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.
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SUSTOMISING TUREZO.
How tc make a version of TUREO coprimised for your QL.
Charcing devices, mencry 15age end other defaults. How
to muke the corpiler ‘resident’® ~ instantly accessible.
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Tiss and wrirkles for profossional users and compiler
mAnthusiasts. sdvice on coptimisation plus benchmark
timings and other vital staristics for train-sccotters.
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A CRASH CCURSE FOR THE IMPATIENT CHAPTER A

SEVENAL SiGNPOSTS

Tais cnapter is a rapid introduction to the TURBO package,
intended to get wou going as guicklv as possibie. If you've
got time we'd recommend you start with Chapters 3 and then
E, if you're familiar with SUPERCHAKSGE and want a 'TURED
conversion course'., If you're new tc SuberBARIC comnilers
ycu should start with Chapter € and then work your way
through the text.

FIRST THINGS FIRST

vou're still reading, so you must be 1n a horry. VEN 59,
you must make a BACKUP cowy of the mair ol cartxzidges or
diszk vou have boen supplicd with, or you coueld end up
cocling yeour huals for davs waiting for & replacemant if
something goes wrong with the master.

The firer s+ten is to rvesset the OO ard put the TURBC TOOLKIW
cartraidge, or the disk conr:ining the whola gystem, iu
drive 1. Press Fl cr F?, &4 the TUSPD TOOLKEIT will load.
You need shis seo of SupsrDASIC ext=ensions to ucte ihe rest
=¥ TURRD.

THE TURET T U LTeTRIA SoToLna v, caoas e
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& CRASHE COURSE FOR TVL IMPATIZNT CHATTER A
You will need two blank micrcdrive cazriridges, or eona blank
disk, to hold a cackup copy of the while TURZD system.

Please read EITHER the next peragraph if vour cepy of TURED
iz supplied on disk, OR tha on2 after it, if you have
received microdrive cartridges.

The entire TUR2D pachzszs fif onte cne disk, However yo

must copy it in twe stepa - ocne for wne TOCIXIT ani ene Ior
the CCMPILER. This discussion w1;1 gssumre tnat tne disk
device is called FLE. If it isrn't, read <he gzpropriace
name for your device when you see FLF, and EDIT lins 100 of
the BDACYTUT pregrams telore vou use them so that thsy rsiar

to veur dsvice.

TURES fits on ©wo microdrive cartridges. Chne contzins the

TURBO TOOLXKIT, and tne other contains the TURES CUUPLILER.

“‘cn one cantzing 11S own COrying Progfirm. LXCKFUP 1s on the
TOOLKIT cartiridge, and CEBACHUP 1s on the COMFILER one.

Ensure that the wedium containing the TOOLXIT i1s in drive
i, and LRUN the program called BACKUT on thac drive.

When the progrem starts to run, type the name of the medium

.yeu want 2 ¢cpy TURBO to. If you're copying from drive-A

to drive B, and you want to use the copy from drive 2
later, type Y to the next question. If you want to use the
cocpy in drive © later, type W. Then type ¥ or N depending
on whethir or not you want to forrat the destlnation
medivim, If it is already formatted it shculd be empty, to
avoisi problews wi-h duplicate file-names.

When <he computer is ready te receive another comwmand, leoad
ané run CBEACKUP and repeat the process ycu tolliowed wich
BACKCP. This time vou're copying the comuiler files. If
you're ccpying from micradraive veu'll need to swap the
teolkit and compiler cartridyges.

If an error occurs while you've making backaps, try again.
If problems pevrsist, use a different dectination mzdium. I
vour cooy of TURBO consistently fails o lcad, or you find
that ycou cannot copy it te any mediur, please send it
straigiht hack to Digital Precision for a prompt
replacement. Send just the disk or tape(s) conczrned - Kaep
the documentaticn.

THE TUTRO ENCYILGEFEDIA

SLAINLID G, Eage A-L
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A CRASH CCUREE POR TEE IMPATIENRT CHAPTER A&

LOADING & RUNNING THE COMPILER

you're now ready to cowmpile vour first program. & goecd one
to try is the LIBRARY MANAGER on your TURBO TOOLKIT medium:

LCA2 MODV1 LIBRALRY MANAGER (or FLP1 as approrriaie)

It is very wise to LIST and RUN any preogram that yeu have

not cemeiled heicre, co make sure that it werks! Thar put

the TURES CINMTIZER medium in thz drive that vou indic:zted
tr run from.

eﬂ

]

cne < yeour drives for task

The TAISEF - the first part of tha cempiler, which analvses
ycur program to cetermine its wcaning - will lead. If it
goesn't, check that you've cer the corrcct medium in the
defavit draive, snd check that the TCOLXIT :s loaded.

2tort the parser at

CHaRGE works like E¥ETUTE A - you can
{or other keys you setil.

any timz by pressing ALT and SFACE

THE TULPISO COAPLLES PUONT PANTIL
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& CRASH COUREE PCR THE IMPATILRT CEAPTER &

TURBO w3
discuss
apEropri

cause while displeying certesin centrols,
ater, 1f the 'defanlt® values 1t agstmes are nct
TUREO carries on when you correct the value,

LCR 13
m e

he top two lines of the &l
andé COCa=UenEraticon = YOU C
directly. Likswise you can
BELP window. But vou CAN se
sCreen, Just by pressing the siT
display.

+3
3. ]

Ficv 3re vsed during parsing
nnct change their contn nts
ckange the contents of the
ezt all) the other boves on the
ow keys to move arcund the

L rf it} iﬂ

This diagram shows how the Lbowxes are 'connected’:

—_— |

4%

r_-
L.

a—p

L el e
L

]

- FSs

1 X ] !
I T s o R L

w-»

It doss+'t take long to learn your way arsund this 'front
g ¥

panel'. If you want to start a compilation straigho away,

just prass SPACE. Press F1 uf you want ‘holip’.

The contrels which you will want to change most cften have
been arranged around the comnrpile ceontrol, wusre you start.
You can chanye any or all of thz default values whici TURBO
displays after lezding, to suit your sgysiem or your wayv ef
workine -~ see Chapter T.

Bll of the valuss in the windows can b2 changed, either by
nressicg ENTER and typing a nsw value, in the case of the
central three lines, or by pressing thg UP and DOWN arrow
kzvs, toe wind namiters back and forth, ov bv pressince SPACE,
to 'toggls' switches., ENTER gets you directly back to
COMPILE, from th= tep or bottenm lise of optiens.

The COUAPILE rnd memory anscation sontrels

If£ you press the SPACE key at this point, or any other time
] me COMPILE control 13 selected {Jthe on black) TURDC
will} immedistely start to compile the cusovot SupsrBENSTC
prouram, wslong the contrel settings and {ile-names that you
Can Tee on the screen.

4
I
v

TUREDY DITYCLOPEDIA Zection 1, page AT
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A CRRSH COUREE FOR THE IMPATIENT CEAFTER A

The control to the left of CCMPILE,
lets you set the amount of spafe whi

data in the compilec file. ¥You c&n alter the datasgpace
assigned to the task which will e cr2ated DV pressing
ENTER and tveing a new value in X, betwean 1 and 600.
Alternativelyv veou can windé the setting up and down in step
of 1K, by pressing the up Or GCwn arrow keys.

acziled DATASFACE,
=

= )

You can change a task's dataspace withoutr re-compiline it,

using the DATASPACE TASK decumented in Chapter D.

The censrol ¢o the right of the COMPILE buticn lets vou set
the size of the 'buffer' TURED uses tc storez intermediate
inforrstion passed Derween tn2 BARSER - wiich wOrks out the
meanin: of & prezsram - ané the CIDE CRLERRTIR - which
procduces an appropriate ta the ouffer size
just as you szt DATASPACE. gzuires 1 cr ZK

v
es vary, but are

of buifer space; resuirem i
. proqaran sicze.

often abour 73 per cent of
re

- 4D

The CUTRUT file control

The control above COMPILE lets vou set the name of the task

_file whick TURBD will generate, if all gces well. TURBO

checks chat thne default ovutput file-name, or the name
supclied as 3 parameter of CHARGE, dges not already exist
and can be created.

Press EWTER te oiit the dafault name. The 1ot apd rich:
arrow keys move and delete (with CTELj, az usval = the ug
and down arrow keys move the cursor tc the end of the iin2.
Prass ENTER again to confirm your entry.

If the file alreadv emists TURES prints DELETE {Y/M) 2 next
to the name and wnlts ZQr you to press ¢ kay. Press Y U0
deiete the file, and allow TUREC to coatinue; rress N if

you want that file to pe pres=zrved.

1f you dacid:z to preserve & file, or you specify a file
that cannot be created, TURBD must find out whot fils you
really w»ant to creawc. TURED can't continuve until yoa tyme
a valid task name.

THT TUFPER DUIYCLOPETIA s2cricn 1, pagr L
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A CRASH COURSE FGR THE IMPATIENT ChH=a

TUREOQ controls — the tepline

"
+]
[
w
Lt

311 thes controls from the CU
DIAGNCSTICS, CFTIMISING an

4
of the task which TUREC will

T2UT FILE name upwards -

COPY WINDIWEs - affect the code
preduce.

The first two are fairly tecnnical in their function, and
will not be explained in this im:troductory chaprer. For
details please read CThapter U,

The 'COPY WINDCWS' centrel

The COPY WINDCW control, at the end cf the top line of
Contrcis, LleTe you tall TURED how meany of the windsws
cqr'ently cren in SuperPafIC are te e 'copied' znd ovened
- with the tgame dimgnzions = 1n <he comrrisd task. Ths
‘maximum value is the nmorzer of chanmels that the SurerzAslIc
int err_ete: has currencly allocated, or 1€ 1if that's 3
silly valu

If your tesk will cpen all its own windouws you suould set
this %o zerc. If the task cnly use:z the default PRINT
window, set the contrul to one. Set 2, ii your task uses
wiriows € and 1, and 3 1f it uses the listing window as
wall as th2 other two. Settings beyoad 3 will oniy be
neeced if your tzsk uses windows with SuperBASIC chanpel 3
or more, but 1t doesn't open these itself,

The RLPCRI control

This control appsears beneath ‘COMPILE'. The ‘report' is the
fila, princout or display trat TUREOD proluces to indicate

i

how it gats on when it tries to compile yﬂar file. You can

change this just like the output file nane gL o1n tuals
case it mighkt be sensible to type a device nam such as
SER, as the destination for the repsre.

If the report no.e is nell {no text at
TUREM assaemes chat you want a repert i
window'™ on the screen.

TUNBO0 eomirels —the futtom line

The centyrels frow the RIPCRT FILE naﬂn downwsrds =~ the
residence control, local string contro LIST, £2uid and
PLUSE switches = relace to fho way that THREND itselrf
interacns with you. They ervhsar control the output of
measages or other aspects of TUNEQ's bonavicur during &nd

after & Ccompilation.

This iz the leftmos:e ntrol an the Reovocr
ai7r 4y veriTus Fur the tame beinq
to ‘hun oroea', and maod Chonr: - T Ya. v fif ut alri.

1
o
)
=
m

'
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A CRASH COURST FOR THE IMPATIINT CIR?TER A

The PHANTOM STRING ceontrol

mhig is ancther control that can digplayv several messaces.
All of these relate to the way that un=dimensicned strings
in your preogram are treated. Thsase sStrings may appear as
1LOCALS or paramecers, but TUREBO has no way of knowing
whether or not they are usad in other contexts.

211 strings in TUREQ must be dimsnsiocned, so thet they can
te proc=ssed efficiently. If & string 1= veEzZ, but never
Saclzred in anv way, TUREC assumes ensth ¢f 1060

charactars, anhd iIssues 8 warning. ¥
meximum, andé get rié of the warninc, by
DIM.

Set the PHANTOM STRING contiol to ‘Create §' if you want
LCCAL 3nd parameter strings to be dimensicned globally too,
dust in case. Set 'Report ' 1L you just wani & list of
such names. Set 'Ionore $' &nd 1URSO will assume that you
know what ycu're doingt

The 'LIST' control

If you sat this gontrol tc YES, TURTO generstes an accurate

listing of vour program as 1t compiles it, as part of its
report, intTrleaved with any error ©r duto-COrractor
messages tnat the PA237R or CODE CGENERATOR may produce, We
recomaend that you say YES when exzerimenting with TUREO,
and when cempiling a program for the first tim:, and RO
when you axpect everything to go falrly smoothly.

The SCUND centrol

This con-rol enakles or disables the clicks produced as you
move asround the fronc manel, and tne sguez2ks when you typs

sometrhing invalid (unless “2I71$ or EDIT% gerns there first -
see Chapter £} or an error is <etected during parsing.

The PAUSE contrcl

Set PAUSE to YES if you want the compiler co wait for a key
after reporting errors Or auto~Corrector messages on the
screen - select NO 1if you want 1L to carry straight on.

You can't adjust ftnis setting unless you've selectead a

report to the DISPLAY. At cther ¢imes thz centrol reads
N/A, smort for Not Applicable.

THE THRLC ERTUVCLOPELIIA sacnien 1, page A=7
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A CEASH COURSE FOR THE INMFATIENT CHAPTER &
"ATUARO CON =L TION

When vou press STACE with tne CCH
TUREC starts worx in earn2st. TUR
which ars linked autsmetically 1f & va
compiled, and the secend ster is therefore requxreé

|‘

ntrol selected
in two st °p=,

First the PAFSER ceonverts veour EBAZX

‘intermsiigte code' which is stored

(if space permits) or 1n & £ile. It

make surs that it Jdoes not ccntain

at aprrepriate points if need be.

Unlike the SuperBASIC interpretsr, TUREBC exanmines every
sinule statement in & prosram, s¢ 1t mav find rroklems
which ersz nct dotectod when the ingerorerter 1s used. Tha
corpller skips over the ramalinder cr tnat vi:feTonh atter

Ell
r
{1

an error has been found - wpurt conoring fvrth
r“alym.s continues Trom tne start of the next st

Error macsages are prefixed by four asterisks, so as to
distinguish them frow progrom teat. They cppear in tha
BISPLLY window in white lctiers on a red bdachjround, to
maxe them stond ful evean nore.

Sometimes :urzo reate hings that it thinks siosuld be
broaght to your sttention, even though they are not errors.
Thase cases are indicated wa;n;nHA‘ or ‘auLg corrector
nessaves' which apoear 1n bhlack on green o the DISELAY
window; thoy start »ith [our puaus s2.1gns.

The parser gcans your mroecram from Degaianing to end twice,
Fach scan ig celled a 'pass'. TURDO displays che number of
each proyram line as it 15 analvzod.

At the end of tr» sacory as% TURED reports the total
numbtzar of srrors ano wainings. Tf there were any errors ithu
coempiler will ston, withaut biying o convert the incorrect
ccde irnto an executable tosk. Your BASIC will still be an
mAnory. You must eorrent the errcrs by ewanining the rzport
and editing your program in the normal way.

If neo errors have ocourred wher the and of the second pazs
is reached the cods geonerator is lorded automatinally, and
the 3up2rBASIT interpr:ver comes 'pack to life’ while 1t
WOrks.

Tre code gcn
“he inter.

Srator PerIicrils LWo morsz pRgses,
late code twice: onTe Wiz 2 solecting

‘bullding-Liacks' and onoce wille gonerating machine codda
€5z the ezeculahle tazk. ¥ -shagt Lwpgars on ths main
TURED dwrplay when the C..ie yense hog fini hed.

THE TUREQ EUCYCLOBEDIA Section 1, pa—a a=c
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: CRASE CCURSE FOR THE IMFATIENT CEAPTIE A

-y, — " L s e
TESTING COLFILED PRCGRANS

Ve can test a compiled program with the THEICUTE command.

1f vou compiled your pregram into the file FLPI_LIEGEHN

-

7237, this command would run 1t:
CYECUTE FLPI1_LIBGEN_TASK

TwTe LIZT_TASKE, and vou will ses
ning, &s well as th urer2azl

first twelve Chara 2

* for LIST_TA3KS. U

rs.

a £
-
cte
5

e Contro.

L | L ]]
i
1]

in
Q

Ccmoiled tasks sometimes STop wWith &n error Ieror:t. 2s with
interpreted programs, there £I€ 5CMe erIChE that can enly
be detecred when cude i3 exnectted. These, along with all
the other TURBC rossages, are listed in Chapter F.

The mos:t comECn WesSsage says 'increas:2 datasmoce pleasa’.
This means that vou have not civsn the task ancugh memory
for its variables and otnor information gensrated as it
rurs, The cure is to use DATASPRCE_TAC. to increase the
amount of memery that the task is allocated. You don't have
to re-compile the program.

In general, you shoulé not compile prodrams that you have
not tested with the SuperBASIC iaterprefer - it is much
easisar to test code interactively with an interpreter,
rather than try to resolve prcblerms from a listing and

rur -time error reports. Hcowever TURRO 18 scmetimes a useful
tool to ‘check' programs, since - unlike the SuperBASIC
interpreter = it indicaves the position and cause of each
error clearly.

This chapter is a very rapid tour of the TURBO system.
Please comz back to thnis encyclopedis, and rezd on, when
vou have time to do so. TURBD 12 a vezy powerful tool, and
it takes a while tc cet tc know all about it.

THE TURRD TTHIYTLIPEDIA BehlaEe L Do )
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TUNBO AND SUFERCHARGE

The aim of this chapter is to give the thousands of people
whe have used SUFLRCHARGE & guick insight into the style
and adventages of TURBO. The information should alsc be
useful to anvone wiho has used comaercial SUPERCHARGED zasks
ond wants to know how they miaht perform if compiled with
TURED.

The chapter does assume a knowledge of SuperBaSIC
programming. I{ you're not yet au fzit witn the lingo
you're best advised to skip this and rzad the next couple
of chepters carefully - they form an introducticn for these
new Lo the QL.

THE TURRO ERTYCILCPERIA fection b, page B
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Genealogy

SUPERCEARGE and TURBO are closely connected, in that
SUPERCEARSE w2s a prototyps for many of the routines and
dsta-structures in TURBO. But TUEDD 1s an entirely new
product, even though it does many things that SUPERCHARGE
cculd alse do.

In this chepter we'll explain the main advances of TURBO
erpared with SUPFACHARGE, end point out some less-cbhvious
but important imgrevementes in code size, speed and
funcyicnality. This ig only an intrecduccisn = for nittv-
gritry detalls you should consult sscrions 3 and 4 of the
TURED Encvelepediz.

Incidentally, TUREBO has virteally N0 disadventages compared

with SUPERCHADGL!

=" aa

Histewy

It tock almost two years = dismel years for Sinclair and
the QL - te bring SUPERCHMRTE te the market and rave
reviews. Tinces then SUTTICHEARGE has proved itself to be a

- powerful snc porular programming -oel, in the hands of

peopriz like Chae Diilon, Elmar Luensser, Ian Robirscn, and
organisaticns suchk as ABRC kiectronic, Q-Soft, ?vramide,
Sector Scfiware, Shadow Ganeg, Strong, Eidersof: and WD
Software. Alag, Medic couldn't stey Lne ccursel

Mcre than 3 year cn, the news is still more Jdismal, 2lan
Sugar owns our intsllectual rights {indeed a miserable
prospect), Sinvlair Research Ltd is out for the cocunt with
a repcrted staff of one (named Clive), and the press kesp
telling us emphatically that THE QL IS5 DEAD.

S0 why has Digitsl Precision slaved away for anocther year,
with a higger tesaw, to bring you a yet more sophisiicated
compller? .

Bast loid piens ...

wWe cdesigned SURE ”nhAuE as the first, impressive step on a
routs intended to put virtualiy all the potential power of
the L at the us=2r‘s fingertips,

We planned a development programme that would push the
speed of compi.ed tasks a factor of ten peyond SUPERCHARGE,
by Christmas 1287.

That uivimate cempller, it was glanned, would Ye akle to
"hoil down' procrams, recagnizing and chonging alacrithms
and dxta-types f-r top spz2:id, making code mors coucise than

zven the nmost diligent hurmen ccould hope o,

THE TUREC EWCYCLOFEDIA
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AN INTRODUCTION FOF ENTHUSIASTS CHAPTER B

Put it's now Christmas 1386 and the QL market, while still
active and profitable, has taken a battering. It is not
clear whether or not the Qi will ke on sale in a year,
although some planned 'Supergls’ may be available

Tne TURBOQ design

Acainst this backgrovnd, we've d
our Sesign as guickly ané conole 1
decision was to hire more petple. Dave tiawell and Guas
Chandier jcined the criginal team of Simon Goodwin, Fraddy
Vachha and Garry Jacksen.

we checked our market resesrch, and asiked a sary
users to pricritise imsrocvements. An ambiticue =
aticn was agreec, close tc the planned 'ultimate
all but the areas of inter:crive testing, graphics, mixed-—
mode arithmetic and ‘peophcle’ cptimizztion.

We reckon we've got the user-interface, utilities
integers, string-handling, memory usage, extensions,
demenstraticns and documentatioan about as good - by any

reasure - as the QL and five humans can deliver.

Even in the other areas the original SUPERCHARGE
periormance has been significantly imgproved; 'hooks® have
also been provided, to allow tbe Jjob to be completed by
ostivnal follow-up croducts: an interpreting debugeer, new
display driver, and cencurrent cede-optimisers. A revised
vers.on cf our cesc-seliing SPRITE GENERATOR is already
availakle: it inrccrporates changes to take full agvantage
of exicting TYRED optimisations.

Rough prototypes for &ll the other 'follow-~up's exist, but
it will cost months and many thousands to bring them all to
tha market, despite the substantial investment theu's
already been made, Ultimately the Market will decide (sic).

So whals TURLO?

TUBRO, tcgather with a QL, is a complete SuperBASIC
developument kit. ALl you ased o make £ull use of TUEEO is
the User Guide that came witnh vour QL, the TURBO TROLAIT
manual, and this volune, the TURBD ENC/{ULOPEDIA.

1f you're really kcen we recemzend a couple of technliczl
books - Jan Jornza' QL Su;~.8 Z5IC = The [2Zinitive
Handbuok™ (McGraw Bill) ana andy Pennell's “The Sinclairx
ODOS Companicen™ (Sunshine). You don’t ansaed these Lo get the
best from TURBED, but thev do provide extra insicht iaze the
CL's i1nterpreter and operaning syshem.

THE TUR#C ELCYCLOPRDIA dmctinn 1, poge @eo
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Cf course 'complete SupacBASIC develorment kit' doesn't
tell vev much. TURBC is 2 statz-si-the-art SuperBasic
compiler. Like SUFERCEARGEZ, TURED helps vou to write fast,
powerful scfzware that shows the £

full power of the CL

& year acec, QL WORLD said this: “SUPERCFLEGE shouvld helrn
many pecple to produce cuality procrams with a fragtiom of

I - = =, - h
the eflIort machina-code rezuirss

2 reg Your Sineclarr addedl:

"ZUTIRCHARGE really shows that you can dc things on t=e QL

that vou carn't on othar machines.
<

- " With TURRC you can 4o
much mere, more gui

kily, and the results are even better.

TUF20 has ALL the features of SUPEZRCHARGE - sgeed,
muluvi~tasking, nine digit »recicions, and ethers -~ rplus nany
ennancements and extsnsicns. TURES alsc incliudes pew
SUDRCrTing matsrial - proor=Ts, examples #a8 tExt to make
the QL, SuperBRSIC and TURBD easiar to usa.
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AN INTRODUCTION FOR ENTHUSIASTS CHRPTER

THE TURSO PACIIAGE

TURBO censists of this book, the toolkit mantal and two
microdrive cartridges. Depending upon how lucky vou are,
you might 2lsc get & bex, or 3 bag, ¢r scie stickers, Or &
disk instead of the tapes, but those are only vital to
retzilers and collecters!

DL, SuperBaslc,

The TUREQ ENCYCLOPEDTA tells you aheout th
URB0 rackage.

machine-code, and the contents of the TUR

L n

The SOFTWARE, orn tape or disk, has four componsnts:

(1) TURES, a 'compiler' preogram that converts SuperBasIC
igtec fas:t €E830% machine=code;

nd maintain £3asKS

i

(2) UTILITIES, to hzlp vou write, Lest
proguced by TUREC;

(3) TURBC TCOLKIT - 70-cdd new commands, dirsctives and
functions [or 3uperBASIC;

{4} EX2'7LES: documentation and 'source' BASIC for well
over 100 useful, interzcting TUDNE0 routines.

TUREQD enkances tha QL in two #.ys. The new COMPILER
increases the power of existing parts of SuesrEASIZ, and
works more cuickly and wore {lexibly than SUPERCHARGE. The
TOOLKTT adds new feazures te the larguage, while still
Allowing testing with the intazrprater of all bur the wast
sdvanced features. (ou need the compiler to Fet the best
out of the TOOLXIT, end vice wversa — but even more sQ}

the advanced featuros are discussed in most of the rest of
this Encyclopedia = there's no point in rerezating all the
detail here. The best o7 to learn to use TUREO is to
experimznt with the new features one by onre, kefore testin
your knowledge cu a combined project. rary feature iz o bi
advance upen SUPERCHAKGE facilities.

[To3 &

This is a brief list of new, unigue TUREBO f{eatures:

implicit catatypss

Ary variakle name can be designat
type, wnatover its last character 1
compiled code on ANY QL Ca&n usSe AnLETer FOR
L
I

.

ated
=¥ o

o

o
intager and string SELECT. This
times faster and mere concise. They a
the cese of string SELTECT - makKe programi =22%
and write. We haven't bothered wifh

trin t

possikility =~ strine JUR stat-.son

YHE TURED TL.OYCLOPEIDIA Se~tion i, PodS
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_ARRAYS are arrays on cdisk or tapa, but can bz accessed much

C

AR INTRODUCITION FOR EUTHUSIASTS CHAFT

WHENERRG

TUREQ error-traprping is by far the mest comprehensive
implementation on the QL - it resembles the exception-
handlinc schame ©f the new lancuace ADA. You can trap 2ll
errors to 3 sinele point, or anv number of 'local’ error
handlers, in & compiled task on ANY QL.

B

[y
M)

Errer hendlers can find tne Ilin

RETRY or CONTINUZ tc an 'outer’

into the procrem, discardine in

temperary vaiues which might ot

211 othzr values {glchbal suring

and lcep details) are preserved,

Poweriu! array hanciing -
t.‘i

Evar ncaded to make an array bicoer cr smaller without
losing all its vontents? Tnat's no proble~ with TURBO'sS
RUBEBER ARIAYS.

TURBO alsc comes with VIRTUAL APTAY routines = now the only
limit on array size is disk or mictrodrive space. VIRTUAL

like normal arrays. They use the QL's automasic cache
buffering ta ailow fast access,

'Pipes' allow any number of tasks to PRINT and INPUT to
themselves, or one another. Infornation can be passed to
and frcm any tesk as paramezers of the EXECUTE command.

TURBO's advanced LINK_LOAD feature meaus thet several rtasks A
can share progcedure: and functiens, so0 you can compile any \L)
cize of program on a 128K QL. If vou change one modula you

orly need re-compile tnat onw kziore re-running - lioking

is instantanenus.

Arrays, variables and channels c¢an be shared between
separately compiled tasks. A fast 'library wanager’ makes
1t easy Lo splic programs into modules.

~

THE TUEzT  TUTLCPETIA . e g1 G, page =-
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AN INTRODUCTICN FOR ENTHUSIASTS CHAFTLR B

TURBO toolkit

a vast cempendium of commands, vtiiities and funetions for
Super®2ASIC, Supercharge and Turbo BASIC. Usaful stuff - not
sust calls to RCM routines!

Now programs can perform binary random access, even with
microdrives; move or s&arch areas of memory (great for
graphics progrars, editors, utilities etc.); eiit varizbles
en screen; contrel flashing Cursors: TYPE~INW thinzs to the
xeypoard (fcr functicon kevs, netweork/cerminsgl systed
control and interrocate tasks and davices; defin
changa fonts: maintailn overlapring windows; p
‘background' music - plus lets more.

oo

'URBO TOCLKIT coneists cof a concise machire-ccde kernel,
;ith a ‘runtime version' wnich scoftware developers con
istribute freely. The toolkit alsc hasg its own wanual,
Llus examples (shared with TUREC CoUrILER), a configurator
ind sound and graphic design utilities.
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AN INTRODUCTION FOR EWTEUSIAST CHAPTER E
IPROVEMENTS ON SURERCHARGE

TURBEC can handle many SuperBASIC orsrazticens better than
SUPERCHARGE - faster, mcre elerantly or more concisely.
This list summarises the improvements:

limproved uszr-interface

SUFERCHEARGE, like most scftware, wo
successicn of guesstions, in an &ss
until 1t knows enough to be able teo star

it mOt LGD RTLUCUS WHLEL - I55UTAn

TURED gives vou much morse contrel thor SUPERCHARGE, yet it -
is casier to use. You can sunoly information in any ' (T
sequence. You can see ail your 'cucrent' 2nswzrs at a

alance, and change them at will, Y2t you only noerd to press

on2 Key to trigger a comvilation that uses 'datault’

options wnich you can choose ycurcelf.

TURBO has a "HELP' serecn {(press F1). If ycu don't want it

you ¢an run ancther tas% in that part of the screen. The

listing window, if wequired, can be znywhere cn the screan

-~ you gan even expand or snrink it interactively as TUREO

usas it. There's no '"mess' on the screen as your pProgram is

parsed. N

You can abort a cOﬂpilatj;n ait any time by nressing a

covile of kavs of yeur choice. You 0310 edit or run

interpreted ZuperBA3IC ac code-generatzon tarnaes place.

Unless you write very big prograiis you may not make much

us> of these fearures, because TURBC is capsble of stunning

cempl.ation spemdf - often twice as fast as SUPLRCRARGE, -
itself no zlouch, e.g. 500 lines fporsed in a ainute, and (ﬁ}
code-generzcicn at cver 1,000 SuperSASIC lines per minvte, "

TURSC takes full advantage of extra amemory. You ¢fn make
the entire systen {purssr, cede gensrator and oprionel
that you can call tt up
’ -

T2
optimiser) 'resident' in memory so
instantly. ¥eu can set th=2 ‘datasypaca’ c¢f a task in the
procram, or when you comgile it, or afterwards. You can
geven monrtor dataspace usage As LasKsS run.

s limit on coade size
UREBO's library is faster yer abont 2¢¥ smaller than
UPEHCHARCZE's. As baicre, rout_ -=s ave only incliuded in &
sk 1f they're needed,.

code can E= ﬁraquc: , amd vyou can s
comient Dy stotament bBosis, regardls

™

CICYCLOFTDIA Section b, 2a00 e



[FES—

»
‘I _
|
|

————

AN INTRODUCTICN FOR ENTHUSIASTS CHAFTER B

in~line code is the fastest that the 2003 can run - even
faster ané much more concise than SUPERCEARGE code. The
alternative, Digital Precision's unigue 32-bit threaded
socde gives slwost all the speed of purs machine=code, vet
it is stvnningly concise: & typical 108X interpreted
procram occupies just 73K when cempiled intc a stand=-alone
threaded task by TUREOC.

Arrav and reizrence parameters

Now veu car pass arravs of any number ¢f dimensicns (or
other variaclas) *by refersnce’ - so parameters can be used
ues bz celfors g func
" pask = i z
T b

Jelexed error checlking

TURBO can compile mest wrongly stru~tured BASIC, as leng as
it Soesn't craszh under the inter-pruter. TURED is not
strict, like SUPERCHARGE: it autcmatically mizics the

.behaviour cf the interpreters when it finds a snructure

errer, and asnerates the listing to indicate what TUREC has
doane to 'correct! the mistake. The pregram CaFT BAS
illuscrates m2ay commcn errors ~ cempile it to see how

S

TIVLG gan coroatt them,

wlimiisations

String fetch, store, slice and REMD operaticns are up to
3.% times faster than with SUPERCHANCEL - oiten they are
enly limited by the -peed of your QL's mewmory chips! You
can now 'slice' literal strings as well as varialies.

=

Integer, Boeclean and comparative operaticns have been
re=written; they are significantly faster and more CONCLISS
thar their SUPERCHARGE ecuivalents. FOR loops aze
re-entrant, slightly faster and much more ccncisely coded.

four times more than the inter
. L .
integer DATA intc half the spa

srions have been
ortimised. Tne 2 r notizeable on systome
with extra P,¥, as TURE o5 'slugzed', cuompar
with the old RC#, by slow access tc the standard 12EK.

rn
1]
3
+
0o

Tu® TURLCS L 20 GPEDLA oo ian 1 £E3= Pl

e — iy



[ —

i¥ INTRODUCTION FOR ENTEUSIASTS CHZFTER B
Fost script

TURBO is NOT physically protected in AKY WAY against
copving or theft. This has two advantages for you: there's
a0 need to sguint through a lens pefsre ycu compile a
program, and thare's nothing in the manual about octopl
(except this, of course). Incidentally, we meant spiders.

The lzck of copy protection has twe big disadvantaces for
us, It means that almost every time yoo se‘l or give & CORY
of TUR2D =o so.:cae we lose a ssie that would nave helped
us to pay a year's sutetending bills, &nd mavoe [unded work
cn TURBD add-cns or upcrades f[or registered users.

There are few 0L Scfrware publishers, and no cther es large
and committed as Digitz2l Precision. But the flcw of new QL
software, aad the availability of older titles, dzpends

spon “he honesty of a relatively small circle of buyers.
D.P. will remain active in the QL mariket AT LEAST uantil
Jenuary 1988; but future products can only appear if people
are willing to psy for thei.

In effect, aguinst the trend = ecpecially con top-guality
preducts = we've taken a gamble on your honesty. Please

‘don't let us down.

Once you've bousht TURBD veou can copy it freely, for your
own Use. we eran give vou utility programs to make this
ersy! Lend the criginal package to othess by all means, but
FLEASE don’t allow any copies to be mxde for other people

Thaz's illegal.

only if you DO distribute illegal copies do we have to face
up to the second big diszdvantage. We must track you dowd
znd take whatever action is reguired, within civil or
crimipal law, to recover our loss and our coste in
d=fending TUFEO. “cur déetails are encoded uniguely inte
every copy of TURBO, so we can identify the source of any
copy at once,

We still offer rewards for informaricon wnich helrs us to
taoke such actisn. Of course, wg hope to be able te spend
mast of our time more productively!

PG

1f you someacw Lind yourself in posession of a ‘pirated’

copy of TURRO, and yvou find it a good, useful systen, than
please do Lre hoaest thing: go ouvt #nd buy yourssli a
lagitimuCe copy. This will entitle you ko seftware and
documentation urgrades, uand auooort 12 you run ihio
problems,

THE TURRO ELCYCLUPEDIA Secticn 1, poge B-10
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i
1 .
il
I e, oy ey
! WHAT IS TURZO?
£y _
' "’ TUREC rmives L programmers sCCIss to almest cll of the
E ' speed and flexibility of machine ciz=, whiie still allewing
) them to develeop and test thelr program:s inceracLively in
' SupnrsBASIC. TURES works well with any configuzation of the
%_ siaclair QL computer or the CST THOR.
i
} CTURED has three main components:
E_
b (1) A new 'compiler' sutom-tically checks, annotaices and
translares programs written in QL SuperfiZIC, the
i proyramming language buiit-in Lo the compurer, 1nto EBCO8
{ machine code - the most poweriuvl ¢cae the 4L can use.

(2) TUREO alse ircludes a TCULKIT - 3 liZrary of over 170
new utilities, commands, dirsctives and fusetions whict
greatly increass the powerx of the Qi and SuperBaSIC.

——inte
= —

. (3) vsu're reading the TURED Encyclopedia - a tutorial and
S refzrence guide to the r=g of TURED, writnten by tep micro
journallist and sctviare dpcigner Simen Goodwirn. this volume
eontaine a wealth ¢ f informacion abevt TURBO anc the QL.

N i N
F

-

Using this manual

—

This manual is srganised into five sections and 24
i chapters. Each pajye has a lecter and a nuzbker, s> that you

can tell where it comes, and we Can apsate chaptars
individually threughout the life of tne producr. Digital
Precision has 2 ztrong paolicy of developing and upgrading
proocucts, and upgrades are zvzilable at @ low price to all

regizstared users.

L J—

—— -
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BACKGROUNE FCR BEGINNERS CHAPTER C

The first section of this manual =cntains introducteory
materizl. The second helds advice about using TURBC from
day to éay. The third and fcurth are rafersnce sections:
the third explains the workings of standard QL features and
their performance when TUREO it used, while section four
Geals with TUREO's own special features. Section five
contains 'background’ information, including a very
comprehensive glossary and index.

Using TUREO

Procrammers used to interpreted SurerBASIC will find that
TURZO skills are easily acqguirec. Yet TURED can o many
things that are iapossitle unéer the interprater...

* TURBO tasks can run 100 tiwes fasver than interpreted
Superba3iC. The more care you take when coding or comp-
iliny, the larger the spevd-up factocr you can expect.

* TURBO can compile the vast majerity of programs that run
correctly, under the interprater, without alzeration.

_* TURBO lets you develop pregrams In '‘modules’: convenient

cections whicn can share routines or data freely.

* you can run any number of TURBO tasks at the same time on
one QL = the only limit 1is available memory.

* TUR20 tasks are concise - thay only contain routines
wnich are actvually NEEDED by a certain program or module.

* TURBO lets you do many things which the i1nterprataz bans.

Ihere is nct room to list even a fraction of these here,
but they're all explained elsewhere in +his encyclepedia.

THE TUPRO T ICLCPELRIA
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ZACKGROUND FOR BEGINWER CHAFTIR C©

TUREQ has been two and a half v

e int
gevelocment and expansion from EU rRCOUAFSE, a packace which
wzs launched late in 1985 to rav reviews. Your Sinciair

had this to say: 'a runaway success...perfiormance is simply
dramatic...SUPERCHARGE is the final spark that sets the QL

scf-ware scene aiight'.

he making. It is 2

oL World/QL Ussr, FoDu.iar Cormputing Weekiy, X Comrputing,
Sinélazr vear and the Independant o LEET Group QUANTZ came
te similar cenclusions. SUTELRCHARGE later Fulfalled ies
promise, when it was czed te write many of the besct-selling
professional aprplicaticns DPachazes for thz QL.

TURBO was produced by the nricinal SUPERCHARGE team. It is
part of a coantinuing development that has already zavanced
the L cs far beyond SUFLRCHARGE as the original package
wa. an advance ou SuperBaSIC.

VWHAT IS

COmPILER?

A& compiler converis prodrams written in a language designed
for humans inte maschbine language. TUREQ converts ZuperBASIC
inte machine c¢ode. The machine code r>zforms in almost
exactly the same way as the SuperBEASIC - but It is muc
finter. TS yau'va had a QL for long you nust nave noticed
that all ef the fastest, flashiest programs are written in
‘aechine ceode' rather than SuporBAZIC.

The advantages of a compiler hecome clear cnce you
urderstand the difference between BASIC and machine code.
That difference stems from the way a home computer wWOrks.

2. the heart of any micrc is the processcr. In €sS3ence this
can only do thres thipgs - Lt Can meve gmall values in
memory, G0 simple arithmetic upon them, and select sub-
sequent instructions dependiny u4ESn the results of the
arithmatic.

The processor's saving grace ig that it werks very fast -
at z rate approaching & miliion steps a second. The
processor can't directly read files, make sounds or print
mescagesz (pluc hundreds of othex things}, but it czn
perform those cperacions by compining thae simple steps
which it CAM handi=. For instance, sounds can be generated
oy sending @ message L0 the second procuisor, priating can
be aone by moving patterns Lo tae display memory znd 50 Sn-

Led
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BACKGROUND FOR BEGINNERS CHAFTER C

When you turn c¢n your QL, the theusands of instructicns in
the 48K ROM read commands from the key switches and parfcom
appropriate actions - step by tiny step. The ROM contains a
machine code program called the SuperBASIC ‘interpreter’.

oJuet like a human translat
words in one language = Su
1]

, Lne ipterpret=yr convars
- machine ceode, This i= 5 twe-

in
A5IC - into ancther language L
step process. First the :

Interpreters are slow becauss they perform the firs: task
over and over adain. The QL's ipterpretcr seends more time
trying to racoanise Sup2riasiC cummands than it does
performirng the correcponding action. Interpreters 2o not
‘learn oy their mistakes', =0 che sare delays <¢rop up over
and over agaia.

We can gzt a fe2l for the w2y an interpretar works by -
examining the way SuperBASIC handles a anall program.

10 FOR I=1 TO 1000
20 LET X=2+2
30 ENG FOR I

1£f you run the above program, the value of ¥ will ke worked

out 2s slowly the thouszzndih time as 1t was the first, by
4n interpreier,

O

Each time, SuperBASIC icoxks throuch line 20 to maxke sure it
isn’t anything nonsensical flike LET 7="SA#"}. Then it
finds out where it keeps the value of ‘X', and locates the
binary form of the nurber '2'. Conmputszrs use binary
arithmetic, unlike che 'decimzl' which c¢aught on among
humans & couple af nillennis age. Values have to be
converted before rhey czn be acceprted or displayed.

AN
F
e
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BACKGROUND FOR BEGINNERS

Next, SuperBASIC makes a
additicn once it has two
another '2' and adés tne

CHAPTER C

note that i1t will need to do some

numbers to play with. It finds
two values using complicated

instructions which are €esign=d to hzazndle all cases; the
same cocce would pariorm §.0007 + -9%5¢2%, Finally it purs
the result away ender the name ¥, and lecoks for the next

iline.

The QL has used hundreds of simple cperaticns, where fo
{FETCH, FETCH, ADL andé STORE; would have suffices for a
cf line 20,

TURED looks at the listing cf a8 pregrem = in =he verbes
ferm which bumane and othzr QL cwners can underscend =
converis it into simple steps in the crder favoured by
computer. The juggeling &bout, tecsting and searching are
almest eliminated. You end vp with Hine S

which works just like SuperBaSIC, bu

;

THE TURPZT P T»ITllZisls
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ECW THE QL WORKS ' CHAPTER D
SPACE, THGE AND MJLTITASKING

The QL is an unusual heme computer, in that it allows
several programs, or 'tasks', to rua agparently
simultaneously. One task is always present - this is the
SupersiSIC interpreter, which &lzo serves as the QL's
commané~-iine processor, from which other tasks can be
invoked or contrslled.

io=in ENEC or
EXECUTE &nd
iy o the

EXTCLW commanss or the TURRD TILLEIT ¢o
LINE_LOAD. These 'exnt ' &34 significan
power cf the QL's mul ing = to the point whers the
rocyammer can do thi T are not pssfible even in the
new cocmputesr language ADE which has been develeocoed at
ccllcsel expense by the American ‘Department of Defense’.

Cther 'tasks' are programe lczded with zh

ie
-
L=

'cyxrencisns® is anocher important term. SuperBASIC is
unuswal ir that 1t is a language which cau be huilt up by
the user. New commands or functions can be written in
machine-code in a standard formatr, and then ucsod by the
SuperEASIC interpreter, or any compiled SuperBASIC task.
TURBO is supplied with 3 TOOLKIT of powerful SuperBASIC
extensions, which include ¢ommands, functizns and compiler
directives.

Tasks differ from Sup2rBASIT program Scurce or machine~code
lecaded wizn Lhe LIYTES commarnd, in that more than one task
may arpear to pe running at any ona time. This concurrent
execution of saveral programs is called 'mulri-tasking’.
Tho TULIDO compller and its asscociated code~generaior alw
themselves tasks.,

All programs c¢ompiled by TUREC are capable of multi-tasking
-~ in other words, you can run lots of compiled programs ‘st
once'. Tasks run in rotizion, with each cone receiving a
small 'slice' of the available processing time befcere
another g:zts a turn; thz effect is just as if the taskg
were executad concurrently.

The main limitations on multitasking sre those of the QL
hardware, in particular the available memory.

Tasks have two parts = code space and data space, a term
*hat will be used so often that we shall abbreviate it to
one word!

Every program cemniled wich TUREC reguires at least 6
kilebytes (K) of m:mory. This space consiste of about SK of
code us.d to set up the task, plus routines needed in all
compiled orograms and code te handle and roport «rre ;
furcther 1K of space for data {channel tables and sy
tnformaticn) is alwavs allocared. ~cu can alter the si
the dataspace asscciatzd with any task, as we shall
later in thils chapter.

lal
in
3]
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HOW THE QL WORKS _ CHAPTER D

The total size of a compiled program can be anything frem
6K vpwards. In general, cempiled code is more concise than
the original BASIC program, unless very small programes are
considered. Tre exact ratio of sizes will vary freom ons
pregram to the next. Very large programs are often MUCH
smaller than their interpretsd counterparts.

Davice sharing

Whea you run several programs concurrently, the QL has to
share cut vther hardware fzcilities, galled ‘éevzceq ; A5
well ag memory. Som2 devices, such as the display, can be
used by several tasks at cnce. Otners, sech &S the
keyboard, may only be used by one task at a time.

Compil2d programs may test any device before they try to
use it. This mesns that they can cvevect the case when a
device or file is already 'in use' and tzke alternatave
action, rather than just stop with zn error message. A new
SuperbASiC function, DEVICELSTAT™IC, is provided to give you
this information. This function is part of the TUREBO
TOOLKIT, and 1s documentea in 1ics User Manual.

SERIAL DEVICES. It would obviously cause pioblems if
several pregrams tried ro use a printer interface a2t the
same time - you might end up with 2@ printout containing a
mixture of several roperts. The QL gives the errcr message
*in use' if a task tries to use a serial device (svzh as
the natwork or & gerial cort) which is already busy.

FILT HANDLING. Several tasks can share a single disk or
microdrive - the QL makes sure that the data for each task
is kept separate. Oy onr task at 3 time may WRITE data to

a specific file, kut several tasks may read a file
concurrently. The QL veports 'in uze' if a task tries to
write ts & file which is already being used bv ancther
Lasxk.

DISPLAY KANDLING. More than one task may write to the
display at any time, but in this case it is up to the
programmer to make sure that coilisions do not oecur, by
positioning ‘windows' appropriately. TURB2 TQOLYIT contains
new coummands which make it easy to save and restore ar=zs
of the display frem within a task.

THE KEYBOARD. Only one task may read characters from
the keyboard at a time = otherwigse cemmands micht be
‘shared cut' between ticks, making the system urusable, Trso
cash which 1s currentl rocsiving Lev-presses sicnals this

THE PURED ERCYCLOPEDIA S:ction 1, page O-%
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HOW THE QL WCRKE CHAZTER D

with a flashing gursor in cne of its windows. AnDy
cnaracters you typ2 &pFpear in that “+indow. 1f other tasks
are zlso waiting for isput from the veyboard, they signal

i

this by displaying & Cursor that DOES MOT flash.

vou may switch from cne window to ancther with 2 single kKey
press. when vou make tme switcn the cursor you had been
usineg will stop fleshing and ore of the cthers will start.
WhzTeEver VOu type EFpesrs in the nsw windcocw. YOu c€an switch
perween Several windows: €ach Curser is epabled in turn.

when the 0L is first turned on 1% TTeats the key-press
the cignzl to fwap I[IOT one window to

b - - - Ll -
eNLITe « ZE

another. Type Contzol T by notiing down the CIRL key whiia

pressing and relezsing the letter 'C' key. This has no

effact uvnless thers is more thin one cursor c¢n th2 screen.

vou can change *ke characier eode used to switch between
windows by FOKEing a new code into acdress 163986. Type:

DPOKE.W 163286,9

+o make the TABULATE key switch betwezn windows, since 9 is
the character ccde of TABULATE. You should@ not do this, for
obvious rezsoas, if you are using software which already

‘assians some purpose to thut ey, A full list cf character-
ccdes appeans in the Concepts section of the QL User Guide.

TASI{S AND MELORY

wher a task is loaded into the QL's memory, space is
reserved for the dara which tha2 cask will gererate, 3s well
as for the program code.

TORRO uses this datasoace to store information generated as
the program ILuns = variable {and array) values, t2mporsy
results, subroutine linhages and o o4%. When the data Sgpace
becomes £iull, compiled programs sStop with the report
*please increase dataspace’.

By default, a fairly emalli amount of data space i3
allocated by the compiler when a task is created, sc that
tasks 8o nol cobbie up large tracts of memory nesdlesslv.
vou can 'dial up' a datastace s2tting on the 'frong panel’
display of TGRBC when you compile a program. This value 18
cver-ridden by a valid DATA AREA directive in the program
being compiled, e.qg:

100 DATA AREA 25

1 be ignored unless it is foliowsd by a numter
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HOW THE QL WORKS CHAPTER D

£ is easy to change the amount of data space which will be
aliocated to a specific task. You can alsc change the
default vaiue assumed by the compiler's front-panel;

Chapter T explains how to do this.

The program called DATASPACE, sup
compiler packasge, allows you to I
dats space assotiates with any ta
is a task, so you ioad it using t
commands :

ied as part of vyour

6 or alter the amcunt of
file. DATLSFACE itseld
EXZC or EXECUTE

s
£k
he

EXEC MOV WIARTASPACEIASK

Once the task has loaded, a window arrezrs n
th2 screen. The prompt ‘Task file¢ nenel’ irnd
program is waiting for you to spaciiy the Iz
be modified.

Tyype Control , or whatever key-press you have assigned to
swrtch betwsen winduy: , until the cursor :n the new window
begins to f£lash. Type the device and file name oi the task
which you wish to modify. If you are not sure of the name

you can switch back to the command cursor and use %he DIR

command to £ind it out.

You can stop the DATASPACE program at any timz by typing a
hlank lin- (CNTER on its cwnj. You are retusned ummedlately
to the command line. Type Centrol C (or equivalent) to turn
the command cursor bhack on.

when you have entered a naome, DFTASFACE tries to £ind a
tasi file with tha+r name. A% this point any of the normal
CL error messages might appear, if the nazme wac ipncorrect.
Altarnatively, if the filas exists but is not a valid QL
task, this message appedrs:

That is not a task fils.

1f any error cccurs you arae returned to the 'Task file
name?’ prompt so that you can try again. Press ENTER on its
own to stop the pregram, as explainec eavlier,

Assuminc that you typed a valid file name, and all went
well, the computer prinrts out the size of that program: the
nember of bytes of code end the nunber of bytes of data
space presently assigned.

5160 code bytes, 20438 data bvtes.
New data size {in Kilobytes) ?

vou will ses rhis guestion at once aiter a successful VUREO
cempilaticn. DATRSPACE autematically tvpes in tne 'iast'
name used in £ ich a ¢ase. You C&n ranera vhig, and get back
to the '‘name' guestion, by zntering & 'data size' of ‘wn'.

2
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HOW THE QL WORKS CHAFTER D

Tra QL asks vou to specify the new cdats size, in units
1024 bytes (one kilebvie). Press ENTER on its own to stop
the program at this point. Otherwise, type an agpropriate
figure. You may tvre & 'K' at the end of the figure if you
wish - it is &ssumed in any case. Any fractional part is
ignored.

If the characters which you type do not make up a valid
number vou are returned to the 'Task f£ile name ?' prompt.
You can take advantage of thie and emzmine the cizes of
several programs, without changing thsaw, by typing
gibberish (such as a guestion mark) when you are asked to
specify the new dats gize for z file.

A standard, 1
It is not safe to use ebsolutely all the memory, since this
leaves ne roow for file-buifers.

If vou make the data size cf a task so larce that the code
and data cannot £it into memory, an ‘ocut of merory' error
will occour when vou EXEC the task. You can use DATASPACE o
reduce the data space regjuirewent if need be.

r

DATASFACE deoes rot allcew you to specify less than 1K or

more than 640K ©f dava spoce feor any task. Compiled

programs reguire a minimom amcunt of srace in waith to set
up essent1al tables, and even a fully expanded QL cannot
run & E7C0X task. If vou type a value less then 1K or morxe
than COOK you are azked to Lry agai-=:

Size slwuld be bDetween 1K and €J3IRK!
Flease try again:

¥You can set or examine any number of tasks once DATASFACE
is loaded. Afrer each change you are returned to the 'Task
file name ?' prompt. Press ENTER on its own when you have
finished,

DATASFACE uses a 'transient window'. Iy storzs the original
contents of the pari cf the display that it intznds to us
1n its own 8¢ DATASPACE when it loads, and resteores L{hat
digplay later. This will nof happep if you reduce
DATASPARCE's own dataspace below SK.

PLEASE DO NCT INCREASE the dataspace of DATASPACE peyond 9%
~ this will do no good, and could miake it impossible to
re~load the utility to reverss what veu have done. We
congratularte the perverse genius who first alerted us tco
his possibility.

1

THE TURED EXUYCLOELDI1A ©oSectacn

28K QL has only about ESK free for all tasks.
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TURBO DRIVING LESSONS CHAPTER E

TOURNG WiITHH TURC

This chapter is a complete tutorial introcduction to the
TURSO package, with worked axamples. The =t and fastest
way to learn to use TUREO is to wWOIK your way through this
chapter - which is intenderd to be irteresting, rather than
onerous.

odt
a

]
-
i

This chapter will explain four things:

{1) How =0 make back-up copies of TURBO and
TURBC TOOLKIT, on disk or micrcdrive.

-(2) How to load and use the TURDES TOOLKIT.
(3) Bow to compile programs with TURRO.

(4) How to use TURBO's 'Library Manager’

MAKING BACKUP COPIES OF TURBO

tt is important to make a ~cpy of tha TURREO package as soon
ag you recsive it. This cop will be an exact duplicate of
tne coriginal, unless you zpecify that it shoulZ run from
another medium, in which case it will be adapted to suit.
The term MEDIUM refers to the tape or disk in a perticular
drive. -

TURND comes with appropriats crogramsg to mzke Copying eary.
You may use other asutomatic COBY/CONVERT programs if you
wizh. TURED files ara not ‘rprotected’ scainse legal

duplica<ion in &ny way.

THE TURZ0 EUVOLOPEDIA segcvion 2, page E=
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TURBO DRIVING LESSONS CHAPTER E

PLLCASE make a copy at once! It is very tempting £ start to
use software without doing this, but our experience of the
QL has shown that this very commonly leads to problems. It
only takes a few minutes to make a backup copy, and this
effort could =ave you several days if your oriecinal
recording becomes damaged and ycu have to write to us o
cbtain a replacemant.

WHAT YOU KEED

You will need two blank mierodrive cartriéiyes, or cne disk,
tc hold the whole TURED svsten. Please skip the next three
paragrapns if vou have peen supplied with cartridges.

TUREO SUPPLIID ON DiGK

1f your copy of TURED is supplied on disk, the entire
package will fit onto one cdisk. However you must copy it inm
two steps -~ one for the TOOLKIT and cn2 for the COMPILER.
Follow the instructions for tape users, below, but put the

- master TURBO disk in drive 1; igncre the mention of

cartridges and read 'FLF1' instead of 'MLV1'.

If your disk device is pot called FLP1 you must EDIT line
109 of the BACUXUP programs, after loading, to refexr to the
relevant device. Users of Quest disk systems - if indeed
where are any - will 2is0 nz:d to change the FURMAT
statement latev in the program.

bisk users can ccpy both parts cof the package without

removing the master disk. You need not read the next two

paragraphs, which corsist of advice for those who receive '
TURBO on microdrive cartridages. (:}

TUREQ SUPPLIED ON MICRODEIVE CARTRIDGE ‘

if TURBO is suppiled on tape it will come on two microdrive
cartridges. One contains thz TURBC TCOLKIT, and the other
contains the TURED COMPILER.

vou can make any number of copies of both cartridyes for
your o«wn use. Coples can be made cnto any QL med;um. If
space permits, =.g. with disks, you can copy botn packages
cnto one medium,

THT TUSBC ENCYCLOPEDIA Section 2, page E-2 \zd
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make a backup of the

{1} Res=t the QL, by pressing the button under the
richt-hand edge.

{2) Put the TOOLKIT cartriige in microdrive 1 and
press Fl1 or F2 as apprcpriate.

The microdrive will run for a while, ané the
POCLEIT will load, disclayinc a message when
it is ready.

{3) Type  LRUN MDVILBACKU?P and press ENTER.

The drive will run a3ain, and the backup
program will Load.

{4) The program starts by 2:zkinz you the name cf the
medium onto which yeu waunt te copy TURBO. Type
an appropriate medium name.

{5) BACKUP then asks whetiner Or not yiou wait the copy
to ‘run' from the drive from which it is being
leaded: '

Type Y if ycu want a kackup copy that ig
identical co th-o original - i.e. one that runs
from the medium shown as part cf this question.

Typa N 1if you want 8 copy that will run from
the medium you typed at step & - l.e. a4 copy
rhat has been converted to run from that medium.

If vou are copying a microdrive version of the
TOOLKIT onto disk yeu sheuld type N, so that
BACKUP knows that it snouiu comvert the file to
run from dizk.

However you should type Y 4if you &re cooying the
TOOLKIT frum drive 1 to draive 2, for later use in
drive 1. You want an exact copy of Lhe mestar.

{6} Finally you are asked whether you want the
destination medium to be formatted; this will
erase zny information already recorded on the
medium, and prevent thy use of 'suspect' parts
of the r2cording surfuce.

Type Y if it 18 & micredrive cactvidge {in which
case ali the space wiil be peedzd) or if 1t is a
disk that has not bec. formatted before.
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TUREO CRIVING LESSONS CHAPTER E

Type N if you want to PBreserve files :thit are
alreacdy on the medium.

BACKUP will then run the drives for a while,
copving files as you have regussted. When it
tas finished the cursor will appear in the
usual place at the bottem of the screen and
You can get on with Zoinc semzthinc else.

ki e

Follow essentially the same procedure tc zake a backup copy
ef the TLR mpiler files, chanovinc tne msster reoor
in drive ! if yoo have been supplied with z separate
COMPILER tare.

the compiler fi

¥

din

1
[y ]

-
Yo avoid confusion, tne BATKUP procram for
les 1s callecd CBACKUP. Run it by tyring:

LRUN MOV 1LCHACKUP O
- substitute TLP for ¥QV 3f ycu're copying from disk. then

the program has lcaded, cortinue from step (4), earlier in

this secticon,

- from P'!ﬂ;' ﬁ-‘."?
Errctu’: ‘Iuilila C .\-J‘nﬂg

BACKUP may stop with an error message if it tries to copy a
file when another with the same name alrzady exists on the
medium. If this happens, or scme other error oCccurs, you

must supply another destination wediuw and start again [rom
step {(4).

1f your copy of TURRO consistently Ffails ro lecaa, or you

find that you cannot copy it to any medium, please send it

straight back to Digital Precision fer a promet

replacamant, Send just the disk or tape(s) cuncernzo - keep (:}
the dcecumentztion. )

We chack ALL tepes and disks before they ar=s despatched,
and supcrvise durlication in-hcuse, so lcading problems are
rare. most retvrned recordings that we receive have been
damaged by users who neglected to take a bickup copy when
tiey first received their scftware!
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TURBO DRIVING LESSOUS CHAPTER E
HOV 7O LOSZ D USE THZ TURZO TOOLKIY

If you have fclliowed the instructions on making a BACKUP
vou will already have lozdeé TURES TCOLKIT! Tne procadur?
ig very simple - just re-set the mechine #né put a
recording of the TOOLKIT files 1n the drive from which the
BOOT file is tzken. This is MDV1 con stzndard QLs, and FLF1
en mest disk systems,

whe TOCLKIT starts to load autcmatically when you press 1
or FZ. It displays a brisi meszage wnen 1t hEs loaded,
telliina you its version pumber. YOu c£an also check thiz at
any <ime with cone of the tenlkit functions, Just &5 VCOU Can
ose VERES to find out the version of your QU ROM. Type:

PRINT TK_VERS

to establish that the toolkit has locaded, a2nd to se2 the

“yersion number again.

Wwe can experiment with some of theo powerful commands:
PRIKT SELRCH_MEMORY(0,49152,"Sinclair"”)

This searches through the OL's¢ R™M, looking for tht na=e of
the insticator of the QL. The number printed corresponds to
the address, in the ROM, where the name *Sinclair' appears.
E= carefol to spell it correctly - with one cepital lettar
a= the front - or it will not be found, and the function
will print zero.

ameng many other tricks and treats, deocumentad in it3 own
User HManual, TUARRBO TOOLKIT lets vou move the contents of
memory &t great speed. You can duplicace the top half of
the QL's screen &t Luo botton with this coummand:

MOVE_MEMORY 16384, 131C72 TO 133072 + 162E4

This works because the QL keeps its display in 32763 bytes
of memovy, from address 131072 onwarss. The command works
bacguse the first number, 16384, corresponds te the number
of bytes to Lz moved, and to half the size of the screen
arss. The next twe values, separated by TC, tell the QL
where te move memory FROM and TO.

This should look impressively fast - but it will be evan

faster if ;o coampile it with TURRO! Cempiling is the ne=xt
step L this tutor:al.

TUE TUW . ENCYCLOPTZOIA Secticgy 2, page 1I'-3
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COMFILING PROGRALLS WiTri TURBO

The story o far

TURBO converts 510w Super
the fastest languace the QL can handle. TURBO is itself

conpilied, sc it works very guickly.

BASIC programs inte machine-code -~

2 compiler cannot speed ub mechanical cperstions, like
reading and writing irom disgk, but it can accelerate all
rhe operaticns that are performed in memory, once data has
been rezd oy written.

v ruch faster than
ocd use c¢f TURED
ngths, 59 we'll

TURBC can 2o just about anything in memd
the interpreter = but the key tO making
T

is to take advantage of ics greatest S
spend & memant reviewing these.

-
T
¢

ze

we nave not made gquantarative gtatements here, because
TURBO performance varies widely between PLOGrans and QL
systems, 2nd the discussion of thesez variativus is the main
purpcse of this Fneyclopedia. Howev T, cne point should be
clear = if you want Lo make a program fzster, compiling it

with TUREO is the best thing you czn de!

TURED ceomplles flearing-peint {Gacimal) arithmetic to run
at much the same speec as its rreducessor SUPLACHARGE., The
limit, in this cage 13 imaosed by the processor's Set of
instructions, which do not allow flozting-polnt nwnil2rs Lo
be handled directlv. TURED must therefore use fairly well-
estanliszhed metheds Lo Process then. However TURED does
centain seme 'optimisatians' bayond SUPERCHARGE, which Car
increase LIS flsating-polint spead in many comaon nases.
TURBO is much mere impressive than SUPERCHARGE in 1tS
handlinc of text and string opsration3, which dominate the
processing time of many prograhs. TuRE0 can feteb and stror=®
strings 3.3 times fastzr thano Sul LRCHARGE. Handling of vory
short strinas - less than about Xl clL.racters = is not
acealerzted o much, because it vakes as uch time to find
the text as it does to process in.

- whole numbers, explicicly

TURBO can also bhandle integers
eod, often twice as fzst

stored as such - with biinding sp
as SUFPEXCHARGE and much faster than the QL could possibly
perform fiomating=point arithmetic.

rinaliy, TUREC, and TUR20 TOOLKIT, ailow you to do many
things that aze cimply impossible in standaré interpretwd

oL Super3ASIC.

~uE TURRG ELUCYILOPEITA ) Sacticn 2, LolT
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TURBC DRIVING LESSONS CHAFTER E

Compilziicn countdown

You must have the version of TURED TOOLKIT supplied with
your compiler loaded before you start to compile a precram.
If you have re-configured it for use with SUPERCHARGE,
please c¢hange it back - in particular, answer the last
configuration guestion 'N', 50 that the CHARGE command will
inveke TURBO correctly. Teoolkit coniicuraztion is explained
on pages 22-24 of the TURED TOOLKIT UTILITIES manuel.

If vou trv to compile scmething wirhzue 1oading the TOOLXKIT
+ all, the CHaFSE command will not Se logded

the QL will reject it. Reset the system, iczd the

TOOLKIT and try again.

-~

1]
o
4

Not so Suucrioolkit?
i.J

The CARE/QJCHE plug-in ROM callel 3SurerToolkit interferes
with the definivion of some standard commauds, if it is
used on early versions of the QL = "aH" and "Jut. TURBO
needs mashines to woric consistently, sc that you can run
compiled tasks on any QL system, 50 you must cerrect thsse
aerrors befcre using TURBO and SupecToclkit together.

we cupply & fagk that wiil de this for you. Type:

EXEC_W ¥V I1_FOOLKIT..TASK

{assuming thit vouxr TUREO TCOLKIT tope i in micredrive 1)
t¢ scrt things out.

If you have such & system you should do this whanever you
start up the QL = perferably immediztely after loading
TURBO TONLKIT. You can make this step automatic by adding
the above instruction to your BOCT progjram. The ratienzle
behind FOOLKIT is evplained in Chapter G.

vou're now ready $o compile yeur first prograwr. Loatd &tne
File LIERARY.MANAZER from your TURSC TOCLKIT medium, and
put the TURZD CCHYPILER medium in the defanlc drive for
CHALGE and EXECUTE -~ usgually drive 1.

THE TURZC FUCYILOFPEDIA Sacrien 2z, DTy E-7
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Make sure that there's space on one of your drives for task
sné report files {30 bleocks should be plenty). Then type:

CHARGE
1f you like you can follow this command with a name to be
used for the output-file - you can change this if you like,

befcre you start the compiler runrning:

CHARGE MLV I1_LIBMAN

The PARSTR - the first part of the compiler, which aralyses

your prograth to determine its meining - will lpzd. If 1t

doesn't, check that you've got the Correct medium in Lhe

Gefault drive, ané chesk tnat the TOOLKIT is correctly

configured, as explained above.

vou should see something like this: (;}

oo "
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THE DISPLAY WHEN TURBO IS FIRST INVCOKED

TURBO perforwrs & number of checks ag it sterzs o run. T¥

these fail you see the displays con the next three pages
Eu W

THE TUTBO ENCYCLOPEDTA Saccion =, paazr L-¢ ¢
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CHANNEL CHECKING
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THE DISPLAY IF HMCRE THAN 16 CHAUNELE ERY ALLOCATED

if channel numbere above 1% have been uszed in the current
SuperBASIC program, TURBO will warn you.

TURZO tasks can use no more than 16 channels, bur this
should not be a pracrical iimitaticn - the message usaally
indicates that the ZupecBASIC programmsr hasz bean using
channel numbers zobitrarily rather than systemanically.

Every unused chunnel-number wastes 2t least 30 bytes of
moLosy , $0 you should correct the program Lo make it more
efficient vnder the innevprater, as weil as suitable fov
compilation. '

T it

!

vYou will se=z the display shown above, or scmething very
similar, 1f TURED finds an unreasonable number of channels
allocated. The cunpliler will continue te run when you press
a kevy.

THE TUREC ELRCYTILUPEDIA gecuien 7, paoae -0
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CUTPUT FILE CHECIING
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THE DISPLAY WHEN TUREC DETECTS AN INVALID OUTFUT FILE NAME

TUREO checks that the default output file-name, or the name
supplied as a pacamster of CHARGE, does not already exist
ar.. cau be creared. This is the name of the task that, all
being well, TUREO) will create. -
If the file already exists TURBC prints CELETE {Y/N} ? next

to the name and waits for you to press a key. Press Y to

delste the file, and allow TURBO to continue; press N if

you want thar file to be preserved.

1f you decide tc¢ preserve the file, or you specify a file
that cannot be created, TUREC must f£ind out what f{ile you
really want to crziate. It puts the curszor at the end of the
existing nam? and allows you ro edit it, just iike a
SuperBASIC line.

The left and right arrow kXevs move and delete (with CTRL),
as usual = the up and cown arrow heys move the cursor to
the =nd of the line. )

TURBO cen't continue until vou type a valid task name.
THE TUFZO IOYTLOTEDRIA Zaotign 2
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BIPOART NALE CHECKING

TURED chechs that the Gefzult report name 1s vziid. In the
case of a file, it must Le possibls te create naz file. IZ
the recort name is null (no text at all) T ~rTZTLAY, TURBD
assumes that ycu want & vemort ip 1TSS OWH teunber window'
or the sSCreen. ptherwise TUREO nee@cs 2 velid L device ©F

e whare to 5end tha report.

file-name, 8¢ th3t 1t Know

1f the file already exists TURBO LT
ro the name ard waits for you Lo pY a
dole-c the file, wnd allow TURRO to conti
jou want that file to be proserved.

wDLs
ess

e, oI ycu srecify a nam2
cind cut where you really

If you deciGe TO jresServe a £
+hat cannot be used, TURED Tu
want to send the report. 1t puts the cursor at the end of
the existing nioz and allows you to edit it, just like a
SuparBASIC line. Type & valid name, 9r scrub out averything
on the line with Contrel Left Arrow and prass INTER to
select the default, BISFLAY.

i1
-
-

THEZ TUEBC EUCYCLOFEDIA Sacrion &, ko
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TURZO'S 'FRONT PANEL" DISFLAY
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THS FROMT PANEL DPISPLMAY, SUOWING THE 'HELP' WINDOW

TURBO has a sophisticated but easy-to-use ‘front panel’
display. The idea is to allow you to change lots of options
if you want, bHut not te FOCRCI you Lo answer a succession of
questions needlessly.

O

A cimple HELP window appears at the bottom of the screen
when you press Fi. If you don't call up this window you £a&n
uce that pcort of the screen for other task displays.

Cther tasks will run happilv with TUREBG; you can use the
SuperEASIC interpreter waile coede is generated, but not
while the FARSER is analysing your pragram. TUREQ works
vary fast becsuse it regals your program directly frew
mewory, without intermediate files - this would nmol work if
vou were altering the program as TUREC tried to analyse it!

The top two Lines of the display are used during parsing
znd code-generation - ycu caneoft chanu? their contents
directly. Likewise you can't Chance the contsnts of the
HELP window. but you Cal select all the other boxes on the
screen, just by pressine the arrcw kays Lo novs arcund the
display.

THE TUF30 EXNCYCLOPFOIA 3ecrion 2, page E-1i A
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This diagram shows how the boxes are ‘connected’:

[ Jei o]

|
-

4+

+—>» +p

el

[ Jel
-

T T T 3
I B

Tt Geesn't take long to learn your way around this ‘frent
panel'. If you want to start a compilatien straight away

4+

i5s selected. The controls which ycu will want to change
most often have beern arranged around cths compile contrel,
where you start.

You can change any or all of the defaulit values which TURBO

displavs efter loading, to suit your system oI your way. of

working., ¥You ¢an alse chanae other parameters, sucn as the
charactzr size used in display revorts, with the TURBO
CONFIGURATOR, which is documented in Chapter T of this
encyclopedia,

Tha frant psuel ophinng are arraraed in 2 Inaigal seguence,
You get to the DIACTOSTICS control, which is cnly used whuti
raking ‘prodnction’ sofcware, by way of the P TIMISATION
control; the LISTING control is next to the REPORT FILE
control; and so on. .

If a ccatrol is irrelevant - &s in the case of tne FAUSE
contrel when yeou don't want a DISPLAY repoert - 1t 1§ lec..zd
and marned M/A, which stands for 'Not applicatle’ ani means
vou‘re not, at present, allowe? to select or alter that
control., Simila=ly veu cen’= et the nunder of windows to
be copizd to more than the current numbee of channals ooen
in SuperBA3IC - this stoups vou asking the system Lo CIpy
channels t™at are undeiined.

all of the values in the windows can be chencad, el
pressing EiUER ané trping a2 new value, 3
central three lines, or by pracsing the UF ang DOWN &
k2vs, to ~ind numbers b.ck end forih, OF = pressing 3
to ‘toggla® switch s, ¥OU can zor-vel oot thlugs rish
1cystich pluzded into C.TLI, ox our ‘movse’, if eh vfs wiot
turns you on.
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you can do s0 = just press SPACE while the COMPILE control
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1f you are on the top or bottom line ol the panel the ENTER
kev will get vou straight back to the CCMPILE option in the
middle., Ther='s one excepticn to this rule, discussed later
- it only crops up if yvou want to confiirm your intention to
BBORT the compiler.

Hidden dspths

There ig an underlying structu
Fanel which may not be immedia
pointing this cut belcrs we

“is worth
b i
cdetaiie of what each contrel doe

-
-
= < e any -
g the nituy-Gritty

1 4

UT FILY name upwards -
OPY WINDOWS = affect the code
of the task which TURBO will produca.

the residence control, lecal string control, LisT, SOUND
and PAUSE switches = relate tc the way that TUNED itself
interacts with you. Thev either control the output of

messages or aother aspects of TURBG's behavicur during and

after & compilazion.

The last twn controls are on the same line as COMFILE; the
1efe=hand one, DATASPACE, zffecrts the task, whereas the
right-hand one RUFFER SIZE, affects TUR30's own behaviour
ut not the tzsk. Even this should not be confusing unless,
perhaps, you're Thinese or vour dizplay's tne Wwreng way up
- aigso a probler with TENSLOK on SUDIRCRARGE.

Most TURBO users read from top to bettsm and left to right
(SupertiafiIC is tough going unless yob adopt this
convention) so the code contrels are all 'tofore’ the

CCMPILE switch and wh- b:ibavieur eccontrels o~ ‘after’ it.
The leczl =trinc contral rather spai o this, as it L7493 y»a
tell TUKBO to create strings on ons 2f i z=ttines. The

other two coacrel the listing so - on balance = we put it
At the kottom, althouch we did sc.ivusiyv cornsider making it
run up and down th2 screen 25 appropriate!l

Tme front pansel is not just pretry, or clever ~ it is much
more flexible and friendly than a list of guesticns. Icu
can supply information in any saguance, and you can always
see the valid answers, or defaults, that are <.rrently gab.

The front manel involves decaptively little code ~ about
19) iines of simple Sup-rBi3IC - so 1t doesn’t use up loLs
of your mesmory. This econemy 13 poos:ibie beceuse 1t 1s
implemenced as 2 ‘fin:t=-snane autorad a x¥ind of
digrisl ball-race, wi smaracTars ot thz =oo onu
hive differenc aifacte dopending ugon provious 'eavants!

THE TURBG ENJYCLOPEDIA Zar
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TURBO DRIVING LESSONS CHYAPTER E

~he QUTPUT FILE, REPCRT FILE and CC”siﬂE ov“zcﬁs have
alresady been discussed, sSo they won't De 111ustrated agaln
in this Chapter.

Triefly: vou can edit 2 file or device name by pressind
£:NTER when the contrsl is selested. vou're not allowed to
ewite® tc ancther control till vou've specified 2 sengible
file or repor: Sevice. SFACE TLriggers a comp: izcion when

COEPILE is selected.

THE DATASPACE CCITRCL
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CHANGING THE DITAULT DATASPACE

vyou can alter the dataspace assigned Lo & fils T o
EWTER and typlhg a new value 1n X, bretween 1 : 6?
alternatively you can wind the set tting up and down
of 1 by pressiny the up or down aryce kays.

nestens

1f cheze ihle DATL.ALEX directive in yonr program
T Wil he C f S

with oh:s control.

vou can change a task's Saotaspacs without re-coTpiling it,
using the DATEIPACELTAER documente? in Chartar L.
PHE TURRC L ¥OLSPEDIA Zesvior 2, page E-17
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. SETTING TUREO'S CUFFER SIZE
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}M THE DISFLAY WEEN SETITIG THE BUPPER S1ZE

TURDD uses a 'buffer' o store intermediate information
passed petween the PARSER ~ which wourks out the meaning of
@ program - and the CODE GENERATOK = which preduces an
appropriate task. SUPERCHARGE used to put lu* TRaATioN on

- the disgplay, which wos wownemical buz uns.ahtly.

rrows oz bv

: ¥ou set the bulfer size with the up zn2 down a
ar, 2g with the

pressing ENTER and typing a sensible numb
DATASPACE control.

TURBO can ux2 any sine of buffer uu ro the limits =f frae

.. mMEMGry on you* conputer = thaz minimum is K. If the PARSED
fills vp the buffer i: creates a tewporacy 13

TEMP tc the task nernz, &nd then uses the buoff

temporary store to aveid constent file-acceszs. Thne buffer

MULZT be larse enough to hold all of rhe longesc gucted

$tring in yadr proaram ~ 1K is usuzlly ample for this.

- she bigge: rne buffer, the fzster cumpilation will eccur -
: bue thers's no point 3l!oc-ting space which will not be
vsed. A small progran reouiges o or 28 of buSfar space;
tegulrements for large files vary, nturs are often ab-oar T
P per ewnt of the SuperASIC preogram size,

- THRE TURES ENCYCLOPEDRIA Section 2, page £ 16
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‘code-generator will stay in memory after a cempilation, and

TURHO DRIVING LESSOWS | CHAPTER E
THE RESIDENCE CONTROL

The leftmost control on the bottom line of the TUREO front
panel lets you make TURBO - and it's code-cenerator -

‘resident' in your system, s© that ir can be called up _
instantly, with no need tc re-load either part before use.

¥ou MUST icad the components of TURDD senarately, rather
than with CHARGE, if you want to make it resident. The
command-£ile MAKF _RESIDENT will enter the recuirod commands
fer you; for example:

MIERGET MDVI_MAIR _RESICEN

The parser front panel will appear as nermal, but the code~
generator will e loaded at once, witnnut walting to see
whether or not it is needed - we want it +2 be at instant
readiress! The whole TURBC system is too big te reside in
the 122X memory ci a2 standard QL, but it fits neztly if
you've got 64K or more of expansion memery .

The 'residence' control normally shows 'PRun once', which
means that the parser and ccde~generator will vanisk once
their work, on a particu.ar task, is dene, Press SELCE to
change this coatrol to read 'Resident'. Now the Farser and
you can call the 'front panel’ back up at any time by
pressing ALT /', or other keys vou may conficura vourself,
Yor more details, see Chapter T.

THE PHANTOM STRING CONTROL

This is another control that can disrnlay several messzages.
All of these relate to the wav that un-ii: 2nsioned grrings
in your program are tr-ated, Whese STrings oAy appesr as
LGCALs ¢r paramerers, but TURFG hasg n-o way of Krnowina
whether or not thay sre used 1n cther vratoxts.

All strings in TUFBO must be dimensioned, 30 that they can
be proccssed efficisntly. If a string is used, bur naver
declared in any wev, TUP2S azsumes a manimum lengtn of 100
characters, and issues’a Wwarning. You « change this
maximum, and get rid of the warning, by adding an exglicit
LIvM. )

.
"~
an

(ol 1

Set the PUANTOM STRING cantrol to 'Create $' if you want

LOCAL and rarameter sStrings to be £ime:
just in case, Set ‘Report £' if ysu ju=
such nemes. Set 'Ignore 3' and TURBO wi
know what you're coing!

THZ TURSO ENCYC.LEEDIA g
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CONTROLLING THE GENZRATICN GF A LISTING
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THE CISPLAY WHEN TURNING A LISTING ON OR QFF.

TURBO can generate an agcuvate lfsting aof your procram as
it compiles it. This listing is sent to the repcrt file,
with any error or auto-corrector messages tnat the PARSER
or CODE GENERATOR may produce.

Use the SPACE key to swap this control bhetween YES (produce
listing) and NO (cun't). TUHEC gues fastes® when it dco=s
not produce a listing, but problems are easier teo idantify
i you have cne.

We recommend that you say YE3 when experimenting with
TURED, antt whzn corciling a projram for the firsc time, and
MO wh2n you expect everything to go fairly smocthly.

THE TURBGC ENJY_LCPIDI! 5
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THE DISELAY WHEN TURNING SCUNDE ON AND CFF

This control epables ¢r discbles the clicks produced as you
move aroun? the frent pane!, and the sqgueaks when you type
something invalid ovr an error is detected during parsing.
It has immediate effect.

The only sounds uncffected by this coentrol are the ones
produced when you make a gross error when editing a name,
dataspace valve or tuffer size. These sounds crop up if you
type more characters than will fir in the wirndow, or try to
‘escape' without entering a sensible value by pressing the
up or down arrow keys when editing. They are preduced by
the TUREC TOQLKIT EDITS and EDITH: funstions, rather than by
TURBO itself. '

You can stop even these nolses by ra-configuring the
T
Ly s

toolkit, ac explzined on pages 24 cf the TUR,7 TODLKIT
UTILITIEZ manual,

THE TUTED INIYCLOFEDIA
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THE ‘TAUSE' CONTPOL BELING ADJUSTED

o

=~ ¥YOU request the default repert destination, RISFLAY, you

uave the option of getting TURBO to wait for a key-press
after every error or duto=correstor message is displayed
This saves you having “o press CTKL FS (which also WOLNS
to psuse the listing &= it rolls upr the screwen,

Set PAUSE to YES if ¥OU want the
after errors or a2uto-cacreccor
want it to carry straigit on.

You can't adjust this setting unless you‘ve sclected a
Teport to the DISELAY - the contyrol resds W/A, shore for

CYZTOPEDIA Sectizn 2, rage -0
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ADJUSTING THE DIACKGITICE CONTROL

This coentrol derermines wherher ¢r not TUFRBO puts lire-
rumber information in the generatad task, The SPACE key
changes the setting.

1f you set this control to HO the compilaticon will proceed

mor. quickly and the compiled tasx will be smalier -~ oiten

- by a significant margin, on large prograns = but no iLine-
nurbers w.11 ke dispiayed during parsing ot cade=
generation, and run-time reports will use the line number
zere wherever an error occurs in the program.

very confident that your program will not fail when it is

1 vou should leave this control set t2 YES unless ynu are
} executed.

3 i - i~ gn .
{ " THE TUPDD EUCYCLIPESIA Sevrtisn 2, pags L2
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THE OPTILISATION CONTROL
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THE DISFLAY WHEN CHANGING TURBO'S MOLE OF OPTIMISATION

This control lets you ‘tune' the tasks generated by TUREO
to make ctham [faster or shortar.

Four settings, swappred with the SPACE key, are allowed:
QFF, STIZE, SFEED and REMS. The first is the most general.
The last is the most efficient 1f you are willing to
analyse your program in detail.

Shert integer programs that must run guickiy will work best
if compiled with this control set ts SPEED. [t may also
nelp to turn off diagnestics, 1f you muskt have the maximum
pessible speed and you know that the program works
properly.

There is nct sgpace to discuss the elfects of this centrol
in this chapter = you should refer to Chapter U for full
details. 1t is usually best to set this control to GF
unless you've read Cnapter U and have a spec:fic effect in
mind.

THE TUREQ ELCYCLOFEDIA
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COMPILF~ AND RUN-TIME MES

AGES EXFLAINWED CHAPTER F

[F1]

SULAARY OF FZPGRTE 70 MESSAGES

This secticn of th2 manual lists all the reparts which may
bz generated by the compiler; wherz necessary 1t explains
tneir significance in mere detail then is vossible on 2
single line of the report produced by the conpiler.

The messages are listed in three groups, zach in
alphabet.cal order. The first group consists c¢f ‘errors’,
which the compiler prefixes with '****' to make them stand
out in the report. £il=. You must correct the grooram, to
remove the cnuse of the ervor, befors the prcyram can be
comeiled inte a task.

The second group consists of 'warnings  which are prefixed
by '++++' in compilar roports. These rmesssges indicate that
TUREC has detected a triviai mistak? or a potentazl czusze
of problems, such as & miscing END DEFime or IND FOR, and
assumed apsropriete code to corract the mistake. TURBC dous
NOT change your progsam for you, but 1t is =2asy to lock
through the veport and mike appropriste changes. The Better
BASIC E4pert System, published by T.F, will automatically
cerrect and annotate your programs.

TUREQ c€an covract many minor errovs without the need ror
human intesvention. You should nonctheluss check every Liaz
fFor whicn @ 'warning' is given, to ansure that you
undrerestand tha mistake and TURBO's corrective zction.

THE TUKRD EICYCZLOPEDIA .Becrion 2, pLg ;
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COMPILE- AND RUN~TIME MESSAGES EXFIx;iz> CHAPTER F

The last croup consists of 'run-tim:' messaces - reports

that may be returned by compiled gr-srans. Unless these
wel th

Crop up as socn as & task is invo ney are accompanied

LB Y |

by the name of the relevant task, 21 the number of the
line mest recently started before tn: arror eccurred. This
line number is always 0 if that tzasv wis compiled with

diagnostics turned off.

This is a complete and exhaustive L.
some of these are mest uniikely te -

A FUNCTION MUST RETURN A VALUE

v

Lt}

Either you have tried to RETurn fro- function without
supplying 8 ‘result’ as a parameter of FITu-n, or you have
started a statenent with the name ¢ 31 Fanction.

The second possibDility indicates one of two lugical errors.
Either you've tried to call a funci.on without specifying a
destination for the value that will ¢ returned, or you
have tried == store a value in a8 viriable that has the same
name as 2 function.

AMBIGUOUS NLME USED

The line shown contains a name which is of ipdecerminate
type = perhaps *t has been declared us an array and alis as
a function, for example.

This message may be generatad more than once - this
repetition is deliberate, so that you can easily find ALL
the places where an ambiguous namre i1+ yused.

AMBIGUCUS DECLARATION OF NAME

A nzme-declared on the line indicaisy] haz also been
declared as an incompatible array, procedure, function,
GLGBAL or ENTERNAL. This declarztion males the type of the
name unclear.

ARRAY NAME REQUIRED

Tre first paramater of TIVMW should b the npame of an arrsv
used 1n your pregram. This meSsage s~y gppear if there is
no corresponding DIM for the name . irjyad, or “wo TIMS
with a Z1li{arent aumber =f Jdimension . j,ave bean “rvnd for
tnat nane,

‘eetticn 2, wage Fe2
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COMPILE- AND RUN-TIME MESSALGES IXPLAINECD CHAPTER F
ARRAY CPERATICN NOT ALLOWED

The compiler has detected an attempt to ‘slice’ a numeric
array, or otherwise manipulate a number cof array elements
within a single statement. Array £licing and manipulations
are only cllowed to act uron the last dimension of strings,
unless the statement is DIM, LCCAL, EXTERNAL, GLOBAL or
REFERENCE, in which case the entire array sheuld be
specified.

tz that vcu have tried
en declared as

2y may only ke se-

is GLC2AL. Count

o o that!

Alternatively this messzge may indic
to re-dimension an array which has o
EXTERNAL ¢2 tnis module. 5 shzred 4z
dimensioned by the module in which i
yourseli lucky that you're allowes t

BEUFFER TOD SMALL

Your program contains a constant string (a8 text literal)
which is larger than the 'buffer size' ycu set when you
compiied the program. Since the minimum buffer size is 1024
characters, this is an extremely unlikely error! You can
prevent the erzor by increasing the buffer size so that it

rexceeds the length of the longest seqguence of characters

enclosed by single or deuirle gustarion marks, in your
Fragram.

CALCULATION NOT RLLOWED IN DATA

Tompiled data statements may nut contain expressions. They
may contain strinags (enclosed in single or double guotation
marks) and numeric constants, opticnally preceded by an

unary operator: NQT, "+", "=-" or bitwise negate {2 :tildes).

CALCULATION TOO COMPLEX

This message is extremely unlikely to appear unless you usa
a phencmenally complex expression - twenty brackets of the
same type, a very long sezuence of unary cperators, or a
lot of function-czlls one witnin another. You are too
clever for yvour own good. You must simplify the expression
or split it into several stages.

THE TUFZ20 ENCYCLODEDIA Section 2, pzge F-3
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COMPILE=- BKD RUN-TIME MESSAGES EXPLAINED CHAPTER F
CHENNEL NUMEER (0-15) NEEDED
You must specify a valid channel number as the first

parameter of this command. TURBO supports 1€ channels,
numbered from 0 to 15. If this error apcears by 3

calculation which will always have a final value between 0

anéd 15, put brackets arcund the calculation L0 Stop TURBO
complaining.

COMPILATION ABORTED
The circumstances described in the previous error rabort

make it impossible for the comoiler to continue scanning
the program. Any subseguent errors are not getected.

END OF STATEMENT EXPECTED

The compiler rezched what it thought should be the end of a

statement, and then found exir: charec.2rs there. This
message can acpear if you try to pass the wrong numher of
parameters to a procedure, Or closa more parentheses than

_vyou've opened, in an expression,

ERROR DIAGNOSIS FAILED

An intevnal protlen has cecured, ceusing the compiler to
stop the compilation. Examine the listing at the puint
where the message was generated, to see if the cause is

obvicus. Otherwise there is a major fauwlt in your computer

or your copy of the compiler. Reset the QL and try again,

in case the problem was coused by electrical interference.

FAULTY LINE RETERENCE

The lires specified in RESTCRE, CO TQ, GO SUB and QKR..GO
statements must be fixed values ~ not the results of a

caleulation. Further.aore, they must be the numhers ¢f lines

that exist. Procedure names may be used instead of line-
numpers in OM..CO ZUR, but the pames must refer to RASIC

procedures that axpect no parameters, so that 3 '20 suB’ is

appropriate.

THT TLFEQ ENTUCLSPIDIA fection 2, payge F-a
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COMPILE- AND RUN-TIME MESEAGES EXFLARINED CHAFTER F
INCQRRECT CALCULATION SYNTAX

l* This message indicates that the compiler dié not end up
- with a single value afrer evaluating an expression. Likely

_ causes are unmatched or ‘extra' brackets, or illegal.
[ . characters in the expression.
ﬂ INCORRECT LINK SPECIFICATION
( ? GLOBAL or EXTERNAL statement has been found in the wrong
l part of a program, or there is an error in the format of
the declaration. GLOBAL and EXTERNAL statements must Cohe
- afrer all the DATA in a program, and after DEfinitions and
'{ DIMension statements which refer to thelr parameters. The
_{:} format of link declarations is discussed in Chapter R.

INCORRECT NUMSER OF PARAMETERS

A call to a SuperBASIC or machine=-code routine has either
too few Or too many parameLers.

INCURRECT SUPFRBASIC SYNTAX

A svntax errcr has heen found. Normslly these are detected
by the SuperkASIC editor, which marks such lines with the
kevwnrd MISTake. :

- This message may &lso appear if the program being compiled
is corrupt, or vou have used the interpreter while TURBO's
PARSER is running. The SuperBASIC data area should not be
modified while TUR&O runs, or the compiler mey 'lose its
place' and issue this messzce. The problem cannot ccrcur if
you inveke TURED with the CHARGE command.

LOCALS MUST FOLILOW DEFINITIOUS
Local variables must be declared at the very beginaing of a

' ‘procedure or function - befeore other statements {apart from
comments). This is a rule imposed by SuperBASIC.

!
l LOCP DQOES NOT IXIST BERE

An EXIT or NEXT statement has been found zfter the LND of
the associated loop, or btefors the start of tne 'oop.

P THZ TUREQ ENCYCLOPEDIA Seovion 2, RETe ©=5



COMPILE~ AND EUN-TIME MEESAGEE EXPLAINE CHAPTER F
PARSER DATASTACE FULL

TURED has net get enough space to keep details of all the
line~-references, declaraticns and rnested control constructs
in your program. The simplest corrective acticns are to '
increase the dataspace of PARSER TASK by a few *K', as
explained in Chapter E, or reduce the size cf the program.

PROCEDURES DC NOT HAVE VALUES

You're either <rying €5 use 2 procedurs name {which his no
associated value) in IMPLICIT or a calculation, cr you're
tryinc to RETurn a value when vou're net in a funcrion.

You should nct use the RETURMN command with a2 parameter
{e.g. RETURN var) inside a procedure definition or at the
end of a standard BASIC subroutine {the scrt vou'd csll
with GC SUB}. Neither procedvre-calls nor GO SUB expect you
to return a value,.

If this report appears by a calculation it generally means
that the name has bLcen mis-typed, or z procedure has been

accidentally defined instead of a function.

ROUTINES CANNOT BE PASSED AS PARAMETERS

You have accidentally put the name of a procedure or
function in 2 REVERENCE diractive. Variables of all types
and shapes can be passed by REVEREWCE, but not routines!

STATEMZUT IS NOT YIT SUFPPORTED

The statement is in some OL RCMs but has not yet been
documented a3 a formal part of SuperBASIC. This message may
zppgar if INPUT, EOF or FOR are used in an invalid context.

This may indicrte an attempt to use a ‘level’ of hierarch-~
ical WHEN-ERROR travping which is not currently supcorted.
Consult Chapter 8 for more details of WHEN_ERROR.

VARIABLE ABSIGNMENT EXPECTED

A raference to a variable was found at the start of
statement, yet it was not followed by an eguals sign., This
suggesus that you mav be trying to usa = variable z¢ if iz’
was the pame of a procedure.

THE TUREC ENCYCLOFEDIA Seotion 2, page F-6
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COMPILE- AND RUN-TIME MESSAGES EXPLAINED CEAPTER F
WARNING MESESAGES

The next group of messages are not error reports and do not
prevent tne generation cf an exectutable task. The messages
indicate that & possible errer has been diagnosed at the
poesiticen shown. '

TURBO is an 'intelligent' compiler capzble of taking
appropriate action to allew the cempilation to continue;
you should check the preogram to make sure that you
understand what TURBQ haes done and why it has done it.

This TURBO facility, called ‘auto-ccrrection', is discussed

and illustrated in Cheprer I, which .ontains leots of extrs
information about SuperBASIC syntax and the auro~corrector.

WARNING: CLEAR DESTRCYS ALL STRINGS

All strings in TURBO are arrays, even if they are
‘zutomatically’ Zimensioned for you by TUREBC. It follows
that they are de-allocated by CLEAR.

If this warning appears ¢n a CLEAR which is only executed

_ right at the start of your progr:zm, your best bet is remave

the CLEAR, aa TURBO automatically CLEARs variables at the
start of a program.

If the CLEAR is executed while a prooram runs you should
make sure that ycu re-~declzire all the strings vou will want
to usz later = portinularly any whish were auntomatically
created at the start of the program Ly TURBO.

WARNING: DATA AREA SHOULD BE 1-€00K - numkazr ASSUMED

The parameter ¢f 2 DATALAREA directive should bz an
explicit number between 1 and 600. If TUEBRO carnot £ind
such a directive in a task it uses the value from the
"fzront panel', which ic otherwise puresly cosmetic. If
there's more than one DBRTALAREA dirzctive in a program
{p2intless, but people seem to do this kKind of thing.) the
LAST one in the program is considered o supercede the
others {seazms as gcod a rule as any!l).

WARNING: DiM var$(100) ASSUMED.
The string shown {var$) is used in your program bhut not

dimensicned. TURBO has automatically dimensiconed it to a
maximum lenygth of 100 chavcacters.

THE TUPEC IENCYCLOPDDIA Sectica 2, page <=7



COMPILE- AND RUN=-TIME MESESAGES EXFLAINED CHAFTER F
WARNING: END SELECT ASSUMED

TURBO has reached the engd of 3 block and realised that it
has started a SELect since then, but never found the
apprepriate END. To Keer things proreriy nested, the suto-
corrector adds an END SzZlect here. It is rather unlikely
that this pregram would work, even under the interpreter.

WARNING: EIND TREATED AS HEXT

The TUEEO asuto-~corrector has found 2 conditicnzl END FOR.
In cerrect SuperBASIC, END FOR is a 's:tatic' marker,
indicatine the end of the scope ¢f a loop, Every loor must
have arn EXD, ani it 15 not s=nsible te have cne that may be
here one minute snd gone the next!

The auts-cocrectcr will issue a seguence of messages,
documented in Chaptsr I, tu ccrrect the error while
preserving the behaviour of the nrogrzam under the
SuperEASIC interpreter. TUREQ chances the compiled program,
but leaves your SucerBASIC alone.

WARNWING: EXIT var ASSUMED

TURBQ iz in the throes of correcting a ccnditional ¥ND FOR
or LID REPea“ statcerent in your program. 'var' is thz nawg
of the loow identifier. Please read Chapter I to find out

what the auto-corrector is up to.

WARNING: EXTRA ELSE CL USE IGNCRED

TURBO has found e second {or subseguent!) ELSE matching a
single IF statesent. The extra ZISE, znd all the ccde after
it up to the IND I¥, is ignored, just as it would be by thuo
SupsrBASIC irterpreter. You might £s well remove the code!

WARNING: EXTRA END IGNORED

TURBOQ ras found an END when it had net previously found 2
matcning start of block. The coxira ENI ks igneored, just as
it would be by tae Super8AZIC interpritor.

[ $s]
9
1
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OMPILE- AND RUN-TIME MESZAGES EXPLAINED CBAFTER T
WARNING: EXTRA END TRERTED AS RETURN

TURBO has found an EMD when it is not scanning &
definitior. There are two possible reasons why this warning
might arpear. Either one definition has been put inside
another, which is not allewed and will cauvse other
warnincs, or cone definition has more than one END. The
auto-correstor has assumed the second case. Check the
program to make sure that this correciion 1§ apprepriate.

WAPNING: END DEFINE sub AESUMED

TUREC has encourntered a
it w2s still reading th &
function. The name of the d I
the rmessage {'sub’ in the zkhove exdny.e .h;c war
meznc thet anm END DEFfine is missing Or in the wren
For further helpr, please refer to Chapter 1.

DET ne C’ REIFERENCTI star
3 .

e
ien o; anothsr pIo
=4

The auto~corrector assumes that ycu wmeant to put an ERD

DEFine before the next definition. This corrects the error,
sc long as you have not tried to aest one definition within
another, and there was not meant to be any ccde between the

. two definitions.

WARNING: END TCR var ASSUMED

URED has assumed an END FOR where it is r.gquired by the
S r2rBaSIC syntax. In the example, 'var' correspends to the
name of the variable controlling the loop.

WARNING: LOCAL varS${100} ASSUMED

You have not specified ar explicit maximum size feor tnis
local string, so TURBO has assumed a length of up to 100
characters.

WARNING: MEANINGLESS COMMAND IGNORED

The command incdicated is incompatible with the form of a
compilzd program. When & TURZO task 1s exzcuted the
oricinal procram text iz nob present. Thus comrands such as
wIST, MEPGE, LRYUN and so0 on are mo.iniiess = they work
with SuperBASIC text, nct compllad machine-code.

THE TursS ENCYCLITEDIA Zeri F=10
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COMPILE= LND RUN-TIME MLSSAGES FEXPLAINED CHAFTER F
WARNING: NEXT TREATED AS END FOR

In a correct SuperBASIC program every FOR loop should end
with an END FOR, just as every IF ends with an END IF and
every SELect with an END SEiect. Short forms have an
implied END at the end of tHe line concerned.

TURBC has detecred an attempt to end a loop with NEXT,
rather than END FOR, as vou wseld in 'traditional' BASIC.

It assumes that you really meant END POR, and cerrects the

statement for ycu. You shouid reailv change the scurce, &2
dvoid problems when testing the procram with the
interpretexr., For further infcrmation, refer to Chapter I.

WARNING: WUMERIC PARAMETER ASSUMED

TUKBO cannot tell whether the name indircated in the report
is that of a variable or a lile or device. It has assumed
that the name is that of a floacting-point variable.

The variable will have its value passed to machine-code,
but subseguent chanfges will not affect its value.

" The format ¢f floating-pcint variable nzmes and file names

is identical in SurerRASIC, unless the names is put in
inverccd cci'mas. If this message appears next to a file
name you should put cthe name in inverted commes te avoid
ambiguity.

WARNING: RETERENCE TO name NOT USED

The variable name shown was amongst the latest gruup of
REFERENCE names, yet it did not appear as a parameter in
the subsequent DEVinition. Have you made a tvpiobg mistake?

WARNING: THREADED CCDE ASSUMED

It is impertant for PTURBO tc keep track of the type of code
{threaded or im=line; that will be enceountered at any point
in a program that may be 'entered' from many differant
places. TURBO creates such points with it's WHEN_ERROR and
RETRY_HERE directives. It is convenient fur rhese to be
generated in threaded code, with 2 'return' toe in-line cnde
(indicated by the above mecesage) therszftesr. The diffcrence
in spee? between jumps in different tvpes (cr switches, of
cnde is very small - ail cases tak2 betwsgen 2 and 6
instructions. .

THE TUREC ENCYCLOPEDIA Zectien 2, page ©- 11
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- COMPILE- AND RUN-TIME MESSAGES EXFLSINWED CHAPTER F
WARNING: var$ ONLY EXISTS AS 3 LOCAL

% TURBO is wacning you that the varianle shown is-a local or
- parameter string, but it is never dimensioned globally.
Attempts to use it ovtside the procedures or functions
where it is local will give & NCT FOUND error.

You are advised to check the listvine to make sure that you
are not using this name for a globel, as weil as & local,

string. I{ sc, add @ CIM statement Sc that thne string

{- exists even if the relevant procedure or function has not

been called. '

WARNING: VALUE PARAMETER ASSUMED o

The variable shown will have its value passeé to (:;
machine-code, but subseguent changes will nowr affect its
) value.

If this message appears you shculd check that your program
doues not expect the value of the paramete:r incicate3 in the

Teport to change as a result of the procedure or function
call.

L

| T — . - . . -
t JHE TUFRO ENCYCLOEEDRIA Section 7



COMPILE- AND RUN-TINE MFSSAGES EXFLAINED CHAPTER F
RUILTIE ERRORS

Errors which eccur while a compiled program is runninc are
reportad usinc the standard QDOS messages, documented in
the ‘'Concepts’ section of the QL User Guide., There are azlso
several messages which are unicre To TUREO.

Unlike some other cempilers, TURBO always checks parameter
values and arrzy subscripts as programs run, S5 thas
obscure circumstances do not produce mvstifving effects.
Tne cormpiler's checking mechanicm is much more efficient
than that of the SuperBASIC interpreter.

You should still test your programs theoroushly with the
SuperBASIC interpreter before you compile thew, sinece the
interpreter is specifically desicned to make Interactiva
testing and debugeing easy. Cf course, this means that
interpreted progr-ors run slowlv, but this is rarely a snag
when you a2re testing new code.

If you have a 'J3' or later versicn of the QL vou can
change the text that TUREO, SuperBRSIC and mos: other tasks
use to raport 'standard' errors. TURBIO_TK.DFMCS contains a
procecur: called PLAIN.ENCLISH which will do this for you;
¥ou can sa&t up your own messages, perhaps in some other

‘language, by editing the DiIA statements in that procedure.

All errors cause the task to stop; any channels it is using
are closed and the mersry in which the task was running is
released for use by other programs.

You can ‘trap' zoy errors which may occur within a cowpiled
program, and cpeck the :ine-number and error code (shown in
brackets after messages in this section). TUREQ TOOLKIT
a2lsc includes several functions which e¢an be used to detoct
rpotential erxrors before they occur. Errer trapping is
discussed in Chapter S of this manual. ’

TURBQ rerorts and messages are generally printed to window
0, the command window; this will be at the botrom of the
Screen unless yeu have re-pesitionsd it. Bowever, messages
are re-routed te window 1 {the default window Tor PRINT and
graphics commands} if window 0 is 'in use'. This is mosc
commonly the case when the system is displaying a curser in
window U and waiting for you to tyr2 a cemmand, Sometimes
M2558928 are 3spiit between the two windows - +this is
irritzting but inevitable, on a multi-tasking system,

if you start a compiled program wich EXECUTELY, EXECUTE
©r anotner instruction that does not allow vou to Type
further commandz until the task hes firished, comimands,
F2pOrts «nd messaces appenr in window 0. You can conceal
vhesz, if you £ind chem anneying, by sett.ng the INK ard
PAPER in that window to the same colaur. e meshage L3
print:d . 2 task steps normally, without an zrror.

]
L]
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COMPILE~ AND RUN-TIME MESSAGES EXPLAINED CEAPTER F

Run-time msssacz format

Most TURZC repcrts indicate the number of the last line

which was started before an error occurred. If the line

number shown is zero this usually means that the compiled

program stopped before the first line was reached - perhaps

while setting up channels or variables - or vou have *
compiled your program with the 'diagnostics® turned off.

You are advised not to turn off diagnosticc until 2 pragram
is fully tested. If errors occur thersafter, you should try
to duplicate the error condition on & copy of the task
which has been compiled with diacnostics turned o=,

For example, you might see:
*w*® TASK test HALTED, AFTER LINE 200. REASOQN: END CF FILE ; O

Under rare circumstances the line number sheown may not be
the exact location of the error; sometimes TURED merges or
interleaves lines in order to ootain exrre efficiency. In
&ny case the error will be very close {in terms of program
flow) to the line indicated.

TURBO'S own mecsages and thair meznings

{1} An explicit ipnstruction is printed if a task fails
becaugse it has not been allocat-i 2nough space for data;

**** TASK x EALTED, AFTER Ll.Z 0, INCREASE DATASPACE PLEASE

The procedure to change the amount of dataspace used by a

compiled task is discussed in Clhapter E. You m3y prefer to

alter the program te make it less greedy. This condition

can be trapped with WHEN_ERRCR. Its code rumber is =3. (:}

(2} If vou LINK_LCAD modules which contaipn EXTERNAL and
GIOBAL declarations that do not match you wili see a report
similar to this:

**** MISMATCH BETWEEN MCDULES 1 & 2 AT ITEM 7

This indicates that the declaraticns in modules 1 and 2 do
not match - there 1s scme impertant difference in the way
that the severth itew is declared. Perhaps the types of
perameters differ, or the number of dimensicns of an array
is not ccrristennt. You must correct anu re-comnile the
offendinrg module,

THE TUREC ENCYCLOPEDIA Secticn 2, page F-14 -



COMPILE~ AND RUN-TIME MESSAGES EXPLAINED CHAFTER ¥

(3) You may use most SuperBASIC 'extensionsg' in compiled
programs {see Chapter Q) but these must be lpaded when you
EXEC the task as well as when you compile it. If any such
procedures or functions are absent when a task is started
TURBC prints a message for each one, of the form:

DEVICE_STATUS is not loaded.
LIST.TASKS is not loaded.
SET.PRICRITY is not loaded.

The comniled program will not run until you icad the
procedures or functions ¢oncernhed.

{4) If a processor-detected hardware errar occurs while a
TURBO task is in control of the system {perhars because of
a misdirected POKES or overheating problem) the task may
detect this condiction automaticslly using a facility that
the 68008 can provide, but few nrigrammers use. Mcst tasks
'freeze' or crash the system after such errors - but TURBQ
tasks can cop=e with them, 2s lcng as they are detected by
the processor or QL support chips,

If such a hardware errvr is detected, TURBO stops the tasgk,
attempts o a2mpey buffers, ¢lose all channels, and

"de~allocate memory, and prints this message:

TASK x HALTED; AfTER LINE 210, HARDWART EVCEPTION 4

Collectors of random car-unumbers will ke thrilled to learn
that the exact numiwrs ot the end of the line corresoond 4o
the following system 'excepticns';

1 2ddress ecror - an attempt te access memory in
a way that is not allowed.

2 Memory error - the task or TURBO COCEGEN file
may pe corsrupt, or the program in memory may
- have heen POKEd damagingly.

3 Unused seoftware excepticon. See 2.

4 Level 7 interrupt - an attempt to a0Cess
Sinclair's in-house hardware de-bugger! This
unfortunately closes down the second processor.
TURED shouls po able to close and preserve fiie
data, bur you'll have to press Resst afterwards.

Whi TURED ENCYCLCPEDTA Secrion Z, rage F-



COMPILE~= LND RUN-TIME MESS2GES EXFLAINED CHAFPTER F
Standard QL messages and their meanings

If TUREC cives a ‘reason' for stcoppinc this will be 2
stancard QDOS error messace. In cgensral this corresponds
exactly to the message which the SupsrBaSIC interpreter
would give in similaer circumstances, The folleowing list is
nct exhaustive, &8s extensions can return any errcr code fo
any reason, but it ghould be useful nonetheless:

ALREADY EXISTS (-8)

In general, this means that & file which was not supposed
to exist has ceen found.

If this messace appears when you try to invoke several
medules with LINKLLOAD it means that swo or mcre of the
files have the same module number. You must ensure that
every module has an unigue number, or ccher modules will
not be able o tell the duplicztes apart.

_BAD OR CHAYWGED MEDIUM (=~158)

There's something wrong with the disk or carrridge the
compiled prograp is using, or there has been ar actempt to
reccrd on a write-procected microdrive cartridge, or the
medium in the drive has been changed wnile the system was
updating or writing to a file, .

BAD PARAMETER (=15)

This has its usual meaning - TURBO performs simple
parameter ¢hecking when a program is compiled, tut some
mistakes can only be detected when ¢ program is executad.
tad Parameter can be returned by aay r2sident procsdure or
function, 1f you supply too few, too Mmany or Lnappropriate
parameters.

TURBO itself ganerates this error :f you try to PEEK ot
POKE a word or long word at an odd address, or if you
supply a nagative length te UILLS.

This message aliso creps up if you trv te load an
ineppropriats task with LINKLLOAD, or if vou try to EXEC a
TURBO teask thoati has been corrupted.

THE TUHES B CLCTTDIA €arcr . on T, -az. F-1R
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BUFFER FULL {-5)

A line of input is too long for the ares of memory that has
been set aside to contain it. This may be pecause the end
of lime marker = CBRS${10)} - is wmissing! :

r

TURBO uses ALL the fres memory within a task, up to a
maximum of 22,767 bytes, as a bufiesr {or INPUT, s0 you can
cfren aveid buffer full srrers by increacing the dataspace
of a task.

CHANNEL NOT CPEN (=6}

This message arpears if you try to use 2 channel that is
not open (surprise, surprise), or if you specify a channel
number less than zero or creater than 15, or if you try to
conrect more than 16 pipes £o a task. The last wproblem
shoulé pever crop up if you load tasks with EXEC, LINKZLOAD
or EXECUTE.

DRIVE FULL (-1)

There's no rcom for any mere data on a disk or mizrodrive

cartridoe. The file is automatically closed by TUREO when
your task sIops.

END OF FILE (=10)

2

The program hasg tried teo read from pipe that has been
closed and drained of data, or there's no more dota in a-
{ile or available from a device, or ycu've tried to READ
when there are ares nc wore DATA items in the compiled task.
vau cen detect this siguation before an error occurs with

the EOF function.

ERRCR IN EXPRESSION (-17)

TURRBO has teen unable to convert a non—numeric string inte
a number. To sees this error, write: X% "NINE" { To avoid
this error in INFUT statements, use EDIT: or EDITF instead.

+3
™
=3
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CCMEILE- AND RUN-TIME MESSAGES EXPLAINED CHAPTER | (:rj
FORMAT FAILED (-14)
There's no disk or tape

drive or interface is fa
formatting.

a ér , or the disk, tape,
lty or was removed during

Cooe-

IN USE (-9)

The fiie or device is alreadv being used, and no cther task
may use 1%t until the one tnat get there first has finished.

INMVALID JOB (-~2)

The program has raferred to a task

it
T
i
"+
18

oesn't exist. (:}

NQT FOGNS (-7}

This generally indicates that & compiled procram has tried
to access an airtay = 2r & string = whicn doez not exist,
"either because it is not LOCRL to the line shown, cr has
not been dimensicned, ©r has heen destioved by CLEAR. 1f
the line shown uses strings, and ycour program uses CLEAR,
you may fiad it helpful to re-compile the mrogram with the
'REBOURT $' option selected.

in file~handling commands, this errcr indicates that
cannot find a file or device which your procgram sxpects to

exist. Use DEVICE.STATUS to trap this error.

This message also appears if vour program tries to RCTurn

when 1t is not performi-: & cubroutino, iuvnction or (:}
procedure-call,; or if you try to RETRPY wathout having ’
specified a return-point with RETRY_MERE. . .

If this nesszge appears as £oon as vou try to LTIK_LCAD 2
grevp of files it indicates thatr a moduie deslared zs
EXTERNAL in cne or more of the files iz iissing. Check that
vou have supplied all the reguired poouia-names. I ihis
doesn't cure the greblem, check the EXTINIRAL directives in
the pregrams, and maxe sure that correspunding GLUBLL
declarorions exist.

e mppam N e am e 1 tp - . - 'l .
SOTURRD ENCOYCLILEIDIA SoorLen mag . B £,
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COMPILE- AND RUN-TIME MESSAGES EXPLAINED CHAPTER F
OUT OF T*NGE (=4)

This indicates that your program has tried to refer to a
non-existent array element or slice, or used an invalid
coleour=-number cr a graphics co~orédinate outside the
relevant window. It also appears if the value used in
ON..GO TO or DN..GD SUE is less than cne, cr more than the
number of possible destinations.

OVERFLOW (=18)

This messace is cenerazted if values gc bevend the allowed
range; for instance, if fleating-point values exceed about
1.6 E 616 (which, to be fair, is an extr=wely Pig number!).
There is no check for flozting-point ‘underflow' - ever so
extremely tiny numbers are treoted as zero, Division by
zero iy a faveurite way of cenerating this error.

Qverflow is reported if inregers - including temporary
results obtained in the course of a czlculation - become
less than -32768& or more than 32767. Tor more information
atout floatirg-peint and integer values please consulth

- Chapters L and M.

An overflow is also indicated if you try to concatenate two
strings with a total length ¢f more than 32767 characters.

READ QNLY (-20)

A file exists and may be read but not written, because the
disk is write-protected or ancther program is already
reading the file. Unfortumately the microdrive scftware in
the QL does NOT isszue this report i1f a cartridage :s ’'write
protected’ - it just gives a BAD OR CHANGED MEDIUM Later
when 1t gets bored of tryving to write to the cartridge.

XMIT ERROR (=132)

You've set the wrong 'parity’ on semethino connected to one
sf the GL's '"SER' ports.

THE TUFED LY ULOFEDIA Section 2, pase By
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REAL-WORLD PROBLEMS AND SCOLUTICNS CHRFTER G

THZ TURBO ADVICE CENTRE

This section of the TURBC manual is & 'living' part, which
will be updated anc re-issued to ‘upgrade’ purchasers as
TURBO matures. We have tried to eliminate ali of the
preblems that we know about in SuperBASIC by implementing
TURBC, so information for this secticn is a bit short at
the time of writing. Doubtless this situztion will change!

OUT O MENSRY — Ll ZDIATELY AFTER CHATGE

If your QL reports QUT COF MEMCORY when you type CHARGE, this
means that thore is not encuch memory for TURRD and your
program scurcs to co-exist. It is worth typing CHARGE once
ayain, as some QL [acilities don't actually release memory
that thev've locked away until an 'ocut of memory' error
OCCuUrs.

If this doesn't help, here are four possible solutions = in
ascending order of generality - all fairly gquick and easy.

* The first is also the simplest, but it costis money. Get
some mere memory for your QL. This will speed your machine
tp and - in all probzbility - cure 'out of memory' pioblems
for gond!

* The second solurion is to try to 'compress' the program
source. This is a bit of a 'fudgz', but it can somsiimes be
worthwhile., You can compress @ program in several ways...
In order of increasing hassle, these are;

{1) Typing CLEAR and trying again;
{2) Re-kootinc the computar, loading ONLY the
extensions that your wrogram ané TURBO need

{e.9. TURBO TCOLKIT), re-loading the BASIC
program, and trying again;

.

THF TURSQO ENCYCLOPZDIA Section I, ponz G0
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REAL-WORLD PROBLEMS AND SOLUTIONS CHAPTER G

{3y Editing the file {(e.qg. wzth THE ECITCR} to
remove statements that are not needed (e.5.
R&E¥arks), then feollowine the advice of (2).

It DOES NCT help to renumber the file with shorter line
numbers, and you save very few bvtes by compressing the
names of variables and routines, because these are only
stored once, however many times they coccur in the pregram.

* The third aporoach is to split the grogram into 4i
tasks which communicate via EXECUTE 'pipes’ &né - rs
'ppticn strings'. This 1 an efficsent solution if parrs of
vour program just 'precess' a stresm of data in & standard
way .

Such tasks are often called 'filters', and can be quite
complex, while still preserving a very simple interface
with other procrams. This appreach, docurentea wn Chapter
R, is scretimes very elegant, but 1t is not £ genzzal as
the last seluticn...

* The fourth, and generally the pest, approach is to split

_the file inro mudules. Chapter R 2150 contaius detalls of

this technigue, which makes pregrvam editing, saving and re-
compilaticrn fastcr and eccie. tnan belore. It is especially
pewerful when working witin lawge or complicated programs.

You can divide a prougram 'Ly hend' with LIST ¢r SAVE,
adding GLOBAI and ENTZIRNAL stxtements as required, or usa
the pregram *MAKE_MODULES-BAS', on yvour TUREQ cartuidge, to
spilit the file intc modules and gewnarate the GLOBAL and
EXTERNAL ‘declarations for procedures and functions, without
yceu having to lift a finger!

MAKE-MODULES.BAS =olits composita file a3 evenly as

possinle into seversal parts that can be edited and caupiled
s@paratil -, ¥ou must tell it the rame of the inpat Tilx and
the number of parts you want -~ the pregram will generate

the mcdules avtowratically, making up their names {rom a
‘stenm’ you provide.

Line numbers up to 99
rust be free for the "”[ﬂﬁqﬂ
GLOBAL and EXTERNMAL
declarations. Yocu'wve skill

got to add declaraticne

for any 'sharerd GAOPAL"’
variables - ones that

usad in more than one

part of the file, btut

not paszed as parameters. |

THE TUSID INCYCLOPIDIA Section 2, pa2ge
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REAL-WORLD PRCBLEMS AND SOLUTIONS CHAFTER G.

List all the names cof shared variables in GLOBaL statements
¢+ +he start of the module centaining the [IMs and initial
procedure calls.,

Thne same lists, but starting with EXTERNAL, should appear
at the start of the other modules, to show that they know
who's boss. These subservient modules should coatain a
ENDCLT command {generslly at the staret) so that they don't
"finish' ané unlcad as socn as you've LINK.LCADed them!

The whole 'translation' process = needed if vou choose to
run lazrge rrocrams or 3 smell 7 ~ e¢hould tezke no meora than
& few minutes, especially if vnu use a listing, or the
TURBO TOOLKIT BASICUNANMES function, tc remind yourself cf
the names of routines and variables. As & 'side-effect’
your program will be better organised and easier to test.

Pidein DAZIC and Pssufs-FCIinussis. ..

There's one small snag for people who igncre most of the
facilitieu of SuperDASIC and £ill thair prograns with line-
numbers richer than sensible names. You ¢an only use

‘modules iif your program is wmade up of procedures and/or

funcecicns - Lot if it is Zust one monclithic wedge of lines
and GO TOs. Luckily, few programs which are toc kig to
compile in one go are written with ne 'structuve' at all!

If you have only used GO SUBs, and ne procedure-calls, you
can allow modularisation by changing the GO 5UBs into
perameterless procedure-calls. This is a vrivial job which
makes the program much easier to read and dees not aflect
its efficiency when compiled.

Even 1f ths program vou've been given is totally formleas
you c¢an alwaye split it arbitrarily inte named procedures
which are called in seguence - the truck, in this case, 1s
tc minimise the need for variables to be 'cassad’ frowm one
module to the next. All such variables must be declarad as
GLOBALs (in the first, or dimensicning one) 2nd EXATERNALE=
in the others.

THE "4 RO

seme problem: crop up wnen orachics commands are used in
SuperilaSIC programs run on the "MG” version of the QL.
These problems stem from a mistale in that varsion of the
CL's RCH graphics roatines, sc they also affsct programs
compiled with TURBRO. Tanv Tebby's 'pateh’ to correct tress
rrotisms [ixes both corpilled and ixtgrpregod pragrams.

~
i

THE TURDS ENOYCLCFEDIA Section o, ragze G-2
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CHAPTER G

To obtzin & FFRZE copy of the "MG" RCM correction, write te
Belmuth Stuven, suraly the PL's Ecb Geldeol, ats

0SOFT, Pest Box 56, DK 4000, Roskilde, Denmark.

Enclose a cartridcs or disk on which the program can te

recorded, and postace stampg o Cover the cost

of rerurning

the medium. If you are writing frem outside Denmark (where
MG ROM: zre apparently thick on the grounc) vou shoulé send
an International Reply Coupon rather than poestage sStamps.

o~ - P W SR S el ” .y
Llr’ha‘\.in-l.\il:{a ‘.Jl GL i

HOW TO CURZ A ATTACII O EE TEDDIESE

Nc sconer dees Tonw Tekby cura cne problem tha
anosher, it would seem} Tony's suzertoolkins ply
civtridge for Sup2rBASIC Sweetens SCwe SLancar
hut it also ceuss: ;s uun for TUODG and DUPERE
if it 1s usec mn early {("AH" goc "oM") versicn

The symptoms are much like those of a mild but
rropical d:sease. The next section deals with
Cavses, vaccine ané correctiens are addressed

Sympioms

Tf vour QL is suffering from an attack cf the
first thing you will rotice is that TURBO and

appear 'fussier' than normal. You may get unexpcected or un-

intellicent 'warnings' on cstandzré commands tha
give no trouble, such as CPEN, Tiln arnd BLOCK.

CQAF”?‘ L:,ks
= u‘: the QL-

eccentric
the symptoms.
latert?

Tebbies the
SUPERCHARGE

t normaliy
These outur

signs are aznnoving, but tnev don't usually cause sericus

problems.

The pext symphtom is mors sericus, and indicates the

@nhilitating effects of the diszase. The comma

nds WEW and

eTecp - wnich normally cause a compiled task to close

channels, cdeallocate memory and vanish = will

}'\ﬂ O'?'n‘f T

IGNORED in any task cempiled by a 0L with a touch of the

Tebbies. Aaargh!

Tie Causn

Tt was immediately cbvious that the disease was ip some way

caused by rhe activaties of Tony Truby, avthcr of the
Supertoolkit. The problem only cror ped up when his plug-in
SuperEASIC er:iansions were used. But, even then, Not all

Ous waere affccted - some somearsd to have natural immunityd

we set our tn find the true meonanlam ©f Lnteilon.

THE TURLD EVCYCLOPEDIA Zacticn 2, page L-
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REAL-WORLD PROBLEIME AND SOLUTIONS CHAFTER G

SuperToolkit gets mush of its funct:ionality by extending
and re-defining 'standardé’ Cu commands. It does this by
duplicating their definitions with new super-whizzo ones.
These get put at the start of the QL's tabkle of names by
the cartridge handler of early QLs, so that coempilers can't
find the normal commands. '

This, in itself, would be easv to fix, but the SuperBASIC
interpreter uses a mixture of cld and new command indices
when it ‘tckenises' vour programs, SO that programs in
memory become 2 jumbled mixture, and certain duplicate
tokens may be used insteac of the normal ones.

TURBC treats these as ‘extensions’, which mezns that vou
get & lor of extra warning messages Dut most th

QK. Hcowaver somie commands wnlch TURS3D must P
treat specially, like NEW and ETCP, 2ri up : 3
extensions to0, Code to stop t“e SuperBiSIC tzrgreter, oOr
to ¢lear out an 1ﬂt°rprutnd p:oqran. has no effect on TURBO
tasks, so compzled tasks dzn't always terminate when they
should. .

ate a5

You CAN code around this, if you like, by adding one line
at the end cof programs wnich ycu wish to compile:

32767 REMark

...and using GO TQ 22767 instexd of RUN and STOP, hut this
is not very elegant. After come head-scratching, we've come
up with a better solutien.

Thea Correciion

You can get rid of all the arneoying warnings, incliuding the
need €O put namres in inwverted ccocmmiz, AND correct the
problem with R and ST0P, by running the task FOOLKIT TAZK
when you boot up your QL.

FOOLKIT is supplied with TURBO TCOLXIT, and consumes LD CL
memory ence Lt has been run, FOOLKIT only tikes a few

seccnds 2nd sorts the nares out so that TURRES, the "AB" or
"J4" ROM, and SuperToolkit can all live in perfect harwomny.

The probleirs do not crop up when vou run a compiled task on
vne of these sysvems, bur only if you compile cne without
first using FOOLKIT. If you already have a preogram that
behaves in this way you must re-ceompile it. FOCLKIT, in
ether words, is a vaccine, not & cure.
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REAL-WORLD PROBLEME AND SQLUTICNS CEAFTER G

PAUSE AND INKEY IN COLIPILED CCDE

Trese commanie neressarily zssume that the task theyv acpsar
in has total control over the QL keyboard. This can cause
problems if the commands azppear in multi-tasking code, and
you don't want to use EXECUTE.A or EXECUTEW.

1f you start a task with EXECUTE or EXEC and Ao not ‘select
its wincow', INKEYS and PAUSE will not work urtil the
appropriate window 1s selected. You selact & window as
explaines in Chapter D, by the tvpang of CTRL C oI SCmE
eguivalent that you may have set yoursell. The QL does not
zllow this until a curser ain that window is enzbled.

You can cet zround this bv startiny the tesk with CUBSOR CN

or an INFUT statement. The wirdow concerned wili be
selected, and will rerazin selected until vou guzliberately
switch to ansother. Rlezrnetively vou could revciace INKEYS
staterents with XPYROW calls, althcugh the sroend processor
is rather facble and quickly srts swamped if several tasks
try to call it many times a seoond.

vou ean read the CCDE of th- las: kev MTCH more guickly
from a multi-tzsking program with PLLIIN16337¢). If you get
25% this gseans ALT with another kKev - vou can find cut the

“other or:z, in such a case, rith PEZX{153378).

You'll find a fascinating example of 2 multi-tasking
ugtility thac reads - and writes! - characters in tdis way
in the TURRO_LE_DEMUS file, under the name UNESEIEFT.

Back with PAUSE and INKEYS, you may find that you need to
cornile the rasks with at least two defzult wirdows {Q and
1) if you're using these statements in the program. The
cenmands use channel 0 when working out delays!

& rore efficient way to generate a fixer time delay in &
compiled pregraw, if you're not borhered abouvt key-pressas,
i3 to use the TURRO TOOLKIT command SUSPEND.TASK.

Firally, you mav be able to get EXECUTE to behave enough
like EXECUTE_A to 'foel' the operating system 1nto thinking
that & given task is the orliy one that could want keyboard

charsacters.

On mast QLS you can get the effect of EVECUTE.LW without
lvsing tha oution of vsing the interwreter later. Instead
of ZHECUTE.Y, typ2 a command of thes

EXECUTE FILINAME: SHOOCZE

THE TUREG DIITL ILOFPEDRIA Fastdinon 2, 52 G-6
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REAL~WORLD PROBLEME AND SCLUTICNS CHAPTER G

This sends SuperBiSIC to sleep, allowing kevs tc get
through te the loaded task. You can re-start the
interpreter at any time by pressing CCNTROL SPACE, to break
the effect of SKOOZE.

This only works from SuperBASIC - not from within a task -
ané may not work at all on eariy ROMS that leave Super2aAsSIC
selected even when it is asleep!

PARSER TASK — PLEASZ IINCREZASE DATASFACE

If the TURBD PIRSER halts with an error messacs, $3ving
‘Flease increass dataspsce', you cam increase the
zllocavion as if TURED wera zny other task. This preblem
shoulid only crop up rarely unlese you are complling large
programs or mocdules, on a zystem with exctra RAM.

Uze fairly small increments - between 2¥ and 1J¥ extra each
e, depending upon the amount ¢f memery you have '{ree’
URBO 15 not very greedy.

...

|'3 rt

YOUR SUGGESTIONS

If you hove found a 'wrinkle' thet could be of use to other
TURBO users, please write and tell us about it. We will
publish suggestions and offer fres TUREQ upgrades to those
who sucgest ideav which we usce ia thoe manual. Qur address
1s: Digital fFrecision, 222, The Avenue, LONDON E4 9SE, UK.

FURTHER HELP

If a problem leaves you completely stumped, read about any
€error, warning, auto=CcCrractor message or 'reason' which
TIRBO may have irsuved. Thea consult the approprilate parts
of Section 3, which deal with arithmetic, variables,
parameters and extensions, and list interpreter bugs that
TURBO exterminates.

Chapter H-for-help should be passed by, for now. It is Your
Last Resort. It explains what te de if vour prcgram runs
(fully and properly) under the interproter, matches the
specifications in this TURBO Encyclopndia, bu STILL won't
compile, or 'falls cver' when it rums asz a task. Help is
probably literally et hand, in Secticns 3, 4 or % of the
TUREO Encyclopedia. Use Phe Centents ll__, Index and
Glossary to traxchk down your problem's cause and cure.

THE TURET ENCYCLCPEDIA Section 2, page G-7
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i"' HELP! WHAT TO DC WHEN THINGE GO WRONG CHAFTER H

WIJEN ALL ELSE FAILS — RELD THE KANUAL

" After that - or before, if you're just browsing = lock in
ﬁ_ the Quill file UPDATES.DOC, on one€ or both of your TURBO
cartridces, to find out about apy last minute changes,
restrictions or enhancements.

At Digitsl Precision we have had a ff,_?“'“-\

. lot of experience helpingd people to .if - :>

{ use compilers - especially SUFCR~" ~. T T
CHARGE, which was the protoltype for : %;

TUERC. We have tried very hard te
ruild that expertise into this

. ;
S B
: . .
= manval. We've trisd to telil you ail Vi /é;/}
P you might want to know about TUREOQ. y
r !
\\ ¢
i I

s

AU There's a big Glessary, and a posi~
tively VAST Index, to help to guids
you to any information you may need.

L . A4 comginaticn sarfety-
F" _ ire ~~d rvbuer sing =
THE TURBO ENCYCLOPEDIA.

j’ 'SUPERCHARGE had a biyg, well-ipdexer =monual tco = though not
as comprehensive s this one - hu* we still received many

letters asking for inforraticn whic: was in the manual ox

. in the QUILL file UPBATES.DOC o5 one £ vhe gartridges.

— Save ycur time, and ours, Ly lcoking th:iids Up betfore you

Write to us.

_ UNDENSTAND TiHHE PROCLEN

- Try to narrow down problerss. We're not aszking you to do
work on our bzhaii - wa're trying to help you to rasolve

i Gifficulties withoyut having to wait foo us. Surprisingly

ofren, problems go away when you try tc pin them down.

Cut problem parts cut of a progTanm ané sea if they still
t £ail. If the problem vanishes your diagnosis was wreng, and
i you may not need our help at all.

expznsion memory, perhaps, if you need iy o complle or run
a progrem) ané see 1f that helps. We can't fix your 2isk

; drivas for you, for example, however much we fiddle with

‘ TUREO !

L Unplug 2ll possible perigpheruls on a machine (ieaving

sction 2, pagse H-)

U
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HELP! WHAT TC DO WHEN THINGS GO WRONG CHAPTER H

Use the TUREO options - you mey have accicentally mis-
directed the compiler. If a problem occurs when you
oprimise a2 prozram for SPEED, cogas it also occur when you

eptimise for SIZE, or turn optimisation OFF 7 This can help

you to sse where you've gona wrong; alternatively it will
cuide us, 5o that we can give you the correct advice.

THZ LAST REECRT

TURS0 has been thoroushly tested by many fuil-ti
programmers befcre its launch. Given the complexity of the
preduct, it is guite likelv that obecure buzs remsin, but
1t is much more likely that problems stem from incorrect
SuperBASIC coding or an incomplete understanding of the
contents of this manual.

-

If the cause ¢f your problem is still unclear after you
have checked carefully through your code -nd this menuval,
and tried a few variatvions, we will do our very best tv
help you as quickly as we can.

This is not 2 proaram advisory service. We can cnly help

.you with rreoblems unigue to TURBO and TUREC TOOLKIT.

Furthernore, w2 cannot helo unless you can explain the
precise circumstances in which the fault occurs.

We canpot gquorantae that add-on precedures or functions
sold by other firms will be compatible with TUREO, although
most add-on writavs concider it gecd besinesz te ensare
this! wWe have ensured the maximum degree of compatibility
concommitant with efficient program execution, but we
obvicusly can't write special code for every add-on command
that has been written or may te written in the future. If
your problem concerns add-on commands, other than the TURED
TOUOLKIT or others supplied by us, vou should contact the
supplier of the commands for advice.

We need to know the exact details of your probklem. Wo oftan
get letters along the lines of 'it won't work with my
program’ or ‘it won't work with a "J3s8" ¢L'. It's hard to
know how to starf to soive such difficuliies. People who
send such pleas inevitably have to wait longer for a
solution than those who make themselves clear.

TURBC will work on ALL QL versions, 2s far as we are aware,
and with gll peripberals we heve encounterazd. 2ut thers may
be some excepticns, and wa neesd your co-cpurstion to sort
them out.

- ———t
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HELF! WHAT TO DO WEEN THINGS GU WRONG CHAPTER H

If you run 1nto a snag and neaed helis, we must know the
exact circumstances whan vou Jet stugk. In particular,
send:

(1) & disk or tape copy ¢ the program, in source and
corpiled form, (unless the problem is that something
won't compilef}. If vou can't sené the whole program
piease send a snippet that is encugh to cemonstrate
the difficulty = PLEREST don't senc listings, unless
the routine really is tiny - five or ten linmas. We will
return the disk or tape, usually with a copy of the
corrected program, always with a letter of advice.

{2) Your name and addrecss, and if pcegible a daytime
and evening ‘vhone number. Write these cn EVERYTHING
that vyou send. It helps 2 lot if we can contact you
dirvectly, evther with advice, & "guicn fix', or to azk
for more iniczrition. We can.deal with many problems
very guickly by czlling you.

(3) The details of the system upon which tie problem
occurs. This helps us to sifc out hardware problems
from seftware ones. In marticular, we need to
know the details of anything plugged into the QL's
cartridge rort (at the back) or expansion socket (leit
hand side of the QL) - tell us praduct names,
manufacturers, and versicn numbers. 1f the product is
new, or revised, this information may k2 even more
velevant. Tell us your QL ROM version, of course!

{4) Det2ils of anv other softwere (SuperRASIC etensions,
toolkits, utilities ete) lcaded whnen the problem
occurs. The difficulity wight not be czused by our
mizstakes, or yours, but by someone else’'s!

{5) Any other informaticn yeu can offer, 2,37. exact

circumstances of a fault, whether or not it is
repeatzble, and if so how regularly (verv important).
L2t us kKnow about any experiments you have conducted
to narrow down the problem, and their resul:ts.

Please send the information to this address:

Digital Precision, 222, The Avenue, LONDON E4 @SE, UK
We undertake to destroy any copies of vour files which are
ln our pogt23sicn once we have rosolved your problem. Your
cartridge or disik will be returnel, togethszr with

apprapriate advice, as soon es the mistzke has been
diagnosed.

THE TURED EMCIYCLOPEDIA Section 7, page li-R



! SYNTAX AND TURBO'S AUTO-CORRICTGR CHEAPTER I
{ WHY AN AUTO-CORRECTOR

TURBG is developed from SUPERCHZIRGE, an earlier SvuperBASIC
= compiler published by Digital Precision. When SUFERCHARGE
H'f was launched we discovered that relativeliy few pecrle
v programxing the QL were familiar with the precise syntax of
the language.

“m . This wzs net helped by the benaviour of the SuperBASIC
interpreter, which has a habit ¢f ignorinc incorrect syntax

” elements, and stopping suddenly, with no errer messzce,

l” when it found something else it didn't like or éidn't find

o semething it wanted. The .ack of & message mezps it's still

- a bit hard to tell what's wrong.

. ‘The interpreter seemed tc have srtarted cut as the new,

(ﬂ\ . wonderful design thzt Sinclair alwezys clzimed it to ba; ix
o id then underwent a rapid successicn of cranges ip an atvamp:
|: io wake it more 'familiar' - in the csase 2f SuperBRASIC,

- more like Microsoft BASIC and Sinclair's zarlier CX BASIC.
- These changes €idn't 'fit' the criginal design very welil,

N and scme nice features had to be left out to make room for

o them.

~ Even as this work was being donn Uncle Clive was launching
u the machine to the Press, in 2 btid ¢o pre-empt Apple’s
official launch of tieir Macintosh, which would ctnerwise
> . become the first mass-market misro based on the Motcrola
- 68K family. In the short term this worked much too wel)l -
P the Press were willing to pelivve znything thzt the father
of the Spectrum and IZ¥-%1 sa.d. Sinclair Reosearch became
committed to shipring the machine long befere it was
finished,

, Under the circumstances it's no surprise that the language
L- 3 has a few rough edges. It was shoe~hornad into a 32K RON,
i with QDOS, but Sinclai. “ept adding fearures and it soon
outgrew the available space. The develcprment continued as
machines were shipped, and two inevi. ole problems
resulted:

(1) We ended up with a BASIC that worked perfectly on
‘corract' (test) programs, but behaved rather strangaly
in oth2r cases.

(2) The supplied documentation £id net le=ap up with the
- software = it was chaotic and cften inaccurate or
incenplete,

i By the time Jar Jones, coricinal aukhor of the inverpretsr,

i had escoped from Sinclair and written QL SuperBASIC, the
Definitive handboci' (published by McGraw Hill UK} most
pecple nad wmade vp their own ‘'rules' for QL programming.

|
i ! THD TUXBEO ENCYCLOFERI2 Secticon 2, page -t
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SYNTAX AND TURBS'S AUTT-CORRECTOR CHEAPTER I

With the exception of scme ambiguity in the area of nested
chort=forms (which scmetimes worked under the interpreter,
sometimes not) SUPERCHARGE was a full implementation cf the
syntax of SuperBASIC, although it zz2d seme semantic
differences. But a lot of people were programking the QL in
ways that the interpretel was not criginally intended to
work, and there were lots of 'guirks' where incorrect
eyntax, according to the documentation, could give useful
results.

Some SUPTRECEARGE users found that they had to make many
chances to thel p:c:r”ﬂﬁ tc get ther to cempile. Others
experienced very few problems. TURBO is z2imed at the whole
commun:ty of QL users, ané it &raws from the experience of
SUTERCEARGE. The sim is to coopile progrerns as they are,
rather than as thcy 'should be'

TURDED tockles this problem in twe wars. It contains & lot
of scpnisticated cede, ocollectively called the 'auto-=
correstor', which ¢an work out how the SuperEASIC
lnterpreter woeuld trent comwon evrors ~ in particular those
errors which the interpreter ignores oI aic~diagnoses = and
correct them.

The next part of this chapter cortains a list of
auto-corrector' messages, organised by their meaning, with
Full examples rather than as summarised for reference in
Chapter F.

The seccnd specificotion prohlem is addressed differently.
TURBO is sumplied with & precise statement of the syntax of
ths linguage, in the fora of disgrams which are easy to
frilow and will already te familiar in format to many
proarammers. These 'syntax diagrams® are introduced at the
end of this chapter.

i:: ;RU-‘-O‘\J t u Ch

TURPG's auto-correcior detects cemmon, non~fatal errors in
a Svper2aSIC program, and corrects them avtoraticslly. The
aute-corrector 2ise éstests scne small differences beltisen
the interpreted languaue and TURBO's fast cumpiled dialect,
and brings these to the notice of the user.

Messages keep you informed of what's going on. These are
not procuced to show how clever “UﬁBO is, cr hew hard it is
working. It is important that you check the prograr to mane
sure thet you understand what TURED has done and why it has
done it.

The rest of this section discusses warning messoges in a
succession of lowvical groups.

TEE TURED ENCYCLOPIDI Sectian 3, page I-2
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SYNTAX AND TURBO'S AUTO-CCRRECTOR CHAPTER I
TURBO QUIRK W, .RNINGS

(1} CLEAR DESTROYS ALL STRINGS. This error message is
derived frewm SUPERCHARGE. It was added because some users
became confused by the fact that CLEAR, in a compiled
program, deleted the memory reserved fer all strings,
leading to NOT FOUND errors if the program then tried to
cse the variables without re-declaring them first.

211 strings in TURBO are zrrays, even if they are
‘automatically' dirensioned for you by TURBC. It follows
that they are de-allocated by CLEAR.

If this warning appears op 2 CLERR which is only executed
right at the start of ycur progrsn, your best bet is to
remove the offending statement = TURIGC &oes an autematic
CLERR a2t the start of the program.

If the CIEAR is executed vhile a prenram runs you should
make sure th:* you re-declar~ all tlie strings vou will want
to use later - particularly any wnich were au.onatically
created at the start of the program by TUREQ. These
‘automatic' declarations are the subject of the next
warning in this list.

{2) DIM varS(300) ASSUMED. The string shown (var$} is used

irn your pregram but not dimensioned. TUKRO has
autematically dimensioraed it to a maiimum length of 100
chararters, whereas the SuperBASIC interpreter would fird
space for it on an 'ad hoc' basis = & slow and error-prone
DICCesS

TURED creatas 100-character strings by defanlt, rather than
the 256=character strings generated by SUPERCHARGE. If this
length coesn't suit you, you can add an explicit DIM at the
start of your program, e.g:

10 DIM vars{40)

This statement would prevent generation of the warning, and
indicates that the system need only reserve 40 characters
for possitle copntents of VARS.

2 similar message can appear if yocu do not specify the
iength of a string declared in a LOCAL statement:

{2} LOCAL vars${100) ASSUMED. TUREBO nas assumed a maximum
length of 100 characters on your behalf. If this deoesn't
s'1it you, vou c¢an prevent the warning and indicate any
other mauzimum length by adding the nuwber in brackets aftsr
the LOCAL declaration, e.g:

LOCAL bita$ might beccme: LoCAL bita$(200}

THE TURBD ENCYCLOPEDIA Sectior 3, page I=3
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SEYNTAX AND TURED'S AUTC-CORRECTCR CHEAPTER I

{4) varS ONLY EXISTS AS A LOCAL. ¥ou have wisely compiled
your program with the 'Repoxt §' ccntrol set, and TURZED is
wrrning you that the varisgble shcwn is & local or parameter
string, but it is never dimensicned globally. Attempts to
use it outside the procedures or functions where it is
loczl will give a NOT FOUND error.

You should check the listing to make sure that you are not
vsing this name fer 2 ¢lobal, es well as & local, string.
1f so, add a DIM statement S5O that the STIing eX1StS even
if the relevant procedure or fumeticn has not been called.

TURED can't check thig for vou, beczuse thlers's no rule

stopping vou naving GO TCs in and out of definitions, and

therefore the compiler can never be sure what variellies

exist in any centext, unleseg it actuzlly runs the procran

through every possible path and circurstance. No compiler e
in the worid can check such general cases. SoITy = but at (:;
least we ‘*‘warned’ youl!

(5) MEANINGLESS COMMAND IGNORED. The command indicstryd is
incompatible with the ferwm of a copiled program. Whenp a
TURBC task is executed the original program text iz not
present. Thus commands wuch as LIST, MERSE, LRUN and so on
are meaninglcos = TDEY work with SuperBASIC text, not

" compiled machipe=code.

_ One task can invoxe anctinetr with EXEC oz EXECUTE: use

CUMMAND-LINF 7nd TYPE.IN, as documented op page 28 of the -
TURBO TCOLKIT menual, if you ' .ot the first tosi Lo make
way for the secoud.

0

If you really want to maripulate the stored SuperBAST
program with LIST, RENOM or ceme siwilar command = perhaps
in a2 compiled 'belping band' utility for BRSIC programmers
- you ¢an uce TYPE_TH to enter comuands as if they had been N
typed at thez keyboard. CMI

T

WISSING RN WARINGS

These four warningos all indicate that TURBO has reachad the
end of 3 preceriy=declar=a 'block' - a DEZFine, IF, FOR,
REPesat or SELact clause = and realisad that it has started
another bleck i+ the meantime, bub ngver found the
appropriite END. To keen things preperly nested, the
autc-corrector adds the maissing END before the 'outer' one.

bt

TIE TUPBC ENCYCLCEEDIA Zection 3, page I-° .
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SYNTAX AND TURBO'S AUTO=CORRECTOR : CHAPTER 1

{1) END FOR ASSUMFD. Sometimes you cet the variable name
with this message.

(2) END IF ASSUMED.
{2) END REPEAT ASSUMED.

{4) END SELECT ASSUMED. 'TUREO has reached the end of a
bleck and realiszed "that it has started a SELect since then,
but never found the appropriate END. To Keep things
properly nested, the auto-corrector &das an LXD SElect
here. In fact, in the particular case of SilLect, it is
rather unlikelv that tha program woulé werk, cven under the
interpreter.

CCIIOITIONAL STRUCTURE WARNINGS

{1) END TREATED AS KOXT. The TUALO auto-corrector has
found a conditional ENP FOR {cr REFeat). In correct
SupersaSIC, END 7CR is a 'static' wmarker, indicating the
ond of the scope of a locp. Every locop must have an END,
and it is nct scnsible te have cne thot may be here one
minute and gone the next!

The auto=corrector realises that what the programmer
intended was a conditional termination or iteration of the
leecp - depending upon the current value of the count and
the remsining values, if any. The resultant correction is
rather complicated, but it nas the virtue of leaving a
program which is ‘properly’ nested AND works just like the
interpreter.

First the auto-corrector re~codes the END FOR as a NEXT.
NEXT can be conditional whersas END FOR cannot. Appropriate
other ENDs are gen=rated tc 'close' the copndition:

{2} END IF ASSUMED. TUKEQ may generate several nf these,
perhaps interspersed with END SELect ASEUMED warnings, if
your END FOF is VERY conditional!

Then the auto-correctcr generates an EXIT, to cope with the
case when the conditicnal test fails and the program ‘talls
out! of the loop, withoui ever resching the END, under the
interpreter:

f3) EXIT wvar ASSUMED. 'var' is the name of the FOR
variable.

Finally the END itself is generated, nc longer conditiocnal.

THE TUERC TIOYCLIPELIA Secricn 2, gage I-3
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SYNTAX AND TURBO'S AUTO-CORRECTCR CHAPTER 1
{4) END FOR ASESUMED.

That's & faivly tricky 'auts~correction' (it tock us 2
while to work out, anyway!). Here's an example, showing
first scme code which the program might try te cerrect, and
then the ‘auto-corrected' equivalent.

10 PFOR ACTCR = 1 TO 11

20 TAKE BOW {ACTOR)

20 IF APPLLUSE THEN

40 "D FOR ACTOR
1Y END IF

10 FOR ACTOR = 1 TO 11
20  T™AXE BOW (ACTOR}
30 IF AFFLAUSE THEN
490 NEXT 2CTOR

50 END IT

€0 EXIT ACTOR

7¢ END FOR ACTOR

Notice how tbe second, correct, example is tidily indented,
while the first ends 'in the air'. This is a classic sign
of incorrect nestitg. Of course, TURBC just prints warnings
showing you how it has interpreted the program. It leaves
changing =he program to you - after all, it's your proyram!

The s:me technicue is uzed to correct conditicnal ZND
REPzats. wWe laave the nitty-gritty to your imagination.

UNEXMFECTED CODE WARNINGS

Sometimes TUREO comes across things that deon't make sense,
put which the interpreter would ignore. The auto-corrector
issues a plaintive warning, 3nd does the same.

{1) EXTRA ELSE CLAUSE TSNORZD. TURBO has found a serond
(cr subseguent!} ELSE matching a single IF statement. The
extra ELSE, and all tne code after it up to the EdD IF, is
ignored. You might as well remove the code, as it will
never be executed.

(2) EXTEA END IGNGRED. TURED has found an END when it had
rot previously fcund a matching start of block. The extra
EMD is ignored, just as it would ke by the SuperBASIC
interpreter.

THE TUR3D ENCYCLOPEDIA fection 3, pag2 I-©
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SYNTAX AND TURBO'S AUTO-CORRECTOR CHAPTER 1I
MUTANT DEFLITION WARKINGS

One procedure or function definition mav call another, or
vice versa, without restriction when a program runs, but it
is not correct to write one definition in the middle of
another, in a program. Definitions should appear cne after
another, but not within one another. As Jan Jenes, the
designer of SuperBASIC, points out, “"there are absolutely
no advantages in nesting procedure definitions”.

This_is the sort of preogram that causes problems:

i€ DITine FROCedure THING

20 FRINT "Start of thing.”
30 pEFine PROCedure WIDGET
4C END DEFine

50 PRINT "Rest of thing."

60 END DEFine

The interpreter won't stop you writing things like this,
and they may run as you expcet, but problems are likely to
crop up. If you put these definitionc at the start of a
program and type RUN, the second half of 'THING' will be
executed and the program will stop with a NOT FOUND

message. It will not skip the definivicns, as it shouid,

and continue thereafter, The DEFiniticns are said %o be
"nested', and this upsets both the interpreter and TUREQ.

(1) END DEFINE sub ASEUMED. If TURBO ccocmes across a DEFine
while it is stil) processing a provious cztinition, the
exact error is not clear., The previnus definition might
ternminate happily, when it is called, with onz or more
FETurn statements, Alternatively - and more catastrophicaily
~ the second definition may be nested inside the first.

When the auto=corrector finds such & cas~ it prints the
name of the definiticn being read in the muossage ('zub' in
the zoove example). TURBD assumes tha yeu've forgotten the
END LEFine, and puts it in for you. This :might nct be {ne
correct action, but it is often <ood enongh to leave ycu
with a program that works propevly whan compiled. You
should check suvch warnings when they apprar, and make
appropriate ¢hances to your program. }

The warning message shows whare the END DEFIST should have
appeared, so it is eaxy co correct the error if TURBO's
diagnosis is correct.

You mav have missed out the EXRD DEFine because your routine
always ends with a PETurn. The avtc—-corractor inserts an
END DEFine before the next definition, and this corrects
thz error, so long as there was pot meant to be any code
between the two dafinitions.

THE TURBO ENCYCLOPEDTA Seccicn 3, pave I-,
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SYNTAX AND TURBO'S AUTC=CCORRECIOR CHRPTER I :

1f you tried to nest one definition within another TURED
issues a further warning meszege when ths end of the
‘outer' definition is found. I% is unlikely that the
program will work properly. You must move the second
definition so that it is not inside the first.

It is easy to do this with & text editor. PFailing that, you
can use the TUREO LIBRARY.MANAGER = just specify the
source~file name &nd the name of the innzr definition, and
the program will snmip it out for yeu. iezd the file
coenctaining the extracted definition, and RENUMbDer it to get
it out of the way of the rest of the lines in the crogram.
Then MERGE the whcle scurce file anc use DLINI to get rid
of the 'inner' cefinition, which is no loncer needed now
that you've got a copy a2t a different rance of lines.
Voilal

(2) EXTRA ENC TRERTED AS RETURN. If TURED finds an DND E:}
when it iz not scarning a procedure or function, there are

two possible czuszes., Either one definiti~m has been put

inside another (s abgove) which i: not alleved and will

cause other wornings, or one definition has rore than one

END. This warniuo assumes the second ¢.se, as in this

example w.i-h the intcrpreter runs without complaint:

10 DIline PRCCedure TEST

20 IF ready THEN GO TO 50

30 PRIPT "Wait a bit, pleasa®
40 EUD DEFine

50 PRINT “i'm ready now."

60 END DEFine

The hest way tc correct this is to change the first END

DEFine ipto a RETuzn, but it is rather difficult for the

auto-corrector to do this: it hes elready checked that

line, which seemed - in the licht of the previous code = to

be p .£frctly corroct. TURBO's currective acticp is to (:\
replace the second ELD DEFine with 4 RETurn, which dee:s

make the progrem work the seme way whether it is coupiled

or interpreted.

THE TURED 277 Lobmnia
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SYNTAX AND TUREO'S AUTC=CORRECTOR CHAPTER I

Ul SONDITIONAL "NEXT WARNING

KEYT TREATED AS END FOR. 1In a correct SuperBASIC program
every FUR loop should end with an END FOR, just as every Ir
endz with an EXD IF and ewvery SELect with an END SEbect.
chort forms have an implied END at the end of the line
concerned,

veraditional' BASIC, however, reguires that a FOR loop is
terminated by a NEXT statement, rather than an ENC FOR. The
END FOR is often misced out by lazy PLOQIammers and those
sccustomed to different implementations of BASIC. Cmne of
the clever bur cangerocs fzaturer of SorerZASIC is the way
that you can get away witp NEXT instead of FND FOR... in
most cases!

+£ TOREZO finds an unconditicnal NEXT statsment it assumes
that you really mz=nt EXD FOR, ar¢ corrects the statakant
for you. You should really chancg the source, te avoid
probiems when testing tie progrom witn the interpritzr.

If you want proof that NEXT does not always terminate a QU
FOR loop {(#nd cime people still don't believe this!), run
this program under tae interpreter:

10 FOR I=2 TO 1

20 ERINT "This never gets printed.”
30 NEXT I

40 PRINT "Nor doces this."

‘The interpretex discovers that the locp is te be skipped,

since 2 is 'beyond' 1, and r shes off through the program
locking for an END FOR. It doesn't find cne, so it just
stops = with no error message, and no indication of the
fault!

This is not the conly case in which the interpreter Tdrops
out' if it cannot £ind an END. These errors can be very
hurd to detesct, especially in large pregrams, 1S they give
no message 2nd no indication eof the locaticn of the
problem. If you test a prograu and find this fault, compile
it with TUREC and take note of the auto-corrector messages
- they should make the cause of the probiem clear.

The auto-corrector inserts END FOR statements in a
censible, documented place if they are missing. This
warning does not indicate an incempatibility between TUREBQ
and intermreted SuperBASIC: it dees indicate a potential
source of error in the original SupsrBASIC, and the exact
way in which TUREO will cope with the error should it
ocgur.

THE TURBO ENCYCLOPFDIA Section 3, page I-¢



SYNTAX AND TURSO'S AUTO-CORRECTOR CHAPTER I
PARALGZTER WARNINGS

TURBO is compatible with the vact rmajority of ‘'extensions'
to Sup2rBaSIC, but it can't cope with those which try to
alter the values of parameters, because it passes copies of
data, rather thnan pointers to the actual variables. TURRO's
own variables are stored in & very different format to that
of the interpreter, to keep conpiled programs TURBO-fast,
wiiich is why this subterfuce is necessary.

To warn you of this potential problem TUREO spits out a
MeSSags WHIDEVRXr YOU use & rame &5 & parameter of an
'alien' extension. The code uscd to check for names is
simple and works on a ‘better sefe than sorry’ tasis, so
the warning can also crop up wnen an expression waich is a
parameter of an 'unknown' comnwnd starts with a
function=call or a reference to an array element.

Hasty <Ciagunosis doesn't disturb the compilaticn, since this
nessage is conly a warning., You can wake thircs clear to

TURBO, and to the interpreter, by onclosing esch parameter
in brackets; thus SEITUF X,Y would become SETFOS {X),(Y¥).

ﬁ1) VALUE PRFAMELER ASSUMEZN. The variable stown will have
its value pazsad teo machine-code, but changes rade by that
code will not affact iss valve in the cooplled program.

The warning indicates that the paremeter mioht he passed in
different ways by the Super3ASIC incexzprever and TURRO.
TURED #lwayc passes parai.. texs to resident {machine-code,
or extension} procedures and functions in & fixed way =
from the raller to tne called code ~ whereas changes to
Parameter values made within machine~code can alter
SupexBASIC variables, when the interpreter is used.

If this messaqge appesrs yocu should check thet vour progran
does not expect the value of the parsameter iadicated in the
report to change as 2 rasult cof the prorcedure or funcu.aun
ca2lli. Very few commznds work this way = none of the
standard QL ROM commands alter their paranaters, and nor Qo
TURBG TQQLKIT commznds and functions = surprise, surprizel

The most cominen cause of protlerms is the GEY proceduce
which Tony Tebby seems te Bulld into every disk system,
EVaLH or Tocolkit he gets involved with. GET fiddles with
its own parameters, s0 it WON'T work with TURED = but the
TURED TOOLKIT functions GEU%, GEIF ond GEYS will do the
same thing {perhaps in conjunction with POSTPION and SET
POSITION) absolutely wonderfulily.

TLE TURBG ENCYCLOPERIA fection 2, page I=I7
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SYNTZX AND TUREC'S AUTC-CCORRECTOR CHAPTER 1

{2) NUMERIC PARAMETER ASSUMED. TURBC cannot tell whether
the pame indiczted in the report is that of a variable or a
fiile or device. I+ has assuned that the name is that of a
flozting~point variable. The variable will have its value
passed to machine-code, but changes made by that code will
not zffect its value after the call has finished.

If this message aprears next to a file or device name you
should put the nare in inverted ccmmss to avoid arbiguity.
Ctherwise put the name in brackets to shut TURED up. FOr
example:

WSTAT turko would peccoe WETAT "turbo”
RECHP turbo would become RECHE (turbo)

In the first case the pararﬂter is a partial file -name, cr
twild=card'. In the second it's a veriable, TURZO can't
guess this without knowing all about WbT&T, TEZ}HP, ang a
thousané or more other obscure cowamands which run on some
systems. In general we advise you tc stick to TUREO TCOLXIT
when it will-do what you want = which, we hope, will be
most of the time!

Tnis message cnly applies to ‘'add-on’ commands which are

‘not stardard to the OL or TUR:C. TURBO is clever enough to

recognise ail the standard commands that expzct names
{rather than floatzing—-peoint values) as specific parameters,
0 you use these commands without being warped:

Cecrv. N fip'_ dump TO ser

EXECUTE.A creeble TC dumper

SEXEC mdvi.thing,X,Y,2%
In the last example TURBO treats the file name as a string
(rather than as & variable) - yet the other three

rarametesrs are treated, correctly, as aumeric variables.
wonderful stuff, softwarel! :

THE TURED ENC.ILOPEDIA Section 3, page 1-11
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SYNTAX AND TURBO'S AUTO-CORRECIOR | CHAFTER 1
THE SYNTAX DIAGTALS

These giagrams represent the tsyntax’' of SuperBASIC - in
other words, the sequences cf symbols which can make up a
valid program.

The diagrams work very like rajlway shunting=yards ~ your
eyves play the part of the trains.

vou start on the left~hané side of each diagram, and follow
the track to the right. You are allcwed to tak: cranches,
as Iong as they are at a gentle angle. These recresent
alternatives in the syntax = points wneze twe ~iflerent
seqguences of symbols could start.

In this diagram you could go from & to B or C:

& e

€

vou'te NOT alluwed to reverse onte another line, so you can
go from A to C but not to B, in this example:

O

2t various points 2long the track you'll find hoxes, which
cor:iespond to items in the syntan of SuperBASIC.

I 3 box bas rounded corners it represents a familiar thing
~ a keyword, a digit, or a punctuation symbal.

If it has sguare corners it represents another diagram = in
turn, you can find out what that represents by looking it
vir 9nd following the 'rails'.

The diagrams combine to specify all of the syntax of
SupesBASIC. 1f you follow all the paths, skipping from one
to another as yeu find square boxes and returning to the
crevious peoint whenever you run ‘off the end' of a diagram,
you will always pass a sequence of symbols that represents
& syntaccically valid program.

Of course, there's lets about SuperBASIC which these charts
cannot express. They tell you nothing abont the ‘mearing’
of symbols, or ‘semantics’. They don't evar express some
rules, like the fact that you can't use the same name for
all the procedures in a program (or, indeed, all the
1dentifiers!), But they de convev guite a lot of
informaticn, And they're interestirg to leok at!

THE TURBO ENCYCLOPEDIA Tection 3, poce I-12
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SYNTAX AND TUREBO'S AUTO-CCRRECTCOR CHAPTER 1
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INTERPRETED ANC COMPILED SUFERBASIC CHAPTER &

Wi
P

COLPATIEILITY

Insofar as is sensible, TURBO is exactly compatible with
the interprater = programs written o run under the
interpreter perform in just the same way when compiled.

_ We have taken careful note of comments from hundreds of

SUPERCHARGE users wnen designing TURBD, and chosen a

w ‘dialect' =f SuperBASIC that is fast vet highly compatible

‘with the interpreter. If ycu were one of thcse respondents,
thank you fcr your suggestions.

There are a fow differences tetween the interpreted and

. cempiled dialects - mostly enhancements offered by TUREQ -
and these are explained in this Chapter and elsewhere in
Sections 3 and 4 of the TUREO Encyclopedia.

In every case the reasons for the difference are given,
- along with suggested actions to be taken if the difference
‘( afifects ycur program.
i This chapter discusses the following areas of difference,
and erds with & list of SuperBASIC interpretver 'bugs' that
i TUREBQ has sqgquashned.
#' (a) Nesting of structures.
(b) Computed line references.

{c) Program editing.

(d) Calculations in DATA.

{e) Channel numbers.
Syntax, parameter passing, arithmetic, string and array

fhandling z2re discussed elsewherz, as shown in the index and
centents list,

] { _ THE TURR0 LNCYCLCPEDIA Szetion 3, —ege J-!
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INTERFRETED AND CCMPILED SUPERBASIC CRAPTER o

{a) Nesting eof structures.

Thiz sesction is & conclse statement of the rules introduced
in thae last chapter.

(1) procedure and Function 3ofinitions must not be ‘nested’

in compiled prearams. In other words, the end of cne defin- .

sion must precede/the start of any other, as you resad
tnrough the procram from low to higher line-numbers.

iy

his rule helrs to simplify the cempiier, without imposing
ny res=rictiong on the power of compiled PrOgrams.

(TS |

(2} Centrol structures - FUR, I, REPeat and SElect
g-ztement grouvps — RuUSL be tproperly nested'. In others
werds, the ené of a structure must not zopesar within

another strvrcture unless that firet structure also began
within the second.

r.o exzmples should make this clesz. The first is proparly
nested = the second is not

(P

1¢ REvark Lemal nasting
20 FOK I~1 TO 10

30 REPeat X

40 ENL PREF2et X

) END FOR 1

10 REMatrk Illegal nesting
70 TR I=1 7O W0

30 REPeat X

40 END FOR I

S0 END REPeat X

The indentation in thc second example erphasises the error.
Tt might be possible to make the seccnd listing run under
the interpreter, i GO TO statemests vere zcattered arsund
co that the locpg didp’'t cross one auother at run-time. But
even if the GG TCs were present, thz secend example wouid
not be allowed by TCRILGC.

The compiler <ainnst Zollew GO TOs and other cransfers of
centrol , working out the fiow of coatrol, Ir would have to
‘execure' evzry line with all possinle values for such a
¢hesk to be @rhaustive. This would make TUREQ much more
cemplex ané exrremely slow, if not cocuplately unwathable;

conseguently program lines &re only considered in the ordex

in whirch they occur in tke listing.

T~HE TURBO ELCYCLOPREDRIA coction 3, mive o
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INTERPRETED AND COMPILED SUPERBASIC CHAPTER J

Tt follows {by implication) that each structure must have a
single END. You may have as many EXITs, NEXTs and RETurnz
from & gcontrol structure as you wish; these must be
enclosed by the structure to which they rafer.

You don't need to specify the ENDs of 'single-line
structures’ - the ‘short forms' specified in the QL User
Guide. Some errors in the inrerpreter make the inter-
pretation of these short-forms unreliable. In particular,
the interpreter treats GO SUB calls as structure tem<
inators. The bugs are not present in compiled programs.

(b) Computed line references

The SuperBASIC interpreter allcws a calculation to appear
anywhere a line number is expected. Tt matches a line
reference to the [irst program line with a number equal to,
¢r greater tham, that specified. . .

In compiled programs, you are generally only allowed to
specify & constant number where a line reference is
reguired: furthermore, it must be the exact number of a
program line. ’

This rulie affects the GC 70, GG SUB and RESTORE statements.
Tt allows the compiled program to be shorter and faster
{since a table of line addresses is nor needed at run-tima)
at a small cost in flexibility.

If you really need to compute a line reference, you shou.d
vse ON..GCO TO or ON..GO SUB rather than celculate a line
numbar. TURBO offers one enhancement over SuperBASIC and
SUPERCHARGE in this respect - you may specify the name of a
procedure that expects no parameters instead of a line
number in ON..GOSUE. This lets you write neatly structured,
resduble programs while still usingy the extremely efficient
ON. .GOSUB command.

Another way of re-coding a jump to a calculated line-number
is to use the STLect construct, which is a more general and
cecure way of ccding a choice between several alternatives.

In a compiled program, SELect or IF must be used in piace
of a compuied RESTORE, since SuverBEASIC has no Ch..RESTORE
statement.

{c) Program =-iting

The SuperBASIC program editor is built-in tc the
interpreter. This is sensible wh2n programs are beinyg
interzreced and tested bun pointless once they are cempilad
as there is no ‘program text' for the sditcor to manipulate.

cection 3, page J=@
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INTERPRETED AND CCMFILED SUPSZRBASIC CHAPTER J

ands LUTO, DLINE, EDIT, LIST, LOAD, MERGE, MRUN,
RENUM ané SAVE are not supported by ths compiler since it
leaves no procram text for them to operate upoOh. You can
use them From a task to ¢perate on a SurerBASIC program
which is loazded but not running by entering them as if from

The ¢amman

the keybocard with the TUREC TOOLKIT facilities COMMAND_LIKE:

and TYPE,IN.

The commands CONTINUE and RETRY are recogrised by TURBC,
but they d¢ not have the meaning you would ascribe to them
while interactively de=uggipg & pregram. ¥ou cen't change a
task while it is being exascuted! CONTINUE and RETRY &re
used in error-trapping ané recovery, 2as doceumented in
Chapter 5 of this Encyclicpedia.

TURBO_TK_DEMOS inciudes severzl functions T trace the
betavicur ¢f compiled programs.

THRCW_AWAY ~ a replacement for DLINE

vYou can discard unwanted parts of a task, as it runs, with
the new directive THROVLAWAY, wnich should be follewed by a
line number or routine name. This causes the space usad for
code beyond that point to be freed and added to the task's
dataspace. It is a useful way to get rid of urwanted
inirialisation ccde, but does not de-allccate memory used
to nold BATA.

THKOW.AWAY wes added to the TURBC specification late

in the develooment. During tesring we found clashes
between this command and some TUREO ayray acticns =
hence the directive is WOT implemented on initial TURBO
releases.

we intend to retrieve this directive in a future
‘upgrade’ to TUREQ.

{d) Calculations in DATA

Sinclair SuperBASIC is unusual among BASIC implementations
in that it allows calculations to be specified in DATA
statements.

TURTD doeg not allow eysressicns in DATA statements, as
their processing would complicate the generation and
execution of coapiled code, and greatly reduce the
cumpactness of DATa. TUREO c3n pack numeric DATA up teo four
times more densely than the interpreter, and somatiwes
twice as densely a5 SUPZRCRARGE could.

THE TUFBO ENCYCLOFEDIA Scction 3, page J-4
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INTERPRETED AND CCMPILED SUPERBASIC CHAPTER J

only string and numeric CCnstants are allowed, although an
excerzicn is made for the four unary operators: +, =, NOT
and bitwise negatisn, which may be applied to numeric
constants. Explicit assignments must he used to obtain the
effect of complicated calculaticns in DATA.

The buaes in the interﬁreter's nanéling of REaD, DATA and
RESTORE statements do not crop up in compiled programs.

{e) Channel numbers.

The QL User Guide dogs not state & meximuem value for the
channal numpers used in statements such as CFER &nd CLOSE.
in fact, wnen the SuperBARSIC interpreter is uced, the
maximum channel number depends upon the emownt of free
memory. Coinpiled programe mustc run within a limited area £
memory, Sc TURBO allocates a fived space for 16 cnanneis,
numbered from 0 to 15. This should ce ample for almost all
purposes - remember that channel numbers way be re-used
once previously associated files have tesn closed.

THE TURPRO ENTYCLCFIDIA Sectica 3, paje J-:
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"TNTERPRETZR BUGS' FI=D Y TURBO
Althouch Super8ASIC is, by and large, a scphisticated and
flexible programming language, there 2re a number of faules
in the intergreter buiit in te the QL ROM. We have taken
the liber:iy ¢f correcting many of these faults through
TURBO, althouzh the correcticns mazke the cempller slichtly
less cemparible with the interpreter than would cotherwise
be the case!

This list summarises the more impartant faulcs which are
corrected by TURED:

(1) Interpreted BASIC can crash if more thnan nine
parameters or local variables are used in & single
Frocedure or function. TURRD can cope with sny number of

v
parama2ters Or locsl variables wvitheour ~rectiems,

{2) Mathematical results are only displaved to a maximum
of seven cecimz) places by the interpreter, even though it
works irternzlly to a greater precisiocn. The cecmpiler
displays nine cocimal places {enouch to shew guantities of
Lbp tc 9,999,995.99 pounds, rather than 9%9,999.99). The
discuscion of flesting-reint maths in Chapter L
iidlcates tiue steps you should take to avoid roeunding
grrors, which affect TUREO and SupdrBASIC equally.

(3) S.perBASIC stops with 2 'buffar Full' ecror if more
than 122 characters are read in response to INPUT, on QL
versions AH and JM. The compiler allows up te 32767

characters to be read, although this doos depend upon the

amount of free memory available within the task.

(4) The intearprete:r does nor allow multi-rasking of BASIC
programs. Many compliled prodrams nmay run at obe time,

s
long as there is enough room for them all in memory.

(5) The interpreter cannot handle SErecr Statem for
CEal =

integer or string variable valuss. Intgger and
SELECT works perfectly when compiled with TURED.

(6) Variaoles passed as procedure
used in SELect statements (unlesy th
parameter!, when a program ic r

arametsrs may not be
y wore the last
a

vergion Jd5 QL. The
compiler dces not i1mposs this restricei
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{7} The BASIC fuacticon RESFR, used to reserve memery,
does not work under the interpreter if a multi-tasking job
is running. The ccmpiler alweys allows RESFR, since it
allocates memory frcm the ‘heap' outside the task, rather
than the resident procedure area, whicth cannot expand wnile
the 'adjacent’ transient program area 1s in use.
2liocations are only rounded up to the nearest B bytes by
TURBO, whereas the interpreter always allocates space in
wasteful 512 byte chunks.

BOTE: adé-on ccmmande should be loaded from BASIC, not from
within compiled programs. This ensures that they are
correctly linked imte the i-aterpretsr, ratner thap into the
compiled program (which won't know what to do with them).

rk iy

{8} It is impossible to relesse memory alloccated by the
interpreter with RESPR. This iz just as well, 1l add-on
commands have been loaced anto the space, but it is
annoying if memory is temporarily reeded for some other
purpose. The cure is to use thoe tozlkit's ALLOCATION
function which lets you de-alliccare space - logically -
with DEALLOCATE.

Memory allocated with RESPR by & TURBO task is de-~allocated

‘automatically when the task stops, by éefaulr, but you can

make the allocation persist by usianc ALLCCATIUN(C.0,IYTES),
whare BYTE3S L1s the amount of memory you want D reserve,
Such spacc <an scill ba DEALICCATES explicatly if you wish.

you should take note of the advice on page 23 of the TURZOD
TOOLKIT manual if your proarzms mzke heavy use of RESPR or
ALLOCATION.

{9) The interpreter does not process single-line (short
form) FOR loops procerly if they contain tha GO SUB ccmmand
- the GO SUB steops thw loop. This bug is fixed when the
compiler is used.

(10} The CALL statement, used to invoke machine-code
routines, crashes thz interpreter if it 1s used in programs
longer than 32¥ bytes, on QL versicns up tc J¥. TURBO
TOOLKIT corrects this bug so that CALL warks correctly on
any version of the QL, in intecrpreted or ¢cmpiled programs.

(11) If vou pazs & slice of a string array to any
procedure or function {including PRINT) under the
interpreter, some romory will be 'lost’ to the system until
the next CLEAR ov NEW. TUREG doesn't do this.

THE TURBC ENCYCLOFEDIA Zecticn 3, vage 27
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(12) If you try to READ cr INPUT information inte & slice
of & string under the interpreter, Vour program will stop,
usually withcut issuing &py error message. TURBD doesn't do
this.

{13) If you accidentally use the READ cemmand without any'

parameters the lnterpreter may crash. TURBC Getects such a
mistake and refuses to compile the program, igszuing an

appropriate report.

(14) SorzrfASIC thinks gr=s <2276 DIV =1 25 =3276E8.
TUREC recognises that the correct resuit is 3Z76E, which is
nos an allowable integer value, and IepCris acrordingly.
The interpreter has similar problems with the MOD cperator:

again, TUREC works properly.

{15) The interpreter may crazzh i you try to use EilD
REPeat to jun.p Qut Of & prowesure OO f.nction. TURBO
recognises that such a program 1S nput properly nested, as
discussed earlier in this chapter, and rer>rts the error.

{16} Integer FOR locps ie.g. TOR I3=1 TO 2) are not
aliowed by the interpreter. TURBO can gsnerate ccde for
integer FQE loops: unfcor-urawely current versiens of the
Supera.$iC editur do not allow such lines to be entered, so
the IMPLICITS directive muct bBe .sex ve taks edvantage of
this feature and such programs cannot be tested urder the
interpreter.

1f interactive testing is vital, KEPeat locps, with
explicit counting, should be used wnan fast integer loops
are needed. Alternatively you ¢an test your program using
floating-point loop v2rizbles, and addé IMPLICITY
declaraticns once everyrnhing appedrs 19 WOrK.

117) The value of the identifying variatyle of & FOR or
REPear stitement is set to zerc by the intecpreter whnen the
starement is encountered. For exarxpla, the commands:

LET T=2
FOR T=T TC 6:PRINT T

print values from 0 to 5, rather then from 3 to 6., This bug
is not presant in TUREO, althouuh 1t siould be noted that
it is pour programming style to us2 one vazriable for two
logizally-distinct purposes. In the example, T is used
first as & limit, then as an lteration count.

THE TURBO ENCYCZLOPEDIA secticn 3, sage J-P
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INTERPRETED AND CCHMPILEC SUPERBASIC CHAPTER J

(18) You can't break into a single-line recursive
definition once it starts tc run under the interpreter. It
is easy to stop the eguivalent loop in & compiled task, as
long as you didn't use EXECUTEWW, in which case you'll have
to wait for the dataspace to fill up, causing the task to
stop. Press the ‘abort' keys if you invoked the task with
EXZCUTEmA, Or use REMOVE-TASK after ENECUTE. Te be fair to
Sinclair, this is hardly a major bug!

This litany is not intended as a criticism of the original
authors of SuperBASIC, Jan Jones and Tony Tebby. It
represents ar irritatine but smell set of 'specizl cases’
which users ¢f the QL interpreter must bear in mind when
ceding. It's not a bad record, in view ¢l the ambition,
pace and complexity of the QL develowpment.

It is far more annoying that few of these faults have Leen
fixed in the intervening years. In scme cases new.faults
bave actually been introduced. The biggest mistake Sineclair
made - agaiast the advice of Tony Tubby - was to keep this
list secret from QL users. We have cerrectec that mistake.

TE TUREBEG . TCLOFLCIa Secricon 3}, pase J-J
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SUPEREASIC IDENTIFIERS

Identifiers - often known as 'names' -~ are defined in the

i ‘Concepis' section of the Sirnclair QL User Guide. [n brief,
l they are seguences of up to 255 characters, used to
iderntify variables, procedwres, functions and program
Structures,

E

In interpreted SuperBASIC, you may use the same identifer

for several different purposes at various points iu your

] proaran. Fovr instance, you might use the identifier VECTCR
to describe a one-dimensicral array in one part of a

i program, and & three-dimensicnal array elsewhere,

s s,
o :
ar

This is bad practice, since it might cause confusion and

1 : ] errors, but it is alleowed by the interpreter, which always
’ Lus2s the 'most recent' declared meaning cf the identifier.

i The flow of the program determines what the most recent

f ' declaration was.

If a program is to be compiled each identifier must have a
single, d:stinct meaning throughout the listing, so that
the compiler can generante reliable code to process it. IE
an identifier is used for a simple (un-subscripted)

i variable 2t one point, it may nor be used for an array

é elsewhere in the program. Functions z2nd procedures must

i also have 'unigue' names.

E : THE TURBD ENCYCLOPEDIA Section I, nife X~

’ -~



[ e e 1

e
(Lo

[PRIVRPE S * e ) e e

[ T W B

-

i Srmig gl sy [ sl

L

NAMES, VARIRBLES AND ARRAYS CHAPTER K

the last chzracter of a nawe is treated as significant when
the ccmpiler cnecks th2 unigueness ¢of rames. Thus:

VECTOR- _ VECTORW VECTORS

are all unigue names, and may be used for different,
distinct purpcses in a compiled progral.

TURSO datatypes

Variable values may have three tvpes in SuperBASIC:
Inwecer, Flozting-point or String. TV defzuly, TUPIBO
deduces the tvpe of a2 name from its lest character. Thus
VECTOR mayv only be used to refer to Zlcat (S Secimal) values,
VECTOR: ¢ integer values (whcle numlers between ~327€8 and
327671 and VECTORS to string values (se3vences cf
characters).

You can override the explicit type of 4 variakble, in a
compiled task, by including the new directives:

IMPLICITS and IMPLICITS

in your program. iuese commands should be followed by a
jist of names, which will ce tres-esd as integer or string
types, respectively. The last character of the name is
irrelevant 3if you use IMPL..UT te force & cezrtain type.

This can make programs mors ceadable, especially if you're
used to 'traditicnual’ compilinc languacss like C and
Fiscal, where the type of variables must be explicitly
wemclared., It also helps to get around come rrstricticns
imposed by the SuperBASIC line-entry routing, as we shall
explain shortly.

The following lines would indicate that NAME and ADDRESS
are string types, wheveas SPELED and COLOUR are integers:

IMPLICITS HNAME, ADDERESS
IMPLICITY SPEED, COLOUR

There's no limit on the number of THPLICIT statements in a
program; if you inzlude more than cne {wnich ieg a silly
thing to do!) the second one is censidered tc override the
first. IMPLICIT scatements should coms before the
declaration of arrays, Tuncticns Or perameters which use
the corresponding names, Or an AMBIGUCGUS NAME error will
occur.

THE TURBO ENCYCLIFUEDLA Zection 3, wage k-0
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NAMES, VARIAELES AND ARRAYS CHAPTER K

The SuperBASIC interpr-eter ignores IMPLICITS and IMFLICITY
statements.

TURBC's rules about the types &f names differ in one small
respect from those imposed by interpreted SuperBASIC, where
the type of a parameter passed to a procedure or f{unction
is determined by the type cf the corresponding value.

If TURBC did that it would never be able to decide upen the
code needed to handle a rarameter until the routine
concerned was called, and it would have to meke 2 decision
during every call. In every case this would lead to =lower,
larger programs, with lots of recundant code and checking.
This is precisely the sort of redundancy that TURED sets
out to abolish!

{ , It fcllows that the type of each parameter must be known at
the time of compilaction, sc that efiiciant code to
manipulate the paramster can te genersred. Thus, in a
compi led program, the last cheracter of a parameter name,
or any previous IAFLICIT declaratieon, dictates its type,
just as is tne case for cther variables.

. There are three distinct uses for an identifiern:

{i) Simple variables: integer, string or flcat values.

These names mav he used to sters vilues or te identify

FOR and RFPeat loops. Onlv siwole variable names may be
uees in the firsi line of a SELazt statemant.

These rules correspond to those in SuperBASIC, with the
added feature that integer and string identifiers may be
the subject of compiled FCK, REPect and SELect
statements; these will not work undar the interpreter,
because Sinclair never implemented the considerzble
amount of extra ccde needed to handlz them properly.

all current versions of the QL ROM, apart from “AHY,
contain a rather nasty bodse which stops you typing in
integer or string names artsr SELECT or FOR. You can get
around this by using IMPLICITS ang IMPLICITR:, as
described earlier in this chapter.

(ii} Array variables: the names used for arrays,
declared i1n DIM or LOCAL syatemeénts. An array idancifier
may bz declared more than once in & gregram, but the
number of dimencions {not necsessarily nhelr sizes) muast

e the same in each declaration, so “hat TURBD can

generate effigient 'customised' code for every cass.

TEE TURZ2OQ - . [VILLEIDIA decticn 5, pags K=1
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NAMES, VARIABLES AND ARRAYS CHAPTZR K

{iii) Defirition names: the names uses for procedures
and functions. Every ptocedure or function must have
an unigue name - otherwise function-calls could be
confused with array vreferences, for instance.

TURBO treats EXTERNAL array and definition names just as it
treats names ceclared in the pregram. IMPLICIT types may be
used in one or more tmodule that refsrs to & shared variable
or definitien, but the effective type ¢l each nave must be
consistent in all the medules.

If an identifier is used for any cng of the thres purpeses
listed it may not be used for either of the oshers. In such
& case the identifier would be rejectad by the compilar as

‘ambiguous’. all references tc an ‘'ambicucus' neme =re
Clearly marked. Th» conly soluticn - if vou must complle the
program - is to go throuwgh the ccde, assigning new names,
until tha ambicuity is removed.

You can re-use names as LOCRLe without restricticn, as long
as you keep them in one of the three groups listed above.

The Superis.3IC interpreter makes very few checks for the
amtiguous use of identifiers. There ares scoe cases in which
the interpreter aliows embiguous pames tc be used in a
program, but in general they cause ambigjuous results or
program failure.

TUPBO / 1AYS

With typical vagueness the QL User Guide specifies that
'‘under certain circumstances' a name may be used to
reference more than cne element of an array. These
circumstances age olightly different under the compiler
than they are under the interprater.

TURBD only supports array 'slicing' - the specification of
mere than ¢one element of an array with a single reference =
for the last dimension of strings.

Unlikz SUPERCHARGE, TUREBO allows whole zurays to be passad
as parameters of SuperBASIT procedures or IZunctions. This
mechanism is explored in Chapter P (P fecr Parameters!).

hrray subscripts

A maximum arrzay subscript may be apy pesitive integer
value, from 0 to 32767. Thus fast integer arithmetic can be
used to extract el=ments. This can make array access more
than twice as fast as would otherwlse De the case, SO we
strongly advige you MNOT to use floating-noint vilues or
exprassicons as subscripts in tine-cricical programs.

THE TUY ~ ELCYCLOFEDIA Section 3, page K-1
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NAMES, VARIABLES AND ARRAYS CHAPTER K

A single string arrav element mayv be declared to fit up to
32,764 characters. 043 lenctias are rounded up to mzke them
even, to suit the QL's 1€ bit wav of doing things. The
interpreter allows up to 32,766 characters in a string, and
gets very confused - unlike TURBO - if a temporary string
ends up with a length of 32,767!

The difference of two between interpreter anf compiler
allows TURBO to trest the lencth (tws bytes) as part of the
string, which cften saves time when accessing arrays. The
maximum string lencth, while a parameter of DIM, is not
treatad as a subscript.

The tctal number of elements (nor characters) in an array
must not exceed £5,53E, This means that a3 full-size

floating point array is limited tec a mere 323K. In theory
TUKBO could zope happily with a 2 million K string array.

¥ou can't dimensicn an array unless it will ficv in the
datzaspace of your task - but TURED virtual arrays,
documented at the end of this chapter, provide a way sround
this 'limitation'. The limit makes programs much {aster
than would otherwise be the case, althouoh it doesn't seem
tc help the interpreter much! Remember that the first value

of any subscript is 0, not t.

TURBO indicates an overly-larce array with an 'overflow' or
'out of range' message, racher than the misleading ‘ocut of
memery' which the interpreter c¢an issue if subscripts in an
array decliaration are not to itz likirg, even i1f that array
would not exceed the free nerery in size.

TURBO always checks that array subscripis are sensible when
a program runs. This helps to avoid mystericus errors, and
compiled pregrams can perform this check very quigkly.=- in
about 3 wmiilienths ¢f a second per subscript.

DATASPACE and zrray dimgensions

This simple procedure lets you wark out the amount of
dataspace vou should allow for any arra2y:

{1} Add@ one to each cf the ‘maximum' sukscripts
used when tn: array is dimensioned. If this
13 a 'simple string' - a ons-dimensional
grray of characters - cgo directly to step
{c}, below: the dataspace reguired is just
the number indicated there.

{2) Multiply the results together; Lf this is a

cne dimensional arrav, Just stick with tne
result you cot from coon 1,

THE TUEBRD EUCYCLOPETIA Szciion 3, page o
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HAMES, VIARIABLES AND ARRAYS CHAPTER K

(3) Multiply the result so far Dy the following
factors:

(a} 2, for an integer array

(b) 6, for a floating-point array

(¢) 2 ELUS the maximum lencth of each string,
rounded up to an even numpber, for a string

array.

the zmount of memory, in bytes, that TURBO
ié the contants cf the array.

Using these rules, DIM A$(20,15,29) will use up:

Z0+1 * 15+1 * 40+2 = 14,112 bytes.

Rememter thiw: DATASPACL is not JUST usec to stere arcay
contents, although tnese are often the bicgest data items

in a task.

Array re-dimensioning

.Wnen vou re-dimension an arrayvy in SuperBASIC, the old

valves are disecarizd and new empty space is found. TUREBO
works siightly differenciy.

If you re-dimension an array te thz =4ame cize ag it wes
before, TURBO deduces that you want to cleer the contents.
Thnis s much the fastest way to clear an aryay. In the case
of & string array, caly the lengtas ave clearad; the data
values remain. but these are not accessibl

delikberately slice them out.

One rare problem can crop up easrly in the running of
chastic compiled tasks. TE£ ap array is DIMensiened (out not
declared as LOCAL)} inside a funcricn which has besn called
part-way through evaluation of an arithmetic exprege.cn tha
value cof the expression can e zffected!

This is & rare case and an even rarer prohlem, because it
only crops up in the apove circumstances, and when the
array has naver been dimensicaed earlier by the task.

The problem is that TURBO, like ail efficient programs,
uses two 'dynamic' areas within the fiwed merory allezated
to a task. The reason for this isg

heading 'Hleth and Sup2rBAsIC'. ot
grow tcowaru. one anether, eating up
by FREE_MEMORY) as they exparnd.

lore¢ laver, under Lhe
ally TLREC's twe aveas
free space’ (mezsured

THE TCURI . ZYCLOPEDIA Fection 27, pago ¥l
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Temporary expression values use the same area as array .
details, wnich normally causa2s no problems. But array
details, or ‘descriptors‘', are only creat=sd when an array
is first dimensioned, so that TURED doesn't have to shove
‘empty’ descriptors arouné when an array is not yet in use.
These can over-write temporary values if an arrzy that has
not previcusly been declared in the program is DiMensioned
inside a function - which, in itself, is rather a gueer
thing teo de.

It did neot seem worth slowing down TUREBC to allow this
case, so we have chosen to dogument it instead, and tell
you how te avoid problems.

The first way is to call the function at ths very start of
the relevant calculation, sc that there are no 'temporary'
values to werry about. The second, prefezslls crpreoach, in
our view, is to &id a dummy DIM statement - perhaps with
all the subscripts zero or o=@ - at the stact of your
program. Either trick will cure the fault.

Sloth and CuL2r3ASIC

Any program that uses more than two dynamic areas will tend
to be slow and inefficient, because areas keep bumping into
one ancother as they change in size, and then others must be
moved out of the way, You can minimiss this proclem Dy
allecatring nore space, after each collision, than is
inmediately needed, but this is obvicusly wasteful.

Tha SuperBASIC interpreter uses nc less thsn 13 dynamic
areas = an inauspicicus number! This means that it wastes
isrge amounts of space keeping them safe distances apart,
ané even so it spends much of its time shuffling them
around when collisions occur.

Sometimes - such 2s when you use more than nine locals or
Firameters in one routine = the collision checkirg, which
also wastes time, is inadecuate. Values spill over from one
area to ancther, with unpredictable but generally
urpleasant conseguences,

SuperBASIC is made even less efficient by the bizarre way
it expands areas towards lower addresses. According to QL
developer Tony Tebby, the interpreter startz by moving ALL
13 areas down memory, using a routine about 1/5 the speed
of MOVELMINCRY, perhaps over-writing temperary 'slave
block® file informaticn which must first be written to disk
or tape, Then it moves a:ix the areas 'beyond' that whera
free space Ls needed, back up where they came frem, using
the same slothful algorithm,

THL TOR2O ENCYCLOPECIA . Ssction 3. page K-=7%
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NAMES, VARIABLES AND ARRAYS CBAFTER K

There are rezccnes £or this, but the resuls - particulzzly
when loading SuperBASIC text - sucggests that those ressons
should have be=n re-examined as the QL was developed. Sadly
the premature launch of the machine meant that this boedge
was ‘frozen' deep inro the design of the interpreter.

Dynamic TUSRZ0 and mixed-tve arrays

+ should row be obvicus why TURD
Geclare “he maximum iength of stri
very much ;u_her than thﬂv weuld

1 3
. This makes programs
rwise be, and is
nputer with betwesn
Eh and 64DK cf memory., {n interpreters (including the cone
tha: calls itself a coppiler!: let vou get away without
dimensioning 'simple’, ursucecripted strings, but they <
handle theam slowly and usually waste cpace Letwesn them, as (:}
noted above.

If you need to store lots of items, of varyinmg lengrhs and
maybe several types, an array is not really the best
data-structure to use. TURBC TUTLKIT gives ,ou the
facilities needed to waintain a ‘hezp', where text or any
other informaticn czn ke stwored, cacked back to kack more
densely than would b2 possible in < array.

You should us2 an area of —e..ry allocated with RESPR Or
LLOCATION, and an inaex of data eddresses or oifccts.
SEARCH-MEMORY, PEEKS, PORES and MOVELLEADRY let you scan
and meve things arcund 1n many ways that you can't
menipulace avrav elements. SEARCHLMEMOPY ¢&n look throuch
aocut 220K in 2 second, although thiz speed can f[all
scmewhat i€ yosu've using slow RaM or there are lots of
'near matches’' in the area being searched.

String concatenaticn, together with The FLOATS and INTEGER {Fﬁ
functions, lets you tuiid 'records’ or 'structures' which -
will ke Lamlllar to Bzscal and € users. These are composite

deta-ltems containing several elemerts put zocessed as one.

Thus you ¢an pach several different types of data into a

single entity.

Chas Dillon has proved the effectiverszss of pracisely this
arrroact in his peckage THE EDITCN, publisned by D.P, which
uzes TURBG TOOLEIT commands =0 beat the parnts off other L

editars, handling text fast and economically.

This technigue is worth considering if you're writing data-
handling nrograms with TUREQ.

THE TUBES ENCYCLOPEDIA Section I, pa
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NAMES, VARIABLES AND ARRAYS CHAFTER K
Rubber arrays

If you re-dimensicn an array so that only the 'last’
subscript changes. TURBC will ewxpand or contract the area
used to hold the array, PRESERVING the old values, or those
that will fit, counted from eiement zerc upwards, if you
make the array smaller. In the case of & string array the
'last' subscript is the subscript immediatsly BEFORE the
maximum length.

This feature, known &s 'rutber arrays', is very powerful.
It is nct suprerted by the interpreter, but this rarely
causes problems when & program is tested.

Rubber arrays aliow a compiled program te re-assicn data
space between arravs as they run, without loging reguired
infermation. If you want to re-dimension AND clear an array
you can de this easily znough = just re-dimension an array
to the new size, to allocate or de-allocate space, and
re-dimension it again with the same subscripts, to clear
the contents.

shrinking and stretching can take a while, at least in
TCRBO terms - a small fracticn of a second, if you've got
'several nundred K of other arrays - but it is unlikely that
you'll want to do it many times every second! The small
delay is usually well woerth-while,

Arrays, datespace and 'virtual mzmery

CCTAL or DiMensioned arrays are created in the dataspace of
a ccmpiled task, so you must sat this apprepriately (using
the DATASPACE utility,; or the DATA_AREA directive, or the
dataspage contyol on the TURBO front panel. All of these
centrols are explained in Chapter E, which also tells you
about 4 TURBOLTE.DEMC rouvtirs, DATATRACE, that lsts vou
know how much space is vsed by a8 compiled task a&s it runs.

2 compiled task will print an appropriete message if it
runs out of dataspace. Excessive array dimensiors for thar
dataspace allccation are the usual cause of the problem -
the message will probably indicate the offending ©IM line -
but dataspace can also run cut if routines keesp calling one
another withcout RETurning.

Sometimes you may want the ceonvenience of array access
witheocut ch2 memery usage. In thls case the 'virtual array!
routines in TURPOLUIK_CEMOS uay be useiul., These sre
SuperdaA3SiC routines which you can examine, adarpt and
cempile. They let you ‘'dimension® arrays of one, two or
three dimensicons on disk €r micredrive, znd access then
muca ag if they were normal BASIC arravys.

THE TURE2 EL "YILOPEDIA
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NAMES, VARIAELES AND ARPAYS CHAFTER K

The main differences between virtual and conventional
arrays are that thilz> are no subscript limits and data is
stored on the specified medium, rather than in memory. Any
unused memory cutside your task is used as 'slave bdblocks' -
buffers to speed up access to the virtuval array, so that
the computer doesn't always have to read the disk or
cartridge to find data, especially if you work segquentially
through an array.

2s the routines are written, arrays of 1, 2 er 3 dimensions
are supportz3d, but you must pas3y One Or tWo maximum
subscripts te the virtual array routines when you access 2 -
or 30 eones. You can change this, by using global variables,
if you find it anuoying, but the present imglesentation :s
ezsier to bolt onto existing programs.

One other difference is that you have to use a procedure= (:;
call, rather than an assignmant, LO store values in a
virtual arsray. This should nct cause anry problems.

TURBO virtual arravs work fine - albeit more siowly = in
interpreted SupertASIC.

Ea

THE TUnBC ENCYCLOFEDIA Secticn 2, page K-10
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FLOATING POINT AND LOG1CAL ARITHMETIC CHAFTER L

FASTER AND BETTER FLOATING-POINT

~URBG's floating-point mathematics routines can accurately
compute and display nine decimal digits, rather than the
seven or eight shown by the intarpreter.

whether you're colossally wealthy, or past Covernments of
your country have taken an enthusiastic apprecach to
*inflation', or you're just plain pedantic, you may find
thic extra presision very aprealing, ssgecially as TURED
ficating-peint operations are much faster thin thosz of the
SuperBASIC interpreter.

The perils of points

It is important to remember that TURED caiculations oifer
the same potentiai pitfalls as any orther digital conputer
T .ge are rarely explaired preperly, and we would advise
anyene pregramaning the QL Lo handle menev to read, or at
least sc:n through, tne remainds:r of this chopter, whecher
or not they intend to use TURBC for these programs (and if
net, why non?til.

=B
-

" Errors mayv occur if monetary guantities are entered as

decimz1 frostioms. You can confirm tnis by typing a sinple
caleculation = say:

TRINT 25.43 = 2%.42

at the QL keyuoard. Tha resultl rinted is not cractly 0.01.
This is not & bug, but a natural conseguenc?2 of the use of
binary arichmetic - similar results occcur on all ccmputers
that use fast binary arithmetic, 1including the (relatively
slothful) IBM PC.

7o understand the problam, and the best sclution, yeu nead
to consider the rature of fractions, numbers, and the way a
computer works. In the interests of clarity, albeir at the
risk of boring you, we'll explain things from first
principles.

Counting Arabs

In the 'decimal' arithmetic system which we have inherited
from the Arabs - but nct, for instance, in Roman numerals -
the value of a given digit depends upon its position.

wWe all know the rulss so well that we no longsr think about
them., A digit in & certain positicn represents tan times
the value it would in the pesition to the rignt, and a
renth of the the value of the seme dialf written 1O the
lefe. :

THE TUERD DNCYCLOPEDIA Secticn 2, wage L-1
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FLOATING POINT AND LOGICAL ARITHMETIC '~ CHAPTER L

This is actually guite an ingenious system, as you learnt,
hepefully, at primary schoel and can guickly re-discever.
Try to do some simple arithmetic in Roman numerals - say
¥VII times XXIV =~ without cheating ané converting the
numbers to decimal!

If vou want to write a whole number - 2 number with no
fractional part - you can always represent it sxactly using
Gecimal notation; you just write down the number of units,
tens, hundreds and so on up until the answer is complete.

Fractions are not so easy. We put a decimal point after the
digit representing & cerzain number Ol units. Thereafrer,
each digit reprezents a certain numder cf tenths,
hundredths and so on.

-
But some frazctions cannot be written precfisely in decimal, (i}
however many digilts you use. One obvious example is a

third, where you need an infinite number cf 'three' digits

after the point in order to represent the fractien

preciseiy.

Another interesting csse is the fracticn cne seventh, wnere
you must repeat the digits 142857 over and cver again after
the decimal goint. The more digitr you use, the mcre
accurate the resul*; but you car never represent either of
these fracticns exactly usibc the decimal scheme.

So far this may seem chvious gnd irrelevant - but we have
estaplisned that decimal aritpmetic ¢snnot represent some
fractions precisely,.

Aliernatives to decimal

Now imagine a numbering scheme where the value of each (ﬁ\
successive digit wo: thrzc times that of the same digit -
written to ifs left. 'The columns then go {for example)

ines, threes, ones, thirds, ninths, and £0 on. Thizty
would be written 1010,

If we use this numbering system, the fraction a third CAN
be written exactly = as (.1 {(the one after the point
represents one third). Similerly cne ninth can be wWritten
exactly as (.21 = and one ninth is another numaer that
could not be written precisciy with any number of decimal
digits -~ it's a third of 0.232333333 etg, etc,

The system based on multiples of three is, logically
encuch, called 'kase 3'. The ratio of each digit position
*o its successor is threc. Inly three posibla values are
needed fur each digit pesition, Counting goes C, 1, 2, 10
{one three and no units), 11, 12, 20, 21 and so on.

THE TURBO ENCYCLCPELIA Zection 3, pass L
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all orher fractions can only be reprzsented approximately.
A third in binary is writien 0.0701010% etc. Again, yeou can
easily check this if ycu don't believe us.

Humane tend to use fraccions like tenths and hundredths a
lct, because they're used to Secimal maths. But a tenth,
when written in binary, is an infinite seguence:

0.50Q110011C011001 1. ..

Unsurprisingly, a hundredth alsc goes on for ever, if
written as a binary fraction.

The correct answer

You can avo:d all problems with binary erithmetic if you
follow one simple rule! Alwayvs work in WAQLE UNITS.

As we saw at the beginning of thig discuszion, it is only
fractions thet cause problewms. If you make sure that you
work in pence, Or cenis, Or whatever your basic unitc 1is,
you'll never cet the wrondg answer, SO long o3 you stay
within the number of digius the machipe can hold
;ccurately.

Try to aveid divisisn except by exact factors, or
multiplication by fraction - whese operations will aluays

jive approximate resuits. Be sure to round numters
c0n515tently tnereafrer.

You must use EDITS or string INFUT statements Lo read
numbers, sc that flcating-voint spproximationg neveyr get a
chance to creep in. Theack that the decimel point is in the
right place in the entry, then remsve it, to get a whole
number which yecu can process withour problems. Insert the
decimal point - using si{ring cperations, oncg again -
bzfore you print resulis.

Living dangeroustly

Some books and articles may suggest diffevent seluticns,
which essentially revoive around scaling the numker up,
crhopping off a few digits and scaling it back down. This
will generally work by chscuring errsrs that cresd in when
nambers are entered as decaimals.

This altcrnative is slow and petentizally unreliable. Errers
can accumnlate when spproximations are added together,
urtil they become obvious - hopefully ~hwious to you,

srher than your auditors or the Tax Inspectori This
rechnique aiso restricts the range ¢f numbers you can use:
there's e rrsk that a large sumber may bc scaled beyend thn
pumber of “rg1ts tnat can be sinr:d preciseiy. '

"1
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THE TURBO ERIYCLOPLEDIA

LOATING POINT AND LOGICTAL ARITHMETIC CHAFTER L

Scientific datzchmant

Most ‘'scientific' users, and others who need fractions to
model the real worl_, shouié not be upset by this
discussicn. When you're working with srbitrary values,
binary arithmatic is no less accurate than decimal. Indeed,

it packs more acguracy into a given amount cf memory than
BCT can.

compiled preoeyam is NEVER
untergart. raradex:ically,
&te, since
means that very
nary can be

d by rounding.

The ‘accuracy of a
lese *han it i:

ansue*s are alsﬂlave: mere p
small errors caused by the couversion ¢
seen, where previcusiy they were obscur

dlogical, Captain!

The QL is rather unusual in one of 1ts uses for floating-
point values. It treats the resul:r of a2 'logical operator’

{things vou ¢f-an use in an IF statement, such as NOT, AND,

==, »= and s$2 on) as & floating-point value, even though

‘logical values are usqal;v anly 1, meaning TRUE, or

" 1]

Lelirmazave” if you're a Vulcan; and 0, meaning FALSE or
"negative, Jim".

In fsct the QL treats any vwalue otner than zero as
logically TRUE, and because this includes all the possible

floating-point numbers TURBO must allow any of them in an
Ir test, If you type:

I¥ 123456.7: PRINT “vYES"

the conditional part of the command WILL be executed, and
there worn't be an error — most computers use 16 bit integerx
values tc represent TRUE and FALSE - they weuld rejeat this
command bacauce 12345€.7 is not such an integer,

TUREQ supports this SuperBisSic qui:k, sc that programs werk
consistently in this regard whether interpreted or
compiled. Fer consistency's sake, nLu logical values must
Le ip float;no-po1nt format befeore they're tested by IF,
AND and the rast. Tnis happens efficiently and
automatically upder most cirgumstances, but yOu can mass
things up and create extra work if you use integer flags.

If you set and test a flag in vour rrograxm like this:

flagy = pointer<13ig72 CE goi
IF flaz: : PRINT "Invalid QL PA:

Section 3, page L-5

—— vl



FLOATING FOINT AND LOGICAL ARITHMETIC CHLPFTER L

TUKEO will have to convert the flcatinc~point torical value
rerurned by 'OR' into an intzzer in order to put it into
FLAGY. TURBO must also convert it back te floating=-point
whenever you test that variakle. These needless conversions
waste time, so vou should vee floatinc-point variables as
flags, if you want your programs to be executed
efficiently.

Turthermore, it is faster - altheugh slightly more code is
needed = tc check that integers are non-z2ero by comparing
them with zero (IF incs<>0 THEN) rather than by testing
them directly (iF int% THEN).

Esoterica

There are sc—e very minor errcrs in early ("AH" and "JIM"™)
versivnes of the QL RGN {losting-pecinnt routines. These caa
cause slight inaccuracies - ¢ypicaliy 1 part inm 'E13 = when
scr.ox desimals are addod or subtracted. These errors are
fixed by TURBO, and were alsc fa.ed by SUPERCRARGE.

Interestingly, the errors in the early ROMs alsc appear in
the lateszt library of the pseude-compller ‘QLiberator' =

‘surely yet more procf that they're & ¢ouple of vears benind

the competizion (us}. Docubtless, though, thev'll read this
and fix the protlem; we knew, from looking through ‘their’
postcard-sized User Marual, that thev read, mark and
inwardly digest every word we write. At least!

cack to bucsinzss

In British financial programs you should werk in units of
pence. Similarly, in other countries with decimalised
currency, werk in cents or their equivalent., 1f your
country has only cne unit of currency youv should obviously
only use that uniz, and ot fractions thereof,

To make the writnaing of business procrams easy we have
listed two routines whick allow nurbers to be read and
printed in Jdecimal form without lozs of accuracy. The
routines are as relevant to interpreted programming as they
are to ceompiled code.

FPRINT.MOMEY and INPUT.MONEY get arcund the problems of

f€ecimal input and output by the use of strings to steore
corcimal values.

THT TUDE. ENIYCLCPEDIA SECH
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FLOATING POINT AND LOGICAL ARITEMETIC CHAPTER L

PRINT_MONEY expects two parameters. It prints the second
value to the channel specified by the first value, without
advancing to the next line. In order to give neat results,
a minimum af fovr characters is alwavs printed, so that,
for example, the wvalue '0D' wculd be printed '06.00*.

DEFine FROCedure PRINT_MONEY{channel,amount)
LoCal moneys

moneys=amount

IF amount<il0 THEN moneyS="0" &£ money$

IF amount<i0 THEN monrevs="D" & monev$

PRINT Fchannel;money$(l TC LEN{mcneyS})=2);

PRINT#*channel;“.“;moneyS{LEN{mcneyS]-? TO);
END DEFine PRINT_MCNEY

The next routine, INPUT_MCNEY, wilil accuratelv read
menetary amounts from a specified channel, pesiticning the
cursor at the character go-ordinates vou supclv. The ccde
1s rather long when compared with a simple INPUT, but it is
a lot rore comprehensive,

The function chac’is for five possible errors, rejecting
very brief entries and those wh.ch contain non-aumeric
characters, more t.an one decimal point, more than two
digits after the point or wmer« than seven before the puint.
The result is racurned in pence.

INPUT_MCWEY calls a sacond procedure, CCMPLAIN, if an error
is detected. CLIFLAIN just prints a relevant message on the
top line of the wincdow, in this example, but it's easy to
change it to 4o something else.

S Frr ofhwedksf
gL ULEE 1o SEeomab b
Ty EovLi A DeSTRRD
Tie WO Vs
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FLOATING POINT AID LOGICAL ARITHMETIC CHAFTER L

. DEFine FulNcrion INBUT_MONEY (channel,x, v}
LOCAL pence, pounds, dxgif, minus, pPoLintpos, meneysS(10})

. REP=2at tIYy

| AT kchannel,x,¥y

P-~ CLS dichannel,d

. money3=EDITS($tchannel,0,10)

IF LEN{monzy$)=0
COMDLATN "Entry too brief.":NEXT Try

END IF
- minus=money${1)="="
‘ ~IF minus
: ! IF LEN(money$s)=1
R CLMPLAIN "Entry teo prief.”
" END IF
: money$=meneys${2 TO)
END IF
. FOR digit=1 TO LEN(money$) ™
. IF NOT (memey$idigit) INSTR ".0123456789%) (:}
COMFLAIN "Invalid character 1n entry.": NEXT try
END IF

END FOR digit

pointpos="." INSTR meneys

1 pointpes=0 OR ;;intpos=LEJ(money$)

i pounds=ucneys

' pence=0

ELSE
IF *." INSTR money$(pointpos+1 TO) THEN

COMPLARIN “More than one peint.™: KEXT try

EHD IF

i pounds=monev${1 TO pointpos}

pence=mnneys${pointposy ) T0)

iF pence>?% THEN

3 COMELAIN "Invalid number after point.": NIXT try
END IF
- END IF
[ IF pounds>=1EB
i COMPLAIN "Number too large.”: NEXT try (i?
’ END IF i}
1¥ minus
i RETuzn ~-{rounds*100+pence}
; ELSE
i RETurn pounds*100+pencs
L END IF
i END REPzat try

END DEFine INPUT.MOHEY

T

DEFine PRCCedure COMPLAIN(mMesSage s}

aT 4k channel,0,9

LLs Hchannel,3

‘ pRINT Fhchannel;"**** ";messages; .
£NS DEFine CCOMPLAIN

AROVE: suazested decimal monetary INPUT routings.

THE TUREC ZHIYCLOPESIA zieTion 3, page 1-8 L
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FAST ARITHMETIC WITH INTEGERS CHAPTER M
TTATHEMATICAL MAACHINATIONS

Wher the interpreter process2s numbers it goes about it in
a rather long-winded way. The variables and constants
normally uced in SuperBASIC are ‘Iloating-point’ - in other
wocrds, they can reprzsent & vast range cf values, to an
accuracy of 21 bits (about one part in two billion}.

The 6800F processer has simple, fast instructions to adz
and subrract values, and even to perform multiplication and
£ivision, but these instructicns can only cope with a much
smaller range of values.

Interpreted SuperBASIC adds 2 ané 2 in a nurber of staces,
Tt works with the magnitude (or expcnent) and digits (cr
mentissa) separately. First it fetches both pairs of
values, checks that t=hey are btcth of about the =ame
magnitude, ané a&jvsts them if need be. It adds the digits,
mzkes a further zdjustment :f the magnitude has changed in
he process, and stores the result, in two lumps.

The process for multiplicaticn and divisicn is even more
complicated, aid in any case it is much slower than those
cne=step instructions.

You can take advantage of the QL's fast instructions by
specifying that some variables in your program are
‘integers’. The word means ‘whole numbers’.

In 3uperBASIC integers are confined to the range -32,768 to
+32,%67. Integer variables ars dencted by a per cent sign
at the end, just as string vueriables are dencted by a
dollar sign. Any fractional part assigned to an integer
variable is ignored. Thus INTYAR%=10/3 leaves INTVAR% with
the value 3 {not 3.33333333),as would INTVARY = 11/3

For many 'counting' applications, such as keeping footbkall
statisvice, writing cames, searching arrays anc so forth,
tre limited range and accuracy of integers is not a problem
- and the greater speed of integer arithmetic is very
alluring. Mest 'machine code' games would proceed at a
snail's pace if the programmer was not able to take
advantage of integer arithmetic.

The snag is that Sinclair's SuperBASIC interpreter costains
very little support for the processing of integers. It can

ferch vhem from integer variables and store them in integer
variables, but that's about it. If you put the line:

SUM%=COUNTE+ !

into an interpreted BASIC program, it takes LONGER to be’
executed than the line:

SUM=COUNT+1

THE TURTQ ENCYCLOFEDIA Sazction 3., page M-
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FAST ARITHMETIC WITH INTEGERS CRRFTE

~his is because the interpreter only kncws one way of
adding. I+ can add a floatinc-point vaiue to another,
giving & floating-point regult, but it deesn't know how tO
add an inteser ts an integer,

When the first example is exscuted, the interpreter starts
ry fetching the value of COUNTS and the value 1. It <an
only add floating-point numbers, SO it laborigpusly cenverts
the value of COUNTY before it performs the tortuous
floating-peint additicn. The number 1 has bean sterad in
fioating~point form all alcng, 2ven though it is a valid
integer value. Finally, oncse rre Fleating-reint result is
kmeowr, the interpreter crunches it inte an integer so that

jt fits i1nto the integer variable SUMS.

mhig is obviously a silly way of doing things, althoush it

is gadly ccmmen in wWicres - the Commodore 64, amongst Other

machines, does just the same thing. The upsnot ig that (:?
integer arithmetic is no faster +han floating-point - in

fact it mav even be slower, due teo all the conversion that

has to take place. The 'advantage', using the interpreter,

is that two byte:s are usxsl 1o store the values, ratbesy ilin

six = this is only significant if you use lzrge arravs.

TURPO'S TOUR DE FORCE

TUKBO comes to the rescue at this point, Licause it allows

proper, fast integer arithmesic. & iarve chunk of the
compiler is concsrned with keeping track of the types ok
values, so that integer arithmeric is used wiaerevsr
possible.,

The cempiler is limited by the rezd to remain compatible

with the interprei=r, and to PLOCESS mixed floating-point .
and integer expre~sicns, but it eaon still process integers ( a
Six to twenpty timnes Iascer than the floeting-point

routines, gven though it takes care Lo PLOTeRE CORIEON

floatinu~point 'special ceses' er{iciently.

When you program in Sup2rBASIC you probably ignore the
availability of inceger variaples at present. If you adjust
your programs so thot integers are usael whenever ~ossible
you will find a substartizl spesd imprevement - long BASIC
pregrams which use intef-r variables may run & hundr=d
times faster when compiled.

for best results you should use integer varizhlas whenevar
the limirstions of range and accuracy are not imcerianc. B¢
sure tc use integer variablss whep 3cces=ing arrays ot

siicing strings. This does not restricrt yeu, as subscripts

L

must b2 whole numbers, and both TURBO and SuperBASIC impose
an ugper suBscript limit ©f D27ET, fzr precisely this
ragson - nog that it hewips BuLte3a5IC much!

THE TUNRD ENCYILOFEDIA Section 3, pages M £
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FAST ARITHMETIC WITH INTEGERS CHAPTER M
You can often get good results by changing the type of just
a few variables, rememberinc the rule that a few lines are
usually responsible for most cf the execution time of a
program. Experimentation ané close examination of the
program is your best guide here, although it can be useful
to break into an interpreted programl whenever a pause
oceurs, noting the appropriate line=numbers.

TURBO trickery

There is a preblem with fast integer locps ané multiple
tests, since Sinclair did not allow an integer IOR
statement to be sntered cn QL versicns after "AH", ba2cause
the interpreter could not cope with them. IS vou try to
type in a line like:

FOR LOCP%=1 7O 10: PRINT LOOP%
your computer may reject it as a 'bad line'. If your QL

allows this command, you're in luck. Qtherwise, ycu will
need to usa 2 little TURBC trickery.

. Use a normal floating-point name for the loop, but make

sure that vou're not using it elsewhere. Add the command:
IMPLICITY <name>

to your pregram, befere the loop. <name> should be the name
you pr..ied. Now TURBC will behave ag if che name nad a “a"
sign after it, without the need for you to type it as such
and annoy the interpreter.

You can use the same trick tc write integer SElLect
statements in your programs. Just use IMPLICITS to tell
TUFEC that the relevant namz is 'really' an ioteger, You
‘can put several names, separated by commas, after one
IMPLICIT% directive. You can alsc put several IMPLICITS
directivas in a program.

Operations and data types

SuperBASIC coercions are usually pretty easy to follow, hut
they get more complicated when you bring intesers into the
picture. TUREO will spot any cperaticn that uses inteze
exclusively and generate fast concise code to do the 10ob.

If vou work with a mixrure of integers and floacing-point
values TURBO will use integer arithmetic until .. has tc
vze a fleoating-point value, when 1t will convere the
temporary result to ficating-point to macch,

THE TURBC ZI.7vILOPEDIA Sectien 2, pooe M-3



=

FAST ARITHMETIC WITH INTEGERS CHAFTER M

TURBO performs calculations in just the same order as the
intsrpreter; the urgency or 'precedence’ ¢f each arithretic
opearation i5 listed here, with the operations that are
normally performed first at the head of the list:

Unary plus and minus PRINT +X, =X, +N%, =N%

String concatenation FRINT AS & BS
INSTR PRINT A3 INSTR BS
Exponentiation PRINT X * ¥

Multiply, Civide, MGD  DPRINT X*Y, X/Y, NT*M%, Ni/M3
N3 DIV M3, N% HMOD M

23d, Subtract PRINT X+¥, X-¥Y, Ni+M?, Ni-Mi
Comparisons BRIWT XY, KAKY, ¥o»=Y, Xi=Y,

¥<ry, X=¥, K==Y, J%<=X%
MEON%, MBCNw, ME>=NS%,

Pedantic note: ME<O>N%, M$=N%, Mi==N%,

N%==" rnd N%=M% AS»=BS, AS4<=B%, AS< B3,

are equivalent! AS==B5, AS=E5, AS<BS,
AS>BS

Bitwisa2/logical HOT PRINT NOT X, ™ ™ M1

Bitwise/logical AND PRINT X AND ¥, M% K& N%

Bitwise/logical OR/XOR PRINT X OR ¥, X XOR Y,
M% 1] N%, M3ANS

xamples alongside the tygpes indicate the distinct
and differsnt types that TUPBO recognises. If the
you supply match one of these exanples, TURED

the appropriatce ccde.

H

aoer 0o

15 1
o
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iy

o
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Otherwise it checks if it could cope bv converting first
ocne, or (in approprizste casesg) both of the values from
integer to floating-point, ¢r failing thot from integer to
string, cr from fleoating-point to string. If this looks OK
TURBC generates code to porform the conversion and then
encedes the operation,

The remainiig casz cevers ‘classic’ QL ceoercions; things
like FRINT "“2" 4 72" or PRINT X MCOD Y. This case crons up
whan you try to perform arithmetic with strings, or i1nteger
operations wilh tloating-point or =ctraingy values. TUREC
crosses its fingers and gencrates code for the regquired
conversion, ta:zn encedes the oreratich, noping that the
values supnplied will *£i%' wizheout an OVEFFLOW ¢r ERPCR IV
EXFRESEION when the code is executed,

THE TUSLO ENCYCLOPEDIA Scution ¢, page M-4
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FAST ARITHMETIC WITH INTEGERS CHAFTER M

Qptimisations

TURBEO alsc optimises sguaring, exponentiation with integer
powers, raising twe tc a power, division by all factors of
two and several other common cases.

All of these optimisations are performed by checking
floating~point values - thers's not much point in
cprimising the integer cases becacse thav're exscuted so
guickly by default that the marcinal benefits of
optimisation are not worth the effcrt, especially ag they
tend to be swzmped as soon as your program dees something
other than integer arithmertic.

We have plang to produce a separate TURBO optimiser which
can run after the parser anrd tefcre the code-generator.
This will check fer all sorts of spzcial cases,
accelerating and compacting programs even mocre than TURBO
can on its own.

Tricis and traps

You can alwzys change the order in which an expression is

evaluated by adaing brackets, so:

PRINT X * Ht * §
will be performed a little faster by TURHG if written:
PRINT X * (N3 * §5)
...in the first case TURBO converts N% to floating-point
form, multiplies by ¥ and multiplies the resulit by the
floating-point value 5. In the second it multiplies N3 by S

using integcer mizheg (so N3 must not 2xceed €553), converts
the result to fleatiag-peint, then multiplies it by X.

If you'tre lazy TUREBD may react & little cwer-zealausly:
PRINT 22 / 7

will print 3, rnot 3..4285714, when ccmpiled, as 22 and 7
are both integers. This case £an ¢rop up in the middle of
an exprescsion, cr in an assignment. It's easy to correct
thic = if you want a floating-point result, frem an integer
censtant expression, writes

TILMP = 22 : PRINT TEMP / 7

THE TURBD ENCYCLOWERDIA Secrion 3, page H-_
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Boundezry effeets

The restricted range of inteser arithmetic can cause
problems of incempatibility between compiled and
intercreted programs - especially in the obscure
circumstances which compiler-writers dreac. These cases
should net catch you out as long as you're reasonably
cavtious; if problems do occur they usually mzke themselves
cbvicus guits guickly. )

Coensider this example:
PRINT A% + 1

The compiler recoanises that At is an intecer variable, and
'1' is an integer value. It cenEeguently oenerates a

single, fast instruction to ado tne two intewers. But if

the value of A% happens to be 32767 (the maximum integer)
the adéition fails, 5iving an CVERFLCW error, when it
prcduses a result which is outside the permissible range of
integers.

When thir statement is execcuted py the interpreter both A%
and '1' zre converted into floatine-point values as soon as
they ars encountered. A flca-ing-point addition is used,
giving the eorrsce result of 32768.

Of course, this is an unlikely example. If the line were:

BY = A% + 1
Loth the interpreter and the compiler would report an error
if that statement was started with A% helding the value
127¢7. The interpreter would recognise - somewhat belatedly
- that the result 32768 zould nort be stersd in an integer
variable.

However, more intrizate traps can crop up. Censider this
integer calculation:

B% = A% * 3 / 2

In this case the compiler mey detect an =2rror when
executing the statemsnt. If A2 hes @ vazlue greater than
(22767/3) the temporary result of zhe multiplicaticn would
exceed the range of valid integers. 1n this case, the
ordering ¢f the sxpression 13 iaportant. The line:

B} = A% / 2 * 13

would work correctly for values of A% up oo {I2787/3%2) -
at which point the result would Le reo zreat to fit ia B..

TURRO <eces not enforce this ordering « in 1t @valuates
exmren iong, singe the o-der of executicon has an zifect on
the accuracy of the result 1n such inconznces. The division

TEE THURBD .. JYCLCPEDIA Section 2, nu.o M8
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is performed using integer arithmetic - discarding the
remainder - so that the value oI B% calculated by the
compiler is always a multiple of 3. In CONtrast, when the
interpreter is used, the remainder after division is taken
ince account, giving a more accurate result.

Invisikl2 integers

TURBC TOOLKIT functions thet rsturn integer values end with
a per cent sign, to remind you of the type of their result.
If you use non-stancard extensions TURED works cout what
results to expect from the last character of the name,
which igs why you'll ge: best results with TURED 2and EPRITE
GENERATOR if you use the new funct:ons which have names
ending with '%’ signs.

Some functions and operztors built-in teo the QL return
integer values implicitly. These are:

LEN, INSTR, KEYROW, CODE, PEEK, PEEK.W, MOD and DIV

up returns an floating-point value if you use it without
parameters, and an integer if you specify an upper limit or
a range. .
"Rather confusingly, the QL's IKXT functicn returns a
floating=pcint value, so that 1t can ccye with numbers
cutside the range =32,788 to 22,7€7. It still falls over
with an CVERFLCH error if you give it a number that TUREO
would print in an 'E' format - 1E10, for example.

vou should bear in mind the -ypes returned by built-in
functions, or TUREC may ca:tch you cut. For instance:

parnum = CODE( msb$ ) * 256 + CODE{ 1sb$ )

...will fail if CCDE({ msh$ ) is greater than 127. TURED
uses integer rmultiplication because both CODE and 256 are
integer vaiues, and 120 * 256 is more than 32,767, the
maximum integer.

it's easy to fix such a problem by using a temporary value:
parnum = CCDE { msb$ )

aAlthough there are some pitfalls asscciated with the use of

integer variable arithmetic, they crop up rarely in

practice and can be easily corrected by the use of float-

ing-~point variables in specific instances.

An integer value can ke forcibly converted to floating-

point, in interproted or complled prograns, by copying it
to a flvating-point variable b=aicre furthe: processing.

THE TURPO ENCYCLOPIDIA Cection I, page M~7
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Integers for scientists

This section is aimed at TURES users whe have 2
mathsmatical inclination and whe need to be able to compute
the values of advanced maths functions such as SIN, LOG ang
EXF at top speed

Ir SuperBASIC, the advances maths functions are ceomputed
with a high d=gree of accuracy = more than i1s necessary for

virtusily any application. By fefault, TURED computas souh
functions to nine decimal digits of precision = and NASA

only needed te use PI to an accuracy of ssven digits to
land apollo XI in the right hele on the moon!

Sc what's the problem? Just that you don't get cwt for
nowt. TURBO makes heavy use of the Qu ROM ro.ilnes, to
ensure compatibility with the interpreter, ard it takez 2
long time for the 62008 to work oot such sccouratse reenlts,
even though the TUR3O calis are efficient. TURFO is sivill
faster than the interpr:ter, because it avaids neediess
syntax checks and other rin-time indulgences.

" You may feel that Sinclair got thne trade~off between

accuracy and spe: i completely wrone, in which case you can
correct the mistake! TURBY in-line code is so fast that you
can re-code maths functions in compiled SLUperBASIC and get
a useful speed imgrovement, with no reed tO rescrt T
machine-code.

Look-up tables

The simnlest way to speed up the handling of advanced maths
Functions is to 'look-up’ values as required 1n pres
caleulzted tatles - rather like tne printed tables that
were, until recently, often used LR S5CnCois.

For instance, a floating point array of ¢1 clements could
be used to hold the values of the sines of integer angies
ir the imrterval 0..90 degress. 1nis intezval is choson
because once yau kre the velues of the sipes 1n 3ucn a
tzble it is trivial to compute the values of sines cf other
sngles. This computation involves onlv zddition and
subtraction, which TURSC can parfiorm vexy guickly. If you
doubt thic, drew or plot & =ine araph and see how each G0
degree seccticon resembles the shupe of the first.

vYou oaly reed to fill the array once, at the beginning of

the pregram. The array COntents nay be read from a file,
ATA statements, or computed once-and-for-all.

THE 1TURBC ENCYCLOPEDIA Secticn 3, page M-
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In~between values

‘Linear interpoclation' - which means working out
intermediate values by conceptuzlly ’'drawing a straignt
- iine’' between known, adjacent ones = gives reascnably
[_ accurate results for non-integer angles in between those
held 4in the table. If X is the angle, and N% is an integer
such that 0 <= (X-N%} < 1 i.e., N% ig the larlest integer
A« not greater than X), we can apply linear interrolation to
i

get this approximate fermula:
fix) == f (nt) + (x-nt) * ( £in%+3) =~ £(n%}

Bence to calculate SIN( 22.71 Seg } we Lcok up the values
i of SIN(22 deg) and SIN(22 deg) and use the formula above: P

71
+ EIN{ 22 deg) )

SIN( 22.71 deg ) == EIN

- —. - ﬂ“—-—lj
L]

How precise is this method? This depends upon the function
- you're approximating. As long as the function is
continucus, and not too rapidly-changing, in the area you
- ‘are interpolating over, the technigue is very accurate: for
1 "example, the last equation yields SIN{ 22.71 deg) with
99,297 per cent accuracy - about four and a half cecimal
places, which is usually plenty goeod enough for engineering
purpcses.

i In some cases the domain of the function - the range of
paraneter values ~ makes integer increments inanpraprisce =
there weuld either be toc few or Loo many array elements.
One such function is ARCSIN, where the domain is =1 .. +1.

[T

In such a case you must choose an small increment which

f.”) will yield a reascnable number of array elements = say 100.
H We can get 100 steps betwesn -1 and +1 if we uses a =tep-

[' size of 0.G2. Thus the array should contain the values of

] ARCSIN(X) for values of X as follows: -1, -0.¢8, =0.96 ...
i -0.02, 0, 0.02, 0.04 ... G.%, 0.98, 1.

l Allowing for the end values, we need an array of 1C}

. elements. If the name of the arvay is LOOKUP, it's values

might bes assigned as follows:

LOCKUP{0)

LOCKUP( 1)

! LOTKUP{49)

LOOKUPR{50)
: LOOKUE(90)

P LCOKUP{ 100)

LRCSIN(-1)
ARCSIN(-0.28)

P

ARTSIN(-0.02)
WWCSINIQ)

i

ARCSTH{(.28)
ARCSIN(1}

i}

L.Mﬁ THE TURIY & .IVCLOFEDIA
t
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FAST ARITHMETIC WITH INTEGERS CHAFTER M

In short, to find out the vaiue of BRCSINI(X)} you look up
the value of the ( X / 0.02 + 50 }'th element of LOOKUP. It
is generally faster to write this with 2 multiplication,
rather than a fleoating-peint division:

ARCSIN(X) = LOOKUP( X * 50 + 50)

vou can improve this further by adiusting your crogran te
shift ARCSIN values into the range 0..Z, thus avoiding the
fleating-point additicn step, but that mav not suit you.

in crder to calculate the BERCSIN of a number i
an exact multiple of 0.02 vou can use linear. cerpelzrion
again. If X is that nurber, and ¥ is tne T t multiple

of 0.02 which is not creater than X: i

[
(AT

%)

ARCSIN(X) == LRCSIMIYVY + {(¥-y) * 50 *
{ ARCSIN(Y+D.02} = ARCSIN(Y) )

Hence, ii we wisned to compute ARLS H(-0.357) we would use:
ARCEIN(0.367) == ARCSIN{
( AR

+ 0.013 * 50 *
} - ARCSIN(-0.38) )

In general, if we have chuser an interval of K { x>0 ), and
if ¥ is the number whose functicn value is to be computed,
choose Y so that it is tie largest element in the set of
precalculated function values that is rot laryer than X,
i.e, 0 <= (X=Y)} < K. Then use:

fix) == £(y) + (x-y)/k * [ E(y+k} = £(y} )

An alternative implementation of linear interpolation,

which scmetimes cives pmore accurate results, involves two

arravs. COne holds the precaleulsted function values, the

other holés precalcul. ied values of the derivative (:}
{gradient or slope) of zhe function. If £'(x) = a(f(x))/dx

{the slope) then:

Flx) == E{y} + (x-y)*€'(y)

Some functions change values toc rapidly for linear
interpclation to yield reascnable results, and drastically
decreasing K has a disastrous effect on array size. The TaN
funccion, for instance, changes fast in the vicinity »f
PT/2. In such cases we recommend that you use the built-in
advanced maths functicns, but only for the ‘prouiem’
values. Alternatively you can use 2 convergent series,
which ig the next technigue discussed here.

o
THE TURZO LiCYCLOPEDIA gartion 3, page -0
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FAST ARITHMETIC WITH INTEGERS CHAPTER M

Convergent series

A convergent series is a class of formula which expresses

the value cf a function. The word ‘series' indicates that

the formula is made up of a series of terms which are

mathematically related. ‘Convercent' indicates that the

more terms you use, the more accurately the result

resembles the function.

Summing the first few terms of a suitesble convergent series

is a goocd general alternative to using look-up cables in

all casce where storage is short or the domain cof values to

be covered is larce. A look=-up table fcor ENFLX) 15 not very

practicable!

We list some of the most important series here. Summing

them to just three terms will give between two and three

decimal &Eigits of accuracy - good enough for most graphical

purposes.
SIN(X) = X = X~3/3! +« X"&/S! = Lae- C {X"Z<KPItPI/4Y
COS(X) =1 — X~2/72!'" + X™4/8! — .... C {(O4=X<PI>
TAN(X) = X <« X°3/3 + 2%X°5/15 + 17¥X7/315+ ... A {(X"2<PIs%PL/4}
ARCSIN(X) = X + 1/2*X~Z/3 + 1/283/742X"5/5+ ... B {I724~12
ARCCOS{X) = PI/2 — ARCSIN{X} exactly B {X~24=1}
SGREOTAN(X)Y = X = X"3/3 + X"G5/0 = seea A X 213

= PI/2 = 1700 + L/T/2073 =~ eees A (X721}

SINH(X) = X + X~3/3! + X5/3¢ + .... '
COSH{XY = 1 + X272 + X~4/3! + ...
TANR(X) = SINH(X) / CGSH(X) oxactly
ARCSINAH(EY = LN (X + SARTX™Z + 1) exactly :
ARCCOSK XY = LN (X + SART(X"2 — 1)) exactlv B {X>=1}
ARCTARHIIX) = 1/2%LN ((1+X2/{1-X)) exactly PRI SalACH: I
LN(X) = (X=1) — (X—-1)"2/2 + (X-1)"3/3 = ... A {{X—-1)"2<1}

= ={1-X} — (1-X)"2/2 = (1-X)"3/3F =~ ... A {{X=-1)"2<{L>
EXP(X) = 1 + X + X™2/2! + X"3/3! + ...
ATX = e~ (XELN{A}) exactly {A>03

Note that all anales abcve, and from now on until the end
of this chapter, are expressad in radians. One radian is
180/P1 degreas.

If an angle is nct i. a suitable range, convert it using
r=latienships like these:

SIN(X) = SIN(PI = X)
COS{X) = - CCSI{PI + X}

SIN(X) = SIN(2*PI + X)

THE TURBO EMCYTZLOPEDIA Section I, vaae ¥H-1°
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FAST ARITUMETIC WITH INTEGERS CHAPTER M

1n some cases a2 restriction is smecified at the end of the
line, by an entry in the column of single letters. These
jetters have the following significance:

A: The series only works with the restriction shown
after this letter {(e.c. TAN].

B: The function itself has a restricted domain (e.og.
ARCSIN) .

C: The series doesn't converse fast enough without the
restriction {e.g. SIN).

To derive convercent series for trancendental functiens of
your choice, apply Taylor's expanslon:

F(x) = £ly) + £9{y)/1tr{x-y) + FU(v)/21%(x=yi}r2 + ...

when defining such functions ensure that the functien name
you use is not 2 SuperBASIC reserved word (L, SIN, TAW,
ete). Make the povimum use of inteocr:y and in-line code
{'REMark +' - sec Chapter () or the speeded-up function
will be embarrassingly slower thun the standard cne = the
difference in speed b2tween integer and floating-point
operations caanot be over-emphasised.

This is an example of a very fast function to calculate
SIN(¥X}. Tt aszsumes valves cf X are in radians, between 0
snd 2%Pl. Please study it carefully, and read the notes
later:

DEFine FuNction FAST_SINE(X)
LOCAL ¥%,7%
IF ¥>1.5707963
IT X<¢3.1415927
¥=3.1415927=X
END 1F
END IF
IF %>3.,1415927
TF ¥X<4.7123897
X=9.424778~X
END IF
END IF
IT #£>4.71228%
vexX~6.2831853
EWND IF
¥ = X * 100

2% =Y%-Y%*Y%/125*?%/489+Y%*Y%{123*Y%/160*Y%/160*Y%/3?50

rETUrn 0.01%2%
END DEFine FAST_SINE

1TFE TURBO ENCHCLOPEDIA Sectien I, poat

Q



——_

. (-s\l

R T L.

iy Bty B
: [, L .

g ——— gt

FAST ARITHMETIZ WITH INTEGERS CHEAFTER M

*+ The computatic. of It is cemplicated by the €8008's
restriction that integers, including interim results, must
1ie in the range -3276B..32767.

+ 2¢ X has been forced into the interval -PI/2..PI/2,
vy=INT(100*X) must lie petween -158& and 157. The choice of
100 as the scaling multiple is arbitrary but may be
convenient - a more precise result would be obtained if we
used IWT(SORT(32767) /1.5707663) = 1135,

*+ 1 order to ensure that no incermediate answer lies
outside =-32768 to 327€7, expressions like yYr*ys/125*Y% /480
are wsed. In the worst ¢ase, wher ¥i=13Z, the intermediate
results work cut as 24964, 1¢¢ and 31442 (unteger division,
remamber! ).

* pivisions are performed as late as pcssible, anc &y as
cmall a number zs possible, tc keep results accurate.

* The third term should have a denominator of St*100™4 =
1.2E10. we have factorised it, in this casze, to keep

temncrary results as large (hence accurate) integers.

* ye could have saved space and a little time by re=-using

. tne variasle Y% instead of using 2% - but the listing would

nmave been less clear as a resualt.

* In the penuitimate line, we multiply by 0.01 rather than
divide by 10C, even though 0.01 cannos be represented
exactly in binary (see Chapter L). Multipiication is faster
tnan fluating=point division, and if we divided 2% by 100
without- further thovyht TURFO would use integer division,
always giving a result of rerc!

: ar
/ I )
/ Putting two and twe together
and rezching a swift conclusion.
THE T' 30 ENCYCLOPEDIA Section 3, pags ¥-13
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.

FAST STRING HANDLING

~URBO can do merz or lesc anvthing that the ZuperSASIC
interpreter <¢an o with strings - but much fastez. TURBO
and the interprster differ in the schumas thar they use te
represent strings. The compiier stotes SEIIRGS ir two parte
- & fixed-length part, containing the string address and

the length, and a varitble-lencth part contzining the text.:

The interpreter stores rhe length and the text together.
This makes access to strings other than the 'mest recant’
difficulc, and massively reduces the speed of string
consatenacion (&) - putting it simply, the lengthn
information 'gets in the way' of the interprever.

The result is that TURBO is extremely fust ac slicing and
appending strings, but its advantags is rzduced if icts of
mashine~ccde furction-calls are performad. In such cascs
the compiler has to re-organise its store to suit the BASIC
interpreter. This 1= done guickly and efficientliy, but it
still imposes an 'overhead’ which snould be avoided by
programmers ses2king mauimum speed.

TUKEOD also borrows scphistication frem t
functicn when it needs Lo move srrings around mamory - leng
strinas 3ire moved 2.5 times faster then > -
slthough SUPERCHADGE was prztty speedy.

THE TUKDO ENCYZLOPEDIA Seccion 2, page N-1
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The passing of strinc value parameTsrs has been accelerated
bv & factor of zbcur seven comrazred with SUFERCHARGE, and
BEFEREIICE parameter—-gassing, cdocumentec in chapter P, can
cave even more time. All in ali, TURBC string handling is
extremely powerful. The main limit cn string-handling spaed
is the memory in your QL, and Chapter U explores this fact,
among others.

TURBO alse supcorets 'rubber' string arrsys - &Irays that
vou can re-dimension without ilasing the contents - and
‘yirtual arrays', which are simulated errays stored on €igk
or microdrive, buffered autometically in spare mMemOIy.
Chapter K contains the full low-down ©n TUREO arrays.

String dimensions

All strings in TURBO have a maximnum length of 100
characters, unless vou dimension thers explicitly to some
bthey cize. TURBO warns vew of t7is when it dimensions
strings for ycu = this provides a handy guide to the amount
of dataspace that the compiled task will reguire.

The SuperBASIC intarpreter iinds space for un-dinensioned
strirys on as 'ad hoc' basis - if TURBO id tnis it would
vend to run much slower and be wastz2ful in its use of
memory.

In many cases the longer an interpreted string-handling
program runs, the more memory it ti=s up, until eventually
it stops with an OUT OF MEMORY &rror. This happens when the
interpreter's storade bhecomes 'fraamented' by continual
allocation and de-alleocaticn. TURBO tasks NEVER suffer from
this prcoblem.

arny string length betwean 1 and 12,764 characters i3
allowed, but odd lengths are always rounded up to the
nearest even number; the SuperBASIC interpreter does much
the same thing.

String parameters of SuperBasiC procedures and functions
are automatically created as LOCALS whap 2 routine is
called. Their maximum lencth will match th: parameter
value.

ginece all TURBO strings are dimengioned, they Cease to
exist after a ccmpiled CLEAR statement. TUREO issues @
special warning messsge Lo alert vyou to this; 1t is

particularly important tec tahs hez
dimension all of the strings in ;o
leave this to TUREO.

[
é of it if you do not
ur pregram yeuzgell, but

THE TUREQ LHCYCLIBEDIA Sectior 2, pace -2
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STRING AND TEXT HAKDLING CHAPFTER N

If your program tries to accsss 2 string which no longer
exists it will stop with a NCT FOUND report. If your
program uses CLEZR while it runs you should make sure that
you re-declare all the strings you will want to use later.

String slicing .

You can slice 'simple’ strinc variables, or the last
gimension of string arrays, with TURED just as you can with
SupersASIC.

is taken

TURBO takes the view that the defzultr ‘end' sl
s 1 ere or

to be the latest LEN of the string, unles
an inserticn 15 being made:

£

AS(2 TO}="LIZARD"

...in which cases the rhysical maximum length is assumed.
This will almost always match the way that the interpreter
works, although there are some cases when dimensioned and
undimensicned strings are treated inconsistentiy by the
interprecer.

toretimes, the interpreter returns the LENGTH of & string
{a number; whzn ashed for the non-existent 0°'th character,
2.g. 13=VARS(0) = TURSS never deoes this. Use LEd instead.

If these cuses affect your program it will be obvicus when
you run it in SuperBASYC. If you run into trouble when
testing programs intended for TURBQ under the intecpreter
you can put things right by removing or starting the
program afrer the DIM statements that TURBO expects.
Restore the cocde, if need be, once you have {iniched
interpretative testing.

Unlike SUPERCHARGE, TUREC lets you slice string literals in
your programs, 50 lires Like this work fine:

PRINT "“BAD GCCDBEST"(rating:*4+1 TC ratingi~4+4)

SuperBACIC string parameters

Confusion can arise if a string i1s declared in a program as
a parameter or & LOCAL, but never DIM'ed to exist outside.
TUGRZD can't tell]l whether ¢or not references to the string
zlsewnere 1n tne program refer to the l'ocal variable, used
elsewhere after a GO TO or subroutine call.

THE TUREO ERCYCLUPLEDIA Sectiorn 2, page W-:
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vou have a choice about how TURBO resclves this kind of
ambiguity. You can have the names of such strings reported
to you, or have them automatically created (just in case}.
These options are controlled from TURBC's main menu, using
the switch seconé frem the left on the bottom line. The

first option corresponcs to 'REPCRT $' (report strings
and the second to 'CREATE $'.

If you really know what you're deing, and vou're sure

),

you've put in ali the DINs you need = Or you want a message

at run-time if you've overlooked anytning - you can te
TURED £o 'IGIORE §', in which case you won't get any
irritating warnings when vou cempile yveur program, but
still get a 'NOT FOUNC' report :f TURBC tries to use &
string when it dcesn't exist.

String parevheters and ‘non ¢iandard’ presaodures

il

vou

SupcrBASIC is ambiguous in tnat Sirings can te eypressed in
two forms when they're passed as parauneters Lo a machine-

code precedure. You €an tyns:

DIR MDVi. cr DIR "MDV1."

The first parameter is termox @ 'neme’, whereas the second

is a normal string value,

1f you use disk system, ROYM cartridge, or other non-

stapgard 'extensien’ commands in your compiled programs

TURBD has trouble telling names that are meant to be
strings from names that refer to variables.

Remember that TUREC has to decide the tyoe of parameters by

examining yeur progrem - 1it's too late to chance thing

when the compiled tasih is running, as fast, special-purpese

-

code wiil have been produced ©o hanuiz tha assumed type.

1€ TURBO comes acrnss a name used as a parameter of a
nan-standard procedure, it will assume that it refers
floating-point variable, unlass it ands with a “§" or
1f the name is reant to bes taken literally, as in the
OIR conmand instanced earligs, this will be the wrong
assumpt ion!

In fact DIR will not cause any trouble, because TURIO
'knows' abour all the standsrd QL commands - toe ones

decumented in the QL User Guida - and all the TURRQ TOCLKIT

commangds.

THE TUREC ENCYCLOFEDIA
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STRING AND TEXT BANDLING CHAPTER N

uet other, 'nen-standard' commands could requiie aumeric OY
string parameters = TURBC has nc way of knowing which. IZ
the compiler finds a name in such a context, it warns you
that it will be treated as a numeri¢ variable name. You can
correct the error, if it is one, bv putting the name in
quotes. Otherwise you can get rid of the warning by putting
the name in brackets.

INPUT buffers

The “AE" znd "JM" versions of the QL had a restriction, in
that you could not INPUT strings of more than 128
characters, from SuperBASIC. The interpreter would complain
BUFFER FULL and stoy, leaving your file open.

TURBO i= more sensible - it makes a pbuffer amcncst the free

memory inside your tack during INPUT cperations This
buffer is always a2t least 128 characters leng - if nct, the
compiled task stops and asks you te increase its dataspace
- and may be up to 32,767 bytes long (the maximum that can
be read serially in one Qo) if thare's enough free memory.

"If you qet a BUFFER FULL errcr when reading a string you

can generally cure it by increasing the dataspace of the
task. It's gererally a good idea to check that the file
contains end of line markers ( CHR$(10) ) before you bother
toc do this!

THE TURRO ENTVCLCOCEDIA section 3, page N-S
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THE QL DISPLAY — STRENGTHS & WEAKNESSES

TUREC's display handling speed is limited by the design of
Super2ASIC andé the QL. TUREC is compatible with every
SuperBASIC text andé graphics operation. This short chapter
summarises the implications of this, and suggests Some ways
yeu can circumvent them.

Ideally TUREBC would have Deen supplied with a cempletely
new text and graphics 'davice grav=r', bot thiz would
iavoive teveral months of extrz work re~writing lazge
chunks of the QL's ROM. Reluctantly, we've nad to put this
off for the time being. Nenetheless, the pictures ir this
chapter show the impressive results that can oe achiecved
with existing facilities and a littie care.

Dicploy fundameniais
The QL uses a block of 32X of memory to hold the display,
whather you uce MODE & or MODE 4. This is a lot of RAaM for

ha processor'to kxeep track of, or to move en mMasse during
operations like CLS and STPOLL. The arrangement of points
within this area is also rather odd, arrarently <o keep the
hardware simple. The result is a very detailed but sluggish
cclour display.

fiurdware problems asscciated with the QL's display are
discussed in the section of Chapter U headed 'Speed and
Merory'. This chapter deals mcinly with the software which
controls the QL display.

Character dishlays

The speed of prirting to the display ie hamstrung by all
the options that may be used. Every time a character is
printad the systemn must take account of arbitrary windows
and positions, plus two MODEs, € C3I25s, and sundry
settings of IMK, PAPER, FLASH, OVER, UNDER, STRIP, FONT, .
and s0 on.

TUREQ capnnot mabe assumptions about thase controls withcurt
restricting the compatibility of compiled ard interpreted
programs. Even CONTROL F5 - yzed to pause the display -
nust wor% perfectly in compiled code.

TURBO uses a variety of tricis to minimise the overhead of
writing to the display, but the basic time taken to write
all the pixels cf each character cannot be aveidsd. SCROLL
and PAN in large windows 1re also slow, because oi the
apount cf memery that must be moved - you will notice that
the TURBO ligting is produczd wuch more gquickly when vyou
limit the report window Ld onz or twG lines.

THE TURBO ENCYCLOPEDIA Section 3, page O-1
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ABOVE: Chas Dillon's ZDITCR, published by D.P, was written
in Sup2rBASIC and compiled with SUFERCHAFGE and TURZQ. THE
EDITOR was czrefully designed to 2void necdlese re-writing
of the screen. lt's many tiree faster than QUILL, wn:ch was
developed using terminals, rather than the real ¢L disgplay!

I1f the speed at which text is displayed is a problem your
best het is te write strings in one go, rather Lhan as a
sequence of single characters, whenevoer poasible. I< you
can avoid writing anything a2t all, so much the bettar. FEN,
SCROLL and the TURBG TOCULRIT commands prrvs, POKES and MOVE
MEMORY can be vary useful in such c2sed; in perticulir,

they allow you t3o save and restore pavis of the display {"\
almost instantanzously. ~ ot

pigital Precisicn has a ‘cut Gown' @ir-'ny QL device driver
under developrent. This is not as versatile as Siaclair's,
but it is 3-15 times faster at nrinting text. INK, PLPER,
OVER, UNDER, AT, PRINT, SET_TOHT, WINLDOW ané CLS are
supported by the prototype. Trere are some restrictions on
colour and character sizes, and fonts d¢e not use the
concisa but irefficient 9DO3 format, but the range of
character-sets is very wids - we have ¢=zigned about 30 -
and vou can even design puiti-coioured fontsl

Unfortunately this is a very kig jor:, and it is not cleat
whether or not the QL will ontlast thaos development
progrante! Registered TURED uswl's will be sent details, and
offered copies at a special price, if & launch beccmes
imminent.

THE TURED ENCYCLGPELDIA Sactien 3, panz: G-2 £
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TUREQ DISFLAY EANDLING CHAVTER ©
Graphics displays

SuperEASIC graphics commandas are very sophisticated, with
their suppert for floating-point scaling, shifting and
clipping, but this also makes them slow, especially when
short lines er points are being plotted. The range of
cormands is well=suited to technical work but pretty
useless for games = there's no support for automatic
movement, masking or animation; nc multi=coloured symbols
and no proper way to detect teollisions' between grapnics.

such applications demand 2 compietely new set of commands .
Digital Erecision's 'Super gerite Generztor' is 2 librazy
of machipe-code procedures, functiens and vtilities for
games programzing or animatiom; they are very fast and work
well when called from TURBO coupiled SuperBASIC.

Area graphics operations such as BLOTK, CLS and FILL use
integer co-ordinates and are therefore much more efficient
« unfortunately the sheer anount of data that must be
handled restricts their speed when working with largz
areas.

TUREQ TOOLKIT ccmmands can be very useful in graphic
applicaticns = several demonstrations of this eppear in the
file TUPRO_TK..DEMOS. RemcmDer that you need to compile
tnese programs to see themn at thair best.
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Graphics gencrated using Digutal wrogigsiorn’ o« SUPIR
SPRITZ GF

“HERATOR; 131,072 pixzls flying in loose formetionl

THE TUREC wCY T OridDIA Seczion 3, pace C-3



[T P

L

e e e ME
LS

PARAMETER PASSING _ ' CHAPTER P

non O -’Z: .
_ﬂ~fbﬂﬁf ‘
fﬂ"’\{Ef

s

//r_.t

PARAN.ZTERS AND SUPERGASIC
‘Parameters' are the nu--ric or textual values which are
sent to & procedure or fuaction by listing them after the
neme of the routine. Parameters used when calling a routine
are term-d ‘actual parameters'. Tue nawmes which appear in
round brackets after a definition are called ‘formal
parameters’ . In other words, ‘formal' parzmeters are used
inside a definition, as formai names for the ‘actual'
parameters supplied when the definition was actually
invoked.

SuperBASIC routina parametars

The SuperBASIC interpreter is very lazy about parameters -
it uses 2 schewme called 'iate pinding', which tends to
characterise slow interpreters. 'Late binding' means that
an interpreter dees not worry about the types of parameters
until the moment they are usad. This can be convenient if
you're bodging a program together, becausa you don't have
to worry much shout types as you go aleag, but it has two
big ‘disadvantages:

(2) It's very hard to tell whether or not a outine will
ALWAYS work, as tne performance of a definitien depends
largely upon the actual paramsters; you <an look these
up by examining the whole proaram, bot chis can take
ages ~ with & ¢opsaguent risk of error = if the procram
is lcno or parameters are passed around betwesn several
routines.

THE TU™=D ELUZYCLOFEDTA Sectica 2, page B~}
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{b) The interpreter can give you very iit=la help when a
problem occurs - a sString cannot be converted to a
number, cr a parameter {whicn might belong te any
routine) is not found when it is needed. .In such cases
the interpreter caa tell you where it stopped, but
not where it really oot into trouble. These two places
are often nundreds of lines apart. '

{¢) Any interpreter must check the existence and type of
of every parameter whenever it is used. This is a
slow process ~ it cfren tzkes longer than working
cut the result, which must be checked again, and maybe
cocnverted, before it fan be stored.

TURBO gets around all of these probisms - and wWorks more

guickly, reliably and helpfully into the barsain = Dy T
fixing the types of SuperbBaSIC paramriels when the ocrocram )

is compiled. This means that it can tell veu 1f parameters (:}
are missing in some calls {you zan alwzys asd zeroes, if

the value is not important}, O if extrs marameters are

present - interpreters Just ignore theset I DOthR casesd

TULEO indicates the lines containing each inecerrect casll.

These are the lines you'll need to fix = not the error

positions’indicztsd py tl.e interpreter.

You can clear up such problems by cempiling 3 a progranm
with TURBG and re dinz th: resultant report. Alsernatively
you can use the TURBI.TK_DIMC routine HCW.COWE whan testing
your SurerBASIC. HOW-CUME 1is+t=z the names, lines,
paramc.ers anc c:iinitions of all the calls performed
before the intecprever STopdbed OF HOW_CCHMZ war called. A
guirk in the QL ROM means thar the interpreter can sSToOp
while this information is garbled; you can avoid the
problem, if BOW.COME appears not to work, by re-typing the
command.

Unlike an interpret=r, chere's po extra cost when TURRO N
uses a parameter, rather thap anot~er variable. TUFBO works

out the type €rom the last letter of —och formal parametay

name . TUGREC does tne same With SuperEASIC functions,. o2llar

means string, per cert means an 1ntecer, and anything else

is a fioating-point value. TURBG slso iets you cver-ride

these types with the IMPLICIT directives. documented in

Chapter M and N, butr tho type of esach name st.il stays the

same throughout the Lrogram.

PURBO can generate exactly the right scrt of code to handle
any data-type. All th=2 dacisicns are made when the grogran
is cerpil & - not while it 1s running = so TURBD parameLlers
are handled at top speed.

“HZ TURED ERNCYCLOT DI Socticn 3, page b-2 -
L A
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PARAMETER PASSING CHAPTER P

Reference parameters

The interpreter works out whether a parameter is passed by
‘voference’ or 'value' using an ad-hoc rule. The difference
ig small but important. Changes to a 'value' parameter have
no effect outside the routine - they only affect a lecal
copy of the value - wherezs changes tc a REFERENCE
parameter alter the actual parameter as well as the formal
one .

In other werds, if a parameter is passed by RETEIRENCE the
formal parameter nsme is really just a temporary substituce
for the name of the actual parameter. Paramaters Can only
usefully be passed by referente il the actual pzrameter is
a variable~name, rather than a calculszes valiue. Chances to
a calculated value {(as in this example) would not De very
useful:

REFTERENCE X

DEFine PROCedure DOUBLE(X)
LET X = X + X

END DLF1De

The REFERENCE ctatement: is 2 TURBC directive, which we
explain more abcut later.

vau can call this procedure with the statements:

X=2
DQUBLE X
TRINT X

which will print 4. But if you wrota:
DOUBLE 2

TUPEO would do the work but no varisble would be changed,
because you've not supplied a name. TUZB0 works cut 4 and
then ‘discards' it. It doesn't change the value 2 in the
program, into 4 - this would endless confusion and weuld be
most unlikely te help vou! You should not expect a value to
be rzturned 'by reference' unless you tell the computer
somewhere to put it.

The interpreter decides whether or nct a parametes is
passed by reference by locking at the actual parameters =
names are passed by reference, and anything more
complicated is passed by valus. Agsln, this is cometimres
convenient but, mere often than nrt it leads to confusion.
Once acain, you can't alwavs tell what a routine will dc
unless you examine all the calls to 1t, 2s wall as the code
in the routine and the code of cveryething directly or
indirectly called.

THE TURED JLOYCLOFEDIA 3ection 2, page B-:
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PARAMETER PASSING CEAPTER P

TURBO wants to generate consistent, purpase-made coda . Most
compi ling languages do this by adding extra words (VAR, 1n
pascal, or REF in Algel) in rhe declaration of a routing,
to indicete that certain formal parameters always pick up
values by REFERENCE. The SuperzBASIC interpreter won't let
us do guite this =~ it complains ©r TuUnRS incorrectly if you
insert anything except spaces in a list of formal
parametars = SO TURBD has to use a slightly different

trick.

Inside & single program, TUREC pasEes parameters by value
uniess you tell it otnerwise. This is generally fine, but
in ~3ses where you may want toO change an actuzal parameter
you can indicate this by listinc eppropriate formal names
in a RETERENCE directive, immediztely before the pEFznitien

of the routine.

REFERCNCE parameters are ugzful if you wan:t Lo pass & value
‘back' from a rcutine, although you could always use a
funmtion, or less-local var.zbles instead, to save a little
:ime that woula ctherwise be spent linkin. and unlinking

names.

You can pass arrays by reference, but not by value. The
interpreter imDOSEs this rule too, as it saves the need to
“aliccate and fill big ‘remporary areas'. It doesn't matter,
znd saves lots of time, as icug as you orly chonge array

parameters when you really WART to do so.

This roucine searches an array fcr the walues 0 and 100,
returning the number of instances of each value in the last

two parameters:

REFERENCE table{(2),nullst, topss
DEFine PROCedure search(table,size%,nulls%,tops%)
LOCAL i%
i$=0: nullss=0: tops%=0
EEPeat s¢an
IF i% >size® THEN LXIT scan
iy = i% + 1
IF tzble(i%)=0 THEX nullst=rullss+l
IF table{i%)=100 THEN topsi=topst+l
END REPeat scan
END DEFine s=zarch

Notice that the ‘'dummy subscript’ 0 is used in the
reference statement, Lo STOW that TABLE is a
one-dimensional array. This is neot needed (or allowed!) in
+he SuperZASIC DEFinitico - anather reason why we need a
rew REFERENCE directive. [L{ TABLE was I three dimensicnal
integyer array the line would contain THELE%{C,0,0).

1)
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PARAMETER PASSING CHAPTER P

SIZE% - the number of elements to be scanned - has been
passed by velue, 3s we con't expect it to change. You could
use CIMN{tzble, 1) herz, in interrreted or compiled code, if
you always want to search the whcle array or a fixed
proportion of it. It wouldn't MATTER if the code did change
SIZE%, even if it wes a number [(not 2 variable) in the call
- TURED would just throw away the changed result, afrer
using it like any other LOCAL, when the routine finished.
The same goes for other typss of vaiue.

TURBRO lets you pass one-dimensional character arrays, Or
'‘simple strings', by value OR reference - reference is
zuickest if the string is & lonc one. If & string is passed
by value, but the procedure or function, for some strance
reason, tries to change it, veu should note2 that you Cannot
store more characters in such a parameter than were passed
originally = TUREO just chops off redundant characters at
the end, to make the string £it. You may get an sxtra
character, since string limits are always roundzd up to an
even length so that 16~bit <ude can work a2fficiently.

It doesn't matter what the nemes of actual reference
parameters are, as long as the variables =prrespond in tyoe
and number of dimensicns to the formal parameters. 1f

~actual and forsmal parameter types don't match, cosrcion is

automatically done to suit the code in the definition.

REFERENCE directives are .gnecred by the interpreter, which
should £till be zble to handle the calls happily, albeit at
its .usvcal slow pace. BEWAPE: the interpreter may fail, in
effect at random, if you 2se more than 9 locals cr
parameters in one definition. TURBC dces not impose this
restriction - you can have ANY number of locals or
parameters in a compiled task. '

You can have as many REFERENCE lines as you like bofore a
DEFinition, but you shouldn't put them inside a dslinition
or TUREBC will assume that you've finished that routine and
fergotten the END DEFine; the RETERENUI lines will refer to
the naxt definitian. '

It doesn't matter vhat order vou put names in a REFERERCE
iine. If any are left ‘unused' after a definitieon nas been
read, TURBO will warn you about them before forzetting
abcout them.

THE TURBC ENCYCLCPEDIA Secrion 3, paje P~3
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External end glckal parameters

Parameters of GLOBAL ané EXTERNAL routines are usually
passed by reference.

You can tell the compiler to pass certain scalar parameters

by value. If so, you must put the forral parameter names in
round krackats {so they do not appezr te te 'names’) in the
EXTERLAL ané GoLOBAL sratements. You don't need a REFERENCE
commané before the DEFinitien of & giocbal routine, as
REFERENCE is assumed.

For example:

100 EXTERNAL 1,PROCEDURE,2ADD(X,{y))

110 k¥ = ERITF(120)

120 ADD k,1

130 PRINT "Incremented value = ";k
would print cne mere than the numbdar entered at line 110,
if the feollewing CLOBAL is declareg in module 1:

100 GLOBAL 1,PROCEDURE,BUMP{nunber, {increment))
110 DnTine PRCCedure BUMP

120 nurher = number + increment

130 £:0 Lifine BUMP

You 9ot the usual error message when you LINK LOAD routines
with incompatible vaiue and reference parametex
declarationt:

&k MTISMATCH BETWEEN MODULES x & y AT ITEM n

The item and module numbers tell you exactly where to look
when you want to sort cut the errod.

vou'll find more details of GLOPAL and EXTERNAL divectives
in Chapter R.

PARALZTERS AND MACHINE CODE

TURBO passes parsmeter infrormacion to resident procadures
by value - not by reference. The interprater uses the sa
ad-nec rule as it does for SuperBaSIC routines, so that
chancges to parameter values sometimes persist after the
machire-code has finished, depending upcn the exact formet
of the call.
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TURBC getes lots of extra speed, compared with the
interpreter, because it keeps values anéd the details of
variables in it's own special form, rather than in the
jumbled 'heap' (a technical term!) of eight-byte entries
which the interpreter uses. It can't let resident
procedures or functions change vaiues inside a task, as
they don't know :he correct format - they expect the
interpreter's scheme.

All machine-ecode 'extensions' check their parameters
internally. bv looking at & table which bcth the
interpreter and TURBO can produce to order. The RTFERENCE
rrick that TURBC uses for SuperBisIC would not be
appropriate in this case, as extensions éon't have to be
DEFined in & BASIC program.

In any case the new code reqguired to ¢onvert and re-convert
formats would us.z2'ly be wasted, as very few extensions
alter their parameters. Nene of the scandard QL routines
used by TURBQ, or the TURBO TCOLKIT routiies, alter their
DAraAmEeLers.

The only commcn extension that DCES alter its parameters is
the GET command, built-inve som2 disk systems and toolkits.

This is relundant anyway, as TUREO TOOLKIT provides three

eguivalent FUNCTIONS, GET%, GETS and GETF tc read binary
values from a channel. This shows a GET ccomand 2nd the
eguivaleat TOOLKIT code:

GET $43,A5,B%
AS=GETS (#3}: B%=GET &3}

The first might fail unpredicrably if used in a TURBO tacsk,
because the code of GET would probably scribble all

over TUREQ's carefully set-up data-areas in a vain attempt
to find and alter AS% and B% !

The POSITION and SET_PCSITION instructions can be used
instead of GET 1f you need to perform binary random acc2ss.

Array-handling extensions can be written in compiled
machine-cede, instezd of as calls to external code. This
means that TUREO's efficient storage-scheme is used, and
often leads to extra speed, especially if you use REMark +
zround ccde that copies values from placs toc place, so that
TURBQ recognises that the code must De extra speedy.

THE TURED EXCYCLCPEDTIA : .Saction 3, page P
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EXTENSION PROCEDURES AND FUNCTIONS CHAPTER Q
COMPILING SUPEREAEIC EXTENSIONS

SuperBASIC is designed to be an extensible language - in
other werds ‘'extensicns', or ‘resident' procedures and
functions can be added to the lancuage easily, using a
standaré machine-code format., Mest such acs-on procedures
and functions may be used in compiled programs.

2ll the cormznds znd funciions documented in the QL User
Guide, ard all the TURBC TOOLKIT cemmands, are considered
ac ‘standard‘ by TUREO, even though most of them are
implemented in this 'ad hec’ way. Thev are compiled - cor
rejected, in the case of editing ccwmands like MERGE -
guite nappily.

Everything else - plug-in RCMs, disk utilitiss, and other
'roolkits' - is considezred °‘non standard’ and treatred
consistently. The vast majority of these commands work
perfectly with TURBO. '

Probliems only crop up with routines that assume that they
are being called from task 0,0 {SuperbBASIC) and those which
rely on the presence of interpreter data-structures, which

" TURBC does not maintain for obvicu-< reasons.

Extension linking

Befcre program execution starts @ compilad progran checks
that all of the commands it needs are loaded; if this is
not the case an error message like this is produced:

PEEK.F IS WOT LOADED.

for each missing command. This message would be produced by
TURBD if vyou tried te use the cowpiler when a very early
version of TURBO TOOLKIT was lcaded. 2 long list of migsing
names will appear if you try to use the compiler without
loading the toolkit at all!

You must lcad the commands into SuperBASIC before the
compiled program willi run. In general ycu must type HWEW &
re~load any 3uperBASIC that was present before the commands
were loaded - command references in tne program will have
beaen incorrectly tokenised if the relevant commends were
not installed when you loaded tne SupsrBASIC.

vou sheould alwayszs load extensicns into space ressrved by
the SuperBASIC 1nterpretsr - UOT by a compiled task - as
compiled code may termin.te, leuving the extensions in
limbo, and to ensure that comrands are properly linw2d into
the interpreter. all atterpte to look up extansisns are
made by intercgating tasx 9,0, not comwiled tasko.

THE TUREC ELCYZLCPEDIA Eecticn 3, page @
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TURBO does not insist that adgd-on code is loaded into any
particular area of the QL's memory, put only that the start
of the code is CALLeC from SuperBRSIC - task 0,0 - afrer
loading. As & compiled program begins to execute it
searches out appropriate routines by name. Thev don't need
to be in the S&Re place from one xun to the next = they
don't even have to nave been lcaded in a csnsistent order.
This can cause preplems if you have two different commands
with the same nam=, and compile while cne is in memery ané

execute the pProgram with the other loaded!

Ir such 2 case TURBD passEs parameters iptended for the
first routine to the secend, prosatly causing a ‘bad

mhe offect 15 Just as if veu had loaded

parameter' errer .-
the

the WILng definition in pormal SuperBASIC: ycou aet
wrong result, or = mere likely - the preziam stops with an

error message.

TURCO emulatica in brief

when TURBC needs tC call a non-standard routine it finds
the parameter values as it would t¢C call one of its own
roucines, 'pretends’ that rhe interpreter 1$ running, ond
then calls the excernal code of the non=stancard routine.
The accuracy ¢f this pretence 1S obvigusly limited = this
ig macessarily the case, or TURBO would have to work just
like the 1nrerpretes and no advantage would be gained from

cempilation.

TjRBO cannot speed up the actual executicn of the add-on
rousine = the same code is used whather the cermand 1S
interpreted OT compiled = but TUREQ does speed up the
processing of parameters and expressions, which regularly
tajpes the interpretst longer than command exz2cucion in aay

case.

The bigg=st benefit is that you can use virtually all thea
commands that you're famiiiar with, in & franework many
times faster than rhe SuperBASIC interpreter. The resc of
cnhe languag?2 = superBASIC precedures, functions,
arithmetic, loops, string handling, and pacameter passing
are handled very fast indeed by TUREC.

s been made in tne ecdi-g of

Unless saume te vible migtake has

the routineg, any number of TUEEOC tazks ¢an share a sSLngLe
set of extensions. ALTer & year s2li.ng SUFETCHARGE, wizren
worked in @ simiiar way, we know of no gormands tnat fail

o

if severzl tasks use chem at tne Fame cime: .

W
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Snecial caces in optimised extensions

TUREO can speed up many commands and functions which it
knows about. There are a few idiosycrasies in these
toutines which must be faithfully reproduced, in order to
maintain exact comperibility:

The CHRS function reduces its integer parameter MOD 256 if
it is not a wvalid ASCII code, rather than give an error
message. That has to be done to give the same results as
the interpreter.

POKE and POKEM wo.k similarly, buet reduce values MOD 256
or 65536 even if they are up to 32 bits long (about +/-
2E9). This costs a little time but 1% ic essential te keep
compatibility with the interpreter - where the distincrions
betrween integers, long worcs and flcating-peint values are
often rather hazy!

RESPR in a cempilzd program allocates memory from the
svstem ‘neap’, outsics the tash -t the bottom of memory,
rather than from the area used by SuperB8ASIC, which iy
frozen while &~y task is ruaning! RESPR therefore works
1ike ALLOCATION, in a compiled task. Super3ASIC RESPER
Tounds zliccations up to the next multiple of 512 bytes,
whereas TUREO RES:R works with finer 8-byte chunks of
memory.

FPossibie pitizlls and solutions
~UREO cannot check the number cr type of parameters passed
to non-standard routines when a program is compiled. All it
can do is extract the specified values frem the compiled
task's variable area, indicate their types, and hope for
the best. If you type:

RENAME 12,P1
rather than:

RENAME “FILE A","FILE B"
You will only discover the error when ydu come te run the
compiled code, since SUPERCHARGE doesn't know that the
command should have two string paraneters.
There again, if you'd typed:

REMANE "T“”&LLY”,“SILENT“
the compiler would spot the mistake at oncte, since EEMANE

is not a valid SuperBASIC extension - at least, not as far
as we Know.

THE TURBO ENCYCLOPEDIA Section 3, paJe Q-3
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EXTENSION PROCEDURES AND FUNCTIONS CHAPTER Q

There is one point which may nct be cbvious. File or device
rames which are used as pzrameters of 'add on' commands
MUST be typed in inverted commas. Otherwise SUPERCHARGE
cannot tell whether you are refering to a flcating-point
variable or a file. The format of a veriable name and a
file name is identical, so you have to make the distinction
by using inverted commas. For example:

WCOPY turbo,ser
would have to be changed to read:
WCOPY "turbo","ser"”

To help you detect this problem, TURBO issues a 'warning’
message whenever it encounters a name that could be taken
as a davice name or a variable. O

Another petential problem is caused by comaands that try to
mocdify the variables passed to them as parameters, Luckily
such commands are rare - the main culprit in this area is
the GET command, corigimnally written by Tony Tebby, which
appears in several toolkics and disk systens.

There's absclutely no nesd to use GET in TUREU programs, as
TURBC weorks happil.y if values are recurned by functions,
and thres binary fetch funcrions cguivalent to GET -~ GETS,
GETF and GETS = are included in the TUR2D TOOLXIT. You can
use SETFCSITICN or PCSITION to find vour way around a
binary file. :

The problem is this: TURBO uses a much more efficient

variable-handling scheme than the inverpreter, but that

means that parameters passed to extensions must be kept 'at

arms length' from TURRD's own data-store. If a procedure :
changes the value of g2 THRED paramster TURBO will - at best (“]
- ignere the change; at worst the procedure could end up i
zapping an imporvant part of the coempilel task, or trying

te "make room' for data as if the i1nterpreter were being

used. Under such nesty circumstances Just about anything
could happen!

If a name has been locaded more than once, the PIRST version
loaded 1s used by TURBO. The interpreter uses the same rule
ir versicons "AH" 2nd "IM" of the QL, butr later versions
{("J8", "MC" and theresafter} use the most recently loaded
version.

TUREO can't be exactly comzatible with both of these rules,
especially 4s there are absut a dczen different QL LCMS in
circulation. But TURBO is a professional tool for software
Zevelopers, and a program compiled on ons version musi run,
wichecut problems or changes} en cther ¢Ff. models. Su 10nC &S
you resist the temwmptaticn to lcad more then cne cooy of a
give=n cecmmand, #11 will be wall.

2

oy
ha
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Summaery

Procedures or functions that modify their parameter values,
process arrays (other than single strings}), manipulate the
stcred program text, or rely on other interpreter data
structures {such as the name table and name list} will not
work when compiled. The majoritv of add-on commands do not
do this, and consequently work perfectly.

TURBO is fully compatibie with the SUPER SPRITE GENERATOR,
and other Digital Precision extensions te SuperBaSicC.

TECHNICAL BETAILS OF TUREO EXTENSION CALLS

The format ¢f add-on procedures and functions is discussed
in detail in a number of bocks on the QI and its cperating
system. We do not propcse to duplicate that irfermation in

" this Encycloredia, but here are a few tschnical comments

may be useful to those who seek to write new procedures and
functions, or to =zheck thot existing ones are compatible
with TURBG. In general, procedures and functions which do
not rely on the presence of SuperdbASIC interpreter
data~structures will work perfectly.

arameter ranaing

TURBC emulates the SuperBiSIC mechanism for
parameter-passing. In particular, it sets up a table of
paraméter descriptions betwesn (A3} and (A%5), like the Hame
Table entries uscd by the inlsrprerer. Cnly paramecer-—
types, addresses and separators appear in the table - other

~variables, procedures and.so forth are NOT represented,

Vaives passed back to the proaram via perameters will ba

lost, but functions work as normal. The result ot a
function should be stacked on completion, with its type
irdicated by the value in D4 on completion. The compiled
ccde automatically coerces this value to a type
corresponding to the name of the function - string if the
name ends with a '$' sign, integer if it enas with '&', and
floating=pocint otherwise.

[,
THE THREG £L.oYXCLOPEDIA
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The liaths ctec

The Maths stack, addressed by {A6,A1.L), 1S maintained in a
form identical to that used by the interpreter. Integer,
Float and String values are represented in the usual way.

Resident procedures and functions are not guaranteed to
£ind more than 100 bytes free on the Mazths stack. The
EV.CHRIY routine cannot be relied upon te expand the Maths
stack, as tasks have to run within fixed (rather than
dynamic) bounds. 1f the Maths stack overflows TR0 can
usually diagnose the problem when it recovers control.

If vour procedure oF function reaguires a2 lot of Maths stack
space, you should avert errors by checking the frez gpace
befere the procedure or function is called. The FREE.MEIMORY
function returns the amount of space available teicw the
Maths stack if it =s called from witnin a compilied program.

some 'free' space is taken up by che garar:ter-passing
mechanism. You ghould 2llow 10 hytes for =ach integer
paral.zter, 14 bytes for each [ioatimg-point value, and
{length+11) kyres for each string parameter.

B better way of checking. the amount of free space is to

examine the velues of the system variables BV.EFBAS and
BV.TKBAS, within vour code. These delimit tha SuperBaSIC
area called 'vuffer’. When a compiled program is running
these Ac-relative pointers indicate the tottom and the top

of the area into which the stack can expand, respectively.

&7 course, this «rick only works when code is called by the
compiler; you can check whather or not this is the case by
examining the vaiue of the systenm variable BV.TGBAS =
$54{a6) - this will always be negative when code is called
from within a compi.ed program, whereas it will always be
positive when the SuperBASIC interpreter is in control. The
function FREE.MEMORY uses this fact to determine whether it
should return the size of the task stack or that ef tne

QUos 'free' area.

This G80NCA assembly language subroutine, COHECK D1, checks
for D1.L bytes on the maths stack; it works perfectly in
interpreted or ccmpiled code, whether SURTRCHARGE or TUREBO
i used, jumping tc NO.ROOM 1f there is not enough rocn
when a compiled rask is running. You should return a3t ongce,
with the error code =3 (oug of memery) in register DO:

1HE TURDRS ENCYCLOPEDIA Section 3, page (-9
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EXTENSION PROCEDURES AND FUNCTIONS CHAPTER Q

CHECK.D? TET.E $54(55)
BMI.S COMPILED

MOVE.L A1,558(3a6) Set BV.RIF
MOVE.W S$11A,A2 Call BV.CHRIX
JER {R2)

MOVE.L $58(26),A1 Retrieve BV.RIP

RTS
COMPTILED ADD.L (A&} ,D1 work backwards!
CMPA.L DI1,A1
BCS NC.RCIM
RTS

The way that BUFFER ig sef upn can caus® rroblems for the
SuperBASIC COPY routines in the QL RCM. cory, and similar
commands, uses the entire BUFFER area as & temporary store
as it works. Unfortunately it makes no check on thz size of
BUFFER and passes that size directly to the ‘read and woite
string’ routines in the ROM, which do not expect & buffer
size in excess of 32K.

COPY conseguently gets steadily faster as the free space in
a compiled task is increa-:d up to 32K, but behavas very
strangely thereafter! If you need to use CCPY in programs
where more tnan 32K miv be free ycu should dimension {and
then de-allocate) a large erray to 'scax up’ the spare
memory before calling COPY. This rcutine should do the
trick for any cataspace up to 224K:

DEFine PEOCadure SAFE.LOPY{inS,nuts)
1F FREE.MEMORY?>32767
DIM dumuy( (FREE.MEMCRY=32700)/6)
COPY in§ TO out$
DIM dummy {0}
ZLSE
COPY in§ TO outd’
END IF
END DEFine

Believe it or not, the size of buffer used in an
interpreted SuperBaSIC program depends agpon tne length of
the longest line entered since the machine was turnzd cnl

Tne Usar (A7) stack

Routines should not use more than 128 bhytes on the User
{a7) stack. This should not be a restriction, since fthe
same reguirement is imposed upon sxtensicns by the
SuperBASIC interpreter.

THE TURLO ENCYCLOPEDIA Secrtiecn 3, page -7
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System variables

a set of pseudo-systam—variables is provided for the use of
procedures and functions; these are addressec by A6, as
ucual. Some of these gystenm variabies are 'dummies’ - only
~hose needed O SURESrt standard ROM routines are given
meaningful values.

vou can make use of the values of BV.RIP and BV.VVBAS,
although vou should net try to store values in the VV area.
PV.TGEAS contains a ‘dummy’ value, SO that inadvertent
calls to BV.CHRIX do not try o ‘expand’ the task, with
potentially disastrous congecuences. AS exvlained above,
the 'free space' area 1is Gelimited by tne values of
EV.BFEAS and EV.TGEAS. BV.ERK je se: tcefore each call.

A table similar to the SuperBASIC channel rable (but (:}
limited to sixtesn standard 40-Eyte ertries) i waintained

within ccmpiled tasks. The pseuéc-system-va:iable BV.CHEAS

points to the base of this table. 'The byte ot offset 17

within each channel entry 1S reserved oy TURBO - it is used

to handle the '!' separator.

If TURRG detects any atter>t to chanse the size of the

channel table wizhin an ewzensien it stops wWith 3 *Channel
not open' error.

Viny TUPDD doas not oreste resic sl procedi=3

TURBC is designzd to compile stand-aione tasks, Sut not
individual procedures, LINK.LOARD nectwitkstanding.

TURBO does not work like the interpreter or like a

SuperBASIC extension, and with good resson. Sivgle ey
extensions which were oricinally writien in SuperBi3IC and S

compiled would be lavge and siow. Pregrams cempiled 1n one
step, ©r Composites creatgd with LINK.ITAD, can be much
rore efficient hacause tney do not nead to work i1n @ manner
compatible with the interpretso, sxcept when they call
standard resident procedures. Remember that these calls are
not the ares in which TURBU cffers a mojor speed-up.

If you want machine-code srasd from yeur SuperfZASTC you
v b ¥

should compile your wnole program. 1t 15 sure to load and
run much faster thaun any hycrid routine could.

THE TURBO ENCYCLCPEDIA zrevion 3, page Q°F B
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LINKING AND COMMUNICATICN BETWEEN TASKS CHAPTER R

" COMMUNICATION BETWEEN TASKS

This chapter explains kow TURED can suppert the concepts
known as ‘task comrunication', separate compilation of
‘modules' and ‘shared variables'. These terms are defined
25 they are explazined. The first part cf the chapter deals
with the ccmmunications facilities provided by EXECUTE: the
second part deals with LINK.ILOAD.

'EXECUTE' PARANETERS AKD PIFZ

The TURBO ZOOLEIT ctuwmané ZXTIUTE allews & pa-ameter, O
'option string', to be passed to any task as it is lozded.
when the task is running it can read the string any numder
of times with the new OPTION.CMDS functicn.

This string may ccntzin any information that you care to
pack into it, including an arpitrary number of paraneters
which you can separate in any manner you see fit (e.g. with
commas, or CHR${190), end ©of line markers}.

Several compiled tasks and copticn strings may be specified
in one EXECUTE cosmand; EXECUTE alsc works from within a

Icompiled program.

1f you specify ceveral tasks, 'pipes’ = tempnrary files in
memery, which can be read and writcen to simultaneously -

are set up to allow the tasks to communicate via PRINT and
INPIT:

EXECUTE_2  BAD TO WORSE

In this case a pipe will be set up, lirking the two tasks.
whatever the first task PRINTs on channel 15 the second
will be able to read from channel 14. You can moke either
of these the defzult charnnel, in a compiled task, using
CHANNELL.ID and SET..CHANNEL. This line rcutes PRINT
statements with no explicit channel nuaber, to the output
pipe:

CLOSE =#1: SET_CHANNEL %51,CHANNELID{F*15)

DON'T try tnis in SuperBASIC - Sinclair's interpreter can't
cope if its default =channels (0, 1 and 2} are re=assignead.
You can't EXDCUTE the interpreter anyway, as it is lesded
from the moment the QL starts up!

Each pipe is normally 200 characters long. Long lines can
be read piecemes’ with INKEYS or = more efficiently = with
the TURBO TOOLKIT function INPUTS. You can change the
iength of pipes to suit yourself, as exrlained on page 23
of the TURBC TOQLKIT UTILITIES manual.

THE TUREO E..YCLCPEDIA f.ction 4, pzge P-1
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1f a pipe becomes 'full' a task that tries to write
characters inte it will pesuse until there is rocm for the
new text. Room is created when the task at the other ‘end'
of the pipe rempves some charzciers.

If a task tries to read data from a pipe when there is
nothing to be read it will wait until appropriate
characters arrive. An end of file condition, which you canp
detect with SuperBASIC's EOF function, ex:sts when all the
datz has been read and the task puttino data into the pipe
has finished, or clese? the output channel te the pire.

Pipe linkages can exicst between any nurper of tecks, each
of which can send messaces to the one after it in the
echzin, and receive messages from the previcus one. Pipes
work very gquickly.

Datus ~an g6 to or f{rom other devices and channels, as well
as tasks. An EXECUTE parameter list can start with a
SuperBASYC or coupilc 7 program channel numbier tprefixed
with & rFash choracter) or a dats [ile or civics naie, trom

which data will be read. Like<iGe, the Ilist may eno with an

output channei numz~r or the name of a file ox device to
which information will be sent.

This lets vou lirk a compiled task to the interpreter, or
te a file, with no need to 'tell! the tz:k what device to
expect.

EXECUTE, LINK.LOAD, ard pipeg are zlso discussed On pages
4,5 and 14=17 of the TUREC TCOL¥IT manual.

a
e
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THE PURPOSE CF LINK LOADING

Tt would be useful if programmers could split program files
into sectiocus, or ‘modules'. This would allow them to keep
logically distinct modules in Separate files. This makes
programs more readable and easier to edit.

Programming ergoncmics are especially improved with QL
SuperBASIC, as the interpreter is very slow when loading
and tokenising large programs, yet programs must be
tokenised before TURBO can analyse them. Users can save
compilation and loading time by re-compiling enly the part
or parts c¢f a program where changes have actually been
made.

1t would also be useful - and a rare treat = if several
tasks, running concurrently, could access 'shared
variables' - variables, of any type, in other tasks. This
gives extra pows2r to the programm=r: logically distinct,
logically parallel processes ~in hive entirely separate
code but share access o 'environmental' variables,
allowing them to interact.

For example, a racing sizulation program might concist of
several tasks, each simulating the pariormance of a vehicle
and accessing a shared data=-structure representing a ‘'map
of tne track' = ancther entirely separate Suc concurrent
task could read the map anc produce graphics shewing the
position of each vehicle in real-=time.

You can then try different vehicle-models in iseclaticen or
in arbitrary combination, sizply Dy linking different
rodules. There's no need to re-compile anything < indeed
there's virtually no overhead associzcted with TURBO linking
- shared variables are accessed as fast, or almost as fast,
as if they were in the same task.

This scheme provides a naturol way of implementing any
system which incorporates parallelism; Looking SYsStems,
rescurce allocation cimulations, games simulating
muiti-player activity, and even pgogram development
systems. :

A program editor and ccmpiler could be linked to allew
fairly interactive development of scftware; the compiler
would be invoked bv the editor after each change to a
module and the results tested by linking that module to
previously-rompiled parts. This is one direction which the
TURBO development might take.

The sky's the limit!

THE TURZOQ ENCYCLOPEDIA Section 4, page R-3
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LINKING AND COMMUNICATION BETWEEN TASKS CHAPTER R
Conventioncl linking strategizs

TUORBEO linking is revolutionary, for all that it has been
implemented first on a cheap, mass-wmarket computer. It has
many differcnices from the crude linking which scme other
compilers offer. It is worth reviewinc those systems here,
briefly, te explain the weaknesses which TUREC linking can
side-step.

Conventioral programming languages produce output in an
‘intermediate’' form when linking is reguired. You can't
execute this ouvutput dirsctly = in fact Just abous the only
thing you CAN do with it is link it!

A separate program, oiten larcer, slowver and more complex
than the original compiler, is used to combine several
intermediate files inte one executable task. This approach
can proguce very efficient code, as the linker has a
complete uniderstanding of the interzction of 21! the statice
datzstructures in the task, but few 'rezl' linkers can
produce better cone than a stand-alone compiler.

Conventicnal linkers allow variables znd routines to be
declared outside the files in wihich they are used, but they

‘rarely let you change the size of {data-items as a program

runs, Nor do they allew several concurrent tasks to share
code.

TURBO liniing

THURED implemencs an efficient form of linking that has all
the features conventional linkers lack, vet is easy to use.

Linking is all about making names - procedure, function and
variabie nares = correspond between two or more separately

cempiled files containing complete procedures or functiecns.
These files are called modules,

TURBO can link an arbitrarvy number of mcdules a=s they are
loaded = thore is no need for 2 separate 'linking' program
os process, and loading is performed atv the usual spwed,

In each module you must indicate the correspondence betwean
'dummy’ or 'formel' declarations within the module, and
‘actual' declarations outside. This turns out to be guite
eaay. All external varianles, procruures or functions are
listed in special direcvive stater :ets in the modules that
contain or intend to use them.

THZ TURBO E..CYJLOPEDIA Szction 4, pace R—-4
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LINKING AND CCMMUNICATION BETWEEN TASKS CHAPTER R

for instance, if a module wanted to access amn external
two~dimensional array and an integer function expecting a
string argument, this directive would give the compiler
enough information to be able to generate code to handle
the items:

EXTERNAL table(0,0),sizes{texts§)

In fact the TUREO directive format is slightly more
complicated than this, for rezsons which we will explore in
the following tutorial.

How TURB0 works out the meaning of names

Hotice that TURZO can tell functicns and arrays apart, in
the last example, because arrays have dusmy humevic
subscripts, whereas functions always have names as
arguments. The compiler only needs to know the
dimensionalicy of arrays, and not the actual bounds; TURBO
alwoys calculotes and checks these at run-time.

Array paramcte-: appear just like other array declarations,
‘with dummy subscripts, but within a parameter list;
SuperBASIC does not support Pascal-like procedure or
function parameters, so there's no need for FLCCEDURE and
FUNCTICK directives inside a parameter list, altbough it
would be easy enough to support them in a future release.

But two confusing cases still exist - where parameters are
present, it ig not possible to distinguish between
functions and procedures; and vwhere there are no parameters
it i5 not possible to distinguish scalar (un-subscripted)
variables frow parameter-less procedures and functions.

There's a simple answer = you must mark procedures and
funccions explicitly, by writing a special pre~defined
identifier before them in the list:

EXTERNAL table(0,0),FUNCTION,size%(text§)

The FUNCTION identifier only refers to the next entry in
the list. It ics a pity that there must be a comna between
it and the next name, but the interpreter deesn't allow two
names to follew one another without scme sort of separator.

For the sake cf consistency, ALL procedures and functions
must be marked in this way.

THE TURBO ENCYCLOPEDIA section 4, pag=2 E-5
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LINKING AND COMMUNIZATION BETWEEN TASKS CHAPTER R

FUNCTICON and & similar directive PROCEDURE are implemented
as functions, so that the interpreter lets them aprear in a
ZXTERNAL parameter list. The valuves they return are not
irporzant; in fact they return FREE MEMORY in the current
implementaticn (1.10, at the time of writing). '

For that EXTERNAL statement te work, ancther module loaded
&t the same time must contain a GLOBAL stztement with
matching types:

GLOBAL array(0,0),FUNCTION,boundst (texts)

Kotice that names don't have to match, unless you want to
test the modules by MERGZinc them under the interprater,
Types, number of entries and dimensionzlity must correspond
exactly. If they don't, TUREC will (crobebly) complain when
the tasks are LINR.LOADed - this checking is less than
perfect, but it picks up most erroxs; any others will
rapidly make themselves obvious!

The best wav to make sure that those declaraticns mateh is
to ed2t GLOLAL staterments from EXTERNAL ones, or vice
versa. There's no limit on the number of GLOBAL or EXTIRNAL

stataments in s medule,

As explained so far, only one medule may contain GLOBAL
names; the others must eitier deciare a3ll of those names as
EXTERNAL, or declare ncne of them, in v:ich case they will
run concurrently with other mciules kvt in iscolation. This
is not good enougi.

The scheme would be more powerful if every mcdule could
have its cwn set of GLOBAL names, and every other module
could chose whether or not to use extsrnal variables from
edch other task. This is easily done by addiny a 'module
number' at the start ol each GLOBAL or E.TERKAL directive.
For obviocus reascns, this numbar must be an explicit '
integer constant.

With this extra feature the inter=-relationship of medules
may becoms arbitrarily compliex; any numbar of modules can
access data GLCRAL to anv other module. Thus modules can be
viewed as queues, ners, hierarchies, or combineticens of
these structures.

THE TURBO ENCYILOPFDIA Se~tion 4, pcge R-6
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Module numbers don't have to be contiguous - there can be
unused numbers = but only one module can have a given
number. If module numbers are contigucus there will be the.
minimum memory overhead when the modules are loaded, but
+he overhead is small anyway; just 4 * ( 2 + Bighest Module
No.) * Actual No. ©of Mcodules. You should aveid using '
needlessly high numbers = values between 0 and 15 should be
fine for mest purposes.

Module 'groun names'

Semetimes you may f£ind it annoving to have to specify all
of the globsl variables in another mocdule just because you
want external access tc scme of them, Of course, you don't
have te use an EXTERNAL variable or routine if you don't
want to, even if you declare it. Nenetheless, it is useful
to be able to div.iue GLOBALs and cnrresponding EXTERNALS
into several groups.

You can éo this by declaring each oroup on one or more
lines of its cown, and felicwing the medule numbers with a
literal string:; the name of the group. The names must
correspond exzctly, between GLOEMLL and matching EXTERNAL
sratements. Other modules can then refer to one or more
grovps by name in matching EXTERNAL statements.

Assuming these lines appear in module 1:

GLOBAL 1,"graphics”™,x,y,size
GLOBAL 1,"sound®,duration,pitch

Other modules could contairn either or both of these lines:
EXTERNAL 1,"graphics”",w,h,max
EXTERMAL 1,"sound",length,note

You den't have to use group names if you don't need them,

but they can be very useful in large projects consisting of
three or more modules,

Dezclaration rules

In order to keep compilation fast and efficient,
declaration details are kept in a single block, generated
at the end of pass 1, just after DATA. For this reason
GLOBAL and ENTERNAL statements must be at the start of the
module source,

THEE 'MURBO ERC™ LOPECIA Scction 4, page? R-7
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GLOBAL cdeclarztions must come before EXTERNAL ones. No nams
can be both EXTERNAL and GLCEAL - this would make no sense
at allt Declarations may be split over several lines, but
21l the declarations for a given module number and group
name (if any} must be contiguous.

The 'scope’ ¢l EXTERNAL names

¥hile an EXTERMAL routine is executesd, the only variables
and routines it can use are ones that exist IN THAT MCDULE.
You must use the names that modlule recocnises. These
varizbles and routines inciude any parameters fassed whan
the module was called, and anything declared as EXTERNAL in
that module.

Arrays can only be re-dimensioned by the module in which
they are GLCBAL.

MoZule laading

You lecad and execute compiled modules by specifying thea
all together in a LINK LOAD command:

LINX_LOARD FIRE,AIR,WATER,EA]TH

The asseciated cormands LINK_LOAD_A and LINK LOAD. W
corraspond te variagions of LARCUTE. The default device
name is automatically tacked outo the start of task names,
unless another device is explicitly specified,

You can set task priorities by typing an exclamation mark
and a value (1 to 177} after sfach name. 'Option strings’
are noct allowed - TURED uses the ¢option string to pass
informetion between linked tasks.

‘Each task inveked by LINK_LCaD must have a different module

number, set with the SLOBAL command, 1f several tasks have
the same number the error message ’Already exists' will
appear, and none of the tasks will run.

If a task is missing, so that other tasks cannot f£ind the
data they expect, the error is 'Not found'. The report 'Ead
parameter' indicatss that one or more name did not
cerrespond to a task suitable for LINK_LOADing.

THL TURBC ENCYCLOPEDRIA Secticn 4, pag: R-8
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mhe first task in the list supplied to LINK.LOAD ‘owns' all
the others; they will terminate automaticalliy if the first
task stops or is removed.

When the tasks lcad they communicate very guickly to make
sure that declarations correspond. If inconsistencies are
found there is a 'linking errcr’ and all of the tasks are
aberted.

aAn error message is displayed, showing the linking and
target medule numbers (J and K]} ané the seguence number (N)
of the name that did not match - the first name in the
gicbal list is number 1, and so on:

Mismatch between modules § & k at item n

ALL the modules stop at once, releasing memory and closing
channels, if such an error occurs.

DETALWLS of shared access to varichles

It is not acceptable for t-o tasks to try te write to
variables sizultanesusly; nor should one task L2 allowed to

‘read data while another is in the procecs of updating it.

Multi=tasking is momentarily disabled durirg all writing to
glenal or external variables, ircluding redimensioning,
which car only be performed by the task in walch the
varizble is glokal. This makes multi-tasking a little mose
‘grainy', but the most complex operation that will be
performed in one step is the aszignment of & 32K string,
and TUREQO can do that in less than a tenth of 2 second,
even in sluggish internal memory.

In every other resp-ct = including the r-ading of wvalues,
which is generally mure common then writing = external
variables are handled as if they wele any cother variable in
the task which is manipulating them.

DETAILS of shared a2ocess to routines

Before any compiled procedure cr function is called, the
values or addresses ol parameters ave created in the
dataspace ¢f tbe task containing the called routine - the
'host' = not the caller. To aveid chaos, and the need for
complicated and slow 'policing' checks, only one call to a
given module can be in process at ary time.

TRE TURFO ENCYCLOPEDIA Swction 4, page R=%
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Tf this rule creates a ther+sleneck’, as modules wait for
one another, you can always create multiple copies of
routines for which there is contention, and link éifferent
callers to different copies.

In fact you'li probably only need to o this if called
routines take & long time to run, yet the callers must
appear to work concurrently. Wnile a module waits it takes
virtually no precessing time, SO the total amsunt of work
that the ccmputer can do in a given time 1§ rarely reduced
by the use of externzl calls.

The rule about caly one part of & module running at any
time alsc applies to the host task, which is, of courcse,
perfectly entitled to run its own routines! 1f other
moduies are to get a leok=-in, the host Tust stob running
itself. Tt does this by executing a specizl TCOLKIT
command, SNOQZE.

Normally a linked task will set up GLOBAL arrays an< other
variablesz, if any, @nd then SHNOCLE so that cthers can gain

access to its code.

Once a module has 'gone to sleep' it cannct re-start,

. tecauce it has no way of knowing whether or not ather

meSules are using its code. Such a signal would slow down
calls appreciably. In fact this doesn't really matter,
because a nodule takes no processing time once it has
fallzn asleep.

We probably COULD implement something akin to the kiss of a
psrince (!}, to bring a slumbering module back to life, but
this is not likely to be useful in most cases. Remembar
that tasks do not have to SNOOZE to snare variables, but
cnly to share proredures OF functions. An alternative to
SNOCZE, CATNAE (!} is discussed later.

There is one potential socurce of deadlock - the scourye of
gpulti-tasking systems. In theory orocessing could get
stuck, with several modules wexting indefinxtely for one
another, if one modvle calls 2 routine in @énothar, which
then triec te call the first... which is busy... sc the
second task waits... so the first can't complete its call,
and stays busy... 80 the sicond task keeps walting... etc v

It seems perfectly reascnable to put che .onus on YOU Lo
guard against this sort ef thing. If this risk reaily
worries you, you can be sure of avolding it if none of your
modules contain beth GLOBAL ** 7D ** EVPERHNAL calls., Keep
all the EXTERNAL declzraticac in "msster’ medules and c.iy
put GLOBAL declaraticns in the subsidiary modules that are
called. This restriction 1s not necessary 1f yo. desizn
your system carsefully on paper pefore you code it, but if
it helps you sleep 2. night, so much the bettecd

wHE TUFBS FiLw CLCOPEDLA sectivn -~ cioe R-10
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LINKING AND COMMUNICATIOR BETWEIN TASKS CHARFTER R

assuming ths caller does nzt have to wait for another task

- which will generally be the case, as few users will need

true paraliel processing - the overhead of an external call
compared with an internal cone is only a few microseconds.

Channels and modules

All channels are ‘privately owned' bv each mcdule. Code in
a module can only use channzis which have been copened
implicitly or explicitly by that module, cor channels which
have beern set up with SET_CHANNEL, using 2 CHANNEL,IZ
passed from another module.

In general you should ccmpile modules with the 'copy
windows' control set to zero, as few modules will need
their own windows. If your application does demard that
every medule has its own set of windows, TURED will cope
guite happily.

In thecry programs, tasks and modules runninc on a QL can
open up to a total of 360 channels, which should ke more
than enough for any practical applicatien! The limit is a

generous 158 channels on a standard 128K QL.

Two medules may independently open and read the same disk
or m:creodrive file, but only one channel ray be open to a
file which is being written., If orther modules try to open
sveh a £ile an 'IN USE' error results. DEVICE_STATUS c¢an
detect this error ccndition.

Testing modular programs

It is easy to test modules under the interpreter, even
though each file is ‘incomplete’, because you can MERGE all
of the files into one big program, as long as names
correspond exag¢tly and you choose line-numbers sensibly,
Line numbers are no problem if the modules started out as
one big program; if not, you can RENUMber the parts as you
first MERGE them together.

EXTERNAL statements are ignored by the interpreter if they
only have variable-names among their parameters, but
SuperBASIC hickups if it comes across a procedure or
funcrtion name uzed as a parameter. It's best to keep
EXTERNAL and GLOBAL declarations out of harm's way; TURED
imposes various placsment rules, explained later, in the
interests of fast compilation - in g=neral it makes sense
to put declarations et the end of each file.

TRE TURBO ENCYCLOPEDIA Section 4, page R=11
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LINKING AND CCMMUNICATION BETWEEN TASKS CHAPTER R

MERGEing is no slower than LOADing. Admittedly this is not
very fast; and it might be more accurate to say that
LORDing is no faster thar MERGEing - but the fact remains
that you car test modular programs almost 35 eagily as you
can test single-file, 'monolithic' ones. It is easy to
build the reguired MERGE statements into your program =
TURBO will ignore them.

Splitling monolithic programs

Given all the advantages cf separate compilation, it is
quite likely that you'll want to split up some of your
existing programs sc that you can adapt and compile them
piecemeal.

The best way to split files depends upeon the way that your
programs are corganised. First and foremost, you should try
to ensures that procedures which call one another in lcops,
or very often, are in the s&nz file. This gives & small
specd improvement, becauce processing gouesn't keep
switching from cne task to another, but the difference is
guite small.

A better reascon for this kind of srplit is that it increases
the likelyhsed that chances 111 be confined to a certain
module, so you weon't have to re-comnpile several pavts
whenever you make a desion change. This hind of split also
vends to reduce the need for GLCBAL and EXTERNAL
declarations.

If the reutines you want to put in a medule are grouped
touether you can extract them easily with SAVE, which
allows 'line-slices' as parameters. For instance:

SAVE MDVI_MODULE1_ZAS, 100 TOQ 420, 700 TO 1300

will create a file containing two zections from the current
program..

If the routines you want to put in @ module are muddled
with others you should use the TUREC LIBRARY.MANAGEFR tO
extract routines; all you need is a list of the procvedures
or functions you want o extract - give this list to the
manager and let it get on with it!

You can also use the utility program MAKE_MODULES._BAS teo
split programs - this program, and other technigues, are
discussed in Chapter G, which deals with 'Real-world
problems’ .,

THE TURBO ENCYILOPECIA Szction 4, page R-12
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The CATNAP concept

Chas Dillen has designed a small extension to the LINK.LCAD
ccheme which can be very useful if you're an imacinative
programmer or you're working on a complex concurrent
system.

S$NOCZE stops a task dead, so that other tasks can have

their wicked way with its routires. The task never comes
‘back to Life', although its code may be used many times by
several tasks.

CATNAD is a kiné of 'light snooze'! It puts a task to
sleep, but the task re-starts, from the statement after
CATNAP, whenever another task has cailed and exited from
one of its routires. Thus every access from another task
causes & task which iE using CATHAP to wake up, to p=ll
variables and maybe to take action conseguent upon the call
from outside.

when the task has finished it can SICOZE, allowing other
tasks in 'for ever', or just CATNAP again, to wait for the
next call.

‘It therefore follows that this line:

REPeat simulated_snooze:CATHNAP

works just like a SNOCZE, except that the task it appears
inside wakes briefly (and fruitlessly) after every call
frem outside, wasting 2 little processing time, There's no
real point in using such a line, but CATNAP can be very
use€ul in a loop. A simple example follows:

You can make a task count thz number of times it is called
by replacing SKOOZE with this:

count = 1

REPeat counting
CATNAP
count = count + 1
PRINT count

END REPeat counting

This causes the latest access-count tc be printed to che
mcdule’s default window {(make sure it has onel) whenever a
GLC3AL routine is called from outside.

Many more complicated uses of CATMAF ar2 possible, buc
these depend upon your system design and the imagination

with which you use TURBO. LIVK.LOAD is an extremely

powerful toel, and rewards study and 2xpasrimentation.

THE TURBO ENIYCLOFEDIA Section 4, pays E=13
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LINKING AND COMMUNICATION EETWEEN TASKS CHAPTER R
SUMMARY OF GLOBAL AND EXTERNAL DIRECTIVE SYNTAX

This is a short but comprehensive list of points to bear in
mind when using GLOBAL an¢ EXTERNAL in your programs.

* GLOBAL and EXTERNAL directives must be at the start of
the text of a program, perhaps with relevant IMPLICIT
statements beforehand. GLOBALs are declared first and then
EYTERNAL:, orgznised in croups for each EXTERNAL module
number.

* Both GLOBAL and EXTERNAL directives MUST be followed by a
module number.

* A11 GLOBAL directives must use the same module number,
which is the module number of this task.

* EXTERNAL directives may not use the same module number as c:)
a GLOBPL directive. They shoula use nuxbzrs which

correspond to GLOBAL directives in other mcdules which will

be loaded with tpic wne by LTINS LOAD.

* ifter a module number you may put a ‘group name' = a
default null name "“ is assumed if you do not do this. All
declaraticns focr a given aroup name must be collected
together on consecutive lines, or a single line. The case
of characters in a oroup name is significsant - group names
must match exactly betwezn modules.

After the group name you may put any number of procedure,
array or variable declarations, separatca by commas. Arrays
snould have dummy subscrip<s to indicate their number of
dimensions. The type of a variable or function is indicated
by IMPLICIT declarations or tne last character cf the name.

* trocedure and function names in a directive list must be

preceeded by the word FUNCTION or PROCEDURE, &s (:)
appropriatve, with & comma to separate the two names. Any

spaces are ignored.

* a1l parameters of shared procadures and functions must be
indicated within the brackets after the name of the
routine. Arrays must be followed by duvmmy subscripts. All
values are passed by reference, apart from sgalar values
which have their names in brackets. For example:

IMPLICITS table
EXTERNAL 3,"group”,functicn,tot.up(table(0,0),x,{y}}

In this case TOT.UP is a fl~aning-peint function, with
appropriate code in module 3. TAELE is a two-dimensional
integer array. X is passed by reference and Y by value {see
Chapter P).

THY TUERO ENCYCLOPEDIA secticn 4, page R-'' C,
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ERROR TRAPPING AND RECOVERY CHAPTER 8

TUREO'S GET-YOU-HOL'Z SERVICE

TURED TOOLKIT contzins a number of keywords associated with
asynchronous error-trapeing znd recovery. Thase ars
activated by TUREC, and can be used in TURZD programs,
although they do not work fully in interpreted ones bzcause
the QL ROM doés not support the facilities they rejuire

Interereted WHEN EREOR

Late QL ROMs contained undccumented keywords to tr-ap &rrors
but these were unreliable and could often cause the QL to
crash irreccverably, rather than cure problems!

Compiled WHEN ERROR

TUREO WHEN-LRROR works on any version of the QL, in
programs compiled on any version. The code inside a WHEN
plock should be skipped during interpretative testing.

When an error occurs in a compiled'proqram TURBO checks to
see whether or not a WHENSEREOR rcutine has been massed. 11
not, the error is reported normally.

There are two ‘levels' of WHEN.ERROR routine supportad at
preseat. They allow a simplc hierarchy of error-trapping,
2o that you can use cone level to trav 'ilceal' errcors, such
as invalid entries or coercion protlems, ard another to
escaps gracefully from more serious problems, such as OUT
OF MEMORY.

only the most recencly encountzared block at & given lavel »
is remembcraf - so one block ar a certain level
‘over-ridag' the previous one at that level, when program
erxecution passes the point at which it is defined.
Execution skips over the block, and all the code therein,
when thers is no erxor. ’

A WHEN block consisrs af the TURED TOOLKIT WHEM_ERROR

THE TUREQ ENCYCLOPEDIA '~ Section 4, page S~
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directive (one word with an underscore in it, not two

words) followed by a digit - presently 0 or 1. Then come a
succession c¢f program lines which are only executed when an
error occurs, and which will normally attempt to diagnose,
report and perhaps recover from the error, and the
Girective END.WHEN lagain ons word).

1f you use the partly implemented WHEN keywords on a JS or
MG version of the QL, you cap cmit the underscore and type
in the commands ag two words = in this case, WHEN ERRoOr
(two words) correspends to WHEN ERROR 0. Note that RETRY
and CONTINUE de not work in the same way when compiled by
TURBO as when handled by the interpretsr - this is m2inly
becavuse TURBO doesn't take a note of the current line,
statemenr, and bounds of various tzbles after every
statement, as the interpgreter does, but conly when you
indicate that this would be & good plece to do s0, by
including a RETRY.EELT directive.

‘mhe TURBO TOOLKIT functions ERLIN% and ERNUMI can be used

inside the block, to Zind the iast line stzried before an
error, znd the internal nuaser of the errer. Values of
ERNUMS, and corresponding :roporis, are 25 follows:

-1 not complete

-2 invalid job

=3 out of memory/dataspace full
-4 cut of range

-5 buffer full

=& ° 'channel nut open
-7 not found

-5 elready exists
=8 in use

=10 end of file

-11 drive full

-12 tad name

-13 Xmit error

-14 format failed
-15 bad parameter
~16 tad med:ium

=17 errcr in expression
-18 overflow

-19 not implemented
~20 read only

=21 bad line

Yyou can use the "JS® and “MG" RC¥ functions ERLIN and
ERNOM, Lf you wish, pur they are not 4as ef’icient as their
TURBO counterparts, espegislly in complic.ted programs.

Some of these errers, like 'bad line', are extremaly
untikely to crop up as a pragram runs = but tney may all,
motentially, be returnad, perhaps by extensinns.

143

4

The error nucbers that TUREQ itself verurns, &nd th

Ly}
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ERROR TRAFFING AND RECCOVERY CHAPTER S

circumstances in which tney are regsurnzdé, are documented in
great detail by Chapter F.

How an error is prepagated

When an errcr occurs TURED attempts to call the most recent
WHEN_ERROR 1 Joutine that it has pessed. If there is none
it tries to call the most recent WEEN.ERROR D rocutine. If
it still draws a blank it reports the error ‘as normal’.

1f the WHEN-ERROR 1 routine is completely executed (up o
the END.WHEN! without RETRYang, or if it executes a
compiled CONTINUE statement, or itself fails with an error,
the WHEN.ERROR 0 routine is called, If this docesn't exist
the latest ezrer is reporteg normally.

If a WHEN_-ERROR 0 routi.. executes a compiled CONTINUE
statement, the last error is report2d nocrmally. The same
hapoens if un error ccgurs in the level © error-handler.

It follows that, if you only want one level of trapping, it

doesn't mati2r whether you use level 0 or level 1.

Either type of WHEN.ERROR routine may czus2 program
execuzion to continue as if the error had not aappened, if
it executes a RETRY statement. Processing continues at the
point afrer the last RETRY..HERE statement.

Thus you c¢an trap errors in the whele of a routine, or
several routines, by putting a RETRY.HERE statement at the
start of each and = if the er:or line and code seem
appropriate - performirg a RETRY.

You can jump back ints a pregram from within an error-
handler without using RETRY. For instance you might use a
procedure~call, cr {horror of horrors!) a GO 70 ~ but, if
you do this, you should traverse another WHEN.ERROR soon
after, or TURBC will not realise that you have left the
handler, and subseguent eyrors will be propagated to the
next level, or out to the user.

Local variables, arrays, temporary values and
FETRY HERE

when an error is trapped it may be that temporary datca has
been allocated space by the compiled task. The task would
rapidly run out of mewory if this was net de-allocated.

Whenever TURBO encounters WHEN.ERRGR - at either level - or
RETRY.HERE it saves the current limits of sterage used for
temporary vilues, LOCAL information anc arrays, as well as
‘the position of the WHEN_.ERROR cf RETRY_HERE directive,

THE TURBC ENCYCLOPEDIA Section 4, page S=3
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which it needs to perform trapping or recovery cerrectly.

The saved storace 1imits are used by the error handler, SO
that it doesn’t immediately fail, or leave space allocated
aliocated after an error.

TURBD re-stores the 1imit of space used by arrays after a
DIM, so TURED RUEBEP ARRAYS (Chapter K} work fipe in
programs that use WHEN_ERROR. 1f an error would cause an
array to expand bevond available 1imits, error =3 is
generated BEFORE any attempt to move Or clear current array
values!

LoCAL variables created between the «ime & RETRY.HERE was
erncountered and the incidence of an error are de-allocated.

In general, this is a good thing, ané what. you'd want Lo
happen-

RETRY with an erTer

Tt can be useful toc use RIIRY and RETRY.HERE in your

programs even if you have trapped normal erroiz X licitl
y ;

with EDIT%, EDITF, BEVICE_STATUS and sC ©h. 1f your program
works by ‘rcTursive descent', and periorms tots of e¢alle
while it decides what musc be done, you may run inte cases
where you can go no further and want to Stop, perhaps with
a 'user error’' massage of vour own.

in these circumstances you

must uctzlly write lots of //
bulky, boring code to ensure /
rhat every routine still \
RETurns normally,

‘unravelling' any locals

iy 8 4

created on the way. If you EI KD {;17 (r‘
just hop out with a GO TO .—\ \\ Eﬁ%ﬂ 4
or a precedure sall from ()_4£d.%¥i
which you de not intend to »”E;'ﬂ @

return, the system will

slowly £ill up with

redundant LOCALs and

parameters after every

error, until all memory

is exhausted. TURBO'S ESCAFE MECHANISM

SUPERCHARGE used to do this, as the parser hed to be very
corcise and no alternative trick was available. This
somerimes made the parser Stop pefore it had finished
scanning & program.

TI=30Q uges RETRY_HERE to mark the place where scanning is
tc p»=start after an =rUvocl detacted by tne complier. 3

RETRY after such an errot r1dies up local and temporary

THE TURBEC ENCYCLOPEDIA Sacticn 4, page 5+ ¢
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ERROR TRAPPING AND RECOVERY CHAPTER S

variables with no need to ensure that all the code returns
normally. This saves time, saves memory, and saves code.
Such a facility is commonly reguired by complex analytical
software, yet very few programming languages support it.

The interpreter can't cope with this sophisticaticn, which

is a shame as it generates a lot more 'temporary data' than
TURBO does, a5 it works. You can still test programs under

the interpretsr by making the RETRY cenditvicnal, and using

a2 procedure-call to recover without unravelling unless the

code is compiled:

IFr COMPILED: RETRY: ELSE S5CAN

SCAN is assumed to be the routine with the RETRY_HERE
directive = igncred by the intsrpreter - at its start.

Turning off errcr trapping

It is easy to turn off TURBO errocs-trapping, so that errors
are reported normally. For each level of trapping that you

- are using, you should execute code of this form:

WHEN_ERR0OR 0
CCHNTINUE
INDOWHENW

Limitations of error trapping

Although TUFBO error trapping can ‘tidy up' operations
performed inside the compiled program's environment, such
as LOCAL allccation, it can't wind back time as fsr as ’the
outside world' is concerned.

If an errcr causes a file to be closed by the relevant
device driver, or a random access position to change, it is
up to the programmer to recognise this case and to include
appropriate code to correct it - or, atc least, te recognise
the futility of attempts to reccver fully in such cases.

THE TUPBD ENJYCLOPEDIA Sectinsn 4, page S-%
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B--Y COLPILER S=ZRVICE

The progran TURBO-CONFIG, supolied with TURBO, allows you
tco customise the parser, changing ths defaults to suit your
own way of woerking.

TURBO CONFIG may k2 supplied as a BASIC procsam, to be LEUN
or coempiled as you wish, or as 2 task, depending upon the
amount of microdrive space available on vour versien of
TLERG. If yeo compiie the BA3IC, or the task is suppiied,
you can leoad it with:

EXECUTE_A TURZOCONFIG

The BASIC file, if present, will have the usual BAS
extension at the end of its name.

When you run TURBO_CONFIG you are asked tc specify the name
of the parser file to be patched -~ then the usual TURBO
defaults appear. ¥You can change any of these, ard a number
of other options:

(1) The character size used in the DISPLAY window
- any of the normal SuperBASIC CSIZEs are allowed.

{2) The initial number of lines in the DISPLAY window
- betweer 1 and 19, or t and 9 for tall CSIZEs.

{(3) The keys used to stretch and sguasn the DYSPLAY
window ~ nermally ALT up and ALT down.

{4) The background colour.

(5} The key used to bring TURED back vo life if it

is dormant after being made ‘resident' - normally
ALT and '/'. Residence is discussed later in this
chapter.

Be wary of patching letters as c¢oantrol keys, unless you're
very consistent in your use of CAPS LCCK! When satisfactory
settings have been established they are ‘*patched’ into the
parser file, and will apprear the next time the parser is
invoked, until you use the same procedure to changs them.

THE TUREBC ENCYCLOFEDIA Section 4, page T-1
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CUETCRIS;NG TURBO CHATTER T
Mzking TURBO resident

The leftmost control on the bottom line of the TUREC front
panel lets you make TURES - and it's cocda-generator =
‘resident’ in your system, SO that it can pe inveoked at any
time without the needé to re-load either part from disk or
tape.

The whole TURBO system is too big te reside in the 128K
memory of a standard QL, but it fits neatly if you've got
£4K or mora of expansion mERTOry. YOU RAY find it especially
useful to make TURBO resident if you're cocmpiling lots of
programs (or one pIogram, with revisions, many times!) on a
QL with extra RAM but no disks.

you must load the components of TURBO separately if you
want to make it 'resident’. Type:

EXECUTE dev_PARSER.TASK:I¥ECUTE dev CODEGEN_TASX
Substiture FLP1 or MDV2 et for dev, as reguired, tO
indicate the drive nolding the TURED compi ler, Make sure

that all three commands are on the same line.

Alternatively ycu cz=n use the command=-file MIKE _RESIDENT to

‘enter these commands for you:

MERGE dev.MANL.RESIDENT

The parser front panel will zrgear as normzl, but the code~
generator will be ioaded a< once, without waiting to see
whether or not 1t iy needed -~ we want iz o bz 3t Instant
resdiness! '

The 'residence' control nermally shows *Run once', which
meanes that the parser and code~generator will vapish once
their work, on 2 particular task, is donz. Press SPACT to
change this control te read '‘rasident'.

Now the parsers and code-generator will ctay in mexmory asfter
a cempilation, and you can call the 'front panel' back up
at any time by pressing ALT v/, or other keys you may
configure yourself.

The cnde-generatcr will run autcmatically whenever &
program or medule 1s parsed witnout orror. Yo can oeven
parse one progrem while code for ancther is generated,
although this may mess up the display a bit!

Set the 'residence’ control back to 'aun once’ befcra the
la:t complilation you wish to perform. The parser and code-
generator will vanish once trat compilation has been
successful.

THE TUREQ ENCYCLOPEDIA Section 4, pous T=2
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C-l-Y COLRPILER &=RVICE

The program TURBO_CONFIG, suprlied with TURBO, allows you
to customise the parser, changing the defaults to suit your
own way of working.

TURBO CONFIG may t2 supplied as a BA3IC preogram, to be LRUN
or ccmpiled as you wish, or as a task, depending upon the
amount of microdrive space available on vour version of
TU7RO. If yco compile the BA3SIC, or the task is suppiied,
you can load it with:

EXECUTE_AR TURDOQ.CONFIG

Tha BASIC file, if present, will have the usual BAS
extension at the end of its name.

When you run TURBO_CONFIG vou are asked tc specify the name
of the parser file to be patched - then the usual TURBO
defaults appear. ¥ou can change any of these, ard a number
cf other options:

{1} The character size used in the DISPLAY window
- any of the normal SuperBASIC CSIZEs are allowed.

(2) The initial number of lines in the DISPLAY window
~ between 1 and 12, or 1 and 9 for tall CSIZEs.

(3) The keys used to stretch and sguash the DISPLAY
window - normally ALT up and ALT down.

(4) The background colour,.

(S) The key wvsed to brimg TURBO back te life if it
is dormant after being made 'resident' = normally
ALT and '/'. Residence is discussed later in this
chapter.

Be wary of patching letters as control keys, unless you re
very consistent in your use of CAPS LOCK! When sivisfactory
settings have been established they are 'patched’ into the
parser fi1le, and will appear the next Lime the parser is
inveked, until ycu use the same procedure £o change them.

THE TUREQ ENCYCLOPEDIA S2ction 4, page T~1
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Mzking TURSO resident

The leftmost control on the bottom line of the TUREC front
panel lets you make TURED - and i='s coede-generator =
‘resident' in your systam, SO that it can be invoked at any
time without the neec to re-load either part from disk or
tape.

The whole TUREO system is too bic to reside in the 12EK
memory of a standard QL, but it fits neatly if you've got
€4K or more of expancion memory. You miY find it especially
useful to make TUREO resident if you're ccmpiling lots ef
proerams {Qr one prodrarn, with revisions, many times!) on a
QL with extra RAX but no disks.

you must 1oad the components of TURBO separately if you
want to maxe it 'resident'. Type:

EXECUTE dev.PARSER.TASK:EXECUTE dev. CODEGEN_TASX
Substitute FLP1 or MDV?2 etc for dev, as reguared, to
indicate the drive holding the TURLS comp:ier. Make sure

that 41l three commands are on the same line.

Alternatively ycu czn use the command-file MAXE _RESIDENT to

"entar these commands for you:

MERGE dev.MArE.REISIDENT

The parser front panel will oprear 2= rornzl, but the code-
generator will be loaded a< once, without waiting to see
whether or not 1T is needed - we want it o be st inztant
readinass! ‘

The 'residence’ control normally shows ‘Run once', which

weanz that the parser and code~generator will vanish ongce
their work, ©n & particular task, is dung. Press Z¥ACE to
change this contzrol to read 'rzsident’.

Mow the parses and code-generator will stay in memory after
a compilation, and you can call the 'front panel' back ub
at any time by pressing ALT '/', or othar keys you may
configure yourself.

The cnde-genezateor will run autcmatically whenever 2
prearam or mecdule is parsed without error. YCu &an gvan
parse one progran while code for ancther is generated,
although this may mess up the display a bit!

Set tre 'residence’ control back te 'Run once'! bafcre the
last compilation you wish Lo perform. ihe parser and code-
generator will vanish once trat compilation has been
successiul.

THE TUREQ ENCYCLOPEDIA Section 4, poue Te2
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CUSTOMISTNG TUREO CHAPTER T

You can remove EARSER_TASK at cnce with REMOVE.TASK, or
(more elegantly) by bringing vp the front panel and
selecting the 'residence’ control. Press SPACE till the
message °'Quit now?' is displayed, then press ENTER.

You can remove the CODEZEN-TASK, when it is not needed, by
typing LIST.TASKS and then using REMOVE.TASK to get rid of
the task with a name starting CODEGEN 2.

You should not try to run more than one copy of the parser
or cocde generator at one time, I necessary, use LIST_TASKS
and REMOVE_TASK before vou re-use MAKE_RESIDENT, ©Or press
Reset and start again.

INCREASIKC TURBO'S OWN DATASPACE

1f TURBD aborts a compilation with an 'out of memory' error
or the report 'please increase dataspace’® you can fix the
problem by increscing the parsev’s dataspace, just as if it
were any other compiled program.

The standard dataspace should ke epcugh to compile almost
any program that fits, with the parser, on a 128K QL, but a
larger cllocation mav be reyuired for expanded systems.

A dataspace of 30K should be encugh to cater for almost all
sizes of program.

THE TURED ERCYCZLOFELIA Secticin 7, pags T-3
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HINTS AND TIPS

In this chapter we list and explain general technigues
which will help you to get the besu possible performance
from TURBO. '

The first half of the chapter dezls with scftware
technigques and timings. The second part discusses external
influences on the speed of compiled code: devices, memory
ancd multi-tasking.

SOFTWARE SHORT-CUTS

TURBO increases the speed of most BASIC programs by
rationalising the steps nescded to produce a given effect,
The spead=up ratio depends upon two factors -~ the original
steps, cutlined in the program source, and the degree of
‘optimisation' which TURBO performs,

TURBO iz a powerful tool because it can analyse and improve
virtually any rrogram that runs under the SuperBASIC
interpreter, But some improvements are not ‘obvicus' to the
compiler; ¢his chapter explains how you ¢an can encourage
it to produce ‘'better' code, by whatever standards you set.
It iz useful to bear these points in aind when you write
new soitware which you intend to compile with TUREQ.

Cther 'improvements' mav have disadvantages; they might
limit the range of values which your procram can vie, or
increase the s5ize of the compiled task. In such cases TUREBO
gives you control over the option.

This is a discusssion, not a comprehensive list of TURBO's
advantages over interpreted SuperBASIC. You'll find
specific advice about data-types and calculation efficiency
in Sectien 3 of this Encyclopedia.

. OPTIMISATION AND IN-LINE CODE

Buman programmers {(outside Psion) will produce different
cede depending upon the memory and other resources
available., TURBQ can do the same. This is called
'optimisation'.

You can tell TUBLD to optimise the size or speed of your
compiled task, or the help it gives when things go wrong,
or the speed of compilation. Many of these opticns are
necessarily mutually exclusive: if TURBC can think of a
trick to maxe a program simultanecusly concise AND fast, it
will use it withovt asking youl

THE TUREC ENCYCLOPFDIA Section 4, page U=1



i .

T

[SpE

e

TUNING TUR20 FOR TCP FERTORMANCE CE-PTER U

There are two ways to control the 'style' of code produced
by TUREC. You cen Go it ‘globally' = throughout the program
- or 'locally', line by line. The first is crude but eoften
effective, especially whan testing. The second requires
prior thought but gives the best possible trade-off betwecen
size and speed. Local optimisation control is recommended
for 'preduction' software.

Optimisation controls

All of the 'tcp row' of TURED frornt—panel controls affect
optimisaticn, but the mest important is the middle one,
helpfully labelled ‘optimising’. This is discussed in a
mement, once we've oot the minor ones out of the way.

Diegnostics

The leftemost switch on the lire, iabelled ‘Diagnostics’,
is a useful but dangercus weavon. It reduces the size of
compiled tasks by four bytes for every line in your
progr.oo, by removing the code that maintains the current
line=number.

The snag is that all error messages from such a task are
marked with line nurber 'zero', 50 you cin't tcll where ynu
have run into trouble if z= vrror dees occur. Nor can you
'rrase' or 'profile’ the compiled task with vtilities froem
the TURZOLTK_DEMCS, as you could if line~numbers were
present.

Ve revommend that ycu enly turn diagnosties off when you
have exhaustivaly tested & prograii. You are also advised to
keep a separate cempiled version WYTH line-numbers so that
= with iuck — yvou will be able to duplicate and find out
the source of any errzors thst may ¢rop vp in future.

One extra effect of turning off diacnosticy is that the
vsual sequence of line=numbers is NOT vrinted on the screen
during the four passes of cempilatien. Don't worry = TUREC
is still working. In all »ther resoects, including the
production of a listirg if reguired, the compilaticn
proceeds as normal,

Tirning off diagnestics increases the speed of compiled
code {although this effect is margiral excemnt in integer
reutines) and speeds up the compiler., It also redoces the
size of compiled tasks, but debigging is rendered extremaly
tricky, if errors do occur,

Think carefully before you turn off diagnostics. Please

den't send us tasks without line-numbers and exrect us to
diagnose faults for you!

ThHIL TURSC ENCYCLOPEZDIA Section 4, page U=z
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Windows

The size of compiled programs is reduced very slightly, and
their memory requirement is reduced further {by abocut 270
bytes for each window} if you limit the number of windows
that are automstically copied from SuperBASIC when you
compile a program.

The right~hand contrel on the top line of the panel sets
the nimber of windows, as its label indicates. You can set
the number of copied windows to any number between 0 and
16, or the highest channel number open from BALSIC -
whichever is the smaller.

If your program does not use the display, or opens all its
own windows, you can save a little code by setting the
nuczber of windows to . Select 1 if your program only uses
the default windcw. Set 2 if you also usei .0, the command
window, and 3 if your ccde is badly-behaved and needs a
copy of the Supe-BASIC listing window!

The 'Optimising' switch allows a lot more control over the
style of TUNBO's code. The four possible settings are
discussed below.

Opitimising: FONE

“his tells TURED to make up its own mind; in general it
will only perform optimisations that minimise code SIZE and

maximise SPEEDR, wotn at the same timel

Mos® of the tiwme the compiler preduces a compact, fast code
called 'threaded code' = this is 2 ccrie which contains a
mixture of data and routine addresses, rather than data and
machine-code routines. The code is executed by calling each
address in turn. TUREO uses an extremely fast lirkage for
threaded code, and the complexity of the routines in the
'library' is carefully judced so that the cost of jumping
from one to the next is extremely small.

mhe advantage of threaded code is that it is very congize -
even if a given oreratien has to be performed several
times, it only need appear in the file ONCE. SuperBASIC
programs contain many repeated operationg, so threaded code
can dramatically reduce the size of big progrars.

The relationship between the size of scucce code and
generated code is not constant = i- depends uporn the
actions being performed. Very snort, conplex programs may
require most of the library 'routines’ = but TURBC tasks
never include routines unless they actually need them.

THE TUREO ERCYCZLOFPEDIA geernion 4, page U-3
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The original SuperBASIC version of TURBO'S parser would not
joad into a standard 128K computer, while the ccmpiled
version leaves space for & substantial BASIC program
alongside the parser. The saving is mere than 50 per cent
of the final code size = and TURBO stores variable values
and 'return' information MOIe concisely than the
interpreter, too. The function FROG-SIZE, in TURBC.TK
DEMOS, tells you the true size of an interpreted program.

TUNING TURBC FCOR TOP PERFORMANCE

The alternative to *yhreaded’ code is ‘in=line' code. 1IN
this code, an option on TUREC and the only possibility for
other true compilers, all the routines are written out in
full and executed in 2 continucus Stream. in~line code is
not used very much when you select 'no' optamisation, but
it is useful in other caseS...

Opiimising: SPEED
in this case TUREO translatcs the entire program to in-line

££008 machine-code, with 2 minimim of subroutine calls.

This is longzr than the defaulit, ‘thieoded code’, but

faster, particularly on integer operations. TO understand

this you need to know a little akout the way TURBO

generates code.

ohe second part of the compiler, the code—-generator,

asser>les 68008 machine code for each opcration as required

by the fivst part (tne parsez). When tthreaded' code is

peing produced, the ecda=generator only includes each .
routine once, and then only if it is definitely needed, 8O

programs can be cempiled into compach tasks.

About 4K cof code and pre-allccated working storage is

always present = this includes routipes to set up the task,

communicate with the POM, tzap and handle errors, open

windows and so forth. Part of this space is ‘released’ when (:)
the task has finished setting itself up, and becomes

availarle as dataspace.

‘Raw' 68008 machine code is, by nature, extremely verbose -
it takes four bytes of code, for instance, Lo compare a
registex value with a characterl! I you're really keen you
can improve the performance of compiled programs BY the use
of in-line coce, but the results are only marginal and you
should exp=ct an increase in the size of the compited task
as a result. :

vou can farce the code=generator to use in=line, rather
than threaded code, throughout your program by selecting
the *‘SPEED' optimisation. Powever this may result in a very
jarce task; TURBD's in~line code is much more cencise than
the code generated by its predecessor SUPERCHARGE, but it's
still much more leng=winded than threaled coda.

THE TUPBO ENCYCLOPEDIA Section 4, pave U-4 ( p
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Optimicing: SIZE

This tells TURRO to minimise the size of the compiled file,
by using threaded code ané short (16~bit) addresses for
lires and data. The use of short addresses can also give a
tiny speed improvement.

This setting will not work with extremely large pregrams,
where all the code cannct f£it within a 64K area. If you
fall foul of this restriction you must re-compile without
selecting °'SIZE’ optimisation. ¥You should find that your
progranm is much smzller than the interpreted form, even
when the default of 32 bit addresses is used.

We have ccmpiled programs of over 2,50C lines into less
than 64K, so enly the most prolific will run into this
restriction, and it is unlikely that they will be writing
for standard 128K QL5

Optimising 'SIZL' alsc removes the jumps that skip over
procedure and function definiticns. ¥n general this just
saves a few bytes for each J=finition, but it may cause
your program Lo stop unexpcctedly, but safely, if you're in
the habit of writing definitions in the middle of other
toutires, e.g:

10 PRINT "Hello tlorlad”

30 CEFrine PROCedure STHANGE.PLACE
40 ERD DEFine

50 FAINT "Pregram continues.,.®

If your programs do things like this you should not use the
optiznise SIZE control without moving imbedded procedures or
furictions to the end of the code, or (if there are only a

few 'p=oblem' routines or greoups) adding an explicit GO TO:

20 GO TC 50

This directs thz program past the definition. It's
obvicusly not werti: coing this unless you really need 16
bit addressirg, or you can get by with a swall number of
extra GO TOs.

Optimising: REM

This is a variation on the 'SPEZD' and 'NONE' options which
can give mest of the advantages of both. The snag i. that
vou must analyse your program te find cut which parts arae
taking most of the time.

You may be able te pin-paint the key routines from your own

¥nowliedge cf the program design, but in some cases
auvtomatic help is usaful.

THE TURED ENCYCLOFPEDIA Cection 4, page U=5
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mie 'PROFILE' utility in TURRC.TX.DEMOS is ideal for this
purpose. Compile the task with optimisation set to °"NONE'
and diagnostics present, then let it rum, while using
PROFTILE to werk cut which are the time-critical parts.

You must tell PROFILE the range of lines you wish to check
when you start te use the utility. If you are running
TROFPILE as 3 tack, set it's dataspace to allow 2 bytes for
everv line, plus 2 few K for working storzge. Note that
there are two versicns ¢f PROFILE = one for interpreted and
one for compiled code. You want the second ohe!

FROFILE works by periedically interrupting the task and
checking the line-number at the point of interruption. It
keers a table of lipe-numiars ané counts, indicating how
many times the interruption happened while & certain line
was being executed. You can stocp PROFTLE av #nv time and
iook through the tale. The lines with the highest counts
will be the ores most worth cptimising.

When you knew which lines are tire-critical, re-code thenm,
mading the least pessible use oF evitensions and
floating-point comuands = use integer arithmetic wharever
possibie. Then put @ pair of special REMark statements
around the lines, to indicate that you want them to be
gencrated as ip-line code. Fut:

REMarx +
before the lines you want extra=fast, and:
REMark =

after them. The REMark does not have to be at the start of
the line, but it obviously must be the last statenent
{cince everything after a REMark is ignored). It is » good
idea to put these RE“arks on lines of their own, since this
rakes them easy te finc later. It doesn't matter whether
yuu enter a space between REMark and the *+' or '=~' sign.

Y.B: There is one small restriction on the placewent of
these REMarks. If a FOR statement is in in~line code, the
corresponding ENC FOR and any intervening NEXTS and EXITS
w1ST also be in in-line code = not threaded code. The fix
for this 'bug’ would cost more time than REMark + saves!

Tysks which use in-line cecde are larger and (in approvriate
circumstances) faster than their thresded counterparts. In
peneral REMark + is oplv vzeful on assignments and integer
code = it bas next to no cffzct on complex graphical or
mathematical programs since the time sSpent bztween one such
threaded operation and another is relatively tiny.

THE THUFB0 ENCYCLOPZIDIA Section 4, page U=:
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LARGE PROGRAL™S

Long programs are often accelerated by TUREO much more than
you might expect. Contrary to Sinclair's advertising
claims, the SuperB2SIC interpreter gets steadily slower as
procram sizes increase, while the spezd of compiled
programs remazins constant, and very much faster.

The SuperBASIC interpreter has an excellent range of
structured' contreol constructs, but it executes thess
rather slowly. In particular, loops, procedure and function
calls have an elzbcrate set-un seguence and use line-
numbers as reference points rether than machine addresses,
sc they become steadily slower as programs get longer. A
'long=range' reference in a large interpreted program can
be 100 times slower than one which only spans a few lines.

This property of the interpreter means that routines at the
start of a2 program are found more guickly than roucines
later on = it also meens that long pregrams run
Sispropertionatelv slowly. GO TG, GO SUB, IF, FOR, REFsat,
NEXT, EXIT, RETurn, END, procedure ana functicn~czlls are
all interpreted by scanning through the pregram, whereas
TURBQ jumps directly from place to place.

The bigger your program, the greater the sreed-up factor
you ¢an expect. All TURBO jumps take less time than the
interpreter spends skipping a single line, so the spzed-up
farctor can be very impressive in progranc of hundreds or
thousands of lines = the cenpilcr may accelerate EXIT,
NEXT, REPEAT and GO TO by a facrtor of over 1,000!

Consequently scme of the tricks needed to cbtain fast
execution in interpreted pregrams ere irrelevant to the’
compiler. ¥You should not be 2fraid to keep rovtines in a
logical order, or to make extensive use of structured
loops, procedure and function calls. They will be conpiled
into fast code.

There is no advantage t0o be gained by using archaic
statements such ags GC TOs and GO SUBs in preference ue the
structured ccmmands, These will work guickly in compiled
programs, but so would their ctructured eguivalents.

cf course there's more to program execution than junps from
piace to place, but this is still a uveeful imprevement
which i3 not shown by short 'benchmark' programs designed
to test interpraters,

o
-
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LARGE PRCGRANS

Long programs are often accelerated by TURBO much more than
you might expect. Contrary to Sinclair's advertising
claims, the SuperBASIC interpreter gets steadily slower as
program sizes increase, while the speed of compiled
programs remains constant, and very much faster.

The SuperBASIC interpreter has an excellent range cf
‘structured' contreol censtruets, but it executes these
rather slowly. In particular, loops, procedure anc function
calls have an elaborate cet-up seguence and use line-
numbers &s reference points rather than machine addresses,
so they become steadily slower as programs cet longer. A
‘long=-range' refersnce in a large interpreted program can
be 100 times slower than one which only spans & few lines.

This nroperty of th2 interpreter weans that routines at the
start of a preogram are found mere quickly than routines
later on = it a2lso means that long pregrams run
dirproperiionately slcowly. GO TC, GO £UB, IF, FOR, REIcat,
VEXT, EXIT, RETurn, END, procedure and function~calls are
all interpreted by scanning through the program, whereas
TURBO jumps directly from place to place.

The bigger your program, the greater the speed-up factor
you can expect. All TURBO jumps take less timz than the
interpreter spends skipping a single line, so the speed-up
factor can be very impressive in programs of hundreds or
thcusands of lines - the compiler may accelerate EXIT,
NEXT, REPLAT and GO TO by a factor of over 1,000!

Consequently some of the tricks needed to obtain fast
execution in interpreced programs are irrelevant to the’
compiler, You should not be afrzid to keep routines in a
logical order, or to mzke extensive uvse of structured
loops, procedurs and function calls. They will be compiled
inte fast code.

There is no advantage to be gained by using archaic
statements such 2s G2 TOs and GO SUBs in preference to the
structured commands, These will woryr guickly in compiled
programs, but so would their structured eguivalents.

Of course there's more te program exeacuvtion than jumps from
place to place, but this is still a useful improvement
which is not shown by short ‘benchmark' programs designed
to test interpreters,

THE TURBC ENCYCLCPLDIA Section 4, page U=7
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2 few lines often consume the mzjority of the execution
time of an entire crogram. A usefunl rule of thumb is the
idea that ten per cent of a substantial pragrad is executed
for ninety per cent of the time {and vice versal). It
follows that well-chosen, localised changes to a progranm
can have a dracatic effect on its overail run-time.

Loon entimiczlions

In ceneral there is little peint in trying te accelerate
sections of a program which wait for input or co not form
parts of locps. 'Nested loops' zre mcst important = these
are lcops within loops. You need enly optimise the
innermost loop te obtain mecst of the pessible speed=up,
since that c¢ode is executed most often.

It is especially important to reduce the code at the heart
of & loop t¢ the minimun. Cften some sSters are pericrued in

loeps when they might just as well appesr outside. Let's
take an example:

FOR I=0 TC PT TSP PI/130
A(J)}=a{T)+SIN(I)*COS(THETA)
END FOR I

This lecep is performed much more quickly if the CO§
caleulation is wmoved outside the lecp. h:z present the value
of COS{THETA) is wnrkzd out 180 tim:s mcre than is really
necessary, and the crray A(} is indosed needlesuly. This
code runs more than twice as fast:

TEMP=C0S (THETA)
TOTATAA(J)

FOR I=0 TQ PI STLP PI/I80
TOTAL=TOTAL4S1N{I) *Lii?
END FOR I

A{J)=TOTAL

This is a rather gross example but a relevant cne: similar
cases often arop up in ‘real' programs. Cne espesially
cowmen inefficient construct is this:

FOR I=0 T0O 32767:FOKE T+131072,=1

Tris version runs alwost twice as fast:

FOR I=121072 TO 131072+32767:POKE I,=1

Ee
o
[
mw
[
i
o}

THE TURBO EXNCYCLOPEDIA S.ction 4,

»

O

O



e

-

TUNING TUREO FOR TOP PERFORMANCE CHAPTER U

Thera's no real need to substitute the value of the
expression 131072 - 32767, as the start and end in a FCR
statement are only evaluated cnce, when the loop begins to
iterate. We would argue that 131072 + 32767 actually
conveys more information than 163839.

Eagle-eyed readers will have spotted another possible
improvement:

FOR I=137072 TO 121072432767 STEP 4:POKE.L I,-?

This is almost four times faster again... but we can Qo
many times better with TURED TOOLKIT:

X$=TILLS{CHRS(255), 123}
FOR T=121072 TO 131072+32767 STEP 128:POKES I,XS

of course, it would be nice to get rid of the loop...
_PCKE 131072,=1:MOVE_MEMORY 131072 TOC 131073,32767

TURBO can optimise MOVELMEMORY between even addresses, as
noted on page 24 of the TURBO TOOLKIT manual, so this is
{prcbably) the ultimate version:

TOKE.L 131072,-1:MOVE_MEMORY 131072 TO 131076,32764

vou'll need to compile this to take udvantage of the
cptimisation. Pon't blink, or you woen't be able to tell the
difference.

Not all program fragments are this amenable to change, but
we hope you'll acree that it's a neat examplel

Fioziing point

TURRO canno: do much te accelerate the rate at which
cemplex mathematical functions are evaluated, since most of
the interpreter’'s time is spent working out the result =
the formula is so cocmplex that this delay swamps the delay
while the interpreter decides what action ig to be
Ferformed.

In this case TURBO, and all other QL ccmpilers, is limited
by the 6800f microprocessor. The algorithms used are
efficient. The only way to speed evaluation would be to
reduce the precisic: reguired or te fit special-purpose
hardware, such as the 68281 arithmetic co-processor. The
Intel 8087, available as an opticn for the IBM PC and other
machines, is not a great deal facter than the QUL at
flecating=point maths.

THE TURBC ENCLJLCPEDIA section 4, page U=9
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vou can obtain useful results by compiling your own low=
crecision mathematical functions which sum suitable series.
mhis is because TURBC can perform the fundamental integer
operations of multiplication, division and so on very
guickly. Such tricks are discussed in Chapter M of this
Encyclopedia, "Fast arithmetic with integers™.

Minimising external calls

Alrernatively, you might be able to replace function-calls
with variable or array-references. This technigque is useful
if vou use the same values oI 2 functicn 20ain and Again.
TUREO is much faster than the interpretsr at acressing
arrsys of any number of dimensions, ané in any czse ccmplex
functions (LN, STN, SQRT etc) take much longer to evaluate

than arcay subscripts. _

Crdered SELECT

1f Lne instarnces {or 'cases') in 2 multi-statement SELECT
are¢ re-ordered so that the most likely values come first, a
useful spead improvement may result. This trick works
because the enly way such statoments can be executed is to
test for each case; later cases do not have to be evaluated
if ar earlier one matches. TURBO carn‘t do this for you
because 1t can't guess which cases are the most common.

1f the values tested for can easily be converted into a
conrinuovs integer range, ON GOSHB is always faster than
SELECT, since one 'test’ handles all instances.

'‘Lazy' IF evaluation

If a test contains the AND keyword, BOTH tests are always (::
performed, even though the result is known as Soon &5 One

has been evzluated. This must happen, in case either test

contains a function-call which has 'side effects' on other

variables. You can save time, if your code deesn't do this,

by writing:

IF¥ A TEEN IF B THEN ...
instead of:
IF A AND B TEEN ...

The first test should be the one most likely to fail. ¥ou
should be careful to keep END IFs matched properly.

\

.
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COPILERS AND MACHINE CODE

Although TURBO gives a large speed-ur factor it does not
produce programs as fast as hand-written machine code. We
explain this apparent flaw in this section.

Diagnostic help

Cowpiled programs perform extensive errcr~checking while
they run. Tney ensure that array references ere Correct,
and that parameters such as colours, channel numbers or
print positions have sensible values. This testing is
performed efficiently but it inevitably recuces the speed
of compiled programs. Compiled code also keeps track of the
BASIC linee-number corresponding to the code being executed,
so that you can identify errors easily.

These diagnostic checks are comsidered essential, since it
would be very difficult to detect cobscure bugs if they were
not present, and there would be an increased risk that the
machine woulé@ crash when errers c~curred. Multi-tasking
crashes are especially unwelcome as they can afiect
programs running ccncurrently.

Machine-code programmers are used to machine crashes; they
have a detailed knowledge of the code they are running and
are willing to expead a great deal of effert tracking down
tugs. Compiler users do not have this detailed knowledge,
ard would not want to use it anyway = they choose to save
their own time, ratner than that of the computer.

Unlike its prelecessor, SUPERCHARGE, which always chacked
everything, TURRO does give you some control over its
diagnostic checks:

{1) If you indicate in-line code with REMark + ov Cptimise
SPEED the value of the result of an integer add, subtract
or multiply eperation is nct checked. any ‘extra' overflow
bits are discarded, with no message. You should compiie
your program and test it in threaded code first; the
interpreter does not always detect integer ovexflow.

Invalid array subscripts, parameter typa2s and integer
division operands are still checkad, &nd all string and
floating=point checks are performed as normal,

(2} You can stop compiled tasks keeping track of the
current line~number as they run, Ly compiling with
'diagnostics off'. This will make the tass smaller and
slightly faster, but it makes de-bugging a nightrare!

THE TIRBC E£ . YCLOPEDIA Section ¢4, peae U-11
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COMPILERS AND MACHINE CODE -

Although TURBD gives a large speed=-up facter it does not
produce programs as fast as hand-written machine code. We
explain this apparent flaw irn this section.

Diagnostic help

Compiled programs perfcrm extensive error-checking while
they run. They ensure that array references are correct,
and that parameters such ac- colours, channel numbers or
print positions have sensible values. This testing is
performed efficiently but it ipevitably reduces the speed
of compiled progcrams. Compiled code also keeps track of the
BASIC line-number corresponding to the code being executed,
so that you can identify errors easily.

These diagnostic checks sre considered essential, since it
would be very difficult to detect obscure burgs if they were
not precent, ané there would be an increased risk that the
machine would crash when errors crcurred. Hulti-tasking
crashes are especially unvelceme as they can affect
Pregrams running concurrently.

Machine-code programmezs are used to machine crasnes; they
have a detailed knowledge of the code they are running and
are willing to cxpend a great dezl ¢f effort tracking down
bugs. Compiler users do not have this detailed knowledge,
and wculd not went to use it anyway = they choose to save
their owa time, rather than that of the compucer.

Unlike its predecessor, SUPERCHARGE, which always checked
everything, TURBO does give you seome contrcl over its
diagnostic checks:

(1) If you indicate inw-line ccde with REMark + or Optimise
SPEEL the value of the result of an intcger add, svbtract
or multiply cperztion is not checked. Any ‘extra'’ overflow
bits are discarded, with no message. Ycu should compile
your program and test it in threaded code first; the
interpreter does not always detect integer overflow.

Invalid array subscripts, parameter types and intecer
division opszrands are still zhecked, and all string and
floating—-point checks are performed as normal.

(2} You can stop cbmpiled tzsks keeping track of the

. current line-pumber as they run, by compiling with

‘diagnestics off'. This will wake the task smaller and
slightly faster, but it makes de~bugging a nightmere!

THE TURBO ENCYCLOPEDIA Section 4, page U-1%
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Ccmpatibility

TUREQ must be compatible with the SuperBASIC interpreter,
or its great advantage over other QL compilers < the ease
of interactive testing « is lest. This means a4 number of

rrage-offs:

{1} The compiler can cnly offer the simple datz-structures
of SuperBASIC = 1€ pit integers. SLIings and 44 bit
floating=point variables (4 bits of every & byte floating=
point number convey no informaticn about the value). The
other data-.yres available to the machine-code programmer =

bits, bytes, addresses ané 32 bit integers = cannct be used

because of the neec for compatibility with +he interpreter.

Integer graphics co-ordinates would give greater speed, but
SuperBASIC requires that FTlozting=-roint values are used, SO
that SCALE can work under all circumstances.

The speed of memory=addressing commands (such as PrzX and
POKE) is restricted by the use of floating-ycint adaresses.

(2) The spred of printing teo the display is hamstrung by
all the options which may be used - windowing, different
MODEs, C31fis, IMX, parrFR, FLASH, GYER and so forth. These
paramerers <an te changed within a progran, so TUREBO cannot
make assumptions akout them without running the risk of

incompatibility.

(3) Since SuperBASIC is an extensible language, the
compiles wust Support extensions intended for the
interpreter. TURBO can optimise TOOLKIT facilities and
standard QL commands, but other extensicns must be treated
in a 'general purpose' way. This limits the efficiency of
compiled programs, as they must be able to ‘make ¢o' with
code intended for the interpreter.

In a few minol cases extensions cannot be sunported by
TURSO because they make assunptions that mean they must be
calied from an interpreter. w#e have implemrented the maximum
compatibilitcy tkat c¢an exist without greatly compromising
the efficiency of compiled code.
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Special cases

It is true that the compiler cannot take account of special
cases in the same way that an experienced human programmer
can. To some extent this reflects the limitations of
digital computers and of our understanding of thought, but
there is still scope for some improvement to TURBO before
these limits are approached.

2 more practical limitation is the amount of memory
available for the cempiler's 'intelligence'. The authers
could not encode their entire knowledge of programming into
128K byvtes = let a2lene leaving space for intermediate code
and a substantial BASIC program!

As generated programs become more effircient, the time
needed to produce them increases. The gpeed of code
produced by TUREO as limited by the fact that compilations
must be performed as gquickly as possible.

Ever, if *he vompiler nad the information and analytical
power needed to generate ccde as good as a human
programmer, it might end up werking as slewly as the human.
At present TURBO is much faster than even the most prelific
-hacker.

Demonstraiic corraciness

The 'simnie-minded’ code produced by the ccmpiler has one
other advantaye over the hand-crofted variety - it usually
works first time.

In recent years there has been a great deal of academic
research into the task of proving the correctness of
programs; the conclusion, so far, is that this is extremely
difficult (without exhnustive experimentation). The
difficulty seems to increase disproportionately to the
intricacy of the code being analysed.

A compiler capable of producing very efficient code for
many special cases is likely to be inherently less reliable
than a simpler creation. We have tried to pitch the
complexity c¢f TURBO at a ievel where it offars almost all
the advantages of machine-code, without the drawbacks.

THE TURED EXNCYCLCPEDIA Sectior 4, page U-1{2
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EXTERNAL FACTORS AFFECTING TASK SPEED

The speed ol machinpe~code programs that Fun on the QL is
not just dependent upon the cuality and efficiency of the
code. Three other factors also affect code speed:

{1) bevices and peripherals
(2) MemoXy
(3) Multi-tasking

In the remainder cf this chapter we explore the effect of
each of these factors on TURED and SuperBASIC execution

speed.

DEVICES AND PERIPHZRALS

TUREO cannot, in ceneral, increase the maximuiE rate at

which peripherals ~an transmit or receive data. after all,
printers end other serizl devices would not be able tO

respond if TURED cranked up the LR3-237 interface spees from

9,600 baud to 192,000 baud! Even 1f the electroniss was
ruilt £o Support such a sreed = and it isa’t = connectors
and external components could not cope.

The same physical limi-ations stop Tx50 frorm spinning

floppy Gisks at 6,000 &PV o~ snarling up microdrive tape at

ep teer a second! But TUREO can give dramatic speed
improvements on Some progrars that maxe heavy use of files
and devices, becauvse it redaces the delay between
data-traasfers so that data can te pached mere éensely.

Thiz effect varies widely depending upon the progran and
the device - the only way to discover whethzr or mot your
code fallis into this category is to compile it.

If you want & demonstration of this effect, bear in mind
rnat the original, SupcrBASIC versien of the TURBQ parser

takes more tnan Jive minutes to lo. = “rowm disk, whareas the

conpilad version lecids in a few seconds. The differeace is
rothing to do with the disk drive cr interface - it just

indicates that the data is processed more efficiently a5 it

is loaded, so that much more dara can be read in 2 given
time.

TURSO's display handling sueed is limited py the QL'S

hardware and software cesign. Display goftwarae is discussed

in Chapter O of this Encyclopedia. Hardware problews
associated with the QL's display are discussed in the next
section of this chapter, tepead ard Memsry ' .

THTC TURBC ENCYCLOPERIR section 4, page U1
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SPEED AND MENMORY

The QL could run many programs almost twice as fast if
Sinclair hadn't tzken a 'shert cut' in the machine's
design. The speed of the memory is deliberztely slugged to
simplify the design of the computer. This hidden kludae
does not affect the memory in a well-designed expansion RAM
unit, so the QOL's performance leaps zhezs when extra RAM is
fitted.

Some makes of add~on memory {such as CST's RAM Plus) allow
values to be store¢ or read at almost twice the rate at
which the QL's standard 128K can work. This can have a
noticeablie effect on the speed of scue compiled programs.

In this section we'll discuss the reasons why external RAM
can run so much fester than standard QL memory. If this
latter-cday industrial archa=oloyy leaves you celd, or you
snly want to know the results, not the reascns, please skip
the next couple cf pages and tontinue reading frem the
heading 'Getting anhead'.

Not o dynaric

The Sinclazir QI contains 16 standard 64K bit RAM chips,
giving 12BX bytes of memcry. The computer uces so-called
‘dynamic’ memory = this is chesp and consumes little power,
but ic can only store information reliably for a fraction
of a second. Dynamic memory uses a charge, akin to static
eleccricity, to record information. The charge constantly
leaks away, 50 it must be replenished regularly.

This isn't usually a major problem = dynamic memory is used
in lots 2f cther compu*ers, from the IBM FC to the ZX
Spectrum. Normally a special circuit is used to ‘refresh’
the memery, by cyclically reading values from every address
and then writing them back. The ZE0 prncessor contains
circuitry to de this avtomatically, bur there is no guzh
circuit in the QL.

The QL doesn't forget all its data because all 128K of
Built=in memory is constantly being read and re-written by
the circuit that generztes the screan display,.

The QL on display

An area of 32K is reserved as 'display memory'. The
computer converts the pattern of bits in that memery intc a
pattern of dots on the TV (cr menitor) screen, A TV picture
is built up as a single beam scans acress the screen, line
bv line. As the beam moves over the screen, the computer
reads values from the memeory. The valves read determine the
colour of the dots displayed.

THE TURBC }I CiCLOPEDIA Scction 4, page U=15
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the video memory is read (and re=written) fifty or sixty
times a second, as the entire TV picture is re~drawn. This
regular access is encugh to ensure that the contents of the
video RAM don't leak away.

Sinclair use the same circuit to refresh the memcry as they
use to read the video information. 1n other words, the
whole 12BK is refreshed as the beaw scans over the TV tube.
This reduces the cost of the computer, by decrezsing the
nurber of distinct sigrals flying arcund the circuit=-board.
The QL hardwsere took 14 months to gesign, and si: months of
+hat time was spent doublinc-up pins ©n the custom chips to
reduce tbeir cost. Anyhow, the decision to le-use the vidos
circuit has some anneying conseguences.

Each memory chip can only 'tzik' to one device at a time.
Strange things would happen il the processor tried to set a
bit to zero while tie wvideo generator wis trying to
‘refresh' it with the previouvs valueg, opr. This is a ccidoa
problem, since toth devices yun at the same time &rd the
processor will often need access t¢ video mamnry = to write
a message, for instance, or to clear a Window.

You might moke the video genesrator wait its turn when the
pre~cessor is busy fiddling with memory. But the video chip
can't just wait. The beam is still zooming across the TV
screen = by the time the data is ready the bezm will be
comewhere else, and the video chip should be reading a
different bit.

nmo 'correct' this vou could make the vide: chip produce a
fixed colour (say, black) whenever it tried to read memory
that is being used by the precessur. This works, but it
produces unsightly coloured streaks on the screen whenever
the processcr is adjusting the display {printing text, for
example). This is the cause of the ‘snow' which appeers on
the display of early TBM PCs (but not clones), and otner
crude micros = Acorn Atoms, TRS=80s, and many others.

This flicker is unacceptable on a posh modern computer, and
there is an accepted way of getting rid of it. You use very
fast memory, so that the processor ALD the video generator

can both read or write the same bit before the TV beam has

time to meve across the display.

Unfertunately the QL display uses a lot of memozy. A
complete 32K picture must be produced 50 or 60 times a
second, and this doesn‘t leave much time for the prorcessor
to get 8 lock in. If we were to fit memory that could cope
with the theoretical demands of the proc2ssor AND the video
generator, it would have to allew for about six million
accesses a second - four million for the video (twice the
top rate used by the BEC Micre) plus two millien for the
pProcessos. :

THE TUREO ENCYCLOPSDIA section 4, page G='£
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That's the best possible case, assuming that the video
generator and the processor are synchronised perfectly. In
practice the processor and video generator don't take turns
at exactly the right moment. You need evcn faster RAM to
make up for the time wasted while the processor and video
generator are working out who's turn it is.

Remember, this speed is reguired from ALL the memory, not
just the 22K used for the video display, because Uncle Sir
Clive and his merry persons dscided to make the video
circuit refresh the entire 128K.

Chip choices

High=speed chips would be prohibitively power-huncry and
expensive in a cheap computer. So Sinclair boxed themselves
into a corner, The QL has & whizzo new high-speed
processor, and a whizzo new highe-speed display - but the
memory isn't fast enough to cope with them. There is a
solution, but it's not a hazpy cone.

The QL uses the oppositz of the technijue used on the old
1M PC. On the EC, whenever the prosessor and the video
generator both want access to memory, the video generator
is denied access and the procescor gets ricght of waey =
leading to g-ps in the displayed picture. On the QL the
reverse is true. If the video wants access to a chip, the

‘processor is ‘locked out' - storped = until the video

generator nas finished.

Everything loocks pretty, but the machine runs siowly. The
processor can spend as much as half of its time waiting for
the video generator to get out of the way.

Sinclair are the victims of their own ambition. They tock
videc generation and processing speed to the limits of the
available components, and standard memories just could not
kee;s up. The Apple Macintosh suffers frow the same probiem,
hut it oniy uses a ronochrome screen and this helps o
reduce the amount of display data that must be processed.
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There is a2 POKE to turn the QL's video disgplay on and off
(used in TURED TOOLKIT DEMOS 34 and 35) but sadly the speed
of programs is unaffected. The contrel only prevents the
output of video informetion =~ not the process of reading it
frem RAM, which is vital to keep the memory contents
‘refreched' and intact.

Getiing ahead

The solution is to add an extra bank of memory with its own
indesencent refresh circuitry, ousside the contrel of the
video chip. Such a RAY board can double the effective speed
of the processor.

Many firms produce memory boards that work faster than the
RAM inside a QL, but it takes considerable £kill to design
a memory board that will weork reliably at the maximum
pessible speed. We compore many brands later in this
Chapter.

Many manufacturers deliberately s.ug their circuits with
extra delays, called ‘wait states', to simplify design and
marufacture, 1n foct there is scme justificatien fer this
policy. Few programs are limitec entirely by the speed of
tne pmemory in which they run, Mest programs stop and start
reading memory many thousands of times a second; the delays
occur while the processor werks out where to ge and what to
30, and this is done at the same cpeed regardless of the
type of merory.

Instructicn and processor variations

The amount of time a program spends waiting for memory
varies depending upon the machine-code instructions being
performed. Without going into too much deteil, tnis
proportion can range frem 100 per cent of the time taken-to
perform instructions which are electrically ‘simple’, down
to ten per cent when parforming a signed integer division,
which really makes the processor sweat!

The QL's 68008 processor, much criticised as a ‘cut cown’
version of the Motorcla 6B0CC used in the Macinteosh, £. =pd
Amiga, performs such comnlicated operations at wvirtually
the sp=ed of its big hrother. However the 63000 cap res:l cr
write twice &$ much mewory as the 68008 in & given amount
of time.

THE TURBC EN.TCLOPEDIA Sfection 4, proe U-~15
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Clock speed

The higher the '"vlock speed' of the machine, the smaller
that amount of time is. Most mass-produced 68xxx machines
use a clock speed between 7 and 8 MHz. The QL uses 7.:SMHz,
which means that the basic timing pulse in the machine (the
'clock') oeccurs 7.5 million times a second. One byte (or a
word, for a 68000) can be read or written in three ticks of
the clock, when the machine is running flat out. One extra
tick passes while the rrocessor is working cut the next
address,

In theory almost two million bytes can be read or written
by a 68008 in a2 second, if your memory runs at top speed
and the correct instructions are used. TURRO's powerful
string and memwory handling routines have been checked and
optimnised line~by=line so thet they werk at close to this
ultinete speed.

Fast memory is especially efiective if your TUREQ programs
make neavy use of strings, simple integer ariihmetic,
in-line ccde, MOVEMENMCRY or SEARCH.MIMOPY. Fleoating point
arithmetic (otirer thua adding and subtracting)} is not
accelerated nmuch by fast RAM, as the work is performed by
ROM routines,

Calls to ROM and exiensions

Many programs call external routines while they run. TURBD
tasks call device-drivers, arithretic routines and resident
procedures, usually in the QL ROM. The ROM runs at 'full
spezed’ = up to twice as fast a5 standard built-ian RAM.

TURBO and SUPERCHARGE compiled programs contain internzl
dasta=-areas which are used to keep track of data very
guickly 'on the fly' as a program runs, s¢ they cannot run
in ROM. There sgain, it is easy to copy a compiled task
into ROM and copy it back to RAM when you want to execute
it. This makes sernse because the incternal datz-areas almost
always save mcre time than ROM stor:zge would, especially if
you have fast memory.

Extension commands loaded intc RAM may be limited by the
speed of that RAM. The QL allocates internal RAM first if
you use the ALLCCATION function, whereas external RAM (if
fitted) is generzlly returned by the uncompiled RESPR
statement, so it is sensible to lcad all extensions inte
RESPR'4 memory with ycur ECOT program, before you load any
tasks.

THE TURCD LNCYCLOPEDIA Sectien 4, page U=12
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Of course, the biggest delays of all come when tasks are
waiting for disks, serial links and microdrives to process
data. The speed of memory will not directly affect such
programs, but it will help the processor to move values
once they have peen fetched. You may find dramatic speed
improvements if compilation means that more blocks in 2
file can be loaded, in the correct seguence, at each turn
of the disk or micredrive.

TURBO cin speed up input and output down serial links,
especially using *PRINT ;' and INKEYS, because it can
reduce the gap between transmissicn of one character and
the next. This gap can oftan be longer than the time
actuzlly spent transmitting cr receiving daca. TURBEO can

. reduce such delays by a large factor = perhaps as much as

100 timpes, 1n sOome Cases.

Under scme circumstances TURBD can builé a sequence of
characters into a group and transmit them 'en masse'.

This can be much faster than passing the characiers to the
operating system one by one, as QL interpreters do.

The fastest way to load and save Cata on the QL is with
SBYTES and LBYTZS (or the task eguivalents EXEC/EXECUTE and
SEXEC). These onerations are very fast becauze they alliow

datz blecks to be read in jumbled ord~r, rather than a

fixed sequence. Sinclair tock this feature from the ZX
Spectrum micredrive handlex! Saving is done all at one go,
rather than '‘piecemeal' as other processing continues.

All of these commands have a snzg which you have probably
noticed: they suspen? multi-tsiking while they run, sc that
no opportunity to transfer data is missed.

Mcmory speed test

We have written a short machine-code routine as a test of
memory speed. The routine spends BS rex cent of its time
waiting for EAM, razther than waiting .pon the processor.

Yoo can calculate the 'absolute' cowparative memory speed
by subtracting about 1.8 seconds, the time spent waiting
for the 68008, from all the timings. In practice few real
procgrams are likely o be more than nine-tenths dep=ndent
upon the speed of memory, so the figures bear comparison.

This is the routine: ;

160 ram=RESPR(16): RESTCRE 140 :
110 FOR p=ram TO ram+14 STEP 2: 120 REAE x: PUXENW p,X
120 t=0ATE: CTALL ram

120 PRINT “Test complete in ";DATE-t;" seconds.”

140 DATA 287?1,29435,2093?,r2,20936,-8,28672,23085

THE TURBC ENCYCLOPELDLA Secticn 4, page U-~20
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The code is in the TURBO TK DEMOS file, uncer the name RAM
SPEED. Type in or load the routine, then invcke it under
the SuperBASIC interpreter, using RUN (for the wversion
abocve) or RAM SPEED for the deme version, which is packaged
into a procedure.

Only the time taken by the machine-code is significant =
the overhead cof cvalling the code from BASIC is negligible.

Remember thst RESPR will use internal RAM, by default, if
called from a compiled program. For this reason you should
run the code from SuperBASIC, with no other tasks running,
if you want to measure the speel of addé-on RAM.

The timings for the routine, tested on severzl popular

makes of internal and externali memory, are tabulated below,
goL?
Q‘gtgt
25!599' Timing (S} Expansion system Tester

32 Standard 128K QL DP
32.5 - DUANTZ 512K DIY project DF
27 Simplex Data 512K (1986) Dp
22 Miracle Expanderam 256K Mfg.
22 PCML 256K DP
22 MEDIC 532K bP
22 Inpho-link 512K (internal) DP
22 GBC Italiana 512K (intermnal) DP
1% Miracle Expanderam S12K DP
19 Sandy SuperQbeoard V 1.17 Dp
17.3 Simplex Data 256K (198S5) DP
17.3 i CST RAM Plug S12K DP
.17 CST THCR 512K internal board Mfyg.
17 The same program in EPROM P

Timings are in seconds, rounded down; fractions indicate
the average of many runs. DP tirngs were measures by Simon
Goocdwin, Freddy Vachbz, Chas Dillen and Melvyn Pierrce.

ther tesi~ were performed by the relevant manrufacrurar
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NOTES ON THE TIMINGS:

THE TURBD ENCYCLOPEDRIA

Manufacturers keep chapging models. Early Simplex Data
RAM beards apprear to be faster than their later, more
reliable, units. If speed really concerns you, run this
routine on boards you are considering buying. We use and
recommend the CST RAM Plus add=on bozard, which is well-
designed and the fastest 512K QL RaM we have tested.

Standard QL timings vary between 32 and 34 seconds for
runs in internal Rid:; it is not essy to relate this
variation to the version of the machine. The type of
ROM fitted is irrelevant as the code does not call RCH.

Repeat the tests if you want accurate results. Take an
average of several timincs, adding 0.5 to each: the test
program truncates the result to the nearest second.

The fastest time the routine could take, in theory,
with top-speed memory, is 15.8 seconds. In practice it
will not rur that fast as the machine always spends
some time reading the xeyboard, keeoing track of the
time, and arbitrating between tasks and cdevices. This
activity is discussed in the next section, headed
"Speed and Multi-tasking'.

There are twn different types of internal RAM upgrade

on the merket. Some replaces the Qu's standard 128K with
512K or 640K by adding 512K chips 'in parallel with'’ the
standard RAM. These uwpgrades, such as the Quanta DIY
project, run at the same slow speed as internal memcry,
because they Kust coipete with the video circuit as if
they were part of the scsndard 128K. More sophisticated
internal upgrades gensrally plug inte the processor
socket, rather than into the standard memory sockets. In
effect these work like external memory expansions, even
though they are inside the QL casc - they can be much
faster than the other type of internal upgrade.

Caveat emptor!
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SPEED AND MULTITASKIY

When the OL is running a task, that's not ALL it is doing.
Every 1/50 or 1/60 of a second (depending upon your display
frame time) the processor momentarily stops running your
program and does scme ‘housskeeping' of its own. It checks
the keyboard in case scmething has been typed, updates the
DATES clock, checks whether or not there are tglave blocks'
that must be read ané written by the file system = and
switches between active tasks as priorities indicate.

All of this work takes tims. To some extent the amount of
time depends upcn the numi:r of tasks running, but it is
usually pretty close to ten per cent of the thecretical
time which your programs could use., Multi-tasking and
‘housekeeping' operations are further retaréed by the fact
that temporary values are stored in siow memory {cn the
Superviscr stack) while scheduling takes pilace. 1n practice
the speed difference when the values are stored in faster
memory {e.g. on a THOR system) appears to be negligihle,

Nonetheless, the *scheduler overhead' means that vour
programs run a little slower than theory would suggest. On
the plus side, vcu c2n run several at once, with

"background® handling of file oper:ztions; you can type

thincs while the machine appears busy, and the characters
are not lost; and you can switch Cetween tasks, perhaps to
stop or start certain pregrams.

Even if TURBO cannot dramatically increase the speed of a
program it may increase its wtility. It might be argued
that speed is irrelevant in most cases, as cempiled
progqrams can multi-task « yov cap get on with something
else while yocur compiled program runs 'in the background’.

We measured the overhead of multi~tasiing by adapting our
speed test routine tc run as if it were part of the
scheduler, with no interruptions allewed. This broucht the
speed of internzl RAM down from 32 to 18 s2conds; a system
uging one wait state accelerated frow 22 seconds toO 20
seconds, and POM ran the test code in 16 seccnds compared
with 17 when interruptions were allowed.

After some considera-ion, we decided that TURBC shouid not
centain any mechanism to lei the user disabie the QL
scheduler. Many devices and commands raly on the scheduler
in order to work, and multi-tasking camnot occur unless the
scheduler is ruonning.

what TIREC does do, in a few carefully-chesen cases. is
turn off the scheduler temporarily while certain criticel
commands or operations are performed. Thus we recoup some
of the lost time withou® dicturbing the DATES clock o
preventing effective multi-tasking.
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Priorities and performance

Tre exact performance of the CL's scheduler, and its

bandling of a varying mix of tasks, is a topic which could

be discussed ad nauseem. We'll try to stop before we get

that far! In principle it works very siocply: relatively
high-priority tasks get a greater propertion of available -
processing time than tasks of lower priecrity.

The exact ratics depend upon the number of tasks being run,
the devices in use, the memeory configurztion, and the
Frecise purpose of each task! It is pointless to try to
anzlyse thess raticg in great cdetail, heczuse they gepend
upen so many factors. However, specific results can be of
interest, especially if they are measured in controlied
circumstances.

In this section we discuss the effect of different pricrity ) {:)
settings when several copies of the sene task are executed
at the same tim=. Load separate copies of cach task.

Four specific = perhaps surprising = effects are summarised
below. ¥cu'll dsubtless be able to think of many other
comparative tests that could be performed, In practice the
information below, while interesting, is probably more
detailed than most QL owrers will reguire, although a
minovity will doubtless have a thirst for eve: more datal

Abgsoiute baginnings

Tt is only the RAYIQ of priorities that matters -« not the

values themselves. For instarce if two tasks run at a

pricrity of 4, and one at a priority of 12, the higher-

priority task will receive zbout as much time as the other

two put together. The same is true if the pricrities of the _

tasks are 40, 40 and 120. In other words, there's no such N
thing as an ‘absolute pricrity’. All priorities are (:f
relative. This is as true of QL scheduling as it is of

politics, although hacks would have us believe stherwisel

Fizzl and notional diiferences

The ratio of timings does not correspond directly to the
ratio of priorities. Timinss change less than priorities.
For instance, a priority ratio of 10 (e.g. one task at

riority 90 and another at priority 9) gives a speed ratio
of @ between two tasksS. A priority ratio of 5 gives a speed
ratio of 3.7. A priority ratic of 3 causes the task with
the higher priority to zun 7.9 times as fast as the
lower-priority task.

THE TURBU ENCYCLGCPLDIA Section 4, pasge U=24
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Perforrmicnca desraedations

b

The number of tasks loaded does not have much affect on the
total amount of processing time shared between tasks. An
ertra 'dormant’' task {e.g. the idle SuperBASIC task,

waiting for a command) slows the active task, but only by a

very small amount. If the test takes 27 seconds from BASIC,
four concurrent runs from tasks, with the interpreter as an
idle fif+h task, will take 112 secconds. This is only four
seconde mere than if the runs were perforred rgequentially
Ey a single task, and vou can type commands or use BASIC &5
the concurr-ent tasks run.

Tne limitations of sublaty

When three or more tasks are active, the ratio of exsgutien
timings will only besr a vague relztion to the relative
priorities. It takes a big differ~-nce of priorities to make
a difference in the speed ratios. Tasks will tend to settle
cut into 'groups' which will run at very much the same
speed despite small priority variations. Te offer scme very
general illustrations: if three tasks are running at
relative priorities ¢f 1, 2 and 3 (e.g. 40, 80 and 120} the
one with lowest priority will run at about half the speed
of BEISEER of the ochzrs. Priority vatios ¢f 1, 2 and 4 make
the highest priority task run 2t about twice the speed of
the otker two. Three tasks at relative priorities of 4, S
and 6 will run at wmech the time syced!

Further experiments .

If this information has not satiated you, write a simple
'count and print' loop in SuperBaSIC and compile it. Run
several copies of the task, displaving data in different
parts of the sc¢recn, ana compare their speed with their
relative priorities. You need to be able to start all of
the tasks at more or less the same time, if youn want te
compare concurrent runs. The easiest way to do this is to
lcad the tasks with a priority of zero, so they do not run
immediately after loading. You can de this with EXECUTE:

EXECUTE TASKXNAME ! O

When all such tasks are leoaded you can use LIST.TASKS to
find the task iden4ifiers, and SET.PRIORITY within a loop
to start all the tasks at roucghly the same time.

There are lots of other ways to g2t cowparative timings,
and this is & fascinating are: for research. The underlying
algorithms in the scheduler zre gquite simple, but sometimes
the interplay between tasks may .cause unexpected results.

THE TURBC ENCYULOFZDIA Saction 4, page U=25
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THE TUREBQ STORY ) CHAPTER V

WAITING FOR TURBO (LLT NOT GCDOT)

TURBO was ‘'barn’® within a few days of the public launch of
che QL, yet it toock almost three years to reach the market.

. This chapter tells some of the story cf tnose years.

In January 1984, having just finished work on a TV series
about micros for Central ITV, Simon N Geodwin fourd himself.
at the Which Computer Shcw at the National Exhibiticn
Centre in the Wa2st Midlands. At the tiwe, 3imon was
finishinc work on ZIP, a simple but sSpeedy compiler for the
Sinclair Spectrum's 2¥ BASIC. ZIP was d:signed as a

tutorial in compiler design. The program was serialised in
the magazine Your Spectrum.

At the Show, news of a new computer from Sinclair was
circulating. A magazine was c¢adged from a publisher, ahead
of its velease date, and the glossy cavd folder advertising
the OL fell out. Despite ridicule, he practiced twping on
the embossed keys print=d, full-size, on the card - a vital
test of any Sinclair kayboard! He filled in the form -
£405.95 for a 128K mechire, delivery within 29 days.

At this point plans Jor a SupersASIC compiler began. They
remained plans for several months - althcugh Simon had been
able to obtain a 'provicsicnal' copy of the ¢L's User Guide,
neither a machine or fucther details were available from
Sinclair Research. The delivery dates were extended, the
usual excuses offered, and we were promised a 'tree' RE-2132
lead with cur machines. Co-incidentally, the ‘'price’ of the
lead jumped up by a factor of 50 per cent =~ valu2 indeed!

THE TUREBC ENCYTLOPREDIA Sestion 4, page V=1
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For several months punters and press became increasingly
agitated and critical of Sinclair. The prowmised wonder—
machine stayed under wraps. One of the QL's designers, Tony
Tebby, left the firm, protesting at the premature launch of
the machine, which was intended tc ‘scoop’ the announcement
of Apple's Macintosh computer. Tebby set up 2 firm calied
QJump. . .

tate in May Simon received his first QL, which worked
tolerably well for 45 minutes at a time, before overneating
ané turning itself off. A month later a replacement arrived
and work on & SuperBASIC compiler was started.

At first the compiler was intended for Southampton software
house Quicksilva, but they lost interest in the QL market
when they were bought out by the Prgus Press magszine
group. The project was ezgerly taken cver by Freddy
vachha's upcoming QL software nhouse, Digital Precision.

SuperBASIC was potentially a veryv powerful, expressive
presremming language, but it suffered becsuse of rushed
implerentation, dreadful documentation and some last~=
minute changes intended to make it mors compatible with its
forerunner, 2X Spectrum BASIC. Several nice features were
discarded en routs, and much of the new code was untested.

The aim of the SupzrBASIC compiler was to correct the
weaknesses of the interpreter, without affecting the power
of the language or its greatest asset - its expandability.

The compiler should handle the vast majerity of existing -
SuperBASIC programs without altezation. Incompaciple code
should be clearly indicated so that it could be coryected
with the minimum of fuss.

The compiler should run on all versions of the QL, and a
program compiled on one system should run - without
alteration = on other versions. The code should be
efficiert in its use of memory, fast, and capable of
multi-tasking.

These requirements, and the complexity cf the language,
meznt that the compiler had to be much more sophisticated
than one for 'standard BASIC' on another micro. It seemed
that the potential for 'bells and whistles' was almost
limitless, but the design crystalised around 3 product
desigried and scld in three stages - a strong first launch,
hepefully in cood time for Christmas 1983, and two fellow-
up products {or belt-on upgrades) designed to develiop the
potential of the design.

THEL TURBO ENCYCLCPEDIA Secticn 4, page V-2
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Most of the early work went into the first product, which
was dubbed SUPERCHARGE, but the design was always shaped to
allow future changes or even drastic alteration.

The other two products were eventually christened TURBC ~ a
no-helds-barred complete re-design of the QL programming
environment, built arcound a ‘SUPER-SUPERCHARGE' compiler -
and LIGHTNING - a low-cocst, ultre~fast SuperBiSIC subset
compiler. TURBD you have now; LIGHTNING is larcely coded,
but needs much more work and may never become cost-
effective for launch.

Back in 19B4 this was only a rough plan - more immediate
prcblems were presenting themselves. When design work
began, few technical details of SuperBASIC were available.
It was far from clear how SucerBASIC was meant to work. The
QL User Guide was inceiwflete, and prograrming tcols were
rzre - the only 68008 assembler available was a simple and
slothful interpreted procram.

We approached Sinclair Recsarch for advice and
encouragement. They replied by telling us 'SuperBASIC is
inherently unccmpilable'. They must have thought better of
.this after a while, as th:y tried to buy our design - just
in case?

Sinclair were ignored, and work on tha ‘parser' of the
cempller scon got undecway, even thouah the format of
stored programs had ¢o be determined by PEEKing almost at
random! The parser was written in SuperBaSIC, tor ease of
testing and experimentation - the slow speed of the
interpreter Jid not matter since the aim, from the start,
was that the compiler should eventually compile itself.

The syntax of SuperBASIC was distilled into a 'grammar', so
that a small set of routines could be used to analyse any
valid SuperBASIC program. TUREQ uses an extension of this
idea - the T.U.G cr TURBO UNIVERSAL GRAMMAR. This is
handled by a sort of compiler-compiler, which generates
SuperBASIC descriptions of valid syntax, to be compiled
into the parser, by scanning its own English-language
specificaticn file!

An intricate expression evaluator was developed to keep
track of the QL's powerful but potentiaily inefficient
‘coercien' features - this forms the core of TUREBO,
SUPERCHARGE and LIGHTNING, although each version has its
owy variations.

In April 1285 SUFPEXCHARGE compiled its first program - a
simple recursive factorial calculator.

TVE TULBC FICYCLCPEDIA Section 4, page V-3
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THE TURBO STORY CHAPTER V

rather than generste machine-code directly, the original
compiler produced macros which were assembled later. This
temporary arrangement made it easy to check the cowmpiier's
output by eye, ang provided a useful 'bridge’ between
readable SuperBASIC and incomprehensible compiled code.

The compiler was then adapted to generate a c¢oncise, binary
intermediate code which coulé be passed to a purpose-built
native code generator. A set of SuperBASIC utilities, later
compiled, handled al) the indexing and conversion. Gerry
Jacksen, whe had just written Super Forth, was given the
job of writing the code generator ané utilities. He alsoc
devised the structure of the 'template library' which holds

©BO0E code routines befeore they are comziled - in the

conventional sense - into an executable program.

A wide range of SuperEASIC programs was flung at the
compiler, in ozder to check that it wecrked correctly and
~ave sensible znd helpful error messacess when asked to do
the impossible. At this point we began to realise just how
sloppy the SuperBASIC interpreter wWas when pressated with
an incorrect program = this realisation promptsd the design
nf TURBCO's ‘auto-corrector' and the writing ol much of this
encyclepedial

In late summer 1985 the compiler was asked to preve itself,
by compiling itself into machine code. After many false
starts and overpight runs, the parssr ran for £ive and a
half hours and ccmpiled itself without finding - or
sssuming - any errors. The resuitant intermediate file
needed to be tinkered with bafora che code-guucrator wouid
swallow it, but it was up and running a couple of days
latey. It compiled itself again to prove this, taking enly
20 minutes now that it was running in machine-code, and
became much fzster as the code was ‘polished’.

SUTFRCHARGE version 1.09, with attendant utilities and 100-
page mahual, was launched in Noverber 1985 kv Digital
Precision. The trade lcoved it and thousands of copizeg were
sold. SUPERCHARGE was used to develop many best-seliing QU
commarcial packages. During the development of TURED one OP
staff member even spotted a '**** Supercharmged BASIC
halted...' message on a British Rail departure display.

Scon after the launch of SUPERCHARGE Simon and Garry were
looking for somsthing to d¢ next - serious work on
LIGHTNING, the low-cost top-speed entry-level compiler,
occupled much of the first part of 1986. In April, after
many troubles, Sinclair abandonad the computer market and
scld out tu Amstrad for 2 finy sum; after z three-week
hiagus dmstrad pronounced the QL dead.

TUE TURBD ENCYCLOPEDIA Section 4, page V-4
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THE TURBO STORY ' CHAPTER V

There was chaos in the QL market for a while. Everybody
wanted to carry on - for most of them had made their way
despite, rather than with the help of Sinclair Resezarch -
but no one was sure whether or not the market would remain
as supplies of the computer dried up. Even as we write this
guestion is not answered. The market has survived for eight
months; the crux will come when the last QLs are retailed,
though Digital Precision ies committed to support the QL at
least until the beginning of 1288,

Aczinst this background it was hard to decide whether to ¢o
ahead with LIGHTNING or TURBQ, or to stick stubbornly to
our original plans. Reiuctantly, the ‘chesp and cheerial’
compiler had to be put cn ice to ensure that TURBO - the
complete SuperBASIC programming envircenment, or ‘encyclo-
compiler’ could be finished as soon as was possible.

TURBO does capitalise on several features developed for
LIGHTNING - in fparticular it uses edapted LIGHINING code
for fast string and integer handling, calls to extensions,
FOR loops, very larae tacks and the 'frent ranel' <i-play.
TUREG's fleating-point maths cols is based upen that of
SUPERCHANGE, although it incorporztes several new and
useful cptimisations.

The rect of the TURBO specification was honed down into two
essential parts: a TOOLKIT, extending the functions and
facilities of SuwerBASIC, and a new PARSER, developed from
SUPSRCHARGE but racdically different in presentation and
perizrmance. Hundreds of letters about SUPERCHARGE ware
scoured, ®o find out what ucers really wanted.

A public meeting of Quanta, the Independent QL User Group,
in Cambridge provided the chance to ask users for their
views, face-to-face. We found that 'linking' and
communications between tasks were considered a high
priority by most users, whicn explains why TURBO has the
most efficient and fiexible linking scheme of virtually any
compiled language.

Programmer Dave Newell 3joined the TURBC team in the summer,
to work on the TUREQ TOOLKIT utilities and demonstration
code. The TOCLKIT was out on time, in Septemdzr 1986, but
the rest of TURBC -~ includinag thkis manual - was sliding
down the schedule, 2s it turned out to be even more complex
than we had expected.

The TURBO development team kxnew, by this stage, that TUREO
would have three or four tim=s the raw ‘power' eof
SUPERCHARGE, but they could not see how to bring this under
control in a few weeks!

THE TOURBO ELCYCLCZEDIA 3ectien 4, page V-5
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THE AUTHORS

SIMON N GOODWIN BSc developed Business and Computer Aided
Design systems for three years before he went freelance. He
is the autbor of 14 micro packaces, ranging from compilers
to utilities and games. He has lectursd on compiler and '
interpreter derign. Simon is a prolific communicator,
author of about 150 articles for computinog and electronics
magazines since 197%, and zn experienced broadcaster on TV
and Radio. Rt present Simon is a ‘benchtester’ and ‘agony
aunt' for Personal Ceocmputer Wcrlé, and contributes a
reguliar techniczl column to the Spectrum magazine Crash.
Simon considers himself a journalist, rather than a
Programmer.

GERRY JACKSON X3¢ hLas worked for 16 years in the field of
computer electronics. He is one of the few Eritons to
design and make an original microprocesser chip and a 2,000
integrated-circuit minicomouter. Gerry melds theory with
his precticel expertise as a Computing Ccurse Tutor with
the Open University. In the field of software he has
written preocesseor simulators and implementations of the
Forth pregramring language for the Dragen and QL computers.

FREDUY VACHHA BSc graduatec from Bombay University with
first class Henoure in Physics and Mathemetics, rather than
& degree in Chemical Ersineering freom the University of
2heophal, as is often assumed. He then spent two years
teaching encineering and doing postgraduate mathematics
researcn. Freddy is the auther of several fommercial
software releases, ranging £rom Spectrum SUFERCODE to
complex financial systems to run on larger computers.
Fraddy founded Digital Precision when he beacame bored of
wianing the British Mensa Chess Championship, and has been
on the ‘phone to the other TURBQ programmers ever since.

CHAS DILLUN is a computer conrsultant with encycleredic
experience ©f the industry. He left vniversity to join
Austin Motor Co as a programmer in the mid '60s, and become
& consultant ten years later. While his career has
developecd intc the areas of large systems, database desiwgn
and project mananemenc, he has alwavs retained an interest
in programming and programning langugages. Chas has
lectured on prograwring and program design. He is cpresantly
very active on the QL scene - he wrote THE EDITOR &nd the
BETTER BASIC EXPERT SYSTEM for Digital Frecision.

DAVE NEWELL studies Computer Science at Wolverhampton
Polytechnic, and is a Black Cocuntry institution.

3
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BACKGROUND & FURTHER READING

We wish to acknowledge the skill of Jan Jones and Toay =
Tebby, designers of the QL SuperBASIC interpretev., Tony
Tebby's QDOS notes and Jan Jones' book, "L SuparBASIC
the definitive handbook' were the scurze of nuch useful
information. The handbook, published by McGraw Hill, is
recommended to all serious SuperBASIC programmers.

There are many bocks on the QL's operating system, anc Tony
Tebby gets rovalties on all except the one published by
Sinclair! andy Pennell's 'Sinclair QDOS Companion' is the
best, not lesst because Andy has tzkern the trouble to
explore the svstew and explain whst he found, rather than
just copy out chunks of Tonv's technical notes.

TUREO

TURBO was designed by Simon N Goodwin betwsen January 1984
and December 198€; much zsdsitional work was done by Gerry
Jackson, Chas Dillon and Dave New2ll. The publisher and
phetographer was Freddy vachha. Production was handled by
Gus Chandler. Graphics were drawn by Marilyn and Suzanne
Southev.

Thanks are also due to Andy Pennell, Helmuth Stuven, Tony
Tebby, Simone Vachha and many other QL enthusiasts
throvghout the world,

TURBO was developed on standard QL systems using disk
interfaces and RAM-Plus memory made by Cambridce Systems
Technolegy {(CST} of 24 Green Street, Stevenace, Herts S31
3DS. Thesz add-ouns are fast, reliable and recommended.

The TURBC software and documentaticn are Copyright 71986
Simon N Goodwin. TUREO for the Sinclair QL computer is
publishzd by Digital rrecision Limited, of 222 The Avenue,
Longen E4 95€, United Kingdom.

IMPORTANT NOTICE

While all reasonable steps have been taken to ensure that
TUREQ is bug-free and accurately documented, the purchaszer
should be aware that it is impossible to test any compiler
under all peossible cizcumstances., It is the responsibility
of the purcheser to ensure that TURBEQ is fit for any
specific purpose. Nc responsibility or liability is
accepted for loss of business caused, or alleged to be
caused, by i:is use.

THE TURBO ENCYTZLOPEDIA Secticen 4, page V-8
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ABORTED...........5tcpped because it was completely impossible
to go on, the process having failed to observe
system constraints. _ .

ACCESS.....e.v....The reading or writing of data.

ADD-ON COMMANDS...Resident procedures and functions in machine
code Yinked in to SuperBASIC to make them
invokable just like ordinary SuperBASIC
commands {the ones that are available when the
QL is switched on}.

ADDRESS...........A Yocation within the computer's memcry - as
such, it may be referred to explicitly or by
varipus implicit schemes.

ALGORITHM.........A prescribed set of clearly defined rules to
solve a problem.

ALPHABET..........An ordered character set.

ALTERNATIVE.......Similar in objective - but the bugs are
different!

AMIGA.....c0ve....The only micro on the UK markat in 1986 that
compares faveurably with the (L.

AMSTRAD...........The bad guys.

ARCHITECTURE...... The general description of a digital computer
system.

ARRAY.....o0ev....An ordered collecticn of a rumber cf elements
of the same typaz, the pcsition of each elenent
being uniguely defined by sn ordered set of
discrete index values. The number of index
val ~s recuired to specify the position of an
element is the nuvber of dimansions of the
arrey. One dimensionai arrsys are often called
vectors or strings: two dimensicnal arrays are
cailed matrices or tabies.

ASSEMBLY LANGUAGE.A rctation for expressing mzchine code with
aiphenumeric mnemonics Lo make it more
readable by humans.

ASSIGNMENT........A statement where a naw value is given to a

variable.

ATACH. ... ievnas .To mzke a device available for use by a
system,

BACKUP......vt ..0rly schmucke don't backup. I7 you had to lcok

this one up, its orobably teo tate already!

THE TURZ0 ENCYCLOFEDLA Sectien 5, Page k-1
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BASIC. ..nvvvsn....An acronym for Reginner's All purpcse Symbotlic
Instruction Code. BASIC is & mid 1960s
prograrming language developed from FORTRAN.
To the disaust of officials in QUANTA, BASIC
(and not C)} is the most common and the most
usad of all microcomputer languages. Despite
having been ANS] stendardised, there are very
many variants of BASIC. SuperBASIC is the most
powerful of all of them.

BENCHMARK.........A test or problem designed to measure tne
performance of a system of hardware and
software. Its principal use is to make speed
comparisons. In speed, TURBOD reigns supreme.

BINARY......v.....Expressed with a number base of two (allowabie
digits 0 and 1).

BITWISE OPERATOR..A logical operator that works on pinary digit
structure rather than on GBoolean True/False
principles.

BUFFER.....0......A temporary memory for data, usually used to
accomnodate the difference between the
data-handling rates of twc devices during a
transfer.

BUGS....vv0v......Localised errnrs (2s opposed to system design
errors) in a program or sysiem., There is no
shortage of illustraticns of these irn tne
SuperBASIC inierpreter. At DP bugs get
squashed very quickly.

BUS.....c0vsv00...A signal route to which a number of items of a
computer system can be connected in parallel
s0 that signals can be passed betweew them.

C5.vvvenennneas 8y 1086 there should have been 28,000,000 of
these on tie highwzys of Europe -
unfortunately, the projection had bean
prepared on Abscus, documented on Quill, and
charted using Casel. QED.

CALL. . cieiininnns To transfer control to a subroutine, function
or procedure, with tne provision tn return 10
the instruction follewing the call instruction
after finishing executing the called coce.

CALL BY REFERENCE.To call a procedure or function witn one or
more perameters. with tne specification of the
parameters such that chznges Lo their vaiucs
within the procedi~~ or function ca'-e
corresponaing changes to their values outside
it. This oulc not be dong with SUPERCHARGE.
With TUREC its a cdoddie.

THE TURBO ENCYC ~ "IIa Secuicn S, Fage W-2
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CALL BY vALlS,,...To call a'procedurs or function with one or
more parameters, with the specification of the
parameters such that changes to their values
within the procedure or function has no effect
at 211 on their values outside it. This is
done by saving a copy of the parameters at the
time of the call.

CASE...vveees.s...Character fermat appiicable only 1o the
alphabet: can either be UPPER {ASCII €5 to 80}
or jower {ASCII 97 ts 122}. In times of yore
(viz; pre Eddie Shah) type was assembled using
two cases (as in box2s) and the name stuck.

CHANNEL...........A route for transmitting data to devices.

CHARACTER SET.....The zollection of characisrs that is handled
by the computer in question.

CODE GENERATOR....The part cf the compiler that operates last of
all, tc generatc native code for output to a
device.

COMPATIBLE........As applied to software, its ability to
. accurately reproduce the behaviour of its
nredecessor, with particular emphasis on
accepting the same input formats, TURBO is
compatible with SuperBASIC.

COMPILER..........A program to translate a symbolic high level
' language into native code, auinmatically.
TUPBO and SUPERCHARGE are both compilers: in
their case, the hign level language 1is
SuperBASIC and the native code is 68008
machine code. For a definition of & much less
sophisticated variant, see PSEUDO COWPILER.

COMPILE TIME......As oppased to run time, the actual time at
which a high level language is translated into
native code. TURBO shifis many operaticns
which under the interpreter or pseudo compiier
would be done at rui time to compile time,
when they are done once and for all.

COMPUTER....veen. A device or system capable of carrying out a
sequence of distinct, explicitly defined
operations.

CONCATENATE....... Lump tegether, sc that where the first ends,
the second begins.

CONCURKENCE....... The progress of twc or more tasks in garallel
on & computer.

CONFIGURATOR...... Program to get the defaults right!

THE TURKQ ENCYCLOFEDIA Section 5, 332 W-2
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COUNDITIONAL.......A logical statement comprising a condition
which, if satisfied, will result in specific
action (in the case of a conditional branch, 2
transfer of program control) being performed.

CONTIGUOUS........Ilmmediately adjacent.

COPYRIGHT.........The right to prevent unlicensed copying. TURBO
is well protected by copyright law. Uniawful
duplication of TURED carries penalties under
both the civil and criminal law

CORRUPT...........Wnen applied to programs or data {as oppcsed
to orgenizaticns and individuals), in some way
changed, possibly to the aegree of unusability
or irretrievability. The discovery of
corruption may iead either tu minor discenfort
(whers a backup has been made} or major
trouble {the rest of the time). Corruption
will be 2 familiar oc-urrence to users of
microcartiridges. Super Fedis Menagey does
provide insuranc>, but there is only one real
cure: get a disk system.

CPU..uobenenranasCentral Processing Unit, the principal
operating part of ihe computer, comprising an
arithretic/logic unit (ALU) @ng 2 timing unit
to conirol ail sorts of cuwunication. The
QL's CPU is the Motorola ME8COS
microprocassor.

€ST. . uunvvuus....Cambridge Systems Technology - the designers
of tne THCR {Mb£008) and of the soon-to-be
68020 machine.

CURSOR..e.2vee....A symbol on the display screen jndicating the
‘active' position and usually signalling the
computar's readiness to accept input.

BATA. .. vvsneera...Information that has bean prepared, often in a
specific format, for 3 particular purpose. For
example, the informaticn contained on a QL
text screen can be represented as different
types of data - say as a 3273 byte pixel file
or as a sequence of text Cheracter codes 1ind
positions. The information can be the same -
the cata is different.

DATASPACE ... vuvn.. Workspace for a QUL task.

THE TUREBC ENCYCLOPEDIA Secrion 5, Page W-4
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DEBUGGED PROGRAM..A program where all the bugs have been
forgotten, ignored or unencountered as ye<.
TURBD is hence not a debugged program. It was
our observation that whare Sinclair Research
was concerned, a program's actual freedom from
bugs invariably heraided its immediate
discontinuation.

DEVICE............A part of a computer system communicated with
- via one or more channels,

DEVICE INDEPENDENCE.The ability within a programming language to
use exactly identical commands tw control
input and output from vastly differing
devices, the device name being sufficient 1D
for the operating sysiem to do the needful.
SuperBASIC and TURZO are device independent.

DIGITAL PRECISION.The good guys.

DIMENSIONING......Oparation performed in defining an array 1o
specify the number of dimensions it is to have
and also the maxi.um value of the index
corresponding to each dimensian.

DISCRETE..........Not varying or capabie of varying in a
‘ continuous manner - instead only in steps.

DOCUMERTATION. ..., What you are reading: material that serves to
: describe and to make more understandabie.
Refer to SELF DOCUMENTING,

DUS...vvevese.....Disk operating system - an operating system
that can also nandle disks. The GL's DOS is
Qoos.

ELEMENT...........A member of an n-dimensional array, referenced
by an orderad set of n indices.

EPROM.............An Erasable Programmsble ROM - one that can be
repeatedly reprogrammad by the user by
centrolled exposure to UV radiation.

ERROR RECOVERY....The ability of a good compiler to resume
parsing of & program after encountering a
syntax error. TUHBO has error recovery.

FRROR TRAPFING....TURBO adds this to all versions of the QL.

EXECUTE..vvuvunnn- To carry out an instruction ov program.

EXPRESSION........ A collection of numbers, strings, variables

and paientheses, connected by operators anc
cipabie ot peing evaiuated.

TH4E TURBO Fl.... L.OPEDIA Sectacn S, Tage »-5
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EXTENSIONS........Another word for add on commands.

£XTERNAL REFERENCE.A reference within a program to another
program outside it. Untii exact data on the
location, status etc of the second program is
available to the first cne, the reference 15
said to be unresolved.

FAIL SAFE.........Chernobyl.

FLOATING POINT....A representation of real numbers enabling
numbers within a wide range OF magnitudes to
be both concisely and unicuely expressed, and
compactly stored.

FUNCTION.........-A sutrcutine which returns a value and which
can be invoked from within an expression,

GLOSSARY..........You are looking at on2 nov!

AROWARE. ... ......Uniike software, thosc portions of a computer
«ystem that are cipable of being kicked. For
example, a microcartridge tlape is capable of
being kicied {we suspect it often is!) and
hence is harcware, while the program on it §s
software.

HEX e swornanonnnes JExpressed with a number base of 16 (ie;
allowable digits 0-9, A-F).

HIGH LEVEL LANGUAGE.A programming language in which both control
and datz structures raflect the needs of the
programmer, rather thsn the spacific design
and hardware of the computer. In the oL,
SuperfASIC is the high level language - the
TURBO compiler translates it inte native code.

IDENTIFIER........Posh name for Name

INLINE CODE.......As cppesed to threaded code, code that does
not involve calls to a c@ries of subroutines.

INTEGER...........A whole number in the range -32768 to +32767

{inclusive) as far as SuperBASIC is conceraed.

INTERACTIVE. ... A mocde of working in which there is an
immediate or near-inmediate response to
commands once they are input. The SuperBASIC

interpreter allous interactive dabugging.

INTERMEDIATE CODE.A very concise definition of a program
' produced as an inferim infermation store

during actual compiiation.

~HE TURBO CNCYCLOPEDRIA Section S, Page W-b
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GLOSSARY OF TERMS CHAPTER W

INTERPRETER.......A prugram to analyse 2 unit of code (in
SuperBASIC, a statement) in a high level
lancuzge and then to carry out the actions
specified within that unit, rather than
produce 2 machine code translation for
subsequent execution. In the case of the QL,
the SuperBASI( interpreter is suppiied free
with the machine. By and large, the structure
and syntax of SuperBASIC do not make
interpreting it essential or even preferable
to compiling it - the decision to suppiy an
interpreter rather than a compiler was that it
is far, far easier to write an interpreter {(or
pseudo-compiler).

INTERPRETER DATA STRUCTURE....The information maintained by an
interpreter so that it can keep track of the -
modification and the execution of a program.

JONES..ecvaeesesodan is the designer of Sup2rBASIC - nice try,
better luck next time! Jan's book on the
l:nguage is essantial reading, unless you own
the BETTER BASIC EXPERT SYSTEM.

KLUDGE......vs... Affectionzte (?!} term for a Sinclair EPROM,
Kludged QLs are rare, valuable and distinctive
- they don't work at all, but you can't have
evarything.

LENSLOK. . .vuennnn. Une of the very few features that ShpEﬂLHARGc
had that TURBO lacks. Sorryl

LINE..iivinnunstilAn ordered sequence of one or more statements
in 2 B/SIC program, referenced collectiyely by
a l1ﬂe number.

LINKING. .......... The combination of one or more maching cede
programs, resciving ali external referencas
betweer them. Linking i¢ used either to aud on
prewritten subrgutines or to buiid up 8
complex program sten by step from simpler
ores. Unlike SUPERCHARGE, TURBD does support
1inking.

1) A sequence of instructions within a program
that is reveated until a prescribed condition
is satisfied.

LOW LEVEL LAMNGUAGE.A programming language {typically assembly
languagz or machine code) in which control &nd
data structures are direct reflections of
central processing unit architectu: :.

THE TUREC ENCYCLOPEDIA Sectior. 5, Page W—7
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GLOSSARY OF TEERMS CHAPTER W

MACHINE CODE......The operation code of a machine, specific to -
its own central processing unit. In the GQL,
the machine ccde is Motorola M68S008 except in

the numbar of clock cycles some instructions
take to execute.

MATHS STACK.......The stack where intermediate calculation data
is stored.

MEDIC.............The second most notorious company connected
witn the QL (no, we won't tell you who is #1).
P31 enguiries relating to Medic should be
adcressed to Sergzant Young of the Fraud
Squad, Pelice H{, Alton, Hants.

MEDIUM..vueenunnn. What you out into a drive for the purpose of
recding or recording data. An exemple of a
device is a microdrive. An example of a radium
is microcartridge tape. We would wish to state
for the record that @ 'Ead or chenoed medium'
message is npot & corunication frow a
disgruntled PROFESSIu.al ASTROLOGER user.

MICROCARTRIDGE....We are syre you know more rude words than we
do: please feel free o use the space below. _
polite example: a running knot in a plastic box

MICRODRIVE........Nasty hole with two purposes: (i) for
accrrmodating a microcartridge (i) whirring
and whining. Its principal components are

rubber bands, blu-tack, safety pins and wel]
used chewing gum. -

MICROPROCESSOR....A semiconductor chip with a fixed operation
code set. It is characterised by its speed,
iniernal word length, cxternal word iength and
architecture. The MGCBUOS insicde the QL has a
7.5MHz clock, nternal word length of 16/32
bits, an 8 bit external data bus and 32 bit
architecture.

MODULAR PROGRAMMING.A programming style where the srogram is

decomposed inte a set of components, cailed
modules, each being of reasonchle size and
having e clearly devined purpsse and a clearly
cefined interface. “Yith TURBD such modules may
be compiled separately and then Vinked
Logether,

MONOLITHIC........ Self contained and massive (maybe) - compare this

- with modular.

- ¥
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MOTOROLA...vvennns The US mapufacturer of the GEOXX family of
microprocessors. Motorola is a communication
corporation - much oT their turnover comes
from mobile wireless communications, car
radios and the 1ike. They are pretty big.

MULTITASKING......The concurrent executicn of a number of
distinct tasks. Notwithstanding claims to the
contrary, SuperBASI{ canncot multitask. TUREOD,
however, produces code that can multitask with
any combination of other SUPERCHARGE or TURBO
tasks / machine code programs / code generated
by otner muititasking high level QL language
compilers / the interpreter task and any other
task you can think of.
NAME.....us.v.v...A sequence of alphanumeric chzracters and
urderscores, the first character of which must
be non-numoric.

NATIVE CODE....... Program code irn a format suitable for direct
execution by a central processing unit: fe;
code containing no symbolic references and no
unresolved external references. A synonym is
absolute code.

NESTING........... The embedding of a syntactic structure within
an instance of another syntactic structure.
The term is ofter used in connection with
lcops.

OBVICUSLY.........We're not quite sure about it, and can’t prove
it anywzy.

COPERATING SYSTEM..The collection of software that controls both
system resources and the processes utilising °
these resources on a computer. On the QL the
operating system is QDOS.

OPERATING COCE....Tne collection of insturctions for specifying
the operation of a particular central
processing unit, derining the repertoire of
gperations it can perform.

OPERATOR....... ...An entity, usually represented by a symbol,
that can be applied to one or more operands
(constants, variables, functions or
expressicns) so as to yield a result. A unary
- pperator is cne that is applied to just ore
operand {eg; NOT}: a binary operator is an
operator applied to two opnerands {eg; + ).

0BJECT COGE...... .The output of a cnmpiler - in the case of
TURRO, DIRECTLY EXrCUTABLE #45530%8 machine
code,

THE TURBO ENCYCLOPEDIA Sectior 5, Page W-S
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I OPTIMISATION......The procuction of object code that in some way

' _ makes best use of the resources of the
computer: usually minimisation of execution

| tim= is the objsctive (rather than raduction

1 of object code size, which is less relevant

- whers memory is abundant). Optimisation can

! gither be global {sequences are recrdered,
invariant operztions are movecd outside loops,
loops are merysc, etc) or local (code is
adapted to expioit machine architecture and
guirks, redundznt cperations are excliuded,
etc). TURBG performs a great deal of local and
giotal optimisation. Timz and Space
optimisation can be selected on a statement to
statement basis using the REM+ and REM-
facility on TURBO and SUPERCHARGE.

-

e Y

: PARAMETER. ........Information passed to a procedure, subroutine
or function.

PARENTHESES.......Posh {but precise) name for brackets (1ike
these ones).

PARSING...........The process of deciding whether a sequence of
: input syabols is a syntactically and
- semanticallv valid sentence in 2 language. The
perser in TURBG nas as its input a SuperBASIC
program and as its outout intermediate code.

PASS.....c.-nve....A stage in the process oY compilation,
involving a complete scan through the program
or tre corresponding intermediate code.

. Compilaticn typically involves a number of
passes.

ém PRECEDENCE..... ...The conventional order cor sequence in which
multiple oparators within any expression are
to be avaiuated. Soth SuperBASIC and TURBD
follov the B{Bracket) Ulunary Op) W/D(Multiply
and Civide) A/S(Add and Subtract) hierarchy.

[ N0 2 N,

PRIORITY..........A numerical value used to dictate the
proportion of system resources (typically but
not alwayc central processing unit time} to be
devoted to a spacific task.

v i

PROCEDURE. ... uu..- A section of & program icentified by a name,
capabie of being called from anywhere in the
program {including from within itself).

P

| THE TUREC ENCYCLOPEDIA Section 5, Page =10
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PROCESS...........Another word for task.

PROGRAM...........A set of statements that can be submitted to a
computer and used to direct its behaviour.
SuperBASIC programs on the QL are procedural
programs: ie; programs where a very precise
definition of the sequence of steps to be
followed by the comsuter in order to obtain
the desired results has been explicitly
provided {rather than programs which only
specify the constraints and which leave the
computer to dacide on what steps to take anc
in what sequence to take them).

PSEUDO-CODE. ......A program-1ike notation used to describe the
functioning of a procedure or program. '

PSEUDO-COMPILER. ..A compiler that produces pseudo-code as its output.

A generous description of QLiberator, vwhich is
merely an alternative interpreter for the QL.

QLiberator only iransiates SuperBASIC into
pseudo-cede, and KOT INTQ 68003 MACHINE CODE -
i. is hence not 2 real compiler at all! At run
time a szparate system interprets the
DSRUdU=CLu2, 1N & manner anaiogous to the
SuperLASIC interpreter, te preoauce machine
code which is then executed by the CPU. No
wonder G.ikecrater coce runs slower! There are
only two BASIC compilers available for the QL
-~ SUPERCHARGE and TUREQ. .

QRUS. . eeienennnnn. Sinclair informs us that this is the name of
the QL's operating system, and also a Sinclair
registered trademark (surprising that the
Reqistry of Trademaris cannot trace any entry
for it - perhaps Lhey stcre their records on
microcartridges). There is unfortunately no
way to get at it from SuperBASIC.

QL.eieinnnnnens ..What the *?1%£37'+] arc you doing nere if you
need to look this up!

QUANTA........ ....1lncependent QL User Group, formerly known as
[QLUG. An active organisation, and not to be
confused with QLUB, the defunct official cliub.
QUAKTA is famous for its periodic gatnerinys
at a hotel in Swindon, a r=gular event at
which is a major breakdown o7 the hotel's
electric power supply. Perhaps you can make
the conrection.

THE TURBO ENCYZLOPEDIA Section 5, Page W-11
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SINCLAIR RESEARCH.Now we know what they get up 10 in the
daytime!

SITE LICENCE......You do not need one of these to use TURBO
commercially, provided that you acknowledge in
the documentation of your program that you
have usaed THE DIGITAL PRECISION TUREOD

COMPILER. Please note that you are not allowed
to use TUREC to produce a BASIC compiler.

SLICE.....oc......A part of an array obtained by restricting the
range of values of one or more of the indices
of the array to a set of contiguous discrete
values which is a subset of the set of '
original values of the indzx or indices
defined when dimensicning the array. One or
more of the indices may be eiiminated
altogether.

SOFTWARE..........Those portions of & conputer system which
cannot be L1ckﬂd - the intangible bits like
programs.

SCURCE CODE.......The form of a program input to a compiler for
translaticn into object coce. In TURBD, the
source codz is a SuperBASIC program.

STACK. ...... ceeesoA Vinear LIFO {Last-In,First-Cut) data list
where all azcesses, removals and insertions
are made at oue end {the topj. There are at
any time a number of stacks operating within
the QL's memory.

STAND-ALONE.......As applied to a program, one that is capable
. of operation without any other proﬂram besides
t.. nperating system being present. TUR3D and
SUPERCKAREGE produce stand-alone 1'asks, unlike
the pseudo- conp11ef, which has a heavy
run-time overhead,

STATEMENT..... «e..The sentence-1ike unit which is the building
piock for a high level language.

STRING...ccvernnn, An ordered sequence of characters.

THC TUREO ENCYCLOPEDIA &ection 5, Fage W-1:
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STRUCTURE....- ....When applied to a program: its gverall form,
with emphasis bath on its component parts and
on the interrelationships between these parts.
In a well structured progra, the breakdown
into components has been carried out in a
consiztent and recognised wiy, and the
interfaces between components are easy to
follow and well-defined. SuperBASIC is one of
the BASICs which aliows fully structured
programming. TURBQ supports ALL the structured
program constructs of SuperBASIC, ana some new
‘pnes.

SUBROUTINE........A section of code tn which control is
transferred by & call anc on whose completion
contral reverts to tme instruction after the
call. In SuperBASIC, subroutines with names
are refarred Lo o5 procecures. Subroutines
often save space ang maks & program more
readable. '

SUBSCRIPT.........A means of refarencing an element in an array,
by appending to the ne-2 of the array the
indices which uniquely identify the element.

SUBSTRING.........A string which is contained exactly within a
2ain string: iz; the mein string contains
somewhere within it the same characters as the
substring in the same sequence and without any
intervening characters. )

SUGAP. v cvnnnnens .Decpite his help, the QL anc QUOS still
prousper.

SUPERBASIC........The programming language supplied free as the
host envircnment on the QL. An advanced,
enhanced ard very well-structured variant of
BASIC.

SUPERCHARGE...... .The best-selling Digital Precision SuperBASIC
Compiler which was a prototype for TURBO.

SUPERCHARGED...... As applied o a program, one that has been
, produced using SUPERCHARGE.

SYNTAX..... ......The sat of iaws gaverning and defining the
permitted sequences of characiers in a
programming languzge. Uniike semantics, syntax
is not concerned with the meaning of the
constructs but 2nly with their form.

TYE TURBO ELCYCSL (VEDIA Saction 5, Pace W-14
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SYSTEM............That which is obtained by combining software
and hardware. -

SYSTEM VARIABLE...A value held by & system on a semi-permanent
pasiz to store statuses, defaults and other
data on the utilisation of system resqurces.

TAG . oo reserenaves An identifier used to discriminate between
variants of the same type.

TASK.eenns veeev---hA unit of system activity. A task is composed
of a set of program inctructions, 2 workspace
area and a descriptor defining current
statuses of any system resources allocated to
it. TURBD produces tasks which may be run
concurrently. '

TASK IDENTIFIER...A pair of int2gers, the first an index number
of the task and the second a tag. Togetner
they uniquely identify the task.

TEBBY..vevv...a...Tony is the author of QDCS. Please address all
criticisms of the QL's operating system and
associated toolkits to him, c/o QJUMP, and NOT
TC DIGITAL PRECISIGN!!

THOR. .o vvvennen.o.The First successor to the QL. The story
behind the name is supposed to involve
lightning and a brand of lager. Digital
Procision believes it has more to do with a
Danish vandal!

THREADED CODE.....A code containing a sequence of entry points
for routines. An unconditional branch is made
to a routine whose address is indicated by a
word in the code: on completicn the routine is
terminsted by another unconditicnal branch o
the new entry point indicated by the next code
word.

TOKENISATION......The conversion of a program in text form into
a less verbose binary form consisting of units
calied tokens. Strangely erough, tokenisation
on the QL increases rather than decreases
verbosity - for example, the value 0 is
tokenised into SIX bytes!

THE TUREQ ENCYCLOPEDIA Section S, Pagce wW-15
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TRAP......vusn....A system state tricgered by a signal to the
microprocessor that the current sequence of
instructions is to be abandoned and a seluence
appropriate to the interruption commenced in
its place (such sequence often Tying within
the operating system}. Traps are used for all
sorts of error handling and for invoking Just
about everything.

VARIABLE......;...A value stored scmehwere within the computer
and capable of being changed. Varizbles are
referenced by their name.

VIRTUAL ARRAYS....Arrays held partiy in RAM and partiy on some
siower backing-store medium. TURBC has ‘em.

WOKKSPACE.........A reserved area for task or other program te
read from, write to, manipulate arc gencrally -
L‘se. .

CZYGOTE......vv.v.uThe last word in the glossary Zygote

THE TUR=C ERCYCLQPEDIA Saction 5, Page W-15
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