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INTRODUCTION

Ihe CODE MACHINE is a lull leature Machine Code programming developmenl package

consisting ol an Editor/Assgmbl€r and a sgparate Monitor/Disassembler. Bolh programs

are enllrely s€ll-conlain€d, and are written efltirgly In Machine Codo.

Th€ Editor/Assembler (called "A[ AS") will allow you to enter and edit Source Code
lisiings (mnsrnonics and lab6l names); to produce Obj€ct Code (the actual Machine Cod€);

to prlnt your Machine Cod€ listings onto a printer; and to Sav€ and Load Sourcs Code or
Obiecl Cod€.

The MonitorfDisasssmbler (call€d "Altlol{') giws you all th€ co.nmands you ne€d lo
test and d€bug your Machine Cods programs, as w€ll as lacilitios to investigate the inn€r
workings ol your Amstrad cofrput6..

You wlll find lhal both programs arê very quick and sasy to opôrate, whlch makes lhe
CODÊ ti,lÂCHINE an ideal programming 8id lor beginners and lot experiencod Machine
Code programmsrs alikg.

ll ).ou ar€ new to Machln€ Code programming, )Du wall n€€d to pu.chsso â book to teach
you how to writg In Machin€ Code - and thero arô s€vetal availablg to choos€ kom.
Machine Code is not an easy languagg to write. and it is bgl,ond the scop€ ol thi8 manual
lo teach th€ subj€ct, but, us€d in coojunctlon wlth a good book, the COOE MACHINE wlll
help you to understand hdv Machine Code !,!,orks, and where l/ou aro going wrong.

But. to get th€ most kotr programmirE !,our CPC il64 in Mschine Codo, $/a strongly
.ecommend that you purchase "Th€ Concise Firmware Specitication" from AMSOFT
(SOFT 158) as thls wlll give tou all the inlormation you will ne€d about lhe compul€r lor
simple and eflective Machine Code programming. Ind6ed, wilhoul this min€ ol intorma'
tion, your Machine Codo programs will b€ v€.y limited and will nevet b€ abls lo use tho
manv axcellent leatu.es of th€ CPC 4ô4.



sEcTtoN 1

Ih. MONITOR DISASSEUBLER 'AtUtMON" Vcrrton 1.1

1.1 Gonerll Drscdptlon
The MONITOR allows you lo insp€ct or change the contents ol mernory locations, and
works entirely In Hex. which is the most togrcal number system to use in Machrne Code. A
display of memory is also available in ASCII characlers to alow you lo search lor
m€ssagss or to enter messages.

One of lhe bjggest problems wilh Machine Code programming is lracking down errors,
since lher€ is no built-in error deteclion as there is in the Basic interpreter. Ihe MONI]OR
helps rcu over-come this by a owing you to inserl a Breakæinl in your Machine Cod€,
which temporarily stops your program at that point when it is run. Having encounlered a
Breakpoint. you can use the MONITOR'S commands to check that ihe vàtues in the CpU
r€gist€rs arg coffect, lhat data bytes have the cofrect values and that your program has
nol overwrilten o. corrupted itsell.

Ihe MONITOR will give you a display of the contenls of a[ the CpU registers at the Break-
poinl, and allow you lo disassemble your program (or any parl ot memory includjng eilher
ROM). A more p.ecise bot more timeconsuming method of e.ror d€tection is available
with the Single Slep feature. Each insiruction is executed in isolation, with a comprehgn,
save scfeei display of lhe machine status: You can €ven Single Step through lhe FIOM
roulines. Either lhe Upæ. or Lower BOM can be enabled or disabt€d. and can b€
Disassembled or Single Stepped through. Memory management commands allow you to
move the contenls ol a block of me.nory to a new tocation; to insert or delele a numoer ol
byles within a block without retyping the rest ot the block; to li a specitied arôa with any
valu€; and to s€arch tor up lo l0 consscutive ASCII characters, or up to 5 conseculNe
Hex bytes.

To simplily any interchange with Basic, a Dec-Hex.Dec numb€r converter is included,
along wath printer routines for the disassembler. The MONITOR is totallv comDatible with
Basic, allowing you to return to Basic at any trme. Machrne æ progrâms can eilher be
run lrom Basic, with the CALL lunction, or trom thê RUN command within the MON|TOR.

The Monilor is fully relocatable in memory so thal it can be loaded into the mosl conve.
nient location lor the code you are working on. Jo allow easy access lrom Basic, the
Monltor is set up as an BSX so thal it is accessible via an External Command, and il
allows direcl access lo ihe Assembler when both are in mernory together.

1.2 Lo.dlng AMMOI{
As the Monitor operates in memory as an RSX, it is advisabte to load ii into a clean
machine, so clear the Crc46a by CTRL + SHIFT + ESC. I you have Discs attached then
enter lhe direct command ITAPEIN (ENTER) and rype RUN" (ENTÊR) to Load the
Monilor. AMMON gives you lhe option of making a Eack-up copy onto Disc or Casselle,
and if you have Discs attached, you shoutd enter the direct commandlTAPEOUT it you
require a casselle back.up. You should also sel the cassette write spe€d lrom Basic
before Loading lhe program.

AMMON is fully r€locatable, and a Basic loader program loads first and asks you



tor the start address lor the Monitor. Type in this addtess either as a decimalvalue or as
a Hex value (preceded by '&') and press ENTER. HIMEM wi b€ set to one bvte betow the
entered address, and then lhe Cod€ will be load€d in. At this Doint vou wtll b€ askeo
whether you want to make a Back-up copy. The program is then ru; to acluate the
relocator. The relocate routine.eturns to Basic wilh the normal 'Ready' message.

The.lowe€t address you can normally Load to is &1321 (Hex). Howsver, if befo.e loading
the Monitor, you permanently reserve the Disc/Tap€ bulfer, you can lorce a much low€r
minimum loading address. To do this, execute th€ lollowing Easic commandsj

OPENOUT -DUmt|r':HE ORy H|]SEM.l

As HIMEM and the Disc/tap€ buller will nol now be conseculiv€ in m€morv, Basic cannot
recover the butfer atter use, and the Monitor will also use this bulfer when it bads [s own
code. Be aware when using the Monitor that the buffer still exists as lar as Basic or vour
machine code is concerned.

The Basic loader lor the Monitor does not contain a SYMBOL AFTER 256 command, so if
you ne€d to define other graphic characters aiter th6 Monitor has loadgd, you should cl€ar
the delinable g.aphics with SYMBOL AFTEB 256 belore toading the Monitor, otherwise
HIMEM and the gfaphic d€linitions wi sôparate, and Basic wi not be abte to recover the
graphic area ol memory. ll you see a 'Memory Full' error when you load the Monitor, it is
likely that SYMBOL AFTER is the cause, or that you have sDecifi€d too tow an address lor
Loading.

To locate AMMON to the highest available address, do not enter a start address but simply
press ENTER. In this cas€, AMMON wi position atsefi tmmediatety under the current
HIMEM, resetting HIMEM to und€rneath itsetf. (This is usefut when using the Assembtel
and Moniior together or when olher ROM or BSX sottware is reouired.

The.e is no check made on the Start Address thal you sf,ecily, and the machine will crash
if you overwrite Static Variables. Jumpblocks etc.

AMMON ls iotally self-contained and not dependant on any Basic. Having toaded and
relocaled, you can now Load any Basic or any other Machine.code lhat you requrre, our
remember that il you move HIMÊM to a higher address than the Slarl Address gven on
Loading the Monilor, you run the risk ol corrupting AMMON.

Lordlng r brck.up Copy
To Load your back up copy ol AMMON, type BUN ,.MON" and fo ow ihe screen prompls.
You will not be ollered a further back up oplion.

WARNING

THIS PROGRAM IS COPYRIGHT AND ONE COPY ONLY
mây b€ m.de tor your OWN PERSONAL USE.

It is ill€gâl to sell copiss or to giva copios to lrionds.



1{.8.
For the pu.poses ol the examples in this part of the manual, it has been assumed that
AMMON has b€en loaded to the highest available part ol memory on Loading.

'1.3 Acc.rr lo Al| ON
Havlng Load€d 8nd relocal€d, lrou can access AMMON with th6 External C.;ommand
I O , o. by CALL nnnn, wh€r€ nnnn ls th6 Start Address supplied on Loading. you w l
be greeted with the screen message "SPACE lor MON|TOR". On €ntry to AMMON, you
will always s€€ this messago along wjth sverything slse that is currsn|y on lh€ screen.

Pressing SPACE will clear ths screen and afiolv entry to the Monitor with the proftpt and
Cursor dlsplsyed on the botlom llns.

1.4 Plompl t Currot
The prompt (ÈI ) lndtcates that the MONIÎOR is waiting to b€ put into a command mode.
ll (b€s not app€ar at ths start ol €vsry ling of the dlsplay, but only afp€ars whsn a co.n-
mand routane has end€d, and lhe MONITOR is waiting lor a nôw cornmand instruction.
The cursor is vlslbl6 for the majorlly of the time, and Indicates a r€qlest for a keyDoard
6ntry, and shows wh6ro thg result of that kayboard sntry will bs display€d on the scr6en.

r.5 AM ON COI A DS
Ihô fangs of commands ottefed by th€ MONITOR is as fo os,s:-

M

t

I

P

z

E

J

K

B

T

L

U

Dlsplay a memory locatloo & its conients In HEX, aM chango its cont€nts.
Dlsplay I mernory location in HD( and tts contents in ASCll, and chango its
conlenls.
Escapô frorn a command modo to the Prompt & Cursor.
Inse.t up to 255 bylos inlo a block of memory.
D€lete up to 255 qdos from a block ol momory.
Mow ths conl€ots of an area ol memory to a n6w location.
Fill a specified ar€a of momory wlth a giwn byte vatuo.
Hodcraphlcs mernory dump to Sc.€gn/Pflnrer.
Disassombl€ to Scr€€n o. Printer.
Numb€r cooversion: Hex to D€c and Dec to H€x.
Access to Edltor Assombler (it loaded).

Sst a Breakpoint.
Jump to a specilied addross and ex€cule th€ code th€re.
Restors code alter a Br€akpoint.
Reglstêr display.
Continug execution ot p.ogram after a B.eakpoint.
Trace (Slngle Step) wlth kont panel dlsplay.
S€ârch for Hex or ASCII vduæ in m€rnorv.
l-ower ROM enable/disable.
UDoer ROM 6nable/disabl€.
Roturn to Baslc.
Sel€ct screen stream.



All command modes are accessed by a single keystroke denoted by the letter in the ieft
hand column above. All keyboard entrios are checked lor validlly. and at any glv€n time
only the po.mlttod entries are acc€pt€d. Any other key press is rejected and the keyboard
is scann€d agah.

All nume.ic inputs and displays arê in HEX to lacllltate the entry and inspection ol 280 OÈ
cod€s. Th€ numb€r conwrsion command simplilies any exchang€ betwsgn Hex aM
D6clmal.

All rôfsrsnces to addross€s snd their cont€nts in these Instructions will b€ in HD(, and wlll
be shown as a tv/o or four llgur€ number with no prelix or suflix.

1.5.1 U - IntP.c-l & ch.ngp mcmory conl.n|| (Hcr)
Tho scroon should show tho Prompt & Cursor on th€ bottom llne. ll this is not so. then
p.€ss ESC.

Type M

An inv€rse M will apoear immediately to the right ol thg p.o.npt. and the cursor will rnove

along the bottom lin€ by one characlor spacs.

Now typs in the HEX value of th€ address that you wish to inspecl, say 6000. (You can
use the MONITOR lo Insp€ct or change any memory location In RAM or ROM, allhough
you cannol alte. lhe ROM valuos.)

Do not worry il you iind dillerent values in lhes€ mamory locations lrom lhose shown.

Th€ addrsss appsars on the screen as you type il in, and as soon as )rou hâvs typ€d tho
fourth digit, a two charact€r H€x number app€ars on the screen to the right ol the aê
dress, showing the Hox value ol th€ contents of thal momory location.

utitcoBs a(t I
Thg cursor has no./ moved on, lgaving a spâce aller the tv/o conlgnts diglts.
No^r typ€ FF.

uulË600 ss rF I
This has loaded the Hax value FF into msmorv location 6000. Tho valuô is load€d into the
locat|on autômallcally atlsr you lype the second dlgit.
Now lyp6 ENTER.

B#81"8""3 ""
The origlnal lino wilh th€ prornpt has scroll€d up one line, and 6001 0O is now dlsplayed on
the bottom llne. At all tlm6, the MONITOR op€ratæ with a scrolllng scre€n, and new In'
tormatioo 16 always dlsplaysd on tho botlom line.

Typlng ENIER dlsplays tho next memory locatloo ând lts conlenta. 1o ent€r a value In ihis
new address, €nter the h'vo HEX dlgits, or typ€ ENTER sgain tor th€ noxt memory locatlon.



Now let's check that FF really has b€on loaded into address 6000.
Type M

Ertl f'tr'Ëd8T"Ë";I

Ër#8lEÊ€6r Fr
;l6ser[t rr I

The scre€n has scroll€d up one line, and the inv€rse M has f€app€ared on the bottom llne.

Typing M allsr a HE ( address, data entry, o. ENTER, a ows you to reônter thô M com,
mand routine at the start. To re'ent€r th€ M command in the middle of typlng a Hex sd-
dress, pr€ss ESC to escape, and t{ to enter the M commaM.
Now typ€ 6000

Thg contents of 6000 are shown as FF.

To summarize lhe M command so far, you can sequentially slep through mernory loca-
tions using ENTER and change the value of the contents of each address, or, by typing M
again, )/ou can defing a new daning address.

To reenter the M command with a partly tlped address on ths screen, press ESC to
escap€ to the Prompt, and then type M to entar the M command.

Now type 00 to clear the contents of address 6000. You wilt notice that the cursor is stitl
vislble on the boltom llne ol the scfe€n to the right ot th6 00 just entered. Atthougn ac
d.ess 6000 nov{ contains the valu€ 00, (th€ value was changed imm€diatety you typ€d the
second 0) you can change it agaln il )ou wish.

So, il ),ou ent€r an incorrect valug, and realls€ what ),ou havg done b6for9 you press
ENTER, you can correct your mistake without having to sp€cily the addr€ss again. In lact,
you can mako only t\,to attempts at entering a valu€ belor€ th€ routine returns you to the
prompl and cursor, when yOU wlll havg to typ€ M tO reenler th€ M command.

Rernember,lhat in the M command, ENTER or y has the etl€ct of st€pping on to lh€ next
momory location, whereas in other commands (where applicabts) ENTER caus€s the
opêrstion to b€ execuld.

lmaglne that you hav6 just entered a machlnê code routlne from, say 6000 to 6200, and
you realiso that you need to change ths value ol on€ byt€ somewh€r€ near th€ mlddle of
the routin€, but you do not know the precise address. Ygu could spond a long me guess-
ing addresses and looking at their cont€nts, or repeatedty pressing ENTEB untit you lind
th€ right byte. But if you typ€ M, to ro-enter the M command, and look at the contents ol
an addr€ss so.newhôre nsar th€ beginnlng ol the routina. then prsss ENTER, |t|d hob lt
p||a..d, sltor about 1y2 seconds the scre€n will Btart scro ing quit€ fast, and wilt rapidty
dlsplay successlv€ localions until )ou .eleas€ ENTER. In this way you can quickly scan
through a routine unlllyou tind lh€ byte you are looking tor. To eftect the alt€ration, having
relsâsed ENTÊR, t,ou wlll again have to type M xxxx to reent€r the M co.nmand at the
correct addross, and then changa lho aonlents ol that address.



1.5.2 ESC - Eaclp. from r oomnlnd
ESC allows you to escap€ from a com.nand mode, and reiurns you to thg Monllor's
Prompt & Cursor.

Prôss ESC

The scrsen will scroll and lhe Prompl & Cursor will reapp€ar on the bottom line of the
scrêsn. You can now Snter any ol ths Monlto. commands. Ail command routinos, wlth the
excsption of R (Fl€glster dlsplay) and K (Breakpoint cl€ar), will accapl ESC to ôscapê al
any timg up lo the point of execulaon.

1.5.3 I - Inrp€cl & chlng. mcmory conl.nt. (ASCll)
IhlE command op€rates in a simllar lâshion lo tho 'M' command, but allows you to snter
text dkectly irom the ksyboard. lt is by no means a rr'ord procssso.. but lt otlers a much
simpl€r m€thod of lext €ntry than by convening lettsrs to th6lr character cod€s, and
snt€ring the codes indlvidually wlth the 'M' command.

Ihe command lakes th€ tormt I tttt wh€re t ls th€ command mode, and ltaa is tho
slading sd(l.€s8 of the t€xl block.

Lel us enter a simpl€ messag€ inio a lrse area of FI,AM.

Typo $ (Shitt and '4') to €ntar th€ $ command.

An lnvôrse $ will appear on tho bottom lin€ ol th€ dlsplay.

Type 6100

Thg address is dlsplayed as normal.

As you typ6 in each lettef of the messag€, it is dlsplay€d on the scrsen, to the right of th€
address and lts or€ssnt cont€nts, and th€ character codo ls stored ln that addrogs. Th€
screen scrolls automatically, displaying the nsxt add.êss and its prasent cootonts. You do
nol need to prgss ENTER to access the next add.gss.

It there is a valid charact€r code in an addrsss, it will b€ displayed b€tw€sn th€ address
itself and th€ cursor, oth€rwiso E questlon mark ls dlsplayed.

All upp€r and low€r case charâcters can b€ €ntered by use ol the SHIFT k€ys. the only
exception is 3 which ls r9served as ths charactsr to acc€ss ths command.

Graohics and Ussr Detinsd Cùaracle.s cannot bs entor€d di.6clly.

In other words, any singlg characlor that appga6 on a kgy lop and that can b€ accessed
by a single key press or by oîa l€vsl ol shilt can bo onlor€d.

Now type in the lollo,ving messags:

This is "AMMON"

(Us€ SHIFT + 2 tor ih€ " marks). Having typ€d I In, mislakos includod, rlow revlsw thô
m€ssag€.







present end address ol the area to be moved; and cccc is the new slaning address.

Assumlng lhat ths gxampls us€d lor tho I and D commands is still in m€morv, lot us no\ ,
rnovô the wholo area from €Oæ to 600F up mamry. to start at 62m.

The scrgen scrolls up one lins, and th6 prompt and curso. return to ths bottom lins. Th6
rnov€ i3 comdele.

Using the M command, check that address€s 6200 to 6æF havo besn loaded wltn ln€
samo valugs as lhose s ll rgmainin! in addressss 6000 to 6OOF.

Ihis rculln6 wlll allo,v you to rnovs up or down memory, lrom any orlglnat starting address
to 8ny nsw startlng addr€ss, 6ven il the now area ovsrlaps the original area. Th€ original
area (unlsss ova.-wrin€n by the move) is not chsnged.

Try moving the areE from 6000 to 60OF to a n6w stan address of 600g and then move jt
back again,

A Iord of ramlîg. Most AMMON commands that altow you to alter the values in mernory
loca ons wlll also op€rate on th€ area ol memory containing AMMON. Always check
carefully thal you are not about to overwrite AMMON which uses nearty 7K iro.n the Start
Address g-iwn on loadlng. S€€ Saction t.1O tor mo.ô detalls ot how mulh msmo.y ls us€d
by AMMON.

r.5.7 F - F[l
Ihe Fill roullne atlqt s you to gnter the sarne byte vslu€ into a glven area ol nAM, ano
takss lhe form: F ||ar bôbb rrq when |rrr and ùôbb are thà $art and ônd add.esses
rospectlvely ol the spocified area, and xr is the valus to b€ entered.

Press ESC

Typ€ A
Typ6 60æ
Typ€ 600F

Typ€ 6200

Typa ENTEB

Press ESC

Typ€ F

Typ€ 6020

lyp€ 6'100

Typ€ AA

Typô ENTER

to restore the prompl and cursor.
to enter the Area Relocate mode.

the slart address of the araa to be moved.
th€ end addr€ss ot the area to be mov€d
thg n€w starl address.

to sffsct the rnove.

to restore thg prornpt and cursor.

to ent€r the F command.

the start address.

the end address.

th€ value to b€ ent€red. (Hex).

lo ellect th€ Fill.

The scroon scrolls, and lhê prompl and cu.sor appgar on the bottom line of th€ screen.
ln€ r[ ts coartp|gtg.

Now usa tha M command, wllh ENTER kopt pr€ss€d, to vorify that each byte frorn 6020 to
6100 Indudya has a vatus ol AA.



t.E.E P - Prlr H.I/orrphlcs Dump
This command allorvs you to produc€ a Hex Dump of lh6 contents of any seclion of
memory onto the scrôen or printgr, or to produce a graphics/Ascll Dump to lhs scr66n
only. lt takes lhe torm P aarr ôùùb where P is the command name; l||a is the H€x A(f
dress of lhe firsl bvle to be prinled; and bbbb is the Hex address ol the last byle to be
printed. The dlsplay is shown thus:

Êtct "t "i.Hq$'
8e B$I-6 EÊ

Eâ +8 Ë3 8Ec3 -1e' Êal DS
et5c9cg

Êach line shows thg Hex contents ol eight successive locations, with the H€x address ol
lh6 first byle shown in th€ lett column. Thg routlne will only print complete lin€s, and ll lhe
end address lhat you sæcity is pan ol th€ way slong a line, it will print up lo lhe end ol
thai line.

ll the Prompt is not visibls on lhg botlom lin€ ot the scregn, press ESC, otherwise accsss
the command by pressing P tollowed by tho addrsss kom whlch you want to slan lhe
display. It you want an open-end€d screen display only, th€n press ENTEB; bul if yoJ want
Printer output, you must deflne lhe add.ess at which th€ display will stop Enter that Hex
addrsss lollowing th€ slarl a(kl.gs.s, and pfess ENTER.

You will no\./ b€ asted to select Hex or $ (ASCID by prossing €ithsr'H'or SHIFT + 4. ll
l/ou only specitled a siart address, both optlons wiil only giv€ a screan output ol up to 16

lines and then wait tor ENTER to continue. ll you typ€d a start and an snd addr€ss, the
Hex option then asks for printer .€qui.em€nts, but the S (ASCll) option wlll only give a
scroen dlsplay as ALL 256 ASCII and Graphic cha.act6rs ar€ dlsplayed, ând most prlnlefs
will nol cope with th€ graphics or wlll try to interprel th€ controlcod€s.

It you want â printer output ol lh€ Hex Dump. prgss y In response to the quesllon
PRINTER (YrN). Whlle using the printer, you can stop the command belore the spscilled
end address by presslng ESC al any tlme.

1.5,0 z - Dl.r|!.mbl.l
This command will disassemble any pa.t of RAM or ROM, eithg.lo lhe scleen or to lhe
Pflnter. lt p.ovides a display thal includes tho H€x addrsss ot the tlrst byi€ ot th€ instruc'
tion, ths Hox values ol ths bytes that relat€ to that inslruction 8nd the 280 mnenonic lor
thai instructlon. The lullsgt of 280 mnernonlcs can b€ dlsass€mbled.

For acc€ss to tho ROM conlents, s€€ sectlon 1.5.20 and 1.5.21 on ROM €nabllng.

The command lakes th€ form: Z llll bbbb wherg Z is the command mode, alal is the
hgx starting address and bbbb is tho hox end addrgss ol ths pa.l of memory you wish lo
disassgmble.

to access lhe command.

the slart address.
fvæ z
Tyæ 0000

You can now either tyf,e in an end Hex address where you wânt the dlsassembly to stop,
or you can press ENT€B to achieve an open-ended disass€mbly in the same way lhat the
P command operates.

11.



lf you specity an end address, you will be given the same Screen/printer options as describ€d
in the P command above. ll you attempt to disassemble any part of AMi,,lON, an enor
m€ssage "ltlVALlD ADDnES9' ls displayed.

Tle dlsasssmbly will app€ar as tollows:

T

5H
T

SH
T

P

BC- 
"FAg(c> -coSaaFS8êB9?C

EC
BÊ'.GEA,'Ë
DE
B9BT'BgB.1
HL

artore;

The Numb€r command.

12.

G'

V
5II

BJICB<ESC> for EHD

When using the screen dlsplay, 16lines of disassembly arê shown tollowed by the
message:

ENTER for mo]!, ESC lor .nd

Pressing ENTER will display ihe next 16 lines untess the snd address is reached. when the
Prompt & Cursor will be rsturned.

Pressing ESC in response to the above mgssage will also return you to lh€ prompt & Cur.
sor.

lf you are disa$€mbling to a p.intgr, the routine continugs unintôrrupt€d until it rgacnes
the end address. The printer can b€ stopæd earty by pressing ESC at any time.

All dlsass€mbl€d addr€sses ând values ar6 in H€x. Fglative iumps show the addrass to
which the jump will go, with the offsat vatue shown with the hex coding for that instruction.

In both the Z and P commands, il the printer is not coonected, is ofl line or otherwise aÈ
pears BUSY, then the pranler option fails after 3 seconds and the normal DromDt and cur.
sor reaoogaa.

1.5.10 N - l{umbar Cony.d.r
This routine will conv€.i Hex numb€rs lo Oecimal or vice versa.

Typ€ N



The screen will display:

NUMBER H/D?

Tyæ H (for Hex) or D (for Decimal) to indicate the number syslem ol the number you wrsn
to convert.

Type H to converl a Hex number to Decimal.

The screen will scroll, and show 'H' (followed by the cu.sor). Now enter lour Hex digits.
(You must enter leading zeros when entering a Her number).

Tvpe 4ooo

Tvoe ENTER

The display will now show:

H 4000 = 16384

with th€ prompt and cursor on the boltom line.

To conven from Decimal to Hex, Tyæ D instead of H in response lo .NUMBÊR H/D?",
and enter your decimal number, wlthoul leading zeros. Again type ENTER to proouce an
answer.

1.5.11 E - Accass lo Edltor Assombler
Press ESC lo restore lhe Prompt & Cursor to the bottom line of the screen and then tvoe
E followed by ENTER. ll the Assembler is resident in memorv il wi be accessed. othér.
wise the Monitof's Prompt & Cursor is displayed. A tull check ot the Assembter is impossi-
ble, and il is up to lhe user to ensure that the Assembler and its associaled tables ano
buffers have not been overwritten by Monitor commands. It in doubt, you should reload
the Assembler from Disc or Taoe.

1.5.12 Erample progr.m lor runnlng & debugglng commrndr
To demonstraie the next live Monito. commands, usé ihe tl command lo enter the follow
ing short program at 6000 Hex, or at any other convenienl location.

N.B.
lf you have loaded AMMON on ils own into your CPC464 and have positioned it as high in
memory as possible by pressing ÊNTER in response to "Start Address?" when loading,
then you should find that th€ memory locations at 6000 Hex wi be free lo accept this ex.
ample.

6000 01 00 00 LD 8c,0000
6003 11 00 00 LD DE,0000
6006 21 00 00 LD H1,0000

INC BC
INC DE

INC HL

Clear BC
Clear DE
Ciear HL
BC=8C+01
DE=DE+01
HL=HL+01
Return

6009 03
6004 13

6008 23
600c c9 RÊI

Start 6000
End 600C



Having enlered Hex codes, go back to 6000 and check that the codes are correct. (fype
M 6000 and check the contenls ol each localion).

It is recommended thal you would normally Save a machine code program before running

it in case it crashes, which lt is certainly likely to do unless you are an experienced
machine code programmer. In this case, there is no real poinl in Saving the program' bul
il you wish to do so, reler to the seclion on "The Monilor in praclice

The last line of the routine is a RETURN instruction which it is usual lo use at the end ol a

Machine Code routine, to return you to the Calling program (usually Basic).

When you are satisfjed lhat you have entered the above program correctly, press ESC lo
resiore the Prompt & Cursor.

1.5.13 B - Ero.kpolnt
This command allows you to temporarily inlerrupt a machine code program at any pornl.

and return conlrol lo the MONITOR, so thal you can insæct the values in the CPU

fegislers, and in RAM, and make correclions as necessary.

It takes the form B r!r!, where B is lhe Breakpoint command mode, and âaa! is lhe ad-

dress ol the inslruction that the break will replace. (aaaa must be the address ol the lhSt
byte ol a multi-byte instruction).

The Op. Codes in the three addresses raai, aalr + 1, and lear + 2 are autom€lically
slored by AMMON, and these addresses are lhen loaded with lhe values CD OD BF
which constitutes a CALL to lhe entry pojnt ol AMMON. lt must be a CALL to mainlain

correcl operalion of the stack.

On entering AMMON al lhis address, the values in the CPU Registers are stored within
AMMON: the Stack Pointer is set lo lhe Monitor's Stack: and lhe message "SPACE lor
Monitor" is displayed on the bottom line of the screen, in addition lo lhe screen display
that your program has crealed. The Monitor will now wait until you press SPACE, when il
will clear lhe screen and display lhe Prompt & Cursor.

You will now be able to use any of the MONITOR commands to check or aller the routine'
betore returning conlrol lo the routine at the poinl at which the break occured. As the
MONITOR uses its own integral Stack separate from lhe Program Stack, there is no

danger ol over.writing the Program Stack during a Breakpoint

Belore running the example in section 1.5.12 enter a Bfeakpoint at address 6009. This will

have the ellect ol stopping the program aller the Registers BC DE and HL have been
cleared, but belore they are incremented.

lf the Prompt is not visible on the bottom line of the sc.een, press ESC' otherwise

Type B

Type 60æ

the breakpoint command mode

lhe breakpoint address

lhere is no need to type ENTER, as the Breakpoint is set alter typing the lourth digil. The

screen will scroll, and the prompt will appear on the bottom line.
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Using the M command, check ihat 6009 to 6008 now contain CD OD BF in ptace of 03 t3
23, the latt€r having been stored lor later replacement.

1,5.14J-Jump&Erecule
The Jump-command allo.v'/s you to jump out of the control of the MONITOB to lhe stading
address of any routine that you write, and ii takes the lorm J a!!a where J is the Jump
command mode, and tltt is the start address ol your program.

You can runjour Machine Code programs either with the Monitor's J command, or oy
returning to Basic and using the CALL command. Either way, all ihe Monitor's tacilities are
available to you atter a Breakpoint.

In this example, we will use the ,J' command.

to restore the prompt and cursor
to ent6r the Jump command.

the start address.

The screen is cleared and the routine will run, and then access ihe Monitor with lne
screen message "SPACE for Monitor".

The sequence of events on execuling a J command is:

i) lhe screen is cleared
ii) your program's screen Mode is set
iii) Interrupt status is restored

av) the Stack Pointer is set to the program Stack
v) the start address is pul into lhe program Counter and the pro-

gram is executed.

Tie Monitor uses its own integrat Stack (see Section 1.7) which is set on entry to AMMON,
therefore the program Stack which is set by lhe initialisation routine when your CpC464 is
swilched on must be resei before your progtam can be run. This is done lor you by lhe J
command. The use ol two Stacks helps to make AMMON invisible to your programs.

HavingJun,-the example program will have encounlered the Breakæint at address 6009,
and "SPACE for Monilor" wi b€ disptayed on the screen. press the SPACE bar to access
AMMON

the firsl operation aflef a Breakpoint should always bs to restore the colrecl byte vatuss
to the addresses where the break occured.

1,5.15 K - Brelkpolnt Resio.Ê *
thas command reslores the correcl values into the thre€ bytes overwrilten by the Break_
poinl command.

Type K

The screen will show K 6009 and will scro up one tine, displaying the prompt on the bot-
lom line. There is no need to type ENTER. Using the M conimând-, veriiy thjt ùre originat
codes have boen replacod in addresses 6009 to 6008.

Press ESC

Type J

Type 6000

Type ENTER



Only ONE Breakpoint can be ent€red at any tlm€, so a Bfeakpoint Restore (K) command
must be executôd b€tor€ the next Breakpoint (B) is set, and lt ts rocommend€d that a
Breakpoint Restore (K) aommand is keyed lmmediately atter a Ereskpoint has besn en.
counlered.

lf you gnt€r an incorrgct brgakpolnt wlth tho B command, typs K immedlslely aftgrwards
to rostore the oraginal valu€s to lhs incorrect break!,oint address, and lhen rg-type th€
Br€akooint.

Ths K command can only restoro th€ hal .nlaltd Breakpoint.

Let us now inspgci the CPU registers, to mak6 suro that the program is working as we
sxoect.

1.5.18 R - R.gl!t.? dltplry
ll the prompl is not vlsible on th€ bottom lins ol th€ scrgsn, Dress ESC. othgrwisg

Typo R

The sc.een scrolls up, automatically displaying ths CPU rsgister contents thus:

There is no nêod lo type ENTER.

As you will sge. the Program Countgr contalns 6009, the address at which the Break-
polnt occurred. Th€ BC, DE and HL register pairs will all contain 0000. In this exampte,
lhos€ ars th€ only registgrs that we are inl9rosted in.

Ths FL GS reglsters are shown in BIT torm. with ths purpose ol each flag Indicated
abov€. ll a flag is SET, a 1 ls indicated, and il it is res€t, a 0ls shown.

f"

,IF
BC
DIE
HL
I)CIY
SPPç

BFF'E
ADEB
BT'FÊ6(Ifl9
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The CPU rogist€rs are displsysd with their cont€nls shown In H€x.

When the Monitor is €nlarsd at a Breakpolnl, the valuss In the Regist€rs immodialely
prlor to th€ Brgakpolnl ar€ stored, so that thg oporatlon ot your routino can bê checked,
and corrsctions to thg .ouline can be mado b€lor6 contlnulng.

Having a) oncountsrsd ong Breakpoint, b) rsstored thg corrocl values aft€l tho broak,
and c) verilied that ih€ CPU reglslers havs their correct valu€s, we will now gnt€r

another Breakpoint, and continuo the routane.

lf the promDt ls not visible on ih€ bottom llne ol the screen, press ESC, otherwise.

Typ€ B 6008

This will set a new Br€akpoinl atter the BC and OE r€gister pair have b6ôn incremented,
but befo.e the HL palr is Incr€m€nted.

1.5.17 C - Sr.rlpolnt Conllnuc
The command allows you to Continuo trom a Breakpoint, and is €xeculod by lyping C
followed by ENTER. You can escapo to th€ Prompt by pressing ESC b€lote ENTER. The
program will continu€ as il nothing had stopp€d il. The only Inlormation that is lost to
the program is the contenls ol lh€ Scr€€n RAM.

The scrs€n ls cl€argd; lho program Slack is res€t; and the CPU rsgislsrs arg roloaded
lrom their daia block b€lofe the Breakpoint add.ess is put into th€ Program Counler,
and exgculion is resumed.

Typ€ C
Typ€ ENTER

The rouline will run on until it reach€s the next Breakpoint, and will thgn display "SPACE
lor Monllor".

Whsn th€ Prompt appears atter prossing SPACE,

Type K
Type R

You can now v€rily that ths Program Countsr contains 6008. th€ 8C and DE .eglst€r
pair contain 0001, having been Incr€mented, and the HL pair still conlains 0000.

Wh6n a rodine sncounters a Br€akpolnt. ll r€lurns control lo the MONITOB with a CALL
op€ration, th€ r€iurn addross b€ing stored on the Proearm Stack, tor use by lhs Break'
æint Contlnu€ (C) command. Havlng €ncounter€d a Brsakpoint and sludled the CPU
rgglst6rs and/or m€mory locations, one ol two situations will occur:

1) Everything will b€ as you €xpect, snd tho program ls cor.ect to that point. In thls
cas6, you would normally rostoro th€ Breakpoinl bytes ('K' commano and use lh6
Brôakpolnl conlnue ('C' command) lo contlnue the p.ogram lo a new Breakpolnt

or

2) An srror wlll bscome €vident, in which casa you u/ould track (bw) ths €rror and
corroct lt, and lhen, lgaving the currgni Breakpoint set, us6 ths'J' commsnd lo re'
run th€ p.ogram up lo the same Breakpoint, to chsck that your corrsctlon is
succ€ssful.

to restore the byles occupi€d by the Breakæint.
to dlsplay thg .9gl8ters.
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Th€ Program Stack operalion ot the MONITOR alows you to do this providing that, al
the Breakpoint, there have been an equal number of PUSHes and POps, or CALLS ano
BETS. lf lhe P.ogram Slack is nol balanced at the Breakpoint, you will have a
cumulative slack imbalance every time you use the 'J' command alter a Breakpoinl (but
not if you use the 'C' command). In this case to restore the Stack to no.mal once you
have traced an error, RETURN io Basic ('Y' command) and re-access the monitor lrom
lhe beginning, lhen use the 'J command lo run your program up to the Breakfrornl
again.

Having sel a Ereakpoinl in a program, you can either use the J command lo run lhe
program, or you can BETURN lo Basic, and run lhe program lrom lhe CALL command
in Basic. For example, il you have wrilten some Machine Code thal is lo be accesseo
lrom a Basic program. you can sel a Breakpoint in lhe Machine Code using AMMON,
and then BÊTURN to Basic and fun lhe Basic program. When the Breâkpoint is reacneo
in the Machine Code, AMMON will be accessed, and lhe Breakpoint Continue command
(C) will allow the Machine Code to resume and evenlually RETurn to the Basic program
ihal CALLed it.

The MONITOR has been carelully designed to a ow this tree interchange between Basic
and machjne code, withoul upselting lhe Slack.

1.5.1E T - Trrco (Slngle Slop)
The Trace command allows you lo execute Machane Code in ROM or BAM one instruc,
tion al a time, or in ce(ain specified blocks. But at ALL times, the execution ol the
Machine Code is striclly under the conlrol ol the Trace command, and a crash rs atmosl
ampossible.

Commands such as LDIR (a selt repeating block move) can cause a crash by over.
writing AMMON, as can any instruction lhat writes into the memory occupied by AM.
MON. Allering lhe value ot lhe Stack Pointef coutd atso overwrile the Monitor. AMMON
uses nearly 7K from lhe Slarl Address given on toading, but s€e Section 1.10 ior luller
delarls.

The comprehensive screen display lhroughout the Trace command gives a permanent
dasplay ol the CPU regisler contents, a disassembty of the cuÛenl and lhe next instruc.
tions, lhe contents ot lhe last live stack locations, and the contents of specified memory
tocaI|ons.

HJH# "* HoPËÊt€tt- €r{:t HoP
IR ÊI{I3?

çoFtlDI}ABrlEâ*?F gS

A',r"B,c,D,E,
H, L,
Êr'Bç
SE
HI..

IXIY
SP
FC
;-Eltrs('

gtl fl€t etÊ Êtcl
çlD. BF' 4D :IF'
Ëlet eto ,14 5s
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The Trace command is accesssd from the Main Monitor by typing T (whsn the prompt

and cursor ar€ visible on the bottom line of ihe screen) lollowed by lh€ +digil Hex ad'
dr€ss ot lhs instructlon lrom wltlch singl€ stepping is lo start. lf you do not specify a

Hex address, but p.sss ENTER tmmediately after typing Ï, ths Trace command is ac'
cassed, 8nd the addrsss shown against rc in the rggist€r dlsplay is us€d as the slarting
address. To rslurn to ths Main Monitor from the Tracô command, press ESC. The

scrsen will cl6ar, and thg Main Monilor's prompt and curso. will appear on lha bottom
scrs€n llne. All reglster values are passed bstwsôn th€ Main Monitor and the Trace
command, and you can th€relore uss all the available commands ol ths Monilor lo
debug your machine code.

Thg Trace command contains its own set ol commands which are separate from thê
main Monltor commands, and allow control ovsr

a) executing instructaons singly:
b) running on to a Br€akpoint (nol the same as a Breakpoint set by the main Monitor);

and

c) skipping to lhe end ot a subroutine.

Any sectlon ol cod€ that will only op€rat€ co.rectly whon run at lull speed (e.g timhg
loops. sound output or intsrtaces to external equipmsnl) will not op€rat€ cortsctly in the
Trace command as each instrucllon is decoded and executed sepâlalely- Th€ main

Monitor commands lof setting a Breakpoint and .unning lh€ code should ba used in-

slsad.

To demonstrate the trace command, onter the lollowing short routine using thg I com'
mand in the maln Monilor to entg. thê Hgx cod€ shown in bold type

(ll you have already accessed the Trace command, press ESC to €xit to lhe main

Monitor bsfore entg.ing lhe example program).

640(J
640(:)
640f,
64ç6
64(r7
64c)4
64ùB
640E
64{)F
64 1 (.1

6471
641.r
6414
64r3
64t6

o0(r5
2læé.1 001c|
I lS4l2 {l(115
7A O{l2rl
CDtoô4 {:}0?5
7S {lof:t)
cDlo.54 {lôf,5
oo Q(140
OO (ro45
4F (1050 SUB 1

E6FO (:x:)3=

IF ÔO6C)

lF (:r(lé5
lF (J(l7C)

lF (:)C,75

0REi é4C){)H
L.D HL. 64?CH
LD DE, I ?34H
LD A, D

cALr-. 64 r OH
LD 4.. E
cAL.l- 64 l fil-l
NOF
NOF
LD C, A
AND (:)FCIH

RRA
FRA
RRA
RRA



6417 CD2tê4
64tA 79
6418 E60F
641D CD2164
64?Q C9
64?1 C630
642f, FESâ
64?r 3802
64?7 Cê'07
64?S 77
64rA 23
6438 L.|?
642C OO
64rD OO
64rE OO
64:F OO

CX:)8O

o(]g5
()o9(:)
rl{:r95
{J 100
Q 1 ']5 SUF?
a-, 1 1 (1

il1l5
{:r l. :{)
(11?5
o13C)
(i135
(:r 14()
(l149
{:r 1 5{:r
(lt5r
o 1éc'

CALL 6411H
LD A:, E
AND (:)FH

CALL. é4? 1H
RET
ADD
t-F
JR
ADD
LD
INC
FET
DEFË
DEFE
DEFE
DEFB
END

The code lrom 6400 lo ô40D convsrts th€ value hetd in the DE register pak into tour
ASCII charact€r codes reprgssntlng thai value, and puts the four charactsr cod6s Into
memory al642C (this localion held in HL). The code starting at 6410 and at ô421 are
subroutln€s called durlng lhis process.

Having entsred the çode prsss ESC to resto.€ the Tain Monitor Prompt and then typ€ T
lollowod by 6400. Th€ Trace dlsplay will be lormed in a slmllar lashion to that shown
abovg. Ths STEP mod€ is automatically selecled. and E shown at thg tog ot ihs screen.
Below that is a dlsassembly of the next instructlon to be €xecuted. The R€gister disptay
shows the current regisler contonts (whlch could bg anything as no instructions nav6
been executed yet). The Stack display shows the last fiv€ pairs ol bytes on the Stack,
with lh€ last valus placed on th€ Stsck Indicated by the ..

The I display lins at the bottom ot lhe scrosn gives a wtndow onto memory tocations,
and lhe starling address can be chang€d at any time by typing I fo owsd by I four
dlgll Hex add.oss. In lhe examplo abovo, it would be usoful to see a dlsolay ol the
memory that will Ev€ntually contaln th6 four ASCII charactars, so type Uel'ZC. lte I
dlsplay is updat€d as soon as the fou(h digit is €nterôd and you do not n€6d to press
ENTER.

While in the Trace command, the address ol lhe nexl instructlon can ba changed at any
time by typing S lollow€d by tho new Hex addr€ss followsd by ENTER. Thls r€stores
STEP mods and updales tho display ready lor exocution ol ths next Inst.uction at the
new aooress.

To execule the lirst instruction (LO HL,642CH) simpty pross ENTER. Ths dtsptay wil now
update and show 642C In HL, Alongsido that value are shown th€ contents of the bytes
at and lmm€diately tollowing that addross. You will seê that the disassembty of the flrst
anstruction has scroll€d up one line, and that the next instruction (LO DE,1234H) is

::ÙH
3AH
f -ra]

(HL ) .4
HL

(,
Q

cl
ct



displayed on the second disassembly line. The upper of the two Disassembly ltnes ts
always the instruction just executed, and the lower is always the instruction aboul lo be
execuleo_

Continue pressing ÊNTEB and STEP ihrough the whole routine, stopping when the NOp
instru-ction at address 640E js displayed on the second disassembly liné, and observe
the.effect on the display ol each instruction. The register display oi the pC vatue witl
ALWAYS show the address of the NEXT instruclion lo be execuied, and the Stack
display will only change when the Stack is used (in this case the CALL and RET instruc-
lion).

At any lime you can exjt from the Trace command back to the main Monilor by pressrng
ESC. the screen will clea. and the normal Monitor prompt will be displayed at ihe bot.
lom ol the screen. You may lind lhal you have to press ESC more than ônce to do this.
l-or example, if you were in the process of typing in a command within lhe Trace lacility,
the first ESC will clear that command, and the second ESC will access the marn
Monitor.

You may have tound that single stepping through lhe two subroulines became ledtous
after you had siepped through lhem once, and proved that lhey did work. Io speed up
this process the Trace command contains lwo functions that can be used to
automatically step through sections of your program lhat have already been proved.
They are:

(i) EREAKPOII{T
Do not contuse this Breakpoint lunction with the BREAKPOINT command in the matn
Monitor. Setting a Breakpoint while in the Trace command does nol alter your program,
as at does in the Main Monilor. The Breakpoint address is stored, and alter eacn In$ruc,
tion is executed by the Trace command, the addfess ol the next inst.uctjon in your pro.
gram is compared with lhe Breakf,oint address. lf the prooram address is not èqual to
rne Ëreaxpornl, the nexl inslruclion is decoded and automalically executed, until the
program^aldress is equal to the Breakpoint address, whereupon the whole display is updated
and the STEP mode is accessed.

To use the above example lo demonstrate the use of the Broakpoinl, Oress ESC to ac.
cess the main Monitor and use the M command Io write OO IntO the four memory loca-
tions from 642C Hex. (You do not need to do this to use the Breakpoint, but in ihis ex.
ample it wi ielp to clarify what is happentng by ctearing the ASCti codes atready writ.
t€n lhere). Rb-enter the Trace command by typing TO4|D and then type BB4{,E, to owed
by ENTER. This has put the Trace command into BREAKPO|NT modâ and this is
displayed at the top of the screen.

Pressrng ENTER again wilt cause the program to be executed under the controt ol the
lrac_e command until the Breakpoint is reached. The display is then fully updatêd and
ù tÈF mooe accessed

While the program was being execulod, ihe only part ot the dtsptay to be uodated was
lhe v€lue ol rc in the Register disptay. Shoutd you have set â Breâtpoint ai an aooress
Inar lor some reason is never reached (perhaps a conditional instruction that has
jumped elsewhere) th€ constan y changing pC value will indicate that the commano ts
siill running. In this case you can escape by pressing ESC, which wi access the STEP
mode again and updaie the disptay showing the addiess at which the Break occurred.



You may lind that this teaves unwanled addresses or r€gisler contents on tho program
slack, and an incorrect value for SP in the register display. This will not affect the
operation of the Monilor as it uses its own stack. The simptest way to r€store the Stack
Pointer to ils normal value (usually as set by Basic) is to relurn io Basic (Kev y) and
lhen to re.access the Monitor with I MON.

(iD SKIP lo RET
Thisjunclion can be accessed at any tim€ while in the STEP mode. Type R and press
ENTER. The top line of the disptay wi now show STEP SKlp to RET. Fressing ENTER
again will cause the Trace command lo ex€cule your program automaticalry, ànd slop
(in lhe STEP mode) when it has executed the RET instruction associated wiih the naxl
CALL instruction. While the subrouline is being execul€d, the disptay of lhe pC register
value is lhe only pari of lhe display to be updated. On completion ol the subroullne the
whole display is updated and lhe normat SIEP mode js accessed.

To.demolslrale,lype SOI||X, (assumrng you are sti in the TRACÊ command) tolowed by
ENTER Tie display wili update and you wilt be r€ady to single step from address 6400.
Press ENTER three times lo execute the lirst three instructions ol the example program.
The next inslruction will now be CALL 6410. press R tollowed by ENTEB, to access tne
SKIP to RÊT mode.

Press ENTER again, and the subroutin€ at 6410 wi b€ ex€cuted in its entirety, inctuding
the two CALL inslructions within it, and the display wi update showing the Lô A,E in- -
slruclion at 6404 as the nexl instruction on the second disassembly lane, and the
original CALL on lhe line above, The normal STEP mode wjll also be indicated al the too
ol lhe screen.

You cao now conlinue stepping through lhe program using the ENTER key. So press
ENTER to execule the LD A,E, and then press ENTEB again to execute th; CAiL 6410.
Th€ next inslruction will b€ shown as LD C,A at address 6410 and is the tirst instructton
an the subroutin€. ll you now press R and ENTÊB to access the SKtp to RFT mode, a se.
cond press on ENTEB will sxecute the program up to the RET associated with the nlxt
CALL. The nrrl CALL is at address ô417 (CALL 6421), and execution wil stop snowrng
LD A,C at addross 641A as the next instruction. Fo ow this through by reterring to the
program listing to clarify what has happened.

ll you us€ lhe SKIP to RET tunction, and a BET instruction is found bcfofa a CALL in-
slruction, that RET instruction will cause aulomatic execution to stoD and the STEP
mode to be accessed. Thls can be demonstrated by single stepping through the exam,
ple prog.am using ths ENTER key in normal STEP mode, untit an instructiàn in the
subrouline at 6421 is shown as the next instruction. Uslng th6 SKlp to RET mode at ihjs
point ûll automatica y €xecule the program untit the RET at ô428. Thê routine wi stop
in the STEP mode, showing the next instruction as being the ono lo owing th€ CALL lhat
called th€ subrouline.

To summa.isô SKIP lo RET, automatic ex€cution conttnu€s up to and Inctudho lhe RET
instruction associated with the next CALL, OR to the next RET it a CALL is not-en.
counterod in the moantime.

ln,lhe same_way-as the Z (Disassemble) command in the main Monitor gjves an .lN-
VÂLID.ADDRESS' eror il you try to disassembte the Monitor, you cannàl singte step
through the Monitor program, lhe sam€ e.ror message being displaysd, lf thi;6rror con_
dilion occurs while you ar€ in the Trace command, an autorilatic €xit to the main
Monitor is made. and the main Monilor's prompt is shown at the bottom of the screen.



REGISTER POINTER
You will notice that an inverse video (ël ) is dtsptayed immediately to the iotl ot the
register contents column. This is the Register point€r and is used to enable the conrents
of a reglsler pair to be €asily changed from the TRACE command. The pointer can oe
moved up-or down by using th6 cursor control keys. To alte. the contents ol a rêgister,
move the Pointer until it indicales the required register pair, and th€n press lhe Cbpy
key. The curfent valu€ is shown on the bottom llne of the Trace disolav.

You can now eith€r press ENTER to restore the same value or type in a il digil Hex
number to change the register value.

This tacility only op€rates in the STEP mod€ of the Trace command and can easily be
ussd wtile debugging software using lhe main Monitor. Access the Trace commano oy
typing T followed by ENTER. All rogister values are passed to the Trace command. and
alter making your register a[erations, exit to lhe main Monitor by pressing ESC. Again,
all register values are pass€d back to the main Monitor.

ROM rnd INT tt.tus
The Trace screen displays lhe staus ol ROMS.

The display ROM 0O shows the currenfly s€lected Upp€r ROMandU0
L 0 shows the enabt€ status ot the ROMS. (O = OFF)

These.r/ll change.rl a different Upper ROM is s€lecled, or il an OUT (C),r command to
Porl 7F h€x (i.e. B' = 7R is stepped rhrough. Amsoft's FTRMWARE SpÊCtFtCATtON
(SOFT 158) gives more delaits on ROM paging and s€teclion.

The INT display will change if an El or a Dt instruction is stepped through.

lf your program usgs roulines that must be run at lull Machine Code speed to opsrate
(e.9. timing^loops or sound output), you will need to escape lrom th€ lraca command by
pressing ESC and use the main Monitor commands to run thosg routines properly. All
lhe legisler values are passed back to the main Moniior, and you can then sei a normal
tsrêal(point (using the main Monilor B command) and use lh€ C (Continue) command to
conlinue executing your program in real time lrom the point at which Tra;€ stopped.

Having encounter€d lh€ Breakpoint, use K to clear the Breakpoint, and access the
Trace command by typrng l fo owed by ENTER. A the Regtster vatues and th€ aooress
ol ln€ next Instruction are passed back to the Trace command ready tor you to conlnue
Single Steppfng lrom the address shown against pC in the register disptai.

'1.5.19 S - S.rrch
This command will search for up to S consecutive Hex bytes or 10 consecutive ASCII
characle.s, and display th€ address of the fksl byte ot the sequence €ach tim€ it oc-
cuts.

lype S tollowed by a Hex start address, plus an optional Hex end address. lf no eno ao-
oress rs given anct ENTER is pressed atter the start address, then FFFF is assumed as
the end address. The ROM enabte states (s€t by U and L described betow) are taken in.
1O account when searchlng.

Having entered a start addr€ss and an end address/ENTER, setect H (Hex) or $ (ASC )



optlon to dstine what is to be s€arched for. Pressing H wilt altow up to 5 Hex vatuss (2
digits each) to b€ spscitisd. Do not press ENTER betw€en each vaiue, but onlv when atl
values arô €ntgred. the Search starts automattca y att€r the tilth value. pr€silng SHIFT
+ 4 ($) will allow up to 10 ASCII characters to b€ defined. Aoain ENTER starts tho
search if lgss than 10 characters ar€ delinsd.

ll more than 16 locations are lound to b€ succ€ssful, the Sgarch stops and waits lor
ENTER b€lore continulng.

l.5.Al L - Lorcr ROU rcc.!.
Prsss ESC lo accass thg prompt and cursor il it is not already on the bottom scr€en
line. Then pr€ss L. An inverse video "L" is dtsptayed, atong with 'O'or '1' lo indlcate
the cur.ent low€r ROM enable state (t = enabted : 0 = disabt€d. lf vou do not want to
chang€ th€ stale, ESC wltl r€turn you to the prompt and curaoc but piesstng .1' or .O'

wlll.sel that ROM enable slate tor the purposes of the Monttor. lf you enable tho Lower
ROM, the Monltor commands that access memory (ô.g. M. Z. $, É, S etc.) wi acess the
low6r ROM and not the RAM when addressing locations b€tween 0 and 3FFF.

1.5,21 U - Upp.r ROI rccar
Thls works in a vory slmllar way to L, but for the curronfly selected uppor ROM, prsss U
and the currently solectsd ROM number (in Hex) is disptaysd atong with .O' or .1' to give
ils snabl€ status. Pressing '1' or'0' yvill s€t that onabl€ stalus.

To change thg curr€nt Uppgr ROM s€lection press ESC to testorg the orom9t and cur.
sor, End lhen press CTRL + U. This wi dlsplay the curren y setected Uppàr ROM
number (ln Hex). lf you do not want to change the ROM number, press ESC. but to et-
lect a changs, lyp€ In the new ROM s€lect number as two Hox digtts (o.g. O7). Thts witl
select the n€w ROM ll it exists, and enable it.

Wh€n eith€r Basic or the Assembler are accessed, the currenlly selected BOM defauns back
to ROM 0.

Plsas€ also r€ad the seclion on ROM STATES lo. mo.€ inlormation on ROM/RAM states.

1,5.22 Y - R.lum to Brslc
The Monitor allows you lo relurn lo Basic so thal you can debug machine code ihai is
accoss€d as a subroutine to Baslc by tho CALL command.

P.gss ESC to restoro thô D.omDt and cursor.
Pr€ss Y, which wlll display "Return to gaslc"
Press ENTER to exlt from the Monitor.

To re-accoss the Monitor lrom Basic, use the External Commandl MON as described in
ssctlon 1.3.

I.O. INTÊRRUPTS
As wgll ag thg Interrupt slatus b€ing shown in the Trace dlsplay, the Interrupt status is
malnlaln€d throughout the Monltor. In oth€r words, il at a Brôakpoint th€ Interrupts are
disabled, then ihey wlll malntain that stat€ when a ,C' command is us€d to con nue
alt€ath€ Breakpoint, unless you havo single stôppod through an El inst.uction.
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Interrupts ar€ enabled on exit to Basic or to the Assembler.

1o allow Breakpoints in a routine that has diveried the Interrupl routine (i.e. changeo tne
JP instruclion at 0038). the normal system default values at OO39 and OO3A are stored
in the Monitor when it is lirst loaded. This delault value is reslored on exit to Basrc or
the Assembler.

1.7 RO .t.ter lnd the sTAcK
Although the Crc464 requires that the BC' registers contain the cu.renl ROM state and
Port number at ALL times when inlerrupts are enabled or when O/S Calls âre made, lhe
Monitor has been writlen in such a way that Breakpoints can be entered in vour Dro-
grams at points where this is not true. Equalty the TRACE routine wjll operate with ANy
value in ANY register without c.ashing. To do this, and to a ow BOM paging when the
Monitor re!ides below 4000 (i.e. underneath the Lower ROM), certain Mdniùr operations
MUST be BAM based.

To avoid conflicting with programs that occupy the no.mal lree area ol RAM, part of the
Machine Stack area has bsen'taken over'by the Monilor lor its RAM based àurrnes.

The stack area reserved by the Crc464 is from BFOO to BFFF, and the Monitor uses the
area l.om BF00 to BF2F for these RAM based.outin€s. Th€ Monitor also uses its own
Stack separate from th€ program Stack, and this is also based at the lower end the
Stack page, trom 8F30 to 8F96. The remainang Stack area from BF97 to BFFF is free
lor your program to use, and although this is a reduced area there ar€ some 104 byt€s
(52 pairs ol bytes) for program use. lf your program should us€ more than this then the
Monitor will not crash, but the bottom of your program Stack may be corrupted by the
Monitor.

As il is possible to enter the Monitor lrom a Breakpoinl with a non.standard vatue in BC'
lhere is now way of checking whgther your program has enabled or disabled either ot
lhe BOMS before thai Breakpoint. Therefor€, at a Breakpoint, the stored ROM srare as
shown by the U and L commands is not updated. However, in the TRACE command, it
an OUT (C),r command to Port 7F is detected as the current instructaon. this is
srmutaled, and the ROM state disptay is updated.

l.E Scr..n llod.r
On enlry to lhe Monitor, pressing SPACE will not change the screen mode lrom that
which your plogram had set. lt is possible io change the scregn mode lrom within lhe
Monitor by using CTRL + 1 fo. Mode j or CTRL + 21ot Mcfre 2. Any change made
will be eftected by use ot a routine in the Lower FIOM which has the eilect oidestroying
many screen parameters (e.9. cursor localions and screen colours) for all screen win-
dows, and these parameters alfect your program as we . The o.iginat program screen
mode is reset after a J or c command.

Providing that you can use the Monitor satisfactorily in the same Mode as your prog.am
(i.e. withoul changing Modes), the Monilor is designed to retain as much oi your pro-
gram screen data as possible. This is done by using a diff€renl screen windôw or
Slream within the Monitor from your program. Normally lhe Monitor uses Stream T lor
all rts scr€en oulput, but any ol the Slreams (0 to 7) can be delined as the Montror
Stream.
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# (8HlF1 + 3, ls used to changô Monltor Streams, and the €xistino Stream
number is drsplayed. Typ€ in a singte numb€r (O to 7) to change Stre;ms.

The new Sl.eam ls solected, and on that Stream.
the VDU ts enabled
the whols scrê6n is selectgd as the window areaano opaqus mode ls selocted.

Ths program Slream ls reselectgd altsr a J or C command and In the Trace commano.

lf lhe sc.s€n lrode ls not changod withtn th€ Monitor, a ot your program screon
param€tsrs should r€maln unchang€d whll6 using the Monitor.

l.e K.yôo.rd
lt, on enlry to.the Monitor trom a Breakpoint or l.Om BâSic, the Keybosrd has b€en re
oarned such that Monltor command keys ar€ not recognised, then it is posslblo to com-prôlaty rosst ths keyboa.d trom within ihe Monito..

ClnL + @ will resot the kêyboard, but th€ otd slatus of the keyboard wi b6 lost. This
will alw€ys work, as the '@, k€y ls t€stsd diroc y by the Monitoi as a Key number and
not as th€ characl€r rsiurnod by that key.

The EN-TER koy ls set to repeat (which ts does not norma y do in baslc) to facililato rhe
M and 0 commands. tts repeat stat€ on entry to the Monitôr is restored aftei;.J or c
command, and on €xlt to Bgsic or the Assombler.

1.r0 THE UOt{|TOR tt{ PRACTTCE
L.nglh and locrllon of AmfON
To onablg the most sftec v€ use to b6 made of the retocalabte lsature ol AMMON. a
memo.y map will help to gxplain mgmory usage:

(----------Iotrl lo.dlq lmgth----------)r
(------{cturl lmlth--------h t

ttflil
Rrlocrtr

Codr

I

Stût lddrt|r
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When,AMMON is loaded..a short Easrc program is firsl toaded which is used lo gel lne
Slart Address and aller HIMEM lo (Slart Address - 1). The Machine Code is lhen toaded
inlo memory at lhe Start Add.ess and this code is '|FBB Hex tong (about gK). The
relocale routine is at the higher memory addresses, and is ov€rwritten with zeros once
it has been run. So having relocated, the actuat tength of AMMON is only 19EE (atmost
6.sK).

There is no check made on the validity ot the Slart Address suppiied, and the highest
values normally acceptable to the system, without ov€rwriting m€mory reserved by lhe
Operating System, ar€:-

Without Discs, but with SYMBOL AFTER 256 = 8Ca0
with Discs, and with SYMBOL AFTER 256 = 8740

These values witl be 80 Hex (128) bytes tower if you do not execule a SYMBOL AFTER
256 bofore loading.

Ife_lqplest m€thod ol loading AMMON lo the highest avaitabte location is to press
ENTÊB in response to "Start Address?" when toading.

Srvlne & Loldlng Cod!
lf you have used AMMON to wrile short Machine Code routines o. blocks of data direct-
ly into memory without using the Assembler, and you wish to Save this code vou should
return lo Easic and use Basic commands to do this. you can soecily the starl location
and length in Hex or use AMMON'S number conve er to get the Decimal equivalents.

Sysl.m Stllu. lhroughout Atlt{ON
AMMON has been w.itten to preseNe as much as æssible ol the Crc464 machine
syslem status while you are using lhe Monitor functions.

On enlry to AMMON, the sequence of evenrs ts:-
i) INT status is slored
ii) All regisl€r contents are stored
iii) Stack Pointer is sei to AMMON Stack
iv) Current program screen Mode is stored
v) Repeat state ot ENTER key is stored: key is set to repeat
vt Screen is set to AMMON default Stresm (usua y Stream 7)
vii) Enlry message is displayed

On exil lrom AMMON by way ol J or C commandst-
i) Screen Stream is set to program Slream
ii) Screen Mode is resel to program Mode only it Mode has been

changed in AMMON
iii) ENIER key rep€at status is reset
iv) lNf status is reset
v) Register contents are loaded with stored values
vi) Slack Poinier is reset to program Stack

On exii trom AMMON lo Editor Assembter:-
i) Stack Pointer is set to ils default value in program Slack
ii) ENTER key repeal stalus is reset
iii) ROM O is selected as the current Uooer ROM
iv) The Interrupt Veclor at 0038 is reset to its default value
v) InterfuDls are enabled



On exit lrom AMMON to Bssicr-
i) ENTER k€y r€peat slatus is r€sel
ll) FIOM O ls sotoctod as tha current Upper ROM
lll) Th6 Interrupt Vector at 0038 ts reset to lts detault vatu6
lv) Int6rruDla are onablad
v) Stack Polnter ls rôset to lts d€fautt value In program Stack

Slngl. Slapplng ROU noutln.r
lf you use lhe Trace commEnd to Singt€ Stsp through ROM routinss, particutarty thos€
in the Lower ROM, you may lind ihat )lour compuler creashes and will not accept any lur-
lh€r keybosrd Input. lhe Lower ROM routines most likely to cause thls ottect are those
concarned with printing t€xt to the scrs€n. AMMON uses thæe roulln€s to create the
Traco display, and th€ Lower ROM routlnes €xpect to flnd tho data they uB€ for that
display intact By Single St€pping the ROM routines, you wilt chang€ that data, and thus
causs tho CPC464 opsratlng systom lo lock up.

ll you escape trom th€ Tracs command while Singt6 Stspping a Lower Rom rou ns, you
will probably leave lho Lorvôr ROM enabtêd. Any address bstween 0000 and 3FFF will
then be interprot€d by th€ Main Monitor cornmands as a ROM location, not RAM. Thls
may become ovldent if you then use the Monttor to Insp€ct ths Assomblor's Obiect Bul
for, which normally lves bslow 3FFF. to thts cas€, it would app€ar that the Assèmbbr
has nol ass€mbled your program. In roality you woutd be looktng at ROM, not RAM loca-
tions, and you would ne€d to disabte the Lower ROM as describ€d in S€ction 1.S.20.

l.1l Summrry ot Commlndr

I rtta nn llsnory locallon & contents in Hex
aaaa = goorgss
nn = new Conlents
ENTER tor next location
M re.sntg.s command

Etcapo to Prompt & Cursor

[amory loclllon & contents in ASCII
aaaa = address
letief = characler lrom keyboard
ENTEB for next location
S rg.gnters command

ln.ort
aaaa = addr€ss lst byt€ ins€rlion
bbbb = addrsss hlghest byte to b6 movodnn = numb€r bytes to Insert

Dalala
aaaa = address 1sl byte deletion
bbbb = addr€ss highest byte to be mov6d
nn = number byles to o€l8te

ESC

t aaaa loltrr

I rr.r bôbb nn

D rrrr bùbb nn

A rar. bùbb cccê &rr llova
aaaa = prgsent start addrsss
bbbb = present end address
cccc = new slart addfess
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F mrr bbbb nn Flll
aaaa = start address ol area to Fill
bbbb = end address of area to Fill
nn = valuq to b0 loaded into area

P !.r. bbbbrENTER Pllnl HcrGrrphlcs Dump
aaaa = address ol first byte
bbbb = address ol last byle (optional) or ENTEB lor open

ended screen display
Printer options on Hex display if end address given

Z !.r! bbbbrENTER Dl!|t!.mbl.r
aaaa = start address
bbbb = €nd addr€ss (optional) or ENTER tor open ended

scr€en disolav
Prinler options il €nd address given.

N HrD numbar Numbar Convr.lrt
H/D = Hex or Dec numb€r
number = valu€ lo be converted

E Edltor Ar|.mbla.
Access to AMMAS il residenl in memory

B rara tr.llpolnl
aaaa = address ol Breakpoinl

J !!lr Jump I Eracuta
aaaa = address lo Jump lo

K Bl.|kpolnl R.rlor.
Reslor€s last Breakpoint - erecules aulomatically, giving
aooress

R R.gl!t.r Dllplry
C Brarkpolnt Contlnur

Continues program execution aller a Breakpoint

T r|ITTENTER Trrcc
aaaa = address from which Trace slarts of ENTEB to sla(

Trace lrom PC valu€ in B€gist€r display.

S ||!! bbbHENlER H.x or ASCII S.rrch
aaaa = slan aooress
bbbb = end address (oolional) or ENTER for detaull end

address ol FFFF.

L (yl Lowor ROIUI lccos8
Current enable state given. 0/1 lo disable/enable ROM

U (yl Upp!. ROÈl rccos3
Cuftent enable slate given.0/1 10 disable/enable FIOM

CTRL U nn Uppf RO S.l.cl
Cufient select numbôr giv€n
nn = new BOM number in Hex.
ROM nn is selecled & enabled

Y Rctum to B[lc



* n Scre€n Stream
Current AMMON Slream given
n = new Stream for AMMON to use (n is a single

dscimal number)

CTRL I Scr..n llod. l
CTRL 2 Scrcrn moda 2

CTRL @ Krybolrd 1!..l
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sEcTloN 2

Thc EDIÎOR ASSEMBLER 'AitftAS" V.rslon 1.1

2,1 G.nc.!l Oatcdptlon
the ASSEMBLER allows you to write your Machine C.ode program as a seraes ol instruc-
tions (mnemonics) into a listing with line numbers in a similar lashion to a Basic lisling.
The ASSEMBLER is completely self-conlained, and operales in MODE 1 or MODE 2'
with a scr€en display that is automalically tabulated inlo lields to make your program
lisling very easy to read. Enlering your Machine fue lisling is a quick and simple pro
cess since the ASSEMBLER'S Llne Editor contains tacililies lo provide Automatic Line
Numbo.ing; to Renumber the listing; to Edit and aller any line; and to ansert lines or
delete unwanted lines. A full.screen Copy Cursor is available operaling in a similar
fashion lo 8asic.

The ASSEMBLEB acceols all the 280 mnemonics (plus a number lhal are not published)

and will accept both Decimal and Hex numbers, and an unlimiled number ol Lab€ls,
each conlaining up lo 6 characters.

To simplily programming, a numbel of Assembler Direclives have been included lo allow
you to define constants, variables, messages, and to sel up data lables. These are ORG.

END, EQU. DEFL, DEFM, DEFS, DEFB and DEFW. The Dkectlve PRNT allows screen or
printer output to be turned ON or OFF du.ing the Assembly process Arithmetic func-

lions allo\4 the ASSEMBLER to perlorm addition ol subtraction within ope.ands' and any
combination ot Label names, numbers o. single ASCII characters is accepted. This
allows the ASSEMBLER lo calculale lhe lenglh ol a message or dala table' and lo ac'
cepl negative numbers.

When assembling your Machine Code program, lhe assembled code is wrltten into
memory, ancl can be displayed on lhe printef, or on lhe screon wilh a PAUSE lacility lo
iieeze the assembly process while you study the assembled listing on lhe screen. The
lastesl assembly mode is wilh no oulpul lo either printer or screen' and in this mode.
1K ol finished Machine Codg is assembled in aDpfoximalely 7 seconds Full error delec-
iion is included, and when an error is found assembly slops wilh a sensible errol
message. The whole line containing the efior is displayed on the screen. and you are
left in the EDIT mode. feady lo correct the error and re'enter lhe line inlo lhe listing.

The ASSEMBLER contains routines lo LIST to a printer and to SAVE, LOAD and VERIFY

the pfogram listing or the resulting Machine Code lo Disc or Tape. The ASSEMBLER
automaiically calculates the start address and lenglh ol any SAVEO inlormation, and lhe
assembled code will LOAD back via Baslc.

To allow long programs to be assembled, the Source Code can be slored on tape or
disc in up to 26 linked sectioos. Each section rs loaded into memory in lurn during the
assembly process, and the resulting Machine Code can either be stored in memory' or
lor very lengthy programs, can be sent di.ectly back to tape or disc lhis vrould allow
you to assembre up to 64K ol code il you so required, and with discs attached. lhe
whole process is automalic. Using tape, detailed screen plompts guide you lhfough the
assemoly process.
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All commands are available trom lhe keyboard as single keystrokes, and Save/Load tile
names can be delined to be available lrom a single keystroke. To simplify access from
Basic, lhe Assembler is set up as an RSX (i.e. it is accessible as an External Command),
and it lully supports External Commands to allow the use of Disc commands elc.
without the need lo relurn to Basic.

2.2 Loldlng A MAS
As the Assembler ooerates as an RSX, it is advisable to load il inlo a clean machine, so
clear lhe Crc464 by CTFL + SHIFT + ESC. lf you have Discs attached, lhen enler the
direct command ITAPE.IN (ENTEB) and type RUN" (ENTER) lo load the Assembler from
cassette. AMMAS gives you th€ option ol making a Back-up copy onlo Disc or Cassette,
and if you have Discs attached, you should enter the direcl command ITAPE.OUT it you
reouire a casseite back.up. You should also set the cassetle wrile speed from Basic
before Loading the program.

A short Basic program loads the code of the Assembler and ollers lhe oplion ol making
a back-up copy onto disc (or cassette)-

To allow lor memory'grabbed' lrom the memory pool by discs or other ROM or RsX
software, the Assembler is relocatable, and automatically relocates itsell to below the
current HIMEM.

This creates a very simple method ol running the Monitor and Assembler logether by
loading the Monitor first and locating it to the highest available memory (press ENTER in
response to'Start Address'), and lhen loading lhe Assembler. lt will ihen locate itself
below the Monitor. You can reserve memory above the Assembler for your own pur-
poses by lowering HIMEM before loading lhe Assembler. Remember lhat neither the
Monitor or the Assembler do a SYMBOL AFTER 256 in their Basic loader programs, so it
you do change HIMEM before loading eilher program, AND you wish to use lurther
definable graphics, then do a SYMBOL AFTER 256 lrom Basic BEFORE loading.

To load a back.up copy lrom disc, type RUN "ASS"- The Assembler is called and the
usual entry message displayed.

WARNING

THIS PROGRAM IS COPVRIGHT AND ONE COPY ONLY
mey b€ made for your OWN PERSONAL USE.

It iE illooal 1o s€ll copior or to give copi6 to triôndt.

2.3 Accoss lo AiIMAS
On loading, the Basic program seis HIMEM to a very low value which is passed lo lhe
Assembler as the start ol lhe Obiect Buller. The Assembler is totally self-conlained and
not deoendant on any Basic, and is compatible wilh any Basic program thal you wish to
load at the same lime. lf you alter HIMEM lrom Basic after loading the Assembler, you
must pass the new HIMEM value to the Assembler next time you access it. The normal
means ol accessing the Assembler is by I ASS bul il you have changed HIMEM, lhen
use IASS,HI Eil+1. the value of lhe start ol the Object Buller will beselto
HIMEM + 1, but the amount ol memory available to the Assembler will be altered.

To make the most effective use of AMMAS. vou should allow il to access as much
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memory as possible. You shoutd make sure that HTMEM ls set as high as possibte
bêforo Loading AMMAS which a ows it to toad as high as possibte in memory. lf you
need to use Basic while AMMAS is in memo.y, mak€ sure that HIMEM is s€t as low as
possible. AMMAS will then use the area beiween those two HIMEM values.

On accessing AMMAS, you wi be greeted by the to owing message:-

EDITOR ASSEUBLER
aMtttAs Lt
O Plctu|.aqua

l{EW T.xl or CO TINUE wnh t.xr (NrC}

lf you have no Source Code in the Assembler, press N which will €nsure that all the
Assembler's buffers are reset. Any Source Côde in m€mory will be lost in this case.

It you already have Sou.ce Code toaded into the Assembter, pressing C will châng€
nothing in AMMAS and allow you io carry on wtth your machin€ codà programmlig.

2.4 THE EDITOR
AMMAS works in two distinc y separate parts. The EDITOR is used to enter and €dit
your Sourc€ Code llstlnos and offêrs a number of functions to sjmplily this process, for
example Aulo line numbering, line re-numberlng, and block copy and delete lunc ons. lt
is a Line Edllor that always uses th6 bottom lin€ ot the screon to accêpt ksyboard en-
tries, with screen scroltlng when necessary. There is a Copy Cursor faô tty ôp€ra ng in
a similar way to Baslc's copy cursor.

Having typed a Sourc€ Code tisting into AMMAS, it Çan be saved to Cassette or Disc for
future use. But before a program represented by that Source Code listing can be run, I
must be converted into machine code by the ASSEMBLEF. Wh€n you Load AMMAS Into
your CPC464, both tho EDITOR and the Ass€mbler are loaded as ône program, and the
EDITOR is automalically entered. The EDTTOR cont.ols the ope.atjon ôf thê whole of
AMMAS, and contalns commands io invok€ thô ASSEMBLER and the
Cassôtle/Disc/Printer f acilities.

When you are entering or editlng a Sourc€ Code listing, th€ Editor no.mally proouces
capital lett€rs at all tlmes, ard wl onty allow tower case lettêrs to be dispiaied botween
quolation marks, whon the SHIFT and CAPS LOCK ksys op€rat€ in the nôrmàl way.

You can.move the cursor through the Edit llne at the bottom ol lhe screen using the lsft
and right cursor controt k€ys. Th€ DELETE key del€tes the charactêr to th€ lelt ot the
cursor, and mov€s lhe cu.sor one character to the left. To move the cursor qulckly to
lhe lett hand end of the edit line, press CTRL and the teft cursor key together.

2./t.l AMI|IAS COtlMAt{DS
All commands can be typgd In charactgr by character, but to simpllty access to the
commands, lh€y ar€ all ava abt€ by holding the CTRL key down white presslng one
olher key as lollows:-
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Comm!nd
ASSEMBLÊ
AUTO
BASIC
CLEAR
COPY
DELETE
EDIT
FILE
LIST
LOAD
LABEL
MONITOR
MODE 1

MODE 2
NEW
BENUM
SAVE
VERIFY

CTRL + Kry

+
6
X
c
D
E
F

\
L
K
M
1

2
N
R
s

Wherever possible, the initial letter of the command name is used to access that com-
mand, but where thas is nol possible (e.9. LIST, LABEL, LOAD)other keys have had lo
oe useo.

Pressing CTBL plus one of the command keys shown above will always print lhe com-

mand nàme on the screen at the currenl cursor location, but for the command to be
recognised, it must be the fifst word on the Edit line. In other words it must be al the
lelt hand end ol the bottom screen line. lf you are unsu.e that the cursor is in the cor'
rect olace, press ESC before accessing the command name. There must be a space
after the command name and belore any operands. Using CTRL plus a key puts the
space lhere automatically.

2.4.2 Screen Dltplay
The Screen display is always tabulated into lields lo make your listings easy to follow'
and the SPACE bâr acls as a TAB function when you are entefing lines ol Sou.ce Code

Tha cursor conlrol keys automatically delect the boundaries of the lields within the Edit

line. You can use Mode 1 or Mode 2 (see sections 2.4 12 and 2.4.131with any choice ol
Paoer and Pen colours.

2.4.3 Entorlng a llne ol Sourca Codo
The machine code program that you wish to write is €ntered inlo a listing in a similar
lashion to a Basic listing. Only one instruction per line is allowed, and the line must con'
tain a line number belween 0 and 9999, and the operation name along with the relevant

operand(s). A lull list ol Z8O mnemonics in the co.recl lorm lor the ASSEMBLEFI is

silown in Section 4. the program line may also contain a LABEL name that will identily
ihat instruction in the program. The screen display is divided inlo 4 fields as shown

below, starting at the lelt hand end of the line:-

Line number - 'lst 4 characters plus 1 space
Label name - Next 6 characters plus 1 space
Operation name - Next 4 charact€rs plus 1 space
Operands - Remainder of line

!....:,...,,:,..,i....'..'..'.'.,.............'......'..'..".....'......'..'
t0t5 !A8EL t0 HL, JFFFII

1050 tI) DE,12768
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Use the " -" and " -" cursor conlrols to move the cursor along the bottom line. With
an empty lin€, the cursor will jump to lhe bôglnning of each lield. Use the ''-" cursor
control to ensure thal the cursor is al the left hand end of the line and type in a ne
number, 9ay 10.

As you type each character, it is displaysd, and the cursor moves 1 locatlon to the rlght.
Having entered the number, iype SPACE. The cursor will move to the slart ol the nexr
field, the LABEL lield. The SPACE key has s€v€ral diffôrent tunctions depending upon
ihe cursor position in the line, and these will be €xplained later. lts main function when
entering a line is to advance the cursor to the start ol the next field, clearing any
characters it pass€s. The cursor is now at the starl of the Label Field. Most of the lines
you will ent€. will nol r€quire a Label, so type SPACE again, and the cursor will move to
the start of the Op€ration Fi€ld.

Pressing space a third time has no effecl, as €very line you enler must hav€ an opera-
tion name, and lhe cursor walls for a name lo be entered.

All programs you write murl start with a delinition ol the address lrom which the pro-
gram is lo be assembled. This is called the OBlGlN, and is abbreviated to ORG. Typ€ in
ORG as the operation. Type SPACE, and the cursor will now move to the start of the
Operand Field. The ORG operation now r€quires the address lhat will be th€ address of
the first byte ol th€ assembled program. For this exampl€, enter 6000H. This represenls
the Hex addrass 6000 ( = 24576 decimal). For morô inlormation on OBG, see section
2.7.1, and lot mor€ about numbers, see s€ction 2.6.2.

The bottom line of the screen should now be:-

{J0 1() UR6 6c)0{1H

Before sntering this line into the listing, use the "J" and "è" controls to movê the cur.
sor around the line. When the cursor ls ov€r a characler, pressing an alpha.numsrlc key
will replac€ the original character with the one typed in, and move th€ cursor I localion
right. The "-" and "ê" controls move the cursor to the n€xt character left or right,
within a field, ignoring any spaces. lf a field is empty, the cursor moves to the aÈ
oroDriate end of that fiold.

To DELETE a cha.act€., move the cursor lo the charactgr to the right ot the one to be
deleted and pr€ss DEL, The character to the lstt ot the cursor is d€leted and th€ cursor
moves into the deleted location. The rest of the line is nol mov€d.

Now press ESC The message 'BREAK' is displayed and the cursor moves to the telt
hand end ol lhe botlom line ol lhe screen, which wilt have scrolled up. Pressing ESC wlll
abort the currênt Editor lunction (and cancel Auto line numbering) at any time. Press
Space again and nothing happens, as lhe cursor is waiting for a line number or a com.
mano name.

Re-type the whole ORIGIN lin€ again, and experiment with the cursor control k€ys, the
SPACE and DELETE keys unlil you are lamiliar wlth the operation of thes6 lunctions.
When you are ready re-type lhe ORIGIN line again, and this time press ENTER.

The screen will scroll, and thô cursor wlll app€ar at th€ lelt end of the bottom llng. The
line has bsen ent€red into lhe llsting. At the tim€ ol €ntering a line into the tisting,
checks are carried out on the contents of the llno to 6nsur€ lhat gach field ends with at
least one space. Jhe spaces are €ssential for the ASSEMBLER to rgcognise the varlous



parts ol the line. ll they do not appear in the line when you press ENTER, the line is not
entered, and the cursor appears over the unwanted characler.

Ssction 4 shows a complete list of mnemonics in the lorm lhat the Assemblsr will
recognise, and it is important that you enter them in this lorm. They all conlorm to the
standard 280 inslruction set.

Using the tour fields into whlch the screen ls divided, always enter a llne number; enter
a labàl name (maximum 6 charact€rs) 01 leave the label field blank; enter the operatlon
name (LD CALL RET €tc.) Into the operation fieldl and enter any operands lnto the last
field. Where an oDergiion has two operands, th€y mull be separated by a comma €.9

(J(:)11:, I-D A , ?C}H

2.a.a LtsT
Move the cursor to the left hand ond of the llne and press CTRL and the\ keys
togelh€r. (The keys are on€ above the other.)The word LIST wlll appear on the screen
Pressing ENIER will produce a listlnq in numeric line order starting wilh the lowest lin€
number in the llsllng. Ten lines ol program are displayed wh€reupon lhe listing will tem'
porarlly stop. Subsequent blocks ol tsn lines ot listing are displayed by pr€ssing SPACE,

until the end ol lhe program is reached. Alter each block ol ten lines, any other com-
mand may be used betore continuing with the listing.

You can specily a line number after LIST, and the listing will start lrom thal line numb€r,
or ths next line, il that lin€ number does nol exisl.

For sxamole LtSl5ût wili lisi from line 500 onwards, whereas in Easic it would only lisi
that one lin€. ll you are used to the Basic lorm ol LIST 500- to iisl on from line 500, then
that form is also acceotable to AMMAS.

You may well have RENUMb€red your Source C,ode listing in the process ol entering it,

and bo unsur€ ol the current line number ol a particular part of the llsting. lf this is the
case, and you know a label name close to th€ area you wlsh to list, you can usô the Lisl
command lo list from lhat lab€l nam€ with

LIST XXXX where $ofi is the label name.

The Editor wlll search for tho deflnltlon ol thst label name jn the label field of your
Sourca Code, and llst lrom the llne contalning the label definllion ll ihe lab€l sp€cifiod
in the L|ST command does not exlst in your Source Code, no llstlng ls produced

ll you have a prinler connected to your CPC464, you can produce a printout ol youl
listing by typlng a / after the LIST command name and belore any lin€ numbe. or Lab€l
name. For €xample

wlll llst to the printer from line 500 to the end of the listing.
You can paus€ the printer listlng by pr€ssing ESC once, after
whlch, press SPACE to conlinue or press ESC again to ter'
minate the prlnter listing.

Lrsl ,500



2.a,5 ED|T
Move the cursor to the lsft hand end of the lin€ and press CTRL and tho E k€y together.
EDIT is dlsplayed on th€ screen. Prassing ENTER now will dlsplay the llrst llno ot the
listlng at the boilom ol the scroen. To EOIT a sp€cilic llne, enter the llno numb€r alter
thg EDIT command and press ENIÊR. You can now use th€ cursor control keys to edll
the llno snd rÈanlor il Inlo th€ llstlng by presslng ENTER.

To delets a line from tho llsting, typ€ ln lho lin€ number only and press ENTER.

2.a.6 AUTO
Move the cursor lo ihe left hand end of lhe lino and press CTRL ând the key with +
€ngrav€d on lt, AUTO wlll be displayôd on th€ bottom scresn llne. When €nabled, lhls
command automallcally glves you a new llne number €ach time you 9nt9. a lin€ inlo th€
listin9.

The command torm is:-
AUïO I t
wh€re AUTO ls accessed from CTRL +

x = lhe sta.llng line number
y = tho slsp valu€ (b€tween 1 and 99)

x and y must be s€paralgd by a comma.

For €xampl€, AUTO 1000,5 wlll start numbering at lln€ 1o0o In sleps of 5.
and AUTO 10 will slart producing lin€ numb€rs trom line 10 wllh ihe

p.ôviously dsllned st€p value. lf you have not yet defined a
stop valuo, thô delaull value ls 5.

It AUTO llne numberlng ls about lo produc6 a nsrv llno numbôr In sxcsss o19999. the
AUTO facllity is abortad to avold ovorwritlng ths start ol your listlng.

When a new lino numb€r has b€€n digplayed on lhe gcreen, the cursor ls positionêd at
ths start ot tho Labsl fleld. It you do not wlsh to €nter a label name, pross SPACE once
to mov€ the cursor to lhe stari ol the opsraiion lleld.

To stop thê AUTO laclllly, pre$ ESC onc€. Rs€nterlng AUTO agsln withoul specitylng
any valuos will use lhs last stgp valuâ wlih â lin€ numb€r lollowlnq the lsst one produc-
ed by AUTO.

2.4.7 REM,[
Move the cursor to th€ lsft hand end ot th€ Edit llno snd prsss CTRL and the R key
log€th€.. RENUM rirlll be dioplsyôd on th€ boltom scraen lln€,

thls âllows lho Sourc€ Code llne numbers io b€ r€numbered.
tho command lorm ls:-

nENUI & t, t
whero RÊNUM is scaossôd from CTRL R

x = th€ step valu€
y = the lino number lrom whlch to sta.t r€numboring
z = ths new value lo be given to line y (the roullno aclually givos a ngw

valu€ ol z+x to line y)



Ey\AMPLE a). RENUM 2,1000,2000 will glve a step vatue of 2, and renumber from tne
exisling line 1000, giving that line a new number of 2002. Subsequent tine numb€.s,
through to the end ol the lisling, wi be renumbered in steps of 2.

EXAMPLE b). RENUM 2,1000 will renumber lrom tine 1000 lo the end ot th€ tisl|no rn
steps ol 2.

DGMPLE c). RENUM 2 will renumber th6 whote tisting in steps ot 2.

In all cases, if the RENUM paramelers would creats a line number great€r than 9999.
the step value is reduc€d by 1 and the renumber is executed again automatically. ln Ex.
ample b). if the step value has reachsd 1 and a line number groater than 9999 would be
produced, lhe whole listing is renumbefed in st€ps ot 1. ll, in Exampte a). th€ slep value
reaches 1 and a line number greater then 9999 would bs produced, lhs value of z is
reduced and the renumber is attempled again with a step value of 1 until it id suc-
cessful.

In all cases, renumbering is ellective lrom the chosen line in the lisling through to the
end ol the lisling.

2.I.8 DELETE
Move the cursor to lho left hand end ol the Edit tine and press CTRL and lhe D kev
log€ther. DELETÊ will be displayed on the screen. This command a ows a btock oi tines
lo be deleted trom your Source Code lisling.
The command torm is

DELETE r, y
where DELETE is accessed lrom CTRL + D

x = line number ol start ol block
y = line ôumb€r ol gnd ol block.

Press ËNTER, and the block ot lines from x to y |NCLUSIVE wi b6 deteted.

2.4.9 COPY
Move the cursor to the lelt hand end o, lhe Edit tine and press CTRL and the C key
togelher. COPY will be displayed on the screen. This command will copy a block of
Source Code inlo another part of your listing. The original block ol listing is nol deleted.

The command lorm is

COPY r, y, r
where COPY is accessed lrom CTRL +C

x is the lirst line number ol lhe block to coov
y is lhe last line number ol the btock ot copy
z as lhe new point in the listing lo copy to

It Z is between X and Y then a Syntax Error is generated.
llX>= Ythen a Syntax Error is generated.
ll a lin€ Y exists, lhat line is included in lhe Copy.
ll a line Z exists, lhen the block is inserted AFTER it.
lf a line Z does nol exist, then the block is copied to whgre line Z would be.

The listing is nol .e'numbered, and you will have duplicate line numbsrs.



2.a.10 NEW
Thls command cl€ars tho Text Buflôr of all Source Code, clears the Label Table, and
r€sets the Assemblêr lo the same state it was in when vou first load€d it.

With the cursor al the l€tl hand end ot lhe botlom line, press CTRL and the N key. The
message lhat you saw when you lirst loaded lho Assombl€r will apæar. if you typed
NEW by mistake you can now press C and nothing will be losl. lf you want to eras€ th6
€ntire program llstlng, press N.

2.4.1I CLEAR
This command is us€d to Clear sp€cilic parts of ths Assembler's butlers and tabl€s.

Move lh€ cursor to lhe lôft hand end ol th€ Edlt lin€ and p.ess CTBL and the X key
togethor. CLEAR rrylll be dlsplayed on lhe botlom lino. You must now sp€cily one ol foul
singl€ paramgters to indiqate which part ol m€rnory is lo be cl€ared.

The command lqrms are;-

CLEAR L

CLEAR O

CLEAR T

This clea.s all the labels lrom the label labl€, and resets the label
labl€ to th6 * lâbel only.

This clears lh€ Object Butlor to z€ro length. (use lh€ letter O, not
the numbor z€ro)

this clears tho T6xl Buffer ol your current Source Code, and
onablos a protgction syslem on lho labols currently in thg labal
tablg. This ls uselul wh€rg you n€ad to ass€mble t$/o separat€ sec-
tions ol Sourca Codg, wllh the socond sgction having access to the
labels crsatod by the fksl ssction. Th€ ASSEMBLE command wlll
clear lhe label tabl€ back lo its p.olected size (normally lust the*
label) befor€ it sta.ts to assemble cod€.
The pfotectlon can b€ cl€sred by the lollowlng commandsi
CLEAR q CLEAR L: NEW

This clears ths protection appll€d by CLEAR T to the lab€l table. AII
the lab€ls r€maln In th€ lab€l tablo, but without protectlon.

CIÊAR P

2.'Ll2 IODE I
Move th€ cursor io the loll hand end ol the bottom screen line and oress CTRL and 1

together. MOOE 1 is displayed on ths scr6ôn. Thls command (and MODE 2 below)
change the screen dlsplây mode.

It requlred, two operands may be appended to this command to deline the INK colours
used by PEN and PAPER. Th€ Assembler always uses PEN 1 : PAPER 0 and th€ colours
a$ociat€d wlth INK 1 and INK 0 ar€ set lo ihe values giv€n. The first operand is the
PEN ink and lhe second operand is lh€ PAPER Ink. Tho two must be s6paral6d by e
comma. The given values are masked to be within lhe range ot 0 to 26. and the Border
colour is set th€ samg as the Pâp€. colour.

giv€s white hk, black psper.
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2.tt.13 MODE 2
this command fo.m ls idsntical to MODE 1 abov€, but sets Scr€sn Mode 2. pEN and
PAPER Inks can be soocified il reouir€d

2.'l.lf BASIC
Thls command allows you to return to BASIC from AMMAS. MovB th€ cursor to the lelt
hand €nd of lh€ Edil lin€ and press CTRL and th€ B k€y togelh€r. BASIC wllt be
dlsplayed al the botlom ol the screen. Press ENTER and you wi return to Bâsic, with
thg usual "Ready" messagg.

To re-snler lh6 Edilor Assembl€r s66 section 2.3.

The Baslc Loâder program tof AMMAS wlll probably s be tn m€mory, but as AMMAS
as completely self-contalnsd. you can satoly us€ the Basic command NEW to rsmove lt.
You can also usg your own Baslc programs whllg AMMAS is in memory, but remombsr
thal il you altêr tha value ol HIMEM you must te AMMAS its new vatu€ whon you r&
access the Assembler. You should use the External command I ASS,HIIIEM + 1.

lf you n6êd to Load or Save whlle in Basic, you will hâve to raise HIMEM to giv€ Basic
enough room for its Tap€/Disc buff6.. AMMAS sets HIMEM to a very tow value, and
Baslc wlllgiv€ a "Memory Full" error if you do try to use Tap€/Disc commands wlthout
altering HIMEM.

2.4.rs E(TERI{AL COIUANDS
When additlonal ROM or RSX sotlware ls In your CF€464, you can access this software
th.ough Exlernal commands with th€ forml NAME wh€re NAME ts lh€ commano name
(e.9. I MON glves access lo AMMON). The Edltor Assembtor also conteins tacitities tor
accessing Exlornsl commands without th6 n99d to return to Basic lo do so.

Move the cursor to the 16fi hand €nd of the Edit tine, and typs SHIFT + @ to gtve the
BAR symbol tollowed immediately by the externat command name. A maximum of 5
numoric or string operands can alao b€ sp€cifl€d. Docimal or Hox numbars are
acceplod, but Hex numb€rs must bg in the AMMAS lormat (i.e. 400OH : see section
2.6.21.

ll you add operands to lhe Exlernal command, follow th€ command name wlth a
comma. Strlng ofr€.ands are typed out in tull. and not acc€ssed via a variâble as In
basic.

e.g. IERA,FILE AtlE.Blll to sras€ a tlte trom Dtsc
lREt{,FlLE2.Bll{,FlLEl.Bll{ to rsnamo a Disc fite.

It a string op€rand starts wilh a numb€r character, you should snclose th€ wholg string
opgrand withln quoles lo avoid any conluslon ovsr the operand being treated as a
numb€r by AMMAS. Ths quotes wlll not be count€d aS part of the string.

e.g. I REN, 'FlLE2BlN","FlLEl.BlN" has lhe same elfect as the above
€xampts.
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2.4.r6 COPY CURSOR
When €ntsrlng a llsting, or during Editing, a lull screen Copy Cursor ls available oxactly
as in Baslc, using SHIFT with the srrow koys to mova the Copy Cursor, and COPY lo
translsr the relevant chsraclsr Into lh€ Edlt llng.

Whsn 8 Space ls copled into the Edlt lino at th€ bottom of the screon, lhe Mein Cursor
in th€ Edit llne doos not Tab across to tho next lield, but slmply writes a single Spâc€
into the Edlt line. Bocause of this, you could flnd that a llnê of Sourca Cod6 is reiscted
by th€ Editor becaus€ lt do€s not conform to the €xpactod field lormal.

As th€ Editor ot AMMAS always op€rates In an "ova.wrlt€" mode as opposod to an
"insert" modg, lhe Copy Cursor offers a simplg way ol insorting chalactgrs Inlo a lins ol
llsting, tor ôxampl€ Into a message llne. Llst the Source Cod€ so lhal the llne requiring
an inssrtion ls on lhs scresn. Us6 th€ COPY CURSOR lo copy fro|n th€ line number up
to the Insertion polnt Into th€ Edit Llne and then typ6 In th€ Insertion from thê keyboard.
Flnally, us€ ths COPY CUBSOR to copy the.emalndor of the lina lrom lh€ screen listing
and ENl€R the new lin€ Into the llstlng.

2.a.17 Comm.ni llnaa
Commonts can b€ ins€rlgd into your listlng, in a simllar way to a REM lino in Basic.

Entsr ih€ Llng Numb€r: movs the cursor lo the start of thg Label Field and ente. a sgmÈ
co|on.

Using tho "-" cursor control, movo the cursor to lho slart of ths oparlnd fleld and
enter your comment, enclosod in quotes, €xactly as you would gnt€r a m€ssâg€ line.
(S9€ DEFM)- The 8emi.colon id€ntili€s tho line as a commsnl, and the Assembly routino
ignores the whols llno.

2.a.10 ESC Kcy
th€ ESC key can bs ussd at any tim€ to cancel or stop most tunctionsl (€.9. durlng
assembly, llsting, dlsplay of lab€l tablg, dlsc/caaa€tt€ commands ol lo cancel unwanisd
commânds belore executlon). Uslng the ESC k€y whllo typlng In a command or a line of
Sourcs Cod€ w{ll cause a BREAK straight away, but ll a command is runnlng wh€n ESC
is Dressed. that command lr66zes and ths cursor app€ars at th€ bottom of the screen
Presslng SPACE allows th€ command to contlnue and a sgcond press on ESC wlll cause
A BBEAX.

2,{.19 R.r.ttlng thc kcyboard
ll you r€turn to Bæic, the çommand nara etpansion strlngs will slill operate. and will
b€ avallabls on r9-6nlry to th€ Assemblgr. ll, however, you hava changed any ol th€
maln k€yboard deflnliions In Basic, you can r€sel the Assàmbl€r keyboard by CTRL +
@. Thls will rôdoline all the key expansion strlngs, and will set the FILE name (seê

section 2.5.1) to a null slring.

2.a.2ll [ONlfOR lcc.rt
ll you loaded ths MONITOR (AMMON) p.ogram as well as the Assembler, you can
directly access the Monltor In one of two ways. (Se€ S€clion 3 lor loadlng bolh
programs to96tho0.
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Flrstly, as the Monitor is set up as an RSX, you can use the extornal commandlMON
and pr€ss ENTER.

Secondly, if you press CTRL and the M k6y together, you will s€e MONTTOR appsar on
lhe bottom screen line. Press ENTER to gsin access to AMMON.

2.5. CASSETTE Al{O D|SC CO MAI{DS
It is possible to Save thè contsnts ol both the Sou.co Code bufio. (your prog.am tisting)
and the Objecl Code buller (your ass€mbted program)direc y lrom the Assàmbter.
Thgro ls no need to sp€clfy a slart addrgss or lsngth as the Assgmbler calculatss thrs
auiomalically.

On loading, the Assembler chocks to sêo DTSCS arê pr€sent, and a cassene based
routine8 will work with the Oiscs ll thoy are avaitabte.

lf you wlsh to us€ cassott€s while the Oigc intgrlaca ls connected to your CpC464. vou
shoutd use the Externat commandslTAPE.lN.lTApE.ouT orlTAPE lo rèinstate the requrred
cass€lts faclljti€s. Thos€ ext6rnal commands maintain th€ir ettsct until countered by thg
rglevantlDlSC external commands. Full details ol these gxternal commands arq grven
in Amsoft's Disc User Instructlons. A 2K buffe. lor Cassette/Disc commands is reservgd
wllhin AMMAS.

l{,8.
It is possible to Load aîd Save a Sourc€ Code file lrom Basic, bul it you do, you wall
ellher corrupt th€ Assgmbler, or th€ Ass€mbler will not rgcognise the Source Code.

CASSETTE SYNTAX
The synlax ol the cassette commands is vsry simila. to Basic cassette commands. you
can LOAD, SAVE and VERIFY Source code or Objecl cod€ by specifying a lits name ot
up lo 16 characters long, and the file name must be enclosed in ouotation marks (SHIFT
+ 2). To change lh9 spg€d at which lhe Save ls ex€cuted, you must return lo Basic
(see Section 2.4.14)and use SPEED WRITE 0 or SPEED WRTIE i lrom Basic. you can
then r€.access AMMAS and all turlhgr Saves will opgrate at the Spesd you have
selectâd.

DISC SYNTAX
When using Oiscs, the lile name specified can contain oplional User, Drive and TvDe
pans along with th€ compulsory Name ol up to I characters, and lhe syntax is lh;
same as in Basic. The whole file name. including any opl|onat parls, must be gncroseo
in quolation marks (SHIFT + 2).

When Saving or Loading with Discs. the lype pan ot the tile name wi|| delautt lo, .SCE,'
for Source code, or ".BlN" (Einary) or ".COM" (Cp/M) for Object code. However, it you
specify a diller€nt ïype part, lhen that wi be used in ptace ol the d€taun characlers.
AllSaves arg defined in their header as Unproiected Bina.y lites, excapt tor ,..COM"
liles which are unprotected ASCll.

2.5.1 F|LE
You can deline a lite name lor use in Cassette/Disc commands thal will th€n be



available lrom a singte key.

Move lh€ cursor to the left hand end ol the line, and press CTRL and the F key
iogether. FILE will be displayêd on the bottom line ol the screen. Type in the file name,
including the opening and closing quotation ma.ks, and p.ess ENTER. Th€ lile name will
be chgcked for syntax, as if it were a cassette command with a maximum of 16
characlsrs. Spaces are ignored. ll you are using Discs, th€n a lull Disc syntax check is
carried out by the LOAD/SAVEnTERIFY commands. Also, il you are using Discs, a Type
part is not added by the file command, but is added by the LOAD/SAVEIVEBFIY
commands. lf you wish, you can specily a lype part within the FILE name you define.

To access the delined FILE name, hold down CTRL and Press the 4 key (it has $
engraved on it) and the file name, complete wilh quotation marks is printed on the
screen. For example, to Save a lile wlth the d€fault FILE name, use CTBL + S lo. SAVE
and CTRL + 4 tor the tile name.

2.5.2 SAVE
With the cursor at the left hand end ol th€ Edil line, press CIRL and the S key together.
SAVE will b€ displayed on the screen.
Type in a lilg name (or use CTRL + 4 il you have dôlined â FILE name) and make surg
lhat the file name €nds with quotation marks (SHIFT + 2).

You must now specily whether you wanl to Save Source code or Obiect code. To Save
Source CodE that you have entered, follow th€ lile name with T (lor Texl) and to Save
your assembl€d Obl€ct Code, follow lhe llle name wilh either B (for BINARY Code) or
with C (lor CP/M COM tiles).
ïhen pfôss ÊNTER.

SAVE "nrmC'T Sav€s Source Code.
SAVE "nrna"B Saves Object Code as Binary Cod6.
SAVE "nrmr"C Saves Objecl Code as CP/M ".COM" lile. (Disc only)

lf you are using cassetle routines, you will see the usual cassetle messages.

ll you are using Discs. you will see some new messages. lf you Save a lile to Disc from
Basic, and a file ol lhe same name is aksady on the Oisc, it is automatically made inlo
a Back'up version, wilh the Type part ".BAK". Howovsr, the Assembler gives you lhe
optaon of making a back.up, or ot ove..writing the old tile, or ol abandoning the Save to
choose a new lile name.

So, when Saving to Disc, the Assembler searches the Disc Directory to se€ il a lile of
the name specified already exists, and lhe first new message you see tells you that a
Search is being made- ll a file ol th€ same name does exist, a messag€ will lell you so,
and will ask vou:-

Or.rrrlte :Brckup: Abrndon {OrBrA)

You must resDond with SHIFT olus lhe lelter O o. B or A. The SHIFT has been added
lo make your keypress a delinite and consious choice. This should help to eliminale
ovsrwriting lilôs by mistake. Having made your choice. th€ Save will go ahead.

It the fil€ name specified in you. SAVE command does not exisl on the Disc, you will be
told so, and the Save will go ahead immediately. With Saves to Disc, you do nol need to
sp€clfy I Tyf,€ part, as Sourcs codE is automatlcally giv€n ".SCE", and Objoct coos ts
giwn ".BlN" or ".COM".
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OBJECT CODE
The Assembler always stores the cods ll assombles in ths Objoct Buller irresp€ctive ol
th€ ORG address supplled In the Sourco cod6. (A full€r oxplanallon is in sôctlon 2.6.,|).
When you Sav€ th€ ObJsct codo to Disc, the code ls Savêd tfom ths Obj€cl bufler
(probably not lts flnal run location), but tho Hôad6r Inlo.matlon on tho disc is made lo
contaln the correct Inlormatlon about the Orlgln locallon. This means lhat you can Load
that code back Into memory from Dlsc wlth lhô Basic command.

LOAD "n.m."

and it will Load lo thô localion glv€n as lhe ORG In your Source codo.

Howevor. ll you Sâve Objoct code to Cassello. lhere app€ars to b€ no way ol croating a
faked heador containing lhe ORG locatlon. For this reason, you musl load Cass€ile
b88€d Oblecl cods lrom Baslc wlth

LOAD "nana",rddrata where address = your ORG location.

Thls wlll lorca Baslc to Load it to ths correct addr€ss, but you must k€ep 8 nole of th6
ORG locatlon spoclllod In your Sourco Cod€.

2.5.3 LOAD
The Assembler will O LY lord I v.lld SOUnCE CODE flL thst has been prevlously
Sav€d by lhe Assambler. Any othor fil€ will givs you a "Wrong fll€ typs" €rror.

Wth ths cursor al the lefl hand end ol the EDIT lln€, pr€ss CTRL and the L k€y
logether. LOAD will be dlsplay€d on the sc.Ben. Typ€ iô a lile nama (o. use CTRL + 4 il
you have already defin€d th€ FILE name). Præs ENTER, and the lile wlll b€ load€d.
Loadlng from Cassetle will produc€ the usual cass€tte mgss€ges. and loading lrom Disc
doos not produc€ any messages.

Ths command torm is

LOAD "n.m."

Before the new llle is loadad, the Assembler will clear any existing Sourcs Code trom its
butler, and clear the lab€l table to a null table. In olher words, il will NEW lhe
Assgmbl€r.

ll you wish to retaln th€ lab€ls lrom a prsvious Assgmbly so that a new section ol
Sou.ca code can have accass to thoss labgls, you can simulate th8 CLEAR T command
(so€ seclion 2.4.1,|) In a Load command by uslng lhe torm

LOAD "nrm."C

This automatically does a CLEAR T belor€ loading to p.otecl the exisling lab€ls.

You can also APPEND I sactlon ol Source Cod€ onto the end ol the Source code
currently in memory. ll lhere are any labels currenlly in the lab€l lable, lhey will be
delsted, and ths new Source code will be added to the end of any Sourcg code already
ln the butfer. The command lorm is

LOAD "nrm."A



Having Æpended a section of Sourcô code, you shoutd RENUMb€r tho wholo lisllng to
allow edltlng ol the lull llsting. and you should also €nsuro that there is onty ONE ORG
and ONE END stalsmoot in the entl.e listing.

When losding from DISC, the Assembler will assume a Typ€ part in the tito name ol
".SCE" unless you hav6 specllied a Typ€ part in the LOAD command.

When loading from CASSETTE, LOAD"" will toad the next Sourc€ fit€ on the taoe.

2.5.a VERTFY
Thls command does not 6xist in Baslc, but ths Assembler allows you to Ve.ify a Saved
file agalnst m6mory. The Verify command knows lrom the file's h€ador whothor it ts
Sourc€ Cod€ o. Object Cod€, and chscks the appropriate buffe..

Wlth the cursor al the l€tt hand snd of ih6 bottom screen ne, Dress CTRL and the V
key tog€lher. VERIFY wlll be dlsplayed on the screen. Now type in a fit€ name (or use
CTRL + 4 il you have deflned I FILE name) and g.ess ENTER.

Tho command lorm is

VERIFY "nrm."

ll you are r€adlng from cassetto, the scresn messaggs will imply a LOAD, but th6
Assembler is only checklng ths Information loadsd againsl the values held in memory.

It you aro.V€rifying lrom Dlsc, and do not speclly a Type part in the fite name, the Verifv
command will always default to ".SCE". Theretore, to Verity an Object cods fit€
(normally Saved as ".BlN")you must spsctly the ".BlN" in the lile name as lo ows

VERIFY "n.m..Bll{',

2.5,5 Erl.mrl DISC commrndr
Extgrnal commands have alrêady b€en dsalt with jn dgtail in section 2.4..|5. It vou need
lo REName or ERAse a Disc file, or câll up a DlRectory, you can do lhis trom the
Ass€mbler wlthout the ne€d to go back to Basic.

However, if you need to CAT a Dtsc, you will havo to return to Basic (CRTL + B) to do
this.

2.ô Thc ASSEUBLER
The ASSEMBLER convens the mnemonlcs ontered in the tisting into the Hex code that
lhs CPU cân understand. The mn€monlcs in th€ listing are call€d th€ Sourc€ Cooe ano
lh€ assembled Hex code is known as the Object Code.

The ASSEMBLER makâs two passes through the listing. The tirst pass checks lor
correct synlax: calculales the values of thg Labgls and crgates a table ol thosg values:
ancl crsatos an outlino Objsct Flle. Ths second pass calculates fully allths numeric and
Labelop€rands, and calculates ths otls€ts of retative jumps. lt is not possibt€ to
sepsrats the two passes. The rgsults ot the s€cond pass can be displayed eith€r to the
scrson or to a Prinler-



Th€ Editor/Ass€mbler resides at tho top of memory and s€ts HIMEM to a vôry low vatue
as dæcribed In Sôotlon 2.3, and all its tablss and buflers are alocat€d in ths sDace
betwoon HIMEM and tho bottom ot th6 Asssmbler. This alloca on of tablelbufiàr soace
ls lransparent to the us6r, whlch slmpllflos programmlng, and a ,.Mgmory Full,' 6.10r is
giv€n lt lwo areas are In dâng€r ot ovgrwri ng each other.

As you snt6r lines ol Source codg Into the €dltor, the Source code butfer exDands
downwards below AMMAS, and thg lab€l tabl6 expands downwards bôlow th€ Sourca
Cods durlng the Assembly process. The Assembted cod€ is stored in lhe Obiect Buff€r
which starls immedlatsly above HIMEM and €xpands upwards, towards the iabet table.

2.0.1 Th. Obl.ct Buff.r
To allow you lo Assembl€ code that could u[imately reside in any part ol m€mory, and
also lo glva th€ Asssmbler the maximum amount of worklng spac€ at all limes, ihe
Ass€mbled cod6 ls ALWAYS stor€d in the Oblêct Bufter, irresDective ot the OhGtN
locatlon specifi€d In your Sourca code.
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Thg Assembler will calculat€ all addresses during assembly b6sed on the ORIGIN
address supplied in the Source code; the codo is simply stored in the Object Buffer,
r€ady for Sâving when the Assembly process ls complgte. Thê Machine Code Droouceo
by ths AssomblEr is deslgngd to run at the memory tocation g|v€n In the ORG command,
which is not normally the Oblect Buller area, and lh€ machin€ code would be loaoeq
back to lhs co.rgct locaiion using the Basic Load command. At that stage, the Edltor
Assembler would not be roquired in memory. thus lreeing a large part ol the memory lor
your own paogram.

When the Assembler is firsi Loaded, HIMEM is set lo a very low value, and this value is
passed to the Assemblsr lor it to use as the slart of the Object Bufter. lf you return to
Basic lrom lhe Assembler, and alt€r the vatue of HTMEM (which you wi rie€d to do if
you want to Load a Easic program) thgn you must tell lhe Assombt€r the new varue or
HIMEM n€J(t time you accass rt. To do this. access the Assembter usrng.
IASS,HIMEM + 1. ll you simpty uselASS. then the Assembter wi carry;n using the otd
Object Butfer, which will probabty corrupt your Basic program.

i (((((((((((((((( |-linrùlrd 
Sourm Côii
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The Ass€mbler will stors the new HIMEM addr€ss, and wlll automatically dollne a Lab€l
with lhat value. This lab€l ls glvon a single character name ol " * ". Every tim€ you
Assemble a plece ot Source Code, you wlll always llnd this label al th€ ond ol lhe Lab€l
Table. For mæt of th6 tlms you will nol need to us€ the * labol, but, lf you load both
the Monltor and thô Ass€mbler together, you can usg lt as your Origin and save tlme on
Saving and Loâdlng whll€ you test your Machlno Cod€. Ses Section 3lor more detalls.

2.8.2 Numb.]!
The ASSEMBLER will acc€pt D€cimal or Hex numbers, and will d€lault to Oecimal.
Numbers mutl start wlth a num€ric dlgit, i.9.0 to 9,8nd Hex numb€rs mutl hav€ a
sullix H. lf a H€x number starts with a l€ttor (A lo D it musl bo p.ece€dod by a zsro, or
th6 A$SEMBLER will trsat it as a Labsl. l.e. D000 Hsx must be written 0D000H,8nd FF
H6x as oFFH.

Docimal numb6rs negd no sulllx. Decimal numbors bstw€en 0 and 65,535 aro evaluated
lo thsir corrôspondlng Hex value. D€cimal numb€rs greater than 65,535, up to 99,999
are evalustod, but the carry produc€d is ignored. (i.€. 65,536 is evalual€d lo 0000 Hex

and- 1 is evaluated to FFFF Hex).

2.0.3 ASCII Ch.r.ct r.
Single ASCII charactors are accepted as operands, providing thal th€ character is
ente.6d withln normal quotes (Shifl and 2). This typ€ ot op€.and is accepted by all
op€ratlons lhat can accept a numgrlc opsrand, €xcapt tho Assembl€r Directive ORG.

When you typg th€ flrst quot€, the ASSEMBLER automatically producos lower case
letlers unloss you use the Caps Shift.

Example:- LD A, ,.t" produces the code 3E 61.

2.8.4 Arlthm.tlc
Addilion and Subtractioô within an oDerand is allowed. The sum or diflerence of Label
valu€s, numeric valuos or ASCII charact€rs in any combinalion is accôpted.

Examplosr- 0) LD A, "4" + 20H produces lhe code 3E 61

(i0 LD HL, LBL2 - LBL1 calculates the diifsrence betwsen
Lab€ls.

(iii) LD DE, START + 100H adds a fixed ollset lo a Label.

2.4.6 Lrb.lr
In Assembly languag€ programming, Lab€ls are used lo indsntily points in the program.
Whereas in Baslc you wguld GO TO a line number, in Assombly languag€, you \tould JP
(jump) to a Labsl nams. Th€ lin6 numbers ln your Source code lastings ar€ only lh€re to
malntaln the correct ordor of the instructlons and to allow editang.

You can also us€ labels lo stor€ the values ot conslants and variables. For example. to
use the Firmwgre ROM routin€ to prlnt on the screen, you would CALL OBBsAH. To
make your Sourc€ Code easiel to undo6tand, you could detlne a lab€l(€.q. TXTOUI)
with a vslue ol OBBSAH 8nd thon CALL TXTOUT. Using this method also allows you to
maks changes very quickly by all€ring thô definition ol a lab6l. All subsequent uses of
lhat labsl will slso b€ alter€d to th€ now value. S€ction 2.7.3 and 2.7.4 giv€ dgtails ol
using lab€ls as conslanls and variables.
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All Labels have a two byte, 16 Bit value. Label names can be delined with a maximum
ol6 characters. They murl start wlth a non'numeric charaoter and cannot contain
spaces. All reglster names and abbreviations for condltlons ar€ reserved names, and
cannot be usd as a Label name, as the Ass€mbler will try lo €valuale them as a
register or condition. The lirst character ol a label name must not be a semi-colon' or it
will be recognised as a comm€nt llne. (See section 2.4.14, nor must it be a'l' as lhat
could be misunderstood as a print€r command by LIST. To avoid any possible confusion,
always start a label name with a LETTER.

OFDINARY LABELS
Label names put jnto the Label Field and followed by an operation other than EOU or
DEFL ar€ given the value ol tho curront program address lor thal Instructlon. Thgy are
not re.d€tinablg, and can only bg dellned onca In a program. An ordinary labsl used as
an operand must be defin€d som€where in the program lisllng, but can be defined in a
lins afier it is used as an op€rand. This allows lorward jumps to a Label name. Any
Label can be used as an operand, provldlng ihEt its valu€ is withln th€ limits lor that
ooerat|on.

The label table dlsplay at the end of an assembly pass can be inhibiled, or can be called
up independately ol an assembly pass. The label table is always created by an assembly
pass, and this command only controls its display.

LABEL With lhe cursor at the lelt hand end ol the bottom screen line, press
CTRL and the K key. LABEL is dlsplayed on the screen. Pressing
ENTER now will display th€ label tabl€ to the screen (unless il has
been disabled). Th€ screen will scroll through to the end ol th€ table
dlsplay and can be paused by ESC.

Press CTRL and K as above, lollowed by th€ Zero key. This will
disable the label lable displsy.

Press CTRL and K as above, lollowed by the 1 key. The label tabls
dlsplay will b€ enabled and dispiayed on th€ screen.

Press CTRL and K as above, lollow€d by the / key. lf the label table
display is enabl€d, th€ lable will be printed on lhe prinler.

LABEL O

LABEL I

LAEEL 
'

You can interrogate the label lable to lind the value given lo any specitic label by
pressing CTRL and K as above, and then typing th€ name of the label The value in Hex
of that iabel will be displayed on the screen.

e.g. LABEL LBLI will display the vaiue ol LBL1.

2.0.0 L!b.l Sllclng
All labels are stored as a 16-8lT value even if they are detined as having a value ol 255
or less- ll th€ir value is 255 or less, then the Assembler will treat them as either 8-BlT or
16.811, depending upon the jnslruçtion wilh which they are used.

e.g. lf a label, LBLI is defined as having a value ol 80H, il will be stored as
0080H. and could be used as an 8'BlT value, by

LD A, LBL1

or as a 16.8ll value by
LD HL,LBL1
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EXAMPLE. A lab6l has b€€n defin€d thus:
LBL1 EOU sCBOH

The Instruction LD A,< LBL1
wlll tako the HIGH byt€ of the label, and is equivatent
to LD A,sCH

The Instruction LO A,> LBLI
wlll take th€ LOW byte of th€ label, and ts equivalent
tO LD A,O8OH

Th€ directlon in which th6 < or > is potnÙng indicates which byte is
laksn.

The labsldoss not havs to be defined by EOU, and any labst can be .sticed, in thls way.
It is imporiant lo romember that ALL label names should slart with a LETTER. Never
start a label nam6 wlth '>' or '<' as the Assembler wlll produc€ errors whgn thal label
nam€ ls usgd as an opêrand.

2.6.7 JR DJT{Z
The relativô offs€ts lor thes€ two jump Instructions can be delined in a number ol wavs.
Normally you would us€ a lab€l as th€ oo€rand;

LOOP
Z,LOOP lor a condltional jump

lf its value 16 d6fin€d as greater than 255, li wlll always b€ treated as a lôBtT number.

It is possible to access the hlgh and low bytes of a tabel value separately by prôceedlng
the lab€l name wh6n it is used as an operand by < to access the HlcH byte, or by >
to access ths LOW byte.

wh€re the Ass€mbler wlll calculale the correct forward or backward otfs€t.

You c€n us€ a num€ric ottsst ll you wlsh, bul thls would cause errors in your pro0.am il
you change the Sourca code within tho limlts of the jump wtthout changing the JR
instructlon.

JR2
JR +2

JR -2 I

I jump backwards 2 bytes
JR OFÊH I

JR
or Jn

jump lorwards 2 byt€s

2.0.8 A.!.mbllng Sourc. Cod.
To Assomble th€ Source Code that is currônfly in the Source cod€ butter. make sure
thal the cursor is at the l€tt hand end of tho bottom scroen llne, and or6ss CTRL ano
the A key togelhor. ASSEMBLE will be disptayôd on ths scre€n. tf you pross ENTER, thê
Source code wlll b€ Asssmblod Into ths Object Buffer, and lh€rô wlll be no output to ths
screen or printer untll lhe end of lhe Assembly. ll you have enabled the label table
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display, then lh€ lab€t table is shown on the screen, but il it is dlsabled (LABEL 0)then
you will see the Ass€mbler's cursor re'appear at th€ boltom of the scroen when
Asssmbly is complele.

ll you requir€ a lull Assembly listing on the scfeen, then havjng prsssed CÏRL and lhe A
key lo display ASSEMBLE on the bottom scre€n line, you should then press the S key on

its own lollowed by ENTER. The Assembler makos two passes through the Source Code
listing and the firsl pass will not produce any screen output. There will be a delay belo.e
anylhing is printed on the screen which will vary according to the lenglh of your Source
Code. The second pass of th€ Assembler will produce I lully assembled listing
consisting of the current program address In Hex, the Hex cod€ produced and the line
ot Sourcs code rolating to ihat code. Producing a screen output wlll obviously slow
down the assembly process quite considerably. The scre€n oulput will continously scroll
up the screen throughoul the ass6mbly proc€ss. ll lhero is a part of the listing that you

wlsh to study, you can lreeze the Assembly process by pressing ESC once The
Assembler's cursor will appear on the bottom scre€n line, and lh€ Assemblsr will wait
indsfinltely unlil you silher pr€ss SPACE to continue the Assembly process' or'until you
press ESC again to abort lhe assembly process.

You are more likely to want to produce a tully assembled listing onlo your printer rather
than the scre6n, and to achieve thls, press CTFL and the A key to display ASSEMBLE
on the screen. then press the / key (this key also has ? engraved on it) follow€d by
ENTER. As with scrgen output above, ther€ will be a dslay while the Assembler makes
its lirst pass through the Source Code, then the printer will b€ acc€ssed to producê thê
assemblsd listing durlng the s€cond assembly pass. It you press the ESC k€y once
during the assembly proc€ss, the Assembler will stop and wait for either SPACE lo
conlinue or a second ESC to abort.

Wlth both screen or printer output, the label table ls displayed if it is €nabled (LABEL 1)

To summarise, ASSEIIBLE produces no screon or printer output.
ASSEMBLE S oroduces scresn outoul.
ASSEMBLE, producesprinleroutpul.

The Object code is always produced, and stored in lhe Object Buller.

2.7 ASSEIIIBTER DIRECTIVES
These sre not opsration names recognised by lhs CPU and are included to simplify the
process of writing machine code. They are used by lhe ASSEMBLER' at assembly time,
io creale messagts, data byles, elc. They are entered into the listing, with a line number,

by writing the Directive name into lhe operation fi€ld. They can b€ identilied with labels
and all require an op€rand excepl END

Twg of thes€ Ass€mbler Directives are compulsory ln svery program you writel namely
OBG and END. An error message is produced il either is missing

2.7.1 oRG
Delines the address ol ths lirst byte ol the assembled cod€ and therefore the base
address from which all oth€r label values ar€ calculated. lt must be defined in the listing
before any other instruction. Comment lines can precede it, but il is good practice to
deline it in the llrst lane you enter.
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The Hex code produced by the ASSEMBLEB i8 writlsn into the Obiect Bull€r kom
where it is Saved to cassetle. Label * dolinos lho start of this Butlsr, and is s€l by
the ASSEMBLER. the ope.and for ORG can be a number; a Lab€|, so long as il has
already been definod; or Lab€l * . Only O E ORG per program is allowod.

ll a program ls âs8embled wlth OBG * , the code In the Obiect Buller is corr€ctly
assemblod lor the Bulfer addrsases, and can b€ run thete (See Seclion 3). Any other
ORG addræs will produca code in tha Objoct Bufter design€d lo run lrom a diflerênt
add.sss.

2.7.2 END
This signifies the ond ot lhe p.ogram. Although there may be lines ol program lisling
alter ths END stalsment, the ASSEMBLEB wlll ignor€ th€m.

2.7.3 EOU
This Aasomblor Dl.octive asslgns a valug to a Labgl name. lt do€s not put any code into
thô Object Bulter. Labsls are normally givôn a valu€ oqual to th€ curr€nt program
addræs (bas€d on your ORG), but EOU and DEFL wlll torce a lab€l to have a specilied
valu6. Onc€ a Label is assign€d a value by EOU, it cannol t€ re-dellnsd. Any numeric
valu€, ASCII character or oth€r Lab€l name is accaptgd as an op€rand, bul lf a Label
name i6 us6d as an op€rand, it must alrgady have bo€n Ôllnad In I Prwlout llna In
lh. llrllng.

the Label nam€ ls put into ths Labsl field; EOU is put Into the oporatlon li€ld and the
operand In thg opsrand lleld. A sæcial operand fo. uso with EOU and DEFL only is t i.e.
LABEL EQU $. Ihis gives th€ label a valuo 6qu8l to the currenl program address.

2.7.1 DEFL
This A$€mblsr Dkoclive also sllows you to d6lhe lhe Lab€l valus, bul ll also allows you
to redsllne the valu€ as ollen as you wish within a program. Al gsch new definitlon, lhe
orevious value is losl. A Label is onlv re-delinable il its lltlt definitlon in line order ln the
lisling is by OEFL. Subsoqusnt definltions aan be by OEFL or EOU, bul it romains re
definabl€. You cannot ahangô an exlsting ordinary Lab€l lnlo a re-definable ono. Having
eslabllshed 8 Label nam€ uslng DEFL, you cannot usâ the sams name fo. an ordinary
Lab€l to ldsntlty part ot th€ program. lt can only be re-delin€d by DEFL or EQU.

Example:

ooo 1 i.
001 0 0R6 7(l(l0H
OO?O LBLl DEFL "4"
c)(1f,(:r LD A. LFL 1

oc)40;
005c, i***** **** **************lÉ*********{,r+:t
oat6(] i
iJ(17(:) ; " REst of progrârn "
(]c)80 i
oo9c) ;****+ **** *****lr**********************
0100 ;
(:) 1 lQ LBL 1 DEFL LBL 1 +?OH
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In lhe above example, line 20 sets LBLI to the ASCII v8lue of ,,A', whlch ts 4t H. and
us€slh-al value In llno 30. Laler In th€ program, LBLI has 20 H addsd to lt, whtch glves
the ASCII valus ot "a", rvhlch ls usôd in line 120.

When using other Labol names a8 opgrands wlth EOU and DEFL, those Labet nam€s
mull hlya baan prlvloully daflnad In tho llrtlng.

As EOU and DEFL Labels ar€ not stric y part of th€ program, End do not appsar in the
asssmbl€d codo, they have no address r€tatôd to them, and so during th6 ass€mbly
display, thei. yalua is shown in the lett hand column, whors you would expgct to see an
addrass.

At lho end ot tho Asssmbly procedure, a table ot Labet vatu€s ts Droduc€d, and OEFL
lab€ls aro tlaggod by an asterlsk.

2.7.5 oEFB
Asslgns a valuo to th€ singlô byte at the current assembty addr€ss. Tho value must bo
loss than 256 (0100H) and the op€rand can bs a number, a singte ASCI charactor. or a
Label wllh a value les3 then 256.

It is ussful for dolining data bytos withtn â program.

Multlpl€ opsrands ar€ allow€d, soparated by commas, e.g.

DEFE 10.083H,255.3CH

the assembled value ol sach operand is displayed to lhe screen or printer at assembly
tlmô (lf scr€en or printer output is requostod), Th€ itrst operand valu€ is dlsplayad in the
normal position along with the program address and th€ line lrom tho listing. The
sscond and subsequent opgrand valu€s ar€ display€d on the n€xt llng.

2.7.0 DEFW
Asslgns a value to the nexl two bytes at lh6 cu.rent assgmbly address. Thg value is
stored wlth lh€ LSB flrst, followsd by tho MSB: l.e. In tho normalway lor a tro byte
value.

It is also us€ful lor dellning data byles within a program.

Multlpl€ of,€rands ar€ allow€d, soparat€d by commas, €.g.

DEFW 40000,7C80H.3CH.1812

Th€ ass€mbled valuo ol €ach op€rand is displayod to lh€ scr€en or Drintôr al assemblv
lim€ (il screen or printgr output ls requgsteo. The ll.st op€rand value is dlsptayed in tÉe
normal position along with ths program addr€ss and the tine trom the tisting. The
sêcond and subsequonl opgrand valugs are dlsplay€d on th6 ngxt line.

2.7.7 DEFS
Thi6 crgatss a number ot blank bytes tiom ihe currônt assembly addrsss. Ths spac€
c.€al6d hEs lts byle values s€t lo 0. lts operand cân bg a numbgr or a label name.
p.oviding lhal the |rbcl h|t baan dctlnad ln ! pravbu! llm In th. llllng.
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You can use DÊFS to create space for tables or bulters that your program wlll us€
when it is run. (o.9. Disc/cassgtt€ bulfers). You can also use it to create variablg
amounts of blank space. For oxample, your program may r€quire thai a certain section
ol code starls on a page boundary. (A pago ls 256 bytes, and pag€ bound es are
multipl€s ol 256 bytes. The LSB ot lhe address ol a page boundary will always b€ zero;
e.g. 7F00 Hex). To €nsurô that I given instructlon ln your program dogs start on a pagg
boundary, uss the lollowlng line ol Source code belor€ lhat Instruclion:-

line no. PAGE DEFS olmH - > PAGE

The label PAGE is the current program address, e.g- 7D5A Hex.
usrng label slicing, > PAGE is the LSB ol this address. e.g. 0054 Hex.
So the blank space created is 0100H - 0054H = 0046H.
The next instruclion will be at PAGE plus the DEFS value

which is 7D5AH + 0046H = 7E00H

This DEFS Instrucllon will always ensuro that thâ next Instructlon starts on a pag€
boundary, irrespecllve ot your ORG, and ol any changss you make to th€ Source code
belore th€ DEFS.

2.7.0 DEFU
Allows mossagos to be enterôd Into ths listlng as a string of ASCII characteB. OEFM
calculates th€ H€x co(b lor each characlsr, and puts thst code Into the currsnt Objgct
Bulter address. The operand must be a string ol ASCII characters €nclos€d wlthin
quot€s. When you type lho tirst quole into tho lisling, lhe EDITOR automatically displays
low€r cas€ characters unlsss CAPS SHIFT is prg8ssd. When the cursor is positiongd
belween strlng quoiss, low€r case lettars are auiomatlcally producad. Ths lirst
charactor of th€ op€rand mud be a quote.

2.7.9 PRNT
Allows scre€n or prlnt€r oulput to b€ turn€d on and off withln sn ass€mbly pass. PRNT
is entered into the llstlng (ln the operatlon lislo at the points where the display is
requlr€d. ll does not allect the machine code lhat the ASSEMBLER producos.

lf, lor €xampl€, you have alt€red part ol a llstlng, and roquiro a prlnl oul ol the seclion
that has be€n alter€d, you can €nabl€ scrgsn or prlnler output fo. lhat pa.t of the
Assembly process only, without sacriticing the incrsased spaed ot having no outpul for
most ot lh€ assembly procs8s.

PRI{T I tu.ns on scro€n output from the next llne In the listlng.

PnNl, directs the Assembly output to the Printer.

PRNT OFF turns off the Prinl fecility.

The op€rands S,r, OFF must b€ placed in ths opsrand tield in lhs Sourca Codt. Uso
ASSEMBLE (lollowed by ENTER) to glve no scr€€n or prlnler output until lhe PRNT
directlve requ€sts it.
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2.7.10 ENT
Delines the ENTry point ot your program. lt requires one operand, which can be a
numbgr or a labsi. When the assembled code is sav€d to Disc' the ENT addrôss is

loaded into ths lile header as the Run addr€ss so that lhe resulting Code can be loaded

and run lrom Basic with RUN "name". It no ENT address is specilied in your Source
Code, th€n the ORG addr€ss is taken as the ENI address and put into the lllô header'
As lile headers cannot bs ov€rwritten when saving to cassetl€, (se€ Sectlon 2.5.2 on

Object Code), the ENT dkective is only ol use when saving Oblect Cod€ to Disc ll you

are using cassettes to sav€ Obiect Code, and you require a Run address to be

specified, you will ne€d to Save the Obiect Code lrom the Assembler and load it back
into its correct location lrom Basic as €xplained in S€ction 2.5 2, and then Save it again

lrom Basic, adding a Run address.

2.8 MULTI'SECTION SOURCE FILES
To overcomô the problems ol writing very large programs' where ther€ is insulliciênl
msmory for ths total Source Code 8nd Object Code in memory tog€ther' it is possible to
store th€ Sourca Code In s€clions on cassstte or dlsc, and to sssemble the sectaons

into one long Oblect Code file.

A maximum of 26 sections ot Source Code is permilted, each with the same file name

that also includes an identilying section letter. The first s€ction must contain an ORG

directive, and ths last s€ction must contain an END directive- Intermediate ssctions
must contain nelther. Labgls In any section can b€ accessed lrom any other seclion,
exactly as il the wholg Source Code was in memory at the same time

Thè prlnciple ol the opsralion ls that €ach section ol th€ Source Cod€ is loaded into the
Text Buller in turn, with the Assembler €xecuting the lirst of the two ass€mbly passes

on each ssction. Then each section of Source Code js again loadsd into the Text Buller
for the s€cond assembly pass. Theretore, wlth a limited size ol Toxt Buller' a very large

Object Code bulfer aan be created.

For maximum ellecliveness, each section ol the Source Code should be around 750 to
'lOO0 lines in length. ll is lmpossible to give detinite guidelines, bul 10K ol Objecl Code
could be producéd fiom 6 sections each containing around 1000 lines ol Source Cod€

When using Discs to storo the sections of Source Code, the mulliple assembly process

is automatic, and the normal options ol assembly outpul to the screen or printer or
neither ars available. Source Code sections can be stored on more ihan ons Disc il
requrr€o.

lf a casselle recorder is used, prompting messages are displayed on thg screen'
indicaling when lo start, stop or rewind lhe lape lo access the correct seclion Each
section of the Source Cods on the casselle does not need to lollow on immedialely
lrom the last, as the assembly process allows you tim€ lo wind lhe casselle lo the
correcl location belore continuing.

2.E,1 SAVING A SECTION OF SOURCE CODE
the Multi.Section Source Code commands lor cassette and disc' are almosl the same

as lor normal Source Code. (Seclion 2.5.2). Ïhe main difference as that in place ol the
suflix T after the iile name, a section lelter is specilied thus

54.



SAVE "nrm." * A
whers "name" is thg tile namg as normal

t indicatæ a multi-section Sou.co Cod€ file
A is the s€ction ldontltier.

It you d€flned "nam6" as a FllE nam€, you can enter this command by typino

CTnL I for sAvE
CTnL I for "name"
CÎRL 3 for"#"
followed by the Sectlon letter.

N.B.
Th€ " * " symbol ls avallable lrom bolh SHIFI 3 and CTRL 3.

The Ass€mbler will take tho fils namo "nam6" (whlch must be ldentical tor all sectlons
ol the same program) and add " s A" to th€ end ol the name. Thls €tlectively reduces
the maximum numbôr of characl€rs p€rmlssibls In the llle name by two.

when Saving ths vsfloùs sôclions, you musl make sur€ that the section ldênlitying
letters are In ordgr, and arg consocullve lett€rs. You cannot miss out lgtlgrs ln tha
sequ€nc€. You musl also always ldêntlly lho flrst Sectlon as " * 4". Whgn Saving to
Disc, a Type psrt ol ".SCE" is glvon unless you spscily otherwise in th€ lil€ name.

wh€n you are maklng changes to varlous sgctions of Sourc6 Cods as you r€llne your
program, lt is a grsal help to ke€p a record ol lh€ section name and soctlon l€ttôr in a
commsnt llno al th6 start ot th€ llsting lor sach section. This wlll help to avoid the
possibility ot overwritino lhe wrong section, partlcularly on Disc, wh6n you save ths
modilled section of Source Codê.

..g. m06 ; "nrm." * C
0004 :
0010 (Sourc. Cod. lor S.cllon C lollow.)

2.8.2 LOADII{C A SECTTON OF SOURCE CODE
Alterations lo any ssction ot a Mulli-Soction Source Cods lile can be mad€ by loading
thal s€ctlon, and subsôquenily Savlng ll agaln wiih lhe sam6 fil€ nam€ and sectlon
identifying l6ttor. lt you ar€ usinq Discs, you can Ovorwrile tho old filê to savo Disc
space. Th6 Lôad command8 follow the normal ful€s describod In Soction 2.5 and 2.5.3
but you must spocify lhe Saclion letlers as follows:

IOAU'nrm." * A
Wh€ro "name" ls lhe lils name as normal

* sp€cllies a multl.s€ctlon Sourco codo lils
A is lhe seclion l€lter

lf you havô dolined "nams" as a FILE name, you cân enlsr this command by lyping

CTnL L lor LOAD
CIRL 4 lor "nam€"
CTRL 3 lor"*"
lollow€d by lhe Section lett6r.



The Assombler will put the " * A" into the correct place In the lil€ name tor you.

2.E.3 VERIFYING A SECTION OF SOURCE CODE
P.ovidlng lhat a section of Sourca code has been Savsd and is also the currenl secflon
in mgmory. you can Ve.lfy the Savo with

VÊnlFY ,.nrm.,' * A

2.8.. ASSEI|BL|NO A ULT|.SECTIOI{ SOURCE F|LE
1o Assemblg multl.section Sou.ca Code flles, with no scr€en or prinler output, use fhe
command

ASSEIBLÊ * "nrn."
Wh€r€ ASSEMBLE is sccsssed by CTRL and the A k€v* hdlcates multisgction Source lllos

"name" is lhs flle name used whsn Saving the Sou.ca Cod6.

The Assembler automsticaly adds the identifying tette.s to tho file name tor each
secoon.

lf you havs definôd a FILE n8m€ with the.'nsm€" ol tho multi-part Source Code fit€s,
this command can be accassed by three key slroke6:-

CTRL A
CTNL 3
CTRL /|

tor ASSEMBLE
for': # "
for "name"

lf th€ Sourc€ Cod€ til€s are slorod on cass€ttg, fo ow ths scr69n prompts to sel the
tape to the requkod s€ction aod to prgss pLAy. The assombly procsss walts lor you to
wind lh€ cassells to the correct place, so tho sections ol Source Code do not need lo
be consecutlvsly recorded on the cassottgs.

ll the Sourc€ Cod6 is slored on Disc, thg whole process is automatic with scrg€n
prompts lo indicate which section ls being assamblgd. ll you have slor€d your Sourc€
Code on more than ons Oisc (or on two sides of tho samà Disc), th6 Assembt€r witl
indicate thal it has not tound a particutar section, snd wl watt lor Discs to be changed.
You wlll be oflergd the options to ..Ret.y or Cancet'.. pr€ss R to try to load that secflon
again, o. C to cancel the whole assembty.

ll you,fequlre scr€€n or prlntsr output ol the lully asssmbled llsting, then you shouto
lyps S (for Scrg€n) or / (for Printo4 betore thg * . name'. in lhe Àsembts command
Le,

A$9E[BLE S * ..nrna" lor screen output
ASSEHBLE, *.,nrna" for printor output

At Assembly tims, you may wg gsl an Ass€mbly error such as.'jump out ot Range". ll
this happ€ns, amend ths approçrriate Source Cod€ ssction and Sâve it aoain (see
Soction 2.8.1 and 2.8.2lot Loading and Saving) €nsu.ing that you uso th; co;àcl
soclion id€ntifytng l€ or. Having S€ved thê amendod sgction, restart th€ Æs€mblv
process wilh the appr@riate ASSEMBLE # command as doscrlb€d above.



To help ôxplaln lh€ multl-sectlon assembly procsss, lry the tollowlng shorl sxampl6:-

1). Typ€ in lhe tollowlng Sourca Cod€

and Sav6 wlth lhe command SAVE "laal"*A

2). NEW the Source Cods. and enter pan tu/o thus

oc,to 0R6
CX}ZQ TXTOIJ'I- EGIIJ

OOSO START LD
r-)o4(J LD

oc) 10 LooF
r)o!(]
o030
oc)4c)
o050

*
OBFSAH
HL, HSG
B, LEN

LD At (HL)
PUSH HL
PUSH EC
CALL TXTOUT
POP BC

and SAVE with th€ command SAVE "l.!1"# B

3). NEW ths Sourca Cods, and entor Dart thr6ê thus

OO1O POP HL
OO?O INC HL
003(] DJNZ LUoP
oo4ç) RET
(](l5cl NSG DEFH "A mLrlti-pârt Assembly"
0r)60 LEN EeU l-Hsei
eo7(:-t END
and Savo wlth lhe command SAVE "t.rl"# C

4). Typ€ in tho command ASSE BLE S*"lo!t"

whlch wlll Invoks the mulil.parl assêmbly and dlsplay tho results on the
Screen.

The t/vhol6 ol the ObJect Code wlll bs stor€d In memory In th€ Objoct Butler and you will
ne€d lo Save lt lo Disc/Tape as described ln Section 2.5.2.

2T.5 ASAENBLY FROT DFCITAPE TO DISC'TAPÊ
It is poeslble to oxlsnd the multl.part Assembly procoss to store th€ Obj€cl Code onto
Disc,Cassêne in 2k blocks as il is produced. This limils th€ size ol lhe Objoct Bulfer to
jusl over 2k in length, wilch allows you to usê up to 26 socllons of Source Code that
can oach b€ rmde much longer than il th€ wholâ Obj€cl Butter h8d to reslds In
m€mory.
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The command form ls:-

ASSE BLE * "nam.",..nrmacoda',8 lor Binary cod€ tales
ASSEIELE * "nrl|| ",,,n||n.cod.',C tor Cp/M ,'.COM" fites

where ASSEMBLE * "namo" ls iden cat to that doscrlb€d ln section 2.8.4.
"namscode" is the nams giv€n to tho Object Code tile to be Saved,B Indicatos a Blnary codô flle (saved as,,namecode.BlN").

or C indicat€s a CP/M ".COM" fit€ (sav6d as '.namocode.CoM").

It you are using crttatlrù ihe screen prompta will be given as normat lor a mulli.part
assembly, but during lhe s€cond Assembly pass, you will occasionally be asked to
"P1.!! PLAY and REC lhrn rny kcy'. This indicates that 2K ot Object Code is ready
to-q3-S_av{. When this msssage app€ars, mak€ su.e you have your OaJECT CODE
CASSETTE losd€d botore r€cordlng. tt is a good tdea to knock ôut the record prorecr
tab on your Source Code cass€lle bolore staning. you can always cover it with
adhosivo lape ll you do ne€d to rs-rocord a Sou.ce Code fits. This wl o minats the
danger of over-w.itlng your Source Code v,h€n asksd to sav€ a block of Objsct Code.
When a block ol Objoct Code has be6n sav€d to casss e. romovs the casj€tte. but do
not wind it in elther dlrection. Bgplace thg Sourco Code cassotto and carry on.

lf you hav€ Dltcr, you can use any combination of D|SC lN or OUT with TAPE tN or
OUT. lf you us€ DISC lN and OUT th€ onty timitstion is that the Oisc d.iv€ sto.ing th€
Obl€cl Code mu6t NEVER have its disc changed during assembty. The DOS wi produce
an or.or lf you do changg a disc with an op€n file on lt, and the ass€mbly wlll b€
abortgd. Thor€lore, if you only havg one dlsc drlv€, th€ whote ol thg Souice Cooe ano
th€ Object Code must be abt€ to fesid€ on the one sid€ of one disc. Thls limits ths
maximum amounl ol Object Code to around 21K, which requires about t4SK of Source
Code. This will lill one side of a blank dlsc.

lf you havs two drlvôs. you should specify the D.ive parts in lhs fllonamgs, wllh Source
Codg on one drivg, and Object Codo on the othor:

e.g. ASSEIBLE # ..Æ AIE',..1: AmECODF,B

This will take Sourc€ from drivs A and stor6 Objgct on d.ive B, and will allow vou to
change drscs In drivo A il the Sou.ca Crde wi not fit onto one dtsc. Thsoretiia v. this
n/ould allow you to produce up to 64K ol Obiect cods It you wished! l!

You can precegd the " * " wlth S fo. scr€en output, or / lor Drinter outout.

The.siz€ of th€ Obi€ct Buffer in m€mo.y is onty €ver just over 2K tong, and it is oumpeo
to dlsc or tap€ whan th€ 2K is fu . Thô 2K Cass€tte/Dlsc butter 8t the ond of the
Ass€mbler is usad lor the loading ol lhe Source Code, and a separate 2K Cassette/Disc
butler is requirod for the Object code. Thô buffer ts coincid€nl with the Objecl Buff€f.
both bullgrs sharing lhe sam€ 2K block of m€mory.

The lirst pass ot lhe Asssmbler wilt happen as normat tor a muhi-part assembly, but
botore the s€cond pass, the output llls ts opened with the usuat ,,Overwrite / Âbanoon /
Backup" oplions if the fit€ atready exisls on disc.

,qt the ond ol Assembly, the Obioct bulfer onty coôtains lha tast 2K btock to have bsen
Saved, so it is not possibte 10 Verity the Objecl Code or lo run it in the Object Bufier.
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2.9 ASSEMBIER ERROR IESSACES
Th€ Editor part of tho Assomblsr wiil produc€ error mossaggs undgr csrtain condltions
as loliows:-

BREAK
(i) ll the ESC kôy ls p.æsed whil€ ent€rlng or ôditlng Source Code.(ii) ll the ESC koy is pr€ssed during Loadlng/Saving oærations.(iil) lf the ESC kôy ls pr€ssed TWICE durlng Llsling or Ass€mbty.

(one press of ESC pauses Lisilng or Assembly - SPACE
con nues)

PRINTEN OFF LINE
lf prinler output ls requ€stôd and the printer is ofl lin6 or otherwis€ appears
BUSY lor mor€ than 3 seconds. It prinler ls put on lin€, prlnting commences. ESC
ESC will exit It Drlntor is not rsoulr€d.

ITETORY FUIL
(l) It there ls no room to enter a llno ol llsting into Source Code.(il) Ouring Æsembly if there ls no room to expand the Object Buffe..(iii) Duflng multi-part Assembly if ther€ is not €nough room to toad

lhs next s9ction of Source Code.

SYNTAX ERROR
lf a command ls entored incorrectly, or with out-of-range paramgt€rs.

UNKNOWN COIIAIID
ll an ExternalCommand cannot be found ln any ROM or RSX.

DlærTrpa atron ars normally producod by the operatlng syst€m and arg documentsd
in thg AMSOFT manuals.

FILE ALREADY EXISÎS
lf I nemod lile tor Saving alroady exists on Disc.
Optlons given are Overwrlto/Backup/Abandon.

FILE DOES 1{OT EXIST
Ratry, Crncal

ll a named lil€ for Loading is not tound on the current Disc.
Change Disc and Relry or Cancsl to abort.

VERIFTANOiI FAILEO
Data error on voritylng a Savsd file.

WRONO FILE WPE
lf non-valid Sourc€ Code is allempt€d to be loadsd into the Assembter.

Durlng lhe As8€mbly process, lho following orrors may be displayod on th€ screen. They
will bs lollow€d automatically by I displsy in the EDIT mode ot th€ tine that contains the
er.or. Ths cursor will be at the rlght hand €nd of the lin€, as lf you had just EDlTed the
ltn9,

rr{valro oRo
(i) lf th€re ls not an ORG at th€ starl ot th€ program listing.(li) ll lhere is mor€ lhan ono ORG in the listing. (The socond

occu.ancs produc€s th€ 6110r)
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INVALID I{UIBER
It a decimal number contains a non-numsric characlgr. or if a Hox numbs.
contains an lnvalid charscter.

II{VALID OP
(i) lf an oporation nam€ is not recognis€d.
(ii) ll a numorlc operand has a valug oul ol rango for the particular

operation (e.9. loadiîg a 6hgl€ rsgist€r wilh a Labsl whose value
is greatef thsn 255).

(lii) It an Invalld mnenomic is €nler€d. (e.9. if there is an incorrect
number of operands).

LABEL NOT DEFINED
(i) lf an op€fand ls not a recognlsed r€glst€r or condllion and no

lab€l ol lhat nams has been dstlned.
(li) lf a Hex number dogs not commsnca wlth a numbgr. .

(ilD lf EOU, DEFL or DEFS have an operand ihat is a lab6l which has
not be€n detlned in a prevlous llne of the llstlng, or in a prevlous
soction. (Thsse dlrectlves cannot reler lorward to lsbels).

LASEL ALREADY DEFINED
ll a Lab€l name is d€lined more lhan once and the llrst delinition i3 not oEFL.
The lln€ containing the aacand dsflnlllon ls dlsplsyed.

ito El{D l]tslR.
It ther€ ls not I line containing lh€ €ND instructlon.

JUIP OUl OF RANOE
ll a relativ€ jump (JR or DJN4 ls asked to iump to an address with an olfssl ol
more than + 127 or - t28.

2.IO SUIMARY OF COTUA DS
CTnLA Ass6mbl6 Sourc€ code currently In m€mory Into

Object Euffer. No screen or print€r outpul. ESC
wlll pause: SPACE to continue; ESC again lo
aDon.

As above wilh assembled lisling on screen.

As abovs with assemblsd llsting on p.inter.

Assembles Sourc€ code stored on DISC/TAPE
wilh lilg name "nam6". Msx 26 s€ctions. No
scre€n or prinlor output. Esc wlll pause; space
lo conlinue; ESC again to abon. N.B. ESC during
a LOAD will abod.

As abovê with assembled listing on screen.

As above with assembled listing on printer.

ASSEIBLE * "nrma","namrcodt"B 01C
Assembles Source code slored on DISC/IAPE
with fil€ nam€ "nam€". Automatically slores
Obj€ct Code back to DISC/TAPE in 2K blocks
wlth llle nam€ "namocode.BlN". or
'namecode.CoM" No scroen or printer ourpu.

ESC as abov6.

ASAEfELE

ASSETBLE S

ASSEIBLE 
'488Ê[BLE * "nrm."

ASSE IIE S * "nrm."
ASSEX'IE, * "n.n."
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ASSEMBLE S * "n!m!","namaêoda"B or C
As abovs wilh 8ssèmbl6d listing on scrsen.

ASSEIIELE, , "nrmC',"nlmacoda"B or C

AUTO

AUTO r

AUIO &y

BASIC

CLEAN T

CLEAR L

CLEAR O

CLEAR P

COPY rr,yyg

DELETÊ rr,Y'

EDIT

EDIT rx

ESC

FlLE "nma"

Lt31

LlSl xr

CTnL +

CTRI- B

CTRLX

As abovo wllh assembled llsting on printer.

Auto llno numb€rlng. Step value as last
spscllled; trom last alto llne number.

Aulo llne numbarlng lrom llns x wlth last
spscllled Step valu€.

Auto llno numb€rlng lrom lin€ x wllh Slep value
of y.

Rêlurn to Bsslc

Clears Sourco Code Buffer: Retains and protects
all currenl lâb€ls.

Cl6ars all labêls, Includlng protect€d lsbels.

Cl€ars ObJ€ct Bulter to zero length.

Remov€s protactlon appli€d lo lab€ls by CLEAR
T. Labels remsln In tabl€ withoui proloctlon.

CTRLC Coples lines xx to yy incluslvo in Sourc€ code
8nd inserts ihsm at or after llng zz.

CTRL D Dolslss Source cod€ lrom line xx lo llno yy
lncluslve.

CTRI E Displays tlrst lins ol Sourco Cod€ in Edl! line sl
botlom of scr€on.

Dlsplays lln€ xx ot Sourc€ code In Edit llne at
bonom ol screen.

E8C While Ediling or entefing a command, aborts
currgnl Edil line. Whils Assembling or Llsling,
fkst pr€ss on EsC pauses lunction; SPACÊ to
contlnue; ESC again to abo.t.

CTnL F Dsline a d€lault File nam€ lor Save/Load
lunctlons.

CTnll List Source code lrom siart ol listing onlo
scre€n. 10 lines dlsplayod. SPACE gives next l0
linss.

Llst Source cods to scrôen lrom line xx lor '10

lin€s. SPACE giv€ next 10 lln€s.
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LIST xr -
LIST 

'
LIST , rr

LIST , xr -
LISÎ IIBEL

Lt31 
'tltEl

LOAD "nrm."

As abovs.

List Sourc€ Cod€ lo prlnler trom start ol listing.
Contlnuous to €nd ol listing.

Llsl Source Code to prlnter from llns xx to end of
l{sting.

As âbove.

Llst Sourco Cods lo sc.s€n from label LABEL lor
'10 lln€s. Spsc€ olves n6tl 10 lines.

Llst Source cod€ to printsr from label LABEL
through lo €nd ol llstlng.

CïRL L Loads Source cods llle trom DISCiITAPÊ with lile
name "n8m6" (only il It ls valld Sourcê code
flle). Dslete8 all exlsllng Sourc€ cod€ and
Labsls.

As âbovs.

Loads valid Source code lilg kom DISC/TAPE
wlth fllo nâme "name'. Del€tes ptôvious Source
Code but r€lains and orotects current Labels.

Appends valld Source Code lile from DISC/TAPE
with lile name "nams". N6w Source Code added
lo end ol exlsting Source Code. Deletes all
lsbels.

Load8 sgcllon X o, a mulli-sgction Source file.
Dslotos all pr€vlous Sourc€ Cod6 and lab€ts.

CTRL K Displsys label tabl6 to sc.een if €nabled.
ESC to pause: ESC again to abort, or SPACE
to continue.

As abow with orlnter oulDut

Disables lab€l teble displsy.

Enablos lab€l table dlsplay, and disptays tabte io
screon.

Displâys to scr€en tho H€x value of label NAMÊ,
il il has b6€n defined.

CTRL I Access to Monitor AMMON il it is in memorv.

ClnLl Sets screen Mode l.
Optlonal scresn colours:

X = INK cotour (0 to 26)
Y = PAPER cotour (0 to 26)

LOAD 'lrrm."N
LOAD "n.m."C

LOAD'nan "A

LOAD 'mm." * X

LABEL

LASEL 
'

IIBEL O

LABÊL I

LABEL AIE

rot{t1()R

[oDE r x,Y
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I{ODE2X.Y CTRI2 SolB screon Mode 2.
Oplional scrssn colours ag abovg.

l{Ew CInLl| Del€t€s allsourc8 Codo and labels. Resets
rssembl€r buflors to null state.

RÊNUrX ClRln Ronumbers entlrê Sourc€ code wlih slep value
of x.

RENUI X.Y 8€numbors Sourco Codo from lln€ Y to end in
il6ps ot X.

REI{UI )qY: Renumbots Source Code from line Y to end in
sleps ol X, glvlng lln€ Y a new value ol Z+X.

SAVE'nama"T CÎRL S seves Sourcô Codô with fll€namo of "name". (or
'name.SCE" to Dlsc).

SAVE "nanr"B Ssves Obj€ct Code as Blnary llle wllh fll€namo
"namo", ("nsme.BlN" to Disc).

SAVE "n.m."C Savss ObJoct Code as ÂSCll lil€ with lil€nam6
"ngme", ("nam6.@M" io Disc).

SAVE "nrma" * X Savôs a sactioî ol multl-part Source Codo as
"name * X", ("namô * X.SCE" to Dlsc).
X = S€ctlon sullix Fkst soction musl bs , A;
subSgousnl leliors must b€ conSocullve.

vEnlFY"n.Da" CTnLV Verllles Incomlng Sourcs or ObJoct Code [tlth
approprlate bulte, (caesotto). Wllh Dlscs, Objoct
code's Type pErt must bs sp€clflgd in name.
i.s. VER|FY "nams.BlN".

VER|FY "nrma" .f X Vorlflos Incomlng Source Cod€ wllh current
Source Code In mernory lor a sôclion of mulll-
pan Source Code.

Cfnl @ CfRl @ Res€ts keyboard expsnsion strlngs. Also r€8ets
FILE name lo null slrlng.

CTRL laft curror Moves cursor to lett hand €nd ol Edlt llne at
botlom ol scr€€n.
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sEcTtoN 3

Uslt{c 'A[MAS" and "A[ ON' TOqETHER

Itlcmory ll.p

(( HltE; ))

1-r--
i ihrir i lljrct
| | i h{frr

I i iscrmn Râll
tD0st Yârs. !

i-'---'| 0/8

I

I
I
r)) SPfi€

I
r Ïrrt((r fulfrr

10i !

----l-
I

l000tl

tD0st Yms. !
i I iJP lloct. I
lnBIl rtc.'i--------'-----lrtcl i hrlc R0iliil

ldli to? rtc . C00Ol
c.n br lord.d h.rr
ltfor. â'rrôl|r

tOAD]NO ASSEUBLER & [OIiIITOR TOOETHEF
Both programs usg a Baslc loader program, so make su.e thal you do not have any
imponânt Baslc In memory bêlore loadlng. As both programs srg set up as RSXS, t'he
CPC464 should be as near lo its EMS (switch on) state às possible. lt you wish to
res€rv€ a block ol msmory at the top ol thg memory pool for your owr maching code or
RSX,lhen alter HIMEM before toadhg our progrems. (Don,t torgei to do a SYMBOL
AF | ÈH ZCO I yOU Wanl lO creale turlhor d€flned characlers.)

Typ€ RUN" (cassette) or RUN ',MON" (Disc) to toad th6 Monitor, and when ask€d tor
lhe "Starl address?" rsply by pr€ssing ENTER. Ihis wi locate the Monjtor at the
high€st ?vailsbls memory location, set HIMEM to immediatety betow th€ Monitor, sel up
th€ RSX and .elurn you to Basic.

Type BUN (cassetle) or RUN ASS (Disc) lo toad and run the Assembler at lhe new
high€st possible memo.y location. HTMEM will be sel v€ry low and the Assembler will be
Enlered.

In this way, thete will be no conllict ol memory b€twe€n the Assembler and thô Monitor,
but the memory available to the Assemble. will b€ reduced.

Uta of lha # lrbal lo icsl ! progrrm
Wh€n you are using A AS, it stores the vâlue ol HIMEM + I as the value of rne'' * label, and uses this vatue as the start of ths Object Bufter. This tabet can be
uselul when you are d€veloping a Machine Cod€ program with both AltllAS ano
AXI|OT{ in memory together.

Defining the ORG in your Source Cods as OnG # wi instruct AMMAS lo take the tirst
byte ol the Object Buller as its Origin when you assembt€ the Source code. The
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resulting assembled code stored in th€ Obiecl Buffer will, therelore, be assembled
correctly to run in the Oùlecl Bulfsr locallon.

Having assembled the Source code, you can lhen access AMMON and wo the Monitor
commânds to tosl your program. (You should alrôady hava Saved your Source Code in
case your program crash€s irretrisvsbly). ll you llnd an error In your programming, you
can reonl€r AMMAS, make a changs and r+æ8âmblo lh€ code, and test it agaln wilh
AMMON. Wh€n you are sure that your prog.am l8 orror free, go back lo AMMAS onc€
mors, and change the ORG sddross to tho locsiloo where your Machlns cod6 wlll
ultimalely llvs, and re-ass€mble lt. You can now Save the Obl€ct Cods to Dlsc or
Câssoti€, ready lo uso on its owr, wlthout requlrlng AMMAS or AMMON to b€ in
memory.
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sEcTtoN 4

zto I Eno |Gs

A full ll.l of z8o trmmontc. !cc.pt.!h !o AmtrA8

B

c
D

E

r.-
tx
L
9P

(sPt.tt
(9P). !X
ÀË, Âr É;
DE; 

'IL

3. (HL'
3: I lt+5)
3, ( IV+!'

3.D
3.H
3:L
a. tHL)
4. ( I X+J)/t: ( tv+3)
4: a
4. D
4.E

!;iHL'
5- ( rx+5)
5: ( I Y+J)

9.8!.c5.0
5.E
5.H

é.c

{,f,

7: ( t Y+5,

7,D
7.R
7.L
c: o5Ê4H
fl. o5E4H
NC. O5A4H
NZ. O5€4H
P.O!€4H
PE. O5Ê4F
PO:O5Btll
z. o5aaH
,)SA4H

(FL )
r r t+51
( lY+!,
B
c
D
€
L
32

A. (tt+5)

â,4

A.E

HL. AC
H..DE
BL: t{-
HL. EP

HL. FC
HL. DE
HL. HL
HL; SP
IX.BCtx,tÉ
tx. ttlt.sP
IY: EC
TY. DÊ
IY; IY
{HL)
( r x+5)
{ tY+5'

c
o
E

L
32

o. t t x+5)

o.a
o.c
oi, D

1. (HL 
't. (Ix+3t

r; ( IYj5)
l.B
r.D
l.H
2r (HL)
2. (tr+5,
2: ( lY+3)

:,E

D€C
DEC
DEç
DEC
D€C

DEC
DÊC
DEC
DEC
DEC



é'9
ë;l

7: I tY+5)
.,:E

7-D

( I X+3'
( TY}5'

c
D
E

iHL,
( It+5)
( I Y+!)

c
D

t-

( Ir+5)
( t Y+5)
ô
c

L
1tx+5)
I lY+5 )

B
c

D
E

i
(HL 

'(!t+5)
( I Y+3)

t

E

L

(HL 
'I I )(+3 |

( TY+5'

B
c
D

L

(HL)
( I X+5)
( !Y+5t

c
D
Ei
Êfl

lAH
20H
2AX
f,ot{
SAli

a. ( !Y+5'

â,P
4;9

a:32
|lL, BC
HL. DE
r{-.HL

o. (tx+5)
o; ( I Y+3)

o.Do.c

l. (HL)
l. ( lt+5,
!,1lY+5)
r;al.c
1,D
i'n
2. (HL)
?: (ll+5)
2. (!Y+5t

2.8
2.lt
2;E

RLC
RLC
RLC
Rr_c
RLC

o.c
O;D

ô:l
t. (HL)
t, (tt+5)

!.4

l:Ê

2. (Ht-I
2. ( I x+5)
2. t tY15)
?;l
2,D

2.L
f: (HL)
!. ( t x+t)
3: ( IY+C)

J.H
4- (HL)
4: ( tf+Jt
I, I I Y+3)

4: B
1;ç
4.E
4:L
5. (HL)
5. ( I t+5'
5. ( IY+5)
5:B

5:È

6; ( lY+5)

6.C

;'i
7. (!t+5'
7. ( IY+5'

7-D
7;A

c
NC
NZ

z

(HL)
I t xrs)
( tY+5)

c

RES
Â€s

RES

RES
R€S

RE8

RES

rL, €. (lxr5)

n E:a
!D E:DLD É.ErD E.Hrl) E.LrD E.fl

rD H. (IV+3t
I O H.E
I D H.DLO H!Ê
rTJ H.L
LO H. faLO HL- (.)544H)
L0 HL. r)5€aH

LD IT. (O5€4H)
LD II.O56'HLD IY. (O584H)
T D IV. O5€4H

ro L: (tx+5)
L0 L; ( lY+5t
LD L. BlD L.CLD LtD
i_6 i:ÈLD L.LLD L.3?
LO 9P. (O5É4H)
LD SP.HLLO SP; tX
LD SP. O5A4H

LDI
NEG

I]R 32
OTOR

cur (c,,â
ouT tc) . BouT (cr;cour (C).D 'our (c).8
OUT (C';H
ouT (c, . LotlT (32).a
OUTD
I'UT I

POP DÊ.

PUSH BC
FUSH DE
FUSH HL

RES O. ( I X+5'RES O. ( lY+5'
kEs o;B



SUÊ D
6U8 E
$ra H
SUB L

sua 32
XOR IHL)tfi ( tr+5,loR ( 1v.5,

Ertr. Zto In.lrucllon..
Thsr6 ar€ a numb€r ot 280 Instructlons lhal aro not publlshgd or documentsd by Zllog,
bul which appear to lr/ort on all Z8Os. Thoy have b€€o tound by ôxperirn€nt on som€ ol
th6 appsrently mlsslng H€r cod€ sôquencss. Thoy arô meinly opora on8 on the
Indlviduel halv€s ol th6 lX and lY regbler palrs.

AMMAS rvlllacc€pt thæ6 Instructlons In the lorms shown belor, but AMMON will
(bcod6 th€m to tholr HL equlvalonts. cân€ra y, tho MSB ot tX ts cafied XH End th€ LSB
18 câll€d XU lhe MSB o, lY 18 callod YH and th€ LSB YL. Thoro ts on€ €xtra artthmo c
insructbn, SLL, which Shitts ths byte to th€ tett by on€ B|l puts BtT 7 Into the CARRY
and SET3 BIT 0. Tho llag rssults tor SLL â16 8s for SRL.

Ths sxtrâ Instructlons ar€:-

'OR 
E

TOR Hx(n L
TOR 32

IIIR B16c
XOR D

LD A.IH
LD A:YBLD A.IL

ADD VH
ADD XL
ADD VL
ADC XH
AOC YHADC XL
ADC VLËu8 xHaua w
EUE XL
AUB YL
SEC IHsBC Yri
sEC 

'LSÈC YL

TOR IH
TOII YH
XOR XL

('R IH
OFI XLOR YLCP TH

glt- (HL)
BLL ( I)(+3)
sLL ( tY+t)sLL A

SLL C
SLL DSLL Ê
ALL H6LL Llxc tHtiE Ytl
DEC XH
DEC YHLD XH.32r-D YH.32
ll{c YL
DEC IL
T'EC YLLD XL.52LD YL;52LD B. THLD B: YHLI' È: ILLD E. YLLD C: ttl
LD C;YHL0 c. tLLD C. YL
LD D.IHLD D;YHLD D. XL
LD D:YLLO Ê: XH
LD E,YHLD E. XLLD E. YLI-D IH.ELD YH.BLD 

'(H:CLD YH.CLt xH.oLI) YH.I'LD IHtE
16 iiiiir-
LD TH.A

LD IL.ELD YL.ELtt xl.cLD YL. CLD XL. DLD YL. DLD XL.ELD YL.E
LD IL: XH
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