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Chapter 1 - Nembers and Systems

Chapter 1 - Numbers and Systems
INTRODLUCTION

The arnival of the Series 3 from Psion in 1991, marked a new chapter in the
development of pocket sized computers. Based on an exiternely complex bul
velisble architectire, this miniature marvel can be Programmed osing cne of
three types of compnter language; OPL - 2 high-level and easy to use
language, similar in mamy ways to BASIC but capable of greater
sophistication, “C" using the available Software Development Kit (SDE) or
standard 8086 machine code via 2 suitable assembler.

This book is aimed at anyone who wishes to progress on from OPL and
merease the power and flexibility of their programs and applications without
resorting to the problems associated with using “C”. As YOU work your way
through this beok you will develop an understanding of 8086 Prograrmming
techniques using a simple but effective two-pass assembler. The swiall sechions
of eade  you produce will allew you to commmumicate with the Psign's
hardware and system resources at a level impossible or difficult using COPL.,
Along the way, vou will gain a better understanding of the Psion 3°s hardware
design and operation.

THE PSEIN 3

The Psion 3 series of computers are built around three main intezrated circuits.
The NEC V30 semes 16-bit microprocessor, which is an enhanced device
based on the 8086 type architecture as used i desk top PC’s, and two Psion
customised chips know as ASIC] and ASIC2. The 3a serks combines these
threz chips into one larger integrated circwit. Tt is refreshing 1o note that the
VI 18 some 40% faster than the 2086 for the same clock speed and in
addition has 5 larger instruction set. The increase in speed of the V30 over the
8086 means that the 3a rutming at 7.68 Mhz is faster than a conventional PC
runming at 10 hhz

A full description of the V30 microprocessor unit can be found in appendix 1,
but for now we'll Jook at the probiems to be overcome in writing, entering and
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punning programmes on a machine that appears to defy all atempts 10 break
into the systerm

The Psion 3 is a very well behaved computer. What [ mean by this is that it is
viromlly impossible to cause it to leck up. You may alrcady have
experimented with machine cude by using the PEEK and POKE mstructions
fromt OPL., Haphazard approaches to pseking and poking will almost certmnly
result in your Psion crashing and systom emor MEssaLes of the type shown m
Figure 1.

= SYRSPHO.5 18

Prorecs exdted
Exit ramaber 77

Continue

Figure |

This happily provides some sort of safety nel. It is important to remesmber that
we are about 1o embark vn a voyage filled with obstacles and pitfalls. At best,
mistakes will produce simple error messages similar {0 that above. Al worst
you machine will lock up completely and you will have to perform a reset and
suffer the possible consequences of losing all your important program and data
files, etc.

Before continuing, 1 strongly advise you 1o save all important information to a
Flash 88D or a flappy disk, if you possess the serial link.

MACHINE CODE CAN SERIOUSLY CORRUPT YOUR DATA.

In spite of this hawever, if you enter the exanples carcfully, [ promise that I
will ensure that your progress is relatively safe and trouble free,
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THE SAFETY BARRIER
We'll begm with a simple program that causes the computer to safely crash.
Enter and run the following shor program in OFL to see what [ mean:

PROC A

Local u%a

Pokeb 40480
u%=USR(40483,0,0.0.07}
Endp

What we have dene here 5 to poke an illegal 8086 instruction =t memory
address 4048 and then executed the single byte code. This however, is not the
otly problem with this short OPL program. We lave failed to terminate the
routine with a RETURN instruction. This must always be present at the end of
any machine code program to allow a safo return back to the operating sysiem,
The decimal code for the RETURN instruction is 203. Enter the following and
note the difference:

PROC A

Local u%a

Pokeh 4048 203
ube=USR(4048.,0.0,0.0)
Endp

A safe return resulicd!

Tl_te machine code program was only ooe instruction long, but ar least it ran
without ¢rashing.
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THE USR INSTRUCTION
The comprnents of the LISR instruction are worlh examining:
uH=TISRIA048,0,0,0,0)

The first number, in this case 4048, is the address that is loaded into the 085
program counter register. The microprocessor always starts exeouting code at
the address held in this repister, The remaining four zeros are passed to the
four main Tegisters of the 8086 in the following order AX, BY., CX and [¥.
In the exampls above we have simply set all the registers to zero.

We could of cowrse have sent any number we like to thess four registers. For
cxample:

FROEC A

Lacal o%

Pokeb 4048 203
n2%=1TSR{#048,255.0,0,0)
Print u%%

Get

Endp

Here we have loaded the AX rogister with the number 255, Run this program
and niote that 255 is printed on the screen. The reason for this iz that at the end
of any machine code routine run from OPL the value of the AX Tegister is
passed back to the USR integer variable, u%.

Can we store 2 number larger than 253 in the AX register”
Yes, we can;

PROC A

Lecal uwd

Pokeb 4048,203
ud&-USR(4048,32767,0,0.,0]
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Prnt udr
Fet
Endp

Note that the intcger vanable u% has been replaced in this example by the
long tmeger variable ud&. Unlike integer wvamablcs which can only hold
numbers bebween -32.768 to +32767, long inlcger varables can handle
numbers I the range -2147T483648 to +2147483647

THE ACCLMULATOR REGISTER

The Accmmoulator, or AX register as 1 is called, actually consisis of tao B bit
repisters known as AH and AL, Accumuolater High and Accimaulator Tow
The two segisters can be used logether or separaiely depending on the gize of
(ks number being handled.

NEGATIVE THOUGHTS

The largest decimal number that an eight bit regster such az AH or AL can
store 1z 255. If vou include zero, this means 256 different numbers, 0 to 255.
As 253 times 255 equals 65535 you would imagine thal 63535 is the largest
number that can be contained in the 16 bit AX remster. Try the following:

PROC A;

Local udt

Pokel 40438 203
uf=USR{4048,65535,0,0,0)
FPnint né:

Cet

Endp

This produces the unexpected -1 as a result. Change the 65535 to 65534 and
run the program again,

The reasons for these odd results are that the microprocessor needs 1o be able
to handle negative numbers as well as positive numbers. The only way it can
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do this is to limir the maximum size of decimal mumbers it can cope with. The
limnit is -32768 to —32767.

65535 = mmus 1
65534 = minus 2

32769 = mimas 32767
32768 = minus 32768
12767 =plus 32767
32766 - plus 32768

You'll learn to understand the reasoning behind this rather stranpe numbering
system when we atiempt addition and subtraction in machine code.

It ruight be as well at this stape to remind ourszlvas about what 15 meant by
decimal, hinary and hexadecimal.

NUMBER BASES

Informaton inside a computer is stored as bits. These are either one’s or
zero’s. 1t would be nice if the microprocessor could handle decimal nutabers
as casily as we can. In other words, cng, two, three, four, &te. This is not
possible as our microprocessor contams thousand of slectromic switches that
cam only be ON or OFF. These two switched states are called logic 1 and logic
o

Every decimal number that we enter imto our Psion computer has ta be
converted internally inko a series of one’s and zro’s called bits or binary
aumbers. These bits are stored in RAM or in the processors intcmal registers,
A single hit register would only be able to store a | ar a ©. This would of
course rather limit the mathematical capabilities of the machine and larger
registers are therefore used
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A tvpical cighl bit register can stors numbers from 00000000 o 11111111
binary. Convertsd to decimal, this is & to 255,

In the binary system, the right-most bit represents two to the power of nought,
which is 1. The next bit to the left represents 2 to the power 1, or decimal 2:
the next, 2 to the pewer 2 =4, and 50 on upto the left-most bit, 2 to the power
7= 128. Adding all these powers gives us 735, This is the largest mmber that
an eight bit register can hold;

128 +64+32+ 16 +8+4+2+ 1 =255

In ather words, decinal 255 converted to binary iz 11111111

Any decimal number can casily be comvernted to binary by stmply adding up
the decimal numbers m the serics wherever a binary 1 occurs,

For example, 0100 0001 binary is:
n 1 ¢ 0 0 ¢ 0 1

fd plus I which equals 65

Further examples;

Deecimal Binary

1 Q000 D001
9 0000 1001
7 O000 i
67 C100 00 §
161 1010 0007

_Nul.if.':: how eight bit binary numbers are easier to read when they are split up
ke two groups of fours. These groups are called “mibbles”. Therefore two
nibbles make a byte. Alsa two bytes equal a word and four bytes, or two
words, make a long word,
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* As an excreise convert the following binary numbers to decimal:
a) OO 111 b)Y 0001 0001 ) 0011 0011 ) 11100000 e) 11111111
BITS AND BYTES

Ax we have seeq, eight bits arranped together are callad a bytc. A one mega
byte memory chip can therefore hold onc million eight bit numbers. The
microprocessor in the Psion 3 can handle sixtcen bit numbers, Tanging from
0000 Q000 G000 0000 o 1711 1111 1111 1111, o | to 635353 in decimal.
Thesc larger numbers are obtained in the same way as the eight bit bmary
siumber above, but now we have eight extra bits to play with, This means more
powers of two with the left-mast bit now representing 2 to the power of 15
which iz 32768. If vou care to add this lot up you should amve at 63535,
which of course is the largest number which a 16 bit processor can handle.

HEXATHECIMAL

If writing machine eode involved entering large amounts of binary numbers by
hand, we would have Iong ago pone mad and abandoned computers altogether.
Luckily there are easier ways of programming comprtcrs.

Firstly, amy mumber of binary bits can be grouped together into fours and
tumed into what is knewn as a hexadecimal number, Tt is really very easy, and
the foilowing able should explain:

Decimal Bmary Hexadecmmal

0o
0001
0oL
0011
0100
011
0110

R, TR R T TR L T R e}
F T e

|
|
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T a1l 7
i 1000 &
o 1001 g
10 1014 A
11 1011 B
12 11040 C
13 110t D
14 111 E
15 11l F
Table |

Referring to table 1, binary 1010 (s A in hexadecimal, 1110 is Hex E and so
M.

Eipht bit bimary is represeated by sunply placing two hex mumbers topether,
Firstly split the cight bit mmber into two four bit binay numbers and then

ook them up in the table abowve:
0101110 =  AEhex
QL 0101 = I3 hex

In ather words, all we have to do o convert an eight bit binary number to its
hex equivalent s to split it up into two four bit parts and sort out each of the
two nibbles in .
The same pracess applies to 16, 32 or &4 bit mumbers;

14100001 1111 1100 = AIFC in hexadecimal
DECIMAL TO HEXADECIMAL
Converting a decimal number ta its hex equivalent involves nothing more than

firstly copverting the number to binary using the method on page 7, spliting
the resulting bits indo groups of foue and fmatly changing thetn into hex:
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Decimal 170=128+0+32-0+8+0+2+10

Thetefore decimal 170 equals 1010 1010 which in turn equals AAh (note the h
for hex).

HEXADECIMAL TO DECIMAL
To convert a hex number back to its decimal equivalent, do the followng:
Taking each hex component in fumn, look it up m table |

Ad Hex A = 1010 in binary and 4 = 0100 m binary
Therefors, Adh equals 1010 0100 in binary.

Substinming 128, 64, 32, 16, 8, 4, 2 or | where ever 8 binary 1 oceurs and
adding gives us:

1 ¢ 1 ¢ 0 1 0 U
128 32 4

128+ 324 = 164

Therefore, Ad hex equals 164 decimal.

Prove the following:

a) BSh= 182 decimal  b) CCh — 204 decimal ¢} 4Bh =73 decimal.

Now converi the following hex numbers to decimal:

e ST e

dj6Eh € 8Ah £)T2h

Confirm your answers using the calcularor function on your Psion. Just enter
$6E  and prezs the enter key.

10
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The BOSE has a wealth of instructions that it can understand Examples of
these arc ADD, SUBTRACT, MULTIPLY, [NVIDE, JUMP to an address.
and many more, Cur micreprocessor unfortunalely cannot understand these
instructions as they stand, They need to be changed into  hex numbers before
they can be executed. So our first problem is how do we convert these
instructions into hex numbers which the B08S can interpret”

With eight bit microprocessors, this task is relatively easy. You simply look up
the relevant mmemonic, ADD, MUL, DIV 2tc, I a hst of instmiction codes for
that particular microprocesser and poke the appropriate hex number mto
semary USINg a program called a hex loader. It is a laborious pracess, not for
the faint heared and 15 prome io errors. This method of program eniry is not
possible on 16 it microprocessors like the BO86, which has muny bundreds
more instuctions then a mmble eight bit machine. Also it wounld be difficult to
produce a uscfil table containing all the combinations of addressing modes
and registers that are available.

What we need is somehow 2 method of converting the instruciion mnemonics
intg their hex equivalent without having to look them up in a tablz of codes.

An azsembler performs such a task. In its simpleat form you would enter
something like LOAD AX with 0051, LOAD BX with 0023, ADD AX o BX,
BEETURN. The assembler will then convert these fiur instructions mto the
appropniate hex codes. In (his case, BES100 BB2300 0108 CB.

Using cenventivnal 3086 mosmnonics we would write this as follows:

MOV AX D051 B2s100
ROV B 023 BR300
ADD AX BX t1D8
RETF Ce

Running this program will produce 74 hex as the comect answer.

11
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Three thines need to be noted about the above program. Firetly, when loading
or moving data to and from registers, the two bytes that make up the complele
word are entared the correct way round in the mnemonic form, bul finish up i
memory with the two code bytes swapped around. This is normal with most
progessars, It docsm’t affect the way we write the mnemonics or source code
as it is called, but it must be bome in mind when examining machine code
using a debugper.

The second point to nole is the ADD AX BX instruction. Here, the contents of
BYX are added to the AX register and the result is stored in the AX register.
The original contents of AX are lost but BX retains 23,

Finally, the RETURM instruction is entered as RETE. The F means that the
return is what is kaown as a FAR RETURN. The 8086 allows two types of
RETURNS: Mear Returns and Far Renuns. The reason why two types of
return mstructions are required is due to the intemnal architecture of 2036 tpe
PIOCEESOTS.

SEGMENTATION

Intel, in their wisdom, decided to split the addressing range of the 3056 family
of processor into a number of blocks called scgments. Each segment can be a
maxingum of 64 Ebyies long. Each segment has a scgment number and this is
stored in a segment reyisier, Broadly speaking, if you want [0 address the first
&4 k block you would store 0 in the segment register and set the program
counter 10 the roquired address within the 64 k block. If however you waniled
t0 access memory at address 99,234 for example, then the segment register
wonld be loaded with 1 and the program counter with 39,734 minus 63336 =
33,698, It is somewhal more complicated then this as we will see shortly, but
the basic principles spply.

12
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The %086 has four segment regiaters:-

D% - data segment, T8 - code segment, 33 - stack segment and ES - exira
segmetit.

The sagment names give us 3 clue as o their particular function. The CODE
segment is where our program code will be stored, the STACK segment holds
dara that needs to be saved on the memory stack, and the DATA segment is
where the processor stores and reerieves the dala it needs. For example, MOV
AX [23Al1] is the instruction for moving the contents of memary location
2341 to the AY register. Here the data is colleeted not directly from memory
location 23A1, but from this location PLUS the comtents of the DATA
segment (DS}, The contents of the segment regster are added to 23A1 to form
the final address whare the microprocessor will find the data

In reality, what happens is that the contents of the approprialz segment register
are mutiplied by 16 before being added to the memory address part of the
instruction. This in effect forms a complete 20 bit address allowing memory
addressime up to the fiall 1,048 576 range. (2 raised to the power of 20 equals
1048 576

20-bit addraas = (14 x D3] + address part of instruction code

For example:

DS regicter = 1000h

Address part of instrucion code = 0234h

Then:

20-bit address = (16 x 1000h) + 0234k

Equals 10000h {mwltiplied by 16, or shifted left 4 bits) + 0234k

13
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Thepefore the final address where data is to be found 1s:

1(1234h

The same thing applies when the code segment 1s mvolved:
20-hit address = (16 % C$) + contents of Instructon Poiler
20t address = (16 x C§) + 1P

For example:

C5 repisier = 2100h

IF = 0224h

Then:

20-bit address = (16 x 2100k) + 0234k

Equals 21000k (multiphied hy 16, or shified left 4 bits) + 0234h

The Anal address where data is to be found is:

21334h

Nuie in the above cxample that IP stands for the Instruction Pointer. This
performs the same function as the Program Counter mentioned earlier.

RETURNING FROM A SUBROLUTINE

To get back (o our criginal problem that was what 15 the difference belween

NEAR RETURNS and FAR RETURNS?

14
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If a remn oceurs within a 64 k code segment, then a NEAR RETURN is
required. The mmnemonic for this is RET. Howsver, if a retun will involve
jumping across a segment houndary, m other words the address “gap”™ is
greater than 64 K, then a FAR RETURN (RETF) must be used Every
PrOETAm Y write must end with a FAR RETURN. The distance between cur
code and Psion’s operating system is much greater than 64 k and any attempt
to use a near retum at the end of your eode will almost cantainly reqult in a
system crash.

As an exercise enter the following OPL program and execule it
The decimal code for RET (near return) 15 195:
PROC A
Local u%
Pokeb 4048195

u%={ISE(0,0,0,0,0)
Endp

The Psion crashes and responds with an exit number. Replacing the 195 with
203, the code for RETE, will mive us a safe refurn.

A list of et or panic nombers as Prion calls them, can be found in appendix
6,

15
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Chapter 2 - The 8086 Structure
The Micrneamputer

Figure 1 shows a tvpical microcomputer system.

DATA BUS

: — >
= I (R A
TPPLY RART liPIh ®
— AT A AV ATAT N

D

CPU ROM

S ADDRESS BUR

PV

< CORTROL BUS

Fipure 1

The Psion operafing system is contained in 1 megabyte of ROM (Read Only
Memory) whilst the user programs & held in BAM [Handome ACCESS
Memory), which can be to as much as 0.5 megabyte {excluding the RAM
slots). Bearing in mind the limitations imposed by a 20 kil address bus, this
large amont off internal memory seems amazing. The reason that the Psion
appears to bo accessing more memary then is possible with the available
address lines (20 lines = 1,048576 byles) is that extra memnory, of shadow
memory, 15 paged in and cut only when required. The paging function is
bandled by the sophisticated memory management system within the Psion
hardware.

16
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The PLA. Peripheral Interface Adapter, provides the interface to the outside
world. This would consist of peripherals such as a prmter, the keyboard and

display momitor

The Clock is the heartbeat of the CPU (Ceniral Processing Unit). It determings
the memury access speed and also the number of instructions per second that

the processor can perform.

The coptrol bus contams exra signals that the processor requites such as
1 readiwrite and chip enable,

A greafly simplified hlock diagram of the Psion 3  is shown v below.
Although it is far more complex then the typical microcomputer shown above,

it behaves i a smmilar fashion.
MEMORY
— ASIC]
LCD
ASIC2 S50
| coMBo _l_
| CRYSTAL
ame| G ——
KEYBOARD

17
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ASIC] is the main system controller chip which interfaces directly with the
V30 micraprocessor. Two of its maum tasks are memory decoding and intcrrupt
kandling.

ASIC2 contains the system clock osciltalor and is also responsible for the 88D
and high speed serial link. Cther lasks performed by this complex inteyrated
circuit are keyboard handling and driving the sound sysicm.

The two 1.5 volt batterics supply power 10 generate up to seven separate
internal supplics. These are switched on depending oa the particular stafe that
the Psion is in at the time. There are four main states, standby, backup, idle
and operating. In the standby state the V30 is powered down but ASICI,
ASIC? and the memory are powered up. When the main batteries have
expired, the backup state comes mto play. This state is simifar 1o the standby
statz except that the it is not possible to switch to the full eperuting state. The
idle state can occur during the operating state and sithough the processor 1%
powered up, it has entered an idle mode where it is waiting for an cvent to
oceur, for zxample an external interrupt.

In the Psion 3z the fimctions of V30, ASIC] and ASICZ are combined into
one larger integrated circwl known as ASICS. This chip gives an improvement
in pracessing speed and also extends the memory address range by widening
the address bus (0 24 bits.

18



g

THE 80386 MICROPROCESSOR

Chapter 2 - The 386 Structure

A typical microprocessor unit looks something like figure 3 below:

EXTERNAL DATA BUS
INTERNAL DATA BUS
Vi
ALL
T sP P ACT
| ADDRESS BUS >
S
" FLAG
INTERNAL REGISTERS e

Fipure 3

The Arithmetic Logic Unit (ALU) is the brains of cur microprocessor. It
performs 3ll the arithmetic fanctions like add, subtract, multiply md divide. Ut
can also shift and rolate  bis within 3 hyte [eft or nght by one or more
positirms. This is am extremely wsefl] function as we will see later,

The Accimmulator (ACCY is whare data is stored before being acted on by the
ALLL TEis one of many inlernal registers that a processor might posscss,

19
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The Stack Pointer (SP} contains the address of what is called the stack. Thiz is
an area of memory (RAM) where important information like return addresses
and rapidly neadzd data are stored for later refmieval.

The Program Counter (PC) holds the address of the next instraction 1o be
executed Lo the 2086 family of microprocessors (his register is called the
Insiruction Pointer (7). The IP always poinls to the address of the next
instruction to be executed. Although during program gxecution, the contenis of
ihe Instruction Pointer can be modified or saved. we can nol access this
register directly.

The Flag Register or condition code register as it is sometimes called, is made
up of a number of single bit registers which can set or cleared by the
programmer et under program controd. For example, if an addition results in an
averflow, the overflow flag is set or if 2 subtraction produces a zero result thea
the zero flag would be set. Note that if 4 particular flag is sel then it contains a
1, otherwise a zero. The contents of a particular flag bit can be tested and the
processar can alter its execution path based on the jogical values of these
codes. The 8086 instuction set presemled later clearly indicates which
instructions maodify which condition flags.

£036 REGISTERS

The &086 contains all of the above registers mentioned in the previons section
plus the segment regsters, C3, DS, 53, 5, and two index registers. 51 and
DI

The 8086 registers divide thamselves into two Man Eroups: the DATA group,
and the DOINTER and [NDEX group. Each of the registers is a full 16 bats
wide.

AX. BX, CX and DX are the data group that can be used as a single 16 bt
register of as two 8 bit registers. When usad as two 8 bit registers, they are
divided into an upper {H) and lowsr (L) half, These are labelled AH, AL, BEL
BL,CH, CL, DH, and D1..

10
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The pointer and index registers can onky be used as 16 bit registers. We will
learn later the reasoming behind these regizter names.

The four segment registers are each 16 bits wide and are widely used by the
Psion opeiating system. We will not atternpt to modify them during our
prograinming excrcises Iater, as unpredictable results could occur, As stated
earlier. these remisters are combined with other internal registers during
program pxecution to form a complete 20 it addrass for the 8086"s external
addrass bus. For example, when performing a PUSH or a POP mstruction
using the stack, the Stack Segment register is combined with other registars to
form the memory address that peints o the top of the stack,

THE FLAGS

The CONTROL fAags consist of DF {direction flag). I (imterrupt enable flag)
and TF (wap flag). The six 1 bit STATUS or condition flags arc updated after
an instruction has been executed. They represent the condition of a result after
an aithmetic or logie operation. As we will see, the program execution path
can be modificd based on the value of these flags which of course can only be
githcral oratl.

AF Auwiliary Carry Flag. If this flag is set (=1}, there has been a carry from
the lower four bits of a byte to the higher four bits. Four bits are called a
nibble, 5o we can sav that a carry has occurred from the low nibble to the high
nibble of a byvie,

CF Camy Ilag This flag is sct when therz has been a carry or a borrow (o the
high-order-bit of the result. This result can be zither 8 or 16 bits. The carry
flag is set when, for example, 128 and 129 are added together. The resule
{257} is larper than 255 and a carmy over oecurs.

OF  Owerflow Flap. When this flag is set, an arthmetic overflow has

oocurted. This happens when by adding two large positive numbers, the last
it in the byte is =et.

1
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Chapter 2 - The 8I86 Structure

If vou remember, in order to bandle negative as well as positive numbers, the
processor deals with an eight bit number not as being from 0 w 255, but as
from ~128 to +127, Therefore 127 plus | must result in an overflow because
positive 128 is an invalid oumber

SF Sign Flag This flag tells us whether the result of an operation is a positive
or negative mumber. A O in this flag register indicates a positive number, and a
[ indicates a negative number

PE Parity Flag. If this flag is set, the result of an operation has an even number
of 1's in it. For example, 10101003 + 00000010 = 10101010 would set the

parity flag o 1.
ZF Zero Flag I the reault of an operation is zern, then this flag will be set

Figure 4 on page 23 shows the 8088 register and flag details,

i
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AH T AL | ACCUMULATOR
[ BH = BL | BASE
cH N CL | COUNT
DH TR DL | DATA
5P STACK POINTER
BP BASE POINTER
ST SOURCE INDEX
DI DESTINATION TNDEX
cs CODE SEGMENT
DS DATA SEGMENT
S5 STACK SEGMENT
ES EXTRA SEGMENT
1P
oF| DF| 1 |18|sF | 2zF| |ae| |pF| |cF

EEE

Higure 4

STATUS FLAGS
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8036 MOY INSTRUCTIONS

THE MOV [NSTRUCTION

The MOV instruction transters a byte or word from the source operand to the
destination operand. (Note: an operand is data to be operated on by the CPU).

The msmuchion is wWitten a3

KOV destination, source.

IMMEDIATE ADDRESSING

I (he immediate addressing mode, the operand appears i the instruciion, Ao
example of an immediate instruction is one that moves 2 constant value ko an
internal register {which, in the following example, is AX).

MOV AN 0563

The canstant 568 is loaded into the internal register AX. The pumber 368 will
regide in the bytes of memory that compriss the instruction.

REGISTER ADDRESSING

The ragister addressmp mode indicates that the operand to be used s
contained in one of the general internal registers of the CPUL In the case of the
AX, BX, CX, or DX registers, this register may be § or 16 bits. For example,
the instruction MOY AX.BX will move the contcnts of the BX register mio
the AX register. A similar instruction, MOV AL,BL, will move the conienls af
the BE. register (B bits) into the AL register. When using register addiessmg,
the CPU performs all operations internally. In other words oo 20 bit address is
generated to specify the operand.
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DIRECT ADDRESSING

The direct addressing mode completely specifies within the instruction, the
location in memory that contains the operand. In this type of addressing, a 20
bit address must be formed This means that some intermal address generation
on the 8086 will take place. Here is an example of this type of addressimg:

MOV CHCOUNT

The vatue of COUNT is a constant. [t is used as the offset value m computing
the 20 bit address. The 8086 always uses a segment Tegister when computing
an actual address, Which register will be used for this particular instruction?
Unless insmucted othenwise, the DS or data segment register will be nsed. This
is the default segment vahie. However, any of the four segment values may he
used. This is accomplished by specifying the register appropriate m the
instruction. For example, supposs we wish to use the ES register. rather than
the DS register, we would then speeify:

E3:
MOV CX COUNT

Where ES is the "scgment override prefix” for the instruction. [ts value will be
mscd a5 the szgment register for computing the 20 bit actual {or physical}
address.

EEGISTER INDIEECT ADDRESSING
With the register index addressing mode, the 16 bit offset address is contained
in a base or index register, That is, the address resides i Lthe BX, EF, 5L or DI
register. Here is an example of this type of addressing:
MOV AR S]]

The 16 bit binary value contained in the 31 register would be the offset used to
compute the 20 bit address, Again, a segment register will be used to generate
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the finzl address. The 16 bit valoe in 51 is combined with the proper scguent
value for address pencration

REGISTER INDIRECT WITH DISPLACEMENT

This type of addressing involves the two previous modes of addressing. The 16
bit offset address is computed by adding the 16 bit value speeified by the
internal register and a constant, For example, let's use the internal DI register
and the constant value (displacement), where COUNT has heen previously
defined as some number equal to COUNT. The mnemonics for this type of
addressing ars:

MOV AX, COUNT [DI]
If COUNT = 0378H and DI = (4FAH, then the 16 bit offset address will be
0872H which is the sum of (3TEH + (4FAH.
REGISTER INDIRECT WITH A BASE AND [NDEX REGISTER
This addressing mode uses the sum of two intermal remisters on the B8 to
obtain the 16 bit offset address to be used m the computation of the 20 bit
atldress. Here are examples of this type of instructions:

MOV, (BP] [DT], AX
MOV AX [BX][ST]

In this instruction, the offset A equals B + DI and the offset B equals BX |
5L
REGISTER INDIRECT WITH BASE + INDEX + COMSTANT

This is the most complex addressing mode. I it is taken one plece at a time, it
is not too dillicult. This addressing mode is identical 1o the previous
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addressing mode, except that there is a constant added poto the Final 16-bit
sum, For example, let's suppose that the following register values are given:

o =0367H
BX = 7EI01]
COUNT = 0012H

This addressing mode indicates that the offset specificd by the sum of DF 4
BX + COUNT be uscd to move the memory data into regisier AX The
instruction would be writien as:

MOY AX, COUNT [BX] [DI]

The 16 bit offset address would be equal to PCOOH, which is the sum of
036TH + TEIOH + N 2H. The complete 20-bit address waould be computed
by the equation [16 x 1S} + TCOSH. If the DS register equals 3000h, then the
complete, physical 20 bit address would egual to [16 x 3000h] + 7C00H =
F7CO9H.

Wote: The assembler used o min the examples in this book will aot handle all
of the 8086 s addressing modes listed above,

2
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Chapter 3 - The Assembler Environment
THE ASSEMBLY PROCESS

The job of an assembler is to convert owr source code, written m assembly
mnemonies, inte hexadecimal machine code that the 8086 can understand. It
achieves this by taking each mnemonic each tam and looking it up in a look-up
table where it extracts the appropriate hex number or numbers, Our look-up
table is stored in & file called MNEMONIC DBF,

This aszembly process relies on the comect spelling, or syntax, for each
mstruction being wsed In order to speed up the asscmbly process I have not
used the official Intel mnemonivs for the different addressing modes, The main
differences arc as follows:

MOV AX, 0123 enter a5 £MOV AX,0123
MOV AL 03 #MOV AL 03
MOV AX [3000] >MOVAX [3000]
MOV [3000).A% <MOVAX[3000]

Other differences will be become apparent as we enter the example programs,

TWOD-PASS ASSEMBLY

Il we had to manuvally calculste the absolute address fur every JUMP
destination, life would be very difficult Symbolic addresses are the answer to
this problem. Each destination address is miven a label, which with our
assembler, must be four characters long. In order to tum these symbolic
addresses mio achial addresses, the assembler noeds to run through the source
code twice, After the second pass, all the address labels are replaced with
absolute addresses.



-

Chapter 3 - The Assembler Environment

THE DISASSEMBLY PROCESS

Disassembly 15 the opposite to assembly. This process simply converts the
machine code back to 3086 mnemomcs. We can then check that our origmal
sourge assembled satisdactory. Under the Assemble opdicn in the menn, you
will see the unassemble aption. Enter either an address (hex) or press the <37
Lkey to dizassamble from the defanlt location.

MACHINE CODE AT LAST!

We have examined the rceisters and various addressing modes of the 8086,
and briefly looked at the asscmbly process. We now need to look at entering
and running maching code on the Psion 3. In other words, the interesting part,

The three OPL programs and the mnemonic file listed m the appendix will
need to be entered and translated first. These are DERUG OPE., AIMSS.0PL,
DRASEOFL and MMNEMONIC DBF. The REM stalements can be omitted
bul be particutarly careful with the variable names. Notice that the DEBUG
program 15 an application that makes use of a suitable ICON picture. If you
dom't possess an [CON desipner just omil the first four lines from the
DEBUG.OPL program.

The program was writhen be tun on & Series 3a machine, but by modifving the
PRINT AT statements and replacing references to FINDFIELD with FIND, i)
should run alt right on a Series 3.

The source editor, DBASE OFL, is the program we arc going 1o use to enter
and cdit our moemonics, This program opens up sither an existmz or & tew
DBF file. Each linc of source code is entered and stored as an entry in the
database file.

Although it is more difficult to edit lines of text using the database then if we

had decided to use the built in word processor, it solves other major problems
and alsn speeds up the 2ssembly process considerably.
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‘[he editor (DBASE) program is only loaded in by the DEBUG application as
and when required;

PROC proce:

LOADM " LOC: M WOPC DBASE OPO"
STATUSWIN OFF

FOMT 10,16

EDx
UNLOATM "LOC MAOPOWUDBASE QPO
EMDF

Enter the ADISS progtan: in 2 similar fashiva, This also, is only loaded in by
the main program when required.

Finally, the mmemonics nesd 1o be emiered carefully and saved as
MNEMONIC DEF, Remember to change the labels to TEXT, CODE and
LENGTH before typing in the mnemonic data entries. The Edit Labels option
on the Edit menu lets you rename of delete labs] names in the same way 43
you edit an entry, Aftcr changing the label names, press the TAB key belfore
beyginning the data entry, Use the delete key to remove any unwanted labels,
Consult vour user guide if you swe not sure how o repame lzbels or how ko
type in the entries from the mnemonic Hst. For example, from the List in the
appendix, MOV AH AL 88C4 2. weuld be entered as figure 5

Figure 3
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You don’t of course have to enter all the mnemonics in one go, neither do they
have to be in any particular order. What is important 15 that you enfer tham
gxactly as shown.

ADDING EXTRA CODES

If you have access to a PC you ¢an aidd extra codes to the MNEMONIC FILE:

1.
2
A

L

At the U= prompt. tvpe debug,

Type the single letter “a” followed by enter. Note the full address.

From appendix ! or anolher suitable code source, enter the

mnemaitic required, . mov beax {upper or lower case).

Press enier bwice.

Type the smgle letter “u” followed by the address noted above. For
example: u 29EC:0100. Your address will be different of course.

The screen should show the following:

-1 20100
0B 00 8HC3 KOV BX AX

= (=
Make a note of
a) MOV BX,AX

by BRCS
c) the code length, in this case 2.

You now have all the information raquired to add this code to your  existing
database file:

Text: MOV BX AX
Code: 89C3
Length: 2
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Ensure that when addine codes that use the immediate addressing moede,
always use FF or FEFF as the operand in MHNEMONIC DREF file (don’t enter
{he # symbaol in the mnemonic file):

Text: MOV AX FFFF
Code: BEFFFF
Length: 3

Also with the direct addressing mode!

Text: MOV AL,[FFFF]
Code; AOFFFF
Length: 3

Mode the square brackcts,

I you delcts an eny from your database, the space it takes up is ool
automatically reclaimed. Also, when you re-edit an entry atul press Enter to
put in the new version, space is still taken up by the old data.

The “Compress File™ option on the “File” menu will reclaim any such space
taken up by the old information, Using this will help keep your file length
down. Tlse it before copying your mnemonic file to a Flash 55D,

An important point to remember is that beforc our Psion Assembler can
agsemble anything, the MNEMONIC DEF file must be on the internal drive in
the “DAT directory, Copy it over if you have saved the file to flash S50,

Also note, thal | can only puarantee that the mstructions in the example
memonic file assemble and disassemble comrzetly. In order to handle all of
the available addressing modes, index addressing, base addressing ele.,
available on the 8086, the assermbler would have to be prolubitively
complicated,
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WHERE IN MEMORY?

Onr first problem is where in memory do we store our assembled machine
code? Wa could use the heap and allocate space as descrbed in the
programming mannal. This however, can lead to complications and it would be
better if we could make life easier fur ourselves.

What we are going to do is declare 8192 integer variables that will give us 16
kbytes and then stoae cur code there. This will almost certainly be sufficient
space. The OFL instruction for declaring a large number of integer variables is:

GLOBAL BUFFER%(8192)

What we don't know of course is the address ef (his area of memory. The
foliowing line of code answers this question:

ORGE&=ADDR[BUFFER(}}

The variable ORG&: now contains the starting address of pur protected arca of
MEmory.

The assemblad code can be stored here by default with the asssmbler diroctve
ORG 7. or we can decide to place it anywhere we like by using the ORG
eommand followed by a suitable hex address:

ORG 1000

Remember that a suitable hex address is not necessary a safe address.

This, for example, wall almost certaimly result in a system crash:

CRG 0000
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Stick with ORG 7 to be on the safe side.

Having previeusly saved all your important data and program files to a
flashpack or onto floppy, via the scrial link, a ¢rash shouldn’t be the disaster it
might be. Experience and common sense will lead you to safe memory areas.

A FIRST LISTING
A typical program in source form will look like this:

ORG?
*LO0P
EMOV BILFFFF
*DLAY
LEC BX
TNZ*DLAY
#MOV AX, 1201
INT 8E
JNZALOOP

0 REITF

1 END

— e W O -] O LA P L b e

[hon’t atiempt to enter this program. We'll just examine it carcfully, line by
lina.

The €)RG command tells the asscubler where te place the machine eode.
Following this are nine lines of sourse code, termmated by END,

The line numbers appear on the left. When you come 10 1se the text editor,
you will notice that the line mumbers become duplicated or out of sequesice.
This is not particularly impertant and won’t affect the correct running of the
assembler.
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1. The ORG statement can be entered as ORG? or ORG 7 This informs
the assembler that the code i to stan in 4 safe area of memory as mentioned

above.

2. *LOOP is an address label. MNote the asterisl. This must precede all
labels.

1 The # symbol before the MOV BX FFFF tells the assembler that the
instroction i5 inmediate. In other words, FFFF hex is the data to be loaded mto
the AN register.

4. Again, note the * before the label DLAY.
5. DEC BX simply decrements the BX register. (BX minus 1)

6. INZ*DLAY is an msiruction that causes the program to jump back to
the address called DLAY. This will culy oceur if the contents of BX ae NOT
FZERO. Note carefully the difference in synlax between:

1,  THNZ*DLAY and
2. JE "DLAY

When using JZ ensure that there is a space between the 2 and the *.
& Like line 3, this is an fmmediate instruction.

3. The INT 3E mstruction is an interrupd call #0 Psion’s operating system.
Moke the full-stop before INT.

9, INZ*LOOF is a Jump on Mon Zero back to the label *LOOP. In actual
fact this never results in zero and the program will continue indefinitely ot watil
the escape key is pressed.

10, The importance of RETF was stated eadier. Althoush in this partieular

program it seems to serve no purpose (3ee Y above) all your programs showld
funsh with this sate FAR RETURN.
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11. The END statement is only used in the editor. Tt allows you to ext the
edit mode and retarn hack ta the dump sereen. When the assembler cncounters
the END directive it will thromw up an error but we can ignore this.

(In leaving the editar, the file will be saved automatically and we can then
asscmble 1t or list i1,

You can of coursc, return to the sowrce file and edit it later if requmed.

Dhuring the first pass of the assembly process the label names are wnresolved
and appear as FFFF in the code listing During the second pass these amc
camectly replacad by absolute addresses, which cau be either forward
(absolute address plus 127) ot backwards (absolute address minus 128). In the
example ahove, the relative jumps as these are called, are all backwards.

The first pass produces this:
4 DRET Start addres=? G2I75 [BE21 dec)
2 ul P
3 EHM BX,FFFF BEFFFF ZEVS
4 #DLAY
5 DEC BA 4B ZETH
<] JHE~DL A VaFF Jomp labal 2279
T sHOU &, 1281 BEB11Z 2278
] _INT EE CDRE 227E
9 JHE=LOOF ToFF Jump |abel 2288
18 RETF CH 2282
Code length: 14. End address: 22B2(hex)
2 Errors

Figure &
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And the second pass:

i aRGT Etart address: 57775 (8871 dec)
Z =L0aOF

3 dH0 BM FFFF EBFFFF 2L
4 =Dl AY

5 DEC BX 2278
b JHZHDLAY [ ] 2279
¥ SHOU ax 1281 BEAI12 2278
8 . E CREE 2ZTE
9 JHERL DOF ISk 3 2208
18 RETF (1] ZZBE
Cude length: 14, End addrexs: Z2Z0Z(hex)

B Errors

Figure 7

Notice the two errors produced after the firat pass in Figure 6. As mentioned
above, this is because of the vnresolved address labels,

The program has heen comectly assembled at address 2275 hex. On your
machine, this address will almost certainly be different. This doesn’t matter
however, as your safe area is as safe 25 mina.

Motice also that the address labels, or symbaolic addresses as they are more
comectly called, have been replaced by actual addresses. We can only jump
relative 1o our present address by 127 ar -128, This means that any backward
jumps will resuft in opcrands between 30 b and FF h, and forward jumps in
numbers between 00 b and 7F h.
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On completing its second pass the assembler will display a symbal table
showing the actual addresses represented by the labels:

Suymbal table:

LOOF . . . 2275
DLAY...2278

Figure 8
Again, these addresses will be differcnt on your machine.
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Chapter 4 - First Steps in Programming
OUR FIRST PROMGRAM
We can now procesd to enter, assemble and run our first program

Thiz program, called ADNDER, will simply stote a number in the AL remister
and 4 second number in the AH register, Later we will add these two numbers
together, but for now we’ll just move them into the appropriate registers,

Remembering that the AH and AL registers can only hold numbers between 0
and 25%, wa'll keep things simple:

ORG?
ROV AH 05
WOV ALD3
EETF

Start up DEBUG and selected Edit from the mepu:

Sutd PP SOOI B
S PP AP o0
VT YT R B P

S T1

Fipure 9

At the “Edil™ prompt, type in ADDER and press the enter key. Debug will
infnom wom that this is a new file.
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Press cnter afler each line of code:

ORG?
HMOV AH 035
MOV ALLD3
RETF

END

Notice how the final END statement leaves the edit mode
Now press Q to quit the editor

Before we 20 onto assemble this, we'll take a look at the DIR and LIST

oplions;

Select Dir from rhe mena:
2215 g al -
LYY
pnERElnE
gEgaiinig
22A5 BA B9 TR
220D B8 B8 BE BB BE-Fo——r———

L

Figure 10
The filename ADDER DRF should be displayed in the directary listing
We can List this file without editing it with the List option.
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{7se List from the meru:

Figure 11

Press the space bar to move through the file, The  key takes your out of the
List made.

Mew select Edit from the menn and enter ADDER at the prompt. You are now
back in the Editor. You can scroll through the listing with the space of amow
keys, The Help and Menu keys will display a simply help screen. From this
you can sce that we can Append, Insert or Delete a line frem the source code

EDITING THE SOURCE FILE

Az an exercise, we'll delete one of our lines of code and replace it with a
different line:

Using the space bar, move through the code unil MOV #AL,03 appears:

(Mot that the up arrow can be used to scroll backwards through the listing

1 ORGY
2 #MOV AILOS
3 #MOV ALD3
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Now press the [J (delete) key. The dispiay shows line 4 RETF. Seroll through
the listmg and the line containing #MOY AL,03 has vanished To replace it,
seroll through the listing until #MOV AH 0515 displayed:

1 ORG?
2 H#MOV AHLDS

Press the 1 (insert) key, Mow cnter the new line of code:
MOV £AL,04

followed by Enter, Finally, nsing the space bar. scroll through the lines of code
comfirming that the new line has been entered vorrcotly and in the right place:

l ORG?

T EMOV AH DS
2 EMOYV ALD4
4 RETF

¥ END

Dion™t werry about the line numbers being all minced up.

Practice deleting and replacing the above lines of code. T admit that it is a little
it awkward, bat it works CK,

EXFCUTING THE MACHINE CORE

When vou are reasonably happy with your source code, press () ko returm 10
the main screen, whers we can now proceed to assemble and mun the resulong
machine code.

From the meny, scleet Assemble.

Choose ADDER from the file list and press returm. Affer the first Pass, you
should have the sercen in figure 12 displayed:

{2
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1 oRG T Start address: $II75 (8821 dec]
z I AR, BS B1BS 2275
3 o) @l 64 bi):LiE ZEFF
4  HETF LB ZZ73
g EHD remove EHD

Code lengtht 5. End address! 22790hex)

1 Errers

Figura 12

As there are no symbolic addresses to resolve, the second pass, obtained by
pressing the space bar, will be exactly the same as the first pass. Note that you
¢an ignore the single error and the associated message “remove END”. This is
orly 2 waming and whether you remove the END statement or leave 1l in i up
tio 0.

Mode that the displayed Symbol table will be empty.

Pressing the space key for the fmal tme will display the screen in figure 13

2275 B+ 65 BA 84 C5 €8 @R B8 J.X.7
70 HA BE OO 60 B8 EBA A& B8 ........
2785 HE BAE HHY #H BB HEA BR B8 ........
2760 HA A d@B #@ AA BA A8 HA ........
2795 6BA PE @0 80 A8 BA BA EH ...... ..
2790 @4 BE @@ D4 8@ BE 86 HA .. ......
2705 A8 HE EH BB PO BE BO ERB ........
220D BE BB B8 AR BH WB BB @8 .. ......

Figure 13
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Again. note that your addresscs will probably he different to the above.
However, if the code itself is different, return to the editor amd medify it as
WCCEESATY.

Before we move on ta execute the code, we'll dizassemble it

Select 1Inassemble from the option list. At the “Disassemble from (HEX}Y"
prompt, enter X. Move through the listing with the space bar:

1403 :7ZnE  B485 Hou aH, &
i4p3:22BA HHOZ MoLr AL 4
1403 ZZz62 CH RETF
{4D3:2ZE2 HAHD 7T
1403 :2285 gaag e
1403: 2287 EBER et
14D3: 2263 BU98 Y

The 4 digit number before the colon is the segment address. The RETE marks
the end of the disassembled code 50 ¥ou can igoore everything after this, Press
D or U to disassemble again or Q 1o quit.
Finally to mn your code do the following:

From the menu select Modify/Run, see figure 14 overleaf
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P T PRI P P P Fad
ol B 2 PRI ]
gawwm = ]

oo oo
e O R R D
1K) OO0 0 06 05 0 B
DS EE S

—

Fipure 14

Alter selecting this option, the screen will be a5 figure 15:

¢ENT*-Poke hute, G-Aun code [Cebug |

277C |B4 A5 EE B4 CB BE HY HE 4 .%.+...

227D B8 Ah 68 8B ER A6 AR A ...... ..

2755 B@ 60 BE B8 BP BE HA HA ........

2780 AA B8 @B HA RR A6 A0 AB ... _....

7295 HA PA BB BB BB B8 HH 4B ........
2790 AR BB BB AR E8 86 49 AR . . _ .. —
77A5 AR EQP BB AP BE B8 9 4@ ........

Z7A0 BA HA PA AR B B8 BA BB ........

Figure 15

The flashing cursor can be moved around the display by usmg the arow keys.
Before running the code, ensure that the cursor is positioned al the start
address, which on my machine is 2275 hex.

We will look at the Poke byt aption shartly, but for now just press the G key.
You will now be asked to confirm the starting address. If the starting address
is incamect, press the escape key. Assuming however that all is well, press the
¥ key. The display will confirm that the code has been executed and will
return with the contents of the AX register:
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{pde executed ** AX=504

We have comaetly stored 05 in the AH register and 04 in the Al register.

MODIFYING THE CODE
Let's try 4 little experiment.

We will replace the 05 with 06 and nun the program again. It IS MOt TECESSATY
to return to the editor and re-asscmble, as we can poke the new code using the

modify option as follows:

Press the space bar to refurn to the last screwm above.

Using the eursor keys, position the cursor over the second byte (05), Mote that
pressing the space bar will toggle between the two nibbles, Select the first
nibble and enter 06. At this stage the chanee is not permanent until vou ht the
enter key. If you hit the csvape key, the previous contents will be displayed.
This provides a Liltls bit of insurance agamst incormest entries.

Having changed the 05 to 06, press the enter key. A message will confirm that
the modification has been made.

Finally position the cursor at the starting address (over the B4 byte) and press
the G key to run the modified code.

The display will now show:

Code executed ** AX=004, which is correct!
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ADDING AH and AL
e can now move onto adding these two oumbers together.
To accomplish this we will modify our previcus source code

Using the edit option in Debug, load in the file ADDER and modify the source
as foliows:

ORG?
S0V AH 03
MOV AL DY
ADD AL AH
DAA

RETF

END

The ADD command will add the contents of AH to AL, placing the result in
the AL register overwriling its previons contants The number in AH remains
unchanged, E

The meaning of [4A

DaA s the moemonic [or Decimal Adjust Accuwmilator This instruction
changes the contents of the Al register to a pair of valid packed decimal
digsts:

DAA

Before: Alier;

Al.=8ah AL =0(th

See the full definition in appendix 2.
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Omee we run the ADDER program you will understand this instruction mere
clearly.

After pass 1 and pass 2 of the assembly stage, your scrgen shonld look like
figure 16

1 OAG 7 Starl addrezs: $Z275 (8821 dec)
Z H#HOL AH.H5S B485 EZ75
3 sripl) AL . B84 EAR4 2277
4 abD Al ,#H BRAEB ZZ79
5 oAl 27 227E
[ BETF CE 2270
7 remouve END

EHD
Code length: 8. Fnd address: ZZICIhex)

Figure 16

Crice again bear in mind that your addresses and line muabers will be different
to the above. The ende znd its length should both be identical however.

On running the machine code, AX will contain the 0509, In other words, AT =
05 and AL = 09 (05 + 04), which is correet.

We can now see the effect of the DAA mstruction simply by replacing the 05
in AH with 06. Use the Poke byte optien to change the second byte in the
serecn dump To 06. Do not forget to press the enter key.

Rum the program fram che start addrese. This ime AH = (6 and AL = 10 amd
not (A as expected. Remember that 06 + 04= (1A in bexadecimal.

Replace the 27 (code for DAA) with 90 (code for NOP) and run the program

again. This time AL contams 0A. We have removed the decimal adjust
function.
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replacing 06 and 04 with different numbers and swapping 90 with 27 and
agmnafewms You will soon leamn the importance of the DAA
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Chapter 5 - Further Menu Options
Menu Options

We will now rake a look at some of the other menu options m Diebug.

P

]

-

1]
o I o O O O B S
o £ 50 0 O S E

Figure 17
LOAD AND SAVE

Load and Save operate on machine code only. These options  ¢nable you to
save a block of code and reload it. cither at the arigimal address or at a new
address. For example, vou could save a 100 byte block of zeroes, calling the
file “BLANEK", and reload this code each time you needed to clear an area ol
memory, You could reload small code gections conseculively, building up 2
larger chunk of code and resave. Each af thee small sections can be
assenrbled and mn separately.

As an exercise, re-load the ADDER program saved earlier. Asscmble the code
and run throngh the following steps after noting the vode’s starting address:

1. Select SAVE from the menu.

3 Enter a new file name, €. g TEST and press euter.

3. Enter the machine code starting address that you noted carlier,
{2275 in my case). Mote that you don’t need to press the enter Key
here.
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4 Byie lengthiHEX). Enter a suitable code length. In our example, 9 is
adequate. Be sure to enter this as 0009 (no ENTER key).

5. The cods file has now been saved as TEST.DBF

Te reload the code:

1 Select LOAD from the menu.
Select the Me (TEST) from the file list,

5 Enter a suilable lgad address. Be carefil here, you could overatite
an important area of memory. Use the previous saved address plus
10. Onee again, do not press enter after the fourth hex digt.

5 Your saved eode should now be re-loaded at the selected address.

DuMp

Thig opnion allows you to examine areas of memory within the curremt 64
fbyte sepment. Just enter a hex address at the prompl without pressing the
enter key. Note thal you cannot examine the ROM with the DUMP option.

The carsor keys do the fallowing:

Down arow - scroll forward a page. { Plus 40 bytes) Note: Don’t scroll
beyvond FFFF.

Up atrow - seroll backward a page. Note: Don’t serol] less then (000!

Ripht arrow - move right by ote byte (Address plus 1)

Left arrow - move left by one byte.

Fsion key + down amow - seroll forward by 8 byies.
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After scrolling around memory you can quickly retum to your origingl address
with the IP = (last address) menu option. Select this and notice how your
onginal dump address becomes the screen starting address

To return to the reset condition, select the [P = Default option. The dump
address now returns to our “safe” area of memery. This also resets IP = {last
address),

ENTER STRING

This menu option allows you to enler & text smng at the displaved starting
address, The length of the string must be less then 255 characters. Press the !
enter key 1o ferminate the string enty. You can $avs the string with the SAVE
code aption and reload it to anather area of memory if required.

REGISTERS

The register option displays the comtents of the various rewisters of the BOES.
Note that the contents of AX. BX, CX and DX are displayed as empty. Sex

fipure 18,
i
886 REGISTERS (D85 1
nY-BPED BX-BEE8 LX-608D DX-AREE EET
C5-1824 0S-1824 SS-1824 ES-1824 B &

S1-AEBY Ul=1AGC SP=A7D08 BP-AB3C

N

Frgure 18
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MNEMONICS

This eption list the contents of the MNEMONIC DEF file, It will prove usefal
to sep if a particular code exists and negds e be added or modified.

I have oot included every 8086 code, aeither arc the extra V30 instructions in
the database file.

DIR

1Jse this to list all the DBF files on the intemal drive.

HELP
This brangs up the Gensral Halp menu;

775 B0 BH AR HAE
2270 OB B8 @8 64
2285 B8 BE 8B ER
220 BB HE 40 BA
£33 00 E8 BB B0
2290 HB HR HA HA
Zefn BB EE BB 88
22A0 HE BB BE B8

Figure 19 - General Help

Each of the seven help screens are shown in Rgures 200to 23,
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L L EFE e

T2 1% [ [=3 =] P a0
BRSmoinain

Pl Pl o] Pl i Pedtifod

T e S R R R
B 2 ) 0 )

L]
Y-
&

1F newa name ks not entered, Edtor wilioad
evisting sauree e, Use v dowm keus to

append, “T ta delehe Ene.

| masue around et Tupe T tainsert, "3 (o |
Tupe BN, fotimued by "0 0 sauve e et S
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Figure 22 - Help with the Editor

[Webug |
2275 HE RA AY BB RA BB BA &8 ....._.._ m"]
397D 88 B 1N
5985 @8 BiL Fssembder *he
7280 B8 B|| Sanply bupe source name, folim.red by 23
2295 B8 B|| EMTER. famkey o move bo next screen RLE
E%EE 1] g Corle il be assemhied a¢ 0RG adkiresss. oba
el 80 @& rrex-k sy suntax errors with Edkbar,

Figures 23 - Asscrobler help screen

2275 B8
2270 B8
2265 BR LIST file allows uou to
JZ80 BB source file; oSy keus oo,
2795 PR LA & SAUE art an rear hine code mky
22390 BB 8| Spurce i loaded and saved astomaticaly
2ERD gg dur ey exiting, From mesu, memsncnic fis

can he inaded and examined-"0" to k.

Figure 24 - Disk utilities help
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b ofi wfle b o ol ol

Figure 26 - Syntax help
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Chapter 6 - 8086 Arithmetic Functions

——

ADDING AH AND AL WITH CARRY {ADC}

we will now modify our onginal ADDER program o take into account the
effect of the result of the addition being greater than 255 o FF hex.

When thiz ocewrs after AH + AL, the CARRY flag will be setto 1.

Beferring to figure 26, you ¢an see thal the CARRY flag 15 the first bit within
the flag register i.e. bit d0. With the aid of the LAHF instruction, we can move
the contents of the flag regdster into the AH register,

Before we carry out the ADC instruetion we must first ensure that the CARRY
flag is et to 0. The CLC, Clear Carry Flag, instruction does this,

Enter the following source code using the editar:

ORG T

CLC

WOV AH 01
#IOV ALFF
ADC AL AH
LAHF

RETF

END

Afier Pass 1, you should have figure 28.
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i

1 oRG T Start address® $2275 (B0Z1 _dec)
2 CLC F& ZETS
3 B AH, B1 B481 2276
4 BHCL ALLFF BEFF 2278
5 RODG AL, RH 1EEB ZZ7n
] LAl oF 2270
? RETF CE 227
bi] EHD removes ERD

Code length: 9. Emd address: Z2Z7D{hex)

1 Errors

Figure 28
Afiter assembling the source run the machine code.
The comtents of AX shoold be 5700, which in binary is:
0101 0111 D000 DOM

If you leok carefully at the separate bits of AH vou will seg that both the zero
flag and the carry flag are bath set:

AH =d7 d6 d5 dd4 43 d2 4l d0
Flags=0 1 0 1 0 1 1 1

d6 contains the zero flag, which is set if the result is zero, and
dD comtaing the carry flag which is set in this case.

This is exactly what we would expect as the result in AL is zere with a carry,

In bimary, FF + 01 is:

1111 1L + 0000 0001 = 0000 0000 phus a carry. Therelere CF = 1.
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Whereas

1121 1100 = 0000 0001 = 1311 1101 with no camry. Therefore CF = 0.

Try changing Iine four of the source to:

#RI0V AHLOL

MOV ALFE

ADC Al AH

LAHF

RETF

ENL

Remember that you can use the Poke byite opton if vou prefer not to modify
the source code.

Alter mnning the above, AL = FF { FE + 01} and AH = 36. {Tsmore the leading
FFFF in the display).

In hinary:

AH=1000 0110
AL=11111111

Apain if you examine the separate bits of AH you will see that both the zero
Hag and the camry flag are both cleared:

AH =d7 do d5 d4 d3 d2 dI d¢
Flags=1t &« 0 0 ¢ 1 1 0

di containg the zeva flag, which is cleared if the result 15 not zero, and
d containg the carey flag which is also cleared.
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i

Once again this 15 exactly what we would sxpect as the resnlt m Al this time
15 not zero and there has been no carry.

SUBTRACTION

The mnemanic for subtraction is SUB. Using this mstruction the source is
enbtracted from the destination and the result is placed in the destination:

Diestination = Destination - Source
Using the editor, coter the following:

ORG T
#MOV AH.03
#MOV AL,09
SUB AL AH
DAS

RETF

END

The SUB instruction will subtract the contents of AH from AL, placing the
result in AL, The DAS is a special instruction that performs a Drecimal Adjust
for Subtraction.

After pass 1 and pass 2, vour screen should look like figare 23,

1 QRO ¥ Start address: 32275 (BE21_dac]
z $HOU AH, 83 B483 2275
3 EFOU AL B9 BaBY 2277
3 EUB AL, "H EB 22713
5 (] £F 2778
b RETF Ch P

Fl EHND remoue END
Code length: 8. End address: 227CChex]

1 Errors=s

Figure 25
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T o

Run the resulting machine code and gonfirm that the subtraction produces Al.
=116,

As an exercise, try different numbers i AH and AL.

MULTIPLICATION

The 8086 can multiply and divide a variety of operands together. For example,
MUL C¥ will multiply the contents of CX with AX and MUL CL will
multiply the contents of CL with AL. Whether AL or AX coatains the result,
depends on the source either being a byte or a word.

I have included four mulriplication instuctions io (be puemome file, and the
ane we are going o use is MUL Cx.

With the 8086, it is possible to multiply two 16-bit numbers together. When
the peration is complcte, the result is placed in two 16-bit registers. Thes is
necessary because the result is 3 32-bit number.

After a 16-bit multiplication, one of the numbers to muliply is stored in the
AX register. The double length (32-bit) result 1s stored in the D% and AX
registers, with the most-sipmificant 16-bits i the TV register.

Tf the multiply is to be an 8-bit operation, one of the numbers must be i the
AL ragister, The 16-bit result is retumed in the AX reeister, with the most-
significant Dyte o AH.

After a 16-bit multiplication, we will transfer the contents of the AX register to
a suitable memory location with SMOVAX PMEMI] The %085 bas an
instructian which will transfer the contents of 13X directly o a memory
locarion, MOV [ADDR],DX, but our assembler as it stands will not TEG0Eniss
fhis particular mstruction due to the way in which the assembly process
oparates, This is not as major a problem as it would secin. All we have to do is
transfer the contents of the DX (or BX,CX cte) to the AX register and move
this imto memoty’:

L]
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MOV AX.DX
=MOVAX, [ADDR]

The only question left to answer is whare in memory do we place our result.
There are 9 memorics available to store 16 bit numbers, MEMI to MEMS.
We can store the contents of AX in MEMI, and DX in MERMZ.

Enter the following sowrce code:

ORG ?

MOV AX,1234
ARIOV CX 3673
MUL CX
=MOVAX [MEMI]
MOV AX DX
=MOVAX, [MENMZ|
RETF

RND

Be especially careful with the syntax. Note the orcntation of the greater and
equal signs mserted before the MOV instruction.

The assembler should produce the code shown in figure 30 overleaf.
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]

GRE T

proy #1234
EHOU CX |, Ga7H
FUL %
ROV, THEHT 1
MO AX, DX
FHOUE  THEHZ 1
RETF

1 Error=

A Sl 7 L R )

Start addrexz: SZZ80 (8845 decld
1 2280

BEA3412 2

B9 THSEA 2798
F7E1 793
adangr? L]
BIDE 2294
AIACEZ ZZ9R
cB 229D

ramove ENMD

E M
Lode length: 17. End addrecs! 2290(hex)

|

Figure 30

Afer mnning the code, the number in AX will be 0626, This is the mosi-
gienificant part of the amgwer transferred from DX

At this stage the contents of MEMI1 and MEM? remain at 00. Press the escape
key twice to update the display.

Your screen should look like fipure 31 {ignore the address differences):

Zets B0 34 172 B3
ZZ70 A3 35 2Z 481
2285 CB BA B4 HH
2790 6@ BE BA BA
2795 EB BB Z& A6
ZZ90 B8 BB BB AA
22A5 HA B B8 BE
2ZA0 HE B0 B8 A8

0] O R DR ) eF
0 O O RO O O
50 O D R D A1
o X D LR Wl

=

=]

-]

==

Fipure 31

The final 37-bat resoll 1 620060 hex.
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DIVISTON

The DIV instruckion performs a division of the accumulator by the source
operand.

Entter and run the example in figure 32:

1 JQRG 7 Start eddress! 32Z75 (EE21 _decd
2 #HoU B, BERT EBR3B3 2275
3 IMOU AX, BBBE BEQRAHB 278
4 DIV BX EFF3 2278
5 RETF [H:] ZZID
& EHD ramoue ERD
Code length: 9. End address: ZZTDLhex)
1 Ercfare
|
Figure 32
The result as expected is 2.

At the conchssion of the operation, the 8-bit quotient i3 retmed to the AL
repister with the remainder being stored in the AH repister.

When the dividend is 32-bits and the divisor is 16-bits, the AX and DX
registers are used to huld the mmmbers. When the operation is complete, the
16-bit quotient is returned in the AX register and the 16-bit remainder is in the
DX ragister.

See appendix 1 for further sxamples of MUL and oIy,
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ROTATE RIGHT AND ROTATE LEFT

ROTATE LEFT

These important instructions rotate the bits in the operand to the right or to the
Jefi by the mmber of bits specified in the count operand. If the count equals 1,
it may be specified directly. If the count is greater than 1, it must be set in the
L rapister before using these nstruction.

The ROR and ROL instructions ¢an act on many operands but our mnemonic
file only includes the fullowing;

ROW AY ROR AL, ROR AH, ROL AX, ROL AL, ROL AlL
Why are these instructions sc imponant?

To answer fhis question we must return to our multiplication and division
progTams,

Consider the effect of muliiplving 3 by 2. In binary this is!
11 times 0010
3 mes 2 15 6, which in binary is:

0110
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1f we multiply 0110 (6] by 2, we get 12 of course, which is 1100 in binary,
G011 =3, 0110 =~6and 1100 =12

If vou examine the two set bits in each of the three numbers above, you will
notice that they have been shified left by one postion.

In other wards to:

Multiply by 2 wae shift left | place

Multiply by 4 we shift left 2 places

Multiply by & we shifl left 3 places

ete...

And ta:

Divide by 2 we shufl right | place

Divide by 4 we shift nght 2 places

Divide by 8 we shift right 3 places

ete..

Enter the following:

ORG?

#0W AR FFOD

ROR Ax1

RETF

END

After running the code, notice the FFO0 moved into AX bas become TFE0.
n binary, 1111 1111 0000 0000 after ROR AX,1 becomes:

0161 1117 1000 900

i
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Enter the following;

ORG?

#MOV AZCFF
ROR A1
RETF

END

After umning the cods, notice how the FFUU moved into AX has become
7F80.

FFOO hex in binary is 1111 1111 0000 0000 and after ROR AX.1 this
becomes:

G TLLT FO00 Do
Tty the following program and note the difference:

ORG 7

EMOV AX,NFF
ROL AX.1
RETF

END

This time the result 12 01FE which in binary is 0000 0001 1111 1110,

If you need to rotate left or right more than a single bit, use the L. register to
hold the count:

ORG?

4MOV AX 00FF
AMOV CLL,04
ROL AX,CL
RETF

END

6%
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The abuve program produces AX = OFFQ.

SHIFT LEFT AND RIGHT

CAREY

SHL and SHR are similar to the rotate instractions, ROL and ROR, except
that after a shift lefi operafion, zeroes are shifted in on the right, and after a
shift nght, zeroes are moved i Gom the left.

Try the following bwo programs 10 see the difference betwecn the shift and
rotate instructions:;

ORG 7
#MOV AX.FFFF
ROL AX,]
RETF

END

The ROL instruction produces AX = FFIF

ORG 7
MOV AK FFFF
SHL AX.1

&8
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The SHL instuction produces A% = FFFE
As an exercise, see if vou can work out the result of!

ORG Y

HMOV AX_FFFF
MOV CL,10
SHL AX.CL
RETF

END
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FHE STACK

An important area of memory s called the stack. It 35 here that retum
addresses are stored after a CALL instruction. We will be looking at
cybroutings and the wse of CALL and RET later, but for the moment let's
consider another imporiant use for the stack.

The stack can be used to store data and intermediate results of caleulaticns. Tt
can be looked an as # seralehpad and treated as such, Where exactly the stack
is in memoty 15 of no real concern to us, but the 8026 needs to know where it

1z of course.
FESH AND POP

The 8086 holds the address of the first ffee location of the stack in the 5P
(stack poimter) register. Every time something is pushed onte the stack, this
revister 15 decrement by a value equivalent to the byte length of the saved
mumber. After this saved value is popped off the stack, the 5P register is
mecrementad in a similar fashion.

The following short program will give us the current SP contents:

ORG?

MOV A SE
SMOVAY [MER] ]
PETF

EMI

‘There is also 2 menu opion 1 Debug that will el ws the same thing.

In the 3085 archileciure, it must be remembered that the actual physteal
memery address for the location of the stack iz the sum of the contents of the
Stack Segment register plus that of the Stack Pointer remister. The Psion
operating system makes frequent use of the stack, thersfore changmgz the
comtents of the Stack Sepment repister will eanze havoe.

T1
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THE STACK MECHANISM

Before we move on to our first program which makes use of the PUSH and
POP instructions, it is very important that the stack mechanism 15 fully
understood.

As we have seen, everytime a value is pushed onto the stack, the 5P s
decremented. How many times it is decrement depends on the size of the
number pushed, Pushing a single byte will decrement the SP by 1. while
Pushing a word (2 bytes) vAll decrement it by two. In other words, PUSH AL
and PUSH AX will have different effects on the stack pointer coments.

It Follows that the POP instruction operates similarly. POP AX increments the
8P by two and POP AL increments the SPby 1,

As mentioned above, subroutine retury addresses are stored on the stack. If the
stack gets compted by womatched PUSH and POP instructions, any saved
return addresses will be lost and a system erash will be the immediate result.

Every POP instucton must be matched by an equivatent length PUSH
instruchion.

The following program, figure 33, illustrates the use of the stack. It simply
moves the number five into the AX register. We then push AX onto the stack,
clear AX and finally POP five off the stack back into Lhe AX register.

1 oRG 7 Stark addres=® EFFPTS [BEHZ1 dec]
2 MDY AN . BREG agesEa 2275
3 FUSH 1] 2278
4 SHOU  Ax, D080 CE L] 2279
5 FOPF X £y 2270
B RETF CB 2270
7 rempue ERD

EHD
Code length: 9. End address! x2I0Chex)

1 Errurw

Figure 33
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pv leaal register can be pushed and popped to and from the stack,

- will the code below do?:

zot it will perform the same function as MOV BX AX.

.ﬁ‘-wu can work oot why the following code will not work in a similar

n have probably worked out by now that running the above program will
1 in & system crash!

reason of cowrse, is that the at the end of ow machine code routine we
a far retum to rerum safely back to the Psion system and the RETF
ruction pops the return address back to the operating system from off the
ck. In the above program, the number of pops do not match the single push
sttuction. The 8086 can't find the comect return address because we
ed it

1% following cxample, the pushes and pops mateh up and the retum address
ot lost:
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P

ORG?

AMOV AXDOFF
PUSH AX
FUSH AX
POPEX

POP BX

EETF

SUBROUTINES

A subroutine is simply 2 scction of code which can be repeatedly called from
the main program by means of a CALL instructon.

A subroutine must end with either a near return, RET, or a far return, RETE.

Figure 34 shows how a subroutme 15 used.
__Main Program
1000

1002 :

1004 Subrouting

1006 CALL sub
1008

100A|  CALL sub
1002 g ABEEH RET

100E

1010 7

1012
1014 RETF

FL |
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The main program, or ealling program, starts at address 1000. The subroutine
can be located at any convenient memory address. If the main progam does
not extend further then address 1014, as in the ahove example, then subrouting
could be Iocated safely at 1020 omweards,

When the Instruction Pointer reaches address 1006, the CALL instruction is
executed. This results, fustly in (he return address, (1008) being PUSHed onto
the stavk, followed by 2 mansfer to the subroutine section of the program, The
insiructions m the subroutine are then executed undl the RET insmucton is
epeountered. The rebum instruction causes the 8086 to POP 1008 off the stack
and into the instruction pointer where program flow contimes down to address
1004, Here, once again, a retom address is pushed coto the stack (100} and
the subrouting is executed once move unbl the BEET forces the processor to
retun to the main program. This finishes at address 1044 where the RETF
instruction returns us back to the Psion operating system.

REASONS FOR USING SUBROUTINES

What is the use of a subrowtine? The essential fialwrs of 4 sebroutne is that it
can he called from any number of points in a mam program, and the
mstructions in a subroutine can be wsed repemedly without haviog to be
rewTitten each time. An advantage of this approach is that it saves memory
space because the subroutine doesn't need to be rewritten each ime. Another
advantape 15 that vou only need to design a specific subroutine once, as it can
be used repeatedly You will find thal this significantly simplifies your
program desiph process.

There are bwo types of subrourine cails,
INTRA-SEGMENT and INTER-SEGMENT

If the subroutine Fies within the same 64 k block as the main caflling program,
this is called an INTRA-SEGMENT CALL. On encountering this type of
CALL, tw 8086 saves the IP repister on the stack. At the end of the
subrouline the RET instruction POPs the saved address off the stack and into
the [P register where program execution continnes.
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If the subroutine lies ontside the 64 k block where the main program resides,
this is kaown as an INTER-SEGMENT CALL. With this iype of CALL the
comfents of the CS (Code Segment) register (ugether with the TP register are
both saved on the stack, At the end of the subrouting, the RETF instruction
POPs the saved CS register and the [P register contents back to the relevant
B0BE registers.

It is very important to use the comet returm mstruction at the end of your
subpoutines otherwise yoo will get what is knowm as a CALL-RETURN
MISMATCH.

Chr assembler as it stamds, can only use subroutines that lie within the same

&1 k block of memory as the main program. Always termipate your
subrontines with the RET {near retum) mstruction.

The diagram on the next page should help you understand these puiits,

T4
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‘.

INTRA-SEGMENT CALL (NEAR)
Stack Cromtents
P '[
POPS
P

—— INTRA-SEGMENT RETURN J

MTER-SEGMENT CALL (FAR)

Stack Contents ':
i |
Cs
POPS
IF.
Cs

|, INTER-SEGMENT RETURN

Stack Conitents
INTER-SEGMENT CALL |

]P |
POPS |
P

C5

L, INTRA-SEGMENT RETURN

0
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CALLING 4 SUBROUTINE

Before 4 call to a subvoutine can be made. the subroutine’s address must be
loaded in either the BX, CX or DX registers, This address must be chosen
with care, but by now you should have stme idea where this can be.

To fllustrate the vse of the CALL instruction, we will run a program that calls
a subroutine. See figures 37 und 33,

Enter and assemble the mein program first of all. This will give you some dea
where the stating address of the subroutine must be. DO NOT run the

program at this slage,

The main program will begm with ORG ? whilst the subroutine will start with
ORG ADDR, where ADDR is the chosen address.

1 ORG T Start oddrezs’ FZZ75 (8821 decl
2 SR aX, G065 BEASHEB ZIFE
E| ¥y DX, FFFF B&FFFF 2278
4 CALL D FFDZ 227e
5 RETH CE 227D
& EHD remove ERD

Code lengbh? 9. End address: ZZ70Chex)}

1 Errors

Figure 36

In figure 36, notice the dummy value of FFFF loaded mto the DX repister. We
will replace this shortly with the actual address of gur subroutine. You will
notice that after the assembly process, the last address used by the nain
program is 2270 This tefls ns that memery location 2280 will be perfectly
gafe for the location of owr subrouling.
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-
[pad the main program back inta the editor and change lme 3 to the example
helow in figure 37, {remember your addresses will be different!):

1 oRG 7 Start addrees: SZZT5 [HEZY dae]
2 0L f, 0BaS agasae 2275

=5 griey D, ZZ08 FRBBZZ 22

4 CaLL DX Froz 227H

5 RETF co ZETD

B gmaye END

EHL 1 u
code lengbh: 9. End addres=s: 22T [hex)

1 Exror=

Fipure 37

ff you are still in the cditor, select N from the menu, and enter the following
ubrouting as shown in figre 32, :

1 ORG ZZBA Flart addreza: BREIZ(dec)

z DEC Ax 48 ZZEH
3 RET c3 2zE1
3 EMD remove EHD

Code lengih: 7. End addrexs: ZEB1{hex])

1 Errors

Figure 38
Mate the ORG 2280 command and the RET instruction.
Assemble the main program first. If it assembles at what appears 10 be an
incorrect address, seloct [P = Default from the main menu and reassemble.

Finally assemble the subroutine. After this process, the starting address for the
memory dump shown on the screen wll have changed to the subroutine ORG

™
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address. To refurn to the default location just select 1P = Default from the
THem.

Aftter the assembly process vour sereen will look similar to minc, but with
different addresses. See figure 39,

Code executed == AN-4 ! ety |
2275 B gd B BA 22 FF D2 B I!II;"E
7770 CB 9§ BR 48 C3 BE B3 HE = k
375 EA 08 BE U0 AR B A4 BE
2280 66 Ao AA BA BA 98 BA WE ..... ..
5795 aE A9 €6 AP @8 @@ B8 BA 11100, 3 g]
779D 08 0@ A6 @B 6A BB BE @B .......- —_—
“7h5 BA G BB H@ B4 HB BE BB ........ '
%40 BA BE HA BY HE HE BA @8 ... .....

Figure 39

The hex numbers 48 and O3 are the codes for DEC AX and RET.

Run the program from (he main program’s starting address.

Although we moved 3 into the AX register during the main program, the DEC
(decrement) instuction m the subrouting subtracted 1 from AX hefore
returming.

DEC and INC

Using these two mmemonics as they stand, we can decrement o increment
AX, B¥, CX or DX.

As an illustration of the use of the DEC nstruction, enter, assemble and run
the following code:
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e

gy ORG?
2 #MOV AXFFFF hove FFFF into AX
& ¥ 00P Address label
4 DECAX Decrement the AX register
5 NZ'LOOP T AX is not zero, jung back 1w LODF
6 RETF Eeturn to caller
& END

“The assembled code is shewn in figure 40

Afier unpning this code the result in A% wall be zero,

2275 BE BS BE EBA 22 FF D2 b..AE'E
2770 CO0 BA B8 4B C] B8 BE B +..

Z705 B8 BH BE BE GO PG BA BB ........
2780 BB A8 BA BB 88 B8 .. ......
279G A@ BA HR B RA HE BE AB ........
2290 BB 88 Ba BB BE BB ... _.__.
Z7Ah5 B9 A8 A8 BA B8 98 BE 83 ........
ZZAD B8 aB AR 64 BB BB BB ........

Figures 40

Mot that the name chusen for the label can be any four character combination.

CONDITIONAL JUMPS
The JNZ instruction used in the previeus program is what is known as a

conditional jump. These instructions cause the program o jump o a differcat
address if the condition is met. Appendix 2 describes them all in more detail.
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DELAYS

The conditional jump instructions together with the decrement mstuehon can
be used to generate delays within a program.

“T'he length of any delay will be the time faken by the pracessor to pass around
the loop. This can be calcnlate by multiplying the tme to exceute each
instruction by the number of times sach instruction is executed.

The following program will give a delay of about thres seconds:

1 ORG?

3 #MOV AX0010
3 *LOP2

4 MOV BX_FFFF
5 *LOOP

5 DECBX

7 INZ'LOOP

8  DEC AX

0 JNZPLOP2

10 RETF

11 END

The program illusirates the use of what arc Lknown as “nested-loops™. Thisis a
loop inside a second loop.

Tf vou experimant with this program by altering the contenis of AX and B,
tahes care that you don’t make the value in AX too large. The mumber of imes
the program will repeat will be the value m AX times that in BX.

DELAY TIMES

Every 8086 instruction takes a certain number of machine cyeles to exceute, I
will take sbout 25 machine cyeles to run once through the above instruction
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If vou multiply this number with the oumber of times around the loop
0010 = 1,048,576 decimal) together with the reciprocal of the 3a's .
jc speed of 7.68 Mhz you wel:

48 576) % (177.68 Mhz) x 25 = 3 41 scconds
A delay of about ooe minute would requirs a value of 140 hex m AX

ORGT

SOV AX 0140
= .0OF2

OV B FFFF
[ OOP

DEC BX
TNZHLOOP
DEC AX
JNZLOPZ
RETF

END

 Note ihat | haven't personally confimmed the above figures! If you enter (o0
- Janee a figure in A, for example FEFF, you could be waiting around for:

' %@535 «65535) {117 68 Mhz) x 25 = 3.9 hours! Give or take 20 minutes or

~ FURTHER PROGRAMS

'-i‘;h&fdﬂwing program takes a number stored in M1, squares it and stores the
: sm:t' in a M2

‘-@iagram name: SOUARLES

1 OCRG? Org address = 228D (in my case)
AWIOWAX, 0005 Number to square inte AX
>MOVAX [MEMI] Store number in bl
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q MOV BXM AX Copy to BX and CX
5 MOV CHAX

£ KOR AN AX Clear AX

7 =MOVAN [ MEMI] Clear b2

g CrC Clear carry flag

9 +LOOP Address label

10 ADD AX BX AX - AN +BX

11 DECCX CH=CX-1

12 TNZ*LOOP Jurnp back to toop if CX <= 0
15 >MOVAX [MEM2] Store answer in M2
14 RETF Far retum

13 EMD

Code kength: 25

Symbel table: LOOP _. 229D

Compare the syntax of e above program written in our assembler to the same
program using the assembler option in MSDOS Debug on a | %

2 MOVAX, G003 Mumber to square into AX
3 MOV MEMI]AX Store oumber in M1

4  MOVEXAX Copy to BX and CX

5 MOVOXAX

& NOR AX AX Clear AX

7 OV [MEMI] AKX Clear hi2

8 CLe Clear carry flay

g *LOOF Address [abel

10 ADD AXBX AX =AX+BX

11 DECCX CX=CX-1

12 INZLOOP Jump back to loop f CX <=0
13 MOV [MEMZ].AX Store answer in M2

14 RETF Far retun

15 END
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<o the use of the XOR instruction to clear the AX register. This being a
byte mstruction rather then & three byte mme, is guicker then MOV

0.

+fhan ever the contents of AX, or indeed any 1 byvie register, is transferred to
Wlumﬁuﬂ,ﬁl.go&stothﬂ First address and AH to the Seeond:

ming AX cortains 1234, then AH =12 and AL =34,

ees  Before MOV [2292],AX After MOV [2292],AX
00 31
00 12

ORG 3000
AMOV AX, 1234
SMOVAX,[3010]
RETF

END

:'*'Tﬁa'fﬂllmdng program luops around 100 times. The count iz stored in the AX
~4-

ORG? O address = default
IO A (001 Move | imio AX
HAOV BX 0101 Bdove 101 hex into BX
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4 OGP Address label

5 NG AX Increment AKX

] ChP AX BX Compare A and BX

7 THEALOOP If AX<>BX jump back to label loap
k3 RETF Far retum

9 END

Code length: 12

Symbol table: LOGP ... 2278

STORFE STRING AND REPEAT INSTRUCTION

‘I'his bwo instructions together provide a powerful combination.

The STOS instruction transfers @ bytc or word from register AX or AL to the
siring element addressed by D, and then updates Di to pomt 0 the next
location of the string.

The RIP instruction can be used with the STOS instruetion which is repeated
by the value in CX. If CX = 0, then the STOS instruction is not performed.

Let's consider an example:

ORG? Default ORG addiess

#OW CX,0M0 Move hex 10 (16} in to CX

#MOV DL3000 Pointer {300} into L¥

#MOV AX 3333 3555 mto AX

REFMZ Repeat the next instruction if CX>0
STOSW Store AX in [DI] and the increment DI
RETF Far return
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you Ut this program, vou will notice 32 bytes from address 3000 are filled
4553, The comnt in CK is 1 hex, which is 16 decimal. Why are there 32
of 55 and not 167

'?;_.,1 oxercise, starting at address 3000, fill 8 words (= 16 bytes) with 1234,
Howed by § words with 5678 as below:

300012 34 1234 12 34 12 34
08 125412341234 1234
056 TEITESGTE 56 TR
3018 00 00 00 00 00 00 00 00



A

Chapter 8 - The Psion 3 Operating System

Chapter 8 - The Psion 3 Operating System
The OS

The purpose of any operating system s to provide an interface between the
user and the hardware. Updating the LCD display and scanning the keyboard
are just two of over 500 services that the Psion OS provides. With the
assembler as it stands it i3 not possible to access the OS ROM directly or
display its memory contents. But there are considerable advantages in using
some of the facilicies available as well as providing us with considerable
PrOSTEmming cxperience.

Psion have succeeded in providing us with a superb OF congidering the size of
the machine. In many ways it is more reliable than some desk top PCs. and is
certainly fiendlier. This unforhmately makes accessing the system directly
extremely difficult, Luckily for us however, Psion has given us an fairly easy
route into the system via what are called SOFTWARE INTERRUPTS.

Appendix 7 list some of the easier to use OF calls. 1 will not aliempt to
provide examples of the use of all of these, as most of them require extensive
knowledpe of the operating system. By all means experiment, but be preparad
for mare then the occasional complete system crash. As an added precaution,
it would be wise (o remove any Flash SSDs before diving in. As a final
warning, T can cnly vouch for the examples listed. And even these, under
cortain cireumstances, could cause problems.

ACCESSING THE OPERATING SYSTEM

Accessing the services provided by the Psion OS is via the 3086 software
interrupt instriction TNT. There are two types of interrupl S&vices:

1. Single Service

2 Multi Service
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;LE SERVICE

- intermupts are the zagicr W use, and are programmed a3 follows:
XX

e ¥¥ 15 the mterrupt number in hex, &g INT Al

¢xamplc the following program vall switch off the Psion for about 4

ORG?

MOV CX.000F
#MOV AH 14
INT 8E

RETF

the syntax of the INT instruction. The full stop must always be included
that our assembler can recognise this instruction.

LING CONVENTIONS

: following applies to Multi Senvice and Single Service interrupt calls.
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1 Except for AX, all registers are preserved, umless they contam
retumed values.

P The carry flag will be set il an emor eccurs. Mot all services remIm
EITORS,

3. Register AL will mdicate the error and registers containing Teturned
valucs will be indeterminate.

4, Under nommal circumstances, processes will exgcute with the DS,
55 and ES registers all pointing to the same segment.

5. Valid handles are 16 bit, positive, non-zery and even in value.

6.  Handles are passed in the BX register wherever possible and retum
valugs are always in the AN register.

7. Where a 32 bit valug is required I a register pair the register pair

will be shown as XX:¥Y, where 30¢ is the most sigrificant word
and ¥Y the Teast significant word.

EXAMPLY PROGRAMS USING INTERRUPTS
PROGRAM NAME: “3WOFF”

OPERATION: This program will switch off the Psion for about 4 seconds.

1 ORG?

2 MOV CX,000F
3 HMOV AH4

4 INTSE

5  RETF
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oyam will do nothing.

LOGRAM NAME “RAMSIZE"

p ATION: Returns the size of the system RAM.

ORG?
EMOV AHOD
INT 8B
EETF

fENTS: This program returns the size of the RAM fitted to the
ine in paragraphs. A paragraph is 16 bytes, so converting this figure to
nal and multiphdng by 16 will give you cither 524,288 or 263,144
pending on the size of your machine.

PROGRAM NAME: “LCD”

| OPERATION: This program will cycle the LCD contrast. Press the Psion and
Ecape key to exit this program.

ORG?

1LOOP

UMOV BX.FFFF
“DLAY

DEC BX
JHZ3DLAY
SOV AX,1201
INT 8E
INZ*LOOP
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COMMENTS: The fimetion number, 12 is in AH and AL containg & positive
number o step the contrast up or a negative number o step the confrast dowm
Try replacing #MOV AX,1201 with MOV AX_12IF to see the effect of the
step donwn. For a faster cycle, reduce the value in the BX rogster.

FROGEAM NAME: “PIEZO”
OPERATION: This program will make a sound through the piezo buzzer.

ORG 7

R0V BX 0012
HMOV AH,10
INT 2B

*LOOP

#I0V AH, 11
HOV BX, 000F
HMOV CX,0200
INT 8B

10 #MOV AH, L

11 #MOV BX,000F
12 HMOV CX,0100

[P T - T S S ]

13 .INTEDR
14 JHZ*LOOT
15 RETF

COMMENTS; This program will make a two fone sound through the piezo
buzzer. The sound flags must be set before this fimetion can be called and
lines 2 to 4 carry oul this fimetion. See the appendix for full details of our to
cet the sound flags but in this exampie, the valus of 12 in the BX register vall
give the loudest sound. With function 11, which makes the actoal sound, BX
contains the durstion of the sound in ticks and CX holds the pitch of the note.
This wan be calculated as (312/CX) kHz.
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ORG?

yMOY AHOC
4MOV BX(ADDR)
HT 87

RETF

MENTS; The pointer to the new digectory name must be m the BX
er. In the example below, the new directory name is located at address
Use the Enter text option from the wmeny. Enter as "WEWDIR! where
WDIR is the chosen directory name.

1 O3 1888 Start addres=: 4B36(dec)

7 BHOU Ak, 8CEs EEHHHC aa8
E] HM BX, 1848 BEE4B18 1883
4 THT B? COe? 1886
5 HETF 188E
& 1} rempue EMD

EHN
Code length: 3. End addrexs: 1888(hex}

1 Errors
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PROGRAM MAME: "GETOFF™

OPFR ATION: This propram tetrieves the auto switch off time m seconds. The
time will be in HEX.

ORG ?
AMOV AH,L7
INT 8B
RETF

[

COMMENTS: By default the, the auto-switch off time iz set to 300 seqonds
If the value returned in AX is -1, the auto switch off facility is disabled.

FROGRAM MAME: “SETOFF”
OPERATION: This program scts the auto switch off time in seconds.

ORG ?

4340V AHL18
#WAO0W [ 0200
JNT 28

RETF

L el P e

COMBMENTS: The time, in seconds, is passed in (he BX register. Entering -1
here will disable the aute switch off fimction, In the above example, 200 hex =
abont 8.5 mimutes.
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;?RDGR;’LM NAME: "LANGUAGE”

aﬂFERﬂ;TIDN This program simply 1ehums the lamguage code of wour
machma

ORG?

#HI0OV AH 1B
INT 5B
RETF

 COMMENTS: Some of the codes retuwmed are, 1 = English, 2 = French, 3 =

PROGRAM NAME; “COPY”
EQFERAHDN: This program will copy areas of memory.

ORG?

#MOV 51,1040
MOV DI3000
MOV CX,0010
ANT Al

RETF

:Whm{ENTS Register 51 containg the pointer to the sowrce buffer and D
contains the peinter to the destination buffer. The byte length is held m the CX
hgmer Be very careful with your choice of addresses. The addresses in the
ample given are not particulary good. You tan use chis functien to clear an
ared of “salE” memory o copy your code sormewhere ¢lse.
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PROGRAM NAME: “DECBINT

(PERATION: This program will change the number in BX to binary. oclal,
Jdecimal o hexadeeimal and store the result in a buller

ORG?

MOV BX.0007
MOV CH 0002
SN0V DL}
HRIOV AH D
JNT BA

RET¥F

P - I SR T PR S

COMMENTS: The unsigned integer is i the BX register. DI contains a
poiiiter to the buffer to receive the converted number. The number of
characters written to the buffer is returned in the AX register, The comversion
required must be loaded into the CX register priof to using this funchem

CY = 2 for binary, CX = 8 for octal, CX — A for decimal and CX = 10 for
hexadecimal.

PROGRAM MAME: “CHARLIF”

OPERATION: This program converts the charactess in AFL and ALt uppér

CASE .

1 ORG?

2 #MOV AX,6162
3 INTOE

4  RETF

COMMENTS: In the example shown, 61 and 62 are the ASCI endes for “a”
and *h”. After nmning the program AX will return with AH = 41 and AL = 42
{ A" and “B™).
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1 TPROGEAM NAME: “SEARCH"
P I:ijﬁEMTIDN: This program will locate a charaster in a buffer.

ORG ?
SMOV 51,1000
HMOV CX,2000
HMOV AH 46
INT A7

RETF

COMMENTS: Register S1 contains a pointer to the buffer to be searched. AH
.ﬁ;‘]tﬁ the character t0 be szarched for and CX comtams the length of the buffer,
, ,(jf,r the example sbove, we are searching for the character “467 in a buffer
 starting at address 1000 and terminating at address 9000.

. F;PEDGRAM NAME: “DAYMNANME™

ORG 7

MOV BX 3000
AMOV ALDY
AMOV AH0A
ANT 59

RETF

WEMTS: Register AL contains the day mumber,  to 6. The poinler to a
er to hold the result is comained in BX. Be careful with using 3000 as the
er address. Choose your own value here.



[m——

Chapter § - The Psicn 3 Operating System

PROGEAM NAME: “MTHNAME"

OPERATION: This program retwrns the name of the month comesponding 1o
the mooth number in AL,

1 ORG?
2 #MOV BX,3000
3 #MOV ALQ3
4 MOV AHOB
5 INT 89

6  RETF

COMMENTS: Register AL contais the month number, 0 to 11. The pointer
1o a buffer to hold the result is contained m BX. Be careful with using 3000 as
the buffer address, Choose your own value here,

PROGRAM NAME: “WEEKNUM"

OPERATION: This program retums the week mumber cofmesponding 1o the
number of days since Let Jan 1900,

ORG ?

#MOV CX,0000
AMOV DX,0100
AMOV AHOD
INT 89

RETF

Sl b Lk

COMMENTS: Put the number of days in register CX and DX The above is
for 100 hex days, therefore 0000 will be in register CX and 0100 in register
DX Register AX retums with the week number (1 - 53).
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PROGRAM NAME: “DAYABB"

ERATION: This program retums with the abbreviated mame of the day,
day 2 (Wednesday) will be returned as Wed,

ORG T

#MOV BX 3000
MOV AL DL
MOV AHOE
INT 8%

RETF

MMENTS: Register AL contains the day number, 0 to 6. The pointer to a
to hold the result is contained in BX, Be careful with using 3000 as the
address. Choeoss your own value here,

ATION: This program returns with the abbresiated namne of the month,
. month 2 (March) will be retumed as Mar,

ORG ?
EMOV BX, 3000
#MOV AL,02
AMOV AHLOF
JNT 89
RETF

MENTS: Register AL contains the month number, 0 to 11. The puinter
buffer to hold the result is contained in BX. Be careful with using, 3000 as
itfer address. Choose vour own valus here,
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PROCEAM NAME: “TIME™

OPERATION: This program returns with the number of seconds since 1st Jan
1970 at 00-00:00. AX contains the most significant word and BX contains the
least significant word.

ORG 2295

#MOV AH,02

INT 8%

>MOVAX [MEMI]
MOV AXBX
=MOVAY [MERD|
RETF

EO I O R S P

COMMENTS: Tn the above example, AX and BX have been stored in
memory locations M1 AND M2, The following results were obtamed on my
machine, 2ED7 and 8BFB. This {in HEX) is the total number of seconds from
15t Jan 1970 upto when the program was executed

PROGRAM NAME: “SCANKEY™
OPERATION: This program scans the state of all the keys.

ORG?

A0 BX_ 5000
#MOV AHZE
INT BE

RETF

n oda b o=

COMMENTS: The BX register contains a pointer to a ten word block of
memory (o lake the scan codes,
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ke following diagram indicates the scan codes associated with each key. The
ﬂmbﬁl before the decimal point is the memeory offset times two from the start
-'-hilthe memory block, and the number after the decimal point will be in the
elevant location after the key has been pressed.

R R R e R B (T T

HEI---- g 0] i [ ]

L -@ﬂ-@@ﬂ--
-@@

WI ] 56 & EUER a2 dLE

EE

PROGRAM NAME: “SUBTEST”

OPERATION: This program cvcles the LCD display. Each time through the
~main loop it calts the subrouting at address 3000, This subroutne calls the
,aeinkeyuﬂermptwce routing and stores the keys pressed in the amay at
'EH!II If the main program detects that the TAB key has been pressed, it
fermimates. It may be better to assemble the subroutine first followed by the
M program.

gﬂliﬂ Program
ORG ZF0
HLOCP

‘#!'-‘I’CW" D3, 3000
gC?sLL DX
MOV BX 0004

1)1
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CMP AX,BX

JZ *FINL
#MOV BX,FFEF
"DLAY

DEC BX
TNZ*DLAY
EMOV AX,1201
INT 3E
INZ*LOOP
*FINI

RETE

END

Subroutine

ORG 3000
HMOV BX.A000
#MOVAH,25
INT 8E

MOV AX,[4000]
RET

END

CONCLUSION

In this slim volume, it has not been possible to cover all that the Psion 3 has o
offer the machine ¢ode programmer. Even with the lmmitcd instruction et
which our asscmbler can accommodate, the possibilitivs for program
experimentation are vast. Also there remains the #{86 instructions not
inchuded in the Mnentonic Dbf file, Thess are waitng to be entered and tried
k.

As vou gain more and more experience in using the various 3086 instruchons

and sofiware interrapts, you will discover new and creative ways (o wnle
applications.

$0 good luck and happy programming!
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Appendix 1 - The V30 Microprocessor

NEC %20/30 SERIES

The NEC V series l6-hit microprocessors are enhanced devices based on the
- E0%6/R0S8 bype architecturs, The V20 and V30 are directly pin compatible
 replacemeats for the Inte] 3083 and 3086 respectively and are widely used in
[BM compatible personal computer clones. By using improved address
generation and pipelining of instructions the V20/V30 devices provide some
40 per cent greater execution speed compured with an 3088/3086 using the
came clock fequency. The instuction set is compatible with dhat of the
ROB%/3086 but has been enhanced by the addition of a number of new

The V40 and V50 wversicns include on chip clock generation, thres

countertimers, an intermupt priogity conmroller and four DMA channels. These
devices provide similar facilities to the Intel 20188 and 80186 respectively .

Devices availabde

FLy0l08 (V20 8-bit data bos version

PDT0116 (V30): 16-bit data bus version

PD70208 {(V40) V20 with on chip peripherals
FETO2T6 (V50 W 30 with oo chup periphersals
PD70136 (V33 Fast V30 with extended address bus,

Architecture
The architecture of the V30 is an enhanced version of the 3088 architecture.
The main differenee is o the additiom of pipelining and other intetngf logic

improvements to improve the effective execution speed over that of an 3085
munning with the same clock frequency.

Package

Y20:V30 40 pin DIL, 52-pin flat pack or 44-pin PLCC
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Vi3 £8-pin PGA
V40/VS0  6B-pin PLOC, 68-pin PCGrA or 80-pin flat pack.
V25/¥35  84-pin PLOC or 94-pin (lat pack.

Pin coneections

For the V20 and V30 the pin connections are directly compatible with the Intel
5088 and 5086 respectively.

Power requirem enis

Vec= +4 73 Vio+325V

Interrupi facilities

The Y¥20/¥30 processors can handle 256 different exceptions and the vectors
far these are held in a vestor table at the bottom of memory. Each wector takis
up 4 bytes in memory so the complete vector table oceupizs the bortom 1
kbytes of memory. The vectors are allocated as fullows:

Vector Function

Dhvide emor

Diebug exceptiom
Non-masked ntermupt Mkl
(ne byte intermpt INT
Intermupt on overflow INTO
Array bounds chieck BOUND
Invalid opcode

o Y R R P O R —
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Vector

1732
33-255 INT n trap instructions

Fanction

Devite not available
Denble fault
Croprocessor SSEment oVermin
Invalid TS3

Segment not present
Stack fank

General protection fault
Page fault

Reserved

COprocEssOT emoT
Reserved

! .=.:iﬂ'§1."“¢ﬁ°“ i

The instruction set of the V series processars is basically the same as that of
’ fm B085/88 hype processors except that 2 fow new imstructions have been

' “ﬁﬁ@ basic instructions provided on the W20,V 30 are as follows:

ASCI adjust for add
ASCT adjust for divide
ASCI adjust for multiply
ASCTI adjust for subtract
Add with earry

Audd

Logical ANE

Scan bit forward

Sgan bit reverse

Test bit

Test bir and complement
Test bit and reset

15
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BTS Test bit and set

CALL Call snbrounne

CEW Convert byte to word
cLc Clear carry flag

L Clear direction flag

LI Clear interrupt enable flag
CLTS Clear 1ask switched flag
CMC Complement carry flag
CMP Comparc

CMPS Compare string byteiword
CwD Convert word to double word
DAA Trecimal adjust for add

DAS Decimal adjust fior subtract
DEC Decrament

DIV linsigned divide

ENTER Enter procedure

HLT Halt

my Signed integer divide
IVATL Signed integer multiply

™ Input from port

HC Increment

NS Inpurt steing bytetword from DX port )
T Tmierrupt

IO Interrupt 4 if overfiow set
IRET Intermupt retum

JB/INAE  Jump on below/not shove or equal
IBE/NA  Jump on below or equal/not above.
JCKZ Tump on CX zero

JEJZ Jump on equalizar

JECXZ  Jump on HCX zero

JLINGE  Jump om less/mat greater or equal
TLEANG  Jump on less or equalmoel geeater
ThiF Unconditional jump

TNB/JAE  Jump on not below/above or equal
JTNBE/JA  Jump on ot below or equalfabove
JNE/TNZ  Tump on not equalinot zero
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Tamp on not Jess/greater or egual
Jump ool less or equal/greater
Tz o ok overflow

Jumpr on ot pacityparity odd
Jurop on ot sign

Jump on overflow

Jump on parity/panty even

Jump on sign

Load AH into flag register

Load pomter to NS

Load effcctive address

Leave procedure

Load pomter to ES

Load pointer to FS

Load poimter to G5
Load sirimg byvtefword to ALAASEAY
- Loop CX times
LOOFZLOOPE Loop while zero/equal
LOOPNZ/LOOPNE Loop while not zero/not eguat
PSS Load pointer to 53
MOV Move data
MOVS Move string byte/word
MOVSX Move with sign extension
MOVZY Move with zero extension
MUL Ungignad mulbiply
KEG Nepate
NOP Mo operabion
WOT Lagical complement
CR Logical OR
ouT Output to port
OUT 8 Output sming bytesword to DX pon
?EIF Pop dala fom stack
PoPA Pop al
- POPF Pop flags

PUSH Push 10 stack
PUSHA Push all
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PUSHF

RCL

RCR

REPE CMPS
REPNE (MPS
REP INS
REPLODS
REP MOVS
REF OUTS
REPE 5CAS
REPHNE SCAS
REF 5TO3
RET

ROL

ROR

SAHF

SAL

SAR

LEB

SCAS
SETE/SETNAE
SETBE/SETHA
SETE/SETZ
SETL/SETHGE
SETLE/SETNG
SETHE
SETHBE/SEA
SETHESSETNZ
SETHL/SETGE
SITWNLE/SETG
SETHO
SETNP/SETFO
SETNS

SETO
SETP/SETPE
SETS

108

Push Flags
Rotate left +via carry
Kotate vight via camy

Repeated compare string (find oo mabch)

Repeated compare stung (find match)
Eepeated input string

Repeated load string

Repeated move sirmg

Repeated outpat string

Repeatad scan string

Repeated scan strng

Fepeated store sirimg

Rehmn e call

Rotate left

Rotate night

Store flags to AH

Arithmetic shift left

Arithmetic shift right

Subtract with borrow

Scan string byte'word

Set byle on below/not above or equal
Set bywe on below or equal’not above
Set byte on equal’zere

et byle on less/not greater or equal
Set byte on less or equal/tiot greater
Set byte on not below

Szt byvte on net below or equal/above
5et byte on not equalinet zene

Set byte on not lessgreater or equal
Set byte om not less or equal/greater
Set byte on not overflow

Sct byte on not parity/parity odd

Set bytc om not sign

Set byte on overflow

Set byte on panbe/parity even

Set byte on sign
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Appendix 1 - The V3 Microprocessor

Shift left

Shift lcft double word

Shift right

Shift mght double word

Sct carry flag

Set dircetion flag

Set aterrupr enable flag
Stowe string bytesword from AL/AXTEAK
Subtract

Test data
Wait until busy pin is negated
Fxchange data

Translate string

Logical EXCLUSIVE OR

: New instructions avaifable oo the ¥ series processors are:

Clear a bit
Complement 2 bat
Seta it

Test a bit

Insert bit field

Extract bit field

Add BCD string
Compare BCD stnng
Subtraci BCD siming
Eotate left BCD stting
Rotate right BCD strng
Pop all registers

Push all registers

Push immedhate data
Check mdex

Input siring

Chutput string

10%
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Appendix 1 - The V30 Microprecessor

REFC Repeat if carry set
REFMNC  Repeat if camy clear

There are alse PREPARE and DISPOSE instructions for sock fiame
maintenatcs. A new immediate addressing mode has been added for the
instructions ML, SHR, SHL, ROR, ROL, ROLC, RORC and SHREA.
Timing

The bus cycle sequence for these processors is the same as that for the Intel
2086 mype.

The V20 and V30 are available in § MHz, & MHz and 10 MHz versions. The
V40 and V50 types are available in 8MHz and 10MHz versions.
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Appendix 3 - B086 Tnstruchion Set

Appendix 2 - 8086 Instruction Set

m ASCIT Adjust for addition
%]11!.1 AN

 Fauction  IFD3, D2, DI, DO of AL»9 or AF flag= |, then AL = AL + 6, AH =
ﬁd +1_ AF =1, CF= AF, AL = AL & OF.

- Flaps OF DF IF TF & 2ZF AF FF (F

> * *
Description This insoruction changes the value of the Al register to a valid
uppacked BCD number, D7-D4 of the AL register are sct to Zero.

Example  AAA

ALK AAD
- Functon Al =AH*0A+Al AH=0
Flaps OF DF IF TF S ZF AF PF CF

& * ¥

Description This instruction converts a twoebyte BCD namber in AX to an
equivalent binary number in AL, AH is st to zero.
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AAM ASCII Adjust for maltiply
Syntax AAM
Fonction  AH = AL/0Ah AL =remainder

Flags OF DF [F TF S8F ZF AF PF CF
¥ * ¥

Description This instruction comverts an $-bit number less then 100, in AL, mto
a two-byie unpacked BCTY number in AX,

Example  AAM

AAS Adjust for subtraction

Syntax AAS
Function 1703, D2 D1, DO of AL=% or AF Hag = 1, then AL =AL-0,48H=
AH . AF=1 CF=AF, AL=aAL & OF.
Flags OoF DF TF TF SF ¥ AF FF F
* ) +

Description This instruction cormects the result of a previous subtraction of tao
unpacked decimal numbers. AL changgs to a valid impacked decimal
number. The high-mbble of AL is set t zero.

Example AMS
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- Add with carry
ADC destination, soutce
Destination = destination + soarce + CF

OF DF IF TF S8F ZF AF PF CF
] *

L3 * ¥ ¥

pdion This instuchon sums the bvie or word operand, and adds 1 if the

1] Additien
ADD destination, soanmce
Drestination = destinagtion — source

F DF IF TF S ¥F AF  PH C¥
* * + * + +

wription This instruction adds the destination end source operations. The rasult
ced in the destination cperand.

Example ADDDXCX
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i =i T

AND Logical And
Syntax AND destination, jowrce
Funciion  Destination = destination AND source

Flags GF DF IF IF SF ZF AF PF CF
0 ¥ E L] 0

Description  This instruction performs the Jogical AND of the twa byte or word
operands. The result is in the destination operand.

Example  ANDAXEX

CALL Call procedure
Syntax CALL destination

Function  push (C8), push (IF), CS:1P=destination (Far call)
push (IF), 1P = destination (MNear call)

Flaps ofF DF IF TF SF ZF AF FF CF
Description This instruction transfers control to the address specified in the
operand. Called procedure must teminate with RETF or RET insmctio.

Example  CALL AX
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Convert byte to word

CBW

If AL < B0h then AH =100

If AL = 80h thcn AH=FF

0OF  DF IF TF 8K £F AF  PF CF

o ption This instruction converts a signed byle m AL into 2 signed word in

CBW

( Clear carry flag

tay ClLC

cllon  CF- 0

OF DF IF TF &F¥ ¥F AF PF (F
iptiton  This instruction cleers the Carry flag

CLC

115
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CLD Clear Dircetion Flag
Symtax CLD
Fonetion DF =90

Flags OF DF 1I¥ TF SF ZF aF PF CF
0

Description This instuction sets the divection flag to zero, causing the stinp
instruction to autoincrement the SI and DI index registrs. '

Example CLD

CLI Clear Interrupt Enable Flag

Syntax CLI
Function IF=0

Flags OF DF IF TE SF ZF AF FF CF
1

Description This instraciion clears the interropt flag

Example CLI
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¢ Complement the Carry Flag

ction If CF=0then CF =1, WCF = 1 then CF =

OF DF IF TF S&F ZF AF PF CF

*

ription This instruction toggles the carry flag to the opposiie state.

ample  CMC

{ompare
: ntax ChP destimation, source
jon Destinalion - Source.

OF DF ¥ TIF S 2ZF AF PF CF
*

¥ ] * * ¥

Descripfion This instruction subtracts the source from the destinadon and sets the
b appropriatc fiags. T doos not return the resulk,

Example CMP
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CMPS Compare strings

Symiax

Fenctian

Flags

Description  This instruction subtracts the destination bytc or word {addressed by
Di) from the source byte or word (addressed by 5I). DI and 51 are altered
sccording to the size of the operands and the status of DF. This

mstruction is generally used with the repeal instructions,

Example

CWP5 destination_ string, source_string.

If DF = G then &1 = 51+ operand size, DI = DI + operand size
If DF =1 then 51 = 5] - operand size, DI = DI - eperand size

OF Dr IF TF &§F ZF AF PF CF
* ® & * * *

CMPS source, destination

CWD Convert Word to Double Word

Symtuz

Fumection

Flags

Descripfion This instruction converts the signed word im AX w0 o signed
doubleword m DECAT

Example

118

CWD

If A% < S000hE then DX =0
If AN = 8000k then DX = FFFFh

OF DF IF TF SF Zr AF PF CF

CWI
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DAA Decimal Adjust for Addition
-. &:mr DAL

bmoction D3, D2 D1 DOof AL >9or AF=1, then AL = AL +6: AF =}
AL = 9Fh or CF =1, then AL = AL + 60k CF =1

 Flags fOF DF TF TF S ZF AF PF CF
f + % ¥ * L
Description This instruction converts the content of AL to a pair of valid packed

decimal number.

Eaample  DAA

Syntar DAS
Hon D3, 02 D1 DOof AL = Yoar AF= 1, then AL = AL -6 AF = |
If AL > YFh or CF =1, then AL = AL - 60h; CF =1

Flags OF DF IF TF S ZF AF PF C(F
" ¥ ¥ * *

<ription  Thiz instnetion changes the content of AL to a pair of valid packed
imial numbers which resulted from a previous subtraction,

Example DAS
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DEC Decrement

Syotax DEC operand

Function  Operand = aperand - |

Flags OF DF F TF & ZF AF FF CF
L

L] L] - Ed

Deseription  This mstmction subracts | from the operand.

Example DEC
DIV Divide
Syntax DEY source

Function I operand = byte, then ANsource, AH ~ quotient, AL = remainder.
if operand = word, then DX AXSsource, AX = quotent, DX =

remaindey.

Flags OF DF W TF SF EF AF PF CF

Description This instruction performs an unsigned division of unsigned integers
contained in AX ar DX-AX

Example DIV AX.23
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ESC Escape

., ntax FRL external opeode. address

smetion  Mlace instruction on the data bus

lags OF DF ¥ TF SF ZF AF PF CF
escription This imstruction is uscd with co-processors and should not be
uted on the Psion 3.

cxample  ESC 7.AL

OF DF I IF 8 7F AF PF CF

ple  HALT
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IDIV Integer Divisien

Syntax

Function

Flags

Description This instruction performs a division of the byte @ AX or word m
D AX by the operand.

Example

DIV souarce

If source = byte, then AL = quotient, AH = remainder.
I sptirce = word, Jen AY = quotient, DX -~ remainder,

OF DF IF TF SF ZF AF FF C(F

v CL

IMUL Integer Multiplication

Svntax

Functioa

Flags

Description This instruction performs an wnsigned wultiplication of unsigned
integers contained in AX or DRUAK.

Example

122

IMUL source

If source - byte then AX = AL x signed source
If soures = word, then DX = AX x signed source.

OoF nF IF TF SF ZF AF FF C(F
*

InLL BL
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Input Byte from 1/ Port

N Accumulator, port_address
I accummiator, DX

IN AL, 5A

OF TF TF TF 8F ZF AF FF

[f byte, then AL = datz From port oumber or from address in DY
If word, then AX = dats from port oumber or from address in DX

CF

jption  This insmuction moves a byte or word from an iwpul porl W AL or
The port number can be between O - 255 or 0 - 63535 in DX

INC destination

Destingtron = destination + 1

¥ # ¥ + *

Description This instruction adds 1 10 the destination opermd,

Eamample  TNC AX

OF DF IF TF S§F 2F AF FPF

CF
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INT Interrmpt

Syniax INT int_number

Funciion 5P = 5P - 2; Flags pushed; IF = TF =0, 5P =0, C5 pushed; 5P =
SP-Z; TP pushed;

C# = dara at mewory address (ope * 4 + 2}

TP = data at memory address (ope * 4)

Flags oOF DF IF TF &F ZF AF FF CF
] 0

Description This instruction penerates a software intermupt specified by the int
mumber which must be 0 - 255,

Example IMT 32

INTO Interrupt on Overflow

Symiax INTO

Function I OF = 1, then SF = SF - 2, Flags pushed; IF = 0; TF = 0; (3
pushed; 3P = SF - 2; 5 pushed;

(5 = data at memory address 12h

SP = SP - 2: [P pushed; new [P = data at memory address 10h

Flags OF DF IF TF &SF 2ZF AF ¥ (F

x *

Diescription  This instruction generates a soffwate inteupt if the overflow flag is
set. If OF = 0 then control proceeds to the following mstruction without activating
the ioterrupt call. Example INTO
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T loterrupt Return

gmtax  RET
‘Function 1P popped from stack; SP = 8P + 2; CS popped from stack; $P = SP +

o Flags popped from stack; SP =8P + 2,
Flags OF Dr IF TF EF ZF AF FF CF
= ¥ * L ¥ * E] * * *

: pmu'iptu:lu This instruction transfers conirol back to the instmucton after which

JAUINBE Jump if Abeve/ Jump if Not Below or Equal

Symtax  JAZINBE label

Fanclion  IECF and ZF = 0, then IF = IP | B-bit displacement { -128 to +127}.
Plags OF DF IF 1F SF 2ZF AF PF CF

Description These instructions, which pencrare the same instruction code, transfer
confra]l to the target operand |

- Example II4BE label
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JAE/ JNB/ JNC Jump if Above or Equal/ Not Below/ No
Carry

Syntax JAES JTHBY TNC label
Function 1ECF =0, then IP = IP + §-bit displaccment { -128 to —127).

Flags OF DF IF TF S8 ZF AF IF CF

Description These instractions transfer contrel to the targer operand

Example  JAE label

JB/ JNAE/ JC Jump Below/ Not Above or Equal/ Carry

Syntax  JB! INAF/IC label
Fusction  FCF = 1, thenIP = IF - 5-bit displacement { -128 to +127).

Flags OF DF IF TF S&F #F AF PFF CF
Description  These instructions transfer control to the target operand

Example IAE label
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JBE/ JNA Jump if Relow or Equal! Jump if Not Above

Svntax IBE label
Fupction  [f CF or ZF = |, then 1P = IP + 8-bit displacement { -128 to +127).

Flags OF DF IF TF 8F JZF AF PF CF
- Deseription These instructions transfer control ko the target operand

JCXZ Jump if CX Register Zero

:ngintax JOXT lahel
Punction  1£CX = 0, then IP = IF + 8-bit displacement { - 125 to +127).

OF DF IF TF S ZF AF PF CF
cription  This instruction transfers contral to the tarest operand

Ezample  JUXZ label
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JE/JZ Jump if Equal/ Jump if Zero

Syntax JE labcl
IZ lahel

Functien I 7F = 1, then [F = IF + $-bit displacement | =128 to +127).

Flags OFDFI‘FTFSFZFAFPFC‘F
Peseription Lhese Matruetions wansfer comtrul to the target operand

Example  [E label

JG/ JNLE Jump if Greater/ Jump if Not Less Then or Equal

Syntax JG tabel
JHIE label

Functien If §F = OF and ZF = 0, then IP = [P + 8-bit displacement [ -12§ 10
+127)
Flags OF b IF TF SF ZF AF PP CF

Drescription These instructions wansfer control to fhe target operand

Ezample  IG label

128




__ﬁ

Appendix 2 - 8086 Instruction Set

JGE/ JNL. Jump if Greater or Equal/ Jump if Not Less Than

Syntax JGE label
THT. Tabel

Fundiion If 3F = OF, then P - 1P + §-bit displacement { -128 1o +127).

 Flags OF DF IF TF SF 2ZF AF PF CF

 Deseription  These instructions transfer control to the target operand

‘?.E,umpk JGZE label

JINE/ INZ Jump if Not Equal/ Not Zero

Sgotax  JNE Tabel
INZ Label

Function  IfZF =0, (hen [P = [P + 8-bit displacernent { ~128 to +127).

Flags OF DOF IF TF SF ZF AF PF CF
i:]}ﬁcriptinn This instruetion transfirs control to the target operamd

Ezample  JNE Iabel
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JMP Jump Unconditionally

Syntax  JMP label
Function 1P = [P+ signed offset

Flags OF OF IF TF SF ZF AF PF CF

Description This instraction transfers control to the targer location.

Example  JMP label

LAHF Load Flags into ATl

Symtax LAHF

Function  AH =47 de 45 d4 43 42 dl 4o
5F IF X AF X FF X CF

Flaps OF DF IF TF BS8F ZF AF PFF CF

Diescription This instruction transfers the flag contents into AH.

Ezample LAHF
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LDS Load Pointer using DS
Syntax LIS destination, sourcs

Functivn  Destination = source
seg = source T 2

Flags OF DF Y 1TF 5F ZF AF PF CF

Description This instruction wansfers & 32 bit pointer variable from a memory
pperand to the destination operand and register DS, The offsel word of the pointer
i3 transferred to the destination operand, which may be any register. The scgment
word of the pointer is ransterred w register DS,

Example  LI¥S 51, label

LEA Load Effective Address

Svmlax LEA destination. somrce

Funetion  destmation = address(source)

Flags OF DOF JF TF S8 ZF AF PF CF
Description This instuetion transfers the offset of the sooree operand to the
destiration operand.

Example LEA X, label
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LODS Load String (Byte or Word)

Syniac LODS sourve swing
LODSE
LODSEW

Function I byte-string, then AL = dara at memory addressed by 51
IfDF =0, then SI=51+ 1
WDF=1, then 51+ 51-1
If word-string, then AX = data at memory addressed by 5
HDOF =1, then 31 =51+2
DF =1, then 51+ 8]-2

Flags OF DF IF TF & TJF AF PF (F
Description This istruction transfers the byts, word or double-word from DS-S
into the accurmulator.

Exampl: LODS 5TR

LOOP Loopif CX Not Zero

Syntax LOOP label
Function  CX=CK-[: IfCX <= 0 then [P = 1P + -hit dizplacement.

Flags OF DF F TF S ZF AF FPFF CF
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Description This instruction decrements the CX register. IF the result is not 7ero,
contrel iy ransferred o {he address specified by the operand. (<128 to
+127)

Example LCHP 1aked

!,ﬂﬂPEf’ LOOPZ Loop While Equal/ Loop While Zero

Syntax  LOOPE label
; LOOPZ label

~ Function CX =CN «l; ¥ CX <= 0 and ¥F = 1, then P = IP + ¥-bit
displaccment.

Pl OF DF IF TF &F ZF AF PF CF
:.Dﬂcﬂpﬁun This mstruction decrements the O repster. 1T e vesalt is not zer,
and ZF = | gomtrol is ransferred to the address specified by the
operand.

(-12€ 1 +127)

Example  LOOPE label
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LOOPNE/ LOOPNZ Loop While Not Equal/ Loop While Not
Zero

Syntax LOOPNE label
LOOPHNZ label

Function ©CX =Cx -1; FOCX = 0 and ZF = 0, then TP = [P + 5-bir
displacement.

FIn.gsOFDF]F’[’FSFZFAFPF{‘:F
Deseription This instruction decrements the CX register. [f the result is not zerq,
and ZF = 0 control is transferred to the address specificd by the
rand.

ope
(-128 10 —127}

Exampte  LOOPNE label

MOV Move Byte or Word
Syntaz MOV destnation . souLe
Function  Deslination = source

Flags OF DE TF TIF S ZF AF FF CF
Description  This instruction copies the source data o the destination operand.

Example WOV BXAX
MOY ALDD
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MOVE Move String

Syntax MOWVE destination_string, sowce string

Fonctivn  Destmation_string = source_siring

Flags OF DF IF TF S ZF AF PF C(F
‘Deseription This inetruction  mansfers a byte or wond fom the source string
(addressed by SI) to the destination string (addressed by DT} and updates SI and D1
ta point to the next sming element,

Example  MOVS string] siring?

MUL Muldply
Syntaz MUL sourge
Function  I{ source = byie, then AX = Al * souree
If sowrce = word, then AN, DX = AN * source

Flagy OF DF IF TF SF ZF AF PF CF
*

*

Description This instruction multiplies an unsigned nurnber in AL or AX by the
operand.

 Example ML 76
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NEG Negate (Two’s complement)
Symiax NEG operand
Function  Destimation = { - Destination

Flags OF DF IF TF SF ZF AF PF CF
+ + + * * *

Description This instruction subracts the operand from () and transfers the two's
complement into the operand.

Example  NEG AN

NOP No Operation

Syntax HNOP

Function  This instrection bas no effect.

Flags OF DF IF TF SF ZF AF PFF UF

Description This mstruction performs 1o operation except to delay the CPU by 3
clock eyeles.

Example  MOF
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NOT Logical Not

WOT destination

:'i.ll_mﬁﬂﬂ Dlestinarion = onc's complement of destination.

OofF DF TF ¢ SF ZF AF PFF CF

iptive This instruction mverts the bits of the byte or word operind.

k%3 m[lle NUT AE

Funectlon Destination = Destination OF Source

' Flags OF DF I¥ TF SF ZF AF TFF CF
0 s o+ o 0

Diescriptivn This instraction performs & bitwise OR of the destmation and the
source and transfers the result to the destination operamd.

 Example  ORALCL
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OUT Output

Syntax OUT port, aceumulator

Functinn  Port = Accumulatos

Flags OF DF IF TF SF ZF AF PF CF
Dieseription This instruction transfers the byte in the accumulator to the specified
L0 port, In the immediate tmode, byte = 0 - 255, For 0 - 53535, port address is
DX

Example  OUT 66AX

POP Pop Value off Stack

Syniax PO destingtion

Function  Destination = data on top of sack; 8P = 5F + 2

FlagsDFDFIFTFSFZFﬁFPFCF

Deseription This instruction transfers the word at the current fop of stack to the
destination operand, and then increments the SP by 2.

Ezample POP AX

133




*

Appendix - 8086 Instruction Set

- POPF Pop Flags
Syufax POPF
 Function  Flag bits are set to the data from the top of the stack: SP = Sp + 2

- Flaps OF DF IF TF & ZF AF PF CF
* +

* + * H ¥ * *

- Description This instruction  transfers the specific bits from the word at the
- purreat top of stack into the flags. SF is then incremented by 2,

Esample  POPF

PUSH Push Data on Top Of Stack

Symtax PUSH source

Function 5P = 8P -2; Source is pushed onto the top of the stack

o3 OF DF IF TF SF ZF AF PF CF
i&mcriptinn Thiz instruetion first decrements the SP by 2, and then transfers a
word [rom (he sowrce operand to the wp of the stack pointed to by SP.

mple  PUSH AX
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PUSHF Push Flags

Swntax FUSHF
Function  SP =SF - 2; The Flag register is pushed onto the top of the stack,
Flaps oF DF ¥ TF SF ZF AF PF CF
Description This instruction decrements SP by 2 and then wansfers all the flags o
ihe word at the top of the stack.

Example PUSHF

RCL Rotate Through Carry Left

Syntaz RCL destnation, coent

Fuoction  {tcwp) = count: if eount <= 0, then {roarry’} = CF = high order bit of
destination; destination= {destination x 2} + (roarmy}.
(temp) = terap - 1; rep=al function unt] 1emp = 0.
If count = 1, then if high-order bit of dest <= CF, then OF = 1; Else,

OF = 6. If pount <= 1, then OF is undefincd.
Flags OF DF IF TF SE #iF AF FF CF
¥ Ed

Drescription This mstruction romstes the bits in the word or bytc destination
operand left by the number of bits specified in the count operand.

Example RCLAH
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Rﬂl Rotate Through Carry Right
Syntaz RCE destmation, count

Fuaction  {lemp) = count; if count <= &, then {rearry’) = CF = high order bit of

i destingtion = destination’? igh-order bit of destination =
iw}-,{mp} = (temp) - | [f count = 1, then if high-vrder bit of dest < next high-
arder bit of degrination, then OF = I Elsc. OF = 0. If count <= 1, then OF is
'@hﬂeﬁnﬂd.

Flags OF DF IF TF SF ZF AF FF CF

E L]

Description This instruction rotates the bits in the word or tvte destination
gperand left by the number of bits specificd in the commt operand.
Example RCE AHJ

REP/ REPE/ REPNE Repeat/ Repeat While Equali/ Repeat
While Zero

Syotax REP MOWS destination sousice

Flags OF DE IF TF SF ZF AF PF CF
Description  These insmuctions can be used with any sting instruction (CMS,
LODS, MOVS, SCAS, STOS). The instruction is tepeated by the value in Cx If

£ =10, then the instruchon is not performed.

Example  REP MOWS AX, string
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REPNE/ REPNZ Repeat While Not Equal/ Repeat While Not
Zero

Syntax REFNE SCAS destinaticn
Flaps OF DF IF TF & ZF AF PF CF

Description These instructions, together with EEP, operate identically. ZF must
be cleared or the repsat function terminates.

Example  REPNZ 3CAS desumaiion

RET/ RETF Return Near/ Return Far

Syniax RET
RETF

Function  1f within segment, TP is popped off stack; SP =58P +2

If outside segment, C5 1s popped off stack; 8P =5F +2,

IF is popped off stack; SP =58P +2
Flags OF DF IF TF & ZF AF PF CF
Description This instruction wransfers comuol from a subroutine back to the
instruction following the CALL that called the subrendine.

Example  RETF
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ROL Rotate Left

~ Syatax RO destmation. count

Flags OF DF IF TF & ZF AF PF CF
Ed ¥

Descriptlon This instrection rotatcs the bits in the byte or word destination
operand lefi by the number of bits specified in the count operand. IF the count = 1,
then it can be specified directly. If the count = 1, then it mast be loaded inte CL
before wsing this instruction.

Example ROL AL

ROR Rotate Right

Syataz ROR destimation, sount

Flags OF DF IF TF F ZF AF PF CF
Description This instachion rotates the his in the byle or word destination
operand right by the number of bils specified in the count operand. I count =1,
then it may be specified directly. If count > 1, then it must be loaded into CL. hefore
wsimgs this sty uclion.

Fxample  ROR BL 1.
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SAHF Store Register AH into flags

Syntax SAHF

Function 8F fF X AF £ PE X CF
d7 d6 45 d¢ @ dr 4 40

Flags OF DF IF TF G&F 2F AF PF CF
* ¥

¥ L} *

Description This instruction transfers bits 7, 6, 4, 2 and O from register AH inta
the appropriate flag registers.

Example  SAHF

SAL/ SHL Shift Arithmetic Left, Shift Logical Left

Syntax SAL destination, count
SHL destinahon, count

Fags OF DF IF TJTF SF ZF AF PF CF
+ * * * s

Description These instructions perform the same operation. The destination byte
or word is shified left by the number of bits specified in the count operend. Zeroes
are shified in from the right. If count = 1 then it may be loaded directly. I count >
1, then the value must be loaded into CL before using this instruction.

Example  SALBL]

14




——-ﬁ

Appendix 2 - 8086 Instrocton Set

SAR Shift Arithmetic Right

Sgntax SAR destination, count

Flaps QF DF IF TF S ZF AF PF CF
L * L]

L3 £

Description This instruction shifts fhe bits in the hyte or word destination operand
night by the number of bits specified in the count operand, If the count = 1. then it
may be loaded directly. Jf count > | then it most be Joaded into CL before using
this nstruction,

Example SAR AL T

SBB Subtract With Borrow

Syntax SBB destination, source
Function  If CF = |, then destination = destination - sgurce -]
If CF <= 1, then destination = destination - spurce

Flags oF DF IF TF SF ZF AF PF <CF
* * # x * ¥

Description This instruction subtracts the source from the destination, then
subtracts 1 if CF =1 {zet), and returns the result in the destination operand.

Example 5BB AH EH
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SCAS Scan String

Syniax SCAS destinaton_stng
Flags OF DF [F TF SF ZF AF FF CF
¥ * * L] * =

Description This instruction subtracts the byte or word destination string element
addressed by DT from the content of AL or AX and then updates the flags. but does
nit change the destination string or the accumulator. SCAS also wpdates DT to point
to the next string element. This mstruction may be used with REPE, REPZ, REPNE.
or REFNZ.

Example SCAS

SHR Shift Logical Right

Symiax SHE destination, source

Flags oF DF IF TF & ZF afF FF CF
* *

E ] = L

Description  This insmucton shifis the bits in the destination operand to the right
by the number of bits specifisd in the count operand. Zeroes are shifted im from the
1ot If the count = 1, then it may be specified dirveily. If the connt > 1, then 1t sk
be loaded inta CL befure this instruction can be used.

Example SHRALTL

146




—_ —ﬁ

Appendix I - 3086 Instruction Set

STC Sct Carry Flag

Syntax 8TC
Function CF=]

Flags OF DF IF TF & ZF AF FF CF

Description  This instroction sets the carmy flag to 1.

Example STC

STD Sct Dircction Flag

Syniax STD

Functinn DF=1

Flags OF pDr w TF S ZF AF PF CF
1

Drescription This instruction sets the direction flag w 1. This canses the siring
instructions o autodecrement the SI and/'or DT index registers. DF =4,  then 51
and’or I are awmtoineremented.

Example STD
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ST1 Set Interrupt Enable Flag

S¥nkaa STI
Fusction IF=1

Flags OF DF TF IF SF ZF AF PF CF
1

Description This instruction sets the interrupt enable flag fo 1, This allows the
CPLJ to recognise mterrupss occurring on he INTR line.

Exsmple  5TI

STOS Store String Data

Syntax STOS destination_siring
Flags OF DF TF 1F s ZF aAF PF CF

Drescription This instruction ansfess a byte or word from register AX of AL to
the string clement addressed by DI, and wpdates 13l to point to the next Jucation m
the string.

Example  STOS
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SR Subiract

Syntax SUE destination, soorce
Functiom  Destination = destmation - sowrce

Flags OoF DF [F IF 8F EZF AF PF CF
L] *

* ¥ L ¥

Description This instrochion subiraces the byte or word source operand from the
destination operand. and places the resulk in the destination operand.

Example SUB AN BX

TEST Laogical Compare

Bymtax TEST destination, spurce

Funciion Destination is ANDED with source

Flags OF DF [F TF &SF ZF AF FF CF
0 * * ¥ 0

Description This instruction performs a logical AND of the kwo operands and
updates the flags without returning the result.

Ezample  TEST ALZAL
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WAIT Wait

Svntax WAIT
Fumetinn ~ MNone

Flags OF DF W TF SF ZF AF FF cr

Drescription  This instruction canses the CPU fo enter a wait state.

Example  WAIT

XCHG Exchange

Syntax XCHG destnation, SoAlrce

Funciion  dcstination = sourse; source = destination

Flaps OF BF IF TF SF ZF AF FF CF
Description This instruction swaps the contents of the source and Jestination
eperands.

Example XCHGAXKCK
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XLAT Translate by Look-Up Table

Synlax XLAT

Fumction AL =DS{BX + AL

Flags ©OF DF IF TF SF EF AF PFF CF
Description This nstruction uses the value in the AL register as an offset from the
beginning of the table placed at the memory locaion DS:BX. The byte at this offet

replaces the contents of the AL register.

Example XLAT TABLE

XOR Exclusive DR

Syniax XOR destination, source

Function  Dcstnation = destnabon XOR source.

Flags OF TF IF TF SF ZF AF PF CF
n, * * ¥ u

Trescription This instruction performns an exclusive or of the two byte or word
operands and retams the result to the destination operand.

Example  XOR A BX
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Appendix 3 - Two-Pass Assembler/Disassembler

APP Debug

TYPE $1000

[COM "PIC\GRAY PIC"
ENDA

PROC DEBUG:

GLOBAL A&, C& BYTE% BYTE2%,COL%,ADDS(4),ZEROSS(4),L%
GLOBAL G$(4).JEF%,BY$(2),ROW%,SKEY% FL% KF%,TC%
GLOBAL T%(2),C5%,CS$(4),E%,CSS$(5),A58(2).A55%(20)
GLOBAL CX%.CY%,TOTAL& AS(1) D%(6),PAR%, STRS(128)
GLOBAL BITE1%,BITE2% BITETOT%, NADS(4), NADD$(4)
GLOBAL PADD& BITE% K%, 0RG&, X%, RES%, LOADNMSE(20)
GLOBAL BUFFER%(8192)

RESET::

CAPS:

RESY%=0

ORG&=ADDR(BUFFERY:())

FL%=0 KF%=I

ZERQS$="0"

T%(1)=5C88C

T%{2F5CB

C5%=TUSR{ADDR(T%(13),0,0,0,0}

CS$=HEX$(C5%)

L%=4-LEN{CSS)

CSS$=REPTS(ZEROSS.LY%)+CSS

A&=ORG&

WHILE 1

CURSOR OFF

CLS

ROW%=0

STATUSWIN ON :FONT 11,16
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ADDS=HEXE{A&)

| L%=4-LEN{ADDS)

PRINT REPTH{ZEROSS Lo} ADDE" ";
DO

-~ BYTE%=PEEKB{A&)
 [FBYTE%=>32

AS$S=CHRS(BYTE%)

- ENDIF
- ABSF=ASS5+ASS
BYS=(HEX$(BYTE%))
L%=2-LEN(BYS)

. PRINT REPTS(ZEROSS LY%)BYS," "
C COL%eCOL%+1

A&=A&+]

UNTIL COL%=8

PRINT ASSS:

: Asss'-“"
 ROW2%=ROW%+1

UNTIL ROW%=8
AB=AL-$40

POSTHELP::

SKEY%=GET

- CAPS:

IF SKEY%=2%0 REM MENU EEY
K%=0

GOMENLI:

IF RES%=1
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GOTO RESET™
ENDIF
IF X %=
AR=0ORG&R
EMDIF
ELSEIF SKEY% AND 3200 REM HOT KEY
K%=SKEY%-5200
GOMENTF:
IF RES%~=1
GOTO RESET::
ENDIF
IF X%=0
AE=0DRG&
ENDIF
ELSEIF SKEY%=291 REM HELP EEY
SAVE:
GOHELP:
LOAD:;
GOTO POSTHELP::
ELSEIF SKEY%=256
IF A&=33F
AZ=2%_340
ELSE
A &r=l)
ENDIF
ELSEIF SKEY%%=259
IF Af&==0
Afr=Ad&-1
ENDIF
ELSEIF SKEY%=238
Ak=A&+]
ELSEIF SKEY%=257
A&=25+540
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 ENDIF
- ELSEIF SKEY%=%Q OR SKEY%=27
 CLS :AT 16,4 :PRINT"QUIT(Y/N)"
 IF GET=%Y
STOP

. FROC procz:
RES%=1
ENDP

PROC proch:
STATUSWIN OFF

FONT 10,16
AR=ORGE&
ENDP
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PROC proce:
LOADM "LOC: M:\OPO'DBASE OPO"
STATUSWIN OFF

FONT 10,16

ED:

UNLOADMLOC:: MAOPO\DBASE OFQ"
ENDF

PROC proct:
STATUSWIN OFF
FONT 10,16
LST;

ENDP

PROC procm:

GSAVEBIT "LOC::M:\OPD'DUMP PIC"
MODIFY:

EMDFP

FROC procd;

HEX:

IF A§<="Q"
PAUSE 5
A&=TOTALE
ORGE=TOTAL&

ENDIF

ENDP
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PROC procr:

LOCAL T%(2),U%, AX% BX%,CX% DX%,C5%,D8%,55%,E5%,DI%,51%
- LOCAL S5P% BP%

CLS

T%(1)=SD889

To%(2)=5CB

BX%=USR{IADDR(T%:(1)),0,0,0,0)

T%(1)=5C889

T%(2)=3CB

CX%=USR{ADDR(T%(1)),0,0,0,0)

T%(1)=3D089

T%(2)=3CB

DX%=USR{ADDR(T%(1)),0,0,0,0)

T%(1}=8C88C

T%(2=5CB

C5%=USR{ADDR(T%(11),0,0,0,0}

T%(1)=8D88C

T%(2)=$CB

D5%=USR{ADDR{T%5(1)},0,0,0,0)

T%{(1)=$D08C

T%{2=3CB

55%=USR{ADDR(T%(1}),0,0,0,0%

T%i{1)=3C08C

T%(2)=SCB

ES%=TISR{ADDR(T%{1)),0,0,0,0)

T%(1)=8F08%

T%(2)=8CB

S1%=USR(ADDR{T%¢(1)),0,0,0.0)

T%(1)=5F889

Te(2)=$CB

DI%=USR(ADDR(T%(1)),0,0,0,0

T%(1)=$E089

T%{2)=5CB
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SPo4=USR{ADDR(T%(1)),0.0,0,0)

To%(1)=$E889

T%(2)=$CB

BPY%=USR(ADDR(T%(1)),0,0,0.0)

PRINT" 8086 REGISTERS"

PRINT

PRINT

PRINT" AX=0000"" BX=";"000"+HEXS$(BX%)"
CX=""000"+HEX$(CX%);" DX=","000"+HEX${DX%)
PRINT

PRINT" CS="-HEX$(CS%);" DS="HEX$({DS%);" SS=";HEX$(S5%);"
ES=";HEX$(ES%)

PRINT

PRINT" SI="-"000"+HEXS$(S1%)," DI=";HEX$(DI%)."
SPp=""0"+HEX$(SP%)," BP=";"0"~HEX${BP%)

GET

CLS

ENDP

PROC GETSEG:

T%(1)=$C88C

T%(2)=$CB
CS%=USR(ADDR(T%(1)),0,0,0.0)
CS$=HEXS(CS%)
L%=4-LEN(CSS)
CSSS=REPT$(ZEROSS,L%)+C5$
ENDP

PROC CSEG:

CL3

PRINT"Code segment value: " :INPUT Cé&
ENDP
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PROC procy:

LOCAL WORDS${255),CP%,PS% AS&
= CLS

 PRINT"Address: $"HEX$(A&)
PRINT"Enter text:”, :INPUT WORDS
CP%=LEN{WORDS$)+1

P5%=1

ASE=AKL

Do

POKEB AS& ASCMIDS(WORDS P5%.1))
AS&=ASE+]

PS%=P5%+1

UNTIL PS%=CP%

ENDP

~ PROC MODIFY:

CX%=6 :CY%=2 EF%~=1
AT 5,1 PRINT" <ENT=>-Poke byte, G-Run code "
DO
AT CxX%,CY%
CURSOR ON
SKEY%=GET
CAPS:
IF FL%=1
FL%=0
RETURM
ENDIF
IF SEEY%=256
CY%=C% %1
IF C¥9%=<2
CY%=CY%+1
ENDIF
ELSETF SKEY%=239
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C3%=CX%-3
IF CX%<6
CX %% CX %3
ENDIF
ELSEIF SKEY%%=257
CY%=CY%+1
IF CY%>9
CY%=CY%-1
ENDIF
ELSEIF SKEY"0=258
CH%=CX"%+3
IF CX%>=28
CHY=CX %3
ENDIF
ELSEIF SKEY%%=13
CURSOR OFF
BITETOT%~=BITE!%+BITE2%
PADD&E=A&HCY%-2)*8+CX%/3-2
POKER PADD& BITETOT

AT 51 -FPRINT" Byte poked at address: "HEXHPADDE)," "
PAITSE 25

AT 5,1 PRINT" <ENT=>-Poke byte, G-Run code "
ELSEIF SKEY%=%G

CURSOR OFF

PADD&=A&HCY%-2)*&+CX%/3-2

AT 1,1

PRINT"  Y-Confirm, address="-HEX$(PADD&);" "
SKEY%=GET

IF SKEY%=%Y

PADD&=A&+(CY%-2)*8+CX%/3-2
CS%=USR(PADD&,0,0,0,0)

AT1,]

PRINT "  Code executed ** AX="HEX$(CS%);" "
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GET
AT 5,1 ‘PRINT" <ENT=>-Poke byte, G-Run code "

ELSEIF SKEY%=%Q

CURSOR ON
ELSEIF EF%~2
ONE:

CX%=CX%-1

KF%=1
: BITE1%=RBITE%
- ELSEIF KF%-~=1

ONE:

CH%%=CH %1

KF%=2

BITE2%=BITE:*16
ENDIF
UNTIL SKEY%=%( OR SKEY%=27
CURSOR OFF
ENDP

" PROC CAPS:
IF SKEY%>96
IF SKEY%<200
CURSOR OFF
CLS :AT 114 :PRINT"Tum Caps Lock ON"
FL2%=]
PAUSE 25
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PROC SAVE:
GSAVEBIT ("LOC::M:\OFD'DUMP.PIC")
ENDP

PROC LOAD:

LOCAL ID%

MA=GLOADRIT ("LOC: MMOPDVDUMP FIC")
GUSE 1

GAT 0,0

GCOPY 1D%,0,0,240.80,3

GCLOSE ID%

ENDP

PROC ONE:

IF SKEY %=1
AT CX%.CY%
PRINT "1"
BITE%+=1

ELSEIF SKEY%="%02
AT CX%,CY%
BITE%=2
PRINT "2°

ELSEIF SKEY%="%3
AT CX%,CY%
BITE%=3
PRINT "3"

ELSEIF SEEY%=%
AT CX% CY%
BITE%e=4
PRINT "4"

ELSEIF SKEY%="3
AT CX%,CY%
BITEY =5
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PR.[NT ||5n

ELSEIF SKEEY%="%6

AT CX%,CY%

BITE%=6

PRINT Hﬁll

ELSEIF SKEY%=2%7

 ATCX%.CY%

. BITE%~T

PR]NT l?ll

- ELSEIF SEEY%="%8

AT CX%,CY%

BITE®»=3

- PRINT"8"

- ELSEIF SKEY%=%9

AT CX%,CY%

BITE%=9

PRINT 'Igr‘

~ ELSEIF SKEY%=%0

AT CX%,CY%

- BITE%=0

~ PRINT "0

- ELSEIF SKEY%=%A

AT CX%,.CY%
 BITE%=10

PR]NT nAY

- ELSEIF SKEY%=%B

AT CX%,CY%

BITE%=11

 PRINT "B"

. ELSEIF SKEY%=%C

AT CX%.CY%

BITE%+=12

PRINT "C"
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ELSEIF SKEY%=%D
AT CX%,CY%
BITE%=13

PRINT "D"

ELSEIF SKEY%%=%E
AT CX%,CY%
BITE%~14
PRINT "E"

ELSEIF SKEY%=%F
AT CH%.CY%
BITE%~=15

FRINT "F"

ENDIF

ENDP

PROC HEX:
LOCAL NUM%,CO%%
START::
CLS
PRINT" Address(HEX): ";
CO%=0 TOTAL&=0
Do

AS=GETS

IF AF="0)"

RETURN

EMDIF

PRINT AS;
NUMY%=ASC[AS)

IF NUM%<48

GOTO START::
ENDIF
IF NUM%4=57

IF NUBM%%<65
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 LOCAL RET% HANDLE% MODE% LENGTHZ
 LOCAL SEEK®%,NA$(9),CHOICES(1)
| GLOBAL NUM2%,C0%, TOTAL2%,A28(1), TYPEITS(20)

ENDIF



Appendix 3 - Two-pass Assembler/Disassembler Listing

HEXZ:

LENGTH%=TOTAL2%
RET%=I00PENHANDLE, STR$.MODE")
RET%=I0OWRITE(HANDLEY:, START%% LENGTH?3)
RET%=I0OCLOSE(HANDLEY:}

ENDP

PROC HEXZ:
LOCAL CO2%
START::
CLS
PRINT TYPEITE;
CO2%=0 TOTAL2%=0
Do
AS=GETS
]FA$=I!Q!
RETURNM
ENDIF
PRINT A%
NUM2%=ASC(AS)
IF WUTh2%<48
GOTO START::
ENDIF
TF NUM2%%=57
TF NUM2%<65
GOTO START:
EMDIF
ENDIF
NUM2%%=NTIM2%%-48
IF MUM2%0
NUMZ % o=NTM2 %7
IF NUM2%=15
GOTO START::
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| TOTAL2%=TOTAL2%*16+NUM2%
- C02%=C02%~1

I,;RDC procl:

LOBAL TYPEITS(300, TOTAL2% NUM2%
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PROC proct:
LOCAL SPCE%,5PA%, SKEY %
OPEN "LOC;:M:DATMNEMONIC.DBF",A, TEXS,CODS,LECS
FIRST
CLS
Do
SPCE%=20-LEN(A.TEXS)
PRINT POS, A TEXS;
SPASG=0
Do
PRINT" ",
SPA%=SPA%+]
UNTIL SPA%~=SPCE%
PRINT A CODS
SKEY%=GET
IF SKEY =% OR SKEY =27
CLOSE
EETURN
ELSEIF SKEY%=256
POSITION POS-2
CLS
ENDIF
MEXT
UNTIL EOF
CLOSE
ENDP

FROC proct:

LOCAL DS(128),C%
FONT 9,16
DF=DIRS{"ROM:")
WHILE D§=""
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PRINT DS
_ D$=DIR$("")
 C%=C%+]
. UNTIL C%=17
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NEXT

ENDIF

UNTIL EOF

UNTIL SKEY%=%Q
CLOSE

ENDP

PROC procu:
LOADM"LOC:: M:\OPO\ADISS.OPO"
STATUSWIN OFF

FONT 10,16

DISS:

UNLOADMLOC:: M:\OPOMADISS.OPOD"
ENDP

PROC proca:

LOCAL A% B% A& OFFSET% HASHS(1)

LOCAL MNUS(20),0P3(4),CODES(20)

GLOBAL SYNTAX%,C%,COUNT%,A$(20),ADD%,CODE1%
GLOBAL ADDRS$(4),BS(1),TOTAL3% NUM3%,FF%

GLOBAL TOTAL4%, ECOUNT%,C1%,SCAN%,OFFSET&
GLOBAL TABLE$(100,10),SYMCNT%,SYMCNT2% ADR&(100)
GLOBAL JFLAG%,T%,START%,SERCH$(4), POKEADD&
GLOBAL ADDRESS& BYTEY% BYTES(2),PS%. NUM%(2), WORD%,AA%
GLOBAL NNN$(127),BUFFC% MEMCNT% MEMTABS(100,14)
LOCAL MODE2%,LE2%,RET2% HANDLE2%

TCH=0

X=l

OPEN "LOC:M:\DATMNEMONIC DBF",A.TEXS,CODS LENS
CLS

STATUSWIN OFF

FONT 14,16

CLS
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PARY=64
- DATA:
IF STRS=""
RETURNM
ENDIF
OPEN STRS B LINES SOURCES
COUNTY%=COUNT JFLAGY%=1
BUFFC%=COUNT%*3
AGATN::
USE A FIRST
USE B :FIRST
SYMCNT2%=1
Tog=1
SYMCNT%=1
TOTALIY =0
- TOTAL4%=0 ECOUNT%=0 :CL5 :C%=1 :C1%=1
IF JFLAGY%=1
CLS
ATI1,1
PRINT "Pass 2"
- PAUSE 10:CLS
ELSE
AT
- PRIMT "Pass 1"
- PAUSE 10.CLS
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AT S5 C%
PRINT AS
HASH$=MIDS{(A%.1.1)
IF C1%=1
IF MIDEAS 1 3)="0RG"
SYNTAX %=1
ERROR:
ELSE
IF MID$(AS.4,1="D"
TOTAL3%=VAL{MIDS(AS,5 4))
FFe=1
HEX3:
GOTO CON::
ENDIF
I[F MIDS{AS 5.1="7" OR MID${AS.4,1)="7"
=l
TOTALI=0RG&
AT 20,0%
PRINT "Start address: $"HEX$(TOTAL3%),” (", TOTAL3%;" dec)"
IF JFLAG%=1
START%=TOTAL3%
EWDIF
ELSE
ADDRS=MIDS(AS.5 4)
HEX3:
ORG&=TOTALI%
EMDIF
GOTO CON::
ENDIF
ENDIF
[F HASHE="#"
IF MID$(AS.7,1="X" OR MID$(AS,7,1="T"
OPE=MIDS(AS$.9.4)
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A$=MID$(AS,2,7)+"FFFF"
~ ELSE OP$=MID$(A$.9.2)
$=MID$(AS,2,7)+"FF"

; DP$=-MED${A$ 6,2}

; IFM]DS{H 5,1="X"
| SYNTAX%=7

ELSE
A$=MIDS$(AS,1,3)+"FF"
SYNTAX%=3
ERROR:
ENDIF
 ELSEIF JFLAG%=-1
IF MIDS$(AS,5,1)="X"
 SYNTAX%=7

ELSEIF JFLAG%~-1
 SYMCNT2%=0
 SERCH$-MID$(AS 5 4)
DO

SYMCWNT2%=SYMCNT2%+1

IF SYMCNT2%>99

SYNTAX %=0

ERROR:

GOTO CON:

ENDIF
UNTIL SERCHS=TABLES(SYMCNT2%:)
OFFSET&=ADR&(SYMCNT2%)-STARTY-TOTAL4%-2
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IF OFFSET&>126
SYNTAX =8
ERROR:

OFFSET&=0
ENDIF
IF OFFSET&<0
IF OFFSET&=-126
SYNTAX%=8
ERROR:
OFFSET&=0
ELSE
OFFSET&=256+0FFSET&
ENDIF
ENDIF
OP$S=HEX$({OFFSET&)
IF LEN(OPS)<2
OP$="0"+OP$
ENDIF
AS=MIDS(AS,1 3)+"FF"
ENDIF
ENDIF
ENDIF

IF HASHS="<"

IF MIDS(AS$.9,3="MEM"
OP$=HEX$(ORG&+BUFFCY%+{VALMIDS(AS,12,1)))*2)
MEMCNT%=MEMCNT%+1
MEMTABS(MEMCNT%)=MID$(A$,9,4)}+"..."+OPS

FLSE
OP$=MIDS(A$.9,4)

ENDIF
A$=MIDS(AS 2 6)}+"[FFFF]"

ENDIF
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.I'L'ks.['[s:“}"
IF hﬂD}%ﬁi?ﬁ)ﬂ'MEM
- OP$=HEX$(ORG&+BUFF
it CI’MWAL{NHDS{MJE,U}}Q}
- MEMTABS =
BLSE (MEMCNT®%)=MID$(AS$,9.4)+"..."+OFS$
. OPS=MIDS(A3.9.4)
 ENDIF
: AE—*MDVIFFFFI,"+MInsms.s,z}

IFMIDS(AS,1,3)~"END"
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CODE$=MIDS(A CODS$,1,2)-MID%(0OP§,3 2+ MID3(OF3,1,2)
ELSE CODE$=A.CODS i
ENDIF
IF CODES=""

SYNTAX %=4
ERROR:
GOTO CON::
ENDIF
ONERR F::
TOTAL4%=TOTAL4%+ VAL(A LENS}
ADDRESS&=(TOTAL4%+TOTAL3%-VAL{A LENS))
¥
AT 20,C%
PRINT CODES
AT 46,C%
PRINT HEXS$(ADDRESS&)
IF JFLAG% =1
BYTE%e=0 -AA%=0
DO
PS%=1
Do
BYTES=MID${CODES BYTE%+P5%,1)

NUM%(PS%)=ASC(BYTES)

IF NUM%(PS%)=64

NUM(P5%)=NUMY(P5%)-53

ELSE NUM%{ PS5 % )=NUM%(P5%)-48

ENDIF
PR%%=P5%t+1
UUNTIL P5%%=3
WORD%=NUM%(1)* 1 6+ NUKM%0(2)
POKEB ADDRESS&+AAY WORD%%
BYTE%=BYTE%:+2
A= AAYH]
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UNTIL BYTE%=LEN(CODES)

UNTIL C1%>COUNT%
AT 1.C%
FRINT "CQ‘k_ IBﬂgﬂl;",TDTﬁMﬁ@,".","Eﬂd
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AT 20,1

PRINT"Memory table;:”

MEMCNT%=1

DO
AT 20.C%

FRINT MEMTABS(MEMCNT%;)
MEMCNTYe=MEMCNT %041
Co%=C%+1
TC%=TC%+1

IF C%=>13
GET

CLS
Co=1
ENDIF

UNTIL MEMTABS(MEMCHNT?4)=""
IF JFLAGY=1
GET
CLS
JFLAGY%=IFLAG%*-1
GOTO AGAIN::

ELSE
JFLAGY=1
SCAN%=GET
ENDIF
CLOSE
CLOSE
ENDP

PROC ERROR:

LOCAL MESSAGES(255),T% ;
MESSAGES="missing ORG remove tab remove END unknown codeJump label
label lengthJump inst. jmp distancemissing bl missing file” e
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ITAX%=SYNTAX%*12-11

PRINT MB}S(MESSAGES SYNTAX%,12)
*OUNT%=ECOUNT%: 1

PROC SYMTAR:
ABLES(SYMCNT?%)=MID$(AS,2.4)

; ECIZ%—l TOTAL3%=0

~ B$=MID$(ADDRS,C02%,1)
EB$="“

RETURN

GOTO START:
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EMDIF
IF NUM3%=>57
IF NUM3%<65
GOTO START:
ENDIF
EMNDIF
MWUM 3= NIV 3%=-48
IF NUM3 %9
MNUM3%=NUM3%-7
IF HUM3%:=15
GOTO START:
ENDIF
ENDIF
TOTALI%=TOTAL3I%*16+NUM3%
CO2%=C02%+1
UNTIL CO2%=5
E:
FFoe=0
AT 20.C% ;
PRINT "Start address:" TOTAL3I%,"(dec)”
IF JFLAGY =1
START%=TOTAL3%
ENDIF
ENDP

FROC JUMP:
ENDP

PROC GOMENLI:

LOCAL HE(24),A%(5)
HS="lsdmghefasnvrpigexbytu”
WHILE 1

IF k%=0
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MINIT

MCARD"Code","Load" %l,"Save",%s, Dump”,%d, "Modify/Run", %m, "IP="+H
EXS(ORG#),%h,"TP=Default"’,%z,"Enter string” %y
MCARD"Source™,"Edit” %e, "List",%f." Assemble” %a,"Unassemble” %u
MCARD"Special”,"Registers” %, "Help" %p, "Mnemonics” %i,"Dir",%b,"ROM
Dir",%t,"Exit menu”, %x,"Quit”, %q
- K%=MENU
- [F K% AND (LOC(HS,CHRS(K%))y=>0)

- AS="PROC"+CHRS$(K%)
 @(AS)
RETURN
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PROC proch:
LOCAL D$(128),P%
FONT 9,16
SETPATHLOC: M \DAT
D$=DIRS({"M DAT* DBF")
mm.E Dsc::_lrll

PRINT MID$(DE,13,12)
P=P%+1

IF P9%=14

GET

Poo=0

ENDIF

DE=DIRS(™)
ENDWH
GET
ENDP

PROC DATA:

LOCAL P$(4)
SETPATH'LOC::M:DATY"
PS="File"

DINIT

DFILE STR$,P$,PAR%
DIALOG

ENDP

PROC GOHELF;
LOCAL 5%
DINIT "General help”

DTEXT " ,CHR$(254 1+ "Debug",$500
DTEXT "" CHR$(254)+"Machine code”,$500
DTEXT "",CHRS$(254)+"Editor",$500
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DTEXT "', CHRS(254)+" Assembler" 3500

DTEXT "™ CHRS(254)+ " Disk utilities",$500

DTEXT ™, CHRS$(254+ " Mnemonics”,$500

DTEXT ", CHR$(254 0 "Source syntax", $500

goe=DIALOG

TF 5%=2

DINIT "Debug”

 DTEXT ""."Debug starts at free address. Move around",0

- DTEXT "","+/- 40 bytes using cursor keys. "+CHR$(02)+" and cursor",0
- DTEXT "","keys for single byte scrolling.",0

 DTEXT "",CHRS${21+"D dumps from entered hex address.",0

~ DTEXT "",CHR${2y+"H dump from previous address.”,0

~ DTEXT "","Enter text using the string option ("+CHRE{02)+"Y)",0

- DIALOG

- ELSEIF 5%=3

- DINIT "Machine code"

- DTEXT "","Enter code in free areas of memory.",0

- DTEXT "","Ensure code ends in RETF before ninning ".0
- DIALOG

- DINIT "Editor”
- DTEXT "","If new name is not entered, Editer wall load",0
- DTEXT "","existing source file. Use up/down keys to".0
- DTEXT ","move around text. Type ""I™" to insert, ""A"" to",0
- DTEXT "","append, ""D™" to delete line".0
- DTEXT "™,"Type END, followed by ""Q™" to save and exit.".0

~ DINIT "Assembler”
 DTEXT ™,"Simply type source name, followed by™,0
 DTEXT "","ENTER. Any key to move to next screen.”, 0
DTEXT ™."Code will be assembled at ORG address.”,0
- DTEXT "","Correct any syntax errors with Editor.".0
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DTEXT "","MEM] to MEM? available.",0

DMALOG
ELSEIF 5%=6

DINIT "Disk utilities”

DTEXT " ,"LIST fle allows you to quickly examine",0

DTEXT ™","source file; cursor keys scroll through.",0

DTEXT ","LOAD & SAVE act on machine code only.".0

DTEXT ™."Source is loaded and saved antomatically”,0

DTEXT "™,"during editing. From menu, menumonic file",0

DTEXT ™."can be loaded and examined-""0"" to exit.",0

DIALOG
ELSEIF 5%=7

DINIT "Mremonics™

DTEXT ™","8086 Mnemonic.dbf should be in LOC::MDAT\",0

DTEXT ™","New codes can be developed by using the assemble”,0
DTEXT ™."(A) and unassemble option (17} in DEBUG on ap™,0

DTEXT ™,"MSDOS PC computer. Compress fle before copying”,0
DTEXT ™,"to a ROM pack-(see manual for details).”,0

DIALOG
ELSEIF 5%=8

DINIT "Source syntax”

DTEXT ™ ">MOVAL [MEM1] >MOVAX [MEM2] <MOVAX [MEM3]".0
DTEXT ™" AL to MEMI A to MEM2 MEM3 to AX "0
DTEXT ™., "#MOV AX FFFF, #MOV BX FFFF; *FRED;, INZ*FRED; JZ
*FRED..etc",0

DTEXT ™ ,"AH=d7 d6 d5 d4 d3 d2 d1 d0 ; Use """ before INT: eg .INT 21;
"0

DTEXT™,"  SFZFX AFX PFX CF - LAHF(flag to AH),SAHF",0
DIALOG
ELSEIF 5%=0

RETURN

ENDIF

ENDP
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- PROC DISS:

. GLOBAL XA& XORG& XTOTAL& XAS(12), XBUFFERY{100)XFL% NO%
GLOBAL XST&, XP%,XSE$(12), XCO%,X Y$(12),XSC%,XOP$(10),XB%
GLOBAL XT%(2),XC5%,XL%,XCS5(4),XCS55(4), XZEROSS(4)

. GLOBAL FQ%,RS(2),R28(2).XSE2%, XFF%,XD%

CONT2::
XORG&=ADDR(XBUFFER{)}
XZEROS%="0"
XT%(1)=$C83C
NT%(2)=3CB
L CS%=USR{ADDR{XT%(1)),0,0,0,0)
. XCS$=HEX$(XCS%)
L XL%=4-LEN({XCS3)
XCSS83=REPTS(XZEROSS, XL%H+XCS5
FROCD1:
KST&=XORG&
OPEN "LOC-M:\DATMNEMONIC DEF" A TEXTS, CODES LENS
CLS
Do
HFL%=0
IF PEEKW(XST&=$FFFF
XC0%e=2
PRINT HEX$(XC3%),"";
NO%=4-LENHEXS(XST&))
WHILE NO%===0
PRINT™0";
NORe=N0%-1
ENDWH
PRINT HEX$(XST&);
PRINT " FFFF M7

KSES=(HEXS(PEEKB(XST&))}+"*")

185



m—-—.—

Appendix 3 - Two-pass Assembler/Disassembler Listing

IF LEN(XSE$)=2
XSE$="0"+XSES

ENDIF

XSE2%=PEEKB(XST&)

IF MID$(XSES,1,1)="7"
HBY%=PEEEB(X5T&+1)
IF XB%>128

XB%=256-XB%

XOP$="-"+GEN$(XB%,3)
ELSE

XOP$="+"+GEN$(XB%,3)

EMNDMF
XFL%=1

ENDIF

IF MIDS(XSES,1,1="B"
IF XSE2%<184
HB%=PEEKB(XST&+1)
HOPI=HEXS$(XB%)
HFL%~=1
HFEF%%=1
ENDIF
ENDIF
IF MID$({XSES,1,2="CD"
NB%=FEEKB(XS5T&+1)
XOPS=HEXS$({XB%)
XFL%=1
ENDIF
PRINT XCS55%;"";
NORe=4-LENHEXH{X5T&))
WHILE NO%=0
PRINT™O",
MNO%%=N0%-1
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ENDWH

PRINT HEX$(XST&);
XP%=FINDFIELD(XSES,2,1,3)

IF A LENS=""

ALEN$="1"

- ENDIF

O XY$=ALENS
NCO%=VALXYS)

HDe=0

PRINT" ™;

Do

IF PEEEB(XST&+XDA0)<16
PRINT"0":

. ENDIF

- PRINT HEXS(PEEKB(XST&+XD%));
- XDe=XDAwt ]

- UNTIL XD%=XC 0%

. XD%=3-XCO%
= PR_'[NTII '|;
~ PRINT REPTS$(" " (XD%*2));
IFXCO%=2
. XSES="*"+{HEX$(PEEKB(XST&+1)))
- IF LEN{XSES$)=2
~ XSES=MID$(XSES, 1,1)+"0"+MID$(XSE$.2,1)
-~ EWDIF
- IF XFL%=1
 XSES="'FF"
- ENDIF
XP%=FINDFIELD(XSES,2,1,1)
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ELSEIF XCO%=3
R25=HEXS(PEEKB({XST&+2))
RE=HEXSPEEKB{NST&+17)
IF LEN(R$)=1

R$=H0|I‘+R$
ENDIF
IF LEM(R23)}=1

RI%="0"+R2§
ENDIF
HOPS=R25+RS
HOO%=3

PRINT " “ATEXTS;" (" XOP$;"h)"

GOTO CONT::
ENDIF
IF A TEXTS=""
PRINT" 777"
ELSE
[E' XDP5=IIII
PRINT " " A TEXTS
ELSE
IF XFF%=1
HFF%=0
PRINT " " MID$(A TEXTS,1 B MOPE
ELSE
PRINT " "MID$(ATEXTE,1.3)" " KOPS
ENDIF
KOPg=""
ENDIF
ENDIF
CONT::
XD i
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. XSC%=~GET

. XST&=XST&+XCO%

_ UNTIL XSC%=%Q OR XSC%=%D OR XSC%=24
- CLOSE
- IF XSC%=%D OR XSC%=%U

 HEXS:

- IF XAS<"Q"
PAUSE 5
XAS=XTOTALE

. XORG&=XTOTAL&

E‘ mullqll

_ RETURN
E[-SEIF m=ﬂx|r
. XTOTAL&=A&
GOTO ENDI:;
ENDIF
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PRINT XA$,
NUM%=ASCHAS)
TF NUMZe<48
GOTO START::
ENDIF
IF MUM%>57
IF NUM%<65
GOTO START::
ENDIF
ENDIF
MU =N UM %-48
IF NUM%%6=9
NUM%=NUM%-7
IF NUM®%:=15
GOTO START:
ENDIF
ENDIF
HTOTALE=XTOTAL&*16-NUMY
WOOe=XC0%+1
UNTIL XCORe=4
ENDI::
ENDP
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FROC ED:

 LOCAL LINES(20),SKE Y% NMS$(3),NNNS(20),FL%

- LOCAL POS5%, INPOS%, ENDPOS%, COUNTY, BUFFER$(20),5ET%
LOCAL TNPOS2%, INSERTS(20)

START:

- PRINT"Edit:", INPUT NNN$

- [F EXIST{"LOC::M:DAT\"+NNNS$+" DEF")
~ OPEN "LOC:M‘DAT\"+NNN$+" DBF",C,NMS$ LINES

PRINT "New file” :PAUSE 20
CREATE "LOC: M\DAT\"+NNNS+"DBEF",C NM$, LIMES
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CLOSE
RETURN
ELSEIF SKEY%=290 OR SKEY%=291
CLS
AT 44
PRINT"A-Append I-insert D-Delete N-New Q-Quit"
GET :CLS
ELSEIF SKEY%="%l
INPOS%=PO5
INPOS2%=P0S+1
LAST
ENDPOS%=POS
COUNT%=ENDPOS%%-TNPO5%
SET%=0
POSITION INPOS%
BUFFER$=C LINE$
PRINT" ";:INPUT INSERTS
C LINES=INSERTS
CLs
DO
APFEND
INPOS=INPOSY+]
POSITION INPOS%
BUFFERS=C LINE$
SET%=8ET%+1
UNTIL SET%=COUNT%%+1
SET%=0
REM UPDATE
Do
POSITION INPOS2%
ERASE
SET%=SET%+1
UNTIL SET%=COUNT%
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ELSETF SKEY%="%A OR FL%~0
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Appendix 5 - 8086 Mnemonic File
Enter as example below, and save file as LOC::M:\MNEMONIC.DBF

Example:

TEXT: AAA
CODE: 37
LENGTH: 1

AAA 37 1

AATY DS0A 2

AAM D40A 2

AAS 3F 1
ADC AL AH 10ED 2
ADD A AX 01C0 2
ADD AX.BX 01D8 2
ADD AX.CX 0ICE 2
ADD AXDX 01D0 2
ADD A FFFF O5FFFF 3
ADD BX,AX 01C3 2
AND AN BX 21DS8 2
AND A FFFF 25FFFF 3
CALL AX FFDO 2
CALL BX FFD3 2
CALL CX FFD1 2
CALL DX FFD2 2
CBW 98 1

CLC FE 1

CLD FC 1

CLI FA 1

CMC F5 1

CMP AXBX 35D8 2
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DIVDX F7F2 2
- DS: 3E |

- INCCX 41 1
INCDX 42 1
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TNCFF 73FF 2
INOFF 71FF 2
JMSFF 79FF 2
JHZFF 75FF 2

JO FF 70FF 2

JPEFF 7AFF 2
JPOFF 7BFF 2

JS FF 78FF 2

JZ FF 74FF 2

LAHF 9F 1

LOCK FO 1

LODSB AC 1
LODSW AD 1
MOV AH AL 88C4 2
MOV AH,BH 88FC 2
MOV AH,BL 88DC 2
MOV AH,CH 88EC 2
MOV AH,CL 88CC 2
MOV AH,DH 88F4 2
MOV AH.DL 88D4 2
MOV AILFF B4FF 2
MOV AL AH B8ED 2
MOV Al.BH B8F§ 2
MOV ALBL 33D8 2
MOV AL CH 88ES 2
MOV AL,CL 88C8 2
MOV ALDH 88F0 2
MOV AL,DL 8800 2
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MOV ALFF BOFF 2
V AX,BX 89D8 2

MO
MOV AX,CS 8CC8 2

MOV AX DI 89F8 2
MOV AX,DS 8CD8 2

MOV BH,CH S8EF 2
MOV BH,CL 88CF 2
MOV BHDH 88F7 2
MOV BHDL 88D7 2
MOV BHFF BTFF 2

MOV BL,CH 88EB 2
MOV BL.CL 88CB 2
MOV BL DH 88F3 2

MOV BL,DL 83D3 2
MOV BL.FF B3FF 2

MOV BX AX 89C3 2
MOV BX,CS 8CCB 2
MOV BX,CX %9CB 2
?:LEZW BX,DS 8CDR 2
MOV BX.DX 89D3 2
OV BX.ES BCC3 2

MOV BX,SS 8CD3 2
MOV CH,DH 88F5 2
MOV CH,DL 88D5 2
MOV CH,FF BSFF 2

OV BX FFFF BBFFFF 3
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MOV CL,DH 88F1 2

MOV CLDL $8D1 2
MOV CLFF BIFF 2
MOV CS,AX SECS 2
MOV C5BX 8ECB 2
MOV CS,CX 8EC9 2
MOV CSDX SECA 2
MOV CXAX 89C1 2
MOV CX.BX 89D9 2
MOV CX,CS 8CC9 2
MOV CX.DS 8CD9 2
MOV CX. DX 39D1 2
MOV CX.ES 8CCI 2
MOV CX_FFFF BSFFFF 3
MOV CX.SS 8CDI 2
MOV DHFF B6FF 2
MOV DLAX 89C7 2
MOV DLFFFF BFFFFF 3
MOV DL.FF B2FF 2
MOV DS, AX SEDS 2
MOV DS.BX SEDB 2
MOV DS,CX SED9 2
MOV DS,DX 8EDA 2
MOV DX AX 8902 2
MOV DX BX 89DA 2
MOV DX, CS 8CCA 2
MOVDX.CX %9CA 2
MOV DX,DS 8CDA 2
MOV DX.ES 8CC2 2
MOV DX.FFFF BAFFFF 3
MOV DX,SS 8CD2 2
MOV ES,AX 8ECO 2
MOV ES,BX 8EC3 2
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MOV ES,CX BEC! 2

MOV ES,DX 8EC2 2

MOV SLAX 89C6 2

MOV SLFFFF BEFFFF 3
MOV §S,AX 8EDD 2

MOV $5,BX 8ED3 2

MOV S5,CX SEDI 2

MOV $5,DX 8ED2 2
MOVAL,[FFFF] AOFFFF 3
MOVAX,[FFFF] AIFFFF 3
MOVSB A4 1

MOVSW A5 1

MOVSX A5 1
'MOV[FFFF|.AL A2FFFF 3
MOV[FFFFL,AX A3FFFF 3
MOV[FFFF],BP 892EFFFF 4
'MOV[FFFF].BX 891EFFFF 4
MOV[FFFF],CS BCOEFFFF 4
MOV[FFFF],CX 890EFFFF 4
V[FFFF],DI 893EFFFF 4
MOV[FFFF],DS BCIEFFFF 4
MOV[FFFF],DX 8916FFFF 4
MOV[FFFFLES 8CO6FFFF 4
‘MOV[FFFF],SI 8936FFFF 4
'MOV[FFFF],SP 8926FFFF 4
'MOV[FFFF],SS SC16FFFF 4
'MUL AX F7E0 2

MUL BX F7E3 2

'MUL CX F7E1 2

MUL DX F7E2 2

NEG AH F6DC 2

NEG AL F6DS 2

NEG AX F7D8 2
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NEG BX FIDB 2
NEG CX F7D9 2
WEG DX FTDA 2
NOP 90 1

NOT AH F6D4 2
NOT AL FoDO0 2
NOT AX F7D0 2
NOT BX F7D3 2
NOT CX F7D1 2
NOT DX F7D2 2
OR AXBX 09D8 2
OUT DX,AX EF 1
POP AX 58 1
POPBX 5B 1
POP CS OF 1
POPCX 591
POPDS IF 1

POP DX 5A 1
POPES 07 1
POPSS 17 1
POPF 9D 1

PUSH AX 50 1
PUSHBX 53 1
PUSH CS 0E 1
PUSHCX 51 1
FUSHDS 1E 1
PUSHDX 52 1
PUSHES 06 1
PUSH S5 16 1
PUSHF 9C 1
REP F3 1
REPE F3 1
REPNE F2 1
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REPZ F3 1
RET C3 1
CB 1

'ROL AH,1 DOC4 2

ROL AL.1 DOCO 2
'ROL AL.CL D2C0 2
ROL AX.1 DICO 2
ROL AX,CL D3C0 2

ROR AX,1 DICS 2
ROR AX,CL D3C8 2

~ SHL AH,1 DOE4 2
SHL AH,CL D2E4 2
SHL AL,1 DOEO 2
SHL AL.CL D2EO 2
SHL AX,1 DIEO 2
SHL AX,CL D3E0 2
SHR AH,! DOEC 2
SHR AH,CL D2EC 2
SHR ALl DOES 2
SHR AL,CL D2E8 2
SHR AX,1 DIES 2
SHR AX,CL D3ES 2
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55 36 1

STC F9 1

STD FD 1

STIFB 1

STOSE aA 1
STOSW AB 1

SUB AL AH 28E0 2
SUB SLDX IBF2 2
TEST AH.BH B84FC 2
TEST ALBL 84D8 2
TEST AX.BX 35D8 2
TEST AX,CX 85C8 2
TEST AX, DX 23D0 2
WAIT 98 1

XCHG AX,BX 93 1
XLAT D7 1
HOR AX AX 3100 2
XOR AX BX 31D8 2
XKOR AX FFFF 35FFFF 3
ADD AH AH 00E4 2
ADD AH AL 00C4 2
ADD AL AH O0ED 2
ADD AL AL 00CD 2
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System Error Messages

Any attempt to carry out an illegal operation can result in an error message of
the type shown below:

SYSSPRGO.&07

Process exited
Exit number 6l

Continue

Esc
Peion calls these exit conditions “System panic numbers”, These numbers,
which range from 0 to 253, arise when the system detects a condition which
can occur when there is a “bug” in the application. Panics are always fatal and
~ will cause the program or application to terminate immediately. They ensure
* that the svstem is protected from badly constructed applications.

Panic Number  Meaning

00 Used by tast code when test fails
) | Invalid functicn number

02 Invalid semaphore handling

03 Semaphore not allowed

04 Initial semaphore count is invalid

03 Signal count is negative

06 Invalid fimetion number for process manager
07 Invalid process ID

(13 Task tried to create a task

09 Invalid fimetion number for time manager
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10
11
12
13
14
13
16
17
18
19
20
21
22
23
24
15
26
27
28
29

31
32

34
35
36
v
38
39
40
41
42
43
34

204

Invalid function munber for segment manager
Segment size was negative

Segment type was meorrect

Invalid segment handle

Segment copy is out of range

Invalid function number for heap number
Heap not initialised

A heap cell is being reduced by more than its size
Attempt to set heap granularity greater than allowed -
A heap cell address is outside the boundaries of the heap.
Invalid function number for inter-process Manager
Inter-process messaging has already been initialised
Inter-process messaging has not been initialised
Cannot initialise with zero messages in the queve
Invalid fiunction number for 1O manager

Invalid IO channel

Device request panic

Invalid wait handler handle

Key and pointing device already hooked :
Key and pointing device requesting process is not a task
Invalid function number for device manager :
Invalid device handle

Tnvalid function number for file manager

Process already connected to file server

Reserved

Invalid function number for library manager

Invalid library handle

Invalid function mumber for library

Invalid LIE file channel

Invalid DYL index number

[irvalid message to file server

Process has not connected to file server

Invalid finction number for conversion manager

Invalid function for general manager

Atternpt to unhook from notify when not already hooked
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Invalid revector address

Leave called before a call to enter

No method available to handle message

Invalid reclass attempt
Unknown category in LibHandle
Unknown class in LibCreate
Supersend called from outside a method
Attempt to get a handle before being linked
Missing external categornes in LibLink

Object does not point to valid class

Tnvalid link layer completion code

Invalid function for window server

Invahid function number for hardware manager
Unexpected interrupt

Attempied to wnite outside of process data segment
Interrupts have been disabled for too lone
Reserved

Altempt to divide by zero emor

Overflow interrupt

Invahid function number for Dbf manager
Invahid DBF 'O channel

Invalid parameter for DBF function
Address zero overwrile

The system detected less than 0x100 bytes of stack
remaining

Environment name size > EnvMaxNameSire
Single step interrupt (INT 1)

Break point interrupt (INT 3}

A request was made while an asynchronous request of the
same type and on the same channel was already pending
Invalid function number for serial 'O manager
Call a Psion 3 function on a Psion 3A machine
Atfempt to find a DYL not m a visible bank
Floating point emulator exception
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78 Semaphore count exceeds 0xTFFF
0 Library fatal error
253 Corrupted heap detected




Appendiz 7 - Interrupts and Function Calls

Appendix 7 - Interrupts and Function Calls

SINGLE SERVICE

Character Management

INTERRUPT NUMBER: 93

PURPOSE: Character is a digit

: AL The character to be tested
RETURN: Z flag = 0 Tf character is a digit
: Z flag = 1 if character is not a digit

INTERRUPT NUMBER: 94

PURPOZE: Character is a hex digit
. AL The character to be tested
RETURN: Z flag = 0 If character is a hex digit

Z flag = 1 if character is not a hexdigit

INTERRUPT NUMBER: 95

PURPOSE: Character is printable
; AL The character to be tested
Z flag = 0 If character is a printable
Z flag = 1 if character is not a printable
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INTERRUPT NUMBER: %6

PURPOSE: Character is alphabetic
ENTRY: AL The character to be tested
EETURNM: Z flag = 0 If character is a alphabetic

Z flag = 1 if character is not a alphabetic

INTERRUPT NUMBER: 97
PURPOSE: Character is alphabetic a or digit
ENTRY: AL The character to be tested
RETURN: Z flag = 0 If character is alphabetic

Z flag = 1 if character is not alphabetic

INTERRUPT NUMBER: 28

PURPOSE: Character is a upper case
ENTRY: AL The character to be tested
RETURN: 7 flag = 0 If character is upper case

Z flag = 1 if character is not upper ¢ase

INTERRUPT NUMEBER: 9%

PURPOSE: Character is lower case
ENTRY: AL The character to be tested
RETURN: Z flag = 0 If character is lower case

Z flag = 1 if character is not lower case
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INTERRUPT NUMBER: 9A

Character i5 a space

AL The character to be tested
Z flag = 0 If character is space

Z flag = 1 if character is not space

INTERRUPT NUMBER: 98

Character is punctuation

AL The character to be tested

Z flag = 0 If character is punctuation

7 flag = 1 if character is not punctuation

INTERRUPT NUMBER: 9C

Character is graphic

AL  The character to be tested

Z flag = 0 If character is graphic

Z flag = 1 if character is not graphic

INTERRUFT NUMBER: 9D

Character is control

AL The character to be tested

Z flag = 0 If character is control

Z flag = | if character is not control
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INTERRUPT NUMBER: E

PURPOSE: Character to upper case
ENTRY: AL A character to be converted
AH A character to be converted
ENTRY: Al Converted to upper ¢ase
AH  Converted to upper case
INTERRUPT NUMBER: 9F
PURPOSE: Character to lower case
ENTRY: AL A character to be converted
AH A character to be converted
ENTRY: Al Converted to lower case
AH  Cooverted to lower case
INTERRUPT NUMEBER: A0
PURPOSE: Character to folded characters
ENTRY: Al A character to be folded
AH A character to be folded
ENTRY: AL Folded
AH  Folded
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Buffer Management

INTERRUPT NUMBER: Al

Copy one buffer to another

DS:SI Pointer to source buffer
ESIM Pointer to destination buffer
CX Mumber of bytes to copy
None

INTERRUPT NUMEER: A2

Swap the contents of two buffers

DS:S1 Pointer to one of the buffers
ES:DI Pointer to the other buffer
CX Number of bytes to swap
Mone

INTERRUPT NUMBER: A3

Compare one buffer with another

DS:SI Pointer to left operand buffer
ESDI Pointer to right operand buffer
CH Number of bytes in left operand
BX MNumber of bytes in right operand
Flags < 0if [SI] < [DI]

Flags = 0if [SI] = [DI]

Flags > 0 if [51] = [DI]
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INTERRUPT NUMBER: A4

PURPOSE: Compare one buffer with another folded
ENTRY: DS:SI Pointer to left operand buffer
ES.DI Pointer to right operand buffer
CX Number of bytes in left operand
BX Number of bytes in right operand
RETURN; Flags < 0 if [SI] < [DI]
Flags = 0 if [SI] = [DI]
Flags = 0 if [SI] = [D1]

INTERRUPT NUMBER: AS

PURPOSE: Match a wild card buffer

ENTRY: D5:51 Pointer to buffer to be searched
ESDI Pointer to wild card match buffer
CX Length of buffer to be searched
DX Length of match buffer

RETUEMN: Carry clear

INTERRUFT NUMBER: A6

PURPOSE: Match a wild card buffer folded

ENTRY: DS:S1 Pointer to buffer to be searched
ESDI Pointer to wild card match buffer
cX Length of buffer to be searched
DX Length of match buffer

RETUEN: Carry clear
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'Z PURPOSE:

INTERRUPT NUMBER: A7

Locate a character in a buffer
ENTRY: 5.5 [Pointer to buffer to be searched
AH The character to be located
CX Length of buffer to be searched
RETURN: AX Index of the character in the string
INTERRUPT NUMBER; A8
. PURPOSE: Locate a character in a buffer folded
~ ENTRY: DS:SI Pomter to buffer to be searched
AH The character to be located
Cx Length of buffer to be searched
RETURN: AX Index of the character in the string

PURPOSE:

ENTRY:

INTERRUPT NUMBER: A9

Find a sub buffer in a buffer
DS:SI Pointer to buffer to be searched
ES:DI Pointer to the buffer to be located

CX Length of buffer to be searched
BX The number of bytes in the sub buffer
AX Oifzet of the sub buffer within the buffer
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INTERRUPT NUMBER: AA
PURPOSE: Find a sub buffer in a buffer folded
ENTRY: DS:8I Pointer to buffer to be searched
ES:DI Puinter to the buffer to be located
CX Length of buffer to be searched
BX The number of bytes in the sub buffer
RETURN: AX Offset of the sub buffer within the buffer

INTERRUPT NUMBER: AB

PURPOSE: Justify a buffer
ENTRY: D851 Pointer to buffer to be justified
ESDI Pointer to the target buffer
CX Length of the buffer to be justified
BX Length of the target buffer
DL Tustify, left, centre, right
DH The fill character
RETURN: AX Points to the character after the last byte
copied to the target buffer
String Management

INTERRUPT NUMEER: AC

PURPOSE: Copy one string to another
ENTRY: D881 Puointer to source string

E5.DI Pointer to target string
RETURN: None
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INTERRUPT NUMBER: AD

Copy one siring to another folded
bS50 Pointer to source string
ES:DI Pointer to target string
Mone

INTERRUPT NUMBER: AE

Convert a sming to folded
D851 Pointer to string to be folded
None

INTERRUPT NUMBER: AF

Compare cme string with another

D551 Pointer to left operand string
ES:DI Pointer to right operand string
Flags <0 [IffSI] < [DI]

Flags=0 If[SI]= [DI]

Flags = 0 H[SI] = [DI1]

INTERRUPT NUMBER: B0

Compare one string with another folded
D851 Pointer to left operand string
ES:DI Pointer to right operand string
Flags <0 Iff5I] < [D1]

Flags =0 TfJSI] = [D1]

Flags =0 IIsI] = [DI]
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INTERRUPT NUMBER: Bl

PURPOSE: Match a wild card string
ENTRY: D551 Pointer to the string to be searched
ES:.DI Pointer to the wild card match string
RETURN: Carry clear = match
INTERRUPT NUMBER: B2
PURPOSE: Match a wild card string folded
ENTRY: DS:SI  Pointer to the string to be searched
ES:DI Pointer to the wild card match string
RETURN: Carry clear = match

INTERRUPT NUMBER: B3

PURPOSE: Locate a character within string

ENTRY: D551 Pomter to the string to be searched
AH The character to be located

RETURN: AX Index of the character in the string

INTERRUPT NUMBER: B4

PURPOSE: Locate a character within string folded

ENTRY: D551 Pointer to the string to be searched
AH The character to be located

RETURMN: AX Index of the character in the string
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INTERRUPT NUMEER: B5S

Locate a character in reverse

D5:51 Paointer to the string to be searched

AH The character to be located

AX Index of the character in the string
INTERRUPT NUMBER: B6

Locate a character in reverse folded

D551 Pointer to the string to be searched

AH The character to be located

AX Index of the character in the string

INTERRUPT NUMBER: B7

Find a substring in a siring

D451 Poirter to the string to be searched
ES:DI Pointer to the string to be located
AX Offset of the substring in the string

INTERRUPT NUMBER: B3

Find a substring in a string folded
D5:81 Pointer to the string to be searched
ES:DI Pointer to the string to be located

AX Offset of the substring in the string
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INTERRUPT NUMEER: B?

PURPOSE: Length of a string
ENTRY: ESDI Pointer to the string whose length is to be
found
RETURN: AX Length of the siring
INTERRUPT NUMBER: BA
PURPOSE: Validate a system name
ENTRY: AL  Max number of characters in the name allowed
in the name
AH Non 0 = An extension iz valid
0 = An extension is invalid
ES:DI Pointer to the string to be validated
ES:DI Painter to the string to be located
RETURN: AX Oiffiset of the substring in the string
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Long Integer Management

PURPOSE:

ENTRY:

INTERRUPT NUMBER: EB

Compare two long integers
AXBX The left operand long integer

CX:DX  The right operand long integer
Flags are as 8086 compare, CMP AX BX ete

~ PURPOSE:

ENTRY:

~ RETURN:

INTERRUPT NUMBER: BC

Long integer multiplication

AXBX The left operand long integer
CX.DX The right operand long integer
AXBX Product

PURPOSE:

ENTRY:

RETURN:

INTERRUPT NUMBER: BD

Long integer division

AXBX The left aperand long integer (dividend)
CXDX The right operand long integer (divisor)
AXBX Cuotient

CHDX Remainder
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INTERRUPT NUMBER: BE
PURPOSE: Compare two unsigned long integers
ENIRY: AXNBX The left operand unsigned long integer
CXDX The right operand unsigned long integer
RETURN: Flags are as 2086 compare, CMP AX BX etc
INTERRUPT NUMBER: BF
FURPOSE: Unsigned long integer multiplication
ENTRY: AXBX The left operand unsigned long integer
CH-DX The right operand unsigned long integer
RETURN: AXBX Product
INTERRUPT NUMBER: C0
PURPOSE: Unsigned Long integer division
ENTRY: AX:BX  The left operand unsigned long integer
{dividend)
CXDX The right operand unsigned long integer
(divisor)
RETURN: AXBX Chuotient
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Floating Point Number Management

INTERRUPT NUMBER: C2

Subiract floats
D1 Pointer to left hand {and destinabion) floating point

SI  Pointer to right hand floating point operand

PURPOSE:

"ENTRY"

INTERRUPT NUMBER: C3

Multiply two floats

DI Pointer to left hand (and destination) floating
point operand

81  Pointer to right hand Aoating point operand

PURPOSE;

ENTRY:

INTERRUPT NUMRBER: C4

Divide two floats
DI Pointer to left hand (and destination) floating point

51  Pointer to right hand floating point operand

PURPOSE:

ENTRY:

INTERRUPT NUMBER: C5

Compare two floats
DI Pointer to left hand point operand
SI  Pointer to right hand floating point operand
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INTERRUPT NUMBER: C6

PURPOSE: Megate a float
ENTRY: DI Pointer to a floating point operand
INTERRUPT NUMBER: C7
PURPOSE: Convert float to signed integer
ENTRY: 51  Pointer float operand to be converted
RETURN: AN Unsigned integer result
INTERRUPT NUMBER: C8
PURPOSE: Convert float to unsigned mteger
ENTRY: 51  Pointer float operand to be converted
RETURN: AX Imteger result
INTERRUPT NUMEBER: C%
PURPOSE: Convert float to signed long
ENTRY: S1  Pointer float operand to be converted
RETURMN: AMBX Long integer result
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INTERRUPT NUMBER: CA

Convert float to unsigned long
SI  Pointer float operand to be converted
AXBX Unsigned long integer result

INTERRUPT NUMBER: CB

Convert signed integer to float
AX  Signed integer to convert
DI Pomter to destination float
[D1]

INTERRUPT NUMBER: CC

Convert unsigned integer to float
AX  Unsigned integer to convert
DI Pointer to destination float
D1 i

INTERRUPT NUMBER: CD

Convert signed long to float
AXBX Signed long to convert
DI Pointer to destination float
(D1}
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INTERRUPT: CF
TITLE: LibSend
PURPOSE:; Send a message
ENTRY: BX The handle of the object to receive the message
CL  The message number to be sent
DX Argument 1
S1  Argument 2
DI Argument 3
RETURN; AX  Whatever the method retums

COMMENTS:  This service will send a message to an object.

INTERRUPT: D0

TITLE: LibSendSuper
PURPOSE: Send a superclass message
ENTRY: BX  The handle of the object to receive the message
CL  The message number to be scnt
DX Argument |
SI  Argument 2
DI Argument 3
RETURN: AX Whatever the method returns

COMMENTS:  This service will send a message to an object.
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INTERRUPT NUMEER: D35

TITLE: GenIntByNumber
PURPOSE: Interrupt by number service
ENTRY: AL The mterrupt number

DS:S1 Pointer to the input remster values
DSs:DI Pointer to the output register values
REETURN: AX  The flags register after the call

COMMENTS:  This service can be used to call any software interrapt from
machine code, The register values are stored sequentially as 6 words (2 bytes)
and represent the values for AX, BX, CX, DX, 81, and DI. BP is not needed
by the operating. DS:SI and DS:DI can point to the same memory location.
The value returned is the flags register because although the carry flag is the
- most important, some of the operating system routines also set the arithmetic
" flags. The carry flag iz in bit 0 of the returned results in A

INTERRUPT: DY

TITLE: LibEnterSend
PURPOSE; Send a message under protection of ermor
 ENTRY: BX  The handle of the object to receive the message
4 Cl.  The message number to be sent
DX Argument |
SI  Argument 2
DI Argument 3
RETTIRN: AX  Whatever the method returns

COMMENTS:  This service will send a message to an object.
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INTERRUPT NUMBER: DB

PURPOSE: Capitalise a string
ENTRY: D551 Pointer to string to be capitalised
RETURN: Mone
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MULTISERVICE

Heap Memory Management - INT 31

FUNCTION NUMBER: 00

Heapallocate Cell
Allocate heap memory

CX  Size of cell to be allocated in bytes
AX  Base of cell

Allocates a cell i the process’ heap memory

TITLE:
PURPOSE:
ENTRY:

RETURN:

COMMENTS:

FUNCTION NUMBER: 01

HeapReAllocateCell

Re-allocate heap memory

BX Base of call to be re-allocated or zero.

CX The new size of the re-allocated cell in bytes.
AX  Base of the re-allocated cell

The re-allocated cell can be made smaller or larger.




Appendix 7 - Interrupts and Function Calls

FUNCTION NUMBER: 02

TITLE: HeapAdjustCellSize
PURPOSE: Adjust the size of the heap
ENTRY: BX Base of cell to be adjusted
CX Adjustment to the size of the cell in bytes
DX Offset in the cell to make the adjustment
RETURIN: AX  Base of cell after adjusting
COMMENTS: Mjumh;sizeafthenellmﬂmatmuﬂ’mnxmm
cell, by CX bytes,
FUNCTION NUMBER: 03
TITLE: HeapFreeCell
PURPOSE: Free heap memory
ENTRY: BX Base of cell
RETURN: Mone
COMMENTS:  Free the memory cell whose base is in the BX register.
FUNCTION NUMBER: 04
TITLE: HeapCellSize
PURPOSE: Size of cell heap
ENTRY: BX Pointer to the base of the cell
RETURN: AX  Size of cell in bytes
COMMENTS:  Returns the cell size in memory.
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FUNCTION NUMBER: 05

TITLE: HeapSetGranularity

PURPOSE: Set the heap granularity
ENTRY: BX Thenew granularity in paragraphs (16 bytes)

RETURN: None

- COMMENTS:  Set the heap granularity parameter to the value in BX

FUNCTION NUMBER: 06

. TITLE: HeapFreeMemory
PURPOSE: Size of available heap memory
ENTRY: None

RETURMN: AX  Number of bytes available in heap
: BX Address of the base of heap memory

- COMMENTS:  Returns the size of potentially available heap memory and
- the address of the heap memeory. Due to the multi-tasking system, the returned
~ value should be treated with some caution.
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Library Management - INT 34

FUNCTION NUMBER:

TITLE: LibLoad
PURPOSE: Load a dynamic Library
ENTRY: ES:BX Pointer to the Dynamic Library file name
CL  Zero -Don’t link the library automatically
Mon-Zero - Link the library after loading
RETURN: AX  The Dynamic Library handle
COMMENTS:  Loads a Dynamic Library into memory for access by
other LIB services
FUNCTION NUMBER: 01
TITLE: LibUnLoad
PURPOSE: Unload a Dvnamic Library
ENTRY: BX Handle for the Dynamic Library
RETURN: Carry Set: OK, Carry Cleared: Library not opened,
COMMENTS:  Unloads a Dynamic Library from memory
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FUNCTION NUMBER: 02
LibLink
Link a Dynamic Library
BX Handle of the Dynamic Library
Mone

Links a Dynamic Library which is already in memory.

FUNCTION NUMBER: 03

LibFind

Get a Dynamic Library

ESBX Pointer to the Drynamic library intermal
name.

AX Thei:-l}mm.icLihmryhmdle

The library must exist on the ROM.
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FUNCTION NUMBER: 04

TITLE: LibHandle

PURPOSE: (et a DYL handle by number

ENTRY: BX  The number of the required extemal category
RETURN: AX The category handle

COMMENTS:  Get a DYL handle by number

FUNCTION NUMBER: 05
TITLE: LibCreate
PURPOSE: Create an object by Category Number
ENTRY: BX  The number of the category
CX  The class number within the category
RETURN: AX  The object handle

COMMENTS:  This service converts the category number passed in
BX to a handle.

FUNCTION NUMBER: 06

TITLE: LibCreate
FURPOSE: Create an object by Category Name
EMTRY: BX  The number of the category

CX  The class number within the category
RETURN: AX  The object handle
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COMMENTS:  This service converts the category name passed in
BX to a handle.
FUNCTION NUMBER: 07
- TITLE: LibDestroy
- PURPOSE: Destroy an object
- ENIRY: BX The handle of the object to be destroved
RETURN: MNone
COMMENTS:  De-allocate all the memory associated with an object
including any compound componants,
FUNCTION NUMBER: 08
TITLE: LibCopy
PURPOSE; Copy data from a category
ENTRY: BX The category number
CX  Number of bytes to copy
DI Pointer to a buffer to receive the data
SI  Offset of the source in the category segment.
- RETURN: None
COMMENTS:  Copy data from a category segment info the data

segment of the current process.
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FUNCTION NUMBER: 09

TITLE: LibOpen

PURFPOSE: Open a multi library file

ENTRY: ES:BX Pointer to the fils name
RETURN: AX  The open multi library file handle

COMMENTS:  This service opens a file which contains multiple
libraries

FUNCTION NUMBER: 0A

TITLE: LibLoadFile
PURPOSE: Load a multiple dynamic library
ENTRY: BX Multiple library file handle

CH The index of the library to be loaded
CL  Zero -don't link the library automatically
Non zero - Link the library automatically
RETURN: Carry

COMMENTS:  The process must be connected to the file server before
calling this function. i
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FUNCTION NUMBER: 0B

TITLE: LibReClass
PURPOSE: Reclass an object by number
ENTRY: BX  The number of the category
CX  The number of the class within the category
[N Pointer to the object to be reclassed
RETURN: None

- COMMENTS:  Converts the category number passed in BX to a
handle.

FUNCTION NUMBER: 0C

. TITLE: LibReClassByHandle
PURPOSE: Reclass an object by handle
EMTRY: BX  The handle of the category
- CX  The number of the class within the category
DI Pointer to the object to be reclassed
RETURN: MNone

 COMMENTS:  Changes the class to which the object belongs to that
specified by BX and CX,
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Input Output Management - INT 86

FUNCTION NUMBER: 00

TITLE: loAsynchronous
PURPOSE: Asynchronous 110
ENTRY: AL 1O nomber
BX IO handle
DS:CX Pointer to argument 1
D3:DX Pointer to argument 2
D51 Pointer to argument 3
RETURN: AX  Result from the device driver
COMMENTS:  Requests /D services from device drivers
FUNCTION NUMBER: 01
TITLE: loAsynchronousNoErmor
PURPOSE: Asynchronous I'O - no errar reporting
ENTRY; AL 1O nummber
BX /O handle
D5:.CX Pointer to argument 1
Ds:DX Pointer to argument 2
Ds:DI Pointer to argument 3
RETURN: None
COMMENTS:  Requests 1'D services from device drivers
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- PURPOSE:
ENTRY:

- RETURN:

FUNCTION NUMBER: 02

ToWithWait

Synchronous IO

AL ['O number

BX 'O handle

DS:.CX Pointer to arpument |
D5:DX Pomnter to arpument 2

AX  Result from the device driver
COMMENTS:  Requests 'O services from device drivers

synchronously

FUNCTION NUMBER: 03

TITLE: loRoot
PURPOSE; Chain to root deviee
ENTEY: DE:BX L0 handle

D5:51 Pointer to the request package

AX  Result from the device driver

FUNCTION NUMBER: 04

IoSuper
Chain to superclass device

Ds5:BX IO handle
D851 Pointer to the request package
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AX  Result from the device driver

RETURN:
COMMENTS:
FUNCTION NUMBER: 05
TITLE: [oWaitForSignal
PURPOSE: Wait for 'O completion
ENTRY: Nome
RETURMN: WNone
COMMENTS:  Wait for 'O completion
FUNCTION NUMBER: 06
TITLE: [oWaitForStatus
PURPOSE: Wait for specific request to complete
ENTRY: D51 Pointer to status word of I'O request
RETURN: Mone
COMMENTS:  Wait for specific IO request to be completed
FUNCTION NUMBER: 07
TITLE: ToYield
PURPOSE: Poll for completion
ENTRY: Mone
RETURN; None
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COMMENTS:  Update the status word of any I'O requests which may
have been completed
FUNCTION NUMEER: 08
TITLE: [oSignal
PURPOSE: Signal completion
ENTEY: None
RETURN; Mone
COMMENTS:  Signals the completion of an cutstanding I'O request to
the current process
FUNCTION NUMRBER: 0
TITLE: IoSignalByPid
PURPOSE: Signal completion by process ID
ENTRY: BX  The process ID to be signalled
RETURMN: Carry clear
COMMENTS: Signals the completion of an asynchronous

outstanding 110 request to the current process whose Id
is in the BX register

E
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FUNCTION NUMBER: 0A

TITLE: [oSignalByPidNoRe5ched
PURPOSE: Signal completion, no rescheduling
ENTRY: BX The process ID to be signalled
RETURN: Carmry clear

COMMENTS:  Signals the completion of an asynchronous  outstanding
VO request to the current process whose Id  is in the BX register

FUNCTION NUMBER: 0B

TITLE; ToAddHandler
PURPOSE: Add a handle
ENTRY: AL The vector number of the handle

BX Identifying data to be passed to the handler
DS.ES Must be pointing at the user process data
space

RETURN: AX  Handler handle
COMMENTS:

FUNCTION NUMBER: 0C
TITLE: loRemoveHandler
PURPOSE: Remove a handler
ENTRY: BX  The handler handle
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DS,ES  Must be pointing at the user process data

Space
Mone

FUNCTION NUMBER; 0D

IoEnableHandler
Enable/THsable a handler
BX  The handler handle
CL 0 - To disable the handler
1 - To enable the handler
DS.ES Must be pointing at the user process data

space
MNone

FUNCTION NUMBER: 0E

IoRequestReset
Request a reset )
BX  Devics handle
CX  Identifying data
MNone
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FUNCTION NUMBER: 0F

TITLE: ToRequestResatCancel

PURPOSE: Cancel a requested reset

ENTRY": BX Device handle
CX  ldentifying data

RETURN: MNone

COMMENTS:

FUNCTION NUMBER: 00

TITLE: ToOpen

PURPOSE: Open a device

ENTRY: ESBX Pointer to the device name
CX  Open mode
DX  Ifan attached driver is being opened, the handie
of the device

RETURN: AX IO handle

COMMENTS:  The name of the device is zero terminated string
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FUNCTION NUMBER: 10

~ RETURN:

COMMENTS:

TITLE: IoClose
PURPOSE: Close a device
ENTRY: BX O handle
- RETURN: AX  Result from the device driver
COMMENTS:  Close an open channel
FUNCTION NUMEBER: 11
TITLE: loRead
PURPOSE: Read from a device
ENTEY: BX IO handle
DS.CX Pointer to a buffer to receive the data
i DX  Number of bytes to read
RETURM: AX  Number of bytes actually read
COMMENTS:  Read data from the device
FUNCTION NUMBER: 12
- TITLE: ToWrite
~ PURPOSE: Write to a device
ENTRY: BX [/O handle
DS.CX Pointer to a buffer to be wrtten
DX Number of bytes to write
AX  Result from device driver

Write data to the device
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FUNCTION NUMBER: 13

TITLE: loSeck

PURPOSE: Seek on a device

ENTRY: BX 10 handle
CX  Varies options (see dev manual)
DX Pointer to the double word contaiming the new
position

RETURN: AX Result from device driver

COMMENTS:  Performs a seek on a devies

FUNCTION NUMBER: 14

TITLE: loK ey WithWait

PURPOSE: Keyboard

ENTRY: DS:BX Pointer to a KeyEnt structure
RETURN: Mone

COMMENTS:  System maintains a quene of upto 16 keyboard events
in a buffer. Event data copied to structure at BX

FUNCTION NUMBER: 15

TITLE: loAddApplicationHandler
PURPOSE: Add an application handler
ENTRY: BX Identifying data to be passed to the handler

CX  Address of the application handler

DX Address of the application handler dispatcher

DSES Must point to the user process data space
RETURN: Carry set
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FUNCTION NUMBER: 16

TITLE: loRemoveApplicationHandler
PURPOSE: Remove an application handler
ENTEY: BX  The handler handle

DS ES Must point to the user process data space
RETURN: Mone
COMMENTS:

FUNCTION NUMBER: 17

TITLE: foEnable ApplicationHandler
PURPOSE: Enable/Disable application handler
ENTRY: BX  The handler handle

CL 0 - Disable the handler

CL 1 - Enable the handler

DS.ES Must point to the wser process data space
RETURN: Hone
COMMENTS:

FUMCTION NUMBER: 18

TITLE: ToShiftStates
FURFOSE: (et the shift states
ENTRY: Mone
RETURN: AX  The current shift states
COMMENTS:
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FUNCTION NUMBER: 19
TITLE: ToWaitForSignalNoHandler
PURPOSE: Wait for /O completion no handlers
ENTRY: Mone
RETURN: None
COMMENTS:

FUNCTION NUMBER: 1A
TITLE: IoSignalKillAsynchronous
PURPOSE: Request signal from supervisor
ENTRY: BX The process I

DI The status word to be cleared on completion

RETURN: Carry clear om success
COMMENTS:

FUNCTION NUMBER: 1B
TITLE: ToSignalKillCancel
FURPOSE: Cancel requested signal from supervisor
ENTRY: BX The process ID
RETURN: Carry clear on success
COMMENTS:
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FUNCTION NUMEER: 1D
TITLE: ToNextHalfSecond
PURPOSE: Request signal on next half second
ENTRY: Mone
RETURN: HMone
COMMEMNTS:
FUNCTION NUMEER: 1F
TITLE: [oPlaySoundW
PURPOSE; Play back a sound file synchronously
ENTEY: BX Pointer 1o the sound file name
CX  Duration in ticks
DX  Sound volume
RETURN:
COMMENTS:
FUNCTION NUMBER: 1E
 TITLE: [oPlaySoundA
PURPOSE: Play back a sound file synchronously
ENTRY: BX  Pointer to the sound file name
3 CX Duration in ticks
DI Pointer to the status word
DX  Sound volume
RETURN: Mone
- COMMENTS:
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FUNCTION NUMBER: 20
TITLE: loPlaySoundCancel
PURPOSE: Cancel play back
ENTRY: Mone
RETURN: None
COMMENTS:
FUNCTION NUMBER: 12
TITLE: loRecordSound W
PURPOSE: Record sound to a file synchronously
ENTRY: BX Pointer to the sound file name
CX  Sound file length in 2048-byte units
DX Sound volume
RETURM:
COMMENTS:  Not to $8D. CX number of bytes recorded excluding
32 byte header
FUNCTION NUMBER: 21
TITLE: IoRecordSoundA
PURPOSE: Record sound to a file asynchronously
ENTRY: BX Pointer to the sound file name
CX  Sound file length in 2048-byte units
DI Pointer to the statues word
RETURN: MNone
COMMENTS: Mot to $SD. CX number of bytes recorded excluding
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FUNCTION NUMBER: 23
TITLE: ToRecordSoundCancel
PURPOSE: Cancel recording sound to a file
ENTRY: None
RETURMN: MNone
COMMENTS:
Date and Time Management - INT 89
FUNCTION NUMBER: 00
TITLE: TimeSleepForTenths
PURPQSE: Sleep for tenths of second
ENTRY: CX:DX  The time to sleep in tenths of second
RETURN: Carry clear on success
COMMENTS:  CX:DX =32 bit integer
FUNCTION NUMBER: 01
TITLE: TimSleepForTicks
PURPOSE: Sleep for system clock ticks
ENTRY: CXDX  The time to sleep in system ticks
RETURN: Carry set on success
COMMENTS: CX:DX is a 32 bit integer
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FUNCTION NUMBER: 02
TITLE: TimGetSystemTime
PURPOSE: Get the system time
EMNTRY: None
RETURMN: AXBX System time in seconds
COMMENTS: Time since 1/1/70 at 00:00:00. BX=least, AX=most
FUNCTION NUMBER: 03
TITLE: TimSetSystemTime
PURPOSE: Set the system time
ENTRY: CXDX The new system time
EETURN: MNone
COMMENTS:  Enter number of seconds since 1/1/70 at 00:00:00
FUNCTION NUMBER: 03
TITLE: TimDaysInhonth
PURPOSE: MNumber of days in month
ENTRY: CH The month number, 0 - 11 (0 = Jan)
CL  The year number ( 0 = 1500)
RETURN: AX  Number of days m month
COMMENTS:
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FUNCTION NUMBER: 09

TITLE: TimDayOfWeek
PURPOSE: Week day number
ENTRY: CXDX  The number of days since 1900
RETURN: AX  The week day number, 0 = Monday
COMMENTS:

FUNCTION NUMBER: DA
TITLE: TimNameQiay
PURPOSE; Name of the day
ENTRY: AL  The day of week number, 0 10 6

DSBX Pointer to a buffer to receive the name of
the day

RETURM: Carry clear on success
COMMENTS:

FUNCTION NUMBER: 0B
TITLE: TimMNameOfMonth
PURPOSE: Wame of the month
ENTRY: AL The month number , 0 to 11

DSBX Pointer to a buffer to receive the namea of
the month

RETIIRN: Carry clear on success

COMMENTS:
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FUNCTION NUMBER: 0D

TITLE: TimWeekMumber
PURPOSE: Week number
ENTRY: CxX:DX The number of days since 1/1/1900
RETURMN: AX  The week number in the range 1 - 53
COMMENTS:
FUNCTION NUMBER: 0E

TITLE: TimMNameO{fDayAbb
PURPOSE: Abbreviated name of the day
ENTRY: AL Thcda}rnftheweeknumber,[)mﬁ

BX Pointer to a buffer to receive the name of the day
RETURN: Carry clear on success
COMMENTS;

FUNCTION NUMBER: OF

TITLE: TimMNameOfonth Abb
PURPOSE: Abbreviated name of month
ENTRY: AL The month mumber, 0 to 11

BX Pointer to a buffer to receive the name of the

month
RETURN: Carry clear on success
COMMENTS:
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Conversion Management - INT 8A

FUNCTION NUMBER: 00

TITLE: CovUnsignedIntToBuffer
PURPOSE: Unsigned integer to buffer
ENTRY: BX MNumber to be converted
CX The conversion radix
ES:DM Pointer to a buffer to receive the converted
number
RETURN: AX  The number of characters written to DI
COMMENTS:  CX=2 for binary, CX=8 for Octal, CX=0A for decimal
and CX=10 for hexadecimal
FUNCTION NUMBER: 01
TITLE: CovUnzsignedLongint ToBuffer
PURPOSE: Unsigned long integer to buffer
ENTRY: BX MNumber to be converted
C¥  The conversion radix
ES:DIPointer to a buffer to receive the converted
number
EETURN: AX  The number of characters written to DI
COMMENTS:  CX=2 for binary, CX=8 for Octal, CX=04 for decimal

anid CX=10 for hexadecimal




Appendix 7 - Interrupts and Function Calls

FUNCTION NUMBER: 02
TITLE: ConvIntToBuffer
PURPOSE: Intzger to buffer
ENTRY: BX The mmber to be converted
ES%: DI Pointer to buffer to receive the converted
nummber
RETURN: AX  The number of characters written to DI
COMMENTS:  IfBX is negative, then the first character in the buffer
will be a minus sign
FUNCTION NUMBER: 03
TITLE: ConvLongintToBuffer
PURPOSE: Long Integer to Buffer
ENTRY: DX-BX Mumber to be converted
ES:DI Pointer to buffer to receive the converted
number
RETURN: AX  The number of characters written to DI
COMMENTS:  Converts a long integer in DX:BX to its corresponding

digits in the buffer pointed to by DI
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FUNCTION NUMBER: 04

TITLE: ConvArgumentsToBuffer
PURPOSE: Convert arguments to buffer
ENTEY: S5BX Pointer to the argument list

ES:DI Pointer to the buffer to receive the

converted arguments

DS:51 Pointer to format control string
EETURN: AX  The number of characters written to ES:DM
COMMENTS:  Converts the values in the list pointed to by BX into a

buffer at DI

FUNCTION NUMBER: 05

TITLE: ConvStringTolUnsignedint
PURPOSE: String to unsigned integer
ENTRY: CX Radix for conversion

DS:SI Pointer to zero terminated string to be converted
RETURN: AX  Resultant unsigned integer

81  Pointer to the first unused character in the string

COMMENTS:  Convert a zero terminated string to an unsigned mfeger
using the radix specified in CX: 2=binary, 8=octal etc
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TITLE:
PURPOSE:
ENTRY:

RETURN:

COMMENTS:

FUNCTION NUMBER: 06

ConvStringTolUnsignedLonglnt

String to unsigned long integer

CX Radix for conversion

DS-SI Pointer to zero terminated string to be converted
AXBX  Resultant unsigned integer

SI  Pointer to the first unused character in the string

Convert a zero terminated string to an unsigned integer

using the radix specified in CX: 2=binary, S=octal etc. BX = least significant
word, AX = most significant word.

TITLE:
PURPOSE:
ENTRY:

RETURN:

COMMENTS:

“ in which case the integer will be a negative or a plus character “+”, in

FUNCTION NUMBER: 07

ConvStringTolnt

String to integer

DS&:SI Pointer to zero terminated string to be
comverted

AX  Resultant integer

S Pointer to the first unused character in the string

Uses radix 10. The string can begin with a minus character

which case the integer will be positive. The maximum positive value is 12,767
and the maximum negative value is -32,768.
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FUNCTION NUMBER: 08
TITLE: ConvString ToLonglnt
PURPOSE: String to long integer
ENTRY: DSl Pointer to zero termmated string to be
converted
RETURN: AXNBX Resultant long integer

SI  Pointer to the first unused character in the string

COMMENTS:  Uses radix 10, The string can begin with a minus character
“." in which case the long integer will be a negative or a plus character “+7,
in which case the long integer will be positive. The maximum positive value is
4,294 967 295 and the maximum negative value is -4 294 967 295

FUNCTION NUMBER: (9

TITLE: ConvFloatToBuffer
PURPOSE: Floating point number to buffer
ENTRY: %1  Pointer to the float to be convertad

DX Pointer to the format structure
DI Pointer to the buffer to receive the converted
float

RETURN; AX  Length of the converted string

COMMENTS:  Converts the double floating point number to a printable
ASCI zero terminated string pointed to by DI using the OS specification.
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FUNCTION NUMEBER: 0A

TITLE: ConvStringToFloat
PURPOSE: String to float
ENTRY: ST Address of pointer to text to be converted

DX Decimal point character
DI Paointer to double destination
RETTIRN: Carry clear on success

COMMENTS:  Scans the string for a number and writes the value as a '
double floating point to [DI], Format = [+}-]<int>. <frac>[Ele][+}<exp>
(1699 to 1e+99)
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Appendix 7 - Interrupts and Function Calls

Genersl Management - INT 8B

FUNCTION NUMBER: 00

TITLE: GenVersion
PURPOSE: (et the operating system version number
ENTRY: None
RETURN: AX  The operating system version number
COMMENTS: 16 bit inte ger returned

FUNCTION NUMBER: 01
TITLE: GenL.CDType
PURPOSE: Get the system LCD type
ENTRY: MNone
RETURMN: AL The LCD type
COMMENTS:

FUNCTION NUMBER: 02
TITLE: GenStartReason
PURPOSE: Get the system cold start reason
ENTRY: Mone
RETURM: AL The cold start reason
COMMENTS:
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FUNCTION NUMBER: 03
TITLE: GenParse
PURPOSE: Generic file name parser
ENTRY: BX pointer to 2 GenParseEnt strocture
RETURN:
COMMENTS:
FUNCTION NUMBER: 04
TITLE: " LongUnsignedIntRandom
PURPOSE: Unsigned long integer random number
ENTRY: DSBX Pointer to unsigned long integer seed
RETURMN: AXBX The unsigned long integer random number
COMMENTS:
FUNCTION NUMBER: 05
TITLE: GenGetCountryData
PURPOSE: et the country data
ENTRY: BX  Pointer to a CDataEnt structure
RETURN: None :
COMMENTS:

260




Appendix 7 - Interrupts and Function Calls

FUNCTION NUMBER: 06

TITLE: GenGetErmorText
FURPOSE: Get ermor text
ENTRY: AL The error number
BX  Pointer to the buffer to receive the emror text
RETURMN: Mone
FUNCTION NUMBER: 07
TITLE: GenGet05Data
PURPOSE: (et the OF data
ENTRY: DI Pomter to a buffer to receive the data
&1 Offset in the operating system data space
X The number of bytes to be copied
RETURN: Mone
COMMENTS:
FUNCTION NUMBER: 08
TITLE: GenDeferredModa
FURPOSE: Set deferred mode
ENTRY: AL Deferred mode
RETURN: Mone
COMMENTS:
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FUNCTION NUMBER: 09

TITLE: GenMotify
FURPOSE: Motify by text
ENTRY: BX Pointer to the first message

CX Pointer to the second message or zero

DX Pointer to the first option or 2e10

D! Pointer to the second option or 2éro

SI  Pointer to the third option or zero
RETURM: AL 0,1 or 2 depending on option

COMMENTS:

FUNCTION NUMBER: 0A

TITLE: GenMNotifyError
PURPOSE: Notify by error number
ENTRY: Al The error number to be notified

BX  Pointer to the first message

DX Pointer to the first option or zero

DI Pointer to the second option or zero

51  Pointer to the third option or zero
RETURM: AL 0,1 or 2 depending on option

COMMENTS:

262




R S A TR 1

Appendix 7 - Interrupts and Function Calls

FUNCTION NUMBER: 0B

TITLE: GenNotifyHook
FURPOSE: Hook the notify interface
ENTRY: BX The message number
RETURN: Carry clear on success
COMMENTS:

FUNCTION NUMEBER: 0C
TITLE: GenMotifyUnHook
PURPOSE: Unhook the notify interface
ENTRY: MNone
RETURN:
COMMENTS:

FUNCTION NUMBER: 0D
TITLE: GenGetRAMSizelnParas
PURPOSE: Get the system RAM size
ENTRY: Mone
RETURN: Size of system RAM in paras (16 bytes)
COMMENTS:
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FUNCTION NUMBER: 0E
TITLE; GenGetCommandLine
PURPOSE: et the command line
ENTRY: Mone
RETLURN: AX  Pointer to the command line or 0
COMMENTS:  The command line is an entry in the heap.
FUNCTION NUMBER: OF
TITLE: GenGetSoundFlags
PURPOSE: Get the sound flags
ENTRY: Mone
RETURN: AL the sound flags
COMMENTS: Sound flag bits are as follows:

D0 set = Enable kevboard clicks

D1 set = Enable the piezo sound system
D2 s¢t = Enable the SND: deviee driver
D3 set = Make piezo sound louder

D4 set = Disable all system sound




Appendix 7 - Interrupis and Fanctien Calls

TITLE:
PURPOSE:
ENTREY:
RETUERN:

COMMENTS:

FUNCTION NUMBER: 10

GenSetSoundFlags
Set the sound flags
BX The sound flags
MNone

Sound flag bits in BX are as follows;

D0 set = Enable keyboard clicks

D1 set = Enable the piezo sound system
D2 et = Enable the SND: device driver
D3 set = Make piezo sound lowder -

D4 set = Dizable all system sound

For example, BX = 12 will produce a loud piezo after calling function 11

TITLE:
PURPOSE:
ENTREY:
RETURN:

COMMENTS:

FUNCTION NUMBER: 11

GenSound

Make a soumd with the piezo

BX  The duration of the sound in ticks
CX  The pitch of the sound

MNone

Call fimction 10 before using this function. The pitch is

{512/CX) kHz. Try BX = 000F and CX = 01FF,
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FUNCTION NUMBER: 12

TITLE: GenMarkActive
PURPOSE: Mark a process as active
ENTRY: None

RETURN: None

FUNCTION NUMBER: 13

TITLE: GenMarkNonActive
PURPOSE: MNone

ENTRY: MNone

RETURN:

COMMENTS:

FUNCTION NUMBER: 14

TITLE: GenGetText

PURPOSE: Get the operating systemt text

ENTRY: AL  The number of the text message to be retrieved
ESBX Pointer to the buffer to receive the text

RETURM: Carry clear on success

COMMENTS:
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FUNCTION NUMBER: 15

TITLE: GenGetMNotifyState
PURPOSE: Get notify state
ENTRY: Mone
RETURN: AL The notify state
COMMENTS:

FUNCTION NUMEBER: 16
TITLE: GenSetMotify State
PURPOSE: Set the notify state
ENTRY: AL The notify state
EETURMN: Mone
COMMENTS:

FUNCTION NUMBER: 17
TITLE: GenGetAutoSwitchOf Value
PURPOSE: Get the auto switch off time
ENTRY: None
RETURMN: AX  The auto switch off time in seconds
COMMENTS:  Default time 15 300 seconds
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FUNCTION NUMBER: 18

TITLE: GenSetAntoSwitchOff Value
PURPOSE: Set the auto switch off ime
ENTRY: BY  The auto switch off time in seconds
BETURN: Naone
COMMENTS: -1 = dizabla

FUNCTION NUMBER: 19
TITLE: GenSetRevector
PURPOSE: Capture an interrupt
ENTRY: AL The vector number

CXBX The segment and offset on the interrupt
routine

RETURN: Mone
COMMENTS:

FUNCTION NUMBER: 1A
TITLE: GenResetRevector
PURPOSE: Release an interrupt
EMTRY: AL the vector number
RETURN: Mone




Appendix 7 - Interrupts and Function Calls

TITLE:
PURPOSE:
ENTRY:
RETURN:

COMMENTS:

FUNCTION NUMBER: 1B

GenGetLanguageCode
Get the Language Code
Nona

AX the lanpuage code

1=FEng 2=Fr,3=Ger.4=5p, 5=1It, 6 = Sw, 7 =

Danish, § = Nor, = Fin, 10 = USA, 11 = Swiss Fr. 12 = Swis Ger, 13 = Port,
14 = Turk, 15 = Ice, 16 = Russian, 17 = Hung, 18 = Dutch, 19 = Belgian Fl,
20 = Anst, 21 = New Z, 12 = Austrian, 23 Belgian Fr.

FUNCTION NUMBER: 1C

TITLE: GenGetSuffives
PURPOSE: Get suffix text
EMTRTY: ESBX Pointer to buffer to receive the suffix text
RETURN: Mone
COMMENTS:

FUNCTION NUMBER: ID
TITLE: GenGetAmPmText
PURPCSE: Get the AM and PM text
ENTRY: AL Zero = get AM text

Nom zero = get PM text

RETURN: ES:BX Pointer to buffer to receive the AM and PM text
COMMENTS:  Buffer must be == 6 bytes
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FUNCTION NUMBER: 20 :
TITLE: GenSetBatteryType
PURPOSE: Set the battery type {
ENTRY: AL  The battery type !
RETURMN: Mone i
i
COMMENTS: i
|
FUNCTION NUMBER: 29
TITLE: GenCRC
PURPOSE: (Generate a CRC
ENTRY: CX  The mumber of bytes in the buffer
DX The current CRC
DS:S1 Pointer to the buffer ta be CRC checked
RETURN: AX  The updated CRC checksum
COMMENTS:
FUNCTION NUMBER: 21 :
TITLE: GenEnvBufferGet
PURPOSE: (Get environment variable ;
ENTRY: ES:DI Pointer to the environment variable name A
DL Length of the environment variable name 2

ES'SI Pointer to the buffer to receive the variable™s
name
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i RETUEN: AN The length of the data returned in ES:SI
COMMENTS;
|
|
!
!
| FUNCTION NUMBER: 22
i TITLE: GenEnvBufferSet
PURPOSE; Set environment variable
ENTRY: ES:DIPointer to the emvironment variable name

DL Length of the environment variable name
ES:SI Pointer to the buffer containing the variable’s
data
CL  The length of the data as ES:S1

RETURN: Carry clear on success

FUNCTION NUMBER: 13

TITLE: GenEnvBufferDelete

PURPOSE: Delete environment variable

ENTREY: ES:DIPointer to the environment varigble name
DL  Length of the environment vaniable name

RETURN: Carry clear on success

COMMENTS:

FUNCTION NUMBER: 24

i TITLE: GenEnvBufferFind
. PURPOSE: Find environment variable
i ENTRY: BX  The find handle

.
I.

i

.
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ES:DI Pointer to the emvironment variable name

DL  Length of the environment variable name
FS'SI Pointer 1o the buffer to receive the vaniable’s
data

BRETURMN: AX  The next find handle
COMMENTS:
FUNCTION NUMBER: 25
TITLE: GienEnvStringGet
FURPOSE: Get string environment variable
ENTRY: ES:DM Pointer to the environment name string
ES:SI Pointer to the buffer to receive the variable’s
fiame
RETURHN: Carry clear on success
COMMENTS:
FUNCTION NUMBER: 16
TITLE: GenEnv3tring3et
PURPOSE: Set string environment varable
ENTEY: ES-DI Pointer to the environment variable name
ES:SI Pointer to the string containing the variable’s
data
RETURN: Carry clear
COMMENTS:

an
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FUNCTION NUMBER: 27

TITLE: GenEnvStringDelete
PURPOSE: Delete the string environment variable
ENIEY: ES:DIPainter to the environment variable name
EETURMN: Carry clear
COMMENTS:
FUNCTION NUMBER: 28
TITLE: GenEnvStringFind
PURPOSE: Find string environment variable
ENTRY: BX The find handle
ES:[2] Pointer to the environment vanable name
ES:51 Pointer to the buifer to receive the variable's
name
ES:C¥ Pointer to the buffer to receive the
variable’s data
RETURN: AX The next find handle
COWMMENTS:
FUNCTION NUMBER: 2B
TITLE: GenAlarmHook
PURPOSE: Hook the alarm interface
ENTRY: BX The message number

273



Appendix 7 - Interrupts and Function Calls

RETURN: Carry clear
COMMENTS:  ALM: is the alarm device

FUNCTION NUMBER: 2C
TITLE: GenAlarmUnHook
PURPOSE: Unhook the alarm interface
ENTEY: Noneg
RETURMN: MNone
COMMENTS:

FUNCTION NUMBER: 2D
TITLE: GenAlarmiD
PURPOSE: Get the PID of the alarm server
ENTEY: None
RETIIRN: AX  The alarm server ID
COMMENTS:

T —
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Appendix 7 - Interrupts and Fanction Calls

Trig Functions

FUNCTION NUMBER: 00

PURPOSE: Sine of a float
ENTRY: DI  Pointer to destination floating point number
51 Pointer to floating point function argument
FUNCTION NUMBER: 01
PURPOSE: Cosine of a float
ENTRY; DI Pointer to destination floating point number
51  Pointer to floating point function argument
FUNCTION NUMBER: 02
PURPOSE: Tangent of a float
ENTRY: DI Pomnter to destination floating point number
81 Pointer to floating point finction argument
FUNCTION NUMBER: 03
PURPOSE: Arcsine of a float
ENTRY: DI Pointer to destination floating point number

ST Pointer to floating point function argument
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FUNCTION NUMBER: 05

PURPOSE: Arctangent of a float
ENIRY: DI Pointer to destination floating point number
S1  Puointer to floating point function argument
FUNCTION NUMBER: 06
FURPOSE: Exponential of a float
ENTIRY: DI Pointer to destination floatmg point number
51  Pointer to floating point function argument
FUNCTION NUMBER: 07
PURPOSE: Natural logarithm of a float
ENTRY: DI Pointer to destination floating point number
SI  Pointer to floating point function argument
FUNCTION NUMBER: 08
PURPOSE: Logarithm of a float
ENTRY: DI Pointer to destination floating point number
81  Pointer to floating point function argument
FUNCTION NUMBER: 09
PURPOSE: Square root of a float
ENTRY: DI Pointer to destination floating point number
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FUNCTION NUMBER: 0A

PURPOSE; Power of 2 floats

ENTRY: Dl Pomter to destination floating point operand
531  Pointer to floating point base
DX Pointer to floating point power

s o o PP

FUNCTION NUMBER: 0B

o T

_ PURPOSE: Float random number
i ENTRY: DI Pointer to destination floating point number
51  Pointer to unsigned long integer seed

FUNCTION NUMBER: 0C

PURPOSE: Module of a float

ENTEY: DI Pointer to destination floating point operand
S1  Pomnter to floating point function argument
DX Pointer to floating point modulo value

FUNCTION NUMBER: 0D

1;

] PURPOSE: Zero fractional part of a float

! ENTRY: DI Pointer to destination floating point operand

Sl Pointer to floating point function argument

e
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The assembler which runs on the Psion Series 3A is available on PC disk ready for
downloading. Instructions are on a ReadMe file.

Please retumn this form if you would like to receive your FREE copy.

Please allow 28 days for delivery. Overseas orders please allow £2.00 carriage
charges by Visa or Mastercharge credit cards (please give details below).

NAME:

ADDRESS:

CREDIT CARD NO: EXFIRY:

For those 3A owners who do not have a PC link for downloading the assembler, this
is available on 128K Rom cartridge at a cost of £39.95 inc VAT and carriage.

If you would like to order this please tick here and give details of your credit card
above, or alternatively send a cheque made payable to Kuma Books Lid.

1

If there are any areas of interest conceming your Psion 3A that you would like to
see covered in a book, please contact us at the address below.

Please return this form to:

KUMA BOOKS LTD
12 HORSESHOE PARK
PANGBOURNE
BERKSHIRE
RGB 7TIW
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MACHINE CODE PROGRANMMING ON THE

PSION SERIES 3A & 3

by John Farrant
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ctempts o solve The probem of willing machine code to run on this
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cwn Texrt ed lor and debugger, Along the way, vau will gain o better
Lrcierstanding of the Psion 3's hardware design and operation,

You will discover how ta write assembly language prograrms using the
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All Ihe prograrms listed in this book ara on the supplied disc.
The contents of th's book apply to the models 34 and 3.
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