and
t DL contains the character to be
s transpitted.
INF_LOOP: CMpP VAR_TEST, 55H
JE INF _LDOP 1 The equality is always confirwed

Ye.cocecDisplay of message and reéturd f...ceveocsvorvsasrasascsscotsssacsessoacres

PASS_2: MoV CX,MESSAGE_END-MESSAGE ; Subtraction of offsets giving
; the length of the message In
; bytes,
MOV AH, SCREEN_VIEW
XOR 81,51 1 Index initialisation.
SEND: MOV DL,MESSAGE(SI] s Display of character pointed to
;s by 81
INT MS_DOS_CALL
INC -1 4
LOOFP SEND 3 Return to SEND : as long as (X
3 Is not equal to zero.
MOV AL, O
MOV AH, PROGRAM_END
INT MS_DOS_CALL ; Return to syste»s.

CODE_PP ENDS

END START
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Example 5.1a

PAGE 62,132
TITLE  INIT_NMI

This module contains two procedures. The first (CALL_NHI)> answers the
interrupt by restoring the stack, reloading the esseptial registers and substi_
tuting the return address of INIT_NMI procedure to its own return address.

fFlags must be added since it is an interrupt procedure,

Also, the mask contained in the interrupt controller 825%R is restored.

Wy Ry WA g Wy wa Cea ey

-y

The second procedure (INIT_NMI) is the one that executes all the necessa_
ry storaqge.

Putting CALL _NRI first will allow the request for address made Ly INIT_
;WMI for loading the pointer in the interrupt table to be answered. However, the
logical process starts with INIT_NMI,

s my %n W wy

NAME INIT_NMI

PUBLIC INIT_NMI

PARAM STRUC
1
CALLING_DS Du 2
FORMER _BF DW ? 1 {=BP contains this offset which
CALLING_IF Du ? { is the Jlocation of the return
CALLING_CS D ? 4 address »£., (Se¢ storage of the
1 stack)
H
PARAM ENDS
i
F EGU [EP - OFFSET FORMER_BP]
H
AFTER_NM! 8TRUC
}
IF_RESTART DW ? i ¢=BP contains this offset,
€S_RESTART DU ?
FLAGS DW ?
AFTER_NMI ENDS
!
e Eau [BF1]
’ ADD_INT SEGMENT AT O
; T EE S EREESREXNEITSREZTZSN
ORG 2%4
NON _MASKABLE _OFF DuW ? 1+ Location of the pointer for the
NON_MASKABLE_SEG DW ? i type 2 (NMI) ipterrupt.

ADD_INT ENDS

PERIPH SEBMENT AT OEOOOH

H PR TSR RS E NI EEEE DN SEER

FIC_AO_LOW DB 1 DUP(?)
FIC_AC_HIGH LABEL  BYTE
PIC_MASK 3] 1 DURC)

PERIPH ENDS
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DATA_TABLE SEGMENT WORD

SS_BUFFER DM ?
SF_BUFFER DU ?
DS_BUFFER DW ?
ES_BUFFER oW 2
IF_BUFFER DW ?
CS_BUFFER DW 7
BP_BUFFER DW ?
FLAGS_BFR DW 2
MASEK._BFR DB ?

H I

DATA_TABLE ENDS
CODE_INT SEGMENT BYTE PUBLIC

5
ASSUME CS:CODE_INT,DS:DATA_TABLE
H

CALL _NMI PROC FAR
I -
MoV AX,DATA_TAEBLE
MOV bS, AX

$eaness Bestoring of pask to PIC s.c0vvcnuicannas

MOV AX, PERIPH

MOV €S, AX

MOV AL, MASK_BFR
MOV ES: PI1C_MASK, AL

Yeseees ReOrdering of the stack i..eivviauannase

Mov S8, 55_BUFFER
MOY SP,SP_BUFFER
MOV BF, SF

$eieeea.Reordering

PUBLIC

L 1 -3 3 -7 2 & & 2 8 &+ 3 B £ & § 3 + F 3 E & 3 & & £ & 3 3 ¥ 3 3 3 3 X 3 B 3 3

L)
§
H

141
*RAM’
Storage area of registers. The
other registers m»ay also be

stored,depending on the contexit

*ROM’

In conformaity with ASSUME.

P N I A AR I I I A A R B R R N R

Ho possible direct
pepory transfer.
Transfer of & bits with the ae_
aory mapped peripheral at ad_
dress E0QQL.

TaFrI e praswnr

aemory to

s e g sz aranvi e

Shields the following Instruc,
tion,

This instruction canpot be
interrupted.

BP allows Indirect addressing.

of the return address and Flags !...iiivcrtercearcatnsssassnnen

MoV AX, IP_BUFFER
MOV Q. IP_RESTART,RAX
mov AX.CS_BUFFER
MOV @.CS_RESTART,AX
MOV AX, FLABS_BFK
Moy @.FLAGS, AX
teevess..End of restoring reqisters and return of the Interrdpt f.ieeserressnrnnne
MOV BF, BF_BUFFER
MoV ES,ES_BUFFERK
MOV DS, DS_BUFFER
IRET
CALL _NMI ENDP
}
INIT_NMI PROC FAR

trecaer ENtry procedure Jooeeiscianas

PUSH

MoV
Sub

ll'llll‘lllllllIllllllltl‘tl.llllll.'lllllllll.

BF
BF, SP
SP,OFFSET FORMER_BP
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MoV F.CALLING_DS, DS t Temporary storage of DS,
MoV AX,DATA_TABLE s In conformity with ASSUNE.
MOV DS, AX

lecscessStorage of registers f.eiviesaseesssesncans

#4802 I IS B FesEI R R NS P TSRS ER BSOS

MOV AX,P.CALLING_DS t No possible direct transfer

MoV DS_BUFFER, AX i from »emory to mesory.

MoV AX,P.CALLING_IP i Storage of the re_start address

MOV IFP_BUFFER, AX

MOV AX,P.CALLING_CS

MOV CS_BUFFER, AX

MOV AX,P.FORMER_BF

Moy BF _BUFFER, AX

Moy 58_BUFFER,SS i Storage of actual stack.

MOV SP_BUFFER, BP t BP points the location of the
{ return address Ly reserving an
j _addjtijonal word for flags.

MoV ES_BUFFEK,ES

PLUSHF ; Only method of reading the flag

POP FLAGS_BFR 3 ~Nord.

YinsessStorage of the mask of iInterrupt controller :.......

MOV AX,PERIPH

MOV DX,ES 1 Temporary storage: ES within DX
MoV ES, AX

MOV AL ,ES:1FIC_MASK fransfer of 8 bits with the »e_

dress EQO0L.

P E P ST TR P EFPPOEIET TS SR RSl AsEETEEES

i
May MASK_BFR, AL i mory.mapped peripheral at ad_
i

Viesrascloading of the KNI pointer i.cccevcenass

MOV AX, ADD_INT 1 £S = Q000 is used to point the
MoV ES, AX i1 interrupt table.

LEA AX,CALL _NMI i1 Loading of the offset by using
nov ES:NON_MASKABLE_OFF,RX ; ASSUME in order to check access
MOV ES:NON_MASKABLE_SEG,CS ; with €5 (group Is possiblel,
MOV €S, DX 3 Restoring of the segment ES.,

LoeeressRELUrD O CRIIING PrOQra® I....cesecsanscocesossissossssnorsnsanssssansess

MOV DS,P.CALLING_DS
MOV SP, BP
FOP BP
RET
H
INIT_NMI ENDP

CODE_INT ENDS

END



6 Instruction Set

The instructions can be grouped in six categories:

data transfer

arithmetic operations

logic operations

repetitive instructions (strings)
branch instruction

processor control

The instructions in the first three categories
concern the manipulation of the following:

- registers or memory locations to/from registers;
~ immediate data to registers or memory locations;

- from the accumulator to/from registers, memory
locations or ports.

143
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6.1 Data Transfer

Table 6.1 Data Transfer

Flags Time
(5 MHz)
General ODITSZAPC us*
MOV Transfers a word/byte 0.4-4.4
PUSH Writes word to top of 2-5.6
stack
POP Reads word at top of 1.6-5.8
stack
XCHG Exchanges bytes or 0.6-5.8
words
XLAT Translates byte 2.2
or using a table
XLATB
Input/Output ODITSZAPC
IN Input byte/word 1.6-2
oUT Output byte/word 1.6-2
Address transfer ODITSZAPC
LEA Load effective 1.6-2.8
address
LDK, Load pointer 3.2-5.6
using DS
LES Load pointer 3.2-5.6
using ES
Flag transfer ODITS?ZAPC
LAHF Transfer 5 low 0.8
flags to AH
SAHF Transfer AH to RRRRR 0.8
5 low flags '
PUSHF Save flags to 2
stack
POPF Restore flags RRRRRRRRR 2

from stack

R Restored according to previous value
* Time for the 8086; add 0.8 us to each word transfer

for the 8088

These instructions can be divided into four classes,
discussed below.
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6.1.1 Explicit transfer

Almost all of these instructions use two operands, and
are the only instructions (except for XCHG) that allow
a segment register to be used as an operand.

MOV shifts either a byte or a word from a source to a
destination. The source and destination may be either a
register or memory, with the destination specified
before the source with the normal mnemonic.

PUSH saves the word specified by the source operand on
the top of the stack. The stack pointer is decremented
by 2 before the transfer. The source can be a memory
location {(see examples 4.13 and 4.15a).

POP restores the word located at the top of the stack,
addressed by SP, to the destination operand. The stack
pointer is incremented by 2 after the transfer. The
destination can be a memory address (see examples 4.13
and 4.15a).

XCHG exchanges the byte or word of the source operand
with that of the destination operand. Segment registers
cannot be XCHG operands. However, a word or a byte
located in memory can be exchanged with a register.

6.1.2 Implicit transfer with the accumulator

IN transfers a byte (or a word) from the input port to
the AL (or AX) register. The port is specified either
with aid of a byte placed in the instruction as an
immediate value and allowing access to ports 0 to 255,
or with the aid of the number of the port contained in
the DX register and allowing access to any of the 64K
port addresses.

OUT is the reverse of IN and transfers data from the
accumulator to the output port specified in the same
way as IN.

XLAT or XLATB allows the translation of a byte with the
aid of a table composed of bytes. Register AL serves as
an index into the table, consisting of a maximum of 256
bytes, whose base is addressed by BX. The byte operand,
thus selected, is transferred to AL. The name of the
table, which is specified in the instruction, serves
only to select the segment register as a function of
the current ASSUME and to verify the type. If this name
is omitted (XLATB), DS is used implicitly and the type
is not verified (example 4.19%a).
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6.1.3 Address transfers

LEA (Load Effective Address) transfers the offset of
the source operand to the destination operand. The
source operand must be a memory operand. The destin-
ation operand must be a 16-bit register (general,
pointer or index). The offset is calculated
automatically from the base of a group if ASSUME is
effective (see examples 4.8, 4.12 and 6.1).

LDS transfers the source address (contained in 32 bits)
to two destination registers. The address of the
segment is transferred into DS while the address of the
offset is transferred into a 16-bit register - general,
pocinter or index (see examples 3.4, 4.l15a).

LES has a role similar to that of LDS but the address
of the segment is transferred into ES (instead of DS)
{see example 4.4).

6.1.4 Status word transfer

LAHF transfers the 1low byte of the status word,
containing SF, ZF, AF, PF and CF into register AH,
without modifying their position (bits 7,6,4,2 and 0
respectively).

AH :|s|Z]|-tA]-|P|~]|C

SAHF carries out the opposite operation. It transfers
the contents of AH into the low byte of the status word
(SF, 2ZF, AF, PF AND CF). The format of AH must be the
same as for LAHF.

PUSHF decrements the SP register by 2 and transfers the
complete status word into the stack location addressed
by SP, taking account of the flag positions in the
word:

- |-1-t-lolp]1|T slz|-|aj|-|p|-]|cC

(See example S.la.)

POPF transfers the specific bits of the stack element
addressed by SP into the flag registers and then
decrements SP by 2. The format is the same as for
PUSHF.
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6.2 Arithmetic Operations

The 8086/8088 instruction set makes provision for
computation of the four basic mathematical functions.
It is possible to carry out 8 or 16 bit operations on
signed and unsigned numbers.

These operations set flags that may be used to
control conditional jumps. Provision is also made to
modify the results of these operators to provide
results in decimal (BCD) format and even to form
extended decimal numbers in which each BCD digit |is
preceded by a 0 in order to facilitate easy conversion
to the corresponding ASCII code.

6.2.1 Addition
ADD adds the source operand and the destination operand
and writes the result in the destination operand.

ADC adds source and destination operands, adds 1 if the
flag (CF)} is set to 1 and returns the result intoc the
destination operand. This instruction allows double
length (or longer) calculations using carry.

INC increments the operand by 1 without setting the
carry flag (CF). It may modify the overflow flag (OF)
{see example 4.9).

AAA allows additions involving two decimal numbers of
extended format to be corrected such as to obtain a
result of the same type. This instruction updates the
AF and CF flags, thus allowing double length
calculation in this format. The instruction operates
implicitly on AL.

DAA allows additions involving two decimal numbers to
be corrected such as to obtain a result in the same
format. The flags are normally set, with the exception
of OF which is undefined. The instruction operates
implicitly on AL.

6.2.2 Subtraction

SUB subtracts the source operand from the destination
operand and returns the result to the destination
operand (see examples 4.13 and 4.15a).

SBB subtracts the source from the destination, takes 1
from the result if the CF flag is set to 1 and writes
the result in the source operand.

DEC decrements the operand by 1, but does not set the
carry flag (see example 4.8).
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Table 6.2 Arithmetic Instructions

Flags Time
(5 MHz)

Addition ODITSZAPC ps(a)

ADD Addition of bytes/words * * * * % *x () _6-5.8

ADC Addition of bytes/words * * x x * % (.6-5.8
with carry

INC Increment a byte/word * * ok kX 0.4-5.4
by 1

AAA ASCII adjust for X XX *X * 0.8
addition

DAA Decimal adjust for * * k x k% 0.8
addition
Subtraction ODITSZAPC

SUB Subtraction of bytes or * * * % % % 0,6-5.8
words

SBB Subtraction of bytes or * * x % *x * (§,6-5.8
words with borrow

DEC Decrement byte/word by 1 * ok ok %k 0.4-5.4

NEG Two ‘s complement byte/ * * * * * 1b0.6-5.6
word (change sign)

CMP Compare bytes or words * * x x * % (0.6-4.4

AAS ASCII adjust for X XX *X* 0.8
subtraction

DAS Decimal adjust for X * & ok ok & 1
subtraction
Multiplication ODITSZAPC

MUL Multiply bytes or words * X X X X * 14-30.2
{unsigned)

IMUL Integer multiply bytes * ¥ X XX * 16-34.4
or words (signed)

AAM ASCII adjust for X * * X * X 16.6
multiplication
Division ODITS?Z2APLC

DIV Divide bytes or words X X XX XX 16-36
(unsigned)

IDIV Integer divide bytes X X X X X X20.2-40.4
or words (signed)

AAD ASCII adjust for X * x X * X 12
division

CBW Convert byte to word 0.4

CWD Convert word to double 1
word

* Flag modified according to result

X Undefined
(a) Add 0.8 us for each word transfer for the 8088
{b) 0 if the number is zero
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NEG negates the number by carrying out the two’s
complement plus 1.

CMP subtracts the source from the destination in order
to set the flags but leaves both source and destination
unchanged. This instruction 1is generally effected
before making conditional jumps (see examples 4.8,
4.19a and 6.1}.

AAS allows subtractions involving two bytes containing
decimal numbers in extended format to be corrected so
as to obtain a result of the same type. Chained
calculations are possible in this format, and the
instruction operates implicitly on AL.

DAS allows subtractions involving two bytes containing
decimal numbers to be corrected so as to obtain a
result of the same type, in AL. Chained calculations
are possible.

6.2.3 Multiplication

MUL carries out an unsigned multiplication between the
contents of the accumulator (AL or AX) and the source
operand. The double length result is written to the
accumulator and its extensions: AX and DX for a 8-bit
and 16-bit operation respectively. CF and OF are set to
1 if the AH (8 bit) or DX (16 bit) register is not
zero, so as to indicate that they contain a significant
result (see examples 4.8 and A.la).

IMUL carries out a signed integer multiplication in a
manner similar to MUL.

AAM allows multiplications involving two bytes and
containing expanded format decimal numbers to be
corrected so as to obtain a result of the same type.
The operation necessarily involves AL and AH.

6.2.4 Division

DIV carries out an unsigned division on the accumulator
and its extension (AL and AH for a 8-bit operation; AX
and DX for a 16-bit operation) by the source operand.
It writes the quotient in the accumulator (AL or AX)
and the remainder in the accumulator extension (AH or
DX). The status of the flags is undefined after this
operation. Division by 0 causes a type 0 interrupt
(which is non-maskable like all internal interrupts).

IDIV carries out a signed integer division in a manner
similar to DIV.
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AAD allows divisions involving two bytes containing
extended format decimal numbers to be corrected so as
to obtain a result of the same type. This operations is
carried out, on AL, before division, in contrast to the
other corrections. AH must be at zero before the
operation.

CBW converts the signed byte contained in AL 1into a
word of the same sign in AX. This instruction is often
assigned to a division.

CWD converts the signed word contained in AX into a
double word of the same sign in AX and DX. This
instruction is often assigned to a division.

6.3 Logic Operations
The 8086 carries out basic logic operations on 8 and 16
bit operands.

NOT carries out the one’s complement without setting
the flags.

SHL, SAL, SHR, SAR. These shift operations are carried
out on memory words or registers, and allow the
contents to be shifted to the left or to the right.
Zeros are shifted into the end of the word, except in
the case of signed SAR. The number of places to be
shifted is held in CcL, if it is greater than 1, or, if
it is equal to 1, may be written directly in the
instruction. CF contains the last bit to be shifted out
from the operand. OF, which is defined only for 1l-bit
shifts, is set to 1 if the final value of the sign bit
differs from the initial value. PF, SF and ZF are set
to 1 depending on the resulting value (see examples 3.9
and 4.1%a).

ROL, ROR, RCL, RCR. The ROL or ROR operations are
carried out on memory words or registers, and allow
rotation to the left or to the right. Rotation occurs
when the bit at one end is transferred to the other
end. The shift number is either 1 or contained in CL.

For RCL and RCR, rotation is carried out in the same
way, but passing through CF first.

The flags are set in the same way as for shift
operations.

AND carries out the logical AND between the source and
destination operands. The result is written in the
destination {(see example 4.9).
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TEST has a similar role to AND but does not write the
result. Only the flags are set. This instruction |is

very useful to test the state of particular bits of a
byte or a word.

OR carries out the logical OR between the source and
destination operands. The result 1is written in the

destination operand.

XOR similarly carries out the logical exclusive OR (see
examples 4.8 and 5.1).

Table 6.3 Logic Operations

Flags Time
(5 MHz)

Logic ODITSZAPC psia)

NOT One’ s complement of a 0.6-5.6
byte or word

AND Logical AND of two 0 * * X * 0 0.6-5.8
bytes or two words

OR Logical OR of two 0 * * X * 0 0.6-5.8
bytes or two words

XOR Exclusive logical OR 0 * * X * 0 0.6-5.8
of 2 bytes/2 words

TEST AND comparison of 0 * * X * 0 0.6-4.0
bytes or words
Shift ODITSZAPC

SHL/ Shift logical or * * 0.4-6.4Db

SAL arithmetic left (b/w)

SHR Shift logical right * * 0.4-6.4b
(byte or word)

SAR Shift arithmetic * * x ¥ x * (0.4-6.4
right (byte or word)
Rotation ODITSZAPC

ROL. Rotate left (b or w)
ROR Rotate right (b or w)

coo
PPN
& o o
PN
CoTU

RCI, Rotate through carry * * -
flag left (b or w)
RCR Rotate through carry * * 0.4-6.4Db

flag right (b or w)

* Flag altered according to the result

X Undefined

(a) Add 0.8 ps for each word transfer for the 8088
(b) Add 0.8 ps per shift, starting with the second
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6.4 Repetitive Instructions (Strings)
Simple instructions allow various manipulations on
strings of bytes or words.

Each of these 1instructions can be executed in a
repetitive manner by preceding the instruction with a
repeat prefix (for example, REP). Instructions may also
be combined together to perform complex string
manipulations.

6.4.1 Operating mode

All instructions that concern strings use the SI
register to address the source operand and the DI
register to point to the destination. The names of
tables that are specified in the instruction only serve
for the choice of type and segment (see below).

DI is necessarily assigned to the segment register
ES. On the other hand, the segment assigned to SI,
implicitly DS, can be modified as a function of the
current ASSUME. '

If the direction flag DF is set to 0, the pointers
are incremented after each instruction, by 1 for a
movement of bytes, by 2 for words.

If the DF flag 1is set to 1, the pointers are
decremented.

All these instructions can be preceded by a REP
prefix (occupying 1 byte), which indicates that the
operation must be repeated for as long as CX is greater
than 0.

CX specifies the reguired number of repeats and is
decremented by 1 (whatever the type) after each repeat,
until a zero value is reached.

Thus, an initial value of 0 in CX would not initiate
any execution.

The prefix byte REPZ or REPNZ indicates that a test
on ZF must be carried out at each iteration.

If the instructions sets the ZF flag and if ZF is
different from the state indicated by the prefix, the
repetition is halted.

The instruction JCXZ (jump if CX is zero) placed at
the exit of a loop allows checking for an exit made
before the end of the count.

Repetitive instructions can be interrupted at the
start each new sequence. When the program returns to
the instruction, the effect of the REP prefix, placed
immediately in front of it, is taken into account and
the string transfer can continue normally.

Note +that the same does not apply if other prefixes
are also present, such as LOCK or a segment corrector
prefix. These will not be taken into account on return
from an interrupt.
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In such cases, interrupts have to be inhibited, even
at the risk of preventing the CPU from fulfilling 1its
own important requirements during the complete transfer
time or accepting a non-maskable interrupt.

It is therefore preferable to make systematic use of
the DS segment register to point to the source segment
and thus to avoid use of the segment corrector prefix.

In this case, the shortened repetitive instructions,
for example MOVSB or MOVSW, can be used, with the byte
(BY or word (W) type being indicated by the additional
letter (see examples 6.la and A.la).

6.4.2 Base instructions

Table 6.4 String Instructions

Flags Time
(5 MHz)
Prefix ODITSZAPC pSia)
REP Repeat while CX not 0 0.4
REPE/ Repeat while equal 0.4
REPZ and CX # 0
REPNE/ Repeat while not 0.4
REPNZ eqgual and CX # 0
Instruction ODITSZAPLC

MOVS/ Move byte or word 4-5.6b
MOVSB/ string
MOV SW
CMPS/ Compare byte or word * * *x x % * 4 .B-6.6C
CMPSB/ string
CMPSW
SCAS/ Scan byte or word * L B 3.2-54
SCASB/ string
SCASW
LODS/ Load byte or word 2.6-4.6e
LODSB/ string into AL or AX
LODSW
STOS/ ©Store byte or word 2.4-4f
STOSB/ string from AL or AX
STOSW

* Flag altered according to the result

(a) Add 0.8 ps for each word transfer for the 8088
(b) Add 3.8 ps for each iteration
(c) Add 4.8 ps for each iteration
(d) Add 3.2 us for each iteration
(e) Aadd 2.8 ps for each iteration
(f£) Add 2.2 ps for each iteration
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MOVS transfers a byte (or word) operand, pointed to by
SI, from the source (on the right) to the destination
(on the left), pointed to by ES:{DI]. Using the REP
prefix, this is equivalent to moving a memory block to
another location (see example A.1).

CMPS subtracts the byte or word destination from the
source and sets the flags without altering the
operands. ES:[DI] peoints to the destination and SI
points to the source.

Using the REPE prefix, it is possible to determine
whether two blocks are identical and therefore perhaps
find the first different element. In contrast, REPNE is

used to find the first identical element from two
blocks.

SCAS subtracts the byte or word addressed by ES:[DI]
from the contents of AL or AX respectively; it also
sets the flags without altering the operands. When used
in conjunction with REPE, it allows a different element
to be found in a block whose elements are usually all
equal to the contents of AL or AX.

Used with REPNE, the first occurrence of the value
contained in AL or AX found in a block is identified.

LODS transfers the byte or word addressed by SI into AL
or AX. This operation normally does not use the REP
prefix, but can be placed in a loop.

STOS transfers the contents of AL or AX into the byte
or word addressed by ES:{DI}. When used with the REP
prefix, this instruction allows a block to be filled
with the same value for all the elements (see example
A.la).

For these operations, the writing of operands is
only done to allow the assembler to verify the
accessibility of variables, as well as their type.

A letter B (byte) or W (word) allows operands to be
omitted (see earlier note).

In all cases, the source operand is addressed by SI
and the destination by DI.

It is only 1in the instructions CMPS and MOVS that
the operands of the two types are used at the same
time.

6.5 Jump Instructions
There are four possible types of program transfer

unconditional tranfers
conditional transfers
iteration control
interrupts
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All these transfers cause program fetches to resume
from a new memory location, sometimes even in a new
segment. Conditional transfers are made within a range
of -128 to +127 bytes from the transfer instruction.

Table 6.5 Transfer Instructions

Flags Time
(5 MHz)
Unconditional transfers O DI T S Z AP C pusa
CALL Call procedure 3.4-10.6
RET Return from procedure 1.8-4
JMP Jump 2.2-7.6
LOOP Loop while CX # 0 1/3.4
LOOPE/ Loop while CX # 0 1.2/3.6
LOOPZ and ZF =1
LOOPNE Loop while CX # O 1/3.8
LOOPNZ and ZF = 0
JCXZ Jump if CX = 0 1.2/3.6
Interrupts ODITSZZAPLC
INT Internal interrupt 00 11.4
INTO Interrupt if OF =1 00 0.8/11.6
(overflow)
IRET Interrupt return RRRRRRRRR 5.4

(a) add 0.8 ps for each word transfer for the 8088
R Restored according to a previous value

6.5.1 Unconditional transfers

These can cause branching within the current segment Or
into another segment which then becomes the new current
segment. Direct and indirect transfers are possible.

CALL saves the offset of the next instruction on the
stack. In the case of an intersegment jump the contents
of the CS register are saved first. Control is
subsequently passed to the address specified as the
call operand (see examples 2.16, 4.2 and 4.19%a).

JMP transfers control to the called operand without
saving IP and CS (see examples 2.6 and 4.2).

RET n transfers control to the return address stored on
the stack at the time of the preceding CALL. It can
also adjust the SP register so as to recover the
locations used for the passing of arguments; 'n° then
indicates the number of bytes occupied by the arguments
(see examples 2.14, 2.15 and 4.19a).
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6.5.2 Iteration control
These instructions are especially useful when combined
with those for string manipulation.

The destination must lie between +127 or -128 bytes
from the start instruction.

LOOP decrements the CX count register by 1 and causes a
jump 1if CX 1is not equal to 0. The next sequential
instruction is executed if CX = 0 (see examples 2.8,
3.9 and 4.8).

LOOPZ (or LOOPE) decrements CX by 1. It <causes a
program transfer if CX is not egual to 0 and if the
zero flag (2F) is set. Otherwise the next instruction
is executed (see example 4.2).

LOOPNZ (or LOOPNE) decrements CX by 1. It causes a
program transfer if CX is not equal to 1 and if the ZF
flag is at 0.

JCXZ causes program transfer if CX is equal to 0. When
used at the exit from a loop, this instruction allows
the cause of the loop exit to be identified; that 1is,
end of count or action by ZF (see examples 4.2 and
6.1).

6.5.3 Internal interrupts

The control of program execution is transferred in a
manner similar to external interrupts coming from an
8259A interrupt controller.

All these interrupts cause a transfer while saving
the flag registers on the stack, as for a PUSHF, and
carrying out an indirect intersegment CALL to an
address obtained from the interrupt table.

The interrupt type is shown in the operand.

This instruction allows execution of a routine
normally used by an external interrupt.

INT saves the flags, resets TF and IF, and Jjumps to the
address specified in the appropriate locations of the
256 entry interrupt table. 1If a type 3 interrupt is
involved, a short (1 byte) form of the instruction is
generated (see examples 4.1%a and 5.1).

INTO works 1like INT but only if the OF flag is at 1
(overflow).

IRET transfers control to the return address, saved at
the time of the preceding interrupt and restores flag
registers (like POPF) (see examples 2.15 and 5.la}.
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Table 6.6 Conditional Transfer Instructions

Flags Time
(5 MHz)
Conditional transfers ODITSZAP us
JA or Jump if above 0.8/3.2
JNBE (if CF + ZF = 0)a
JAE or Jump if above or equal 0.8/3.2
JNB (if CF = 0)a
JB or Jump if below 0.8/3.2
JNAE (if CF = 1)a
JBE or Jump if below or equal 0.8/3.2
JNA (if CF + ZF = 1l)a
JC Jump if carry 0.8/3.2
(if CF = 1)
JE or Jump if equal or zero 0.8/3.2
JZ (if ZF = 1)
JG or Jump 1if greater 0.8/3.2
JNLE (if (SF & OF) + ZF = 1}b
JGE or Jump if greater or equal 0.8/3.2
JNL (if SF & OF = 0)b
JL or Jump if less 0.8/3.2
JNGE (if SF @ OF = 1)b
JLE or Jump if less or equal 0.8/3.2
JNG (if (SF ® OF) + ZF = 1)b
JNC Jump if no carry 0.8/3.2
JNE or Jump if not equal or not zero 0.8/3.2
JNZ (if 2F = 0)
JNO Jump if not overflow 0.8/3.2
(if OF = 0)
JNP or Jump if not parity 0.8/3.2
JPO {if PF = 0)
JNS Jump if not sign 0.8/3.2
(if SF = 0)
JO Jump if overflow 0.8/3.2
(if OF = 1)
JP or Jump if parity equal 0.8/3.2
JPE (if PF = 1)
JS Jump if sign negative 0.8/3.2
(1f SF = 1)

(a) Relates to unsigned numbers
(b) Relates to signed numbers
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Table 6.6 lists the possible instructions, the
conditions assigned to them and their interpretation.

Note the use of greater and less than for the signed
number, while above and below refer to unsigned numbers
(see examples 4.8, 5.1 and 6.1).

6.6 Processor Control

Table 6.7 CPU Control Instructions

Flags Time
(5MHz)

Flag operations ODITS?ZAPC uys
sTC Set carry flag to 1 1 0.4
CLC Clear carry flag Q 0.4
CMC Complement carry flag * 0.4
STD Set direction flag 1 0.4
CLD Clear direction flag 0 0.4
STI Set interrupt enable flag 1 0.4
CLI Clear interrupt enable 0 0.4

flag

External synchronisation O D I T S Z AP C

HLT Halt until interrupt 0.4
or reset

WAIT Wait for TEST pin active 0.6a

ESC Escape to external 0.4-4
processor

LOCK Lock bus for next 0.4
instruction
No operation obDITSZAPC

NOP No operation 0.6

(a) Pin TEST tested every 1l ps.

6.6.1 Operations on flags
CLC sets CF flag to O.

CMC carries out complement of CF flag.
STC sets CF flag to 1.
CLD sets DF flag to 0, thus requiring string

instructions to auto-increment the operand pointers
(see example 6.1).



Instruction Set 159

STD sets DF flag to 1, thus requiring string
instructions to auto-decrement the operand pointers.

CLI sets the IF flag to 0, thus preventing external
interrupts (except non-maskable interrupts).

STI sets the IF flag to 1, thus allowing external
interrupts after execution of the next instruction.

6.6.2 Processor halt

HLT causes the 8086 processor to halt. This is
terminated by an appropriate external interrupt or by a
RESET. 1In practice an infinite loop occurs on the HLT
instruction itself. After the interrupt, control is
returned to the next instruction since it 1is its
address that was saved on the stack at the time of the
HLT instruction.

Note that this instruction may be unusable when an
assembler program is executed under the control of the
operating system. The latter frequently generates
numerous interrupts for its own use (for example,
date-time) and would rapidly initiate a jump to the
next instruction. An explicit infinite 1loop including
at least one NOP instruction should be used instead.

6.6.3 Processor wait

WAIT causes the processor to wait until its TEST input
is at 0. This wait can be interrupted by an appropriate
interrupt.

However, 1in this case the instruction address saved
at the time of the jump is the WAIT address. On return,
the wait will therefore resume.

6.6.4 Escape
ESC indicates to the CPU that an instruction intended
for the numeric co-processor extension (NPX) has been
fetched, and requires the CPU to generate the appropri-
ate addresses.

This instruction is normally generated automatically
by the assembler on reading a letter F at the start of
an instruction for the NPX.

6.6.5 Bus inhibit

A special one-byte prefix that precedes an instruction
prevents other bus masters from using the bus during
execution of the instruction. This facility is useful
in multiprocessor applications (see LOCK) in order to
avoid memory overwrites.
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6.6.6 Single step

When the TF flag is set to 1, the processor generates a

type 1 interrupt after execution of each instruction.
This method of operation 1is generally used by an

emulator system designed to debug the program.

Example 6.1

FAGE b2, 132

TITLE PASSWORD

H This prograw Is protected bty @ password of six @&lphanuweric characters.
iConceived as a main program, it must first of all set up the stack. Then, an
i MSDOS function call allows keyboard requests without echoes on the screén. Rfter
ia predefined nusber of unsuccessfull trials (4 i this case), the process is im_
:wediately atorted. Otherwise, the message FPASSHORD ACCEPTED’ is displayed, and
ithe program 15 executed.

e wy

The comparison of passwords is achieved using the REPE CMPSB instruction
:which performs the comparison, Incresents the index and counts the characters.
:0n exit the JCXI instruction 1s used to identify premature exit fros the loop as
;@ result of a false character,

The system calls are executed according to versions 1,25 or 2.11 of

NAME FASEWORD

' _EmEusEEETnealEEe
MS_DOS_CALL EQu 21H
FROGRAM_END EQU 4CH
DISPLAY_VIDED EBU 02H
KEB_WITHOUT _ECHD EQU OBH
TRIAL_NUMBER EQU 4
' PARAM STRUC
’ -
DB ? i Allows stack alignement to be
i kept (only 8086},
COUNTER DB ? i Byte counting number of trials.
TRIAL _FASSWORD DE & DUP () 1 Stacking of password on trial.
FORMER_BEP DW ? ;s ¢ BP points this offset.
H
PARAM ENDS
|
F EQU [BF - OFFSET FDRMER_EF)
OFF _LOCATION EQU FORMER_BP - TRIAL_PASSWORD

§6_STACK SEGMENT STACK
; -ﬂtt“-":“ﬂﬂ‘d---sﬂ-‘
DW 500 DUF(?) 3 Reservation for general use.
Dw 128 DUP(?) i Supplementary reservation
{ for systewss calls.,
STRACK_TOF LABEL  WORD

56_STACK ENDS
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*RAMT

RIGHT _PASSWORD DB 'Xyza7rs?
PASSHORD_END LABEL BYTE
MESSAGE DB OAH, ODH, * PASSWORD ACCEFTED’

MESSAGE _END

LABEL  BYTE

DIRECTORY ENDS

CODE_PP SEGMENT BYTE PUBLIC ’ROM’

ASSUME [5:C

DDE_FF,ES: DIRECTDRY

- ¥ 2 ¥ 3 ¥ 31 3t - 2 3T 1 2 T 2 X F- R 3 2 2 2 3 2 3 _F J

lecnree JIpitialisation of stack and SeGRENES [...vesssersrasrrnsnssancnccasansases
H
START1 1 START: fixes the program entry
1 point with END START.
MOV AX,56_STACK s+ Definition of the stack.
MOV S8, AX 1 Shields the following instruc_
s tion,
MOV SFP,OFFSET STACK_TOP : No interrupt possible.
MOV AX,DIRECTORY : In conformity with ASSUME.
MoV ES,AX
FUSH BF 1 BRx> FORMER _BP of the structure
MGV BF,SF s BP points to the stack
SuUB SF,DFFSET FORMER_BF s Location of local variables in

1ev0ss.REquest for
mov

TRIAL: chMfF
JNE
JMP

DTHER_TRIAL: MOV
MoV
INT

PRESNOIT feevsvesvarannersane

F.COUNTER, O :
P.COUNTER. TRIAL _NUMBER 3
DTHER_TRIAL 5
ABORT :

AH, DISPLAY_VIDED
DL, 7
MS_DOS_CALL

L]
[
.
H
.
]
.
1
.
L]
.
;]

the stack.
Counter initialisation.

Test of nusber of trials.
Conditional short Jjump (127
bytes max} which branches to a
JMP in order to reach ARART.

Screen display of a »sessage re_
quest (72,

Type 2IH internal interrupt
executed hy the systen, RAH con
tains the cal! number and DL
the character to ke transmitted

ieeeres.Reading, without echo, of the characters of password on trial f..........

MOV
MoV
XOR
RECEPTION: INT
MDY

INC
LODF

tesvasetising CMPS f
LEA

Mav
SuUB
MoV
MoV

CX.LENGTH TRIAL _PASSWORD;
AM,KB_WITHOUT_ECHO

DI, DI

MS_DOS_CALL

. TRIAL_PASSWORDEDI I, AL

LENSTH jives the number of DUP.

Index initialisation.

Read character returned to AL.
AL within 535:[BPIroffset TRIAL _
PRESHOBD+DI

DI
RECEFTION 1 request as long as CA # 0.
or comparing TRIAL _PRSSHWORD with RIGKT _PRESHORD :...... .

DI, RIGHT_PASSWORD : ES:(D13 points the right ope_
1 rand of CHPS.ES is compulsory.

s1,BP i SI points to the left operand.

51,0FF_LOCATION : Its segaent oepends on RSSUME,

AX,SS 1 No named varjable: anopymous

DS, AX 1 CHPS pust be wused. DE is then
H

cospylsory.
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MOV CX,LENGTH TRIAL_PASSWORD; LENGTH gqives the nuaber of DUP.
CLD (Clear Direction flag)=> DI and
51 are ipcreased by ! (CMPSB)
Repetition ar long as CX#0 ano
bytes of strings are the same.
This instruction may be inter
rupted at every repetition
(REPE being the only prefixe).
Jump if CX =0

CMPSBH

JCXZ CORRECT

WE me BE AR AR WS Es a8

INC f.COUNTER
JHF TRIAL

Increzent counter.
Trial again.

- aw

of message "PASSHORD RCCERPTED’ :..eecevrusssacsvavans

CORRECT: MoV CX,MESSAGE_END-MESSAGE 3 0fFset substraction giving
1 length of message in hLytes.
Mav AH, DISPLAY_VIDEO
XOR SI.5! : Index initialisation.
SEND: MOV DL ,MESSAGELSI] ¢ Output of character Iindexed by
3 SI.
INT MS_DOS_CALL
INC S1
LOOF SEND : Return to SEND : as long ars
1 CX # 0.
$.2.000..Continuation of program protected by password, .then end i.ievivesscnsn. e
" ABORT: MOV AL, O
MOV AH, PROGRAM_END
INT MS_DOS_CALL 1 Return to systes.

CODE_PP ENDS

END START



7 8087 Numeric Processor Extension

7.1 Functional Description
The 8087 Numeric Processor Extension (NPX)}, also called
Numeric Data Processor (NDP), 1s a co-processor
designed to extend the capabilities of the 8086/8088 in
maximum mode. The NPX performs arithmetic and logical
operations as well as transcendental functions on
numerical variables, and provides full floating point
arithmetic support.

The 8087 extends the number of registers and the CPU
instruction set and adds new types of variables.

The combination of the 8086/8088 and the 8087 can be
viewed as a single processor unit by the programmer.

GROUND  +{1 LJ wp— VCC

AD14 L np-> AD15

AD13 +9q! B> A6 S3
AD12 e L 7=+ A17 S4
ADM . B k> A8 Sh
AD10 6 s> A19 S6
AD9 47 uf—> BHE S7
ADS8 4 s+ RQGN

AD7 +9 = INT

AD6 a0 8087 uk—+ RA GTO

ADS R B — NC

AD4 + 12 zarﬂ NC

AD3 G—LJ 13 Bp— §2

AD2 <+ 14 77— §1

AD1 4+t 15 %F“ S0

ADO 16 SpF— QSO

NC —Y #E— QS1

NC . Z+ BUSY

CLK I ZF— READY
GROUND ¢ |% “4f— RESET

NC=NOT CONNECTED

Figure 7.1
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7.1.1 System configuration
The 8087 is connected in parallel with the CPU - either
8086 or 8088 - and forms an extension to it.

Its pin arrangement is therefore very close to that
of the processor in maximum mode.

The status lines S$0-52 and QS0-0S1 allow the NPX to
follow and decode the instructions being executed by
the CPU without affecting the CPU operation.

The 8087 monitors the instructions being fetched by
the 8086/8088 and maintains an identical instruction
gqueue. All instructions intended for the NPX have the
11011 binary value 1in the most significant 5 bits of
the first byte of the instruction. When an instruction
with this 'ESCAPE’ prefix is detected, it is processed
by the NPX instead of the CPU.

In order to synchronise 1its operation with the
8086,/8088, the NPX activates the BUSY signal informing
the CPU that it is executing an instruction. The CPU
WAIT instruction allows the CPU to test the signal TEST
= BUSY to confirm that the NPX has completed its
operation.

The NPX can interrupt the CPU when 1t detects an
error or an exception. The NPX interrupt signal 1is
normally routed via an 8259A interrupt controller.

The CPU RQ-GT1 line is normally assigned to the 8087
to allow it to obtain control of the bus for data
transfers.

The RQ-GTO line of the CPU remains available for
other system requirements (for example, a local IOP).

Another master of the local bus can be connected to
the RQ-GT1 of the NPX itself.

In this case, the 8087 transmits the bus request to
the CPU if the CPU is currently master of the bus. If
the 8087 has control of the bus, the NPX itself hands
over the bus as it always considers that other devices
have a higher priority than itself.

For example, two 8089 co-processors can thus be
added to the 8086/87 system. One of them shares use of
the 8086 bus with the 8087 on the basis of first come
first served; the second being assured of priority over
the 8087 by connection to the 8087 RQ/GT1 line.

All local processors must have the same clock and
the same bus interfaces.

7.1.2 Sequence of bus operations
The structure, operation and timing of the 8087 buses
are identical to those of the 8086/8088 in maximum
mode.

The address 1is multiplexed with the data on the
first 16 or 8 lines of the address and data bus.
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Al6-Al19 are multiplexed with status lines $3-5S6.
When the 8087 controls the bus, S4 and S6é are always
at 1.

S2 S1 S0
0 X X Unused
1 0 0 Unused
1 0 1 Read data in memory
1 1 0 Write data in memory
1 1 1 Passive

When 1t is monitoring the CPU bus cycles, the state
of S6 allows the NPX to differentiate the activities of
the 8086/88 (S6 - 0) from those of another bus master.

The 8087 determines the _type of the current bus
cycle by decoding lines S50-52.

7.1.3 Representation of numbers

Normal numbers
The NPX can read and write seven different forms of

numerical representation, grouped as four types 1in

memory.
All exchanges of values between the NPX and the CPU

are made via the memory.

WORD Integer

S Magnitude

Sign--->
bit

The 16-bit number is stored as two s complement and
can take values between -32768 and +32767.
Short integer

31 30 0
S Magnitude

Sign--->
bit
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The number is stored as 32 bit two’'s complement and
can take values between the following approximate
values

-2 X 109 and +2 x 109

Short real format

31 30 23 22 0
S Exponent * Mantissa

Sign-->
bit

<=1=-><---8 bitg---><-==----~ 23 bits---=----- >
(* indicates implicit “17)

The sign of the real number is written in bit 31,
and the exponent 1is written as an 8-bit binary value
with an offset of 127 (= 7FH). -

The mantissa is written in the lowest 23 bits, with
the implicit ‘1" that should appear in position 24

omitted, because 1t carries no information. The
posssible values range in absolute value from
approximately the following

1.2 x 1078 o0 3.4 x 10°8
Example

The value -1 in short real is written

1 : 0111 1111: 00===-=—=—————m=m————— 00

_,t127-127) _ 0 _ |

The value 4 has the same zero mantissa (exact binary
number) and the exponent 129:

129-127_ ,2

2 27 =4

But 0.25 is always written with a zero mantissa and
the exponent 125:

2125—127= 2—2= 0.25

This form corresponds to the single precision of the
proposed IEEE standard.
Long integer format
63 62 0

Sign S Magnitude
bit -__>
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The number is again stored in two’s complement form.
The numbers that <can be represented range from
approximately

-9 x 1018 to +9 x 1018

Long real format

63 62 52 51 0
S Exponent * Mantissa

Sign--->
bit

<-1-><---11 bits—-><-~-—---- 52 bits-------- >

The exponent is written as an ll-bit number with an
offset of 1023 (3FFH).

This form corresponds to double precision (IEEE
standard) and allows values over the approximate range
of

2.2 x 107°98 0 1.8 x 10°98

BCD format
79 78 72 71 0
S X D17 | D16 DO

Sign--->

bit
Cmmmmmm 80 bits---——=-==——— == >

@

Each of the 18 digits occupies 4 bits and must
contain a value between 0 and 9.

In this form 8087 can read or write a packed decimal
integer of 18 digits.

Bits 72 to 78 have no significance.

This form 1is very useful for data input/output but
occupies more memory space.

Temporary real format

79 78 64 63 62 0
S Exponent 1 Mantissa
<=1=-><==---15 bits---—-><{~~---——=-=—- 64 bits-—-------—--- >
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The 15-bit exponent has an offset of 16383 (3FFFH).

The mantissa occupies 64 bits but includes the 1 in
front of the ’“binary point’.

The values that can be represented range from

3.4.10°4932 (o 1.2.10%732

in absolute value.

This format is only used 1in memory to store
intermediate results when the internal stack is full.

All internal operations are carried out using this
format. Other formats are only used for 1input. and
output.

Consequently, there 1is little danger of a rounding
error during a calculation, even with double precision
real calculations.

Zeros and infinity

By convention, zero is represented by a zero exponent
and a zero mantissa. However, the sign retains its 0 or
1 value. There is therefore a +0 and a -0! The value -0
can present formatting problems when a Pascal or
Fortran program is involved.

Infinite values can be signed or unsigned, depending
on the choice made of the control word. They are
represented with an exponent in which all the bits are
at 1 and with a zero mantissa (apart from the implicit
‘17).

Two alternative methods of infinity control are
supported by the 8087; these may be selected by the
setting of the IC field in the control word.

The AFFINE CLOSURE mode will present signed infinite
values.

The PROJECTURE CLOSURE mode will present unsigned
infinite values; this mode is the most frequently used,
and is selected by default.

Special values
NAN (Not A Number)
This signed number has all exponent bits at 1 and any
value in the mantissa (apart from 0 which is reserved
for the representation of infinity). It is generated by
Stack overflow: writing a number to a full stack
Stack underflow: reading a number from an empty
stack 1/2
Indeterminate: 0/0, (-X) , Log (-X} etc
Use of an operand already in NAN form.

Denormalised number
A denormalised number appears when there is an under-

flow and the corresponding interrupt is masked.
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Underflow occurs when the exponent is forced to 0
(the minumum value for a representation with offset},
but in contrast to the zero case, the mantissa remains
non zero,

Because all intermediate calculations are carried
out using temporary real format, this state of affairs
only occurs at the time of input/output and in
particular when intermediate results of a program are
stored in memory outside the stack in a format other
than temporary real.

Unnormal number

This number exists only in temporary real format; it is
the ’‘descendant  of a dencrmalisation and results from
a masked underflow.

It is held to be valid for subsequent calculations.
Depending on the operation, this ‘unnormality’ can
either disappear or become greater. Thus, the addition
of a small unnormal number to a larger normal number
produces a normal result. On the other hand, a
multiplication of such numbers would produce an un-
normal result.

7.2 Microprocessor Architecture
The NPX is divided 1into two parts, the Control Unit
(CU) and the Numerical Execution Unit (NEU). The NEU
executes all the numerical instructions, while the CU
receives and decodes the instructions, reads and writes
the memory operands and executes the control
instructions.

Both units work independently, which allows the NPX
to maintain synchronisation with the CPU when NEU
executes an instruction.

7.2.1 Control unit
The CU synchronises the 8087 operations with the CPU in
order to follow the program sequence.

The CPU ensures that all instructions are fetched.

By reading the status lines (52-50,56) of the CPU,
the CU follows the fetching and decoding operations.

It reads the code at the same time as the CPU and
controls an instruction queue identical to that of the
CPU. But to be able to do this, the 8087 must know
whether it is a 8088 or 8086 CPU. This may be
determined by monitoring the state of BHE-S7 line of
the CPU immediately after a processor RESET. Once the
8087 has determined the processor type, it adjusts the
number of bytes in its instruction queue to that of the
processor.
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Lines QS0, Q0S1 allow the CU to obtain and decode the
instructions coming from the queue in synchronisation
with the CPU.

After decoding, the 8086 executes all the
instructions, except those preceded by an Escape
instruction, whereas the 8087 executes only " those in
this category.

The CPU however looks after the addressing of the
ESC instructions. It distinguishes between those that
include a memory reference and those that do not.

If the ESC instruction requires a memory operand,
the CPU calculates the operand address and carries out
a dummy read at this location (it ignores the contents
of the word that it reads). All the addressing modes of
the 8086,/88 are available for the 8087 instructions
since it 1is the CPU which provides all the required
addressing.

If the ESC instruction does not contain a wmemory
reference, the CPU simply executes the next
instruction. 7

An ESC instruction either makes no memory reference
or requires the reading or writing of one or more
memory words. In the first case, the instruction allows
the 8087 instruction to be executed immediately.

In the second case, the CU uses the dummy read to
latch and save the address provided by the CPU.

" 'If the instruction is a read, the CU also latches
the data when it is available on the bus. If the data
is 1longer than a word, the CU immediately obtains the
bus using the Request/Grant protocol and reads the
remainder of the data, incrementing the address
previously latched from the address bus.

When writing, the 8087 ignores the data that follows
the dummy read. When it is ready for the write, it
obtains control of the bus and writes the operand
starting at the address that has been latched.

7.2.2 Numeric Execution Unit
The NEU executes all the instructions which modify
registers, that is

arithmetic instructions

logic (comparison) instructions
transcendental instructions

instructions to transfer constants or data.

7.2.3 Registers
The set of registers accessible to the programmer 1is
shown below
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79 0 1 0
(7)
(6)
(6)
(4)
(3)
(2)
(1)
(0)
{=----- B0 bits-~----- > <===>
2 bits
Register stack Tag word
15 0

Control register

Status register

Instruction pointer

Data pointer

General Registers

Each of the 8 registers of the 8087 stack has a
length of 80 bits; it 1is divided 1into a field
corresponding to the “temporary reals’.

79 78 64 63 0

S Exponent Mantissa
Sign-----

<=-1-><~---15 bits---><{-=~=-——~ 64 bits--—--——-~- >

7.2.4 Description and use of the stack
At any time, the TOP field (bits 13-11) of the status
register identifies the top stack register.

A load operation (push) on the stack decrements TOP
by 1 and locads the data into the new top of the stack.

Inversely, a write operation stores in memory the
value contained in the top of the stack and increments
TOP by 1.

Like the 8086/88 stack, the 8087 stack grows down
towards the lower addressed registers.

The instructions may address registers explicitly or
implicitly.
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Some instructions operate on the register, pointed
to by TOP, called ST or ST(0); others allow the
programmer to specify one of the registers. An explicit
register is always addressed in relation to the top of
the stack, with the aid of an index

ST(0) Top of the stack
ST(1)

ST(7)

It 1is wup to the programmer to follow the evolution
of indices as a function of the input and output
operations of the data. Thus an intermediate result
sees the index that points to it <change 1its value
frequently.

It is important to emphasise at this point that the
most frequently committed error lies in allowing the
results of intermediate calculations to overflow the
stack. The latter 1is quickly filled and loading
operations will cause denormalised numbers to appear.

It 1is therefore necessary to control each series of
calculations so that the stack 1is completely emptied
after the output of the last result of the series. If
necessary, unrequired values can be <cleared by an
initialisation.

7.2.5 Status word
This register reflects the status of the NPX. Using
instruction FSTSW its contents can be stored in memory
where the CPU can read it.

The 16-bit status word is divided into the following
fields

pl5 D14 D13 D11 D10 D8 D7 D6 D5 D4 D3 D2 D1 DO
B C3 TOP C2 Cl CO{IR| X|PE |VE[OE|ZE|DE|IE
B (Busy)

Indicates either that the NEU 1is executing an
instruction (B = 1) or that it is waiting (B = 0),

Some instructions are executed exclusively by the CU
and do not affect the BUSY bit.

C3,Cc2-C0

These condition codes are the NPX “flags’. Their
meaning depends on the type of instruction executed,
and they are most commonly used to control conditional
branching.
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Test and comparison

FCOM and similar instructions compare the stack top
(ST) register with the operand. The instruction FTST
carries out the same operation but with 0 as the
operand. This result is described by C3 and C0O, with C2
and Cl undefined

C3 CO

0 0 ST > operand

0 1 ST < operand

1 0 ST = operand

1 1 ST ? operand
Examine

In response to the instruction FXAM, which reports the
contents of ST, bits €3, C2, Cl and CO0 can take the
following values

C3 c2

@)
-
O
o

Result

+UNNORMAL
+NAN
~UNNORMAL
~NAN
+NORMAL
+INFINITY
-NORMAL
-INFINITY
+0

EMPTY
-0

EMPTY
+DENORMAL

EMPTY
-DENORMAL

EMPTY

=== EHOOO OO 00O OO0
= OO OO HMERH~HOOOO
—H OO HHODOMMROORKH OO
H O R OHOHOHFOFOQOM OO

Remainder

The FPREM (Partial REMainder) instruction carries out
the ST operation modulo ST{(l), and bit C2 above
indicates when the operation is complete.

The reduction 1is in fact ‘constrained’ to a factor
of 2 in a single operation or can be temporarily

suspended to allow another task to be performed.

C2 = 1 the reduction is complete (the remainder is
less than ST(1l)).

c2 = 0 the reduction is incomplete, so the FPREM
instruction must be executed again.
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TOP. This 3 bit field shows the absolute number of the
register that is currently held as stack top. After

initialisation, this number is 7.

IR. Interrupt request bit. It is set to 1 by the NPX to
indicate a pending interrupt to the CPU. It can be read
by the CPU if the interrupt request passing via the
8259A is inhibited.

D6 is reserved.

D5-D0 indicate the exceptions that may have caused an
interrupt. They are assigned as follows.

PE. Precision. The result cannot be represented in the
specified format. If the exception 1is masked, the
calculation continues since it is always carried out in
temporary real.

UE. Underflow. The result is not zero, but it is too
small to be represented in the specified form. TIf the
exception 1is masked, the 8087 denormalises the number
and continues the calculation.

OE. Overflow. The result is too large for the specified
form. If the exception is masked, the 8087 treats this
number as an infinite number.

2E. Zerodivide. The divisor of a non-zero finite number
is zero. The B087 treats the result as an infinite
number.

DE. Denormalised operand. One of the operands or the
result is denormalised. Execution continues 1if the
exception is masked.

IE. Invalid operation. This exception can be generated
by

attempts to load to a full stack (stack overflow)
attempts to read from an empty stack (stack

underflow) 1/2
indetermination (0/0, (-X) , Log(-X) etc)
use of an operand that is not a number (NAN)

The result is then a NAN.
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7.2.6 Tag words
Tag words mark the contents of each register. Their
function is to optimise the operations of the NPX and
they allow the contents of a register to be
interpreted.

They need not often be used by the programmer.

15 08 07 00

TAG(7) |TAG(6) | TAG(5) [TAG(4) | TAG(3) |TAG(2) {TAG(1)|TAG(0)

Tag values

00 = valid (normal or “unnormal ")

01l = Zero

10 = Special (NAN, denormal, infinite}
11 = Empty

7.2.7 Control word

15 08 07 00

X{X1X]1C RC PC M| X]|PM|UM{OM|ZM|DM }IM

X Indicates a reserved bit

IC (Infinity Control)
0 = unsigned infinity - PROJECTIVE CLOSURE,
1l = signed infinity - AFFINE CLOSURE

RC (Rounding Control)

00 = Rounded to nearest

01 = Rounded down (towards minus infinity)
10 = Rounded up (towards plus infinity)}

11 = Truncate (towards zero)

PC (Precision Control)
00 = 24 bits (simple precision)
01 = (reserved)
10 53 bits (double precision)
11 64 bits (temporary real)

i

il

Calculations are not speeded up by choosing a lower
precision. It is therefore preferable to choose maximum
precision. This precision control is only used to
detect format overflow for 8087 inputs and outputs.

M (interrupt Mask)
1 = interrupt towards the B259A is masked.
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D6-D0. Selective masking; the writing of a 1 to the
appropriate bit allows each of the exceptions to be
selectively masked.

7.3 Instruction Set
The instructions described in this section may be
freely mixed with the CPU instructions.

The data addressing mode is the same, only the set
of working registers differs.

All the exchanges of data between the CPU and the
NPX, including the result of comparison tests, must be
made via memory read or write operations.

7.3.1 Data transfer instructions
Format conversions are made implicity at the time of
the memory read or write operation.

Real transfers

FLD (source). After decrementing the stack pointer, FLD
loads on to top of the stack either a temporary real
from a register or from memory, or a single or double
precision real from memory. The format is a function of
the type of the source operand.

Table 7.1 Data Transfer Instructions

Possible Time
exceptions (5 MHz)
Real transfers I D2 00U0FP ps
FLD Load real to ST X X 4-15.8
FST Store real from ST X X X X 3.6-12.2
FSTP Store real and POP X X XX 4-15.8
FXCH Exchange contents X 2.4
of ST and ST(1i)
Integer transfers I DZOUP
FILD Integer load to ST X 12.8-16.8
FIST Integer store from ST X X 20-21.2
FISTP Integer store from ST X X 20.2-24.4
and POP
BCD transfer IDZOUP
FBLD Load BCD integer to ST X 62.2-64.4
FBSTP Store BCD integer from X 108.4-
ST and POP 110.8
I invalid operand O overflow
D denormalised operand U underflow

Z zerodivision P precision error
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The instruction FLD ST(0) replicates the value on
the top of the stack and allows one to have the same
value in both ST(0) and ST(1).

This operation 1is very useful before output
instructions that necessarily include a POP, such as
FSTP, FISTP or FBSTP. (See examples 4.4 and 4.15a.)

FST (destination). Copies the value at the top of the
stack (ST(0)) into another register or writes its
contents 1n memory, in single or double precision. The
format chosen depends on the type of the destination
operand (see example 4.13}.

FSTP (destination). Carries out the same operation as
FST but also pops the stack following the transfer.

Unlike FST this instruction allows a temporary real
variable to be stored in memory (see examples 4.4 and
4,15a).

FXCH ST(i) (or nothing). Swaps the contents of the
internal register specified with ST(0). If there is no
operand, the swap takes place between ST(0) and ST(1).
This instruction allows instructions that only operate
on the top element of the stack to access other
variables.

Integer transfers

FILD (source). After decrementing the stack top, this
instruction loads into ST an integer (word, short or
long) located in memory, the precise type being
dependent on the source operand (see examples 4.6 and
4.15a).

FIST (destination). Copies ST into memory in the word
or short integer format, as a function of the type of
the destination operand.

FISTP (destination). Carries out the same operation as
FIST but also pops the stack. It is only possible to
write in the long integer format with this instruction,

Packed decimal transfers

FBLD (source). After decrementing the top of the stack,
this instruction 1loads into ST(0) an integer coded in
BCD format from memory.

FBSTP (destination). Writes ST in memory in the form of
an integer coded in BCD format. The stack 1is then

popped.
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7.3.2 Arithmetic instructions
These 1instructions include

on the left
after the operation.
Of necessity, one of the two is ST(0).

two operands, explicit or
implicit; the one on the right is the source,

the one

is the destination containing the result

This order can be reversed for subtraction or
division.
Table 7.2 Arithmetic Instructions
Possible Time
exceptions (5 MHz)
Addition I D2 OU0UP s
FADD Add real X X XX X 17-26
FADDP Add real and POP X X X X X 18
FIADD Integer add X X X X 25.4-28.2
Subtraction I DZOUFP
FSUB Subtract real X X XX X 17-26
FSUBP Subtract real X X X X X 18
and POP
FISUB 1Integer subtract X X X X 25.4-28.2
(in memory)
FSUBR Subtract real reversed X X X X X 17.4-26
a real
FSUBRP Subtract real reversed X X XX X 18
and POP
FISUBR Integer subtract reversed X X X X 25.4-28.2
Multiplication IDZOUP
FMUL Multiply real X X X XX 19.4-36.2
FMULP Multiply real and POP X X X X X 20-28.4
FIMUL Integer multiply X X X X 27.6-30.4
Division I DZOUP
FDIV Divide real XX X X XX 39.6-49
FDIVP Divide real and POP X XXX XX 40.4
FIDIV Integer divide X XXX XX 47.4-50.4
FDIVR Divide real reversed X X X X XX 39.8-49.2
FDIVRP Divide real reversed X X X X X X 40.6
and POP
FIDIVR Integer divide reversed XXX XXX 47,4-50.6

I invalid operand 0 overflow
D denormalised operand U underflow
Z zerodivision P

precision error
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The rules for writing are as follows

Form Operands Example
Destination <> Source

Implicit {sT(1}),ST} FADD

Register ST(i),ST or ST,ST(i) FSUB ST,ST(3)
Register ST(i}),ST FMULP ST(2),ST
with POP

Real in {ST},short or long real FDIV AZIMUTH
memory

Integer {8T},word or short integer FIDIV N_PULSES

in memory

In this table the { } symbols indicate the implicit
operands and are normally omitted.

Addition

FADD
FADDP
FIADD

The addition instructions, with a real (FADD), with
a real with POP (FADDP) or with an integer (FIADD), add
the source and the destination and write the sum to the
destination.

ST can be doubled by coding the following
FADD ST, ST(0)
(See examples 4.8 and 4.15a)
Subtraction

FSUB FSUBR
FSUBP FSUBRP
FISUB FISUBR

If the two operands of a subtraction are designated
A and B, the result of the operation can be either
A-B or B - A. The direction therefore has to be
specified as normal or reversed (R). The calculation is
separated into two parts.
(1) The operation between ST(0) and the other operand
(op.) is carried out in an intermediate register.

For a normal, direct subtraction (FSUB, FSUBP and
FISUB), (ST(0) - op.) 1is calculated. In reversed
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subtraction (FSQBR, FSUBRP and FISUBR), (op. - ST(0)})
is calculated.

(2) The result of this calculation is copied in the
destination.

Thus

FSUB ST(0), op. -> ST(0) - op. in ST(0)
FSUBR ST(0), op. -> op. - ST(0) in ST(0)
FSUB op., ST(0) -> ST(0) - op. in op.
FSUBR op., ST(0) -> op. - ST(0) in op.

It 1is therefore important not to mix the different
ways of writing operands with the presence or absence
of R. Unfortunately, the manufacturers’ programmer s
reference gives little information on the matter.

Multiplication

FMUL
FMULP
FIMUL

These multiplication instructions, with a real
(FMUL), with a real and POP (FMULP) and with an integer
(FIMUL), multiply the source and the destination and
write the product to the destination.

The following code squares the contents of ST

FMUL ST, ST(0)

(See examples 4.13 and 4.15a)

Division

FDIV FDIVR
FDIVP FDIVRP
FIDIV FIDIVR

If the two operands of a division are designated A
and B, the result of the operation can be either A/B or

B/A. Again, the direction has to be specified as normal
or reversed (R). The calculation is in two parts.
(1) The operation between ST(0) and the other operand
(op.) is carried out in an intermediate register.

For normal direct division (FDIV, FDIVP and FIDIV),
(ST(0)/op.) is calculated.
(2) The result of this calculation is copied in the
destination.
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Thus

FDIV ST(0}), op. => ST(0)/op. in ST(0)
FDIVR ST(0), op. -> op./ST(0) in ST(0)
FDIV op., ST{(0) -> ©ST(0)/op. in op.
FDIVR op., ST(0) -> op./ST(0) in op.

As before, it is important not to mix the different
ways of writing operands with the presence or absence
of R. The manufacturers’  documentation 1s not very
explicit on the subject.

Other fuunctions

FSQRT (without operand). Replaces the contents of ST
with its square root.

The square root of -0 is -0 (see example 4.19a]).
FSCALE (without operand). Interprets the vang contain-

. . . 15
ed in ST (1) as an integer lying between -2 and +2

(rounded if necessary) and carries out the following
operation

ST <- ST * ZST(I)

This instruction, which only executes one addition
on the exponent of ST, allows multiplications with
powers of 2 to be carried out very rapidly. It 1is
preferable to load this power of 2 with the aid of a
WORD format in order to avoid any error.

FPREM (without operand). Carries out the following
operation

ST <- ST MODULO ST(1)

If ST is much larger than ST(1l), it may be necessary
to divide up this operation in order not to block
interrupts or other calculations for too long.

Flag C2 of the status word allows execution of the
operation if there is a task change or if the magnitude

difference exceeds 2

€2 = 1 indicates that the operation is not termin-
ated, and FPREM can be re-executed because ST contains
the partial result.

The three bits €3, Cl and CO0 give the three
least-significant bits of the quotient generated by
FPREM.

This instruction is often wused together with
instructions for trigonometrical operations.
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FPTAN, for example, operates only on angles lying
between 0 and =x/4. Using #/4 modulus, ST yields an
angle lying between these values and bits C3, Cl and CO
of the status word that indicate the semi gquadrant used
from the eight possible ones. For example

8 = 190° = 1.056x
n/4 is entered in ST(1l) and © in ST.

After execution of FPREM, ST contains 0.056=x (100) =
module remainder and C3, Cl, CO = 100(4) = three
least-significant bits of the quotient.

FRNDINT rounds ST to a number representing an integer,
according to the indications of precision and rounding
contained in the control word.

FXTRACT (without operand). Decomposes the number cont-
ained in ST into two numbers, carrying out a loading
operation (PUSH).

The new ST contains the signed mantissa of the old
ST in the form of a real number with zero exponent.

ST(1) contains the signed, true exponent of the
initial number, the offset having been suppressed.

If the original number is zero, ST and ST(l) will
also be zero but with the same sign as the initial zero
number (+0 or -0).

This instruction is very useful for converting real
numbers to be output using FBSTP. It is thus possible
to obtain successively a representation of the mantissa
followed by the exponent.

Table 7.3 Arithmetic Instructions

Possible Time
exceptions (5 MHz)
Other functions IDZOUP us
FSQRT Square root of ST i X X X 36.6
FSCALE Multiply/divide ST by 2= X XX 7
FPREM pivide ST modulo ST(1l) X X X 25
FRNDINT Transform ST into an X X 9
integer (rounded)
EXTRACT Separate ST into X 10
mantissa and exponent
FABS Absolute value of ST X 2.8
FCHS Change sign of ST X 3
I invalid operand 0 overflow
D denormalised operand U underflow

Z zerodivision P precision error
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FABS (without operand). Makes the ST sign positive.

FCHS (without operand). Reverses the sign of ST.

7.3.3 Comparison instructions
These instructions modify the C3, C2, Cl and CO flags
of the status word.

It 1is necessary to transfer the status word into
memory with the aid of FSTSW, described later, in order

for the CPU to analyse it and make execution decisions.
The write operation must be carried out immediately

after the comparison instruction, in order to avoid

modification of the flags by other instructions.

Table 7.4 Comparison Instructions

Possible Time
exceptions (5 MHz)
Comparison IDZOUP ps
FCOM Compare real X X 9-18
FCOMP Compare real X X 9.4-18.4
and POP
FCOMPP Compare real and X X 10
POP twice
FICOM Integer compare X X 17.4-20.2
FICOMP As above, but with POP X X 17.8-20.6
FTST TEST X X 8.4
FXAM Examine 3.4
I invalid operand 0O overflow
D denormalised operand U underflow
Z zerodivision P precision error

FCOM compares ST and the operand, which may be a
register or a short or long real in memory.

If there is no operand indicated, ST(1) 1is used
implicitly.

C3 and CO give the result of the comparison.

FCOMP operates like FCOM but clears ST with a POP.

FCOMPP operates like FCOMP but clears ST and ST(1) by
executing two successive POPs.

This instruction does not include any operand
because it necessarily works with ST and ST(1).

FICOM converts the word or short integer operand memory
to a temporary real and compares it to ST.
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FICOMP operates like FICOM but clears ST with a POP.

FTST compares ST to zero and sets flags C3 and CO.

C3 CO Result
0 0 ST > 0
0 1 ST < 0
1 0 ST =0
1 1 ST is a NAN or unsigned infinity

FXAM reports the contents of ST and sets flags C3, C2,
Cl and CO of the status word to conform with the table
shown above when the status register was described.

7.3.4 Transcendental instructions
These operations provide the basic set necessary for
all common trigonometric calculations. Transcendental
instructions assume that their operands are both valid
and in range. It 1is necessary for pre- and post-
processing software to reduce arguments to the
acceptable range and to adjust the result to correspond
to the original argument.

These instructions operate on the top one or two
elements of the stack only.

FPTAN (without operand). Calculates the tangent of an
angle lying between 0 and #n/4, written in radians 1in
ST.

The result is presented in the forms of a ratio Y/X
with Y in ST(1) and X in ST, after a loading operation.

This provision allows the calculation of other
trigonometric functions to be optimised, using
classical trigonometric formulae.

FPATAN (without operand). Calculates the arctangent
function of a ratio Y/X. X is taken from ST and Y from
ST(1). Y and X must observe the following conditions

0 <Y <X

with X and Y not being ‘infinite’.
After a POP operation, the result is written in

radians in ST.




8087 Numeric Processor Extension 1856

Table 7.5 Transcendental Instructions

Possible Time
exceptions (5 MHz)

Transcendental function IDZOUP VRS

FPTAN Y/X=TG(6):6 and X 1in ST X X 90
Y in ST(1) (PUSH)

FPATAN O=ARCTG(Y/X):6 and X in ST X X 130
Y iﬁ ST(1}(POP)

F2XM1 Y=2 -1:X and Y in ST X X 100

FYL2X Z=Y.LOG _X:X and Z in ST X 190
Y in ST%l)(POP)

FYL2XPl Z=Y.LOG _(X+1):X and Z in ST X 170

Y in ST%I)(POP)

I invalid operand
U underflow
P precision error

F2XM1 (without operand). Calculates the function
Yy = 27 -1

where X is taken from ST and must be between 0 and 0.5
inclusive.

Y then replaces X in ST.

This instruction allows a very accurate result to be
obtained even when X is close to 0.

To obtain

Y = 2x

add 1 (provided by FLDl).
The following functions can also be derived from
F2XMl.

X X.LOG,10

107 = 2 2
ex _ 2X.LOG2e
Yx - 2X.LOG2Y

The constants LOG,10 and LOGZe are provided by the
instructions FLDL2T ané FLDLZ2E.

The value of LOGZY can be obtained from FYL2X (see
next instruction).
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FYL2X (without operand). Calculates the function Z =
Y.LOsz where X is in ST and Y in ST(1l).

X must be positive and not infinite.

Y cannot be less than, nor more than infinity.

2 is written in ST, after a POP operation.

This function optimises the LOG calculation to any
base, since a simple multiplication involving a
constant is necessary

Z = LOG (X) = LOG 2 * LOG.X
n n 2

FYL2XPl (without operands). Calculates the function
zZ =Y * LOG,(X + 1)

X is taken from ST and must observe the following
condition

0< | X | <1 -2

2

Y is taken from ST{(l) and must lie between minus
infinity and plus infinity.

Z is written in ST, after a POP operation.

This function allows a more accurate result to be
obtained, compared with FYLZX, when X is a value very
close to 1.

7.3.5 Constants
The constant instructions, which are written in
temporary real, are accurate to some 19 decimal places,
and are built-in in the 8087. Appreciable savings in
execution time can be achieved by using them.

The following instructions load ST

FLDZ +0.0
FLD1 +1.0
FLDPI1 +x
FLDL2T L0G210
FLDLZ2E LOGZE
FLDLG2 LOGlOZ
FLDLNZ2 LOGeZ

(See example 4.8.)
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Table 7.6 Constant Instructions

Possible Time
exceptions (5 MHz)
Constant I DZOUOP us
FLDZ +0.0 in ST X 2.8
FDL1 +1.0 in ST X 2.8
FLDPI Pi in ST X 3.8
FLDL2T LOG210 in ST X 3.8
FLDL2E LOGze in ST X 3.6
FLDLG2 LOGlOZ in ST X 4.2
FLDLNZ2 LOGeZ in ST X 4

I invalid operand

7.3.6 Processor control instructions

For many of these instructions there are two possible
notations. One generates the instruction code, preceded
by a WAIT, as do all the preceding instructions
implicity. The other generates the instruction code
preceded by a NOP instead of the WAIT.

These instructions include an 'N” in the instruction
character string, and are intended for use where the
normal form carries an unacceptable risk of
precipitating an endless WAIT condition.

In the event of an error, the 808B7 generates an
interrupt for the CPU and waits for its acknowledgement
before continuing. If interrupts are inhibited, the CPU
will execute the next instruction and, after decoding
the WAIT instruction, may have to wait until the 8087
frees the TEST pin.

The only escape from such a situation is a NMI or a
RESET.

Control instructions, such as writing the status
word in memory, are often placed after instructions
that may cause errors.

If the interrupts are masked, type 'N° instructions
are therefore to be preferred.
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Table 7.7 Control Instructions

Possible Time
exceptions (5 MHz)

Control us

FINIT Initialisation 1

or FNINIT

FDISI No interrupt 1

or FNDISI

FENI Interrupt allowed 1

or FNENI

FLDCW Load control word 3.4-4.8
located in memory

FSTCW Store control word 4.6-6.2

or FNSTCW

FSTSW Store status word 4.6-6.2

or FNSTSW

FCLEX Clear exceptions 1

or FNCLEX

FSTENV Store environment 11.8-14.6

or FNSTENV

FLDENV Load environment 10.6-13.2

FSAVE Save state 52.8-63.2

or FNSAVE

FRSTOR Restore state 52.6-63.6

FINCSTP Increment stack 1.8
pointer (POP)

FDECSTP Decrement stack 1.8
pointer (PUSH)

FFREE Free register ST(1i) 2.2

FNOP No operation 2.6

FWAIT CPU wait while 1.6(1)
BUSY = 1 (=TEST)

(1) Test for BUSY every 1 upus.

FINIT/FNINIT

initialises the NPX in the same way as a

RESET. Synchronisation with the CPU is preserved.

After initialisation, the registers are not

altered

but are considered to be empty (all the TAG bits are
set).

All of the bits of the status word are reset to 0,
apart from bits c3, €2, Cl and CO which are
indeterminate.

The control word gives the following configuration

unsigned projective infinity
rounded as accurately as possible

64-bit

(maximum) precision

masked interrupts
all the exceptions are masked.
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At the end of the operation the NPX 1is initialised
(see example 4.13).

FDISI/FNDISI (disable interrupts) inhibits interrupts
by setting bit M of the control word to 1.

FENI/FNENI (enable interrupts) enables interrupts by
setting M to 0.

FLDCW replaces the control word by the word defined by
the operand. Exceptions should be cleared beforehand in
order not to risk an immediate interrupt 1f the new
control word has interrupts enabled.

FSTCW/FNSTCW (store control word) copies the status
word into the location defined by the operand.

FSTSW/FNSTSW (store status word) writes the current
value of the status word into a memory location defined
by the destination operand.

This instruction is used in particular

- to make the CPU carry out conditional Jjumps
following a test made by the 8087.

- to test the state of the 8087 (BUSY) without
stopping execution of the program, as in the case of
the WAIT instruction (FNSTSW).

- to recognise possible exceptions when the inter-
rupts are inhibited.

FCLEX/FNCLEX clears the exceptions, as well as possible
interrupt requests and the busy flag of the status
word.

This instruction must be sent systematically by the
exception handling routines, in order to avoid a
permanent loop.

FSAVE/FNSAVE (save state) copies the full state of the
8087, including register contents, into a 94-byte
memory location pointed to by the operand.

The following are output, in order

the control word (16 bits)

the status word (16 bits)

the TAG word (16 bits)

the instruction pointer (32 bits) of the current
instruction

the data pointer (32 bits) of the current operand
the registers from ST to ST(7) (8 * 10 bytes)



190 8086—8088 Architecture and Programming

This operation is very useful for saving the full
state of the NPX and initialising it for a new
“interrupt’ type procedure.

Some precautions must be taken when using these
instructions.

Taking account of the necessary access time, even in
DMA (Direct Memory Access) mode, required by the 8087
to load 94 bytes, CPU interrupts need to be disabled.

In addition, it must be ensured that the CPU does
not attempt to read or write into a save area before it
is completely loaded. The FWAIT (or WAIT) is used for
this.

There is no danger of an infinite loop since the NPX
exits the FSAVE operation in the initialised state, and
therefore without any interrupt reguest.

FRSTOR (restore state) carries out the reverse of
FSAVE. The next following instruction in the NPX must
be FWAIT. Therefore, a 'N° type control instruction
must not be used immediately after FRSTOR.,

The NPX is exactly in the situation preceding the
FSAVE instruction. If necessary, an interrupt can be
requested immediately.

FSTENV/FNSTENV (store environment) saves the working
environment of the NPX in 14 bytes. This constitutes
the contents saved by FSAVE, but without registers
ST-ST(7).

There is no initialisation, but all exceptions are
masked to avoid infinite loops.

This instruction is normally used by procedures
handling exception interrupts of the 8087.

The same precautions as for the FSAVE instruction
need to be taken.

FLDENV {(load environment) carries out the reverse of
the preceding instruction. There must be a FWAIT
instruction before the next NPX instruction.

It is also important to ensure that interrupts are
masked in the control word before execution of FLDENV.

If necessary, the environment handling routine is
made to reset the IEM bit to 0, as well as clear the
exception that caused the interrupt.

A re-entry is very probable since a routine that has
replied to a 8087 interrupt is usually involved.

FINCSTP (increment stack pointer) adds 1 to the stack
top pointer (ST). This corresponds to a POP. The
contents of the registers are unaltered.

If ST = 7, then ST = 0 after FINCSTP.
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FDECSTP (decrement stack pointer) subtracts 1 from the
absolute number on the stack top.

This operation corresponds to a PUSH. The contents
of the registers are unaltered.

If ST = 0, then ST = 7 after FDECSTP.

FFREE (free register) frees the register specified in
the operand by placing the associated tag in the empty
position.

This instruction 1is very useful to prevent over-
filling of the stack with intermediate results.

FNOP No operation.

FWAIT is an alternative for the CPU WAIT instruction.
It should be used systematically when the 8087 is
loading in memory in order to be certain that the CPU
or another bus master cannot access the loading area
before the loading is completed.
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Example A.1l

! This program calls for the subroutine assestler KEY so0 as to execute
fprotection with the help of a password. It edits on screep the contents of the
ftakle of wrong keys filled by the assembler subroutine.

4 In this regard, note how the called program returns the address of a

ftable defined by Itself to the »ain call program.

PROGRAM PROTECT (INPUT, QUTPUT)
= =

TYFE F=ADS OF ARRAY[1..4,1..6]1 OF CHAR;

VAR KEY PROTECT:P;
1,J: INTEGER;

FUNCTION KEY (VARS KEY_FROTECT:F): BDOLEAN; EXTERN;

BEGIN

IF KEY(KEY_PROTECT) THEN BEGIN
WRITELN;
WRITELN(’LETS 60°)
END
ELSE BEGIN
WRITELN;
WRITELN(’REJECTED’ )3
END;
FOR I:=1 7O 4 DO BEGIN
WRITELN:
FOR J:=1 TQ & DD WRITE(KEY_FROTECT"(1.J1):
WRITELN;
END;

END.

192
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Example A.la

'PAGE 62,132
TITLE KEY

H This procedure extends example 4.1 by adding to it the storage of the
swrong keys In a table. This table is filled with '.° before the trials with the
thelp of the Instruction REP ST0OS. After every unsuccessful trial., an instruction

1REP NOUS transfers the characters making up the wrong kev frfrom the stack into
1the table.

These two repetitive instructions allows counting, index incrementation
and data transfers. Moreover, MOUS is the only instruction that allows direct
memory to memory data transfers (PUSH and POP instructions do the sawme with just
one word in the stack).

P ]

as e ma 8

i Lastly, this procedure ir oroganized as & function of & »ain PRSCAL or
$FORTRAN programs, Directly included in an IF statement of these languages, it
iwill return OFFH for TRUE and O for FRLSE in the AL reqister. It also returns
sthe &ddress of a table.

Systep calls correspond to versions I.25& or 2.11 of K3 _DOS,

NAME KEY
. EuNEEEsERE S
PUBLIE KEY
MS_DOS_CALL EGU 21H
DISFLAY _VIDED ERU O2H
KB_WITHOUT_ECHO EQU OBH
TRIAL _NUMBER EQU 4
H
KEY_8T STRUC
l - — -
DB & DUP(?) ¢ Size of & key.
' KEY_S8T ENDS
!
PARAM BTRUC
\
DE 7 1 RAllows keeping stack alignement
: (only 8088),
‘COUNTER DB ? { Byte counting the onumber of
1 attempts.
DS_SYSTEM DW ? 1 Store for the D& of calling
1 progras.
KEY_TRIAL DB & DUP(?) + Location for putting aside the
: trial key.
FORMER_BP Dw ? s <= BP points this offset.
RETURN_ADD bD ? : Return address of this function
POINTER_ADD DD ? 1 Address of polnteur to be loa_
1 ded with the address of HROKNG
: KEY table.
PARAM ENDS
‘ P EGL [PF - OFFSET FORMER_EF]
OFF_LOCATION EQU FORMER_BP - KEY_TRIAL

PARAM_AREA EBU SIZE PARAM — OFFSET FOINTER_ADD
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STACK SEGMENT STACK *STACK’

DW 128 DUP(?) Rdditional stack requirement to

deal with systes calls. The
STACK segment appearing in the
Tile *.NMAP after LINK, is exten_
ded by 122 bLytes.

SETACK ENDS

DIRECTORY SEGMENT WORD PUBLIC *RANW’

; 3 T T 32 32 I T P £ 2 3 2 2 F 2 2 &£ &+ £ 3 2 3 3 F & 3 3 F 2 % 3 B X 1 I J

RIGHT _KEY DE *Xy1873’
END_KEY LABEL BYTE
MESSAGE DB 0OAH, ODH, * PARSSWORD OK*

MESSAGE _END LABEL  BYTE
DIRECTORY ENDS

DATA_TABLE SEGMENT WORD PUBLIC *RAM’

WRONG_KEY KEY_ST TRIAL_NUMBER DUF (<3) Storage for wrong keys.

H

t TYPE = size of structure (6.

s LENBTH = pusber of DUP (4 here)
$ SIZE = LENGTH » TYPE (24 here).

DATA_TABLE ENDS

CODE_PP BSEGMENT BYTE PUBLIC *RDW’

ASSUME CS:CODE_PP, ES: DATA_TABLE

KEY PROC FAR
)

PUSH BF t Actual content of BP is written
y in FURMER_BP of PRRAN structure

MoV BF . SF i BP points the structured stack.

SUB SP,.OFFSET FORMER_BP i Reservation of locations for
s local variables, in the stack.

MOV P.DS_SYSTEM,DS ;s Storage of DS of calling progran

MOV AX,DATA_TABLE : In line with ARSSUKE.

MOV ES,AX

t.veee.cClearing of the area allocated to mnrong keys (used of STOS) 2.uceessnvnce

LEA DI, WRONG_KEY
MOV AL, .’

DI points this area (compulsory}
Al = *.7 jis the value used Tor
fill up.

MoV CX,SIZE WRDNG_KEY CX = total number of bLytes.

CLD (CLear Direction flag) => DI is
ipcreased at every repetition.
REP 8TO8B NRONG _KEY cannot be written

in this Iinstruction, its ¢Eype

being that of KEY_ST ( typesé )

and not that of a byte (1), This
transfer can be interrupted by &
sachine interrupt.

e BE B4 W 89 WE Wi WE WE Cas B =



tececreFOQUESt FOr pRSSWOPrD f.i.scicconceceas easeasessertassessnssssvasasstae e
MoV P.COUNTER, O i Initialisation of counter.
TRIAL: CHP P.COUNTER, TRIAL_NUMBER Test of the number of trials.
JINE OTHER_TRIAL Conditional short jump, limited

JMP REJECT to 127, which imposes recourse

to & JHNP in order to reach
REJELT.

OTHER_TRIAL: MOV AH, DISPLAY_VIDEC Screen display of a wmessage
MOV DL, "7’ request (2?7,
INT MS_DOS_CALL Type 2IK internal interrupt

executed by the systeas.

AN contains the call number and
DL the character to be trans_
nitted.

e e &S A EE 44 WM ‘ea Be P -As as

§over..-Reading, without echo, of the characters of password on trial :.....000es

MOV CX.LENGTH KEY_TRIAL i LENBTH gives the nusber of DUP.

MOV AH,KB_WITHOUT_ECHO

XOR DI,DI 1 Index initialisation.
RECEPTION: INT MS_DOS_CALL s Read character returns to AlL.

MOV F.KEY_TRIALLDIJ,AL i RL=>3S:[BPI+roffset KEY_TRIAL+D]

INC D1

LOOP RECEFPTION { Request as long as CK # 0.

tevesssslUsing CHMPS For comparing KEY_TRIAL with RIGHY _KEV :..vevecececsssconnvenns
ASSUME ES:DIRECTORY

bytes of strings are the sanme.

This transfer may bLe interrupted
without error if REPE is the

only prefix.

JCXZ CORRECT Jusp if CX = 0,

Mov AX, DIRECTORY : In line with RSSUNE.
MOV ES.AX
MoV DI, OFFSET RIGHT _KEY 1 ES:{D1] points the right ope_
3 rand of CMPS. £8 5 coppylsory.
MOV SI1,BP 1 SI points the left operand.
Sup S1,0FF_LOCATION 3 Its segment depends on ASSUNE.
MoV AX,S8 s No Dnased variable: anonymous
MOV DS, AX 3 CMPBS aust be used. DS js then
H ry.
MoV CX,LENGTH KEY_TRIAL i LENBTH gives the pumber of DUP.
CLD s (Clear Direction flagi)z> 01 and
} SI are jpcreased by 1 (CMPSE?
REPE CHPSB § Repetition ay long as CX#0 gnd
]
i
i
:
H

feeerssaStoring of the wrong key with instruction NOUS followed by new trial ...
ASSUME ES:DATA_TABLE

MOV AX,DATA_TABLE 3 In line with RSSUNE.
MOV ES, AX
WRONG: LEA DI, NRONB_KEY Loading of destination address

MOV AL, TYPE KEY_ST
MUL P.COUNTER

associated with ES (¢ompylsory’
Computing of the shift Iin the
table. Impiied bwmultiplication
of AL by & asaory byte. The re_
sult is written in AX.

e ws e B we W

ADD DI,AX



196

REP

JecasvsSending

ASSUME

CORRECT:

SEND:

$10000.0.Return of a flag into Al: O for wnrong key

REJECT:

JeresesS0Nding

COPY_ADD:

i
KEY

|
CODE_FPP

8086--8088 Architecture and Programming

MoV SI,BP $ Same condition as for preceding

SUB SI,0FF_LOCATION 3 CHPSE.

MoV CX,LENBTH KEY_TRIAL i LENBTH gives the nuster of DUP.

MOVEER | Sase resarks as for CMPSB.

INC P.COUNTER t Increase of counter.

JMP TRIAL } New trial.

of nessage "PASSHORD OR’ f.vesvisvoncscsnserscacas tessasusivnanns

DS: DIRECTORY

MoV AX,DIRECTORY

MOV DS, AX

MoV CX,MESSAGE _END-MESSABE ; Offset subtraction giving
{ 1ength of message in bytes.

mav AH, DISPLAY_VIDEC

YOR s1,81 § Index initialisation.

MOV DL, MESSABGELSI] i1 Sending of character indexed by
3 51,

INT MS_DOS_CALL

INC SI .

LOOP SEND i Return to SEND: as long as CX#0

mav
JMP
XOR

LDS

ENDS

END

AL, OFFH
COPY_ADD
AL, AL

of address of the table HRONB_KEY

BX,P.POINTER_ADD

WORD PTR (BX1,0FFSET WRONG_KEY
WORD PTR [BX+2),DATA_TABLE

pS,P.DS_SYSTEM
5P,BF

BP

PARAM_AREA

and CFFH for right key f.vicess

and PretUrD Jeoeesnassscccnsnan

Loading of the gddress

of the pointeér to bLe
loaded.

HORD PTR iz necessary
as the other operands
are of the imsediate
type.

- ee Be We e e wE
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AAA 147 DD 39
AAD 150 DE 174
AAM 149 DEC 147, example 4.8
AAS 149 DENORMALISED 168
ADC 147 DF 113
ADD 147, examples 4.2, DI 2, 23, 154
4.21a DIV 149
AF 112 DQ 40
AGAIN 22 Ds 2, 23, 26
AND 150, example 3.8 DT 41, 107
ASSUME 33, 44, 70, 73, DUP 25, 44, examples
examples 2.8, 4.2, 2.10, 3.6
4.4, 4.10, 4.12 DW 39
AT 17 DWORD 165
AX 2 DX {D#H, DL) 2
BIU 109 END 35
BP 2, 23, 78 ENDP 29
BUS 3 ENDS 16, 19, examples
BX (BH,BL) 2, 23 2.1, 2.2 2.3, 3.10
BYTE 16 EQ 67
EQU 37, 47, 68, examples
CALL 24, 56, 155 3.2, 3.8, 4.9, 6.1
examples 2.16, 4.2, ESC 159
4.19%a Es 2, 23
CBW 150 EU 109
CF 112 EVEN 20, example 2.5
CLASS 13, 18 EXTRN 34, 76, examples
CLC 158 2.17, 4.12
CLD 158, 160 example 6.1
CLI 158
CLK 103, 120 FABS 183
CMC 158 FADD 179
CMP (CMPS, CMPSB) FADDP 179, examples 4.8,
examples 4.8, 4.19a, 4.15a
6.1 FAR 24, example 4.10
COMMON 18 FBLD 177 -
cs 2, 23, 24 FBSTP 177
CU 154 FCHS 1813
CWD 150 FCLEX 189
CX (CH, CL) 2 FCOM 183
FCOMP 183
Daa 147 FCOMPP 183
DAS 149 FDECSTP 190
DB 39 FDISI 188
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FDIV, FDIVP, FDIVR,
FDIVRP 180

FENI 180

FFREE 190
FIADD 179
FICOM 183
FICOMP 184

FIDIV, FIDIVR 180

FILD 177, examples 4.6,
4.15a

FIMUL 180

FINCSTP 190

FINIT 188, examples
4.13, 4.21a

FIST, FISTP 177
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