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C•apler I • Numbers aad Systems 

Chapter 1 - Numbers and Systems 

Jl'jTRODUCTfON 

The arrival of the Series 3 from Psion in 1991, marked a new cl13pter ;,, the 
de,-,lopment of pockot sized computers. Bo.ed on an cxtrerncly complex bul 
reliable architecn1re, this miniallltc marvel can be programmed using cme of 
three types of complller language; OPL • a high-l"'·el and easy to us. 
language, similar iJJ. many ways to BA.SIC bU1 capable of greater 
sophistication, "'C" usi.ug the available Software Devel<>pment Kit (SOK) or 
standard 8086 machine code via a suitable assembler. · 

This book is aimed at anyone wlto "'shes to progress oo from OPL and 
increase the power and flexibility of tbeit programs and applications "'mom 
resorting to the problems associated v,ith usi.n~ "C". As you work yo111 way 
through this book you will develop an understanding of 8086 programming 
techniques using a simple but effective tw<>-pass assembler. The small sections 
of code you produce will allow you ·to communicate with the Psion's 
hardware and system resources at a level impossible or difficult using OPL. 
Along the way, you 1>,111 gain a better understanding of the Psion 3's hard..are 
design and operation. 

THEPSION3 

The Psion 3 series of computers are built around three main integrated circuits. 
The NEC V30 series J 6-bit mioroproce..<soT, which is an enhanced de<ice 
baud on the 8086 type architeclllle as US<:d in desk top PC's, and two Psion 
customised chips know as ASIC! and ASIC2. The 3a ~ -;.,; combines these 
thru chips into one larger integrated circuit It is refreshing to note that the 
V]O is some 40% faster than the 8086 for the same clock speed and i,1 

addition has a larger instruction set. The inere3se in speed of the V30 over the 
8086 means that the 3a running at 7.68 Mhz is faster titan a conventional PC 
tunning at 10 Jl,lhz. 

A full description of th: V30 microprocessor unit can be found in appendix I, 
b111 fur now we'll look at the problems to be overcome in writing, entering and 
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l'UlllllJlS programmes on a machine that appears to defy all anempts to break 
imo the system. 

The Psion :; is a very well behaved computer. \\'bat I mean by this is that it is 
vimwly impossible to cause it to lock up. You may ahcady have 
experimented "ith machine c-ude by using the PEEK and POKE instructions 
from OPL. Haph"""'1 approaches to p~ki.ng and pokillg will almost ceitiinly 
result in your Psion crashing and ,ystcm error mess3ges of the type shm,..n in 
Figure I. 

SYSSl'IUl.$16 

i[ 
Prnr:esse>dted I ii) Exit ruober 27 

CUlth.e 

I Esc I 

Figure 1 

ThJs happily provides some SOC1 of safety net. lt is important to =ember that 
we are about to embark on a voyage filled with ob-bcles and pitfalls. At be<t, 
mistakes will produce simple error messages similar to that above. At worn 
yow machine will lock up completely and you will have to perfoltl1 a reset and 
suffer the possible consequences of losing all your important program and data 
files, etc. · 

Before continuing, I strongly advise you to save all important infoonation to a 
flash. SSD or a floppy disk, if you possess the seri;,i link. 

MACHINE CODE C.'\N S.ER JOUSLY CORRUPT YOUR DATA. 

In spite of this howeveJ, if you enter the ex:unpfes carcfully, I promise that I 
will ensure that your progress is relatively safe and ttouble free. 
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THE SAFETY BARRIER 

\Ve'll begin wi1h • simple program that causes the conrpute, to safi:ly crash. 

Enter and run the follo,.,ing short program in OPL to see whai I mean: 

PROCA: 
Local u~'o 
Pokeb 4048,0 
u%=USR(4048,0,0,0,0} 
Endp 

Wliat we ha," <lone here is to poke an illegal 8086 instruction 21 memory 
addr~s 4048 and then executed the single b11e code, This however, is not the 
only problem ,.,th this short OPL program. We have failed to term.i.n.ate the 
routine with a RETIJRN instruction. Thi; must always be present at the end of 
any macm.ne code program to allow a safo return back to die operating system. 
The decimal code f0< the RETIJRN instn,ction is 203. Enter the fuDowmg and 
note !he difference: 

A safe return resulted! 

!'ROCA 
Localu% 
Pokeh 4ll48,203 
u%=USR(4048,0,0,0,0) 
Endp 

The rnocbine code prog,am was only one instruction fo,ig, but at least it ran 
";thout crashing. 

3 
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THE USR I:-.STRUCTION 

The coniponents of we USR instruction are wor1h examiJting: 

u%=USR(404&,0,0,0,0) 

The first nwnber, in !his case 4048, is the address !hat is loaded into the 8086 
program counter register. The microprocessor always stans executing code at 
the address held in this register. The remaining four zeros are passed to the 
four main registers of the 8086 in the follo;,.ing order: AX, BX, CX and JJX. 
ID the example above we have simply set all tbe registeJs to zero. 

We could of course have Sfflt any 11wnber we ~ke to these fuur registers. fat: 
example: 

PROCA: 
Localu% 
Pokeb 4048,203 
u¾=USR(4048,255,0,0,0) 
Printu% 
Get 
EDdp 

Here we have loaded the AX register with the number 255. Rwi this program 
and note thlst 255 is printed on tbc S«een. The reason for this i.s that al the end 
of !UlY machine code routine run from OPL the value of the AX register is 
passed back to the USR integer variable, u%. 

Can we stvre a number larger than 255 in 1he AX registe<'1 

Yes. we can: 

4 

PROCA: 
Local u& 
Pokeb 4048,203 
u&~USR(4048,32767,0,0,0J 
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Print u& 
Get 
Endp 

No(c that the integer variable u% has been replaocd ill tlus example by the 
long integer variable u&. Unlike in(ege, variables which can only hold 
numb..-.s between -32,768 to +32767, long i.n!eger vanabks can handle 
numbers in the range-2147483648 to ~2147483647 

TifE ACClMULATOR REGISTER 

The Acctmmlator. or AX iewster as it is called, acru.ally con.sis:s of two 8 bit 
registers known as AH and AL. Accumulator High and AccumuLuor l ,0w 

Th<: two tegisters cau be used tugi:tlu:r or separa1ely depending on the size of 
!ht numbe, bei1ig hM.dled. 

NEGATIVE THOUGHTS 

The largest decimal number that an eight bit register such as AH 01 Al can 
store is 255. H you include zero, tllis means 256 different n.anbers, 0 to 255. 
A< 255 times 255 eq,,;,ls 65535 you would imagine th.at 65535 is the largest 
number that can be contained in the 16 hit AX te81Ster. Try tbe fullm,ing: 

PROCA: 
Localu& 
Poke!, 4048,203 
u&=USR(4048,65535,0,0,0) 
Printn& 
Get 
Endp 

This p,:oduoes the -.mexpected -1 as a result. Change the 65535 to 65534 ond 
run the program again. 

The reasons fur these odd results a,e that the microprocessor needs to be able 
tn handle negative number-$ as well as positi,-e numbers. The ocly way it can 

s 
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do this is to limit the !lla'WJIW» size of decimal numbers ii can cope \\ith. The 
limit is-32768 to ~32i67. 

65535 ~ minus I 
65n4 ~ minus 2 

3276!1 = mimls 32767 
32768 = minus 32768 
32767 = plus 32767 
32766 - plu, 32166 

You'll learn to understand the reasoning beh.iJ>d this r:nher strange uumbering 
system when we attempt addition Md subtraction in macbine code. 

It might be as well at this stage to remind ourselves about what is meant by 
decimal, biJ>ary and hexadecimal. 

NUl\1111'.R BASES 

Inforn:iation inside a computer is stored as bits. These are either oo.e 's or 
zero~s. lt woul<l be nice if the microprocessor could handle decimal nomhers 
as easily as we <:an. In other words, one, t\i.'o, three, four, etc. This is not 
possible as our mic,oprocessor contains chousand of electronic switches th.al 
can only be ON or OFF. These two switched stales are called logic I and logie 

0. 

Every decimal number that we enter into our hion oompurer has to be 
con,-erted internally 1010 a series of one's and zao's called bits or bin,,y 
numbers. These hits are stored in RAM or in lhe processors in1cmal registers. 
A single hit register would only be able to store a l or a 0. This would of 
cour;e rather limit the mathematical capabilities of the machine and larger 
registers are therefore used 

6 
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A typical cight bit registe,- can store numbers from 00000000 lo 11111111 
binary. Converted to decimal, this is Oto 255. 

Jn the binary sys1ern, the right-most bit represents two to the power of nought, 
whioh is 1. Tho next bit to the left represents 2 to th.e power 1, or <kcimal 2; 
thenc,<1, 2 to the power 2 = 4, and so oo IJJ)IO the left-most bit, 2 10 the power 
7 = 128. Adding all these powers gives us 2;5_ This is the largest munber that 
"" eight bit register can hold: 

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

InodJerwords, decimal 255 oonverted to binazy is 1111 I 111. 

Any decimal nwnb<:r can easily be convened 10 bina,y by simply a<lding up 
the decimal numbers in the series whereve.- a binary I OCCIB"S. 

For example, 0100 0001 binary is: . 

O O O O O 0 

64 plus I which equals 65 

Further exampies: 

Decimal Binary 

I 00000001 
9 0000 1001 
7 00000111 

67 0100 001 I 
161 1010 0001 

Noti« how eight bit binary nwnbers are easier to read when they are split up 
into two groups of fUUili. These groups are called "nibbles". Tlrerefure two 
nibbles make a byte. Also two b}'!eS equal a word and four bytes, or two 
words., make a long word. 

7 
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As an exercise convert the following bina,y nwuber, to decimal: 

a)<klOOll!l b)OOOIOOO! c)OOlJOO!I d)! III OOOO e)lll\1111 

BlTSAI\D BYTES 

A;; we have see.1, eight bits arranged together are called a byte. A one mega 
byte memory chip can therefore hold one million eigh1 bit numbefs. The 
lllicroproc~sor in the Psion 3 «n handle sixteen bit numbers, ranging from 
0000 0000 0000 0000 to l 1l l 111 1 1111 111 I, or 1 to 6S53S in decimal. 
These larger nwnbers are obtained in the same way as the eight bit binary 
number above, but now we have eight extra bits to play with. This means more 
powers of two with the left-most bit now ,epresenting 2 to the power of 15 
w~jch is 32768. If you care to add this lot up you should arrive at 65535, 
wbich of cou,se is the largest number which a 16 bit processor can handle. 

HEXADECIMAL 

If writing machine code involved entering large amounts of binary numbers by 
hand. we would have long ago gone mad and abandoned computers altogetlier. 
Luckily there are easier ways of programming computrn;. 

Firstly, any number of binary bits can be grouped togetlier into fours and 
IIDned into what is known as a heXDdecimal nwnber. Tt is really very easy, and 
the following cable should explain: 

D<cirnal Bina,y l-\exadecima! 

0 0000 0 
l 0001 I 
2 0010 2 
3 0011 3 
4 0100 4 
5 0101 5 

6 0110 6 
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8 
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10 
11 
12 
13 
14 
15 

Chapter l • Nambers and System 

Ol li 
1000 
1001 
1010 
1011 
!100 
1101 
1110 
1111 

Table I 

7 
8 
9 
A 
B 
C 
D 
E 
F 

Referring to table l, binary 10 IO is A in hexadecimal, 11 l O is Hex F. and so 
on. 

Eight bit binary is represented by simply pl•cing two hex numbers together. 
Firstly split the eight bit number into two four bit bi11a,y numbers and then 
look them up in the tiblc above: 

1010 1110 
00010101 

- AEhex 
~ IS hex 

In oilier words, all we have to do 10 convert an eight bit binary number to its 
hex equivalent is to split it up into two four bit pans and son om each of the 
two nibbles in rum. 

The same process applies to 16, 32 or 64 bit numbers: 

1010000111111100 = AIFC inhexadecin1al 

DECIMAL TO HEXADECIMAL 

Converting a decimal number to its hex equivalent involves nothing more than 
lirstly converting the nw.nber to binary using the method on page 7, splitting 
the resulting bits into groups of four and fmally changing them into Mx: 
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Decimal 170 = 128 +O+JZ·HH & +0 + 2 -1· 0 

Therefore decimal 170 equals 1010 1010 which in tum equals AAh \note the h 
for hex). 

Ht:X.ADECJ!lfAL TO DECIMAL 

To convert a he.x number back to its decimal equivalent, do tlic follo"ing: 

Taking each hex component in tum, loobt up in table I. 

A4Hex: A= J0!0inbinaryand 4 = 0I00inbi11azy 

Therefore, A4heqUlllS 1010 0100 in binary. 

Substituting 128, 64, 32, 16, 8, 4, 2 m I where ever • binary 1 occurs and 
atldi.ug gi\fil us: 

I O O O O 0 
128 32 4 

128 + 32 + 4 = 164 

Therefore, A4 hex equals 164 decimal. 

Prove the following: 

a) B6h = 182 decimal b) CCh - 204 decimal c)4Bh - 75 d<:<:unal. 

Now convert the following he~ numbers to decimal: 

d) 6Eh e) 8Ah f) 72h. 

Confinn your anS¼er.: using the calculator function on your Psion. Ju,1 toter 
$6£ and p= the <nter key. 

10 
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MACHINE CODE JNSTll.t:CTIONS AND DATA 

The 8086 has a wealth of instructions that ii can understand. Examples of 
d,c,e a,c ADD, SUBTRACT, MULTIPLY, DIVIDE, JUMP to an addms, 
and mmy more. Our microprocessor unfortunately cannot understand these 
instructions as lltey stand. They need to be changoo into hex numbers before 
(hev can be executed. So our first problem is how do we convert these 
instructions into hex numbers \lcfl.ich the R086 can interpret? 

With eight bit microprocessors, this task is relatively easy. You simply loo.k up 
the rele~ant mnemonic, ADD, MUL, DIV etc, in a list of instruction codes for 
that particular microprocessor and poke the appropriate hex nwnber .into 
memory using a program called a hex loader. It is a laborious proce..ss, not for 
the faint heatted and is prone to errors. This method of program entty is not 
possible on 16 bit micropro,;;ossors like U10 8086, which has lllllllY bundzeds 
more instruclions clien a humble eight bit machine. Also it would be difficult to 
produce a useful table containing all the combinations cf addre$sing modes 
and registers that are available. 

\\·'hat we need is somehow a method of C()nvt:rtfng: the instruction mnemonics 
inco their hex equivale,it withoui having to look them up in a table of codes. 

An as!'<mbler perfonns such a task. In its simplest fonn you would enter 
somethmg like LOAD AX with 0051, LOAD BX with 0023, ADD AX to BX, 
RETURN. The assembler ,-;11 then convert these four instructions into the 
appropriate hex codes. In this=, B85100 8B2300 OIDS CB. 

Using ccnventional 8086 mnemonics we wolt.ld write dtls as follows: 

MOV AX,0051 
MOV :SX,0023 
ADDAX,BX 
RE.TF 

885100 
882300 
OiD8 
CK 

Running this program v.ill produce 74 hex as tbe correct answer. 

11 
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Three things need to be noted about lhe above program. Firstly, when loading 
or mo,1ng data to and from registers, the two b)1es that make up the complete 
word ar~ entared the correct way round in the mnemonic fonn, but flllish up in 
memory with the n"-o code bytes swapped around. This js nonnaJ with most 
processors. It docsn•t affect the \\-ay we write th~ n:wernonics or SOW'CC oodc 
as it is called, but ii must be borne in mind when examining mach.ine code 
using a debugger. 

The second point to note is the ADD AX,BX instruction. Here, the contents of 
BX are added to the AX rcgisler and the result is stored in the AX register. 
The original contents of AX are lo31 but BX retains 23. 

fiJ>ally, !he RETURN instruction is entered as RE'I'F. The F IDC30S that !he 
rctum is what is known as a FAR RETURN. The 8086 allows two types of 
RETURNS: Near Returns and Far Returns. The reason why two types of 
retum instructions are required is due 10 the internal architectwe of 80S6 type 
processors. 

SEGMENTATION 

Intel, rn their v.isdom. decided 10 split the addressiJ>g raogc of the 8086 family 
of processor into a number of blocks called segments. Each segment can be a 
maximum of 64 Kbytes long. Each segmtt1t has a segment number and this is 
stored in a segment register. Broadly speaking, if you want to address the first 
64 k block you would store 0 i.n the segment register and set the program 
oow,ter 10 the required address ,vithin the 64 k block. lf however you wamed 
to acccs. memory at addiess 99,234 for example, then !he segment register 
would be loaded with 1 and the program OOW1ter with 99,7.34 minus 65536 = 
33,698. It is somewb.al more complicated lbCtl thi, as we \\ill see shortly, bu! 
the basic principles appty. 

11 
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l'be Segment Registers 

The 8086 has four segmeot registers:• 

DS . data segment, CS • code segment., SS • stacl< segment and ES - extta 
segment. 

•fbe segment names give us a clue as to their pa,ticular function. The CODE 
segmeot is where our progi-am code will be stored, the ST ACK segment holds 
data that needs to be saved on the memory stack, and the DATA segment is 
where the processor stores and retrieves the data it needs. For example, MOV 
AX,(23AI) is the instruction for moving the contents of memory location 
23Al to the AX register. Here the data is oollccted 001 directly from memory 
location 23AI, but from this location PLUS the contents of the DAl'A 
segment (DS). The coot<nts of the segment register are added to 23Al to form 
the final address where the microprocessor will fin(! the data. 

In realily, what happens is that lhe contents of the appropriate segment register 
are multiplied by 16 before being added to the memo,y address part of the 
instruction. This in effect fomtS a complete 20 bit address allo.,.ing memory 
addressing up 10 die full l,C-48,576 range. (2 raised to d1e power of20 equals 
1,048,576): 

20-bit addr"3S = (16 x DS) + address part of instruction code 

For example: 

DS register ~ I OOOh 

Address pan of instruction code = 0234b 

Then: 

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

Equals 10000h (multiplied by 16, or shifted left -1 bits) ~ 023-lh 

13 
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Therefore the final address where data is to bo found is: 

J0234h 

Toe same thing appbes ,.1,en the code segment is involved: 

20-bit address= (16 x CS)+ conterus of Instruction Pow1er 

20-bit address ~ (16 x CS) + JP 

For example: 

CS n:gister = 2 lOOh 

1P ~ 0234h 

Then: 

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

Equals 21 0OOh (multip~ed by 16, or shifted left 4 bits) + 0234h 

The final addJess where data is lo be found is: 

21234h 

Noto ill the above «ample that IP stands for the lm1tuctioo Pointer. This 
performs the same function as the Program Counter mentioned earlier. 

RETIJRNINC FROM A SU:SROLTINI!: 

To get back to our original problem that was what is the difference between 
NEAR RE TUR NS and FAR RETuilNS? 

14 
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If a retum occurs within a 64 k code segment, then a NEAR RETIJitN is 
required. The mnemonic for this is RET. However, if a return will involve 
jumping across a segment boundary, in other words the addr<ss "gap" is 
grwer than 64 K, tbcn a FAR RETUR.'I (RETF) must be used. Eve,y 
program you write must end "ith a FAR RHTURN. The distance between our 
code and Psion', operating system is much greater than 64 k and any attempt 
to u.se a neaz return at the end of your code v.i)I almost certainly result in a 
system crasb. 

& a,i) exercise enter the follo\.\-ing OPL program and exectlle it 

The decimal code for REr (neaz return) is l?S: 

PROCA: 
1.ocal u% 
Pokeb 4048, 195 
u¾~USR(0,0,0,0,0) 
Endp 

The Psion crashes and re.ponds with an exit number. Replacing the 195 v.ith 
203, ~ code for RETF, will give us a safe return. 

A list of e,ot or panic munbe<s as Psion calls them, can be found in appcndi< 
6. 

IS 
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Cbapter 2 - The 8086 Structure 

"fbe Micrnoomputer 

Figure I shows a typical microcomputer system. 

SUPPL CPU 

Figure I 

The Psion operating system is contained u, I meg,ab)1e of ROM (Read Oruy 
Memory) whilst the user programs are held in RAM (Kmdom Access 
Memory), wbicb can be to as much as 0.5 megabyte (excluding the RAM 
slots). Bearing in mind the limitations imposed by a 20 bit address bus, Ibis 
large amo1ml off internal memory seeJIIS amazing. The reason that th• P;ion 
appca,s to be accessing more memory then is possible v.ith the available 
address line; (20 lines= 1,048576 bytes) is that extra memory, or shadow 
memory, is paged in and out only when required. The paging function is 
handled by the sophisticated memory management system ,,;thin the Psion 

hardware. 

16 
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The PL"'-, Peripneral Interface Adapter, p<()y;des the intorfa<:o to the outside 
world. This would consist of peripherals such as a print«, the l:e)'board and 

display monitor 

The Clock is the heartbeat of the CPU (Central Processing Unit). It detenni11es 
the memo,y access s~d and al.so !he number of instructiotJs per second that 
d,e prooe>sO! can peiform. 

The coottol bus contains exa:a signals that the processor require., such as 
c,adiwritc o.od chip enable. 

A greatly simplified block diagram of the l'sion 3 is silo"" in below. 
Although it is fur l)lore complex then the typical microcomputer sho-.n above, 
it behaves in a similar fa.won. 

1--~ ).{EMORY 

V30 
ASIC.I 

LCD 

ASIC2 
SSD 

COMBO 

CRYSTAL 

KEYBOARD 

17 
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ASIC! is the main system controller chip which in1eTfaccs directly v.ilh che 
V30 microprocessor. Two of its m8lll tasks arc IIKlllOfY decoding and intcm,pt 
handling. 

ASIC2 contains the system clock oscillator and is also responsible for the SSD 
and high speed serial link. Other iasks performed by this complex integ,11ted 
circuit are keyboard handling and driving the sound sy,t;:m. 

The two 1.5 volt batteries supply power to generate up to seven separate 
internal supplies. These are sv.itched on dCJ)eoding on the particular stare lhat 
the l'sion is in at cJ,e time. To,-re are four roain s"'1l!s, standby, backup, idle 
and operating. In the standby state die V30 is poweted dov.11 but ASIC!, 
ASIC2 and the memoT)· are powered up. When the main batteries have 
•"!'ired, the backup state comes into play. This state is similar to the sUutdby 
stat• except thal the it is not possible to switch to the full operatiug state. The 
idle state can occ111 during the oper.aling state and although the processor is 
powe,cd op, it has a1tered an idle mode when: it is waiting for an event to 
occur, for ,xample an external intem,pt. 

In the Psion 3a the functions of V30, ASIC! and ASIC2 are combinod into 
one larger integrated circuit known as ASIC9. This clup gives an improvement 
in processing speed and also extends the memory address nnge by widening 
the address bus to 24 bits. 

18 
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THE 8086 MICROPROCESSOR 

A typical microprocessor unit looks somelhing like figure 3 below: 

EXTERJ\"ALDATA Bt:S 

SP 

INTER.'-1.o\L REGISTERS 

fig_ure 3 

PC ACC 

FLAG 
REGISTER 

The Atidunetic Logic Unit (ALU) is the brains of our microprocessor. It 
perfom>s all the arithmetic functions like add, subtract, multiply and divide. 11 
can al,o sbi\l and rol~le bits within a b}1e lett or rigl>t by one or more 
positions. This is 3n extremely useful function as we wiU see later. 

The Accumulator (ACC) is where data is stored before being acted on by Ole 
ALU. It is OJte of maoy U1ten,aJ registers dlat a processor might: possc:ss. 
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Ch1pkr 2 - The 8086 Structure 

The Stack Pointer (SP) conbins lhe addr<ss of what i, called the siacl:. This is 
an :m:a of memory (RAM) where important informalion like return addresses 
and rapidly needed data are stored for la!cr retrieval. 

The Program Counter (PC) holds rhe address of the next instruction to be 
executed. In the &086 ranuly of microprocessors Ibis register is called the 
lnstr\fction Pointer (IP). The IP always points to the address of the n"'~ 
instruction to be executed. Although dwi11g progxam execution, the contents of 
Ole lnstruction Pointer can be modified or saved, we can not access this 
register directly. 

The Flag Registcr or condition code register as it is somc1imes called, is made 
up of a nwilber of single bit regj;ters whidi can set or cleared by the 
programmer or under -program control. For example, if an addition results in an 
overflow, the overflov.' flag is scl or if a subtraction produces a zero rc::;uJl (heo 
the zero flag would be set. Nole that if a panicular llag is sci d,en it oontains a 
I, otherwise a zero. The cootents ofa particular flag bit can be tested and the 
pro(essor can alter its execution path based on the logical values of these 
oodes. The 8086 insllllction set presented later clearly indicates which 
instructions modify which condition flags. 

8086 REGISTERS 

The 8086 contains all of the above registers mentioned io the J)fe..,,jous section 
plus tho segment register;, CS, DS, SS, ts, and two ind"" registi:<S. SI and 

DI. 

The 8086 registers di,ide tbomselvt:s iato two main groups: the DATA groop, 
and the POINTER and INDEX group. Ea<:b of the registers is a full 16 bits 

wide . 

• t>,X, BX, CX and DX a,e die dala group that can be used as a single 16 bit 
register or as two 8 bit ~sters. When us.d as two 8 bit registers, they are 
divided illto an upper (H) and lower (L) half. These are labelled AH, AJ., B}~ 
BL, CH, CL, DH, and D1 •. 
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Toe pointer and index registers can only be used as 16 bit registers. We ";u 
learn later the reasoning behind these register Dames. 

The four segment registers are each 16 bits "ide and are widely used by the 
Psion optiating system. We will not attempt to modify them during our 
programming exercises later, as unpredictable results could occur. As stated 
w-Iier, t\wsc registers are combined V>ilh olher internal registers during 
program execution to form a complete 20 bit •driress for the 8086' , external 
address bus. For exantple, when pcrfonning a POSH or a POP insttucrion 
usins the stack, the Stack Segment register is combined with o1her registers to 
form the memory address that points to the topoftbe stack. 

THE FLAGS 

'Ille CONTROL Oags cousist of PF (direction Bag), If {interrupt enable flag) 
and 1F (trap flag). llie six I bit STATUS or condition flags arc updated after 
an instructiou has been executed. They represent th.e condition of a result after 
an a,itlunctic or logic operation. As we ,-;U see, the program execution p~th 
can bo modified based on the value of these flags which of course can only be 
either a l or a 0. 

AF Aw<iliary Cany Hag. If this Dag is set (=I), there has been a can;,- from 
the lower four bits of a b)1e to 1he higher four bits. four bits are ....ited a 
nihhle, so we can say lhst a carry has occurred from the low nibble to tl,e high 
nibble of a b)-te. 

CF Cany Flag. This flag is set when there has been a carry or a borrow to the 
high-order-bit of the result. This result can be either & or 16 bits. The carry 
flag is sc1 when, for example, 128 Md l 29 are added together. ·11ie result 
(257) is larger lhan 255 and a carry ove< occurs. 

0~ Overflow Flag. \\!"hen this flag is set. an arithmetic oved!ow has 
occurred. This happens wben by adding two large positive numbers., ~,e last 
bit in the byte is set. 
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If )'O\I rW>embcr, in order to handle negative as well as positive nUDlbers, the 
proc•s= deals witb an cisbt b11 nurnber not a, being frOUI O 10 255, but as 
from -128 to ~121. Therefore 127 plus I must result in an overflow because 
poo11MO 128 is an in.alid uumbtr. 

SF SiSll flag. This llag tells us whether the 1esult of an operatioc is a posili\'e 
or ne113tive cumber. AO in tlris ftag register indicates a positive cumber, and • 
I mdicates a negativ: number 

PF Parity flag. If this flag is sct, the rcsull of an operation has an even number 
of l 's in it. For example, 10101000-,. 00000010 a IOIOIOIO ~d set !he 
parity flag to I. 

Zs 2<:roflag. lfthe r<11uh of :m operarioo is zero, thto dlis Qagwill be sot 

Figure 4 on page 23 shows the 8086 rcaister and !lag details. 
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AH -AX-

BI-J -BX -

CH -ex-
DH -DX-

SP 
'RP 

SI 

DI 

C:hapfer 2 - The 8086 Structure 

AL 

BL 

CL 
DL 

ACCUMULATOR 

BASE 

COU:,.!T 

DATA 

STACK POINTER 

BASE POINTER 

SOURCE INDEX 

DESTINATION INDEX 

1-- ----C:cSc..' ------l CODE SEGMENT 
1------=D:c:S:..._ ____ ----l DATASEGMENT 

SS STACKSEGME'.'lT 
l-------'=-------1 

ES EXTRA SEGMENT ,__ ___ ____::.:;_ ____ __J 

IP 

I I I I 
STATUS FLAGS 
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8086 MOY INSTRUCTIONS 

THE MOV !NS'TRUCTJON 

The MOV inslructioo tran>lers a b~te or word frorn the source operand to the 
destination operand. (Note: an operand is data to be operated on by !be CPU). 

The instruction is written as: 

MOV destination, source. 

JMME.DIAIB ADDRESSING 

In lhe imniediate addressing mode, the operand awears in lhe instruction. An 
example of an Un.mediate instruction is one th.at moves a co,lsta0t value into an 
internal register ( which, in the follo,,ing example, is AX): 

MOV AX,0568 

TM constant 568 is loaded into the intemal register AX. The number 568 "ill 
reside in the b)1eS ofrnemury d.at comprise• the insbuetion. 

REGISTER ADDRESSfi'IG 

The registet addressing mode indicates that the operand to be used is 
contained in one of the general i,,temal registers of the CPU. In the case of the 
AX, BX, CX, or DX registers, this register may be 8 or 16 bits. For example, 
the instruction MOV AX,BX ,.,;u n,ove th<, contents of the BX register into 
the AX register. A similar instruction, MOV AL,BL, will move the contents of 
the BL register (8 bit;) into the AL rcg;,,1«. When using register addressing, 
the CPU perfoons all opcratious intornaDy. In other words no 20 bit address is 

generated to spocify the operand. 
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DIRECT ADDRESSING 

Toe direct addressing mode completely specifies wi.thin the iru;truction, the 
location in memory that contains tile opermd. In this l}'pt of addressing, a 20 
bit address must be fonned. This means that .iome interual address geo.ieration 
o" the 8086 \\111 take place. HOK is an example of this type of addressing: 

MOV CX,COUNT 

The value of COUNT is a constant. ft is used as the offset value in COlllJ)llting 
the 20 bit address. "fhe 8086 always u~ a segment register when computing 
an actual address. Which regist« will be osen for this particular instruction? 
Unless instructed otherwise, the DS or data segment register "''II be used. This 
is the default segment ,..,h,e. However, an}' oflb: four segment values may be 
used. This is accomplished by specifying the register appropriate in the 
instruction. for example, suppose we msh to use the ES register. rather than 
lhe OS ragister, we would then specify: 

ES: 
MOY CX,COUNT 

Where ES is the "scgmonl override prefix" fur the (nwuction. Its v,lue will be 
used as the segment register for computing the 20 bit acn1:1I (or physical} 
address. 

REGJSTF.R INDIRECT ADDRESSING 

With the register index addressing mode, the 16 bit offset address is contained 
in a base or index register. That is, dte address resides in ~,e BX, BP, SI or Dl 
register. Here is an example of !his ty1>c of addlessing: 

MOY AX,(SIJ 

The 16 bit binazy value contained in the Sl registe, would be the offset used to 
compul<> the 20 bit address. Again, a sogme11t register will be used to genetate 
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the fin2l address. The 16 bi1 value in SI is combined with Ute propa .scg,uent 
\'aluc for address generation 

REGISTER INDIRECT WITH DISPLACEMh'NT 

This type of addressing involves the two pre"ious JilOdes of addressing. The .16 
bit offset address is computed by adding lh.e 16 bit v.olue spec,fierl by the 
intern.al regisler and a oonstao.t. For example, let's use lhe inlemal DJ regist.r 
and the constant value ( displacement), where COUNT bas heeo pre,fously 
defined as some number equal 10 COUNT. The mnemonics for this type of 
addressing are: 

MOV AX,COUNT[DI] 

If COIJNT = OJiSH and DI = 04FAH, then lhe 16 bit offset address "ill be 
08721:I which is lhe sum of0378H + 04FAH. 

REGISTER INDIRECT WITH A BASE AND INDEX REGISTER 

This addressing niode us<:s the sum of two internal registers on the 8086 tn 
obtain the 16 bit offset address to be used in the computation of Ute 20 bi! 
a<ldiess. Here are examples of this type ofinstructioos: 

MOV, (BP] [DI], AX 
MOV AX.,(BX][Sl] 

In ibis insttuction, the offset A equals BP + DI and the ofl\;,:I B eq""1s BX ,. 

SI. 

REGISTER INDIRECT WITH BASE+ INDEX+ CONSTANT 

This is the most complex addressing mode. If it is taken ooe piece at a time, ii 
is 001 too dillicult. This addressing mode is idenlical to the pre,ious 
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addressiog mode, except that tllere is a const3Dt added onto the final 16-bit 
swn. for example. let's suppose that the following register values are given: 

DI = 0367H 
BX =78901-1 
COUNT= 0012H 

Tliis addressing mode indicates that tl1e o/fset speci.6td by the s11tn of DI + 
BX , COUNT be used to move the memory data into register AX. The 
instruction would be written as: 

M0V AX, COUNT (BX] (DJ] 

The I 6 bit offset address would be equal to 7C09H, which is the sum of 
0367H + 7890H + 0Ul2H. The oompkre 20-bit address would be comp,ued 
by the equation [16 x DS] + 7C09H. If the DS register equals 3000h, then the 
campleie. pllysfoal 20 bit address would equal to ( 16 x 3000h) + 7C09H = 
37C09H. 

Note: TI1e assembler used to ntn the examples in this book will not handle all 
oflhe 8086's ll<hh-ssing modes listed above. 
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Chapter 3 - The Assembler Environment 

THE ASSE~IBLY PROCtSS 

The joo of an assembler is to con\'ert OW' source code, wriueo in assembly 
rMcmonics, into heXlldecimal olaA:hine code that the 8086 cao understand. It 
acliievn this by taking e,ec1, mnemonic each tum and looking it up in a look-up 
table where it e.'Clracts the 3pp,npriate hex number 01 numbers. Our look-up 
table I$ stored in a file called MNEMONIC.DBF. 

This assembly process relies OJI the correct spelling, or syntax., for eacb 
instru«ion being 1L<ed. In~ ro ~ up the ass..--mbly process I ba,-e not 
used the nfficial Intel mnemonics for the different oddrc$Sin@ modes. The main 
d~ arc as folluws: 

MOV AX. 0123 

MOV AL,03 

MOV AX,(3000] 

MOV [30001,AX 

enter as IIMOV AX,012J 

~MOV AL,03 

>MOVAX,(3000] 

<MOV AX,[3000] 

Other differences "ill be become apparent as we enter the example programs. 

TWO-PASSASSEMDLV 

If ,ve bad to mMwilly cakulate the absolute address fur ,:,;cry JUMP 
destination, lik would be ''"'>' difficult. S}111bolic zddresscs are the answer to 
this problCIII. Eacb destination address is givtn a label, which with our 
ossanbler, must be four characters IODjl. 1n order to twn these s:y,ubolie 
ad<lr•s~s into actual addresses .. tbc assembler needs to run thnx,gh the source 
code twi~. After the ;.:cond pass, all tl1e address labels are replaced wit'1 
absolute addr<s.ses. 
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THE.01S.ASSEI\IBLY PROCESS 

Disassembly is the opposite to a.ssembly. This process simply converts the 
,n~chine code back to 8086 mnemonics. We can theo check lhat our original 
sowce assembled satisfactory. Under 0)e Assemble option io lhc menu, you 
";u see rhe unassemble option. Enter either an add.ress (hex) or press llte "X" 
key to disassemble from the default location. 

MACHINE CODE AT LAST! 

We have examined the n:gistas and ,-arious addressing modes of the 8086, 
and briefly looked at the assembly process. We now need to look at entering 
and running machine code on the Psion 3. In other words, the interesting part. 

The t\l.ree OPL programs and the mnemonic file listed in the appendu: will 
need to be entered and translated first. These are DEBUU.OPI., ADISS.OPL, 
DBASE.OPL and MNF.MONTC DBF. The REM swements can be omined 
but be particularly careful with the variable names. Notice that me DEBUG 
program is an application that makes use of a suitable ICON picrure. If you 
don't possess an ICON desi!l'ler just omit the first four tin.es from the 
DEBUG.OPL program. 

Tbe program was written to run on a Series 3a m.achinc, but by modifying me 
PRJNT AT statemeuts and replacing references to FJNDFIELD with flND, it 
should run all right o.o a Series 3. 

The source editor, DBASE.OPL, is the program we arc going to use to enter 
and edit our mnemonics. This. program opens up either an existing or a neY-1 

D13F file. Each line of source code is entered and stored as an entry in the 
database file. 

Although it is more difficult 10 ed,r line., oftexl using the database then if we 
had decided to IL<e t!tc built in word processor, it solves other major problem; 
and also speeds up the 2ssembly process considerably. 
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The editor (DBASE) proi,:ram is only loaded in by the DEBUG application as 
and when required: 

PROCprocc: 
I.OADM''LOC::M:'•OJ>O'.DBASE.OPO" 
STATUSWIN OFF 
FONT 10,16 
ED: 
UNLOADM"LOC::M:\OP<.l\l)SASE.OPO" 
ENDP 

Enter the Al)ISS program in a similar fashiou. This al:so, is only loaded in by 
the main program when required. 

Finally, the mnemonics n=l to be entered carefully and saved as 
MNEJ\,fONICDBF. Reu1ember to change the labels to T.E>..'T, CODE and 
LENGTH before twin& in the 1DI1CmOnic data entries. The Edit Labels option 
OT! the Edit menu lets you rename or delete label names in the same way as 
you edit an entry. After changing the label nam~ press the TAB key before 
b•b.;,ming tho data entry. Use the delete key to rerno,·e any uowanted labels. 
Consult your user ~ide if }'OU are not sur.e how to rename labels or }lo," to 
type in the entries from tbe xru,emonic list. For example, frolll the list in the 
apptndix, "MOV AH,AL,88C4.2." would be enwn:d as figure S. 

TEXf!•MOV AH.AL 
COCIE: 88C4 

1.£11Gl11: 2 

Figure S 
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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 partiC?Jlar order. What is important is that you enter them 
exactly as shown. 

ADDING EXTRA CODES 

If you have access to a PC yo11 can add extra codes to !he MNEMONIC.FILE: 

1. At the C> prompL 1ype debug. 
2. Type tile single letter "a" followed by enter. Note Ute full address . 
.3. from appendix. t or auollter suitable code source~ enter the 

mnomoi.uc required. i.e. mov bx.ax (upper or lower c,ise). 
4. Press enter twice. 
S. Type lhc single letter "u" followed by the address noted above. For 

example: u 29EC:0 I 00. Your address will be differertt of coUJSC. 
6. The screen should $how the following: 

-u 29ec:Ot00 
29EC:0I00 89C3 
e(C •• 

1. Make a note of: 

a)MOVBX,AX 
b) 89CJ 

MOY 

c) the code length, in this case 2. 

BX.AX 

You now have all the infOJJ11ation required to add this code to your existing 
databa~ file: 

Text: MOV 13X,AX 
Code: 89C3 
Length: 2 
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Ensure that when adding codes that use the immediate addressing mode, 
always ui;o FF or FFFF as the ope,and in MNEMONJC.DBF file (don't enter 
Uiell symbol in the mnemonic file): 

Text: MOV AX,FFFF 
Code: BSFFFF 
Length: 3 

Also with the (11.rect addressing mode: 

Text: MOV AL,(fFFF] 
Code: .AOFFFF 
Length: 3 

NO(e lhe square brackcl5. 

If you delete an entry from your dalabase, the SJl3CC it takes up is not 
automalically reelaimed. Also, when you re-edit an entry and press linter to 
put in the new version, space is still taken UJ) by the old data. 

The "Compress File" opt,.on on the .. File" menu will reclaim any such space 
taken up by the old infonnadoo. Using this will help koep your file Ieng,!, 
do,.11. Use it before e-0pying your mnemooic file to a Flash SSD. 

An impoltal'.lt point 10 remember is that before our Psioo Assembler can 
assemble anything, lhe MNEMONIC.DBF file must be on the internal drive in 
the '•DA'I\ dir«:I0()', Copy ii over if you have saved the file to Hash SSD. 

Also note, thal J can only guarantee 1hat the insttuctions in the example 
mneu,o,,ic file assemble and disa.<semble correctly. In order to handle all of 
tho available addressing modes, index addressing, base addressing etc., 
available on the &0&6, the assembler would have to be prol.ubitivcly 
¢001plicatcd. 
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WHERE IN MEMORY? 

Our fuSt problem is where in memoty do we store our MScmbled machine 
code• We could use the neap and allocate space as described in the 
programming manual. This however, can lead to complications and it would be 
better if we could make life easier for outselves. 

Vvltat we are going to do is dcx;lare &192 integer variables th.at will gi,e us 16 
kb}1es and then sto1t our code there. This will almost certainly be suflicienl 
space. The OPL instruction for declaring a large number of integer variables is: 

GLOBAL BUFFER.%(8192) 

What we don't know of course is the address of Ibis area of memory. The 
fellowing line of code answers this question: 

ORG&~ADDR(BUFFER()) 

The variable ORG& now contains the starting address of our protected area of 
memory. 

The assembled code can be stored here by default "ith th<: a;,;eolbler directive 
ORG ?, or we can. decide to place it an)'wherc: we like by using the ORG 
command followed by a suitable hex addr=: 

ORO 1000 

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

lhis, for example, will almost certainly result in a system crash: 

ORG0000 
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Stick with ORO ? to be on die safe side. 

Ha,'ing previously saved all your important data and program files to a 
tlashpa<lk or onto floppy, via 1hc serial link, a crash shouldn't be the disaster it 
migbt be. Experience and common sense will lead you to safe memo,y areas. 

A FIRST LIST!:'IIG 

A typical progam in souree funn will look like this: 

l ORG? 
2 *LOOP 
3 #MOV Bx,FffF 
4 *OLAY 
5 OECBX 
6 JNZ•OU\.Y 
7 lfMOV AX,1201 
S .TJ\T 8E 
9 JNZ'lOOP 
JO RETF 
JI END 

Don't attempt to e.ter this program. We'll ju.st ex.amine it carefully, line by 

line. 

The OR G C01lllllllJ\d tells the assen,ble, whore to place the m:ichine code. 
following this are nine lines of source code, terminated by END. 

The line nwnbers appear cn the left. When yoo come to ,~se the text editor, 
yw will notice tbat the line munbers become doplicatcd or out of sequ.,,ce. 
This is no( particularly impor1as1t and won't alfect the correct nau,ing oflhe 

assembler. 

34 



•• 
•• ,e 

Cbopt,r 3 - The Assembler £.o•irooment 

l. The ORG statement can be entered as ORG? or ORG ? This infonns 
the assembler that Ote code is to slaft in a safe area of memory as mentioned 
above. 

2. •LOOP is an address label. Note the asreri;k. This must prec,,dc all 
labels. 

3. The ~ symbol before the MOV BX,FFFF tells dte assembler t!ial the 
instruction is iinmediate. In olher words, FFFF he.xis the data to be loaded into 
the AX register. 

4. Again, note the• before the label DLA Y. 

5. DEC BX simply dccremenlS tl!e BX register. (BX mimL< I) 

6. JNZ•DLAY is an inSIJUCtion thal causes Ille program to jump back to 
the address .:ailed OLAY. llli; will 01Jy occur .if the ,;:o,tt<'nts of BX are NOT 
ZERO. Note carefully the diJTeren« in S)Jltax between; 

1. JNZ'DLAYand 
2. IZ •DL'\Y 

When using JZ ea sure that there is a space between the Zand the •. 

7. Like line 3, this is an immediate instruction. 

8. The .INT 8E instruction is an interrul)( ~ to Psion's oper;,ting system. 
Note Ille full-stop before INT. 

9. JNZ'LOOP is a JWllj) on Non Zero back to the label •LOOP. In actual 
fact this never results in :zero and the program »;n continue indefinitely o, until 
the escape key is pressed . 

10. The importance of RETF was st>ted earlier. Ald1ou21> in this particular 
program it seems to serve no purpose (~e 9 above) all your programs should 
fuush v.ith this sale FAR RETURN. 
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11. The END statement is only used in the editor. lt allows you to exit the 
edit n,ode and rel\\111 hack to the dump screen. \l,'l,en !Le assembler encounters 
me END directive it will throw up an error but we can igJJorc this. 

On leaving the editor, tile tile will be sav«I automatically and we can then 
assemble it or Ji::it it. 

You can of course, re!llrn to the source tile and edit it. laler if required.. 

During the fust pass of the assemhly process the label names are =•solved 
and appe;lf as FFFF in the code listing. During the second pass these arc 
correctly replaced by absolute addresses, which can be eith.er forward 
(absolute address plus 127) or bachvards (absolute address minus 128}. ln the 
example above, the relative jumps as these &1: called, are all backwards. 

lhe first pass produces this: 

• Olt61' Ster t .addrcsi:'! $2:Z75 (8821 dee) 
2 J1tl OOP • mov ax,fFFf 81ffff ZZ1S 

• '"Dl#IV 
5 ore ax 48 2Z78 
£ J HZ .. 01..AV ,srr Jc,,•p lobol 227' 
7 1110V AX, 12:01 88Btt2 2218 
8 . INT 8E COSE Z27E 

• JKZ•LOOP 7SFF J•"4' hhl 22111' 

•• RETF Cl 228Z 
Code length: ... End 4ddre8$: Z282(~ex) 

2 t:rr() rs 

Figure 6 
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Alld tbe secoud pass: 

1 0,.0? Shrt ~ddr•ss:: SZZ7S (882l 41ec) 
2 •LOOP 
3 tNOO 8)(,fHF BDHH Zl75 • <111)LAV 
s DCC BX 48 2Z7B • JNZ•DLAV ,sro 2279 
7 INOV AX,u:at 998112 2278 
8 , ltlT 8£ COO£ 221£ • JNZ•LOOP ·1~3 2208 
18 RCTr CB 2282 
Cude Jcn9th; ... Cnd -1tddrc!lli:s: 2202(hx) 

e frnu~ 

Figure 7 

Notice the tw<> errnrs produced after the 6rst pass in Figure 6. As mentioned 
above, this is because of the unresolved address labels. 

The pcoJl!1lm has h...oen correctly assembled at address 2275 hex. On your 
machine, this address will almost ce11ainly be different. TI1is doesn't maner 
howe,;er, as. y(mr s;ife area is a.,;; safe a.~ mine. 

Norie<: also that die address labels, or symbolic addresses as they are mon; 
con·,~cdy called, have been replaced by actual addresses. We can only jump 
relative to our present addre;s by , J 27 or -128. This means that any backward 
jumps will result in opcl8nds between SO b. and Ff b, and forward jumps in 
numbers between 00 h and 7F h. 
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On completing its se<ond pass the assembler v.ill display a symbol tabk 
showing the actual addresses represe11ted by the labels: 

S~•bOI hblc: 

LOOP ... 2215 
OLIIY •.. 2:Z78 

Figure 8 

Again, these addresses will be different on your machine. 
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Chapter 4 - First Steps in Programming 

OU!. FIRST PROGRAM 

we can now proceed •.o enter, assemble and run our fll'St program. 

This program, called ADDER, "ill simply store a number in the AL register 
and a second number in the Aft register. Later we will add these two munbers 
1ogc~1er, but for now we'll just move them into the appropriate registers . 

.Remembeting that the AH and AL registers can only bold numbers botwoeo 0 
and 255, we'll keep things simple: 

ORG' 
MOV AH,05 
MOVAL,03 
REIF 

Stan up DEBUG an<I selected Edit from lhc menu: 

2211£ 88 ea 11 ~, Sotrce t - I 

22116 88 88 88 88 
List •F 

••• . . +. 
22BE 88 88 88 88 ....... 
ncs 88 88 88 88 

_,.., •A .. , .... 
22c:£ 88 80 88 88 ~ wtJ .... .. -
2206 68 88 88 88 

88 ii 88 88 
........ 

22DE 08 80 88 68 .... ' ... 
l?.£6 08 80 88 88 88 88 80 88 .... .. .. 

figure~ 

~ 
- ~ -

lm Ell 

G . 
s..,, 

Ar the "Edit~ prompt, type in ADDER and press the eoteT key. Debug 1,ill 
inform you that this is a new file. 



Chapter 4 - Fint steps in Programming 

l'rtss oote, after each tine of code: 

ORG? 
IIMOV AH,OS 
<'MOV A10 03 
RETf 
END 

Notice how d><: final END statement lea,.,, O>e edit ,node. 

Now pr<ss Q lo q,ut the editO<. 

Before we go onto assemble this, we'll take a look at the DIR aod J.IST 
option,: 

Se!.ect Dir tiom rhe menu: 

2?7S 8H H8 
2270 88 RB 88 88 88 
2295 88 81 88 81 88 
2280 e9 ae ea 98 •e 
22,s en ea e0 ea 0e 88 a 
?2!0 88 81 88 IS 88 81 8 
zz~s BR 88 88 ee 89 ee a zino 88 90 88 a0 01 ea 8 

Figure 10 

The filename ADDEILDBf should be cfuplayed in the dirccto,y liiling 

We can List lllis file without ecliting it l'ilh the List option. 
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l]se List from the mer•,: 

Figure 11 

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

Now select Edit from tbe menu and enter ADD£R at the prompt. You are now 
back in the Editor. You can scroll. through the listing with the space or arrow 
keys. The Help and Menu key; will display a simply help screen. From Ibis 
you can sec that we can Append, Jnse,t or Delete a 1iDe li:0111 the souroe code. 

EDITING THE SOURCE FILE 

As an exetcise, we' ll delete one of our lines of code aod replace ii witl, a 

differeat line: 

llsing the space bar, move thruugh the code until MOV #AL,03 appears: 
(Note that the up arrow can be used to scroll backwards through the listing.) 

1 ORG? 
2 #MOV All,05 
3 tMOV AL,03 

41 



Chapter 4 - First Sl<ps iD Prnera111mine 

Now pres, the fJ (delete) key. The display shows line 4 RETf. Scroll through 
the listing and the line conlaining #MOY AL,03 has vanished. To ,.,place it, 
scroll through Ille listing until #MOV AH,05 is displayed: 

1 ORG? 
1 #MOV AH,05 

Press lhe I (inserti key. Now cnle< the new line of code: 

MOV#AL,04 

followed by Enter. Finally, using the space bar. scroll D,rougj,. the lines of code 
confimting that the new l ine has been entacd corroctly and in the right place: 

I ORO' 
2 #MOY AH,05 
2 #MOV AL,04 
4 Rf,Tf 
5 END 

Don't wcny about u,e line nwnbers being all mixed up. 

Practice deleting and replacing the above lioo; of code. I admit that it is a little 

bit awkward, but ii works OK 

E.Xt:(;UIING THE J\fACHl.l'IE CODE 

When you are reasonably happy "ith your source code, press Q 10 rerum to 
the main screen, where we can now proceed to assemble and run the resulting 

machine cude. 

From the menu, select 1\ssemble. 

Choose ADDER from the tile list and press return. After the Ml Pass, you 
should have the scroe,, in figure 12 displayed: 
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1 £nor!': 

St. r t 
8•8S 
8884 
Cl 

addruc: $2?75 

figuro 12 

(98Z1 dee) 
227S 
2Z7? 
2279 

A!; there are no symbolic addresses to rcsolvo, the si:col)(i pass, obtained by 
pre6sing the: sp~• bar, -.ill bo exactly the same as the first -pGSS. N(lle <hat you 
can ignore the single error and the associated roe;;sage "remove END". This is 
only a wanling and whether you remove the £ND state01ent or leave it in is up 
to you. 

Note that the displayed Symbol table will be empiy. 

Pressing the space key for the linal lime will display the screen in figure 13: 

2215 e• es BB et ca ea 68 88 
2270 88 88 88 88 88 88 88 88 
2285 88 88 8ij 88 88 88 88 88 
2280 88 88 88 88 8R 88 88 88 
2295 88 88 88 88 88 88 88 88 
229D 88 88 88 88 88 88 88 88 
22As 0e 81 88 ea 88 0a as 88 
22AD 88 88 68 88 6H 88 88 88 

Figure 13 
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Again, note that yoor addresses _.;u probably he different to the above. 
However, if the code itself is drlfcren~ ren,rn to lhe editor and modify it as 
necessary. 

Before we move on to exec"Ute the code, we'll disasseinble it: 

Sekel Unasseroble from the optio11 list. AL the "Disassemble from (HEX):'· 
prompt. enter X. Move through tho listing with the space bar: 

t•D3:2z,u: B485 
1•03: 228ft 1883 
1403: 228'2 CII 
MO3 ~2283 8900 
1•03 :228S 8888 
Ht>:3 :229 7 0009 
1403:2219 8809 

1100 AK,S 
MOV AL,2 
RfTF 
?'1'1'? 
'?'??7 n,'? 
"!''??? 

The 4 digit number before the colon is the ,egmcnt address. The REIF niarl<s 
lhe eod of the disassembled code so you can i!lllore everything after this. Pre.ss 
D or U to disassemble again or Q to quit. 

Finally to run your code do the following: 

From tbe menu select Modify/Run, s,:e figure 14 overleaf. 
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Source 
BB 88 
88 88 
88 88 
88 88 
88 88 
88 88 u..==--' 88 88 

Figure 14 

Aft~ selecling this option, the screen will be as figure 15: 

<ENT>-Pnke byte. G-Ruu 1:ode 
2275 1!14 85 BB 84 CB 88 ijij 88 i - ~•T••· 
2210 e0 88 88 ea 88 0e 00 88 . . ..... . 
2285 ee ee 00 es 88 88 as ea .. . .. . . . 
2280 88 88 88 88 88 88 88 88 ...... . . 
2295 80 88 88 88 88 88 88 88 ....... . 
2290 88 88 88 89 88 88 88 88 ...... . . 
22A5 88 88 89 89 88 88 88 88 .. . . ... . 
ZZAO 88 88 88 88 88 ea 88 88 .... . .. . 

Figure 15 

1w 
(DI.ill 

0 . . . 
Uod23 

The ilash.ing c1u.or can be moved arolDld the display by using the airow keys. 
Before running the code, en;ure that the ~ursor is positioned at the srart 
address, which on my machiue is 2275 hex. 

We will look al the Poke b}1C option shortly, but for now just press the G key. 
You "'ill now bo asked to confum tho slatting address. If the starting address 
is incorrect, press the <$Cape key. Asswning however that all is well, press the 
Y key. The display w~I oonfum that the code has been executed and will 
retllm with the contents oflhe AX. register: 
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Code executed •• AX=504 

We h»•e correcdy stored O 5 in the AH register and 04 io the AL register. 

MODll'YING THE COOE 

Let's t,y a little experiment. 

We v.ill replace the 05 with 06 and run the program again. It is not necessaty 
to rcturo to the editor and re-=mble, as we can poke the new code using the 
modify option as follows: 

Press the space bar to return to the last screen above. 

Using the cursor keys, position O,e cwsor over the second byte (05). Note that 
pressing the space bar will toggle between the two nibbles. Select the first 
nibble and enter 06. At this stage the cbangc is not permanent until you hit the 
enier key. If you hit the cs,;ape key, lile previous contents will be displayed. 
This pro,ides a little bit of insurance •~ incorrect entries. 

Ha,'lllg changed the OS to 06, press the enter key. A message will confirm that 
the modification has been made. 

Finally position the cursor at the swting address (over the B4 b)1•) and pres, 
the Okey to run the modified code. 

The display v.ill now show: 

Code executed " AX~604, which is comet! 
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AODIJ\"G J>.H and AL 

We C3II now move onto adding these two nwnbors together. 

To accomplisb this we will modify our previous sour<:e ¢()de 

UsinS the edit option in Debug, load in the file A.OD.RR and modify the source 
as fol!ows: 

ORG? 
#MOV AK,05 
#MOV AL-,04 
ADDAL,AH 
DAA 
RETf 
E-ND 

The ADD oocnmMd ,,.,11 arld me contents of AH to AL, placing the result in 
the AL register overwriting its previous co.ntents The number in AH remains 
UllChan,,,ued. 

nt meaning of D.M 

DAA is the mnemonic fo,- Decimal ,\djust Accumulator. This ins!rllction 
changes the contents of tl,., AL register to a pair of valid packed decimal. 
digits: 

DAA 

Before: After: 

Al-=8Ah AL= 90h 

See the full definition in "l)pendix 2-. 
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Once we run the ADDER program you will understand this ins1ruc1ion more 

clearly. 

A.fter pass 1 and pass 2 of Ille a,;semb]y soige, your screen should look like 

figure 16: 

1 ORG ? 
2 INOV AK.tlS 
3 lt'\OV 1U . S4 
" AOO AL.AN 
S DAR 
6 8£Tf 
7 £HO 
Codec len9tb: 8 , 

St•rl • ddre~a: $2275 (9921 d~c) 
11485 2275 
8894 ZZ77 
68£8 2279 
27 2278 
Cl 2:?7C 

rtMOUC: ENI> 
End •djrcs=: 2Z7C(hcx ) 

t £,rot'c"t 

Figure 16 

Once again bear in mind tJm your addresses an<l line numbers wm be different 
to the above. The code and its length should both be identical however. 

On ruMing the machine codc,AY. will contain the 0509. ln other word<, Ali ; 
05 and AL = 09 (05 + 04), which is correcl. 

We can now see the effect of the D.A.A instruction simply hy replacing the 05 
in AH with 06. Use tile Poke byte option to change the second byte in the 
screen dump 10 06. Do not forget lo press lhe enter key. 

Run the progsam from dtc start address. This time AH= 06 and AL= 10 and 
not 0A as expected. Rememb"1' that 06 • • 04 = 0A in hexadecimal. 

Replace the 2? (code for DAA) with 90 (code for NOP) and run the program 
again. This time AL contains 0A. We have rCDlOved the decimal adjust 

function. 
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Try rcplaciug 06 and 04 ,.;11, different numbers and swapping 90 "ith 27 and 
back again a few rimes. You ,.;u soon learn the importance of the DAA 
jnstJUCtiOn. 
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Chapter 5 - Further Menu Options 

MwuOptioos 

We will now talce a look at some of the other menu options in Debug. 

227S 08 8 
2210 ea e ~-.: 
22ss es e .::""..: 
?28D 88 8 -•~ 
2 2 ,s ea e tlodllylflm 
zzgo ee a 1Po2Z1S -ti 
22A5 88 8 IP-IJl:fldt •2 
22AD 88 8 linter_slril!I "'f 

figure 17 

LO,\D AND SAVE 

Load :and Save operate on machine code only. These options enable you to 
save a block of code and reload it, either at the original address or at a new 
address. for example, you ooold save a 100 byte block of ZCfoes, callillg the 
file "BLANK", and reload this oode each time you needed tn clear an area of 
memory. Y w. could reload s,r,:ill code sections consecutively, building up a 
larger clrunk of code and resave. Each of these small sections can be 
a,,;erobled and run separately. 

As an e<ercise, r~load the ADDER proi!J11111 saved earlier. Assemble the code 
and run through the following steps aft.er noting the code's stlDting address: 

I. Selecl SA VE from tbe menu. 
2. Enter a new file name, e.g. TEST and press enter. 
3. Ent•r die machine code starting address that you noted earlier, 

(227 5 in my case). Note t!tat you don'l need to rress the entCI key 
here. 

so 
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4. 8yi<, length(HEX). Enter a suitable code length. In our example, 9 is 
adequate. lJe sure to ente, this as 0009 (no ENTER key). 

1. The code file bas now been saved as TEST.DBf 

To reload the code: 

1. Select LOAD from lhe meuu. 
2. Select the file (TEST) from the file list. 

3. .Enter a suitable load address. Be careful here, you conld ovcrntite 
an important area of memory. Use the pr,-fous saved address plus 
10. Once again, do not press enter after the fourth ho>. digit. 

4. Your saved eode should now be re-loaded at tile selected address. 

DUMP 

This oprion allows you to e><amine areas of memory \\ithin tile current 64 
ki>)tC segment. Just enter a hex address al the prompt wilhout pressing the 
enter key. Note !hat you cannot examine the ROM \\iOi the DUMP ~tion. 

The cW'SOr keys do the following: 

Down arrow - scroll forward a page. ( Plus 40 bytes) Note: Don't scroll 
bcyondHFF. 
Up arrow. scroll backward a page. Note: Don't scroll Jess then 0000! 
Right arrow • move right by one byte. (Address plu.< I). 
Left arrow• move left by one h}1e. 
Psion key + down arrow • scroll fo1ward by 8 bytes. 

SJ 



Chapter S • Furt.ber Meou Options 

After scrolling around memory you can quickly return to your original address 
with the IP = (last address) menu option. Select this and notice how JCMlr 

original dump address becomes the screen starting address. 

To return to the reset condition, select the IP = lletlault option. The dump 
address now retwns to om "safe" area of memory. This also resets IP = (last 
addms). 

F.NITR STRl:\'G 

This menu option allows you to enter a text saing at the displayed starting 
address. The length of the strillg must be less then 255 characters. Press the 
<.nltr key to terminate tho siring entry. You can s,we the string with the SA VE 
code Option and reload it to another area of memor}' if required. 

REGISTERS 

Tbe register option displays the contents of !be various regist•ss of the 8086. 
Note thllt the contents of AX. BX, CX and DX are displayed as empty. Sec 
figure 18. 

8886 REGISTERS 

AX=8088 BX• 8888 0(•0888 

C$•1824 OS ... 182• SS=1824 

S1 • 8886 Ui=IASC SP•8708 

Figure 18 
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MN¥.IIIONICS 

This option list the contents of the MNEMONIC.DBF file. It will p,:ove useful 
to see if a particular code exists and needs to be: added or Dlodified. 

J ha.e not included every 8086 code, neither arc the extra YJO instructions in 
die database file. 

DIR 

Use dlis to list all the DBF files on the internal drive. 

HELP 

This hrings up the General Help menu. 

2275 88 88 88 88 
2270 88 88 88 88 
z2es 88 ee ee 88 
2280 88 88 88 BB 
22,s 88 88 00 88 
22,0 88 88 88 88 
22AS 88 88 88 88 
22AD 88 88 88 89 

Figure I 9 • General Help 

Each of the seven help screens are shown in figures 20 to 25. 

l~J-# 
IEl[D 

~ w 
T~22 
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2275 88 Debug 2270 88 
2285 88 ~startsatfrP.e adm-ess. Moue aflllld 
2280 88 byles"'"-1,.,,....1reys. •andetWsor 
22S5 88 l<eJSfor skl*t>Jl.e~ 
22SD 88 ,o,t~• IT<menteredhel< addreSS. 
221\S 98 ><ll1U11Pfrompreuaus--= 
22AD 88 Enter t>?l<I u,;aq ttestmg aptlon(•V> 

Figure 20-Debug's dump option 

2275 88 88 88 88 88 88 88 88 . ... . 
2210 88 ea 88 88 ea ea ea 88 .... . 
2285 88 ·-~ · ·-
2280 88 l'lad'lllecode 
2295 88 £nrercode111freeareosofne~ 
22so ee ~.1:UISIJl'~:..:.•;;:<ode.i;iiiae;.1<1s:.,.;111,.AE1;.•;;,T.;:bef;:;,...-~•.•u.,.,• .... w 
22AS 88 < 
22A0 88 88 88 88 fl8 BB 88 88 . ...... . 

Figure 21 • Gen«al MachiDe Cnde help 

-ffil -lc::::af';j 
IDGI 

6J . 
T-22 

\ 1,:;,,...4 
l]J liJJ 
(.1)\ 
Q 
TilcZ2 

l',at:--;:i 
IDaJ 
~ 
Ll 
T~z:2 
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Figure 22 -Help with the Editor 

2275 88 88 88 88 88 88 88 88 . • •.•... 
227D 88 8 ~ 
2285 08 8111-,===.,..,,:-=="· ... 
228D 88 8 Sm*-! '-source,..,.,, fullOM'lll>J 
2295 88 8 INltR.Ai,yio,ylomooetune><ts,:reen. 
2290 88 8 Code ... beassenilledatMGaddress. 
22AS 88 8 1-.,c,,a;;"aaec~l'",!~;ai"""""'5 ~,.a;;•la'"aa".a .. aa·lh.;E.,titiiw_, . .ti 22AD 88 8~ 

2275 88 
2270 88 
228S 88 
ueo ea 
2295 88 
2290 88 
22AS 88 
22AO 88 

Figure 23 - Assembler help screen 

Figure 24 - Disk utilities help 

: 

~ 
(DU) 
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221s e 
2210 rr.:unk:s 
229S -~T 229D 81186lh0i,.m:.illf -bcn LOC:11~ , 2z, Newcooescanbecte,JeEP<db'Jusil!ltheassc,,t,le 
22• SD (Al..,d.,,.sseiit*-<>Ollan(U)ilWllClmiOl 
22AS MSOOS PCCOO¥>Ule<.Ca!IP'esslilebefcn-.ar,g 
22~0 ~!o~•~Fa1;aaa;~~ ..... """iaaia'~naru,1-•'•"'•de""'ta11s""'i._ ___ = 

lloO 00 DI/I •• a 

Figure 25 • Mnemonic help 

• 
41!DG II,- ,-Cl ,er ,.,, "l'A C: • - f'l,OJ n~ ' 
4 So,JrcoSl,JltiJX 
4 )J"V.H..,ll'E'11]~ ... - ,,. IUW) 
4 
4 

ft. toMEM1 lix totE12 MEM3 to AA 1 
4 

lll'OIAXfflJ': lll'llU BX.FFff; •FIIED; JNZ-FIID Jl. ..ffE).etc 

4 llll-d7 d6d5d4 d3d2 dl de;Use": IJelllre INT: eg .INT 21: 

··- -~ 4 Sf 2FX li'H PFX Cf-l.All"(flag tollHlSlff 

l ~• l 

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 original ADDffi program 10 rake into account the 
effect of the result of the addition being greater than 255 or FF he,. 

Wben this occurs after AH + AL, the CARRY flag will be set to l. 

Reftlring to figure 26, you t3l1 see that the CARRY flag is the first bit ";tJ,in 
(he flag refister i.e. bit dO. With the aid of the LAHF instruction, we t3l1 move 
1he eon tents of !he flag register into the AH register. 

&for< we carry out the ADC instruction we must f\m ensure that the CARRY 
flag js set 10 0. The CLC, Clear Carry flag,. instruction doe~ lhis. 

Enter the following source code using the editor: 

ORO? 
CLC 
#MOY AH,01 
#MOV AL,fF 
ADCAL,AH 
LAflF 
REIF 
END 

After Pass I, you should have figure 28. 

S7 
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1 OIG? 
2 CLC 
3 INOO AM,81 
Jf INW n,L,FF' 
~ ~~~f"AL,AH 

St..-rt 
f8 
8•61 
88Ff 
18E8 
9f 

addre&&! S2Z7S (8921 dee) 
2l7~ 
2276 
2278 
ZZ7A 
Z2"lC 
22:70 ? UTF 

8 El'IO ,,e..1iu1n EHO 
Ctde le-119th: CJ. Eml ,uhlre~s: 2271)(liex) 

CB 

t Errors 

Figure 28 

After assembling the source run the machine co<le. 

The contents of AX should be 5700, which in binaiy i$: 

0101 011100000000 

If you look carefully at t!te separate hits of AH you will see th.at bo(b tlte zero 
flag and t!te carry fulg are both set: 

AH =d7 d6 dS d4 d3 d2 di dO 

Fl.lgs = O 1 O IO I 

d6 contains the: z.ero flag, which is set if the rt suit is zero, aod 
dO co,uains the cany {lag "'hich is sec in this case. 

This is exactly what we would e,q,ect as the result it, Al. is zero with a cany. 

In binary, FF+ 01 is: 

1111 1111 + 0000 0001 = 0000 0000 plus a carry. Therefore CF= I. 
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\1/hereas: 

I lll 1100 ~ 0000 0001 ~ 1111 110! wilh noe3ny. Therefore CF= 0. 

T,ycbanging line four of the source to: 

ORO? 
CLC 
#MOVAH,01 
f.MOV AL,FE 
ADCAL,AH 
LAHF 
RETf 
END 

Reincrober lhat you can use the Poke byte option if you prefer not to modify 
the source code. 

Allor running die above, AL= FF (FE+ 01) and AH~ 86. (Ignore the leading 
FFff in the display). 

In binary: 

AH=lOOOOIIO 
AL=llll llll 

Again if you examine die separate bits of AH you will see that both the zero 
flag and the carry flag are bolh cleared: 

A.ti =d7 d6 <IS d4 d3 d2 di dO 

Flags= I O O O O l I 0 

d6 contains the :tero flag, which is cloared if the result is not :z.ero, and 
dO contains the carry 11as which is also c.leaced. 
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Once again this 1s exactly what we would :xpect as the result in Al this lime 
is not :zero and there has been no carry. 

SUBTRACHON 

The mnemonic for subtraction is SUB. Using this insttucrion tbe source is 
subtracted from the destination and the result is placed in the destination: 

Deso.nation = Destination - Source 

Using the editor, coter the following: 

ORG? 
#MOV AH,03 
#MOV AL,09 
SUBAL,AI{ 
DAS 
l{i;.Tf 

END 

The SUB i.usUUction »;U subtract the contents of AH from AL, placing the 
result in AL. The DAS is a special instruction that performs a Decimal Adjust 
for Subtraction. 

After pass I and pass 2, your screen should look like figure 29. 

Start 
8•93 
8&1!1, 
2$E8 
zr 
ct 

Figure 29 

S227S (8821 d•r.) 
227'­
·ZZ17 
2279 
2278 
227C 
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Run the res1~ting machine code and confinn 11w the subtrulion produces Al, 

~06. 

As an exercise, t,y differenl numbers io AH and AL. 

MULTIPLICA'fION 

The 8086 can multiply and divide a variety of operands together. for example, 
MUL CX niU multiply the conlents of CX with AX and MUL CL ,.,;u 
multiply the contents of CL wilh AL. Whether AL or AX conlains the result, 
depends oo the source eilller being a byte or a word. 

r ~'" includai four multiplication instrUcrions in Ille outemonic Jile, and the 
we we are g_oing to use is Jvfl."L CX. 

Wilh the 8086, it is possible to multiply two 16-bit numbers togelher. When 
the operation is complete, the result is placed in two 16-bit registers. This is 
necessary because dte result is a 32-bit number. 

Me, a 16-bit multiplication, one of the numbers to multiply is stored in the 
AX ,egister. The double length (32-bit) result is storecl in the DX and AX 
registers, wilh. tile most-sigoificanl 16,bits in tbe DX register. 

lf the multiply is to be an 8-bit operation. ooe of the numbers must be in the 
AL register. The 16-bit result is returaed Y.I the AX register, with the most­
significant byte in AH. 

Alier a 16-bit 11Jultiplica1ion, we will transfe< the contents of the AX register 10 
a suitable mcmOf)' location with >MOVAX,[MEMI). 11te 8086 has an 
ins1JUc1ion wbich v,ill transfer the contents of DX dirtcdy to a memory 
l0<.ation, MOY [ADDR),DX, but oUJ ~ssemblcr as it st2nds will not recognise 
this particular mstruction due to Ute way in which !lie assembly process 
opmilcs. 111is is not as major a problem as it would seem. All we have to do is 
transler the conten1'! of the DX (or BX,CX etc) to the AX register and move 
this into memory: 
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MOVAX,DX 
>MOY AX, (ADDRJ 

J"he only question left to answer is ~re in roemo,y do we place our result. 

There are 9 memories available to store 16 bit numbers. MEMI to MEM9. 

We can store 1hecontentsof AX i.nMEMI, andDXinMEM2. 

Eota: lhe following source code: 

ORG? 
#MOY AX,1234 
#MOV CX,S6i8 
t..lULCX 
>MOVA.X,(MEMI) 
MOVAX,DX 
>MOY AX,[MEM21 
RETF 
fiND 

Be especi31ly careful with lhe S)'ntax. Note the oricnlatio.n of the greater and 
equal signs insetted before the MOV instn>ction. 

The assembler should prodaoe the code showo ITT figur<: :,o o,-erleaf. 
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t OltG 7 
2 artOtJ A)(. 1234 
3 lt10U CX, !=.f.78 
4 r1Ul CX: 
5 >nWAX, (11Et11 J 
G NOV AX DX 
7 >HOUAX: INENZJ 

Start •ddrt:i:s; 
883412 
8'97856 
F7E'1 
~&32?. 
A3ACZZ 
cs 

$:ZZ8D 

O RHF 
9 £ND r••oue END 
Codo tcft'Jth: 17. £Ad addr•~~: 229D(hex) 

1 Errors 

Figure 30 

(8845 d~c) 
2280 
2Z'JII 
779:;:i 
?.'.95 
22q9 zz,A 
22jp 

After nllllling the code, tlie nwnber in AX ,.;u be 0626. This i,; the most­
significant pan. of the answer transferred from DX. 

At this sta__ae the c,,utents of MEMI and MEM2 remain at 00. Press the es.:ape 
key twice to update dle display. 

Your sc= should look like figure 31 (ignor< the address differences): 

2275 DO 31 12 e, 78 56 f7 E1 e1.txU.~ 
2270 Al ,s zz a, 08 Al 97 22 ub"~i6o" 
2285 CB 88 88 88 80 88 68 88 ~--··, ., 
2280 88 88 80 88 88 88 88 88 
22,s 68 88 26 e& 88 88 88 88 ':&:: ::: zz,o 88 88 88 88 88 88 88 BB 
22A5 88 88 88 88 BB 88 88 88 ,,, ,, , ., 
22AO 88 88 88 88 88 88 8ft RR ....... . 

Figure 31 

The final 32-bit resntr is 06260060 hex. 
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DIVISION 

The DIV instruction perfonns a division of 11,e accwnulator by the soutce 

op¢rar.d. 

Enter and run the example in figun, 32: 

1 (IRO '? 
2 llt{OU 9K, 8003 
3 &!'IOI> AX,el!B& 
4 DIV I X 

St.art ~ddnin,: 
8B8388 
888tr.B8 
F7F3 

,221s (8BZI dee) 
2275 
ZZ78 
2278 zz,o 

S RETf 
f> ENO 
Code- hn9th: 

co 
,~ue £ft0 

,. Eod •41dn:2:8: 227D(hex) 

Figure32 

The result as expected is 2. 

At the conclusion of the operation., the 8-bit quotient is returned to the AL 
register with the remainder being stored in the AH register. 

When the dividend is 32-bits and the di,isor is 16-bits, the AX and DX 
registers are used !O hold the numbers. Whoo tho operatioo is complete, the 
J6-bit quotient is returned in the />Jf,, register and the !~bit remainder is in the 

DX ra~te,. 

See app<ndix I for furtl!er ex31ttples of MtlL and DIV. 
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ROT,'Tf, RIGHT AND ROTATE LI.FT 

ROTAJE.LEfT 

- +- - ~ -- •- .. ... L- -L- - +- ... L-

CARRY 

lbe;e important instructions rotate the bits in the operan4 to che right or to the 
left by the number of bits specified in the count operand. If the count equals I, 
it may be specified directly. If the count is greatu thm I, it tuust he .set in the 
CL register before using tkese instruction. 

The ROR and KOL instructions can act on many operands but oia mnemonic 
file only includes the following: 

RORAX, RORAL, ROR 1\H, ROLAX, ROI.AL, ROLAII. 

Vr'lty are these iJl$tructions so important? 

To answer this question we must return to our muhiplicatio.n and division 
programs. 

Consider dte effect of mohiplying 3 by 2. ln binary this is: 

0011 times 0010 

3 times 2 is 6, which in binary is: 

0110 
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If we multiply 0110 (6) by 2, ""' get 12 of cour~, whicb is 1100 in bin3Jy. 

0011=3, 0110=6andll00=12 

If you ex.amine the two set bits i.n each of the three num\Jers above, you will 
notice Chai they have been shifted left by one postion. 

In other words to: 

Multiply by 2 we shift left I place 
lvti~tiply by 4 we shill left 2 places 
Multiply by 8 we shift left 3 places 

etc• ... 

Andto: 

Di,ide by 2 we shift right I place 
Divide by 4 we shift right 2 plateS 
Di,ide by 8 we shift right 3 places 

etc .. 

Enter lhe foDowing: 

ORG? 
i/MOV AX,FFOO 
ROR AX.,I 
RETf 
END 

After runniug the code, notice the ffOO moved into AX has becoo>e 7F80. 

In binary, 1111 1111 0000 0000 after ROR AX, I be<:omes: 

01111111 1000 0000 
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Tl}' the following program and note the difference: 

ORG 1 

#MOV AX,FFOO 
ROLAX,I 
REIT 
END 

This time the result is FEOl (ignore the leading four f's). 

fE0I in binal)' is 1111 1110 0000 0001. Apan from the least signmcant bi!, 
the remaining bits in the word have boen rotated left one position. 
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f nter the following: 

ORG? 
#MOY AX.,FFOO 
RORAX,1 
R£1F 
END 

After ll1llDing the code, notice how the FF0U moved into AX has become 
7FSO. 

FFOO hex in binary is I II I 11 ll 0000 0000 and after ROR AX. I this 
becomes: 

(illl 1111 10000000 

Tcy the follo.,ing program and .note the differwce: 

ORG? 
#MOY A,'{,OOFF 
ROLAX,l 
Rcl'f 
£NP 

This time the result is 0lfE which in binazyis 00000001 J 111 1110. 

If you need to rotate left or rigj,t more than a single bit, use the CL registt,' to 
bold the count: 

ORG? 
~MOY AX,OOFF 
#MOVCL,04 
ROLAX,Ct 
RETF 
cND 
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The above program produces AX~ 0FF0. 

SHIH LEl'l' A'.'1D RIGHT 

SHJFTLEFT 

-. .. 

CARRY 

0 

sm. and SHR are silllilar to tb.e mbte instructions, ROI. and ROR, except 
that after a shift left operatiOll, zeroes are shifted in 0<1 the right, and after a 
shit\ right, zer«S are moved in from the left. 

Try the following two programs to see the difference between U1e shift and 
rotate instructions: 

ORG? 
,<MOV AX,FFFF 
ROLAX,l 
REIT 
END 

The ROL instruction produ~s AX= FFFF 

OKG? 
#MOY AX.FfFF 
SHLAX,1 
REIT 
!!:-ID 
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The SHL instruction produces AX ~ FFFE 

As an exercise) see if ~·ou can work out the result of: 

ORG"/ 
#MOV AX,FFFF 
~MOVCL,J0 
SHLAX,CL 
RETF 
END 
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Chapter 7 - 8086 Subroutines and the Stack 

TH£STACI( 

An illll)Ottant area of memory is called the stack. It is here that retool 
oddresses a,:e stor,d after a CALL in.strociion. We will be looking at 
subroutin~ and the use of CALL and RET later, but for the moment let' s 
consider another in1por1anl use for the stick. 

The stack can be used to store data and intennediate fe$ul1s of calculations. It 
can be looked on as a scratchpad and treated as such. Where exactly the stack 
is in memory is of no real concern to us, but the 8086 needs to know where it 
isofooune. 

PUSHANDfOP 

·11te 808(; hold$ the address of the first free locatioo of the stack in lhe SP 
(stacl< pointer) register. Every time something is pushed onto the stack, this 
register is decrement by a value equivalent to the byte length of the saved 
number. After this saved value is popped off the siack, the SP register is 
incremented in a similar fashion. 

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

ORG? 
MOVAX,SP 
>MOVA.X,1~'1E.Ml] 
REIF 
1!.ND 

'there is also a menu option m Debug th•I wiU tell us O,e same thing. 

I~ the 8086 arcltitecture, it must be remembered that the actual pllysical 
memory addroo.s for the location of the stack is tlie sum of the contents of the 
Siaek Segment register plus that of the Stack Poi.n1er register. The Psion 
operating system mokes frequent use of the slack, therefore changing the 
contents of Ille Stack Seg,nent register will cause havoc. 
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THE STACK MECHANlSllf 

Before wc move on to our first program which makes use of the PUSH and 
POP instructims, it is very important that tile stack mechanism is fully 

undcn1ood. 

As we have seen, everytime a value is pushed onto the stack., tbe SP is 
decremented. How many rimes ii is decrement depends on the si>:c of t~ 
number pushed. Pushing a Slll81e byte \\111 decrement the SP by I, while 
Pushing a word (2 bytes) v.ill decrement ii by two. In other w01ds, PUSH AL 
and PUSH AX will have different effects on the stack poinler contents. 
II follows that the POP instru<:tion operates similarly. POP AX increments tho 
SP by two and POP AL increments the SP by 1. 

As mentioned above. subroutine 1ehU'll addiesscs a,e stored on the stack. lf tbe 
stack gets corrupted by unmatched PUSH and POP instructions, any saved 
return adiliesses will be lost and a system crash will be the immediatt result. 

Evc,y POP instruction must be 1113tched by an equivalent lcngtb PUSH 
instruction. 

The following program, figure 33, illustrates the use of the stick. It simply 
moves the number five into Ole AX register. We then push AX onto the stack, 
cleai AX and finally POP five off the stack back inl<> lhe AX register. 
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1 OR6 ? 
~ ~gr. ~,81H& 

4 .. OV AX, 0889 
5 POP fl)( 

St~rt ;a,ddr~,,;~! 
988$88 
68 
898883 
58 

Si275 

6 RETf 
7 ENO n,.ouc ENO 
Code l•hgtb: ?. E~d ~ddreoc! 2270(h~x) 

•• 

Figure 33 

(8821 dee) 
227'; 

ID1 
227C 
2270 
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AnY legal register can bo pushed and popl)<d to and from lhe stack. 

Wbat .,;u the oode below do'/: 

ORG? 
#MOV AX,OOff 
PUSHAX 
pOPBX 
RETI' 

In effect it will perfonn the same function as MOV BX,AX. 

See if you can work oat why the fullowing oodc will not wofk in a similar 
fusbion to the progrnm above: 

ORG? 
#MOV AX,OOFF 
PUSH AX 
POP BX 
POPBX 
RETF 

You have ptobably worked out by now that numing die above prograro will 
result in a •}'Siem crash! 

The reason of course. is that the at the eDd of our machine code rout.in~ we 
need a far return to rerum sofcly back 10 the Psion system and ct,e RETF 
inswccion pops the return address back to the operating system from off the 
stack In the above program, the number of pops do not match the sin{;le push 
instruction. The 80&6 can't find the corre<>l relum address booause we 
removed it. 

In the following example, the pushes and pops match up and the renun address 
is not Jost: 
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ORG? 
flMOV AX,OOFF 
PUSH AX 
PUSH AX 
PQPBX 
POP BX 
R.ETF 

SUBROUTlNES 

A subroutine is simply a =lion of code which <311 be repeatedly called from 
~•c main program by means of a CALL inslructiOJL 

A subcoutine must end with either a near rctum, RET, or a fa, return, RETF. 

Figure 34 shows how a subroutine is used. 

14 

1000 

1002 

1004 

1006 

1008 

IOOA 

lOOC 

IOOE 

1010 

1012 

1014 

. Main Program 

CAI.Lsub 

CALL sub 

RETF 

Subroutine 

' 

X: ll-------1 
6 RET 
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The main program, or c.ilhng program, starts at address 1000. The subroutine = be located at any convenient memory address. If the main program does 
not extend fut1her then address 1014, as in ttie above example, then subrouline 
could be localed safely at 1020 onward<. 

v,'hen the Jnsrrucrion Pointer reaches address 1006, the CALL instmction is 
exe(ured. This resulls, fu$Uy in Ute return address. (1008) being PUSHed onto 
rbc stack, followed by a transfer ro the slll>routine se.:lion of the program. The 
instructions in lhe subroutine are then executed until the R.ET instruction is 
encountered. The return instruction causes the 8086 to POP 1008 off rhe stack 
and into the instruction pointer where program flow continues down to address 
IOOA. Hore., once ag;,in, a return ~s is )ltl3bed onto the stack (l OOC) and 
the subroutine is e.,ecuted once more until the RET forces the proc¢SSor to 
return to the main program. This finishes at address 1014 where the R.ETF 
insllllction returns us back to the Psion operating system. 

REASONS FOR USJNG SUBROUTINES 

\\'hat is Ute use of a subroutine? The essential feature of a subroulinc is that it 
can be called from any number of point< in a main PlO!lJam, and the 
instructions in a subroutine can be used repeatedly without having to be 
remitten each time. An advantage of this approach. is that it saves l!lemOJY 
space because the subrouline doesn't need to be rewritten each time. Another 
ad~,antage is that you only need to design a specific subroutine once, as it can 
be w;ed repeatedly. You will find that this significantly simplifies your 
program design process. 

There are two types of suhrourine calls. 

INTRA-SEGMEST ind INTER.SEGMENT 

If the subrouline lie$ "i1hin tbe same 64 k block as the main calling program, 
this is called an INTRA-SEGMENT CALL. On encountering this type of 
CALI,, tl1e 8086 saves the IP register on the stack. At the end of the 
subroot~ie the RET instruction POPs lhe saved address off the stack and into 
dlc IP rcgfater whece program execution continues. 
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If the subroutine lies outside the 64 k block where the main vrogiam resides, 
this is knov.11 as an INTER-S£GJvlENT CALL. With this type of CAU tlic 
contents of the CS (Code Segment) regi,;lor together with the IP rcgistet are 
both saved on Uie stack. At the end of the subtoulille, the RETF instruction 
POPs the saved CS register and lhe IP rcgistc:r contents baek lo the rtle,•ant 
8086 registers. 

II is very impo,unt to uso the com,ct return inwvction at the end of your 
subroutines otherwise you will geL what is kno.,n as a CALL-RETURN 
lvfiSMA TCH. 

Our assemble< as it stands, can only use subroutines thl!1 lie within the same 
64 k block of memory as the main program. Always tenni.oate your 
subroutines with lhe RET (near rerum) iruitruction. 

Tbe diagram on the nf''t page should help you understand these points. 
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POPS 
IP 

. ._., 

• CAl,L (NEAR) INTRA-SEGMEN1 

St,ck Con tcots 

IP 

,_ __ INTRA-SEGMENT RETURN 

POPS 
JP. 
cs 

CALL(FAR) rNl'ER-SEGMENT 
Stack Con tents 

IP 

cs 

'-----+ JNTER-SEGMRIT RITTURN 

Stack Contents 

POPS 
IP 

INTER-SEGMENT CALL 

IP 

cs 

'-----+ INTRA-SE:GMENT RETURN 
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CALLING A SUBROUTINE 

&fore a call to a subroutine can be lll3de. the subroutine's address must ~ 
loaded in either lhe BX, CX or DX regis(ers. This address mus( be chosen 
,-;th care, but by now you should b.-;e some idea where this can be. 

To illustrate the use of the CALL instruction, we will run a program that calls 
a subroutine. See figures 37 a11d 33. 

Enter and assemble the main program first of all. This ,-;11 gi,.., you some idea 
where the: swung address of the subroucine muse be. DO NOT nm the 
program at this s(•&•· 

The main program will begin wi1ll ORG ? whilst the subrou11ne will start with 
ORG ADDR, whece ADOR is the chosen address. 

1 ORO'? 2 tr1ou AX.eees 
3 INOU OX,ffff • CAll OX 

st~rt eddr6u; 
888589 
B#lffFf 
FF02 

$Z27S 

s f![Tt 
(a. Et(O re•ov~ ENO 
Cod~ le~1th: 9. E~d addres$: ZZ70Ch~x) 

CB 

1 Err-or's 

Figure 36 

(Sa21 doc) 22,s 
2279 
2278 
2270 

In figure 36, notice the dummy value ofFFFF loaded into the DX register. We 
will replace (his shortly with the actual arldress of our subroutine. You will 
notice that after the assembly process, the last address used by the main 
program is 2271J. This tells us tha( memory localion 2280 w:ill be perfectly 
safe for the location of our subroutine. 
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Load the main program bacl: into lhe editor and challge line 3 to the example 
below in figure 37, (remember your addresses ,.;n be different!): 

1 ORO ? 2 -1ov AX.eeas •3 al"IOV DX.2288 
CALL OX 

Shrt ~ddret:&! 
880588 
8118822 
rro2 

42275 

S RE. f r 6 £HI) rc--11c [NO 
Code lc119th : ,. Eud ;,\ldrcs:::;: 2270(hc-x) 

c• 

1 Errars 

figure 37 

rr you an, still in ihc editor, select N from the menu, and enter the following 
subroutine as shov.1l in fie'Ufe 38. · 

1 OR<; ZZ:815 
Z OtC AX 
3 RET 
4 [MO 
Code len,th: 

1 Errors 

Figure38 

Note the ORG 2280 conunaud and the RET inslrUction. 

2298 
2281 

Assemble d1e main program first If it assembles at "1'31 appears to be an 
incorrect address, select IP = Default from the main menu and reassemble. 
Finally assemble the subroutine. Aft<r this process, the starting address for the 
memory dump mown oo the screen wi.11 have changed to the subrQU!ine ORG 
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address. To rerum to the default locabon jusl select IP = l>cfaull from th¢ 

menu. 

Mer the assembly process your screen will look similar to n1inc, but \\ith 
different address.s. See figure 39. 

Code executed •• AX-4 
2275 B8 85 88 en 88 22 FF D2 @ • . IC" • 
Z21D CB 88 88 18 C3 88 88 88 , . . Uf .•• 
2285 88 88 88 08 88 80 88 88 .... . .. . 
22BD 88 89 88 8ij 88 88 88 88 ...... . . 
22,s 88 98 00 88 88 88 98 BR ... . ..•. 
229D 88 88 08 88 88 8B 88 88 . .... . . . 
22A5 88 88 88 88 88 88 88 88 ... ... . . 
22AD 88 88 88 ttij 88 88 88 88 ....... . 

Figure 39 

The hex numbers 48 and C3 are the codes fo1 DEC AX and RET. 

Rull the progiam ftcm1 th~ main program's startiJlg address. 

Although we movoo 5 imo the AX regi..<ter during the main PfOgra!Jl, the DEC 
(docrement) instniction in the subro\lline subtracted l from AX before 
rerurning. 

DEC and INC 

Using these two mnemonics as they stand. \\>'e can dec1emtnl or incre-ment 
AX,BX,CXorDX. 

As an. iUustration of the use of the DEC mstruction, enter, assemble and run 
the following oode: 
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I 
2 
3 
4 
5 
6 
6 

ORG? 
#MOV AX,FFFF 
•LOOP 
DEC AX 
JNZ•LOOP 
RETf 
£ND 

Move mF·into AX 
Addre$S label 
Decreroen.t the AX register 
If AX is 1101 ,ero, jWJll) back to LOOP 
Return to caller 

The assembled code is shov.n in figure 40 

After running this code the result in AX will be zero. 

2275 88 85 88 BA 98 22 FF 02 C . . IC"• 
227D co 88 88 •B Cl 88 88 8888 T •• ··.R .. f •••••· 2295 88 88 88 88 88 80 8B 
22BD 88 88 88 88 88 88 88 88 ... .. .. . 
2295 88 88 88 88 A8 88 BH 88 .. ... .. , 
2290 88 88 88 88 88 88 88 88 ... . ... . 
22A5 88 88 00 88 88 88 88 80 ... . . .. . 
ZZAD 88 88 88 88 88 BB 88 88 . ... • ... 

Figure 40 

Note that die name cho,;<11 for cbe label oan be aoy four cha,act,:r combi.n;irion. 

CONDITIONAL JUMPS 

The JNZ ins1ruction used in the pre\~om: program is what is known as a 
conrti~on•I jump. ·11>ese instructions cause the program 10 jllIITp to a diffcr~nt 
address if the rondition is IMC. Appendix 2 de$cribes them all in more daail. 
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J)EL.\VS 

The conditional jump instructions togelher with the decrement inslruction can 
be used co gene11lte delays within a program. 

The length of any delay v.ill be the time 1alcen by the processor to pass around 
the loop. This can be calculate by multiplying the time to excc11te each 
instrUction by the nwnber of times each instruction i, executed. 

The follo,.ing p10gram will give a del~y of about three secoods: 

ORG' 
2 #MOV AX,0010 
3 •LOP2 
4 #MOY Bx,FFFF 
5 "LOOP 
& DECBX 
7 JNZ•LOOP 
8 DECAX 
9 JNZ•WJ>2 
10 RET~ 
ll END 

The program illustrales the use of what are kno"n as "nested-loops". 'Ihis is a 

loop iJlside a second loop. 

If you experim.ent v.ith tltls program by alrering the conlents of AX and BX. 
Wte care that you don't make the value in AX too large. Toe number of times 
the program will repeat will be the value in AX times that in BX. 

D'F.LAY TIMES 

Every 8086 iostructio<1 takes a certain number of machine cycles to execute. It 
will take •bout 25 machine cycles to run once through the above instruction 
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------- --- --- --- --- ---
~st. If you niultiply this number Vlith the number of times around the loop 
(ffff x 0010 = 1,048,576 decimal) together with the reciprocal of the 3a's 
c!ocl< speed of 7 .68 Milz you gel: 

(1,048,576) x (10.68 l\1hz) x 25 = 3.41 seconds 

A dolay of about ooe minute would requiro a value of 140 hex in AX: 

I ORG? 
2 1/MOV AX,0140 
3 •LOP2 
4 #MOY BX,ffFF 
5 •LOOP 
6 DECBX 
7 JNVLOOP 
S DECAX 
9 mz•1,on 
10 RETf 
11 END 

Note that I haven't personally coofirnled the above figures! If you enter too 
larg,: a figure in AX, for example FITF, you could be wailing around for: 

(65$35 x 65535) x (1:'7 68 Mhz) x 25 = 3.9 hows! Give or lake 20 minutes or 

so. 

FIJRTH£R PROGRAMS 

The following program takes a number stored in Ml, squares it and stores the 
311swer in a M2. 

Ptograro name: SQU.AJU:S 

2 
3 

ORO? 
#MOVAX,0005 
>MOY AX,[MEMI) 

Org address = 228D (in my case) 
Number to square into AX 
Store number in Ml 
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4 MOVBX,AX 
5 MOVCX,A.X 
6 XORAX,AX 
7 >MOVAX,[MEM2J 
8 CLC 
9 •LOOP 
10 ADDAX.BX 
11 DECCX 
12 JNZ-LOOP 
13 >MOV AX,[MllM2) 
14 RETF 
15 END 

Code Je,,gth: 25 

S)mbol table: tOOP ... 229D 

Copy to BX and ex 

Clear AX 
ClearM2 
Clear carry !lag 
Address label 
AX - AX+BX 
CX=CX • l 
Jump back to loop if CX <> 0 
S1ore answer in M2 
Far return 

Compare the syntax of U1e above program written in our assembler to the same 
program using the assembler optiou in MSDOS Dobug on a PC: 

2 MOVAX,0005 Number to square iDto AX 

3 MOV [MEMl),AX S1ore oumber in MI 
4 MOVBX,AX Copy to BX and ex 
5 MOVCX,AX 
6 XORAX,.AX Clear AX 
7 MOV (MEM2J,AX ClearM2 
8 CI.C Clear carry flag 

9 *LOOP Addrc:os label 
JO ADDAX.BX AX=AX+BX 
]l DECCX CX=CX-1 
12 .JNZ•LOOP Jump ba<:k to loop ifCX o 0 
13 MOV (MEM2),AX Store answer in M2 
14 RETF Farrctum 
15 END 
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Notice the use of the XOR iustruction to clear the AX register. Thi.s being a 
two b}te instruction rather then a three b~te one, is quicker ~ MOV 

AX,0000. 

\li'hen ever the coutents of AX, or indeed any 2 b~1e reyjster, is transferred to 
a roemO<Y lo"3tiOII, AL goes to the First address and AH to the Second: 

J\SSU]Jling AX contains 1234, then AH= 12 and AL= 34. 

Address 

2292 

2293 

Befo,c MOV (2292),AX 

00 

After MOV (22?2].A,'< 

34 

00 12 

If vou still focl unsute about th.is, nm tbe following oode and examine tfle 
co;tents of address 3010 and 3011: 

Pro~n name: HlLO 

I ORG 3000 
2 #MOV AX, H~4 
3 >MOVAX,(301 OJ 
4 RETF 
5 END 

The following program loops around \00 times. The count is stored in the AX 

register. 

Prog1am name: LOOP 

2 
3 

ORG• 
#MOV AX,0001 
~MOV BX,0101 

Org address ~ default 
Move t into AX 
Move IO I hex into BX 
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4 •J.,()OP 
s INC AX 
6 CMPAX,BX 
7 JNZ-• LOOP 
s RETF 
9 END 

Code length: 12 

Address label 
Increment AX 
Compare AX and BX 
If AXoBX jump back to label loop 
Far return 

Symbol table: LOOP ... 227B 

STOIU: STRl:-iG AND REPEAT INSTRUCTION 

This two instructions together pra,idc a powerful combination. 

The STOS in:<lruction tran.sfe-tS a byte or word ftom register AX or AL 10 the 
siring element addressed by DI, and then updates Dl to point to the ne.,t 
location of lhe string. 

The !WP instruction can be used o.·ith the STOS instruction which is repeated 
by the value in CX. If CX = 0, then t11e STOS instmction is not perfomled. 

Lee's consider an example: 

ORG·) 
#MOVCX,0010 
#MOV DI.3000 
#MOV AX,5555 
REPNZ 
STOSW 
R£TF 

86 

Default ORG address 
Move hex !0(16)intoCX 
Pointer ( 3000) into DI 
5555 into AX 
Repeat the next instruction if CX>O 
Store AX in (DI) and the incremenl DI 
Farrerum 
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If you run this program, you v.ill notice 32 b)tes from address 3000 are nlled 
with 5555. The count in CX is 10 he,. which is 16 decimal. \Vhi• are there 32 
b)tes of 55 and not 16'/ 

As an o,:eroise, statting at address 3000, ftll 8 words(= 16 l>}tes) with 1234, 
followed by Swords \\ith 5678 as below: 

3000 12 34 12 34 12 34 12 34 
3008 12 34 12 34 12 34 12 34 
3010 56 78 56 78 56 78 56 78 
3018 00 00 00 00 00 00 00 00 

S7 
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Chapter 8 - The Psion 3 Operating System 

The OS 

The purpose of any operating system is to pro,ide an interface between t!le 
user and the hardware. Updating the LCD display and scanning the keyboard 
are just two of o,,.,. SOO services that lite Psion OS pro,1des. With the 
assembler as ii slallds it is not possible to a<Gess the OS ROM dixedly or 
display it:$ memory cu111ents. But there are oonsiderable advantagos in using 
some of the facilities available as well as providmg us with considerable 
programming_ cxp;rience. 

Psion have succeeded in providing us v.ith a superb OS considering the si1.e of 
tho =chi.ne. In many ways it is more reliable than some desk top PC's. and is 
certainly friendlier. This unfot1lmately makes accessing the system directly 
extremely difficult. Luckily for us howeve,, P~ion has given us an fairly easy 
route into the system ,ia what are called SOFTWARE INTERRUPTS. 

Appendix 7 list some of the easier to use OS calls. I will oot attempt to 
pro,ide examples of the use of all of thtSo, as most of them require exiensi,·e 
knowledge of rhe operating sySlem. By all means experiment, but be prepared 
for more then the occasional complete system «ash. As an added precaution, 
it wollld be wise 10 remove any Flash SSDs before di\,iJlg in. As a linsl 
waming, I can cnly vouch for the examples listed And ,-,en these, under 
certain circwn$Ul!loos, oould cause problems. 

ACCESSJNG THE OPERA TING SYSTJ,;M 

Accessing the sef'iots provided by the Psion OS is via the 8086 software 
intemipt instruction INT. There are two l)'pes of interrupt s~,iccs: 

I. Single Service 

2. Multi SCf\ice 
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SIJ'IGU: SER\'lCE 

These intenupts are the easier to use, and arc programmed as follows: 

!NIXX 

where XX is the interrupt number in hex, e.g. fNT Al. 

MlfLTJ SERVICE 

Before n,,~ti se!',1te interrupts can be called, the AH register needs to be 
loaded with a scr,,ice function monber: 

MOVAH,YY 
INT XX 

v.il<:re XX is the intemJpt number and YY is the function number, both in hex. 

For example the following progJam will "'itch off the J>sion for about 4 
seconds: 

ORO? 
2 #MOV CX,OOOf 
3 #MOV AH,14 
4 .INT8E 
s RETf 

Note the sy:nlax of the INT instruction. The full stop mu.st always be included 
so lhal OU! assembler can recognise this instn.:tion. 

CALLING CONVENTIONS 

The following applies to Multi Sen,ic., and Single Se,vioe inrem1pt calls. 
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Except for AX, all registers are preserved. tmloss they contain 
re11lmed ,'lllues. 

2 The carry flag v.ill be ..:I if an em,r occun<. Not all se1'ices retum 
errors. 

3. Registet AL will indicate thc·error and registe,s containing returned 
,'lllucs "ill be indetcnninate. 

4, Under normal circumstaoces, processes will execute with the DS, 
SS and ES registers all pointing to the same segmc:nl. 

5, Valid bandies are H, bi~ positil'e, non-uro and n-eo in value. 

6. 1-/andles are passed in the BX register wherever possible and retum 
values are always in tho AX register. 

7. Where a 32 bit value isroquired in uegisterpair thercgister pair 
will be shown as XX:YY, wbere XX is the most significant word 
and YY the least significant word. 

£X.4.MPU: PROGRAMS USING INTERRUPTS 

PROGRAM NAME: "SWOfF" 

OPERATION: Titis program will s"itchoffthePsion fur about 4 secmds. 

l ORG" 
2 liMOV CX,OO0F 
3 #MOV Af{,14 
4 .INT SE 
5 R:ETF 
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cor,!MENTS: Toe ,-alue in CX dete1tnines how long, in quart= of a sec.'.md, 
the roa,;hinc S\>itches off for. H the value in CX is le,.., than or cqu.al to S this 

progiam ,'111 do nothing. 

PROGRAM NA..\lli· "RAMSIZc'' 

OPERATION: Returns the size of the $}slcro RAM. 

I ORG? 
2 #MOVAH,0D 
4 .INTSB 
5 R.ETF 

COMMENTS: This l)<Ogram returns the size of the RAM fitted to tbe 
machine in paragraphs. A paragraph is 16 bytes, so oonverting this figure to 
decimal and multiplying by 16 will {rive you either 524,288 o,: 262,144 
depending on the size of your machine. 

PROGR.-',M NAME: "LCD" 

OPERATION: This program v.ill cycle the LCD conuasc. Press the l'sion and 
escaiie ~-ey lo exit this program. 

I ORG? 
2 'LOOP , #MOV BX,FFff 
4 'OLAY 
5 DEC BX 
6 JNZ•DLAY 
1 #MOV AX,1201 
g .1NT8E 
9 JNZ•LOQp 
10 REIF 
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COJ\,fi\1ENTS: The ftmction number, 12 is in AH and AL con1ains a posith-c 
number to step the conttast up or a negative nwnb.r 10 step the contrast dov.n. 
Txy replacing #MOY AX,1201 nilh #MOV A.X,12fl' to see the effect of the 
step donn. For a faster cycle, reduce tho value in ttl< BX roi;;ster. 

PROGRAM NAME: "PIEZO" 

OPERATION: This program will roake a sou~d through the piezo bu=r. 

I ORG? 
2 #MOV BX,0012 
3 #MOV Afl,10 
4 .INT 8B 
5 •LOOP 
6 #MOV AH,11 
7 #MOV J{X,OOOF 
8 #MOV CX,0200 
9 !NT8B 
10 lfMOV Ali,\ I 
11 'iMOV BX,0OOF 
12 NMOV CX,0100 
13 .INT8B 
14 JNZ*LOOP 
15 RErF 

COJ,,,IMENTS: This prograro will make a two tone sound throutm U1e piero 
buzzer. 1be sound flags must be set before this funcrioo cllll be called and 
lines 2 tO 4 cmy ouf this. fimction. See the appendix for full details of our to 
set 1M sound flags, but in this example, the ,,,Jue of 12 in the BX ajsier wiU 
g;ve the loudest sound. Willt function 11, "mch makes the actual soUI>d, BX 
contains <he durdliou of the so-und in ticks and CX holds the pitd of the note. 
This...,, be calculated as (5121CX) kHz. 
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PROGRAM NAlvlE: "MAKEDIR" 

OPERAITON: This program will make a new directory. 

J ORG? 
z #MOVAH,OC 
3 #MOV BX,(ADDR) 
4 .JNT87 
5 RETf 

cOMMt:NTS: The pointer to the uew directol)' .name must bo in th• BX 
register. In the example below, die new directory name is located at address 
10,0. Use the Enter text option from the menu. Enter as INEWDfR\ where 
.NEW'DIR is die cho5cn directory name. 

1 0110 usee 
2 INOO A><,8at8 
3 11100 BX, 1&48 
4 .fNT 87 

Start ~ddre.u: : 
1eg110c 
884818 
C097 

•B'56(UC) 

S IHF 
6 £MD n • g,u~ £ND 
Code t c"gth: 9, Enrl a~j re~s ; 1888(hex) 

C1I 

1 Error::; 

1888 
1883 
1886 
1888 

9; 
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PROGRAM NAME: "GETOFF" 

OPERATION: This program rettieves lhe auto S"itch off tiJoe in seconds. The 
time ,-,lJ be in HEX. 

ORO? 
2 i/MOVAH,17 
4 .INT 8B 
5 RETF 

COMMENTS: By default lhe, the auto-switch off time is set to 300 seronds 
lflhe value retlltlted in AX is -1, lhe auto switch off facility is disabled. 

PROGRAM NAME: ·'SETOJ'F" 

OPERATION: This program sets the auto S\.;tch off time in seconds. 

I ORG? 
2 #MOV AH,18 
3 #MOV DX,0200 
4 .INT 8B 
5 RETF 

COMMENTS: The time, in seconds, is passed in Ille BX n:gister. Entering -1 
here .,.;11 disable the auto switch off ftmclio11. In the above example, 200 hex = 

about. &.S minutes. 
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PROGRAM NAME: "LANGUAGE" 

OPERA Tl ON: I bis program simply ,etums the language code of your 
,nachine. 

ORG'/ 
2 #MOV AH,1B 
3 .!Nf 8B 
4 .RETF 

COMl\llENfS: Some of lhe codes retumed arc. I = Englisl~ 2 = Fn:ucl~ 3 = 
German. 

PROGRAM NAl\•!E: "COPY" 

OPERATION: This progn,m will copy areas of memory. 

ORG? 
2 #MOV SI, 1040 
3 #MOV Dl,3000 
4 #MOV CX,0010 
S .INT Al 
6 RETf 

COMMENTS: Rogisier ST contains the pointCJ to the source buffer ax,d DI 
contains the pcinter to the destinatio.n buffer. The byte length is held in the CX 
register. Be very careful ¼ilh your choice of addresses. The addresses in the 
example given are not particulary goo,l You cao use dtis functicn to clear an 
area of"safe" memory or copy your code somewhere else. 
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PROGRAM NAME: "OECBIN' 

OPERATION: llns program will change the number in BX to billazy, oclal, 
decimal or hexadecimal and store tl1e result in a bulfer. 

I ORG? 
2 *MOV BX,0007 
3 #MOV CX,0002 
S #MOV DI,3000 
4 #MOY A.H,00 
8 .TNT 8A 
S REIi' 

COMMENTS: The unsigned integer is in the BX register. DI contains a 
pointer to the buffer to receive the converted number. The number of 
chara<:ters written tu die buffer is returned in the AX register. The conversion 
required must be loaded into !he ex register prior to using this functinll 
ex '7 2 for bin..-y, ex = 8 for octal, ex ~ OA for decimal and ex= to for 
hexadecimal. 

PROGRAM NAME: "CHARUP" 

OPERA110N: This program cooverts the ebaracttt:s in AH and AL to upper 

case. 

1 ORG? 
2 #MOV AX,6162 
3 .INT 9E 
4 REH 

COMMENTS: In lhe example shown, 61 and 62 are lhe ASCII codes for «a» 
and "b''. After IUJ1Jling the prollfam AX will return with AH ~ 41 and AL= 42 

(~A" and "B"). 
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PROGR..\M NAME: "SEARCff' 

OPERATION: This program will locate a character in a buffer. 

I ORG? 
2 #MOV SI,1000 
3 #MOV CX,8000 
4 #MOV AH,46 
5 .INT A7 
6 RETF 

COMMENTS: Register SI contains a pointer to the buffer to be sean:hoo. AH 
bolds lbe character 10 be searched for and CX cootains tbe length of the buffer. 
Jn !he example above, we are searthing for the clmactcr "46" in a buffer 
starting at address l000 and tenninating at address 9000. 

PROGRAM NAME: " DAYNAMI::"' 

OPERATION: Tili.s pro~ returns the name of the day correspOJJding to the 
day of the week iJl AL. 

I ORG? 
2 #MOV BX,3000 
3 #MOV AL,03 
4 #MOVAH,OA 
5 .INT 89 
6 RETF 

COMMENTS: Register AL contains the day number, 0 to 6. The pointer to a 
buffer to hold the reSlllt is contaiJled in BX. Be careful \\ith using 3000 as the 
buffer address. Choose your ov.n value here. 
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PROGRAM NAJ\.ffi: "MTHNA.\ffi" 

OPERATION: This program ,~rums the name or the month corresponding 10 
me lllOO(I, nwnber in AL. 

I ORG? 
2 #MOV BX,3000 
3 !oMOV AL,03 
4 ~MOVAH,0B 
5 .INT 89 
6 RETF 

COMMENTS: Register AL contains !he mon1ll number, 0 to l 1. The pointer 
to a bufrer to hold the result is contained in BX. Be c,,reful with using 3000 a; 
the huff er address. Chooso your own value here. 

PROGRAM NAME: ~WEEI<NUM" 

OPERATION: This prog,;am rerums lhe w~k IDllllbeT ~g to die 
number of days since ht Jan 19110. 

I ORG? 
2 #MOV CX,0000 
3 #MOV DX,0100 
4 #MOV AH,OD 
S JNT89 
6 RJ:,.,F 

COMMENTS: Put the number of days in registet CX am! DX. The above is 
for 100 hex days, therefore 0000 will be in register CX and 0100 in register 
DX. Register AX returns ,.;th the week nnmber ( I - 53). 
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PROGRAM NAME: "DAY ABB" 

OPERA TIOK: l1iis ptogram returns with the abbre>iated name of the day. 
E.g. day 2 (Wednesday) will be rctWTied as Wed. 

I ORG? 
2 #MOV BX,3000 
3 #MOVAL,02 
4 #MOV AH,OE 
5 JKT 89 
6 R.E1F 

COMMENTS: Register AL contains the day number, 0 to 6. 'fhe pointer to a 
buffer to hold the result is contained in BX. Be careful with using 3000 as the 
buffer address. Choose your own value here. 

PROGRAM NAME: "M:THAOD" 

OPERATION: Ihis program returns with the abbmiatoo uainc of the month. 
E.g. ioonth 2 (March) will be returned as Mar. 

l ORG• 
2 #MOV ttX,3000 
3 #MOV AL,02 
4 #MOV AH.OF 
s JNT89 
6 R£Tf 

COJ)..!MENTS: Regisier AL contains che month number, 0 to 11. Th<> pointer 
to a buffer to hold the result is contained in BX. Be careful with using 3000 as 
the buffer address. Choose your o-..n ,<aloe here. 
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PROGRAM NAMt,:: ~f!ME" 

OPERATION: This program retwns with tile nwnbcr of seconds since 1st Jan 
1970 at 00:00:00. AX contains the most significant word and BX contains the 
least significant wort!. 

I ORG2295 
2 #MOVAH,02 
3 .INT 89 
4 >MOVAX.{MEMI] 
5 MOV AX,BX 
6 >MOVAX,[MEM21 
7 RETF 

COMMEl•ffS: In the abo~e =pie, AX. and BX have been stored in 
memory locations Ml AND M2. The following results wete obtained on 1ny 
machine, 2ED7 aud 8BFB. This (in HEX) is the total number of seconds from 
1st Jan 1970 upto when the vrogram was executed. 

PROGRMf NAME: "SCANKEY" 

OPERATION: This program scans the state of all the keys. 

I ORG' 
2 #MOV BX,3000 
3 #MOVAH,28 
4 .INT SE 
5 RETF 

CQJl,fMENTS: The BX register contains a pointer to a ten word block of 
memory to take the scan codes. 

100 



Cb apter 8 • The Psion 3 Operatiog System 

The follov.ing diagram indicate., the scan codes associated v.ith each key. The 
number before the decimal point is the memory offset times two &om the start 
of the ,nexno,y block, and the number after lhe decimal point ,-;u be in the 
relevant location after lhe key has beeo pressed. 

1,,.,, ~ ~ 11""11,,.,, ,,,,,.I 8 ~ 
el ~I f-"'•I 1, ... ,, §I F"''I 1,.,,11•~ l"'"I ~'I 110101 ,.,.,,, ,~ 
~ ~~ 1""1 E'i f•~-1I'"'1 el l'·'"i B 1,.,,, I'~ ~ ~ 
I '"' Ir-~~ 1"'01 I'~~ MI"'~ I~~ 11=1 !'"'I 
I ,.," tl•'?'ll•""i8E3el~EI~~~~ 
~ l"""I l':5 I "" 1 ~ ~ E"I I'"~ 

PROGRAM NAME: '"SUBTEST" 

OPERATION: This program cycles the LCD display. Each time through the 
main loop it calls tbe subroutine at address 3000. This subroutine calls the 
scan l:ey interrupt service routine and sto,es the keys pressed in the array at 
4000. If the main program detects that the TAB key has been pressed, it 
COm>inales. lt may be better to a;semble the subroutine first follow<d by the 
mai.n program. 

Main Pro.er-am 
ORG2FOO 
'LOOP 
#MOV DX,3000 
CALL DX 
#MOV BX,0004 
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CMPAX,BX 
Jl *FlNI 
#MOV BX,fffF 
•IJLAY 
DEC BX 
JNZ•DLAY 
HMOV AX,1201 
.INT SE 
JNZ*LOOP 
•FtN) 
REIT 
END 

Sobrouti11e 

ORG3000 
µMOY BX,4000 
#MOVAH,28 
.llff SE 
,'MOV AX,[4000] 
REf 
END 

CONCLUSION 

In this slim vol\Jll\e, it has nOI been possible to co,-er all that tbe Psion 3 bas to 
offer the machine code progwnmer. E,·en with the limitod iJ,struotion set 
which our assc:robler cm accommodate, the possibililios for program 
experimentation ~re ,,,,.1. Also there remains lhe 8086 lnstructio,,s not 
included in the Mnemooic.Dbf file, These ai-e warting co b• ente<ed and tried 
out. 
As you gain more and more experience in using the various 80S6 instructions 
and software intelfOpts, yoo wiU discover ne,v 3nd creative ways to write 
applications. 

So good luck and happy programming! 
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Appendix 1 • The V30 Microprocessor 

NEC \'20/30 SERIES 

The Nf:C V series I 6--bit microprocessors are enhaJ>Oed devioos based on the 
8086/8088 l),pe architecture. The V20 and VJO are directly pin compatible 
replacements for the Intel 8088 and 8086 respectively and are widely used in 
JBM compatible pcrso~ computer clones. .By using improved address 
geoeration and pipelining uf in~ctions the V20N30 devices pro.;de some 
40 per cent g,caler execution speed compared wilh an 8088/8086 using tlte 
same clock frequency. The instruction set is corupatible with that of the 
8088i8086 but has be<:IJ enhanced by lhc addition of a number of new 
t&'"tnlcrions. 

The V40 and VSO ,-.rsions include on chip clock generotion, three 
counter/toners, an interrupt priority controller and four Dl.iA channels. These 
devices pro,ide similar facilities to the Intel 80188 and 80186 respective!)· . 

Dfl'iCff available 

PD70108 (V20) 8-bit data bus ver;ion 
PD70116 (V30i: 16--bit data bus version 
PD70208 (V40) V20 "ith on chip peripherals 
PD70216 .(V50) V30 wit!, on chip pe1iplit1als 
PD70136 (V33) Fast V30 with extended address bus. 

Arcbitechtrt 

The architecture of the V30 is an enhanced version of the 8086 architecture. 
The main dilfcrmee is in the addition of pipelining and other internal logic 
improvements to improve the etfective execution speed over d>at of an 8086 
running with t.lie same clock frequency. 

Package 

V20.IV30 40 pin DIL, 52-pin flat pack or 44-pfn PLCC 
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V3~ 
V40/V50 
V25iV3S 

66-pinPGA 
68-pin PLCC, 68-pin POA or SO-pin fiat pack. 
84-pin PLCC or 94-pin flat pack. 

Pio COnot(tioas 

For the V20 and VJO the pin connections arc directly compatible with the Intel 
&0&8 and 8086 re$p<Ctively. 

Power rf.quiremtJllS 

Vee ~ +4.75 V to +5.25 V 

Interrupt facilities 

The V20l\/30 processors can handle 256 different exceptions and the vectors 
for these are held in a vco10r table :rt the bottom of memory. Each ,~ctor takes 
up 4 b)1e.s in memory so the complete vector table occupie~ the bonom I 
kbytc, of memory. The vectors are allocated as follow.: 

\le~tor Function 

0 Divide error 
1 Debug exception 
2 Non-masked interrupt NM! 
3 One byte interrupt INT 
4 Interrupt on overflow INTO 
5 Array bounds chock BOUND 
6 Invalid oprod• 
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Vector 

1 
8 
9 
10 
II 
12 
13 
l4 
15 
16 
17-32 
33-255 

Fwnctioo 

Device not a,·ailable 
Double firult 
Coprocessor segment overrun 
Invalid TSS 
Seginent not present 
Stack fault 
Gen,,ral protoction fault 
Page fault 
Reserved 
Coprocessor error 
Reserved 
INT n trap instructioos 

toslruttfoo. set 

Toe instruction set of the V series processors is basically the same as that of 
the 8086/88 type processors except that a few new instructions have been 
added. 

The basic instructions provided on the V20/V30 are M follows: 

AAA ASCJI adjust for add 
AAD ASCII adjust for di>ide 
MM ASCil adjust for multiply 
MS ASCII adjust for subtract 
ADC Add with carry 
Al)I) Add 
AND Logical AND 
BSF Scan bit forward 
BSR Scan bit reverse 
BT Test bit 
BTC Test bit and complement 
BTR Test bit and reset 
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BlS 
CAIL 
CBW 
CLC 
CLO 
CLI 
CLTS 
C.MC 
C!v!P 
CMPS 
CWD 
DAA 
DAS 
DEC 
DIV 
ENTER 
HLT 
IDIV 
Il'vlUL 
IN 
!NC 
INS 
INT 
!Nl'O 
IRET 
JB/JNA.(; 
1BE/JNA 
JCXZ 
JEiJZ 
JECXZ 
JIJJ'NGE 
JLl'JJNG 
.IMP 
.JNBIJAE 
JNBEiJA 
JNEJJNZ 
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Test bit and set 
Call subroutine 
Convert byte to word 
Clear cany flag 
Clear direction nag 
Clear interrupt enable flag 
Cl= task switched flag 
Complement cany tlag 
Compare 
Compare string b}1eiword 
Convert ,vord to double word 
Deci.rnal adjust for add 
De<:imal adjust fur subtract 
Decrement 
Unsigned di,idc 
Enter procedun: 
Halt 
Signed inleger divide 
Signed integer mulriply 
Input from port 
Increment 
Input sUillg b)1clword from DX port 
Inlorrupt 
lntemJJ)! 4 if ovcrtlow set 
lntemlpt rerum 
Jump on below/not above or equal 
Jump on below or equalinol above. 
JIDUp OD CX :zero 
Jump on equal/um 
Jump on !:iCX zero 
Jump on Jess,'n01 greater 01 equal 
Jwnp on less 01 equal/not greater 
Uncondilional jump 
Jump on J10t bclowiabove or equal 
JW1Jl) on not below or oqual/abo,-e 
iwnp Oll not equal/not zero 
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.JNI}JGE Jump on no1 less/greater or equal 
JNLr.lJG Jump not less or equaligre-&ler 
JNO Jwnp oo not O\'erflow 
JNPIJPO Jwnp on not parity/parity odd 
JNS Jump on not sign 
JO Jump on overflow 
J.P/JPE Jump on parity/parity even 
JS Jump on sign 
LAffF Load AH into tlag register 
LDS Load pointe, to DS 
LEA Load effective address 
LEA VE Leave procedure 
LES Load pointer to ES 
LI'S Load poinrer to fS 
(£rS Load pointer to GS 
LOOS Load slri11g byte/won! to Al/AXJEAX 
LOOP Loop ex times 
LOOPZ/LOOPE Loop while zero/equal 
LOOPNZ/LOOPNE Loop while not zero.inot equal 
LSS Load pointer to SS 
MOV Move data 
MOVS Move sbing byte/word 
MOVSX Move with sign extension 
MOVZX Move widi zero extension 
MUL Unsigned multiply 
l\'EG Negate 
NOP No operation 
NOT Logical complement 
OR Logical OR 
our Output to port 
OUTS Output string b}1eiword to DX port 
POP Poµ data Ji:om stack 
rorA Pop all · 
POPF Pop flag;, 
PUSH Push to stack 
PUSHA Push all 
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PVSHF 
RCL-
RCR 
REPECMPS 
REPNECMPS 
REP INS 
REPLODS 
.REPMOVS 
REP OUTS 
REPESCAS 
REPNESCAS 
REPS10S 
RET 
ROL 
ROR 
SAHF 
SAL 
SAR 
SBB 
SCAS 
SETBiSETNAE 
SETBE.iSJ:"TNA 
SE1EiSETZ 
SETIJSETNGE 
SEILEiSETNG 
SE'TNB 
SETNBE!SEA 
SETNE/SETNZ 
SETNL/SETGE 
:;1-:fNLEISETG 
SETNO 
SETNPiSETPO 
SETNS 
S!:7'0 
SETP!SETP.E 
SETS 
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Push Flags 
Rotllte left ,ia C3J'ty 

:Rotate right via cany 
Repeated compare siring (find oo 1!lalch) 
Repeated conipare shillg (find match) 
Repeated input siring 
Repeated load string 
Repeated move string 
Repeated output string 
Repeat::<! scan string 
Repeated scan string 
Repeated store string 
Return fr<>ni call 
Rotale left 
Rotate rigbt 
Store flag, to AH 
Arithmelic ;hift left 
Ariilunetic shift right 
Subtract with bonow 
Sean string byteiword 
Set byte 011 below/not above or equal 
Set byte on below o, equal/not above 
Set b)1o on equal/zero 
Set byte on less/not greater or equal 
Set byte on less or equal/not greater 
Set b)1e on not below 
Set bi1e nn not below or equal/above 
Set byte on not equalinot z.cro 
Set b}1< on not less/greater or equal 
Set b}1e on uot less o, equal/g,eat,r 
Sci l>y'te on not overilow 
Set byte on not parityiparity odd 
Set b)1c OD not sign 
Set b)1e on overflow 
Set byte on parity!parilY even 
Set b}te OD sign 
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SHL Shift left 
SflLD Shift left double word 
SHR Shift right 
5HJU) Shift right double word 
S1'C Sci carry flag 
STD Set direction flag 
STI Sci ime,rupc enable flag 
STOS Store string bi,1e/word from ALIAX/EAX 
SUB Subtract 
TEST Test data 
W J>Jf Wait tmtil busy pin is negated 
XCHG Exchange data 
XLA'f Translate string 
XOR Logical EXCLUSIVE OR 

Ntw illltnu:tioll.5 a,,aifable OI) the V series p-rocessors are: 

CLRI 
NOT! 
SEIi 
TESfl 
JNS 
EXT 
ADD4S 
CMP4S 
SUB45 
ROJAS 
ROR4S 
POPR 
PUSHR 
PUSH 
CHKIND 
00,\ 
OUTM 

Cleoca bit 
Complement a bit 
Set a bit 
Test a bit 
Insen bit field 
Extract bit field 
Add BCD string 
C-Ompare BCD string 
Subtract BCD string 
Rotate left DCD string 
Rotate right BCD string 
Pop all registers 
Push all rcgistm 
Push immediate data 
Check index 
JJJput string 
Output siring 
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REPC 
REPNC 

Repeat if cmy set 
Repeat if cany clear 

There are also PRl:.l'ARE and DISPOSE instructions for stack ftame 
maintenance. A new immadiate ad<k'es,ing mode has t.:eo added for tile 
instructions MUI-. SHR, SHL, ROR, ROL, ROLC, RORC and SHRA. 

Ti111illg 

The bus cycle sequence for these processors is the same as that for the Intel 
8086 t;pe. 

The V20 and V30 are available in 5 MHz, 8 MHz and 10 MHz versions. The 
V40 and V50 tyJ><S are available in 8MHz and 10MHz v01sioos. 
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Appendix 2 - 8086 Instruction Set 

AAA ASCII Adjust for addition 

Synlu AAA 

Foaction HDJ, D2, DI, DO of Al>9 or AF Oag = 1, lheu AL=AL +6, AH = 
AH +1,AF=J,CF=Af,Al.=AL&OF. 

~ fil W ff ~ U M ~ CT 
• • 

()ticrip~on This inslruclioo changes tile value of die Al. register to a valid 
w,paded BCD number. D7-D4 of m, AL rcgisttr arc sci to zero. 

Emmple AAA 

AAD Adjust for divisioo 

Syntn AAD 

Function AL= AH• OA +AL.AH = 0 

Flag, Of DF IF TF SF ZF AF PF CF 
• • • 

Description This instru.crion converts a two~b}1e BCD nu.mber in A.X to an 
equr\'alent binary i:wmber in AL. AH is set to zero. 

£,ample AAD 

111 



Appendix 2 • 8086 ln.str•tli&ll Set 

AAM ASCII Adjust for multiply 

Syntax AAM 

Functi•• AH ~ AL i 0Ah. AL= ,em.a;nder 

flags O'f Df IF Tf SF ZF AF Pf CF 
• • • 

Dc,criptfon This instruction converts in S-bit number Jess then 100. in AL.. into 
• two-b),1e unpacked BCO Tiumber in /\X. 

Enmple AAM 

AAS Adjust for subtraction 

Syntax AAS 

Function lf 03, D2, DI. 00 of Af>9 or AF !lag= I, !hen AL= AL - 6. AH 0 

AH -1,,\1'=1,CF * Af,AL=AL&OF. 

Thgs OF DF IF Tf SF ZF .,>J Pf CF 
• • • 

Ues~ription lbis ins1:ruction comets the result of a prt\'io·us subtraction of two 
unpac.kcd decimal numbers. AL changes to a \.-:alid u:npacl::ed decimal 
uwnb.,. The high-n.ibble of AL is ,ot In u:ro. 

Emmple AAS 
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AJ)C Add wilh urry 

Sy11tu ADC destiootion. sou.roe 

Destination= dt1,JinatiM +source+ CF 

Flags ~NW ff§ ZF M ff CT 
• • • • * 

OOKripnon This instruction sums the byte or word Ol)Uand, and add; I if the 
•an)' &g is set. 

[umpft ADCAX,BX 

ADD Addition 

Syntn ADO d~naric:m,s,.11m:;e 

F1nttitu Destination= destination ':"' source 

Flag, OF ot· It' Tf Sf Zf Al' Pl' Cl' 
• • • • • • 

Oc$criplion This imtructfo:n adds tht d(:stinstion and source operations. The ,es.ult 
is pf aced in the destination operand, 

Eumplt ADD DX,CX 
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AND Logical And 

Syntax A)ID destination, source 

J\m(.1ioo Dcs-tination = de~tination AND $Q'Ul'Ce 

~P fil N ff ff & U Af W CT 
0 • * * 0 

Demiption This instruction p«forms the lo£ic,l MD of the two byte or word 
opemrdr.. The result is in the destination opt:raUd. 

Bumplc AND AX.BX 

CALL Call procedure 

S1·ntax CALL di:sli.nation 

.Function push (CS). push (IP), CS:IP = dcstil:lation (far call) 
push (IP), IP= dcstinalio.n (Neu call) 

flag, Of Df IF Tf Sf 7,F AF PF CF 

Description Ihis i:nstruction tranSfcrs conti:ol to the address sp<:cified in lhc 
operand. Callod pro,:edurc "'"" temunste with ltETF or RET instruction. 

Enmple C,\LL AX 
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CIIW Convert byte to word 

C.BW 

folldiom If AL < 80h then AH = O<l 
[f AL > 80h then AH= FF 

flags OF Uf IF TF Sr Zf AF PF CF 

.Ja(riptio» This instruc:tion converts a signed byte in AL into a signed word in 
AX 

£,ample CBW 

cu: Clear carry !lag 

Synt>< CLC 

l'uncOon CF - 0 

Flsg, Of DF IF TP Sr LI' Al' PF c:F 
0 

Description lhis instruction clears the <'..arT)· flag 

£,ample CLC 
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CLD Clear Direction Hag 

Synta> CLO 

Func1ioo DF = 0 

flags Of DF If TF SF ZI' Af PF CF 
0 

Docription This instruction sets the direction flag to zero, oau.;ing the string 
instnlction to autOU\crement the SI and D1 index: regis.r:as . 

.txample CLD 

CLI Clear Interrupt Enable f'lag 

Syntax CU 

F1,1octii:Jn JF ::: 0 

Flags OF OF IF Tf sr- ZF AF PF CF 
0 

Description This instru~n <;}ears the: intemipt flag 

"Example CL! 
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cJ\,JC Co01plement the Carry Flag 

Syo1'1• CMC 

fuo<tinn If Cf=OthtnCF=l. IfCF > I lltenCF a O. 

flail OF DF IF Tl' Sf 2F .AF PF CF 
• 

v.,,riptioo This instruction toggles the cmy flag to the oppositt state. 

EUJnple CMC 

CMP Compare 

Syntax CMP dcsm,alion, source 

runttioo. De$tination - souroe. 

Flag;, Of OF IF ff SF ZF AF PF Cf 
• • • • • • 

Oescriprion This Ulirruction subn~ ~ suurct: Crow the destination ;md sets the 
appropriate Oags. II does not <dll111 the result. 

Ex.ample CMP 
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CMPS Compare strings 

S)'lltu (,'MPS destination_slrinl, sour<c_string. 

Fantlion If DF = 0 then SI= SI+ operand sisc. 1)1 = DJ + op..-.nd size 
If l)F = I then SI = SI - operand ,,,.,, DI = 01- <>Pe.raud siu 

Flags OF DF II' TF SP Zf AF PF CF 
• • • • • • 

Descriplion This i.ostruelion subtra.i., llte dcsrinalion b)1C <>< word (addressed by 
DI) from the soutce b)1C or word (addressed by SI). DI and SJ are altered 
aeco<di.og to lhe siz<: of the operands and the status of DF. This 
ins.truction is generally used with the repeat instructions. 

Example CMPS ,<>urGe,destimttion 

CWD Convert Word to Double Word 

Synbt CWD 

Function If AX < SOOOh the-n DX = 0 
If AX > 8000h then DX = ffl'fh 

flags OF DF IF TF Sf zr Af PF CF 

DH<"riprion TI•is Uutruction converts the signetl word i..n . .-\X to a sigocd 
douhleword in OX:AX. 

£:umple CWD 
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DAA Decimal Adjust for Addition 

Syntar DAA 

fanction lfDJ, D2, Dl, DO of AL> 9 o, AF= I, then AL = Al.+6: Al'= I 
If AL> 9Fh or CF =I, then AL ~ AL+ 60h: CF =l 

Flag, OF DF IF TF SF ZF AF PF CF 
• • • • • 

Description This instruction convetfs the- content of Al to a pair of valid packed 
decimal number. 

£,ample D,\A 

DAS Decimal Adjust for Subtraction 

Synta• DAS 

Fuuction lfD3, D2, DI, D-0 of AL> 9or AF g I, then Al =AL -6:AF = I 
If A.I, > 91:'b or CF =I, then AL= Al-G0h: CF =I 

nags OF DF IF TI' Sf ZF :\F PF CF 
• • • • • 

Oes(ription This instructio,t i:hauges the content of AL to a pair' of valid packed 
decimal numbers whi;h r(sulted from a previous subtraction. 

Example DAS 
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DEC Decrement 

Syota, DEC opcB!ld 

FlioctiOft Op,nnd = operand • I 

Fl•~ OF OF If Tf Sf ZF M PF CF 
• • • • • 

Ex•mple DEC 

D(V Divide 

Syntax. DIV h'>urcc 

Fo.,o:<ion If op.,-""1 = byte, lll<R AX' soura,, AH - qu«icnt. ,\L = ,wamdtt. 
If operand • .,o,d, lhen DX:AX/sour<e, AX • quoocn~ DX = 

rema.inda. 

o eocr;ption This iastrucooo perfoans an unsig,,ed di,;sion of wwgned ~rs 
contained in AX Qr OX:A .. X. 

1':l<amph DIV AX,l5 
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ESC Escape 

Sr:-10' F.SC e<temal opcode. address 

fiua.ction Place instruction on the data bus 

flags OF DF 111 TF SF ZF AF PF CF 

Oe$C:ripdon Th.is iiutntction is used with co~processors and should not be 
c;<e<;uted on the Psion 3. 

HLT Halt 

Synux JILT 

Function None 

Fbgs OF DF IF Tf SF ZF Al' PF CF 

Destripc.iuo T11is instru~on stops the CPU Ulltil .o. res.et or N}.,fi occws. 

E>ampk KALT 
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JDIV IDtegrr Diiision 

Syntax IDIV sou,« 

Function If source= byte, !hen AL " quotient, AH ~ remaindor. 
If source= word, a,en A.X = quotient, DX -· remaind<r. 

Flag, OF DF IF TF SF ZF AF PF CF 

D~Jdiart This inst,u..ction pcdOJ11\S a di\lisioo or the byte Q) AX (IC word in 
DX:AX by tht opeo>lld. 

E,..mpl• )DIV CL 

IMUL Integer Mulliplicatinn 

Syntax IMUL SO\Ul:e 

Func1io1 If sourn: •· byt~ then A.,,"X .,;: .. ~:-:signed source 
If souroc = word, then DX = AX x signed ,our«. 

Fl•g,s OF OF 11' IF SF ZF Af PF CF • • 

Description This instruction performs an unsign~ multi.plication of unsigned 
i.nteeers oontained in AX or DX:AX. 

Eumplt IMUL BL 
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IN foput Byte from 1/0 Port 

Syatu IN Accumulator, port address 
N accumulator, DX -

ft1nction If byte, fhen AL= da!a lrorn port numbe, or from addJess in DX 
If word, then AX = data froID port DUDlber Of from a,ldrtss in DX 

Fltg• OF DF IF TF SF ZF AP PF CF 

l}esa.ipt:ion lhis insu:ucti.on moves a b)1e or word from au Wput p0rl l(J AL or 
AX. Tho port number <an be between 0 - 255 o• 0 - 65535 in OX. 

INC Increment 

Syntu INC dcs1ination 

Fuud:ion Des.ti nation= de-sti.nation + 1 

Of OF IF 
• 

TF SF Zf Af Pf CF 
• • • • 

Descriptio,i This instruction adds I to the destination ope-r.md. 

£xamplt NC AX 
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INT Interrupt 

Synw: 00 int._ own her 

SP = SP. 2; 1'13gs pushed; IF= O; Tf = O; SP = O; CS pwhtd; SP= 
IP pushed; 

CS= dai-,"' o,emo,;y add,:e,s (1ypc • 4 ~ 2) 
IP~ data ot memory addreS-' (typo• 4) 

Flag, OF DF ff 'fF ~F ZF AF PF CF 
O 0 

Des(;ripti-Oa Th.is instruction generates a softwan interrupt specified by the int 
number which must be O - 255. 

E."'mple TNT 32 

INTO Interrupt on Overflow 

Syntax INTO 

Funclion If Of = 1, !hen SP = SP - 2; Fl~ pushed; IF= 0; Tr = 0;; CS 
pushed; SP= SP· 2; CS pushed; 

CS = data at memo,y address 12h 
SP= SP - 2; IP pushed; new IP= data at memo,y address 10h 

flap 01' DF IF TF SF ZF Af PF CF 
• • 

Dcs,cript'ion Thi$ instruction gcnmter. a sofuvare iotenupt if lhe O\'Cl110W Oag is 
set. If OF = 0 then colllrol proe«ds to the following instructio~ v.ithoUI acovati,,g 
th< intcnupt call. Example I/HO 
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)RET Interrupt Return 

S)'1112.S IR£T 

runclion IP popped from stack; SP =SP + 2: CS popped from stuk; SP = SP + 
2; f1ags popped from stack; SP= SP i- 2. 

& N W ff • U ~ ff CT 
• * • • • • • • • 

.oe.,;riptioo This insttuotion mmsfm oontrol l=k to the insttuction aft<r which 
tbe inlenupt occurred. 

Enmple IRET 

JA/JNBF Jump if Ahnve/ .Jump if Not Below or Equal 

S:,ntu JA/JNl!t: label 

11 .. «,on lfCP and ZF = 0, then rr - IP , &-bit displacemeol ( -12810 +127). 

Fla;,; OF OF IF TF SF Zf AF Pf CF 

l>c;s~ription Thest: Wtructi.ons., ,vh.ich e.eneratc the sam; instruction code, tran~fer 
cowrol to the target ope,.,;i . 

Example JNBE label 
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JAE/ JNB/ JNC Jump if Above or E-qual/ Not Below/ No 
Carry 

Synllll JAE/ JNB! JNC label 

Fu11<tion JfCF = o. then JP 4 JP+ 8-bit displacement( •12Sto -127). 

Fl•II' OF Df IF TF SF ZF .AF PF CF 

1><:,tription These in,tnKtions transfer control to the target operand 

Eumple JAE label 

J.8/ Jl\AE/ JC .Jump Below/ Not Above or Equal/ Carry 

Synt.a1 JBJ JNAE/ J<: label 

Fuaction lfCF " I, then IP= JP - &-bitdisplacemc:nl ( -128 to +127). 

l'l>gs OF DF IF TF SF zt· A'f PF CF 

Descriptioa Thcst i.,istructions transfer control to the w-get operand 

Edmple JN:U: label 
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JBE/ JNA Jump if Bdow or EquaU Jump if Not Above 

Syntu JBE label 

Function Jf CF or ZF s l, lhen IP O IP+ 8-bit displacement ( ·128 to +127). 

flags OF OF IF Tf SF ZF AF PF CF 

De:,eriptioa These iru.tructions transfer control to the~ opc::rand 

£ump~ JBE label 

JCXZ Jump if CX Register Zero 

Syntax JCXZ label 

Funclioo If CX ~ 0, lhcn IP= 11' + 8-bit displacement ( -123 to+ 127). 

Flaes or DF IF 1F SF ZF AF PF CF 

Da<riplion lhis instruction transfers control to the target optrand 

F.,ample JCXZ label 
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JE/ JZ Jump if Equal/ Jump if Zero 

Syntu JE label 
1Z label 

FuJt<tion Jf7,F = J, then JP = !P-t 8-bit displm:mcol ( •128 to +127). 

Fl"ll'S OF DP Tl' 11' SF ZF AF PF Cf 

n~cription These U\structions tra0sfer co:ntrul to the targ.et operand 

E,:ample J£ label 

JG/ JNLE Jump ;r Greater/ .Jump if Not uss Theo or Equal 

Syntax JG label 
JNI.F. label 

Function If SF = OF and ZF = 0, then IP= IP <· 8-bit displacement ( -123 to 

+127). 

~~ ~~~ff•~ AF W CT 

Oe:sc.ription These .instructions ttanrlct coo.trol to the target operand 

Enmplc JG lab«:I 
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JGFJ J:IIL ,Jump if Greater or EquaV Jump if Not Less Than 

Synla• 

F111d:ion 

JGE label 
.JNl. label 

Jf SF =OF, then IP-· IP+ S-l>it displacement( -12ll to+lZ7). 

fl•e> OF DF IF TF SF ZF AF PF CF 

l),.cription These inslructions transfct control to the target operand 

ExlJ!l!)le !GE label 

.JNE/ JNZ- Jump if Not Equal/ Not Zero 

S)lllax !NE label 
JNZ label 

l'unctloo lfZF = o, u,e.n JP= IP+ 8•bit displacen,ent ( -128 to+ 127). 

Ft.g, OF DF If TF SF ZF AF PF Cf 

ktriptioa This inmuction ausfert control to chc target oytrar.td 

E,ample JNE label 
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Jl\fl' Jump Uoeooditionlllly 

Syntax JMP label 

fun.ction IP =IP+ sign.::d offset 

Fr.gs Or OF If TF Sf ZF Af PF Cf 

:Oes-crip1i.on Tius iostrnction transfers control t.o the tatgec location. 

[xomplt f.MI' label 

LABF Load Flags into AH 

S)'ol"' LJ\Hf 

Fundiou. AH. • d7 d6 d5 d4 d3 d2 di dO 
Sf zr X AF X PF X CF 

flag, OF DF II' TF SF ZF /..:f PF CF 

O.Scripti,o This instruction transfers the f\118 coru:rots into AH. 

£nmplc LAHf 
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LDS Load Pointer using DS 

SyotaJ LDS destinatfou, souro.:· 

fuoctio11 D~iination = so-.itce 
scg =source+ 2 

Flags OF DF IF TF SF zr Af PF CF 

UtiCriplion This i.nstr11ction transfc,s a 32 bit poin1er variable from a memoty 
operand tQ Ole destination operand and register OS. 1111: oCfsel wo«I of the pointer 
)!i tr.1nsferred to the destination operand. which may be ml)' re.g:istc:r. The segment 
word or the pomler is transferred I<) register DS. 

Example LDS SI, label 

LE-A Load Effective Address 

Function destination= addross(S-Ourtc) 

Flae, OF OF IF TF SF ZF AF PF CF 

Dt:$.cription Th.is instruction tr.msfers the offset of the source operand to the 
destinatfon operand. 

txamplc LllA ex, label 
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LODS Load String (Byte or Word) 

Synta< LOOS source_scring 
LODSB 
LODSW 

Function lfbytwtring, then AL ~ data at memoiy a<kl,essed by SI 
lfDF= 0, U,en Sl=SJ + I 
lfDF =I, then SI+ SI - I 
If word-string, thea AX = d>ta at memory addt•~•ed by SI 
lfDF=ll. tl,en SI= SI +2 
lfDF = l, theo SI+ SI - 2 

Flags OF DF Ir TF SF ZF At" l'F CF 

Dt.,cripti<,n This ins.tructi011 transfcts the byte, ~,oJd or double-wOTd from DS:Sf 
into the accumulator. 

l:xample LOOS STR 

LOOP l.oop if CX Not Zero 

SynU• LOOP label 

Function CX = CX-1; lf CX <> O tl!enlP= IP+ 8-hit di,pla<:<:ment. 
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l)eScriptfon This i.DstJUction dccrcmCJJts tbe CX rcgis.ta. lf the result i~ not 7.ctO, 

control i, """s.fen-.d to the aililn,s, ,p,-,ific<I by the operand. (- 128 to 
+127) 

E,.mple LOOP label 

LOOPE/ LOOPZ Loop While Equal/ Loop While Zero 

Syntat LOOPE label 
LOOPZ!at,el 

function O< = CX -1; If CX o O and Zf = I, then ll' = If + g.bit 
displaccme.nt. 

fl•~ OF Df IF Tf Sf ZF /IF Pf CF 

Dtscriptioa This instruction dt(,.Ttffl('lll$ the ex u:gi::;ll::r. ff the fesult is llOt zuo, 
a,,d Zf ~ I •ontrol is tmnsfmed to the a,ldress specified by the 
operand. 
(-128 to ~ 127) 

Example LOOPE label 
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LOOPNE/ LOOP~Z l-0op While Not Eqo~I/ Loop While Not 

Zero 

SynU..: LOOP>IE label 
LOOr.-12: label 

Functioo CX = CX -I; l{ CX <> O and ZF = 0. then JP ~ IP + 8-bu 
displacement. 

Flags OF DF IF TF SF ZF AF PF Cf 

Description This instruct:i.oo decrements ilie CX register. lf the result is not zc:r(), 
and ZF ~ 0 control is transfened to the address "l'eciliod by the 
opcnutd. 
(-128 IO -(?.7) 

Example LOOPNE label 

Synta• MOV destination • soun:e 

Function Destination= seturlX 

Fl•!l' OF Df ff TF Sf Zf AF PF CF 

Description This Ulstruction copies the~ data to the desri:m1tion operand. 

Example MOV BX,AX 
~IOV ... L,09 
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MOVS Move String 

S}ntllx MOVS desnnation _string. sourcc __ string 

fanttiv.n Dc:stinuion_!>tring: = so1Dce_string 

Fhgs OF DF IF TI Sf ZF AF PF CF 

De:suiptio.o This in.stru.clion transfers a byte or \1•1)1'd from the source string 
(addressed by SI) to the destination string (addressed by D1) and updates Si and DI 
i.:, pointto the next stri.ng element. 

[umple MOVS stnnsl,string2 

JWL Multiply 

Sy11ta1 MUL scorce 

.t'unction rr source= b)1e, then AX = AL• source 
Usource=word,tben AX,DX=AX• SOUJ'¢O 

fltagi OF DF ff Tf Sf 21' AF PF CF 
• • 

Jmcription This instru<tton multiplies an unsigned number in AL or AX by the 
operand. 

Enrnple MUL 76 
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NEG Negate (Two's complement) 

Syntax NF..G operand 

function Destination= 0-Destin•tion 

Flags OF DF If Tf SF ZF .~F PF Cf 
• • • • • • 

Descriplio• 11tis Wtruction subtr3c.ts the operand from O and transfers tht two·s 
comp!CITieot into the OJ>etand. 

Eumple NF.(1 AX 

NOP No Operation 

Syntax NOP 

Ji11ncti.on This instruction bas no effect 

Flag> Of Df Il' Tf SF ZF tu PF Cr 

Description This instruction perfom,s oo operation except 10 dclay the CPU by 3 

c!CY..k <)des. 

Exalllple NOP 
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r,10T Logical Not 

Syata> NOT destination 

ful')Ct.ion Destination .. one's «nnpleIDent of destination. 

Flafi' Of Df IF lF SF ZF Af Pf CT' 

11e«ripli.- This inswction inverts tltc bits of the b}1e o, wold operand. 

f.un1ple NOT AX 

OR Logical Or 

Synti, OR destination. soun;e 

Fanctlon Ocsti:nalion = Destination OR Source 

flags OF DF If Tf Sf Zf AF l'f Cf 
0 * • * • 0 

Description This instruction pono,ms • bitwise OR of the destination and the 
sOO!U and lr.lnSfm dte J:tSult to the destination operand. 

Ex.,,.pt. OR A.L,CL 
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OUT Output 

Synta• OUT port, amunulator 

Punc:til)n Port = Accwnula1or 

Fl•&$ OF OF If 1F SF ZF AF PF CF 

.O..Cription lbis illstruelion transfer.; the byte in 1he accumularor 10 the specified 
L'O pon. In w immcdiaie mode, b)1e - O • 255. f'<>< 0 • 65535. port address is in 
DX. 

r.,ample OUT 66,AX 

POP Pop Vlllue off Stack 

Syntax POP d<slillation 

FvncHon Desli.oation = da!a on top of stack; SP = SP+ 2 

Flags OF .OF IF 1r SF ZF AF PF CF 

Dftcription This instruction transfers the word at the cunent top of stack to the 
dcrti:n,li<Jo operand. and then inoremed!S the SP by 2. 

Example POP AX 
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,OPF Pop flags 

S)"'ta• POPf 

Fu notion Flag bits are set to the data from the top of the >tack; SP~ SP+ 2 

flags OF OF IF IT SF ZF Af PF CF 
• • • • • • • • 

Dmription Ibis ins1ruetion transfers the specific bits from the word at the 
c=r top of stack into the &gs. SP is then in<tcmenttd by 2. 

E.umple POPF 

PUSH Push DalJI on Top Of Stack 

Syatax PUSH source 

function SP = SP -2~ Source is pushed onto the top of the staek. 

flag, Of DP IF TF SF ZF AF PF Cf 

Description Titis in~tion firs.I decrements the SP by 2, and theo cran.sfen a 
word from the source operand to the mp of the stack pointed to by SP. 

l:umple PL'SH AX 

139 



Appendix 2 - 8086 Instruction Sel 

Pt:SHF Push Flags 

Syntu PUSHf 

Fonctioo SP= SP - 2; The Flag register is pushed onto the top of t!,e stack. 

Fl•g• OF DF If 1J Sf ZF AF PF Cf 

Dc,crlpcioo This in,tructioo dt<>mneots SP by 2 and then traJISfe.s all tile (lags n, 
the wocd at the top of th.t sta<:K. 

Enmple PCSHP 

RCL Rotate Through Carry Left 

Synt3' RCL destina1ion, COUJJI 

fuo<tion (temp) ~ count if oount o 0, then (.-carry}= CF ~ high oro« bit of 
destinarion; destination= (destination x 2) + (TC3IIY): 
(temp)= temp• I; rcp:al function UDtil temp= 0. 
If <:oul)t = 1, tha! if high•o.rdtr bit of des< <> CF, then OF= I; Else, 

OF = 0. If count<> 1, then OF is Wldcfi.ocd. 

FJ.gs OF DF IF 'TF SI' Zf' Af PF CF • • 

Des(:ripUOn This in$-tt'Uttion roiatc, the bits in the wOTd or byte destim.ticin 
ope.rand left by the number of bits sp,cified in the count ope,and. 

Example RCL AH. I 

140 



Appel>di'.< 1-8086 IBstruclion Set 

RCR Rottte Through Carry Right 

S?•pta1 RCR. dcsrir,ation, co\Ult 

Fuoclion (!crop)~ count: if count• 0, tMn (roany) =CF = hi8ft order bit of 
dtstiru.rioJ\ ~ destirunion/2 high-order bit of destination = 

(,..,,y):(ltlilp) = (remp) - I If count = 1, than if high-Order bit of dcst <> neo<t high­
order bi.I of <1.estinati0t~ then OF ~ I; El><, OF - 0. If count <:> I, then OF is 
undefiI>ed. 

Flag, Of OF IF TF SF ZF .AF PF CF 
• • 

0esa;pli .. This instruction rotates the bits in the word er byte dcstinalion 
apcnnd Jeft by the number ofhilS specified in tile count operand. 
1; .. mple RCJ\ AH,3 

REP/ REPEi REl'l\'E Repeat/ Repeat While EquaU Repeat 
While Zero 

Rf,P MOVS destinalion,source 

l)eocr;pooo These insau<tions can be used "ith any stri"l) instnKlion (CMS, 
LODS, MOVS, SCAS, STOS). The insttucttOJ\ is repeat<d by the \'lllue in CX. If 
CX c 0, then the instructil>n is not J:lerfOnoed. 

E.nmple REP MOVS AX. striJ!g 
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RE.PNE/ REY'IZ Repeat ,vhile Not Equal/ Repeat Wllile Not 
Zero 

Synta:it ~E SCAS ckstination 

Flag,< OF OF IF TF SF 2J' ,'J' PF Cf 

De,cription These instruo1ion~ toged!er with REP, operate identically. ZF musi 
1:>c cleared or the repeat function terminates.. 

Enmpl• REPNZ SCAS destination 

RETI RETF Return Near/ Return Far 

Synlax RET 
.RfilF 

Function lf"'ithit> seg111cnt, IP is popped off slaek; SP= SP+ 2 
If ou1>ide s,.gmon~ CS is popped off stack; SP ; SP+ 2. 
IP is Jl<>PP•d off stack; SI' ~ SP + 2 

Flogs OF Of IF lF SF Zf AF PF CF 

Destription Th.is instruction traDsfers conuot frotn a subroutine back to the 
illstniction followi.ag 1h< CALL d>.at called the subroutine. 

Enn,plc REIT-
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ROL Rotate Left 

ROL de~ti:Aation. count 

Of DF IF 
• 

TF SF Zf A}' Pf Cf 
• 

l)(:$Criptlon This insuuctioo rotates the bits in tbe byte or word deslination 
operand left by the number of bits specified in the count operand. lf the COUJ1t • I, 
tben it can be ,peoified directly. lf tho count> I, then it must be loaded into CL 
bcfOlt: 11sing this instruction. 

Eu in pie ROL AL. I 

ROR Rotate Right 

ROR dcstioa1io", counl 

flagl OF OF If Tf Sf ZF AF Pf CF 
• • 

Otscription This ins1roction rotates the bits in the b)1e or word destination 
opc,,nd right by lhe numbc-r of bits specified in 111e count operand. lf oouru = 1. 
then it may be specified dilectly. If count> I, then it must be loaded into Cl, before 
using lhii i.usl.tuclion. 

1>:,.mple ROR Rt.Cl.. 

l43 



Appendi• 2 - 8086 lnsnuctioo Set 

SAHF Store Register AH into flags 

Syntax SAlif 

Function SF ZF X AF z Pf X CF 
d7 d6 d.S d4 43 d2 di dO 

Flags 01' OF If 'TF SF Zf M PF CF 
• • • • • 

Description This instruction ttansfets bits 7, 6, 4, 2 and O from J?gisrer AH into 
the appropriaic flag regista-s. 

£,..mple SAHF 

SAV SHL Shift Arithmetic Left, Sbjft Logical Left 

Syntax SAL desti.oation, count 
SHL destinarioo. COUil! 

De5criptioa These insttucticos perform the same operation. The dcMi.na.tion byte 
OT ,vord is shifted left by the number of bits specifi.d ill me count oporend. Z<rocs 
are shifted in from the right. If oount ~ I then it may be loaded dire<tly. If C01ml > 
I, du:o the value must be loaded into CL before using this instruction. 

Eumple SAL BL.I 
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SAR Shift Arithmetic Right 

Syntax SAR destination. cowu 

'flags OF Df IF TF SF ZF Af PF Cf 
• • • • • 

De$<riptlon This instruction shifts the 'bits in the byte or word &.lination operand 
right by tile number of bits specified in the cOllllt operand. If the count = L then it 
may be loaded directly. If count ;, I lheo ii must be loaded into CL befoxe using 
this instruction, 

Enmple SAR AL,J 

SBl! Subtract With Borrow 

S)·ntax SBB destinatioa, SOUICe 

funtlion If Cf= I, !brn destination= destinatiOD • source-I 
If CF <> I, then de,linatioo = destination • source 

blags OF DF If TF SF ZF A.F PF Cf 
• • • • • • 

Description This ioslrUo..--tioo ~ubtr.u:ts tbc source from the destination, then 
Nbtr:icts I if CF =t (set), and retun1S the r<:sult in the destinarioo operand 

uample SBB All.llH 
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SCAS Scan String 

Syntax SCAS destination_ stri,,g 

Flag$ o.- DF 1F If SF ZF Af Pf CF 
• • • • • 

Dts<ription Tros instruction wbtrncts the byte or word d~tination string element 
addressed by DI ft<)ttl the content of AL or AX and then updates the flll!>, but does 
Mt change the de$tinalion string or the accumulator. SCAS al$O updatos Dl to point 
ro Ote next string element. lhis i,,,truction may be used with REJ>E, REPZ, REPNE 
o,REPNZ. 

Eumple SCAS 

SH:R Shift Logical Right 

Syntax SHR destination, sourc~ 

Flag,, OF OF IF TF Sr ZF Af PF Cf 
• • • • • 

~t,ription This UlS111.1ctio.n shifts the bits in the destination nperand to die rig.ht 
by dte nurobc,r of bits specified in the e(IW11 ope,and. Zeroes are shifted in from the 
left. If th.e count = I, then it may be specified din:cOy. lf thceount > I, then it must 
be loaded into CL befun, Otis insttu<tion can~ used. 

£,ample SHRAL,l 
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STC Set Carry Flag 

Syntox STC 

Fonction CF • I 

FIii!' OF DF IF TF ~F Zf AF PF CF 

Dd<rip1ion This iJ>Slruttion sets the cany flag to I. 

F.x<rople STC 

STD Set Dir«tion Flag 

Syntax STD 

funttinn OJi = l 

Flags OP Df If Tf SF zr Af PF CT 
I 

Des<riptlo• 1his instruction sets the direction flag to I. This cwses the string 
it1Sllucliu1lS to autodectement the SI and/c,r 0 1 index registers. If OF = 0, ihc:n SI 
and/or DI are autoin.~~tc:d. 

Extmple STD 
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STI Sd Jnterrllpt Enable Flag 

Syntn STI 

Fu.»ttlon IF=- 1 

Fl>gs OF DF IF Tf SF ZF AF PF CF 
I 

Descripi;.,n This instruction sets !be imenupt enable flag to I. This allows the 
CPU to recogruSt mtenup;s occuning on lhe llv'TR line. 

E,iample STI 

STOS Store String Data 

Syntax STOS destinarion_scriug 

Flags OF DF IF IF SF ZF Af l'F Cf 

Destrlption Th.is instruction transfers a byte or )V(lt'd &om register AX or AL to 
tnc suing clement addn:ssed by DI, and upd:ote< UI to poiDI to the next loc.tion io 
the siring. 

£,ample STOS 
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SUB Subtract 

Syni.x SUB destination, soar«: 

fun~n Destination ::: destin.ltion - SOW'Ce 

OF DF ll' TF SF ZF AF PF C'.f 
• • • • • 

Dtse.riptiotl Thi~ instruction subtracts the- b),1c or word sourte operand 6om Utt: 
destina.tion openmd. and places the result in the destinatio.n opeiand. 

EJ01mple SUB AX,BX 

TEST 1.AJgical Compare 

S)'Jlbx TEST destination, souwe 

Fundion Destination is ANDtP with source 

Of DF IF 
0 

TF SF Zf AF PF Cf 
• * • 0 

~cription Th.is ins.truction perfonns s. logical AND of the two operands and 
updates the flag< witi1out .-chnning the result. 

Em•plc TEST AL.2Ah 
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WAIT Wait 

Synto, WAIT 

Fu.ctinn None 

Flat}' OF OF IF TF SF Zf AF PF Cf 

Deicriptioa nlis instruction c.iWseS th<: CPU ro el)ttr a wait ~late. 

Eumpl• WAIT 

XCHG Exchange 

Syntax XCHG destination, soorce 

Function dcsri.D.ation = source; source ::: destir.larion 

Fl:ag, OF DF IF TF SF ZF AF PF CF 

Description. This instru~tion swaps the content~ of the soi.ace and destination 
operand$. 

l!::lllmpte XCHG !\X.CX 
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XLAT Translate by Look-Up Table 

Syobr XLAT 

f'lmclioG AL : DS:(BX + AL). 

flags OF DF IF TF SF ZF AF PF CF 

Description This iDsttucti(IJl u-scs the value in the AL reg_i~ter as au offset from the 
begioning of tile table pla~d at the memo,y location DS:BX. The byte at mis olfset 
replacc:s die contents of the Al ,eg;iter. 

E,,_.mple XLAT TABLE 

XOR Exclusive OR 

Syalox XOR destination, soun:e 

Function Destination=- destination XOR souroe. 

Flags OP DF IF 
0 

TfSFZFAfPFCF 
• • t 0 

hc:riptioa This instruction performs an cxclusivtc or of (be two byte or. word 
operands and rerums the result to tbe destination operand. 

Ix.ample XORAX,BX 
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Appendix 3 - Two-Pass Assembler/Disassembler 

APP Debug 
TYPESI0OO 
ICON "\PICIGRA Y PlC" 
ENDA 

PROCDEBUG: 
GLOBAL A&,C&,BYTE%,BYTE2%,COL%,ADDS(4),ZEROS$(4).l % 
GLOBAL GS(4),JEF%,BY$(2),ROW%,SKEY%,FL%,KF%,tC% 
GLOBAL T%(2),CS%,CS$(4),E%,CSS$(5),ASS(2),ASS$(20) 
GLOBAL CX%,CY%,TOTAL&,A$(1),D%(6),PAR%,STR$(128) 
GLOBAL BITE I %,BITE2%,BITETOT%,NAD$( 4),NADD$( 4) 
GLOBAL PADD&,BITE%,K%,ORG&,X%,RES%,LOADNMS(20) 
GLOBAL BUFFER%(8192) 
RESET:: 
CAPS: 
RES¾=O 
ORG&=ADDR(BUFFER%()) 
FL%=0 :Kf%=1 
ZEROS$="0" 
T%(1)=$C88C 
T%(2)=$CB 
CSo/.-USR(ADDR(T%(1)),0,0,0,0) 
CSS=HEX$(CS%) 
L%=4-LEN(CSS) 
CSSS=REPTS(ZEROSS,L %)+CS$ 
A&=ORG& 
WHil,E I 
CURSOR OFF 
CLS 
ROW%=0 
STATUSWIN ON :FONT 11,16 
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DO 
PRINT"" 

.,COL%=0 
ADDS=HEXS(A&) 
L%=4-LEN(ADD$) 
PRINT REPTS(ZEROS$,L%);ADD$;" "; 
DO 
BYTE%=PEEKB(A&) 
iFBYTE%>32 

. · ASS=CHRS(BYTE%) 

.. ELSE 
. · ASS-".• 

ENDIF 
•. "ASS$=ASSS+ASS 
· BYS=(HEX$(BYTE%)) 
. Lo/or2-LEN(BY$) 

PRINT REPT$(ZEROS$,L%);BYS;" "; 
COLo/.-COL %+ I 
A&=A&+I 
UNilLCOL%=8 
PRINT ASS$; 
ASSS=-"" 
ROW%=ROW%+ I 
UNTIL ROW%=3 
A&=A&-$40 
POSTHELP:: 
SKEYo/o=GET 

CAPS: 
IF SKEY%=290 REM MENU KEY 
K¾=O 
GOMENU: 
IFRES¾=l 
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GOTO RESET:: 
ENDIF 
IFX%=0 
A&=ORG& 
ENDIF 

ELSEIF SKEY% AND S200 REM HOT KEY 
K%=SKEY%-S200 
GOMENU: 
IFRESo/rl 
GOTO RESET:: 

ENDIF 
IFX%=0 
A&=ORG& 
ENDIF 

ELSEIF SKEYo/r29I REM HELP KEY 
SAVE: 
GOHELP: 
LOAD: 
GOTO POSTIIELP:: 
El.SEIF SKEY%=256 
IF A&>$3F 
A&=A&-$40 
ELSE 
A&-0 
ENDO' 
ELSEIF SKEY%=259 
IF A&>O 
A&-A&-1 
ENDO' 
ELSEJF SKEY%=258 
A&=A&+l 

ELSEIF SKEY%=257 
A&=A&+$40 
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ELSEIF SKEY%=26 l 
A&s A&+S8 
ELSEIF SKEY%=260 

IF A&>1 
.. A&=A&-$8 

ELSE 
A&=O 

ENDIF 
'ELSEIF SlCEYo/.,.%Q OR SKEY%a27 
CLS :AT 16,4 :PRINT"QUIT(Y/N)" 
IFGET=%Y 

· ,STOP 
'ENDIF 
ENDIF 
SKEY%=0 
ENDWH 

, ENDP 

PROCprocz: 
RES%0 1 
ENDP 

PROCproch: 
STATUSWIN OFF 
FONT 10,16 
A&=ORG& 
ENDP 
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PROCproce: 
LOADM"LOC::M:\ClPO\DBASE.OPO" 
STA 11JSWIN OFF 
FONT 10,16 
ED: 
UNLOADM"LOC::M:\OPOIDBASE.OPO" 
ENDP 

PROCprocf: 
STA11JSWJN OFF 
FONT 10,16 
LSI: 
ENDP 

PROCprocm: 
GSA VEBIT "LOC::M:\OPDIDUMP.PIC" 
MODIFY: 
ENDP 

PROC procd: 
HEX: 
IF AS<>"Q" 
PAUSE S 
A&=TOTAL& 
ORG&=TOTAL& 
ENDIF 
ENDP 
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PROCprocr: 
LOCAL T%(2),U%,AX%,BX%,CX%,DX%,CS%,OS%,SS%,ES%,O1%,S1% 
LOCAL SP%,BP% 
CLS 
T%( I )=SD889 
T%(2p SCB 
BX%=USR(ADDR(T%(1)),0,0,0,0) 
T%( I )=$C889 
T%(2)=$CB 
CX%=USR(ADDR(T%(1)),0,0,0,0) 

, To/o(lr SD089 
T%(2)=$CB 
DX%=USR(ADDR(To/o(l)),0,0,O,0) 
T%( I )=SC88C 
T%,(2)=SCB 
CSo/o=USR(ADDR(T%(1)),0,0,0,0) 
T'/o(l )=SD88C 
T'/,(2)=$CB 

;,, DS¾•USR(ADDR(T'lo(l)),0,0,0,0) 
T%(1)=$D08C 
T%(2)=$CB 
SSo/o=USR(ADDR(T¾())),0,0,0,0) 
T'/o( I )=SC08C 
T'/o(2)=SCB 
ES%~USR(ADDR(T%(1)),0,0,0,0) 
T'/o(l )=SF089 
T'/o(2)=SCB 
Si%=USR(ADDR(T'/o(l)),0,O,0,0) 
T'/o(l )=SF889 
T'/,(2)=SCB 
Ol¾=USR(ADDR(T'/o(I )),0,0,0,0) 
T%(1)=$E089 
To/,(2)-SCB 
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SP%=USR(ADDR(f%( I )),0,0,0,0) 
To/o(l)=SE889 
T%(2)=$CB 
Bl'°/o"'USR(ADDR(T%(1 )),0,0,0,0) 
PRINT" 8086 REGISTERS" 
PRINT 
PRINT 
PRINT" AX• 0OO0";" BX=";"0OO"+HEX$(BX%);" 
CX=";"OOO"+HEX$(CX%);" DX=";"0OO"+HEXS{DX¾) 
PRINT 
PRINT" CS=";HEXS(CS%);" DS~";HEX$(DS%);" SS=";J-IEXS(SS¾);" 
ES- ";HEX$(ES%) 
PRINT 
PRINT" Sl=" ;"OO0"+HEXS(S1%);" DI=";HEXS(DI¾);" 
Si>o";"0"+HEX$(SP%);" BP=";"0"+HEX$(BP%) 
GET 
CLS 
ENDP 

PROC OETSEO: 
T%( 1 )=$C88C 
T%(2)~$CB 
CS%=USR(ADDR(1%(1)),0,0,0,0) 
CSS,,HEXS(CSo/o) 
L%=4-LEN(CSS) 
CSSS=R£PT$(ZEROSS,L%)+CS$ 
ENDP 

PROCCSEO: 
CLS 
PRINT"Code segment value: " :INPUT C& 
ENDP 
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PROCprocy: 
LOCAL WORD$(255),CP%,PS%,AS& 
CLS 
PRINT"Address: S";HEXS(A&) 
PRINT"Enter text:•, :INPUT WORDS 
CP%=LEN(WORD$)+ I 
PS%=1 
AS&=A& 
DO 
POKEB AS&,ASC(MJD$(WORD$,PS%, I)) 
AS&=AS&+I 
PS%=PS%+1 
UNTIL PS%=CP% 
ENDP 

PROC MODJFY: 
CX%=6 :CY%=2 :KF"/.-1 
AT 5,1 :PRINT" <ENT>-Poke bi1e, G-Rllll code" 
DO 
ATCX%,CY% 
CURSOR ON 
SKEY%=GET 
CAPS: 
If FL%=! 
FL%~0 
RETURN 
ENDIP 
If SKEY%=256 
CYo/rCYo/~ I 
IFCY%<2 
CY%•CY%+1 
ENDIF 
ELSEIF SKEYo/.-259 
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CX%=CX%-·3 
IFCX%<6 
CXo/...CX%+3 
ENDIF 

ELSEIF SKEY%=257 
CY¾..CY¾+I 
IFCY%>9 
CY¾=CYo/o-1 
ENDJF 

ELSEIF SKEYo/cF258 
CXo/...CX%+3 
IFCX%>28 
CXo/...CX¾-3 
ENDIF 

EL-SEIF SKEYo/o'"13 
CURSOR OFF 
B!TETOT¾=BITEl ¾+BITE2% 
PADD&=A&-+{CY¾-2)*8+CX%13-2 
POK.EB PADD&,B!TETOT% 

AT 5,1 :PRINT" Byte poked at address: ";HEX$(PADD&);" " 
PAUSE25 

AT 5,1 :PRINT' <ENT>-Poke byte, G-Run code 
ELSElF SKEYo/..,./oG 
CURSOR OFF 
PADD&=A&+(CY%-2)*8+CX%13-2 
AT 1,1 
PRINT" Y-Confirm, address=";HEX$(PADD&);" 
SK.EYo/..,GET 
IF SK.EYo/.,.¾Y 
PADD&=A&+(CYo/~2)*8+CX%13-2 
CS¾=USR(PADD&,0,0,0,0) 
AT!,I 
PRINT " Code executed O AX• ";HEX$(CS%);" " 
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GET 
AT 5,1 :PRINT" <ENT>-Poke b>1e, G-R,m code • 
ELSEIF SKEYo/.-%Q 
RETURN 
ENDIF 
CURSOR ON 
ELSEIF KF%=2 
ONE: 

CX%=CX%-l 
I<Fo/o"I 
BITE1%=BITE% 

ELSE IF KF%= I 
ONE: 
CX%• CX%+1 
KF%=2 
BITE2%=BITE¾•J6 

ENDO' 
, UNTIL SKEY%=%Q OR SKEYo/P 27 

CURSOR OFF 
ENDP 

PROCCAPS: 
IFSKEY%>96 
IF SKEY%<200 
CURSOR OFF 
CLS :AT 11,4 :PRINT"Tum Caps L<><k ON" 
FL%• ! 
PAUSE25 
ENDIF 

ENDIF 
ENDP 
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PROCSAVE: 
GSA VEBIT ("LOC::M:\OPD'DUMP.PIC'') 
ENDP 

PROCLOAD: 
LOCAL ID¾ 
ID¾=GLOADBlT ("LOC::M:IOPD\DUMP.PIC) 
GUSE 1 
GAT0,0 
GCOPY ID¾,0,0,240,80,3 
GCLOSEID% 
ENDP 

PROCONE: 
IFSKEY%=%1 
ATCX%,CY% 
PRINT "!" 
BITE%=! 
ELSEIF SKEY%=%2 
ATCX%,CY% 
BITEo/o=2 
PRINf "2" 
ELSEIF SKEY%=%3 
ATCX%,CY% 
BITE%=3 
PRINf "3" 
ELSEIF SKEY%=%4 
ATCX%,CY% 
BITE%=4 
PRINT''4" 
ELSEIF SKEY%=%5 
ATCX%,CY% 
BITE%=5 
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PRINT "5" 
ELSEIF SK£Y%=%6 

~ 'ATCX%,CY% 
BITE%=6 
PRINT "6" 
ELSEIF SKEY%=%7 
ATCX%,CY% 

. BITEo/..-7 
PRINT "7'' 

· ELSEIF SKEY%=%8 
ATCX%,CY% 

· BITE%=8 
PRINT"S" 

ELSEIF SKEY%=%9 
ATCX%,CY% 
BITE%=9 
PRJNT"9" 
ELSElf SKEY%"'°/40 
ATCX%,CY% 

. BITEo/o=O 
PR.Ilff "O" 
ELSElf SKEYo/o=¾A 
ATCX%,CY% 
BJTE%=10 
PRJNT"A'' 
ELSElF SKEY%=%B 
ATCX%,CYo/o 
BITE¾=>JI 
PRINT"B" 
ELSEIF SKEY%=%C 
ATCX%,CY% 
BITE%=12 
PRINT"C" 
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ELSE1F SKEY%• %D 
ATCX%,CY% 
BITE%=13 
PRINT "D" 
ELSEIF SKEY%=%E 
ATCX%,CY% 
BITE%=14 
PRINT "E" 

ELSEIF SKEY%=%F 
ATCX%,CY% 
BITEo/..,15 

PRINT "F" 
ENDIF 

ENDP 

PROCHEX: 
LOCAL NUM%,CO% 
START:: 
CLS 
PRINT"Address(HEX): "; 
CO%=0 :TOTAL&=O 
DO 
AS=GETS 
IF AS="Q" 
REruRN 
ENDIF 
PRINT AS; 
NUM%=ASC(AS) 
IFNUM%<48 
(',OTO START:: 
ENDIF 
IF NUMo/o>S7 
IFNUM%<6S 
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GOTO START:: 
ENDIF 

ENDIF 
Nl)Mo/.-NUlvlo/o-48 
IFJ-IUM%>9 
NUMo/.,.NUll,lo/o-7 
IFNUM%>15 
·ooTo START:: 
ENDIF 

.ENDIF 
.TOTAL&=TOTAL&*J6+NU11,!% 
.CO%=CO%+1 
UNTILCO%=1 

· !;NOP 

·P,ROC procs: 
LOCAL RET%JIANDLE%,MODE%,LENGTH% 
LOCAL SEEK%,NA$(9),CHOICE$(1) 
GWBAL NUM2%,CO¾,TOT Al2%,A2$(1),TYPEITS(20) 
GWBAL START¾,AS(l) 
LENGTH¾=S0J00 
,CLS 
PARo/os J7 
DATA: 
IFSTRS="" 
RETURN 

'.ENDIF 
MODE%=$0102 
TYPEIT$="Address(HEX): ., 
HEX2: 
ST ART'/o"'TOTAL2% 
TYPEIT$=".8yte length(HEX): " 
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HEX2: 
LENGTHo/o=TOT AL2% 
RETo/o"IOOPEN(HANDLE%,STR$,MODE%) 
RET%=10WRITE(HANDLE%,ST ART"/o,LENGTH%) 
RET%=10CLOSE(HANDLE%) 
ENDP 

PROCHEX2: 
LOCAL CO2% 
START:: 
CLS 
PRINT TYPEIT$; 
C02%=0 :TOT AL2%=0 
DO 
AS=GETS 
IF AS="Q" 
RETURN 
ENDIF 
PRINT A$; 
NUM2%=ASC(AS) 
IFNUM2%<48 
GOTO START:: 

ENDIF 
IFNUM2%>57 
IFNUM2%<6S 
GOTO START:: 
ENDIF 
ENDIF 
NUM2%=NUM2%-48 
IFNUM2%>9 
Nl.JJl,l2%=NUM2%-7 
IFNUM2%>1S 
GOTO START:: 
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ENDIF 
,, ENDIF 
TOTAL2%=TOTAL2%*!6+NlJM2% 
CO2o/...CO2%+ I 
UNTIL CO2%-4 
PAUSE IO 
ENDP 

PROC procl: 
LOCAL RET%,HANDLEo/o,MODE%,LENGTH% 
LOCAL SEEK%,NAS(9),CHOICE$(1 ),LEo/o,AAAD% 
GLOBAL TYPEITS(30),TOTAL2%,NUM2% 
CLS 
PAR%=64 
DATA 
lFSTRS="" 
RETURN 
ENDIF 
CiS 
TYPEITS="Load Address(HEX): " 
HEX2: 
AAAD%=TOTAL2% 
LE%• !6384 
MODE%=0 
REf%=IOOPEN(HANDLE%,STRS,MODE%) 
RET"/o"'JOREAD(HANDLE%,AAAD%,LE%) 
RET%=10CLOSE(HANDLE%) 
RETURN 
ElIDP 

P-ROC procp: 
GOHELP: 

ENDP 
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PROCproci: 
LOCAL SPCE%,SPA%,SKEY% 
OPEN "LOC::M:\DA T\MNEMONIC.DBF",A, TEXS,CODS,LEC$ 
FffiST 
CLS 
DO 
SPCE%=20-LEN(A.TEXS) 
PRINT POS,A.TEX$; 
SPAo/.-,0 
DO 
PRINT""; 
SPA¾=SPA¾+l 
UNTIL SPA%=SPCE% 
PRINT A.COD$ 
SKEY¾=GET 
IF SI<EY"/,..o/oQ OR SKEYo/.-27 
CLOSE 
RETURN 
ELSEIF SKEY"/o=256 
POSITION POS-2 
CLS 
ENDIF 
NEXT 
UNTILEOF 
CLOSE 
ENDP 

PROCproct: 
LOCAL DS(l28),C% 
FONT9,16 
D$=DIRS("ROM::") 
WHILE DS<>"" 
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DO 
PRJNTDS 
D$=DIR$('"') 
Co/<F<:%+1 

' UNTU. Co/.., 17 
GET 

. C"/o=O 
ENDWH 
ENDP 

PROCLST: 
• LOCAL LINE$(20),SKEY%,NM$(3),NNNS(20) 

CLS 
'PAR%=64 
DATA: 
IFSTRS="" 
·RETURN 
ENDIF 

': OPEN STRS,C,NM$,LINE$ 
FtRST 
00 

' CLS 
''FIRST 
00 
PRINT C.NM$,CLINE$ 
SKEY%=GET 
IF SKEY%• 256 
CLS 
BACK 
ELSEIF SKEY¾=¾Q OR SKEY¾=27 
CLOSE 

• RETURN 
ELSE 
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NEXT 
ENDIF 
UNTILEOF 
UNTIL SKEY%=%Q 
CLOSE 
ENDP 

PROCprocu: 
LOADM''LOC::M:\OPOIADISS.OPO" 
STATUSWIN OFF 
FONT 10,16 
DISS: 
UNLOADM"LOC::M:IOPOIADISS.OPO" 
ENDP 

PROCproca: 
LOCAL A%,B%,A&,OFFSET%,HASHS{I) 
LOCAL MNUS{20),OPS(4),CODE$(20) 
GLOBAL SYNTAX¾,C%,COUNT%,A$(20),ADD%,CODEI% 
GLOBAL ADDR$(4),BS(l),TOTAL3%,NUM3%,FF% 
GLOBAL TOTAL4%,ECOUNT%,Cl %,SCAN%,OFFSET & 
GLOBAL TABLE$(100,10),SYMCNT%,SYMCNT2%,ADR&(IOO) 
GLOBAL JFLAG%,T%,ST ART%,SERCH$(4),POKEADD& 
GLOBAL ADDRESS&,BYTE%,BYTE$(2),PS%,NUM%(2),WORD%,AA% 
GLOBAL NNN$(127),BUFFC%,MEMCNT%,MEMTABS(I00,14) 
LOCAL MODE2%,LE2%,RET2%,HANDLE2% 
TC%,=O 
X%=0 
OPEN "LOC::M:iDATIMNEMONIC.DBF",A,TEXS,CODS,LENS 
CLS 
STA TUSWIN OFF 
FONT 10,16 
CLS 
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PAR%'"64 
DATA: 
JFSTRS="" 
RETURN 

. ENDlf 
OPEN STRS,B,LINES,SOURCE$ 
COUNT"/o=COUNT :JFLAGo/o= I 
BUFFC%~COUNT%•3 
AGAIN:: 
USEA :FIRST 
USEB :FIRST 
SYMCNT2%=1 

~. T°l.s l 
SYMCN1%=1 
TO'IAL3%=0 
TOTAL4%=0 :ECOUNT%..O :CLS :C¾=I :Cl¾=l 
IF JFLAG¾=-1 
CLS 
ATl,l 
PRINT "Pass 2" 

, PAUSE 10 :CLS 
• ELSE 
· AT 1,1 

PRINT "Pass l" 
PAUSE 10 :CLS 
ENDIF 
00 
OPS="" 
USEB 
POSITTON Cl% 

'. A$=B.S0URCES 
AT l,C¾ 
PRINT Cl¾ 
' 
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AT5,C% 
PRINT AS 
HASHS=MIDS(A.$,1,1) 
lF Cl%=! 
IF MIDS(A.$,l,3)<>"0RG" 
SYNTAX%=! 
ERROR: 
ELSE 
IF MIDS(AS,4,l)="D• 
TOT AL3%=V AL(MIDS(AS,5,4)) 
FF%=! 
HEX3: 
GOTOCON:: 

ENDJF 
IF MIDS(AS,5,1)="?" OR MJDS(AS,4,1)="?" 
X.%=1 
TOTAL3o/o"ORG& 
AT20,C% 
PRINT "Start address: S";HEXS(TOT AL3%);" (";TOT AL3%;" dee)" 
IF JFLAG%=1 

START%=TOTAL3% 
ENDIF 
ELSE 
ADDRS=MIDS(A$,5, 4) 
HEX3: 
ORG&=TOTAL3% 
ENDIF 
GOTO CON:: 
ENDIF 

ENDIF 
If HASH$s"#" 
IF MIDS(AS,7,l)="X" OR MID$(A$,7,J)="l" 
OPS=MIDS(AS,9,4) 
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, AS=MID$(AS,2, ?)+"FFff" 
ELSE O~MIDS(A$.9,2) 

. AS=MIDS(AS,2,?)+"FF" 
ENDIF 

., ENDIF 
IFHASHS="." 
Of>S,,,MIDS{AS,6,2) 
A.$>=MIDS(AS,2,4)+"FF" 

ENDIF 
IF HASHS="J" 
IF JFLAGo/o" I 
IF MID$(A$,5,l)="X" 
SYNTAX%=? 

ELSE 
A$=MID$(A$,l,3)+"FF" 
SYNT AXo/or5 
ERROR: 
ENDIF 

ELSEIF JFLAG%- l 
IF MID$(AS,S,I )="X" 

, SYNT AXo/or? 
ELSEIF Jfl,AG%=-l 
SYMCNT2o/...O 
SERCHS~MID$(AS,5,4) 
DO 
SYMCN12o/orSYMCNT2%+ I 
lF SYMCNT2%>99 
SYNTAXo/.,.9 
ERROR: 
GOTO CON:: 
ENDIF 

UNTIL SERCH$•TABLES(SYMCNT2%) 
OFFSET &=ADR&(SYMCNT2%)-STARJO/~ TOT AIA¾-2 
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IF OFFSET&>l26 
SYNTAX%=8 
ERROR: 
OfFSET&, o 

ENDIF 
IF OFFSET &<0 
IF OFFSET &<-126 
SYNTAX¾=8 
ERROR: 
OFFSET&=O 
ELSE 
OFFSET &=256+0Fl'SET & 

ENDIF 
ENDIF 
OPS=HEXS(OFFSET&) 
IF LEN(OPS)<2 
OPS="0"+OPS 

ENDIF 
AS=MIDS(AS,1,3)+"FF" 

ENDlF 
ENDIF 
ENDIF 

IFHASHS="<" 
IF MIDS(AS,9,3)="MEM" 
OPS=HEX$(ORG&+ 8UFFC¾+(V AL(MIDS(AS, 12, 1)))'2) 
MEMCNT"/o=MEMCNI%+ I 
MEMT A8S(MEMCNT%)=MIDS(AS,9,4)+" ... "+0PS 
ELSE 
OPS=MlDS(AS,9,4) 
ENDIF 
A$cl\.flD${A$,2,6)+"[FFFF]" 

ENDIF 
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IF HASH$=">" 
IF .MIDS(AS,9,3)="MEM" 
OPS=HEXS(ORG&+BUFFC%+(V AL(lvllDS(AS,12, I )))*2) 
J\,fEMCNT%=MEMCNT%+ I 
J\,fEMTABS(MEMCNT%)=MID$(AS,9,4)+" .. . "+0PS 
ELSE 
OP$=MJD$(A$,9,4) 
ENDIF 
A$="MOV(FFFF],"+MID$(AS,5,2) 

ENDO' 
IF HASHS="*" 
IF LEN(AS)>S OR LEN(AS)<S 
SYNTAXo/o=6 
ERROR: 
GOTO CON:: 
ENDIF 
SYNT A.Xo/.,.5 
SYMTAB: 
GOTO CON:: 
EN.DIP 
IFHASHS="" 
SYNTAX%• 2 
ERROR: 
GOTO CON:: 
ENDIF 
IF MIDS(AS, 1,3}-"END" 
SYNTAX%=3 
ERROR: 
G.OTOCON:: 
ENDIF 
USEA 
FINDFIEW (A$,J,J ,3) 
!FOP$<>"" 
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CODES=MJDS(A.CODS,l,2)+MID$(OPS,3,2)+MID$(OPS,J,2) 
ELSE CODE$=A.CODS 
ENDlF 
IF CODES="" 
SYNTAX%=4 
ERROR: 
GOTO CON:: 
ENDlF 
ONERRF:: 
TOTAIA%=TOTAL4%+VAL(A.LENS) 
ADDRESS&~(TOT AJA%+ TOTAL3%-V AL(A.LENS)) 
F·· 
AT20,C% 
PRINT CODES 
AT46,C% 
PRINT HEXS(ADDRESS&) 
IF JFLAG¾=-1 
BYTE¾-0 :AA¾=O 
DO 
PS%=! 
DO 
B YTE$=1\,{ID$(CODE$,BYTE%+ PS%,!) 
NUM%(PS%)=ASC(BYTE$) 
IF NUM%(PS%)>64 
NUM%(PS%)=NUM%(PS%)-55 

ELSE NUM%(PS%)=NUM%(PS%)-48 
ENDIF 

PS%,.PS%+1 
UNTIT, PS%=3 
WORD%=NUM%(1)*16+NUM%(2) 
POKEB ADDRESS&+AA%,WOR0% 
BYTE%=BYTE%+2 
AAo/.,.AA%+1 
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UNTIL BYTEo/.,.LEN(CODES) 
ENDIF 
CON:: 
Cl%=Cl%·1-f 
Co/rC%+1 
{FC%>13 
C0/,=,I 
GET 
CLS 
ENDJF 
lJNTJLCl%>COUNT% 
ATl,C% 
PRINT "Code length:",TOTAL4%;".","End 
address:",HEX$(TOT AL3%+ TOT AIAo/~ I );"(bex)" 
AJ l,C"/4+2 
Pl,UNT ECOUNT%:Errors" 
GET 
~LS 
C%=3 
AIT 1,1 
PRJNT"S)mbol table:" 
S'iMCNT%=1 
Db 
ATl ,C% 
PRINT TABLES(SYMCNT%);" ... ";HEX$(ADR&(SYMCNT%)) 
SYMCNT%=SYMCNT%+ I 
C'lo=C%+1 
[FC~'o.>13 
CLS 
Co/o= l 
ENDIF 
UNTIL ADR&(SYMCNT%)-o 
C'lo=3 
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AT 20,1 
PRINT''Memory !able:• 
MEMCNT%=1 
DO 
AT20,C% 

PRJNT MEMTABS(MEMCNT%) 
MEMCNTo/..-MEMCNT¾+I 
C%=C%+1 
TCo/.-TC%+1 
IFC%>13 
GET 
CLS 
C¾=l 

ENDIF 
UNTIL MEMT AB$(MEMCNT%)~•• 
IF JFLAG%=1 
GET 
CLS 
JFLAG%=JFLAG%*-J 
GOTO AGAIN:: 

ELSE 
JFLAG%=1 
SCAN¾=GET 
ENDIF 
CLOSE 
CLOSE 
ENDP 

PROCERROR: 
LOCAL J\,IESSAGE$(255),T% 
MESSAGES="missing ORG remove tab remove END unknowo codcJump label 
label lengthJump inst. jmp distaocemissing !bl.missing file-
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sYNTAX%=SYNTAX%*12-l l 
T'/4=30 
ATT%,C% 
PRINT MIDS(MESSAGE$,SYNTAX%, 12) 
ECOUNT%=ECOUNT%+ 1 

ENDr 
pJ(OC SYMfAB: 
TABLES(SYMCNT%)"'MID$(AS,2,4) 
IF A.LENS="" 
.A.LENS="0" 
ENDIF 
ADR&(SYMCNT%)=(TOTAlA%+ TOT ALJ¾) 
~YMCNT%=SYMCNT%+1 
TC°/o"'TC%+1 
ENDP 

'PROCHEX3 
'LOCA1.CO2% 
.IFFF%=1 
GOTOE:: 
ENDIF 
START:: 
CO2%=! :TOTAl.3%=0 
DO 

· B$=MIDS(ADDRS,C02%,l) 
IFB$="" 
RETURN 
ENDIF 
NVM3%=ASC(B$) 
IFNUM3%<43 
GOTO START:: 
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ENDIF 
IFNUM3%>57 
IFNUM3%<65 
GOTO START:: 
ENDIF 

ENDIF 
NlJM3%sNIJl',,13%-48 
IFNUMJ%>9 
NUM3%=NUM3%-7 
IFNUM3%>15 
GOTO START:: 
ENDIF 

ENDIF 
TOTAL3%=TOTAL3%*16+NUM3% 
C02%=C:02o/o+ 1 
UNTIL CO2%=5 
E·· 
FF%=0 
AT20,C% 
PRJNT "Start address:",TOTAL3%;•(dec)" 
IF JFLAG%a l 
START%=TOTAL3% 

ENDIF 
ENDP 

PROCJUMP: 
ENDP 

PROC GOMF.NU: 
LOCAL H$(24),AS(5) 
HS="lsdmghefaznvrpiqcxbytu" 
WlULEI 
IF k%..O 
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MINJT 

MCARD.Code", .. Load",%1,"Save",%s,"Dwnp",%d,"Modify/Run",%m,"IP="+H 
EXS(ORG&), %h, "IP=Default", %z, "Enter string", %y 
MCARD"Source"', "Edit", %c, ''List" ,%f, "Assemble". o/oa, "UnassembJe'' ,o/ou 
MCARD"Special'', ''Refjslers". o/or,'1ie}p" ,¾p, "Mnemonics", %i, "Dir". ¾b, "'ROM 

Dir",%t,"Exit menu'",%x,11Quit .. ,%q 
K¾=MENU 
IF K¾ AND (LOC(H$,CHRS(K%))<>0) 
AS=>"PROC"+CHRS(K¾) 
·@(AS): 
RETURN 
ENDIF 

ELSE 
iF LOC(HS,CHR$(K%)) 
·•S="proc"+CHR$(K%) 
@{A$): 
ENDlf 
RETURN 
ENDIF 
ENDWH 
ENDP 

PROCprocq: 
· STOP 
ENDP 

PROCprocx: 
RETURN 
ENDP 
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PROC procb: 
LOCAL D$(128),P% 
FONT9,!6 
SEfPATH'1.0C::M:\DAT\'' 
D$=DIR$("M:\DAT\*.DBF") 
WH1LE DS<>"" 
PRINT MIDS(DS,13,12) 
P%=P%+1 
IFP%>14 
GET 
P%=0 
END[F 
O$=DIRS("") 
ENDWH 
GET 
ENDP 

PROCDATA: 
LOCAL PS(4) 
SETPATH"LOC::M:\DAn" 
PS= .. File" 
DIMT 
DFILE STR$,P$,PAR% 
DIALOG 
ENDP 

PROC GOHEl.P: 
LOCALS% 
D1NIT "General help" 
DTEXT "",CHR$(2S4)+"Debug",SSOO 
DTEXT "",CHR$(254)+"Machine codc",SSOO 
DTEXT "",CHR$(254)+"Editor",S500 
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DTEXT "",CHRS(254)+"Asscmblcr",$500 
DTEXT "",CHRS(254)+"Disk utilities",$500 
DTEXT "",CHRS(254)+"Mnemonics· ,ssoo 
OTEXT "",CHR$(254)+"Source syntax",$500 
S%=DIALOG 
JFS%=2 
DINI! "Debug" 
DTEXT "","Debug starts at free address. Move around",O 
D1cXT "","+/. 40 bytes using cursor keys. "+CHR$(02)+" and cw-sor",O 
DTEXT "","keys for single byte scrolling.",O 
·DTEXT '"',CHR$(2)+"D dumps from entered hex addtess.",O 
DTEXT "",CHR$(2)+'1! dwnp from previous address.",O 
·DTEXT "","Enter text using the string option ("+CHR$(02)+"Y)",O 
DIALOG 
ELSEIF S%=3 
· DINIT "Machine code" 
DTEXT "","Enter code in free areas ofmemory.",O 
DTEXT "","Ensure code ends in REIF before nmning.",O 
DIALOG 
ELSEIFS%=4 

· DINI! "Editor" 
f DTEXT "","If new name is not entered, Editor will load",0 

DTEXT "","existing source file. Use up/do,m keys to",O 
'.). DTEXT "","move around text. Type "'T"' to lllsert, "'0A'"' to'',O 
~ DTEXT '"","append, "''D"" to delete linc.",O 

DTEXT "","Type END, followed by ""Q"" to save and exit.",0 
Dw.oG 

, ELSEIF S%=5 
DINIT • Assembler" 
DTEXT "","Simply type source name, followed by",O 

. DTEXT "","ENTER. Any key to move to oext screeo. ",0 
DTEXT "","Code will be assembled at ORG address.",O 
DTEXT "","Correct any syntaX errors with Editor.",O 
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DTEXT "","MEMI to MEM9 available.",0 
DIALOG 
ELSEIF S%=6 
DINIT "Disk utilities• 
DTEXT "","LIST file allows you to quickly examine",0 
DTEXT "","source file; cursor keys scroll througb.",0 
DTEXT "","LOAD & SA VE act on machine code ooly.",0 
DTEXT "","Source is loaded and saved automatically",0 
DTEXT "","during editing. From menu, menumonic lile",0 
DTEXT "'"/can be loaded and examined-""Q"" to exit. ",O 
DIALOG 
ELSEIF S%=7 
DINIT "Mnemonics· 
DTEXT "","8086 Mnemonic.dbfshould be in LOC::M:IDAT\",0 
DTEXT "","New codes can be developed by using the assemble",0 
DTEXT "","(A) and w,assemble option (U) in DEBUG onan•,o 
DTEXT "","MSDOS PC computer. Compress file before copying",0 
DTEXT "","to a ROM pack-(see manual for details).",0 
DIALOG 
ELSEIF So/.,,8 
DIN1T "Source s)ntax" 
DTEXT "",">MOYAL,[MEMI) >MOVAX,(MEM2] <MOVAX,[MEM3]",0 
DTEXT ""," ALtoMEMI AXtoMEM2 11,!EMJtoAX",O 
DTEXT "","#MOY AX,FFFF; #MOY BX,FFFF; *FRED; JNZ'FR£D; JZ 
'FRED .. etc•·,o 
DTEXT "","AH=d7 d6 d5 d4 d3 d2 di dO ; Use""."" before INT: eg .INT21; 

",O 
DTEXT ""," 
DIALOG 
ELSElF So/o=O 
RETURN 

ENDIF 
ENDP 
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P.ROCDISS: 
GLOBAL XA&,XORG&,X'fOTAL&,XAS(l 2),XBUFFER%(100),){FL%,NO% 
GLOBAL XST&,X:P%,XSE$(12),XCO%,XY$(12),XSC%,XOP$(10),XB% 
GLOBAL XT"/.(2),XCS%,XL%,XCS$(4),XCSSS(4),XZEROS$(4) 

' GLOBAL fQ%,R$(2),R25(2),XSE2%,)(Ff%,XD% 
CONT2:: 
XORG&=ADDR(XBUFFER%()) 

, XZEROSS<o"0" 
XTo/.(1)~$C88C 
XT%(2)=$CB 
XCS%=USR(ADDR(Xf0/.(1)),0,0,0,0) 
XCS$•HEX$(XCS%) 
XL %=4-LEN(XCS$) 
XCSS$=REPTS(XZEROSS,XL%}+ X:CS$ 
PROCDI: 
XST&=XORG& 
OPEN "LOC::M:\DATIMNEMONIC.DBF",A, TEXTS,CODES,LENS 
CLS 
DO 
XFL%=0 
IFPEEKW(XST&)=SFFFF 
XCO%=2 
PRINT HEX$(XCS%);":"; 
NO%=4-LEN(HEX$(XST&)) 
WHILE NO%00 
PRINT"0"; 
NO¾=NO%-l 
ENDWH 
PRINT HEX$(XST & ); 
PRJNT " FfFF ????" 
GOTO CONT:: 
ENDIF 
XSES=(HEXS(PEEKB(XST&))+"•") 
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IF LEN(XSES)=2 
XSE$="0" + XSE$ 
ENDIF 
XSE2o/o=PEEKB{XST&) 
IF MID$(XSES,1, t), "7" 
XB¾=PEEKB(XST&+l) 
JFXB¾>l28 
XB%=256-XB% 
XOP$s"."+GENS(XB%,3) 

ELSE 
XOP$="+"+GEN$(XB%,3) 
ENDIF 
XFL¾=l 
ENDIF 

IF MIDS(XSE$,l,l)="B" 
IF XSE2%<184 
XB¾=PEEKB(XST&+ I) 
XOP$=HEXS(XB%) 
XFL%=1 
XFF%= 1 

ENDIF 
ENDIF 
IF MIDS{XSES, 1,2)-"CD" 
XB¾=PEEKB(XST&+l) 
XOPS~HEXS(XB¾) 
XFL¾=I 
ENDIF 
PR1NT XCSS$;":"; 
NO%•4-LEN(HEX$(XST&)) 
WHILE NO¾<>O 
PRfNT"O"; 
NO¾ .. NOo/~t 
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ENDWH 

PRINT HEX$(XST&); 
XP"/o=FINDFIELD(XSE.$,2, 1,3) 

IF A.LENS-"" 
A.LEN$=")" 

ENDIF 
XYS~A.LENS 
XCOo/o=VAL(XYS) 
XD%=0 
PRINT" "; 
DO 
IF PEEKB(XST&+XD%)<16 

~:: PRINT'O"~ 
ENDIF 
PRINT HEXS(PEEKB(XST&+ XD%)); 
XD%=XD%+1 

. UNTil. XDo/o=XCO% 

XDo/r3-XCO% 
PRTNT" " ; 
PRINT REPT$(" ",(XD%*2)); 
1FXCO"/r2 
XSES="*"~XS(PEEKB(XST &+ I))) 

, IF LEN(XSES)=2 
, XSES=MIDS(XSES, I , l)+"0"+MIDS(XSE$,2, I) 

. ENDIF . 

IFXFl.%=1 
XSE$a"*FF ' 
ENDIF 
XP"/o• FINDFIELD(XSES,2, I, I) 
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ELSEIF XC0%=3 
R.2S=HEX$(PEEKB(XST &+ 2)) 
RS,.HEXS(PEEKB{XST &+I)) 
IF LEN(R$)= I 
RS="0"+RS 
ENDIF 
IF LEN(R2$)= I 
R2S="O"+R2S 
ENDIF 
XOPS=R2$+RS 
XC0%=3 
PRINT" ";A.TEXTS;" (";XOPS;"h)" 

GOTO CONT:: 
ENDIF 
IF A. TEXTS="" 

PRINT'' ????" 
ELSE 
IFXOPS="" 
PRJNT" ";A.TEXTS 
ELSE 
IFXFF%=1 
XFF"/o=O 
PRINT" ";MIDS(A.TEXTS,J ,6);", ";XOPS 
ELSE 
PRINT " ";M]D$(A. TEXTS,1,3);" ";XOPS 
ENDIF 
XOPS-"" 

ENDIF 
ENDIF 
CONT:: 

,, XOP$,o"" 
' ', 

·1 
,' ,, 
.{ 

' ;' 
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XSCo/...OET 
. XST&• XST&+XCO% 
UNm XSC%=%Q OR XSC'/o=¾D OR XSC'/o=%U 
CLOSE 

• IF XSC%=%D OR XSC'/4a%U 
GOTOCONT:2:: 

ENDIF 
ENDP 

PROCPROCDI: 
FQ%a•0 
HEX5: 
IFXAS<>"Q" 

· PAUSES 
XA&=XTOTAL& 

.XORG&=XTOTAL& 
, ENDIF 
ENDP 

'PROCHEX5: 
. LOCAL NUM%,XCO% 
START:: 
CLS 
PRINT"Disassemblc from (HEX): "; 

XCOo/o=O :XTOTAL&=0 
00 
XA$,,GETS 
IFXA$a"Q" 
RETIJRN 

ELSEIF XAS="X" 
XTOTAL&=A& 
GOTO END!:: 

ENDIF 
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PRINTXAS; 
NUM%=ASC(XAS) 
IFNUM%<48 
GOTO START:: 
ENDIF 
IFNUM%>57 
IFNUM%<65 
GOTO START:: 
ENDIF 
ENDIF 
NUM%=NUM%-48 
IFNUM%>9 
NUM%=NUM%-7 
IFNUM%>15 
GOTO START:: 
ENDIF 

ENDIF 
XTOTAL&QXTOTAL&*l 6+NUM% 
XCO%=XC0%+1 
UNTIL XCO"/o"'4 
END!:: 
ENDP 
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PROCED: 
LOCAL LINES(20),SKEY%,NM$(3),NNNS(20),FL% 
LOCAL POSS%,INPOS%.,ENDPOS%,COUNT%,BUFFER$(20),SET% 
J.PCAL INPOS2%,INSERTS(20) 
START:: 
CLS 
PRlNT''Edit:", :INPUT NNNS 
IF EXJST("LOC::M:\DA Ti" +NNNS+".DBF") 
-OPEN "LOC::M:IDA1\"+NNN$+".DBF",C,NMS,LINES 
:Fl,%=1 
ELSE 
CLS 
PRINT "New file• :PAUSE 20 
CREATE "LOC::M:IDA1\"+NNN$+"DBF',C,NMS,LINE$ 

' FLo/...0 
•ENDIF 
FIRST 
DO 
CLS 
FIRST 
DO 
PRINT C.NMS,C.LINE$ 
1FFL%• l 
SKEY%,o(JET 

•ENDIF 
IF SKEY%=256 
CLS 

' BACK 
ELSEIF SKEY%=%N 
CWSE 
SKEY%=%A 
GOTO START:: 
ELSElF SK.EY%=%Q 
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CLOSE 
RETUR}I 
ELSEIF SKEY%• 290 OR SKEY%=291 
CLS 
AT4,4 
PRINT"A-Append I-Insert D-Dclete N-New Q-Quit" 
GET:CLS 
ELSEIF SKEY%=%I 
INPOS¾=POS 
INPOS2%0 POS+ I 
LAST 
ENDP0S%=POS 
COUNTo/.,.ENDPOS%-lNPOS% 
SET'/,,,0 
POSITION INPOS% 
BUFFERS=C.LINES 
PRINT" ";:INPUT INSERTS 
C.LINES=INSERTS 
CLS 
DO 
APPEND 
INPOS%=INP0S%+1 
POSIDON INP0S% 
BUFFER$=C.LINE$ 
SET%=SET%+ I 
UNTIL SET%=COUNT%+ l 
SET%=0 
REM UPDATE 
DO 
POSITION INPOS2% 
ERASE 
SET'/o=SET¾+ l 

UNl'Il., SET%=COUNT% 
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~SEIF SKEY%=%A OR FL%=0 

J)() 
LAST 
PRINT POS+FL% 
C.NMS=GENS(POS+FLo/o,3) 
FLo/o=l 
PRIITT''Enter source:"; 
INPUT C.LINES 
;\!'PEND 
CLS 
·BACK 
IF C.LINES="END" 
ERASE 
FIRST 
CLS 
ENDIF 
NEXT 
UNTIL C.LINES~"END" 
ELSEIF SKEY%=%D 
,.ERASE 
CLS 

ELSE 
NEXT 
ENDIF 
UNTILEOF 
UNTILSKEY%=%Q 
GWSE 
ENDP 

Appendix 4 - Source Editor Listing 
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Appendix S - 8086 l\1nemonic File 

Enter as uample below, and save flle as LOC::M:IMNEMONIC.DBF 

Example: 

TEXT: MA 
CODE: 37 
LENGTH: I 

AAA 37 I 
AAD O50A 2 
AAM 040A 2 
AAS 3F I 
ADC AL,AH IOEO 2 
ADD AX.AX OJCO 2 
ADD AX,BX 0ID8 2 
ADD AX,CX 0!C8 2 
ADD AX.OX 0100 2 
ADD AX,FFFF 05FFFF 3 
ADD BX,AX OIC3 2 
AND AX,BX 21D8 2 
AND AX,FFFF 25FFFF 3 
CALL AX FFDO 2 
CALLBX FFD3 2 
CALL CX FFDI 2 
CALL DX FFD2 2 
CBW 98 I 
CLC F8 I 
CLO FC I 
CLI FA I 
CMC FS I 
CMP AX.BX 39D8 2 
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cMPSB A6 1 
CMPSW A7 I 
cMPSW A6 I 
CJ',IPSW A7 I 
CS: 2E l 
CWD 99 l 
DAA 27 I 
DAS 2F l 
DEC AX 48 l 
[)ECBX 4B I 
DECCJ( 49 l 
DECDX 4A I 
D1VAX F?FO 2 
DJ<VBX F7F3 2 
mvcx F7Fl 2 
DIV DX F7F2 2 
DS: ·3E I 
ES: 26 I 
INAX,DX ED l 
INC AX 40 1 
INCBX 43 I 
lNCCX41 I 
INCDX 42 I 
IN'TFF CDFF 2 

. INTO CE I 
IRET CF 1 
JA;i:f 77FF 2 
JBfF 72FF 2 
JBEFF 76FF 2 
JG FF 7fFF 2 
JGEFf 7DFF 2 
JLFF 7CFF 2 
lLEFF 7EFF 2 

Appendix 5 - 80~ Mnemonic File 
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JMPAX FFE0 2 
JMPBX FFE3 2 
JMPCX FFEI 2 
JMPDX FFE2 2 
JNBFF 73FF 2 
JNCFF 73FF 2 
JNOFF 7JFF 2 
JNSFF 79FF 2 
JNZFF 75FF 2 
JOFF ?OFF 2 
JPEFF 7AFF 2 
JPOFF 7BFF 2 
JSFF 78FF 2 
JZFF 74FF 2 
LAHF 9F I 
LOCK F0 I 
LODSB AC I 
LODSW AD I 
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 8804 2 
MOV AH,FF B4FF 2 
MOV AL,AH 88E0 2 
MOV AL,BH 88f8 2 
MOV AL,BL 8808 2 
MOV AL,CH 88£8 2 
MOV AL,CL 88C8 2 
MOV AL,DH 88F0 2 
MOV AL,DL 88DO 2 
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MOV AL,FF B0FF 2 
MOV AX.BX 89D8 2 
MOV AX,CS 8CC8 2 
MOV AX,CX 89C8 2 
MOV AX,DI 89F8 2 
MOV AX,DS 8CD8 2 
MOV AX,DX 8900 2 
MOV AX,ES 8CCO 2 
MOV AX,FFFF B81'FFF 3 
MOV AX,SI 89F0 2 
MOV AX,SP 89E0 2 
MOV AX,SS 8CDO 2 
t,fOV BH,CH 88EF 2 
MOV BH,CL 88CF 2 
MOV BH,DH 88F7 2 
MOV BH,DL 88D7 2 
MOV BH,FF B7FF 2 
MQV BL,CH 88EB 2 
MOV BL,CL 88CB 2 
MOV BL,DH 88F3 2 

. MOV BL,DL 88D3 2 
MOV BL,FF B3FF 2 
MOV BX,AX 89C3 2 
MOV BX,CS 8CCB 2 
MOV BX,CX 89CB 2 
MOV BX.OS 8COB 2 
MOV BX.OX 89D3 2 
MOV BX,ES 8CC3 2 
MOV BX,FFFF BBFFFF 3 
MOV BX,SS 8CD3 2 
MOV CH.DH 88F5 2 
MOV CH,DL 88D5 2 
MOV CH,FF BSFF 2 

Appendix S - 8086 Mne111ooic File 
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MOY CL.DH 88Fl 2 
MOY CL,DL 8801 2 
MOY CL,FF BIFF 2 
MOY CS,AX 8EC8 2 
MOY CS,BX 8ECB 2 
MOY cs.ex 8EC9 2 
MOY CS,DX 8ECA 2 
MOY CX,AX 89CJ 2 
MOY CX,BX 89D9 2 
MOY ex.cs scC9 2 
MOY CX,DS 8CD9 2 
MOY ex.ox 89DJ 2 
MOY Cx,ES 8CCI 2 
MOV CX,FFFF B9FFFF 3 
MOY CX,SS 8CDI 2 
MOY DH,FF B6FF 2 
MOV DJ.AX 89C7 2 
MOV Dl,FFFF BFFFFF 3 
MOY DL,FF B2FF 2 
MOY DS,AX 8ED8 2 
MOV DS,BX 8EDB 2 
MOV OS,CX 8ED9 2 
MOV OS,OX SEDA 2 
MOV DX,AX 89C2 2 
MOY DX,BX 89OA 2 
MOV DX,CS 8CCA 2 
MOY ox.ex 89CA 2 
MOV DX,DS 8CDA 2 
MOV DX,ES 8CC2 2 
MOY Dx,FFFF BAFFFF 3 
MOV DX,SS 8CD2 2 
MOY ES,AX 8EC0 2 
MOV ES,BX 8EC3 2 

' 198 



MOV ES,CX SEC! 2 
MOV ES,DX 8EC2 2 
MOV S1,AX 89C6 2 
MOV Si,FFFF BEFFFF 3 
M0V SS,AX SEDO 2 
MOV SS,BX 8ED3 2 
MOV SS,CX SEO! 2 
MOV SS,DX 8ED2 2 
MOVAL,[FFFF) AOFFFF 3 
MOVAX,(FFFF) AIFFFF 3 
MOVSB A4 I 
MOVSW AS I 
MOVSX AS I 
MOV[FFFF],AL A2FFFF 3 
MOV[FFFF),AX A3FFFF 3 
MOV(FFFFJ,.BP 892EFFFF 4 
MOV[FFFF),BX 891EFFFF 4 
MOV[FFFF],CS 8COEFFFF 4 
MOV[FFFF),CX 890EFFFF 4 
MOV[FFFF],Dl 893EFFFF 4 
MOV[FFFF],DS 8CIEFFFF 4 
MOV[FFFF],DX 89J6FFFF 4 
MOV[FFFF),ES 8C06FFFF 4 
MOV[FFFF],SI 8936IDF 4 
MOV[FFFF],SP 8926FFFF 4 
MG>V[FFFF],SS 8C16FFFF 4 
MULAX F7EO 2 
MULBX F7E3 2 
MULCX F7EI 2 
MULDX F7E2 2 
NEG AH F6DC 2 
NEG AL F6D8 2 
NEGAX F7D8 2 

Appendix 5 - 8086 Mnemonic File 
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NEG BX F7DB 2 
NEGCX F7D9 2 
NEG DX F7DA 2 
NOP 90 I 
NOT AH F6D4 2 
NOT AL F6DO 2 
NOT AX F7DO 2 
NOT BX F7D3 2 
NOTCX F7DI 2 
NOTDX F7D2 2 
OR AX,BX 0908 2 
OUT DX,AX EF I 
POPAX 58 I 
POPBX 5B I 
POPCS OF I 
POPCX 59 I 
POPDS IF I 
POPDX 5A I 
POPES 07 I 
POPSS 17 I 
POPF 90 I 
PUSHAX 50 I 
PUSHBX 53 I 
PUSH CS OE I 
PUSH ex 51 I 
PUSHDS IE I 
PUSH DX 52 I 
PUSHES 06 I 
PUSH SS 16 I 
PUSHF 9C I 
REP F3 I 
REPE F3 I 
REPNE F2 I 
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WNZ F2 I 
!UlPZ F3 I 
RET CJ I 
REIF CB I 
ROLAH,J D0C4 2 
ROLAfJ,CL D2C4 2 
ROL AL, I DOCO 2 
ROLAL,CL D2C0 2 
,ROLAX,1 DIC0 2 
ROL AX,CL D3CO 2 
RORAH,I D0CC 2 
ROR AH,CL D2CC 2 
ROR AL,I DOCS 2 
ROR AL,CL D2CS 2 
RORAX, I DIC8 2 
ROR AX,CL D3C8 2 
SAHF 9E I 
SCASB AE I 
SCASB AE I 
SCASW AF I 
SCASW AF I 
SHLAH,I D0E4 2 
SHL AH,CL O2E4 2 
SHI. AL,I DOE0 2 
SHL AL.CL D2EO 2 
SHL AX, I DIEO 2 
·SHI. AX,CL O3E0 2 
SHR AH, I DOEC 2 
SHR AH,CL O2EC 2 
SHR AL, I DOES 2 
SHR AL,CL O2E8 2 
SHRAX,I DIES 2 

· SHR AX,CL D3E8 2 

Appendix 5 - 8086 Mnemonic File 
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SS: 36 I 
STC F9 I 
STD FD I 
ST! FB l 
STOSB AA I 
srosw AB 1 
SUB AL,AH 28E0 2 
SUB Sl,DX 2BF2 2 
TEST AH,BH 84fC 2 
TEST AL,BL 8408 2 
TEST AX,BX 85D8 2 
TEST AX,CX 8SC8 2 
TEST AX,DX 8500 2 
WAIT 98 I 
XCHG AX,BX 93 I 
XLAT 07 I 
XORAX,AX 31CO 2 
XOR AX,BX 3108 2 
XOR AX,FFFf 35ffff 3 
ADD AH,AH 00E4 2 
ADD AH,AL 0OC4 2 
ADD AL,AH 0OE0 2 
ADD AL.AL ooco 2 
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Appendix 6 - System Error Messages 

System Error Messages 

Any attempt to cany out an illeg;il operation can result in an error message of 
the type shown below: 

SYSSPRG0.&07 

Process exited 
Exit number 60 

Continue 
Esc 

Psion calls these exit conditions "System panic nwnbers". These numbers, 
which range from O to 255, arise wben the system detects a condition which 
can occur when there is a "bug" in the application. Panics are always fatal and 
"~U cause the program or application to tenninate immediately. They ensure 
that the system is protected from badly consaucted applications. 

Plllic Number Meaning 

00 Used by test code when test fails 
0 1 Invalid function nwnber 
02 Invalid semaphore handling 
03 Semaphore not allowed 
04 Initial semaphore cow,t is invalid 
05 Signal count is negative 
06 Invalid fimction number for process manager 
07 In,'alid process ID 
08 Task tried to create a t3.Sk 
09 Invalid fimction number for time manager 
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10 
ll 
12 
13 
14 
IS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

204 

Invalid function number for segment manager 
Segment size was negative 
Segment type was incortect 
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 nwnber for inter-process manager 
Inter-process messaging has already been initialised 
Inter-process messaging bas not been initialised 
Cannot initialise with zero messages in the queue 
Invalid function number for VO manager 
Invalid UO channel 
Device request panic 
Invalid wait handler handle 
Key and pointing device already booked 
Key and pointing device requesting process is not a task .. 
invalid function number for device manager 
Invalid device handle 
Invalid function number for file manager 
Process already connected to file server 
Reserved 
Invalid function number for library manager 
Invalid library handle 
Invalid function number for library 
Invalid LW file channel 
Invalid DYL index number 
Invalid message to file server 
Process has not connected to file server 
Inval1d function number for conversion manager 
Invalid function for go'Ileral manager 
Attempt to llllhook from notify wbeo oot already booked ' 



45 
46 
41 
48 
49 
50 
SI 
S2 
S3 
54 
ss 
S6 
51 
58 
S9 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 

70 
71 
72 
73 

14 
7S 
76 
77 

Appendix 6 - System £ m>r Messages 

Invalid revector address 
Invalid function Ollfflbcr for conversion manager 
Lea,,., called before a call to enter 
No method avanablc to handle message 
Invalid reclass attempt 
Unknown category in LibHandle 
Unknown class in LibCreate 
Supersend called from outside a method 
Altempl to i et a handle before being linked 
Missing external categories in Libl..ink 
Object does nol point to valid class 
Invalid link layer complelion code 
Invalid function for wmdow sen,.., 

ln\'alid function nwnber for hardware manager 
Uoexpected interrupt 
Attempted to write oucsidc of proc= data scgn,cnt 
lntel1\lpts have been disabled for too lone 
Reserved 
Attempt to di,ide by zero error 
0-.•erflow intenupt 
Invalid function number for Dbf manager 
Invalid DBF l/O channel 
Invalid paramcler for DBF function 
Address zero ovetWrite 
The system ~ less lhan Ox I 00 bytes of stack 
remaining 
Environment name size > EnvMaxNameSize 
Single step interrupt (INT I) 
Break poinl intcnupt (INT 3) 
A request was made while an as}nchrnoous request of lhe 
same type and oo lhc same channd was already pending 
Invalid function number for serial 110 manager 
Call a ~on 3 function on a Psion JA machine 
Attempl to find a DYL nol in a visible bank 
floating point emulator exception 
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78 
80 
255 
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Semaphore count exceeds 0x7FFF 
Library fatal error 
Corrupted heap detected 
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Appendix 7 - Interrupts and Function Calls 

SINGLE SERVICE 

PORPOSE: 
EN1RY: 
RETURN: 

l>ORPOSE: 
ENTRY: 
RETURN: 

PURPOSE: 
ENTRY: 
RETURN: 

Character Management 

INTERRUPT NUMBER: 93 

Character is a digit 
AL The character to be tested 
Z flag • 0 If character is a digit 
Z Bag = 1 if character is oot a digit 

INTERRUPT NUMBER: 94 

Character is a hex digit 
AL The character to be tested 
Z Oag = 0 If character is a hex digit 
Z Oag = I if character is not a bcxdigit 

INTERRUPT NUMBER: 95 

Character is printable 
AL The character to be tested 
Z Oag = O If character is a printable 
Z Oag = I if character is not a printable 

. ' 
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PURPOSE: 
ENTRY: 
RETURN: 

PURPOSE: 
ENTRY: 
RETURN: 

PURPOSE: 
ENTRY: 
RETURN: 

PURPOSE: 
ENTRY: 
RETURN: 

208 

INTERRUPT NUMBER: 96 

Character is alphabetic 
AL The character to be tested 
Z flag= 0 If character is a alphabetic 
Z Bag = I if character is not a alphabetic 

INTERRUPT NUMBER: 97 

Character is alphabetic a or digit 
AL The character to be tested 
Z flag = 0 If character is alphabetic 
Z Bag = I if character is not alphabetic 

INTERRUPT NUMBER: 98 

Character is a upper ease 
AL The character to be tested 
Z flag • 0 If character is upper ease 
Z Oag = l if character is not upper ease 

INTERRUPT NUMBER: 99 

Character is lower ease 
AL The character to be tested 
Z flag = 0 If character is lower ease 
Z flag= I if character is not lower case 



J'\)RPOSE: 
ENTRY: 
R£:Il)Rl'I: 

pU)lPOSE: 
ENTRY: 
RETURN: 

PURPOSE: 
ENTRY: 
RETURN: 

PURPOSE: 
ENTRY: 
RETURN: 

Appmdi.x 7 - Interrupts llld Function Calls 

INTERRUPT NUMBER: 9A 

Character is a space 
AL The character to be tested 
Z flag = 0 If character is space 
Z flag = I if character is not space 

INTERRUPT NUMBER: 98 

Character is pwictuation 
AL The character to be tested 
Z flag = 0 If character is pwictuation 
Z flag = l if character is not pwictuation 

INTERRUPT NUMBER: 9C 

Character is graphic 
AL The character to be tested 
Z flag = 0 If character is graphic 
Z flag= I if character is not graphic 

JNTERRUJ>T NUMB.ER: 9D 

Character is control 
AL Tho character to be tested 
Z flag = 0 If character is coutrol 
Z t1ag • I if character is not control 
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PURPOSE: 
ENTRY: 

ENTRY: 

PURPOSE: 
ENTRY: 

ENTRY: 

PURPOSE: 
ENTRY: 

ENTRY: 
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INTERRUPT NUMB£R: 9E 

Character to upper case 
AL A character to be converted 
AH A character to be converted 
AL Converted to upper case 
AH Com·erted to upper case 

INTERRUPT NUMBER: 9F 

Character to lower case 
AL A character to be converted 
AH A character to be converted 
AL Converted to lower case 
AH Converted to lower case 

INTERRUPT NUMBER: AO 

Character to folded characters 
AL A character to be folded 
AH A character to be folded 
AL Folded 
AH Folded 



pt;JRPOSE: 
ENTRY: 

RETURN: 

PURPOSE: 
ENTRY: 

RETURN: 

PURPOSE: 
ENTRY: 

RETURN: 

Appendix 7 • Interrupts and Function Call$ 

Bofftr Mana,terotot 

INTERRUPT NUMBER: Al 

Copy one buffer to another 
DS:SI Pointer to source buffer 
ES:DI Pointer to destination buffer 
CX Number of bytes to copy 
Nooe 

INTERRUPT NUMBER: Al 

Swap the contents of two buffers 
DS:Sl Pointer to one of the buffers 
ES:DI Pointer to the other buffer 
CX Number ofb>1es to swap 
Nooe 

u.--rERRUPT NUMB.ER: Al 

Compare one buffer with another 
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 
Flags < 0 if [SI)< [DI] 
Flags = 0 if [SI] = [DI} 
Flags> 0 if(SI] > [DI) 
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PURPOSE: 
ENTRY: 

RETURN: 

PURPOSE: 
ENTRY: 

RETIJRN: 

PURPOSE: 
ENTRY: 

RETURN: 

212 

INTERRUYf NUMBER: A4 

Compare one buffer with another folded 
DS:SI Pointer to left operand buffer 
ES:DI Pointer to right operand buffer 
CX Nwobcr of bytes in left operand 
BX Nwober of bytes in right operand 
Flags < 0 if (SI) < (DI] 
Flags • o if[SIJ = [DJ) 
Flags> 0 if [SI)> (DI] 

INTERRUPT NUMBER: AS 

Match a wild card buffer 
DS:Sl Pointer to buffer to be searched 
ES:DI Pointer to wild card match buffer 
CX Length of buffer to be searched 
DX Length of match buffer 

Carry clear 

INTERRUPT NUMBER: A6 

Match a wild card buffer folded 
DS:Sl Pointer to buffer to be searched 
ES:DI Pointer to wild card match buffer 
CX Length of buffer to be searched 
DX Length of match buffer 
Carty clear 



. ptJRPOSE: 
ENTRY: 

RETIJRN: 

PURPOSE: 
ENTRY: 

RETURN: 

PURPOSE: 
ENTRY: 

RETURN: 

Appendix 7 • Interrupts and Function Calls 

INTERRUPT NUMBER: A 7 

U>Cate a character in a buffer 
DS:S{ !Pointer to buffer to be searched 
AH The character to be located 
ex Length of buffer to be searched 
AX Index of the character in the string 

INTERRUPT NUMBER: AS 

Locate a character in a buffer folded 
DS:SI Pointer to buffer to be searcbed 
AH Tbe character to be located 
ex Length of buffer to be searched 
AX index of the character in the string 

INTERRUPT NUMBER: A9 

Find a sub buffer in a buffer 
DS:SI Pointer to buffer to be searched 
ES:Dl Pointer to the buffer to be located 
ex Length of buffer to be searched 
BX The number of bytes in the sub buffer 
AX Offset of the sub buffer within the buffer 
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PURPOSE: 
ENTRY: 

RETURN: 

PURPOSE: 
ENTRY: 

RETIJRN: 

PURPOSE: 
ENTRY: 

RETURN: 
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INTERRUPT NUMBER: AA 

Find a sub buffer in a buffer folded 
DS:SI Pointer to buffer to be searched 
ES:Dl Pointer to the buffer to be located 
CX Length of buffer to be searched 
BX The number of bytes in the sub buffer 
AX Offset of the sub buffer v.ithin the buffer 

INTERRUPT NUMBER: AB 

Justify a buffer 
DS:SI Pointer to buffer to be justified 
ES:Dl Pointer to the target buffer 
CX Length of the buffer to be justified 
BX Length of the target buffer 
DL Justify, left, centre, right 
DH The fill character 
AX Points to the character after the last byte 

copied to the target buffer 

String Management 

INTERRUPT NUMBER: AC 

Copy one string to another 
DS:SI Pointer to source string 
ES:Dl Pointer to target string 
None 



PURPOSE: 
ENTRY: 

RETURN: 

PURPOSE: 
ENTRY: 
RETURN: 

PURPOSE: 
ENTRY: 

RETURN: 

PURPOSE: 
ENTRY: 

RETURN: 

Appendix 7 - laterniplS and Function Calls 

INTERRUPT NUMBER: AD 

Copy one string to another folded 
DS:SI Pointer to soorce string 
ES:DI Pointer to target string 
None 

INTERRUPT NUMBER: A£ 

Convert a stririg to folded 
DS:SI Pointer to string to be folded 
None 

INTERRUPT NUMBER: AF 

Compare one string with another 
DS:SI Pointer to left operand string 
ES:DI Pointer to right operand string 
Flags < O lf(SI] < (DI] 
Flags= 0 lllSI] • (DI) 
Flags> 0 lflSI] > (DJ] 

INTERRUPT NUMBER: BO 

Compare one string with another folded 
DS:SI Pointer to left operand string 
ES:DI Pointer to right operand string 
Flags < 0 lflSIJ < [DI) 
Flags = 0 lf!SI) = [DI] 
Flags> 0 lflSI] > [DI) 
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PURPOSE: 
ENTRY: 

RETURN: 

PURPOSE: 
ENTRY: 

RETURN: 

PURPOSE: 
ENTRY: 

RETURN: 

PURPOSE: 
ENTRY: 

RETURN: 
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INTERRUPT NUMBER: Bl 

Match a wild card string 
DS:Sl Pointer to the string to be searched 
ES:Dl Pointer to the wild card match string 
Cany clear = match 

INTERRUPT NUMBER: 82 

Match a wtld card string folded 
DS:Sl Pointer to the string to be searched 
ES:Dl Pointer to the wild card match string 
Cany clear = match 

INTERRUPT NUMBER: 83 

Locate a character within string 
DS:Sl Pointer to the string to be searched 
AH The character to be located 
AX Index of the character in the string 

INTERRUPT NUMBER: 84 

Locate a character within string folded 
DS:SI Pointer to the string to be searched 
AH The character to be located 
AX Index of the character in lbe string 



pURPOSE: 
ENTRY: 

RiTIJRN: 

l!URPOSE: 
ENTRY: 

RETURN: 

,, 

PURPOSE: 
ENTRY: 

RETIJRN: 

PURPOSE: 
ENTRY: 

RETURN: 

Append.ix 7 - Interrupts aod Function Calls 

INTERRUPT NUMBER: BS 

Locate a character in reverse 
DS:SI Pointer 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 
DS:SJ Pointer to the string to be =bed 
AH The character to be located 

AX Index of the character in the string 

INTERRUPT NUMBER: 87 

Find a substring in a string 
DS:SI Po.inter to the string to be searched 
ES:DI Pointer to the string to be ]0¢8ted 
AX Offset of the substring in the string 

INTERRUPT NUMBER: BS 

Find a substring in a string folded 
DS:SI 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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PURPOSE: 
ENTRY: 

RETURN: 

PURPOSE: 
ENTRY: 

RETURN: 

118 

INTERRUPT NUMBER: 89 

Length of a string 
ES:DI Pointer to the string whose length is to be 

found 
AX Length of the string 

INTERRUPT NUMBER: BA 

Validate a system name 
AL Max number of characters in the name allowed 
in the name 
AH Non O = An extension is valid 

ES:DI 
ES:01 
AX 

0 = An extension is invalid 
Pointer to the string to be validated 
Pointer to lhe string to be located 
Oflset of the substring in the string 



PURPOSE: 
ENTRY: 

RETURN: 

PURPOSE: 
ENTRY: 

RETIJRN: 

PURPOSE: 
ENTRY: 

RETURN: 

• 

Appendix 7 • Interrupts a d Flllldioa Calls 

Long Integer Management 

INTERRUPT NUMBER: BB 

Compare two long integers 
AX:BX Toe left operand long integer 

CX:DX Toe right operand long inte~r 
Fbgs arc as 8086 compare, CMP AX,BX etc 

INTERRUPT NUMBER: BC 

Long integer multiplication 
AX:BX The left operand long integer 
CX:DX The right operand long integer 
AX:BX Product 

INTERRUPT NUMBER: BD 

Long integer division 
AX:BX The left operand long integer (di\idend) 
CX:DX The right operand long integer (divisor) 
AX:BX Quotient 
CX:DX Remainder 
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PURPOSE: 
ENTRY: 

RETURN: 

PURPOSE: 
ENTRY: 

RETURN: 

PURPOSE: 
ENTRY: 

RETURN: 
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INTERRUPT NUMBER: BE 

Compare two unsigned long integers 
AX:BX The left operand unsigned loog integer 
CX:DX The right operand unsigned long integer 
Flags are as 8086 compare, CMP AX,BX etc 

INTERRUPT NUMBER: BF 

Unsigned long integer multiplication 
AX:BX The left operand unsigned long integer 
CX:DX The right operand unsigned loog integer 
AX:BX Product 

INTERRUPT NUMBER: CO 

Unsigned Long integer division 
AX:BX The left operand unsigned long integer 

(dividend) 
CX:DX The right operand unsigned long integer 

(divisor) 
AX:BX Quotient 
CX:DX Remainder 



pURPOSE: 
' ENTRY: 

operand 

PURPOSE: 
ENTRY: 

.PURPOSE: 
ENTRY: 
operand 

PURPOSE: 
ENTRY: 

Appendix 7 • Interrupls and Function Calls 

Floating Point Number Management 

INTERRUPT NUMBER: C2 

Subtract floats 
DI Pointer 10 left hand (and destination) floating point 

SI Pointer to righl hand floating point operand 

INTERRUPT NUMBER: C3 

Multiply two floats 
DI Pointer to left hand (and destination) Boating 
poinl operand 
SI Pointer to right band floating point operand 

INTERRUPT NUMBER: C4 

Divide two floats 
DJ Pointer to left hand (and destination) floating point 

SI Pointe, to right hand Boating point operand 

1.NTERRUPT NUMBER: CS 

Compare two floats 
OT Pointer to left hand point operand 
SI Pointe, to right hand floating point operand 
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INTERRUPT NUMBER: C6 

PURPOSE: 
ENTRY: 

Negate a float 
DI Pointer to a floating point operand 

INTERRUPT NUMBER: C7 

PURPOSE: Convert float to signed integer 
ENTRY: SJ Pointer float operand to be converted 
RETURN: AX Unsigned integer result 

INTERRUPT NUMBER: C8 

PURPOSE: Convert float to unsigned integer 
ENTRY: SI Pointer float operand to be converted 
RETURN: AX Integer result 

INTERRUPT NUMBER: C? 

PURPOSE: Com'ert float to signed long 
ENTRY: SI Pointer float operand to be converted 
RETURN: AX:BX Long integer result 

222 



PURPOSE: 
ENTRY: 
RETURN: 

PURPOSE: 
ENTRY: ., 
RETURN: 

PURPOSE: 
ENTRY: 

RETURN: 

PURPOSE: 
ENTRY: 

RETURN: 

Appendix 7 • Interrupts and Fnnctioa Cal.ls 

INTERRUPT NUMBER: CA 

Convert float to WlSigned long 
SI Pointer float operand to be converted 
A.X:BX Unsigned long integer result 

INTERRUPT NUMBER: CB 

Convert signed integer to float 
AX Signed integer to convert 
DI Pointer tci destination float 
[DI) 

INTERRUPT NUMBER: CC 

Convert unsigned integer to float 
AX Unsigned integer to coovert 
DI Pointer to destination float 
[DI] 

INTERRUPT NUMBER: CD 

Convert signed long io float 
AX:BX Signed long to COO\'Crt 

DI Pointer to destination float 
[DI) 
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TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 

TITLE: 
PURPOSE; 
ENTRY: 

RETURN: 

COMMENTS: 
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lNTERRUPT: CF 

LlbSend 
Send a message 
BX The handle of die object to receive the message 
CL The message number 10 be sent 
OX Argument I 
SI Argumenl 2 
OJ Argumenl 3 
AX Whatever Ille me1hod returns 

This seNice will send a message to an object. 

INTERRUPT: DO 

LibSendSuper 
Send a superclass message 
BX The handle of the object 10 receive Ille message 
CL The message number 10 be sent 
DX Argument I 
SI Argument 2 
DI Argumenl3 
AX \\<ba1eve:r the melhod returns 

This sen-ice -..ill send a message to an object. 



mLE: 
PURPOSE: 
ENTRY: 

" 
RETURN: 

AP,peodix 7 • Interrupts and Function Calls 

INTERRUPT NUMBER: D5 

GeolntByNUll)ber 
Interrupt by DUll)ber Set'1,1CC 

AL The interrupt number 
DS:SJ Pointer to the input register values 
DS:DI Pointer to the output register values 
AX The flags register after the call 

COMMENTS: This service can be used to call any software interrupt Jrom 
machine code. The register values are stored sequentially as 6 words (2 by1es) 
and represent the values for AX, BX, CX, DX, SI, and DI. BP is not needed 

' by the operating. DS:SI and DS:DI can point to the same memOfY location. 
The value returned is the flags register because although the carry flag is the 
most important, sOtDe of the operating system routines also set the arithmetic 

·. flags.The carry flag is in bit O of the returned results in AX. 

TIUE: 
!>UR.POSE: 
ENTRY: 

RETURN: 

COMMENTS: 

INTERRUPT: 09 

LibEnterSend 
Send a message under protection of error 
BX The handle of the object to receive the message 
CL The message number to be sent 
DX Argument I 
SI Argument 2 
DI Argument 3 
AX Whatever the method returns 

This senice will send a message to an object. 
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INTERRUPT NUMBER: DB 

" PURPOSE: 
ENTRY: 

Capitalise a string 
DS:Sl Pointer to string to be capitalised 

RETURN: None 
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TllLE: 
PURPOSE: 
ENTRY: 
RETUR.1'1: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 

Appendix 7 - Interrupts and Function Calls 

MULTI SERVICE 

Heap Memory M anagement - INT 81 

FlJ"NCTION NUMB.ER: 00 

1-leapAllocate Cell 
Allocate heap memory 
CX Size of cell to be allocated in bytes 
AX Base of cell 

Allocates a cell in the process' heap memory 

FUNCTION NUMBER: 01 

HcapReA!locateCeD 
Re-allocate heap memory 
BX Base of cell to be re-allocated or zero. 
CX The new size of the re-allocated cell in b)1es. 
AX Base of the re-allocated cell 

The re-allocated cell can be made smaller or larger. 

227 
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TIIlE: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 
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FUNCTION NUMBER: 02 

HcapAdjustCel!Size 
Adjust the size of the heap 
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 
AX Base of cell after adjusting 

Adjust the size oftbe cell at BX, at an offset DX in the 
cell, by ex b>1es. 

FUNCTION NUMBER: 03 

HeapFreeCell 
Free heap memory 
BX Base of cell 
None 

Free lbe memory cell whose base is in the BX register. 

FUNCTION NUMBER: 04 

HeapCellSize 
Size of cell heap 
BX Pointer lo the base of the cell 
AX Size of cell in bytes 

Returns the cell size in memory. 



TITLE: 
PURPOSE: 
ENTRY: 

· RETURN: 

COMMENTS: 

· mLE: 
PURPOSE: 
ENTRY: 

• RETURN: 

Appt11dix 7 - Interrupts and FUDCtion Calls 

FUNCTION NUMBER: OS 

HeapSetGranularity 
Set the heap granularity 
BX The new granularity in paragraphs (16 bytes) 
None 

Set the heap granularity parameter to the value in BX 

FUNCTION NUMBER: 06 

HeapFreeMemory 
Size of available heap memory 
None 
AX Number of bytes available in heap 
BX Address of the base of heap memory 

COMlvfENTS: Returns dte size of potentially available heap memory and 
the address of the heap memory. Due to the multi-tasking system, the return<:d 
value should be treated with some caution. 
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TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 
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Libr.iry Mana:emeol - INT 84 

FUNCTION NUMBER: 00 

LlbLoad 
Load a dynamic Library 
ES:BX Pointer to the Dynamic Library file name 
CL Zero -Don't link the library automatically 

Non-Zero - Link the library after loading 
AX The Dynamic Library handle 

Loads a Dynamic Library into memory for access by 
other LIB services 

FUNCTION NUMBER: 01 

LibUnLoad 
Unload a D)11amic Library 
BX Handle for the Dynamic Library 
Carry Set: OK, Carry Cleared: Library 001 opened. 

Unloads a D)namic Library from memory 



TITLE: 
PURPOSE: 
ENTRY: 

.. R.£1Ulu~: 

COMMENTS: 

Tl11,E: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 

Appendix 7 • Interrupts and Fwiction Cans 

FUNCTION NUMBER: 02 

LibLink 
Link a Dynamic Library 
BX Handle of the Dynamic Libra,y 
None 

Links a Dynamic Libra,y which is already in memory. 

FUNCTION NUMBER: 03 

Libfind 
Get a Dynamic Library 
ES:BX Pointer to the D).namic library internal 

name. 
AX The Dynamic Library handle 

The library must exist on the ROM. 
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TITLE: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 
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FUNCTION NUMBER: 04 

LibHandle 
Get a DYL handle by number 
BX The number of the required exteroal category 
AX The category handle 

Get a DYL ban.die by number 

FUNCTION NUMBER: 05 

LibCrcate 
Create an object by Category N=ber 
BX The number of the category 
ex The class number "ithin the category 
AX The object handle 

This service converts the category number passed in 
BX to a handle. 

FUNCTION NUMBER: 06 

LibCreate 
Create an object by Category Name 
BX The number of the category 
CX The class.number within the category 
AX The object handle 



Appeadix 7 - Interrupts aad F• ociion Calls 

COMMENTS: This service converts the category name passed in 
BX to a handle. 

TllLE: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 

' TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 

FUNCTION NUMBER: 07 

LibDestroy 
Destroy an object 
BX The handle of the object to be destroyed 
None 

De-allocate all the memory associated ,.;th an object 
including any compound components. 

FUNCTION NUMBER: 08 

LibCopy 
Copy data from a category 
BX The category ownber 
CX Nwnber of bytes to copy 
DI Pointer to a bulfer to receive tho data 
SI Offset of the source in the category segment. 
None 

Copy data from a category segment into the data 
segment of the current process. 
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TITLE: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 

TITI.E: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 
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FUNCTION NUMBER: 09 

LibOpen 
Open a mul.ti library file 
ES:BX Pointer to the file name 
AX The open multi library file handle 

This service opens a file which contains multiple 
libraries 

FUNCTION NUMBER: OA 

LibLoadFile 
Load a multiple dynamic library 
BX Multiple library file handle 
CH The index of the library to be loaded 
CL Zero -don't link the lib!'ary automatically 

Non zero - Link the library automatically 
Carry 

The process must be connected to the file server before 

calling this function. 



TITLE: 
PURPOSE: 
ENTRY: 

, RETURN: 

· COMMENTS: 

, TITLE: 
PURPOSE: 
ENTRY: 

REWRN: 

COMMENTS: 

Appendix 7 • Jnterrupls and F1111clion CaDs 

FUNCTION NUMBER: OB 

LibReCJass 
Reclass an object by number 
BX The number of the category 
CX The ownber of the class within the category 
DI Pointer to the object to be reclasscd 
None 

Converts the category number passed in BX to a 
handle. 

FUNCTION Nl!MBER: OC 

LibReClassByHandle 
Reclass an object by handle 
BX The handle of the category 
CX The number of the class within the category 
DI Pointer to the object to be reclasscd 
None 

Changes the class to which the object belongs to that 
specified by BX and ex. 
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TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

COM11,IENTS: 

TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 
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loput Output Management - INT 86 

FUNCTION NUMBER: 00 

loAsynchronous 
Asyncllronous l/0 
AL 110 number 
BX 1/0 handle 
DS:CX Pointer to argument I 
DS:DX Pointer to argument 2 
DS:DI Pointer to argument 3 
AX Result from the device driver 

Requests 110 sen,ices from device drivers 

FU~CTIO!'i NUMBER: 01 

loAsynchrooousNoError 
Asynchronous 110 - no error reporting 
AL 110 number 
BX 1/0 handle 
DS:CX Pointer to argument I 
DS:DX Pointer to argument 2 
DS:DI Pointer to argument 3 
None 

Requests VO smices from device dri,-.rs 



TITLE: 
,. PURPOSE: 

ENTRY: 

RETURN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

COM1',,1ENTS: 

TITI,E: 
PURPOSE: 

ENTRY: 

Appendis 7 - loterropts Hcl Function Calls 

FUNCTION NUMBER: 02 

loWithWait 
Synchronous 1/0 
AL J/O number 
BX 1/0baodle 
DS:CX Pointer to argument I 
DS:DX Pointer to argument 2 
AX Result from the de,,;ce driv,:r 

Requests 1/0 services from device drivers 
synchronously 

FUNCTION NUMBER: 03 

JoRoot 
Chain to root device 
DS:BX 1/0 handle 
DS:S!Pointer to the request package 
AX Result from the d.-ice driver 

FUNCTION NUMBER: 04 

loSuper 
Chain to superclass device 

DS:BX 1/0 handle 
DS:SI Pointer to the request package 
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RETURN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 
RETIJRN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 
RETURN: 
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AX Result from the device driver 

FUNCTION NUMBER: 05 

loWaitForSignal 
Wait for l/0 completion 
None 
None 

Wait for 1/0 completion 

FUNCTION NUMBER: 06 

loWaitForStatus 
Wait for specific request to complete 
DS:Dl Pointer to S1allls word of 1/0 request 
None 

Wait for specific 1/0 request to be completed 

FUNCTION NUMBER: 07 

lo Yield 
Poll for completion 
Nooe 
None 



COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 

Appendix 7 • lolernipls and Function Calls 

Update the status word of any 1/0 requests which may 
have been completed 

FUNCTION NUMBER: 08 

IoSignaJ 
Signal completion 
None 
None 

Signals !he completion of an outstanding 1/0 request to 
the current process 

FUNCTION NUMBER: 09 

loSignal!lyPid 
Signal completion by process ID 
BX The process ID to be signalled 
Canyclcar 

Signals !he completion of an asynchronous 
outstanding 1/0 request to the current process whose Id 
is in the BX register 
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TITLE: 
PlJRPOSE: 
ENTRY: 
RETURN: 

FUNCTION NUMBER: 0A 

loSigna!ByPidNoReScbed 
Sig,:w completion, no rescheduling 
BX The process ID to be signalled 
Canyclear 

COMMENTS: Signals the completion of an aS)nebrooous outstanding 
1/0 request to the current process whose Id is io the BX register 

TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 

FUNCTION NUMBER: OB 

loAddHandler 
Add a handle 
AL The vector number of the handle 
BX Identifying data to be passed to the bandier 
DS,ES Must be pointing al the user process data 

space 
AX Handler handle 

FUNCTION NUMBER: OC 

loRemoveHandier 
Remove a bandier 
BX Tbe handler handle 



RETURN: 

, COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 

mLE: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 

Appendix 7 - Interrupts and Fanctioo Calls 

DS,ES Must be pointing at the user process data 
space 

None 

FUNCTION NUMBER: OD 

IoEnabieHandler 
Enable/Disable a handier 
BX The handler handle 
CL O - To disable the handler 

1 • To enable tbe handler 
DS,ES Must be pointing at the user process daia 
space 
None 

FUNCTION NUMBER: OE 

IoRequeslReset 
Request a reset 
BX D.-ice handle 
CX Identifying data 
None 
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TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 

TmE: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 
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FUNCTION NUMBER: OF 

loRequestResetCancel 
Cancel a requested reset 
BX De,ice handle 
CX Identifying data 
None 

FUNCTION NUMBER: 00 

loOpen 
Open a device 
ES:BX Pointer 10 the device name 
ex Openmnde 
DX If an attached driver is being opened, the handle 
of the device 
AX 1/0 handle 

n ,e name of the de>ice is zero tenninalcd string 
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FUNCTION NUMBER: 10 

TITLE: JoCJose 

PURPOSE: Close a de,;ce 
~ ENTRY: BX l/O handle 

RETURN: AX Result from the devioe driver 

C0MM:ENTS: Oose an open channel 

TITI..E: 
PURPOSE: 
ENTRY: 

RETIIRN: 

C0I1,fMENTS: 

TJTI..E: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 

FUNCTION NUMBER: 11 

loRead 
Read from a device 
BX YO handle 
DS:CX Pointer to a buffer to receive the data 
DX Number of b}1es to read 
AX Number of bytes actually read 

Read data from the dewce 

FUNCTION NUMBER: 12 

loWrite 
Write to a device 
BX 1/0 handle 
DS:CX Pointer to a buffer to be written 
DX Number ofb~tes to write 
AX Result from device driver 

Write data to the de,ice 
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TITLE: 
PURPOSE: 
ENTRY: 

RETI.IRN: 

COMMENTS: 

TITLE: 
PURPOSE: 
EN"ffiY: 
RETURN: 

FUNCTION NUMBER: 13 

loSeck 
Seek on a device 
BX l/0 handle 
CX Varies options (sec dev manual) 
OX Pointer to the double word conlaining lhe new 
position 
AX Result from device driver 

Perfonns a seek on a device 

FUNCTION NUMBER: 14 

loKeyWilhWaj1 
Keyboard 
OS:BX Pointer to a KeyEnt structure 
None 

COMMENTS: System maintains a queue of upto 16 keyboanl C\'Cflls 

TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

in a buffer. Event data copied to structure at BX 

FUNCTION NUMBER: 15 

loAddApplicationHandler 
Add an application bandier 
BX Identif)ing data to be passed to the bandier 
CX Address of the application bandier 
OX Address oflhe application bandier dispatcher 
OS,ES Musi point to the user process <I.ta space 
Carry set 



TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 

Appmdix 7 • Interrupts and Fnnctiou Calls 

FUNCTION NUMBER: 16 

loRemoveApplicatiooHandler 
Remove an application handler 
BX The handler handle 
DS,ES Must point to the user process data space. 
None 

FUNCTION NUMBER: 17 

JoEoableApplicationHandler 
Enable/Disable application handler 
BX The handler handle 
CL O - Disable the bandier 
CL I - Enable the handler 
DS,ES Must point to the user process data space 
None 

FUNCTION NUMBER: 18 

IoShiftStates 
Get the shift states 
None 
AX The current shift states 
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TITLE: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 
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FUNCTION NUMBER: 19 

JoWaitforSignalNoHandler 
Wait for 1/0 completion no handlers 
None 
None 

FUNCTION NUMBER: IA 

IoSignalKillAsynchronous 
Request si~ from supervisor 
BX The process ID 
DI The status word to be cleared on completion 
Cany clear on success 

FUNCTION NUMBER: 18 

IoSignall(illCancel 
Cancel requested signal from supervisor 
BX The process ID 
Carry clear on success 



TITI,E; 
PURPOSE: 
ENTRY: 
RETURN: 

CO!l,fMENTS: 

TJTLE: 
PURPOSE: 
ENTRY: 

RETIJRN: 

COMMENTS: 

TITI,E: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 

Appendix 7 - IoternrplS and Function Calls 

FUNCTION NUMBER: ID 

loNexllialfSecood 
Request signal on next half second 
None 
None 

FUNCTION NUMBER: IF 

loPlaySow,dW 
Play back a souild file synchronously 
BX Pointer to the soWld file name 
CX Duration in ticks 
DX Sow,d volume 

FUNCTION NUMBER: IE 

loPlaySoundA 
Play back a sound file synchronously 
BX Pointer to the sound me name 
CX Duration in ticks 
.Dl Pointer to the status word 
DX Sound volume 
None 
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TITLE: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

FUNCTION NUMBER: 20 

JoPlaySoundCanccl 
Cancel play back 
None 
None 

FUNCTION NUMBER: 22 

JoRecordSoundW 
Record sound to a 61e synchronously 
BX Pointer to the sound file name 
CX Sound file length in 2048-byte units 
DX Sound volume 

COMMENTS: Not to SSD. CX number of bytes recorded excluding 
32 byte header 

TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 
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FUNCTION NUMBER: 21 

loRecordSoundA 
Record sound to a file asynchronously 
BX Pointer to the sound file name 
CX Sowtd file length in 2048-byte units 
DI Pointer to the statues word 
None 

Not to SSD. CX number of bytes recorded excluding 
32 byte header 



TITLE: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 
RETIJRN: 

COMMENTS: 

TITI.E: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 

Appendix 7 • Interrupts and Fanction CaDs 

FUNCTION NUMBER: 23 

IoRecordSoundCancel 
Cancel recording sound to a file 
None 
None 

Date and Time Management - INT 89 

FUNCTION NUMBER, 00 

TimeSleepForTenths 
Sleep for tenths of second 
CX:DX · The time to sleep in tenths of second 
Carry clear on success 

CX:DX = 32 bit integer 

FUNCTION NUMBER: 01 

TimSleepForTicks 
Sleep for system clock ticks 
CX:DX The time to sleep in system ticks 
Cmy set on success 

CX:DX is a 32 bit integer 
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TITLE: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 

TmE: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 

TITI..E: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 

25-0 

FUNCTION NUMBER: 02 

TimGetSystemTime 
Get the system time 
None 
AX:BX System time in seconds 

Time sin~ 1/1/70 at 00:00:00. BX• least, AX-most 

FUNCTION NUMBER: 03 

TimSetSystemTiroe 
Set the system time 
CX:DX The new system time 
None 

Enter number of seconds since 1/1/70 at 00:00:00 

FUNCTION NUMBER: 08 

TimDayslnMonth 
Nwnber of days in month 
CH The month number, 0 - 11 (0 ~ Jan) 
CL The year number ( 0 ~ 1900) 
AX Number of days in month 



TITLE: 
PURPOSE: 
ENTRY: 
RETIJRN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 

Appendix 7 • Interrupts and Function Calls 

FUNCTION NUMBER: 09 

TimDayOtWeek 
Weck day number 
CX:DX The nwnber of days since 1900 
AX The week day nwnber, 0 ~ Monday 

FUNCTION NUMBER: OA 

TimNameOfDay 
Nam.e of the day 
AL The day of week number, 0 to 6 
DS:BX Pointer lo a buffer to receive the name of 

lhe day 
Cany clear on success 

FIJ'NCTION NUMBER: OB 

TimNameOIMonth 
Name of the month 
AL The month n.umber , 0 to 11 
DS:BX Pointer lo a buffer lo receive the name of 

the month 
Cany clear on success 
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TIUE: 
PURPOSE: 
ENTRY: 
RETIJRN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 

RETI!RN: 

COMMENTS: 

TIUE: 
PURPOSE: 
ENTRY: 

RETIJRN: 

COMMENTS: 
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FUNCTION NUMBER: OD 

TimWeekNwnber 
Week number 
CX:DX The nwnber of days since 1/ 1/1900 
AX The week number in the range I - 53 

FUNCTIO!'i NUMBER: OE 

TimNameOfDayAbb 
Abbreviated name of the day 
AL The day of the week nwnbcr, 0 to 6 
BX Pointer to a buffe, to receive ~ name of the day 
Carry clear on success 

FUNCTION NUMBER: OF 

TimNarneO!MonthAbb 
Abbresiated name of month 
AL The month number, 0 to 11 
BX Pointer to a buffer to recei\'C the name of the 
month 
Carry clear on success 



TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 

Appendix 7 • Interrupts and Function Calls 

Con,·ersion Management - INT SA 

FUNCTION NUMBER: 00 

CovUnsignedlntToBuffer 
Unsigned integer to buffer 
BX Number 10 be converted 
ex The conversion radix 
ES:DIPointer to a buffer to receive the coovertcd 
number 
AX The number of characters written to DI 

CX=2 for binary, CX=8 for Octal, CX=OA for decimal 
and CX=JO for hexadecimal 

FUNCTION NUMBER: 01 

CovUnsignedLonglntToBuffer 
Unsigned long integer to buffer 
BX Number to be converted 
CX The conversion radix 
ES:D!Pointer to a buffer to receive the converted 
number 
AX The number of characters written to DI 

CX=2 for binary, CX=8 for Octal, CX=OA for decimal 
and CX=JO for hexadecimal 
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TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 

2S4 

FUNCTION NUMBER: 02 

ConvlntT oBuffer 
Integer to buffer 
BX The number to be converted 
ES:DIPointer to buffer to receive the converted 
nwnber 
AX The number of characters written to DI 

If BX is negative, then the first character in the buffer 
will be a minus sign 

FUNCTION NUMBER: 03 

ConvLonglntT oBuffer 
Long Integer to Buffer 
DX:BX Number to be converted 
ES:DI Pointer to buffer to receive the converted 
number 
AX The number of chara<:ters written to DI 

Converts a long integer in DX:BX to its corresponding 
digits in the buffer pointed to by DI 



TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 

TmE: 

PURPOSE: 
ENTRY: 

RETURN: 

Appendix 7 - Interrupts and FW>ctioo Calls 

FUNCTION NUMBER: 04 

ConvArgumentsToBuffer 
Convert arguments to buffer 
SS:BX Pointer to lhe argument list 
ES:DI Pointer to lhe buffer to receive the 

converted arguments 
DS:SI Pointer to format control string 
AX The nwnber of characters written to ES:Dl 

Converts the values in the list pointed to by BX into a 
buffer at DI 

FUNCTION NUMBER: 05 

ConvStringToUnsignedlnt 

String to unsigned integer 
CX Radix for conversion 
DS:SI Pointer to zero terminated string to be converted 
AX Resultant unsigned integer 
SI Pointer to lhe first unused character in lhe string 

COMMENTS: Convert a zero tenninated string to an unsigned integer 
using lhe radix specified in CX: 2-binary, S=Octal etc 
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mLE: 
PURPOSE: 
ENTRY: 

RETURN: 

FUNCTION NUMBER: 06 

ConvStringToUnsignedLonglnt 
Siring to unsigned long integer 
CX Radix for convm.ion 
DS:S[Pointer to zero tenninated string to be con,·erted 
AX:BX Resultant unsigned integer 
SI Pointer to the first tmused character in the string 

COMMENTS: Convert a zero tenninated string to an unsigned integer 
using the radix specified in CX: 2~bmary, 8=octal etc. BX ~ least significant 
word, AX = most significant word. 

TITLE: 
PURPOSE: 
ENTRY: 

RETIJRN: 

FUNCTION NUMBER: 07 

ConvStringTolnt 
String to integer 
DS:SI Pointer to zero terminated string to be 

converted 
AX Resultant integer 
SI Pointer to the first tmused character in the string 

COMMENTS: Uses radix IO. The string can begin with a minus character 
"·''. in which case the integer \\ill be a negative or a plus character u+•', in 
which case the integer will be positive. The maximum positive ,'31ue is 32,767 
and the maximwn negative value is -32,768. · 
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TIUE: 
PURPOSE: 
ENTRY: 

RETURN: 
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FUNCTION NUMBER: 08 

ConvStringToLonglnt 
String to long integer 
DS:SI Pointer to z.ero terminated string to be 

converted 
AX:BX Resultant long integer 
SI Pointer to the first wiused chara<:ter in the string 

COMMENTS: Uses radix 10. The string can begin with a minus character 
''.u. in which case the long integer will be a negative or a plus character ... +"'_, 
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: 09 

nnE: ConvFloatToBuffer 
PURPOSE: Floating point number to buffer 
ENTRY: SI Pointer to the float to be converted 

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 
ASCU zero tenninated string pointed to by DI using the OS specification. 
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Tin.E: 
PURPOSE: 

ENTRY: 

RETURN: 

FUNCTION NUMBER: OA 

ConvStringToFloat 
String to float 

SI Address of pointer to text to be converted 
DX Decimal point character 
DI Pointer to double destination 
Cany clear on success 

COMMENTS: Scans the string for a number and writes the value as a 
double floating point to [Dl]. Format= [+l-]<int.>.<frac>(EleJl+H<exp> 
(lc-99 to le+99) 
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TITLE: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 

mLE: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 

Appendix 7 - lnternipts and Functioa Calls 

General Manaeement - INT SB 

FUNCTION NUMBER: 00 

GenVersion 
Get the operating system version number 
None 
AX The operating system version number 

16 bit integer rerumed 

FUNCTION NUMBER: 01 

GenLCDType 
Get the system LCD type 
None 
AL The LCD type 

FUNCTION NUMBER: 0? 

GenStartReason 
Get the system cold start reason 
None 
AL The cold swt ceason 

2S9 
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TITLE: 
PURPOSE: 
ENlRY: 
RETURN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 

TITI.E: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 
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FUNCTION NUMBER: 03 

GenParse 
Generic file name parser 
BX pointer to a GenParseEnt structure 

FUNCTION NUMBER: 04 

LongUnsignedlntRandoro 
Unsigned long integer random number 
DS:BX Pointer to unsigned long integer seed 
AX:BX The unsigned long integer random number 

FUNCTION NUMBER: OS 

GenGetCountryData 
Get the country data 
BX Pointer to a CDataEnt structure 
None 



TITLE: 
PURPOSE: 
ENTRY: 

Appendix 7 • Interrupts and Function Calb 

FUNCTION NUMBER: 06 

GenGctErrorTcxt 
Get error text 
AL The error number 

BX Pointer to the buffer to receive the error text 
RETURN: None 

TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 

FUNCTJON NUMBER: 07 

GenGetOSData 
Get the OS data 
DI Pointer to a buffer to receive the data 
SI Offset in the operating system data space 
CX The nwnber of bytes to be copied 
None 

FUNCTION NUMBER: 08 

GenDeferredMode 
Set deferred mode 
AL Deferred mode 
None 
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TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 

262 

FUNCTION NUMBER: 09 

GenNotify 
Notify by text 
BX Pointer to the fitsl message 
CX Pointer to the second message or zero 
DX Pointer to the first option or zero 
DI Pointer to the second option or zero 
SI Pointer to the third option or zero 
AL 0, I or 2 depending on option 

FUNCTION NUMBER: OA 

GenNotifyError 
Notify by error nlll)lber 
AL The error number to be notified 
BX Pointer to the first message 
DX Pointer to the first option or ze.ro 
DI Pointer to the second option or zero 
SI Pointer to the third option or zero 
AL 0, I or 2 depending on option 



mLE: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 

TITI.E: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 

mLE: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 

Appendix 7 · Interrupts and FUDCtion CaUs 

FUNCTION NUMBER: OB 

GenNotifyHook 
Hook the notify interface 
BX The message n1DJ1ber 
Carry clear on success 

FUNCTION NUMBER: OC 

GenNotifyUnHook 
Unhook the notify interface 
None 

FUNCTION NUMBER: 00 

GenGetRAMSizelnParas 
Get the system RAM size 
None 
Size of system RAM in paras (I 6 bytes) 
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FUNCTION NUMBER: OE 

TmE: GenGetCommandline 
PURPOSE: Get the command line 
ENTRY: Nooe 
RETURN: AX Pointer to the command line or 0 

COMMENTS: The command line is an entry in the heap. 

Tm.E: 
PURPOSE: 
ENTRY: 
RETURN: 

COJv!MENTS: 

FUNCTION NUMBER: OF 

GenGetSoundFlags 
Get the sound flags 
None 
AL the SOlllld flags 

Solllld flag bits are as follows: 

DO set = Enable keyboard clicks 
DI set = Enable the pie20 solllld syStero 
02 set = Enable the SND: device driver 
D3 set = Make pie20 sound louder 
D4 set = Disable all system sound 
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TITLE: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 

FUNCTION NUMBER: 10 

GenSetSoundflags 
Set the sowid flags 
BX The sound flags 
None 

Sound flag bits in BX are as follows: 

DO set = Enable keyboard click.s 
DI set = Eoable the piezo sound system 
02 set = Enable t.bc SND: device driver 
03 set = Make piezo sound louder • 
04 set = Disable all system sow,d 

For example, BX= 12 will produce a loud piezo after calling.function 11 

TIUE: 
PURPOSE: 
ENTRY: 

RETURN: 

FUNCTION NUMBER: 11 

GenSound 
Make a sound with the piezo 
BX The duration of the sow,d in ticks 
ex The pitch of the SOWld 

None 

CQJl,fMENTS: Call function 10 before using this function. The pitch is 
(512/CX) kHz. Try BX= 000F and CX • 0!FF. 
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TITI-E: 
PURPOSE: 
ENTRY: 
RETURN: 

TITLE: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 

TITI-E: 
PURPOSE: 
ENTRY: 

RETIJRN: 

COMMENTS: 
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FUNCTION NUMBER: 12 

GenMatkActive 
Mark a process as active 
None 
None 

FUNCTION NUMBER: 13 

GenMatkNonActivc 
None 
None 

FUNCTION NUMBER: 14 

GenGctText 
Get tbe operating system text 
AL The nwnber of the text message to be retrieved 
ES:BX Pointer to the buffer to receive the text 
Carry clear on s~ccess 



TIUE: 
PURPOSE: 
ENTRY: 
R.ETIJRN: 

COMMENTS: 

TITLE: 
PURPOSE: 

ENTRY: 
RETURN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 

App,udix 7 • Ioterrupts and Function Calls 

FUNCTION NUMBER: 15 

GenGetNotifyState 
Get notify state 
None 
AL The notify state 

FUNCTION NUMBER: 16 

GenSetNotifyState 
Set the notify state 

AL The notify slate 
None 

FUNCTION NUMBER: 17 

GenGelAutoSv.itchOffValuc 
Get the auto switch off time 
None 
AX The auto switch off time in seconds 

Default time is 300 seconds 
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IDLE: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 
RETURN: 
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FUNCTION Nl/MBER: 18 

GcnSetAutoSwitchOffValue 
Set the auto switch off time 
BX The auto switch off time in se<:onds 
None 

-1 s disable 

F1JNCTION NUMBER: 19 

GenSetRevector 
Capture an interrupt 
AL The vector number 
CX:BX The segment and offset on the interrupt 

routine 
None 

fUNCTlON NUMBER: IA 

GenRcsetRevecior 
Release an intenupt 
AL the vector number 
Noue 



' ! 

TITLE: 
PURPOSE: 
ENTRY: 
RETURN: 

Appendix 7 - Interrupts and Function Calls 

FUNCTION NUMBER: 1B 

GenGetLanguageCode 
Get the Language Code 
None 
AX the language code 

COMMENTS: 1 = Eng, 2 = Fr, 3 = Ger, 4 = Sp, 5 = It, 6 = Sw, 7 = 
Danish, 8 = Nor, 9 = Fin, 10 = USA, 11 = S"iss Fr, 12 = Swis Ger, 13 = Port, 
14 = Twlc, 15 = Jee, 16 = Russian, 17 = Hung, 18 = Dutch, 19 = Belgian Fl, 
20 = Aust, 21 = New Z, 22 • Austrian, 23 Belgian Fr. 

TITLE: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

COll,fi\llENTS: 

FUNCTION NUMBER: IC 

GenGetSuflixes 
Get suffix text 
ES:BX Pointer to buffer to receive the suffix text 
None 

FUNCTION NUMBER: ID 

GcnGctAmPmText 
Get the AM and. PM text 
Al. Zero = get AM text 

Non zero = get PM text 
ES:BX Pointer to buffer to receive the AM and PM text 

Buffer must be >z 6 bytes 
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rm.E: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 
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FUNCTION NUMBER: 20 

GcnSetl3aue,yType 
Set the batte,y type 
Al The batte,y type 

None 

FUNCTION NUMBER: 29 

GenCRC 
Generate a CRC 
CX The nwnber of bytes in the buffer 
DX The cUJTent CRC 
DS:SI Pointer to the buffer to be CRC checked 
AX The updated CRC checksum 

FUNCTION NUMBER: 21 

GenEnvBufferuet 
Get en,ironment variable 
ES:DIPointer to the environment variable name 
DL length of the eD\ironment variable name 

ES:Sl Pointer to lhe buffer to receive the variable's 
name 



RETURN: 

COll,iMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

COM!v!ENTS: 

TITLE: 
PURPOSE: 
ENTRY: 

Appendix 7 • lnt~rrupts and Function Calls 

AX The length oftbe data returned in ES:$1 

FUNCTION NUMBER: 22 

GenEnvBufferSel 
Set environm.ent variable 
ES:DI Pointer to the environment 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:SI 
Cany clear on success 

FUNCTION NUMBER: 23 

O,,nEnvBufferDelete 
Delete environment variable 
ES:DI Pointer to the environment variable name 
DL Length of the environment ,-ariable name 
Cany clear on success 

FUNCTION NUMBER: 24 

GenEnvBufferfind 
Find enviro0111ent variable 
BX The find handle 
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RETIJRN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 

name 
RETURN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 

in 

ES:DI Pointer to the environment variable name 

DL Length of the environment variable name 
ES:SI Pointer 10 the buffer 10 receive the variable's 
da1a 
AX The nexl find handle 

FUNCTION NUMBER: :?S 

GenEnvString(iet 
Get string environmenl variable 
ES:D!Pointer to the environment name string 
ES:SI Pointer 10 the buffer to receive the variable's 

Cany cle.v on success 

FUNCTION NUMBER: 26 

GenEnvStringSet 
Sci string environment variable 
ES:DlPointer to the environment variable name 
ES:SI Pointer to U,e string containing the variable's 
data 
Cany clear 



TITLE: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 

RETURN: 

COMMENTS: 

TITLE: 
PURPOSE: 
ENTRY: 
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FUNCTION NUMBER: 27 

GenEnvStringDelete 
Delete the string eovironroent variable 
ES:D!Pointcr to the environment variable name 
Carry clear 

FUNCTION NUMBER: 28 

GenEnvStringFind 
Find string environment variable 
BX The find handle 
ES:OIPointer to the environment variable name 
ES:SI Pointer to the buffer to receive the variable's 
oame 
ES:CX Pointer to the buffer to receive th.e 
variable's data 
AX The next find handle 

FUNCTION NUMBER: 2B 

GenAlannliook 
Hook the alann interface 
BX The message number 
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RETURN: Carry clear 
COMMENTS: ALM: is the alarm device 

TITLE: 
PURPOSE: 
ENTRY: 
RETURN: 

COMMENTS: 

TITLE· 
PURPOSE: 
ENIRY: 
RETURN: 

COMMENTS: 
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FUNCTION NUMBER: 2C 

GenAlarmUnHook 
Unhook the alarm interlace 
None 
Nooe 

FUNCTION NUMBER: 2D 

GenAJannlD 
Get the PID of the alann server 
None 
AX The alann seiwr ID 



PURPOSE: 
ENTRY: 

PURPOSE: 
ENTRY: 

PURPOSE: 
ENTRY: 

I PURPOSE: 
ENTRY: 

Appendix 7 - Interrupts and Function Calls 

Trig Functions 

FUNCTION NUMBER: 00 

Sine of a float 
DI Pointer to destination floating point number 
SI Pointer to floating point fuootion argument 

FUNCTION NUMBER: 01 

Cosine of a float 
DI Pointer to destination floating point number 
SI Pointer to Ooating point function argument 

FUNCTION NUMBER: 02 

Tangent of a Ooat 
DI Pointer to destination Ooating point number 
SI Pointer to floating point function argument 

FUNCTION NUMBER: 03 

Arcsine of a float 
DI Pointer to destination lfoating point number 
SI Pointer to Boating point function argument 
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PURPOSE: 
ENTRY: 

PURPOSE: 
ENTRY: 

PURPOSE: 
ENTRY: 

PURPOSE: 
ENTRY: 

PURPOSE: 
ENTRY: 

276 

FUNCTION NUMBER: OS 

Arctangent of a float 
DI Pointer to destination floating point number 
SI Pointer to floating point function argument 

FUNCTION NUMBER: 06 

Exponential of a float 
DI Pointer to destination floating point number 
SI Pointer to floating point function argument 

FUNCTION NUMBER: 07 

Natural logarithm of a float 
DI Pointer to destination Ooating point number 
SI Pointer to floating point function argument 

FUNCTION NUMBER: 08 

Logarithm of a float 
DI Pointer to destination floating point number 
SI Pointer to floating point function argument 

FUNCTION NUMBER: 09 

Square root of a Ooat 
DI Pointer to destination floating point number 
SJ Pointe.- to floating point function argument 



PURPOSE: 
ENTRY: 

PURPOSE: 
ENTRY: 

PURPOSE: 
ENTRY: 

PURPOSE: 
ENTRY: 

Appendix 7 - Interrupts and Fllllction cans-

FUNCTION NUMBER: OA 

Power of2 floats 
DI Pointer to destination floating point operand 
SI Pointer to floating point base 
DX Pointer to floating point power 

FUNCTION NUMBER: OB 

Float random number 
DI Pointer to <iestination floating point number 
SI Pointer to onsigned long integer seed 

FUNCTION NUMBER: OC 

Modulo of a float 
DI Pointer to destination floating point operand 
SI Pointer to floating point function argument 
DX Pointer to floating point modulo value 

FUNCTION NUMBER: OD 

Zero fractional part of a float 
DI Pointer to destination floating point operand 
SI Pointer to floating point function argument 
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The assembler which runs on the Psion Series 3A is available on PC disk ready for 
downloading. lasll'llctioas are on a Reac!Me file. · 

Please rerurn this fonn if you would like to receive your FREE ~Y-- , 
Please allow 28 days for delivery. Overseas orders please allow £2.00 caniag~ · · 

charges by Visa or Mastercharge credit cards (please give details below). 

NAME: 

ADDRESS: 

CREDIT CARD NO: EXPIRY: 

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 10 order this please tick here and give de!ails of your credit card 
above, or alternatively send a cheque made payable to Kwna Books Ltd. 

I I 
If there are any areas of interest concerning your Psion 3A that you would like to 

see covered in a book, please contact us at the address below. 

Please return this fonn to: 

KUMABOOKSLTD 
12 HORSESHOE PARK 

PANGBOURNE 
BERKSHIRE 

RGS7JW 
' ' 
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MACHINE CODE PROGRAMMING ON THE 

PSION SERIES 3A & 3 
by John Farrant 

Sta1ing wilh a general introdL.chon <o the Fslon 3 family, this book 
ct'empts to solvo Ille prob·em of wrl' ing macr,ine code to rJn on this 

11and-held cornpuler. The hardware of the Psion 3Ai3 is fully described. 
together wih an insight to how the operating system wcrks. 

Providing a func·;onul description of tre 8086 processor. this book 
moves on to conslrucling programs. wrlling in 8086 macr,ine code end 
assembly language using o full'{ funotior,ol l\vo-pass assembler with i1s 
cwn text ed lor and debugger. Along the way, you will gain o bel ier 

L.r.derstandlng of the Psion 3's hardware design and operation. 

You will d iscover how to write assembly language programs using the 
rnost suitable con mands. ond t>ien hov✓ to debug them if they don't 

work 

All ltie programs listed in this hoot< are on the suoplied disc. 

The conlents cf th's book apply to the models 3A and 3. 

The au I ·1or of this book wos a Senior I ecturer in microcomputers and 
elec Ironies at Newha'Tl College of Further Education unt;I he decided 

lo be-:::ome a full-time writer and c:o'Ylputer consultant. 

Kuma Books Ltd. 
Pangbournt', Berk'.:.hit'e, England 
Telephone: 0734 - 84433 S 
Fax: 0714 - 844339 

£16.9S net 
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