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Introduction

Thank you for buying this copy of IEXN. 1f you have any questions
dbout lEM then plesse foesl free to write to Avalon Softwars, avery
enquiry receives 2 reply. AM1 high lavel )anguasges have perforsance
leitatione, when you nesd the sazisua 4n speed snd flexibility the
arswer 1ies fn Assesbly Language prograesing. lEN provides you with
the taols to generate or analyse J88 Assesbly Linguage prograas,

Starting up
N :

Unliks BASIC, which is permanently aveiledle in RON, you need to
load 2EN  from cassetta, It is stored on the civsette 23 a bBinary
file designed to run at addrass ABOOM. BASIC usually zssuses that it
has Lthe whole of asesory to fteseli. Ta ensure that BASIC and 2EN
toexist peacefully it 1s necassary to change the top of areory
betors ioading from cassette. The loading procedure is therefore as
followsy ST

{1} Type clear 289 ,LHYFFF(RETURN) -
{2) Type Bload"IEN® ,RIRETURN)

BASIC will themn loed 1EN {into eeaory end transfer cantrol
automatically when lozding is finished,

Coeeend level

Whenever the promept TEN> is displayed you are at cossand levok;
you say sxecule iny of the following coseands:

ceesee ResEnble
iessas Bye
sevsse CoOpy
irasse Down
ernses Enter
LI Y Fill
sreess Boto
veeess HOMbBig
cescss 1IN
veeres Kill
veanee LOCate
vessves Nodify
veeses Mow

srrees Dut

cnsses Print
sseens Query
seseas Read
cessss Sort
veensas Target
asarasas Up

veasas Yerléy
-.--.-- ¥rite
seesss lasine
seeann zlﬁ

esenee Hinassenble
ssenss WUNSEraable

X BRI M= X W MMOO WD
€ S ME CC -0 YO

Ta salect a given cossand typs in tha first laetter of 1% s nans,
foliowed by a paraneter §f relevant, and then prass the (RETURN)
kay, Tha (BS! key can be used to backspace while (DEL) will tura the

cassette sotor on or off. The usige of coamand joop paraasters is
" explained in greater detail ie the next section, which exasines each
coasand in depth. I¢ ZEN dosen’t understand anything you've typed {a
it will display the error apssage HUN? The dafault coamsnd,  jusl
presaing (RETURN) on it°s own, will clear the scresn and set it to
wide screen text node. This is the prefarred scraen acde within IEX,
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Maw This cossend lets you sodify the current line of the taxt file.
The line s displayed with the cursor at the rightsost position.
Changa the lins and press (RETUAN) Lo restors the new lina to the
taxt #1ls. : : : S

fut This coxsand will oubput o dats valuw to the 170 port specified
by tha caessnd paraseter, You wiil be prospted +4or the data
parasater. : ’ .

Print Yhis cosaand displays & numbar of lines fros the text §ile oa
tha szresn. The nuosber of lines i3 specified by the cosaand
parasater, for swerple PYIRETURN} would display olne lines. The
default comsszand paraseter s onw, The display cossencas with the
cerrent linme and the last line dleplayed becones the new currant
line, ' :

Query Thig comaand- displiays sisty-four Dbytes of esesory in hex and
ASC1E. The cosmand parzseter spacifies the start address, for
vraaple GARBBHMIRETURM) would display the start of 1EX. 1f you supply
ho  sddrese parasater than the display begins froa where §L 1aet
finished.

Read Thie cossand reads a file from cassetle into mengry, the
cosmind paraspatar specifiazs the type of #ile,

RIRETURN) will road & text {file and append it to the end of any
text alrsady aexisting {a asepéry. You will be prospted for a
filenans. A Filenase say be éroe ters to slx characters long, if the
filenaneg i3 rerc characters long -then IEN will 1oad the first text
$ile 1% 4lads on the cassetta, 6 the tex? file reaches IEN's tap of

senory liait then reading teraxinates and the error amssage MEMORY i
displayed, ¢

RB{RETURN) will vread -a bimary £ile into sesory. You will be
prosgted for an  address o to LOAD) the fils at. If you supply s
addreoss paraaster then ths 4ile will Be - loaded comsencing at that
addrass. 14 you dedault, By just pressing (RETURMI, then the $ile
will ba loaded st the addrass defined {n the fiile headsr. The
sxacution sddress of the file is placed in the User Progras Counter
for tater mxscution i reguired.

Note that the ICTAL-STOP) key can be used to abort any 1/0
speration in progress but has mo ather action withia IEN.
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Boto This cossand loads the I88 registers with the User laage and
transfers control to tha address specified {n the commsnd parasetar,
Fori exasple GR(RETURN} would perfore » cosplete tystes cold start,
1# o coassnd paranster 1Is supplied then control is transterred to
the address in the User Prograa Counter. Yau will then be proapted
for a breakpoint addrass, I# you respond with a valld address
‘parazsster then a breakpoint is set at that address. If you default,
by just pressing {RETURN), then no breakpoint Is set. A breakpaint
is & way of stopping a running progras. A B9 CALL instruction is
"placed ta the prograa to return control te the 2EN trap haandler. The
trap handler will save all the IBS registers in the User Inage ares
and restore the code under the breakpolnt before returning to the
IEN command loop. You can thus exasine the state of the 188 at-the
tine of the breskpoint, You can continue execution by using the
B(RETURN) comsand as the Progras Counter is saved as part of the
trap process, Application programs say tersinate with a sieple jump
back to the IEN ENTRY or REENTRY points, the anly differvnce between
these two points s that REENTRY saves the 169 reglyters while ENTRY
doesn’t., Nate that IEN tries to perforam as little {nitialisation as
possible upon entry to keep everything ‘wara’,

Howbig This command displays, in Dexadecisal, the start and end
dddresses of the text file and the top of mezory. IEN will allow the
text filw to grow up to this top lia{t hut ne further, Yau caa
change this 1iait i¢ required (see IEN listing, the LIMIT constant).

In This cossand will display, tn hexadeciaal and binary, the data
redd froa the [/0 gort specitied by the cossand piriaeter, for
exaaple I9BH(RETURN) wnould read ths printer status port,

Kill This comsand erases the test file, as with the NE¥ statecent in
BASIC. It is possible to recover an accidentally XILLED file as 1EN
just makes the EOF pointer equal o the SOF pointsr, the actual text
will still be in mesory. Find the addrass of the last text
tharacter, this will be an ASCI! Carriage Return cade (8DH).
‘Increase this by one and use the HODIFY command to rastore the EQF
peinter (sae IEN listing, EOFP),

Locate This coansand is used to search the text file §or & particular
string of characters. The character string faras the comaand
pariaster, For example LBIT 7, ALRETURN) would 4ind the first
accurrance of the string BIT 7,A in the tent file. The text file is
searched froe the line aéter the current line. 14 the string s
found than that line {s made the current lina. 1f tha ssarch falls
you are at end-of-file, There are no restrictions an the comtents of
the parameter string. '

Hodlfy This cossand allows you to“exasine and alter aeeory caontests.
The start address (s specified dy the cossand paraseter, For sxssple
HOBTH(RETURN) would cause the coasand to stardt at DOedM. [f you
supply no address paraseter then the cosmand continues from whare it
last finished. The byte at the address f3 displayed in hex and IEX
prospts for a data paraseter fros you. If you 1upply 2 paraseter
then it {3 stored at that address, if you default lEN fust 1teps
onte the nest address. To return to cossand leval type o fyll stop.
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Atseabls The function of the assesdler {s to read a serles of
asseably language statesents 4nd to produce the corresponding 189
sasthine coade and listing., The IEN aditing cosmands are used to
create a toxt flle In semory, wusuilly called the source file, which
{s the input to the asesabler, Butput of the sachine code $ile,
ususlly called the object file, is controlled by the LOAD operator
(se¢ under PSEUDO-DPS)., The listing output is specified by you in
response te the CPTION) prompt froa the asseabler. You eay speciidy
V(RETURN), E(RETURN), PI(RETURN} or (RETURN) for video, external,
printer or null list output, The null output option is auch the
fastest ascde (the asseadler §s peripheral-bound} and shodld be used
until a1l syntax srrors are corrected. The text +file is read
beginning st the start-of-file and stopping when the END operator !s
found,

Bye This coamand gives a warm return to BASIC, any BASIC prograss in
sesory are unaffected. If you then want to return to ZEN without re-
loading you can use the USR statesent, {.e. DEFUSR=LHABOR:A=USRID).
Rets that sosw fors of dusay argueent is required by BASIC aven
thaough it (s asaninglass. You can shuttle between ZEM and BASIC
whenevar you Iike without affecting any #iles or data in mesory.

Copy This comsand soves a block of mesory. You will b2 prospted for
~ START>, STOP)> and DESTINATIONY paramaters, Witdin IEN's coaaand
structure & nuseric paraseter say be a decinal, hexadecisal or octal
nusber. Hex nusbers are "H° postfized and octal are “0° postéixed.
So if you wanted to sove the block of mesory from 20BH to 2FFH up te
COIBH you would type 2BBH(RETURN), 2FFH(RETURN} and CRRBM(RETURN).

Down This cossand soves the editor current line down by the nusber
of lines specified in the comsand paraseter. For exasple DI7{(RETURN)
soves domn thirty-seven lines. The default command paraeeter is one2
so D(RETURM). acves down one line, The editor in IEN {8 line
orientated a3 in BASIC but does not use explicit 1line nuabers,
instead you use various comsands to aove around the text file uatil
you reach the reguired position. You then use the ENTER or. 2AP
conmands to insert or delete lines of text. If the ODOWH comaeand
busps into the end=-of~file then the aessage EOF will be displaved.

Enter This comeand enters lines of tent into the text file. 2EN will

display the current line nusber, type in your line of text then

press (RETURM), This process w»ill rz2peat until you type a full wtep

2t the firet character on the line, this relurns you to coaaand

level. Your text is placed in the file at the current line, the old

current ahd following lines are moved downwards towards EOF. Note

that slthough line nusbers arz often displayed by IEN thess arse.
dynamicilly cosputed ind not storad in the text file.

CF41l This cosmand #ills & bleck of aesory, fros STARTY to STOP)
inclustve with & DATA> velue. You will be proapted for ali throe
paraaelters.
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Sort This coaaand will sort and display the sysbol tadle produced
during the last assesdly. You will be prospted for an autput option.
Your .possiblea respansee sre the szae as for the Asssabler list
output. The output of this coemand {s genarated 2 page at a tism as
with Tist output. Yae cen restefct the sart gracsss to syabols
beglnning with a particuler lstter by enterlng that latter 2s &
cosmand parasater, For example SBI(RETURN) would only produce the
syebols bhaeglaning with the letter "8°. HNote that syshals are only
sorted on the firat letter ond not tha whole nase.

Target This comaand will sove you to any line {n the text file and
sake (bt tha current line. The coszand paraeater specifies the line
nusber, for exaaple TI43J{RETURN) would aove you ta line one
thousand four hundred and thirty-flve, The default cosasnd
parzneter, TIRETURN}, saoves you ta the start-of-file.

Up This coesand saves you up Lhe text file by the number of lines
spectfied in the coasand paraaeter, The defaull parazaeter {t one,

Verify This coerand verifies a file which has just been written to
cassatte, the cossand parameter specifiss the type of fils, This
casaand aust be used [HMEDIATELY sfter a write to work correctly.
This s bacause BSX F{las have no checksus assocfated with thes, [EN
will retaln an internal checksum after & write and cospare this with
the one cosputed during the verify cossand. '

V{RETURK} will verify a test file, no dats is actually read inte
seaory.,

VB(RETURK} will verify a dimary file, no data is actually read
inta aamory,

drite This comsand writes aa srea of asmory to a cassette, the
cosaand paraaeter specifies the type of file.

W(RETURN} will write all the text fn oesory as an ASCI[ text
file. You will be prospted for 2 filanase . ae describad in the READ
cossand, IEN tewt files are standard MSY taxt #iles las generated by

the BASIC SAVE conoand) with & CR,LF batween lines asnd a CTRL-7 end-
gf-file 2ark,

RB(RETURN) will write an area of sesory as a binary iile. You
will be prospted for START>, STOP>, LOAD), and EXEC) addresses, The
start and stop addresses define the area of nenory (inclusive) to De
writtes, The load address defines the addrwss at which the file will
load back in when READ or BLODADed, i¢ you default thea the file will
be loaded back in at {ts start addresse. The sxeg sddress deflnas the
file's executlon (entry) address,

lanine This coemend displays the 188 reglasters gsaved in ths User
laage., The top line showxs tha aain registers and tha lower line the
180 altarnate register 3at,

lap This coaqand resaves s aunber of lines froe the tent file as
specified by the cossamd paranater. For exasple lIB9(RETURN)} would
rFaagva oRe huadred snd eight lines, cossencing with the currunt
lina, Tha defauvit coseand parsmster s one, '
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disasseable VYhis cosmend parforss a wysdolic disasseably on an arss
of meaory and generstes a text file or listing a&s output. You will
be proapted for the START) and STOP) cddresses faclusive of the sres
you wish tp disassesble. You will them B2 asked the sddress which
the prograa RUNS AT). Sosetimes you say have 2 progras in semory st
4 different location to it‘s usual run-tise location, the
disanssaabler can ralocete any addresses and labals ia it‘s output to
, reflact this, - I¥ you default to the request for the run-tise start
“addrass then IEM sssusss that the progras 1s 4t it's moreal run-tise
location. If you supply an actual address parasster then the output
iile will reflect this run-tios address. You will then Se asked,
repeatedly, for the STARY) and STOP) sddresses inclusivae of any data
arsas within the disasseadly regton, . These are areas which-will not
be decoded as {astructions bul asx dats Ddytes. To tersinate this
process type In & stop address of zero. There is a saxisus of sixty-
four separste data areas, - if you wexcesd this nuaber ZEN will
; generate the error aessage FULL. You will now be asked for an output
OPTIOK), You may spacify VI(RETURN}, P{RETURN) or E(RETURN) for
listings to the vides, printer or external devices, 1f you dafault
then IEN will generate a text file and sdd it to the end of any taxt
already in seaory. 1¢ the text file grows up to the top of asmory
1ia4t during disasseadly then the error asssage MEMDRY {s issued and
" disasseably tersinates. The only other arror condition possible
during disessesdly is for the symbol table to fill yp in which case
the error message FULL {3 lssued, MNote that the disaaseabler uses
the sase sysbo) table as the essesbler and so destroys any ayabols
there. This i3 only of relevance {§ you whith to perfora a later
SORT operation. Any illegal opcodes eacountared during disasseadly
are treated 2¢ data statesents, Labels of the fora Lnnnn {where nnnn
is an address) will be ogenerated a4t the appropriate positions if
possible.

unacraable This coasand is a sisplified version of the disasseadler.
It will disasseable eight 188 instructions beginning at the address
specified by the comaand paraseter, For exasple uB(RETURMN) will
disasseable the start of the DBASIC ROA. 1f you defavlit on Lthe
dddress parsaster then Lthe comsand continues from where it last
finished. Any {llegal opcodes encountered  are displayed as data
bytes. 1EX will try to sake sn intelligent gQuess about how to
display eight bit naveeric operands, Nuabers less Lthan ten are
displayed as single digit decimals. Nusbers froa froa 41H to JAN and
b1H to 7AH sre displayed as ASCII literal characters, OQOther nuaders
are displayed as hex values with a leading zero if necessary,
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Further Inforsation

List Output

The comaznds Assaable, Sort and disawseebls can all generate
large quantities of output to the video, printer or external
devices, With thess cowamands the output will be genarated a page st
a tiame with & short pause betwesn wach page. Pressing any key wiil
stop output at the end of the page, to restart presa any key excepl
i This key will force the cosaand to QUIT and return to the
coamand loop,

The printer and eaxternal devices are assused 2o be eighty
characters wide by sirxty-sixz lines long i.e a typical printer. [#
you have socaething different thep you will need to eedify JEN. You
can change the page length by aodifying the PABE procedure (see lEN
listingd. You cin change the various field widths By modifying the
graup of constants COMWIDTH/SYNNIDTH. The first byte of each of
these constant pairs defines aa external/printer devica #i2ld width,
the secand defines a video device fiald width. You say also change
the nuaber of sysbols per line produced during a SORT, as there is a
switeh in the code specifically for this purpose.

The external/printer devices sre prasuaed te respond to the ASCII
cantrol characters Forafeed (BCH), Carriage Return (9DH} and
Linefeed (8AH}, IEN issues a Forafsed folliowed by sixty-two lines of
tazt for each page, each line belng terainated by Carrlage Return,
Linefeed. The exteraal device driver is set up ta output to the NSX
RS232 device, "while the printer driver outputs ts the Cantronics
port. The drivers handla EPSON FX-88 type printers as they stand. 14
you have soaething unusual there is space in the driver to insert
patchas, ta filter Linefeeds for example. '

The vides device ls assumed to be thirty-seven characters wide
but this can be changed, as for the printer and external devices, if
an eighty character device becosps aveiladla. MNote that line nuabers
are not gqenerated om the videa device for Asseabler/disasseabler
listings bacsuse of this reduced width,  Tha sysbol, operand and
cosaent fields of 3 1808 stateaent may be of indefinite length. - [4

necessary lEN will truncate these fielids to #it into the required
foraat, )

The Sysbol Table

The ayabol table {3 the area of mesory used by lEN to atore
sysbols during Assembly/disasseably, [t {3 situated belween lEXN and
the tLtext file. I[f you wish ta fnmcresse it's size it i only
necCessiry e change the start-of<file pointer to the reguired nex
vilue, hers’'s howt 1) KILL the text file (2} Use HODIFY to changse
SGFP (3) XILL the text file again to copy SOFP into EOGFP and CURRENT
(4) Pertora an ASSEMBLE to shut down the sysbel table (3) Use %@ to
write thy new version to cassebte. Note that IEN is a cospletely

. “saft’ progriea, any changes you aake will be retlected in the new
versian, '

-
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Asnsadler !yntni

IEN expects assesably Janquage statemants to bde constructed
according to the ayntax defined in the 11L08 280 Assesdly Language
Prograzaing Nanual, 1EN deviates frea the standard in ons instance
in that {t expects EX AF,AF rather than EX AF,AF°. The sectlion
folloming this one coatainl an alphabetically sorted listing of the
~-entire 188 {astructlon sat. Each assesbly language stateaent say bn
" divided inte & llll!ul of four lngical f{alds, they ares -~ -
1) Ladel
(2} Dperztor
(3} Gprrands
{4)' Cosamnt

Label A 1abel 1s a way of aarking a statesent so that ather
statesents can refer to {t, Line nuabers serve the sems purpois (n
BASIC, you would use 807D 248 for exaaple. Agseadly Language allows
you to use 2 sysdolic name for a label, When you declare the label
£t sust be postfixed with a colon "1’ so0 that the avseabler knows
that it's 2 label. A label aust.begin with a letter but say contain
letters or digits after that. ZEM allows labels of any length with
all characters betng significant., The register and conditicn-code
nases #ay nat be used as syabols as these are reserved identifiars,
Any attespt to do 3o will result fn an arror sessage.

) Operztor Thers are sixty-seven operators §n the 288 Asseably
Leanguage. In adéition 1EN supports seven PSEUDO-OPS, they are;

END This picudo-op terainates assenbdly, it WUST be used.

DS or DEFS Define Storage skips over the auaber of object lacations
specified by the opcrand.

D¥ or DEFW Deéine Word places the operand in the ohject file fn
reverse order &s required by the 788 word instructions,

DB or DEFD Define Bytels) places the operand(s) ia the object ¢ile
4t successive locations, Operands are delinited by cosnas, rach
operand say be an axprassion with value less than 234 or say be a
literal string. Literal strings aay be of any length but cannot fora
part of an expression,

EQU Equate assigns the value ©of the operand to 4 syabolic
identitier. Any sysbolic identifiers used in the cperand expressian
fust sliready be kncwh to the assesbler. This "no forward reierance’
rule 1s designed to prevent circular referencing.

OR6 Origin defines the start address of the obdject file. This
pseudo~op can be used a3 often as needed %o produce sections of code
at different addresses.. The ‘no forward rederence’ rule applies to
the aperand.

LOAD Comaences joading code into aemory at the operand sddress. Use
of & subsegquent ORG pseudo-op will tura this pracess off, you are
explicitly required to re-establish the loadrng process.
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Operands The nusdber of operands in a stateasnt depends upon the
operatar. There are niladic, sonedic and dyadic operators {n the 188

instruction set. Thease taka zero, one and two operands respectively,

Thera are three classes of operand:

(1} Regiaters {A,8,C,0,E,H,L,! R HL, DE BC,AF 1X, 17,58}
{2) Condition-codes (NI,2,MC,C,PQ,PE.P,N)
{3) Numerfic expressions

A auseric expression is composed of one or wors of the following
-2lesents delinited by the fnflx sath aperstorss :

{1) A decimal, hex or octal nusber. Decisal 1s the default base with
hex nusbars being "H° postfixed and octal 37 pestfixed. - Nusbers
sust begin with a digit, a leading z2ero will be needed with sose hex
nunders. ) )

t2) A literel character enclosed in single or double guotes.

{3) The $ character, This variable sintes the progras caunter of the
run-tise progras.

{4) A sysbolic nane. The asseabler will use the associated value in
evaluating the espression.

The inéix sath aperataors arag -

addition
subtraction
sultiplication
division
togical AND
logical OR

Lo B . 4

Exprassions are evaluated STRICTLY LEFT TO RIGHT with ono
precedence ordering. Arithaetic {s sixteea Bit unsigned integer 2ad
averflow will be ignored,

Cawaents Conaents are igrored by the assesdler, They beginm with 2

seai-colan "}’ and ara lerainated by the end-gf-line,
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Asscahlar Error Handling

16 the assesbler finds a syntax arror the following will happens

(1 Asac&hly teralnates.

{2) An arror sessage ls displayed.

(3 The cffanding lf;of:is'diiyiaynl and iy made the |d!i6r current
line, ‘ : : .

{4) The cosaand loop ls re-entersd. -

You cen aow correct the error and re-asseable. It 13 iipo:slbln
to eake 3 syatax vwrror which will dasage IEH or anything ia aeaory,
The error snssagas aret
UNDEFINED You have used an undeclered sysbol.

SYNBOL VYou have daclared & zere length syasbol or have forqnttcn the
syabol needed with an EQU pseudo- op.

RESERVED You have tried to use z reserved word for a syebol.

FULL The systal table is full.

DOUBLE SYMBOL You have declared the same sysbol sore than once.
EGF'Y;u have forgotten END and have hit snd-oci-file,

ORS' You have forgotten ORG,

HUH? The sesesbler is cospletely baifled.

OPERAND You have done sosething wrong with an operand, this covers a
eultitude of aing! HNoal types of syatas error will come wunder this

heading 43 well as errors of sagnitude, These nizur whean you try to
offset too far with 4 relative juap or indering instruction.



