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This equipment generates and uses rad frequency energy and if not
nstalled and used properly, that is, in strict accordance with the manu
facturer & metructions, may causa interferance to radio and tebavision racep-
tion. It has been type (ested and found to comply with the limits for a Class B
computing device in accordanca with the spaclfications in Subpart J of Part
15 of FCC Rules, which are dessgred to provide reasonalble protection sganst
such interferenca in a residential installation. Howeweer, there is no guarantes
that interferance will not oocur in g particular installation. If this equipment
doses cauge interference to radio or televesion receghion, which can be detar-
mined by tuming the eguiprment off and on, the wser is encouraged to try to
coffact the intarference by one or more of the followeng messeres

— TEDnent the réece wing antanna
resncata tha computar with respact 1o thé recaiver

— moe the computer aweay from the raceiver
plug the computer into a different cutlet 5o that computer and recaiyes
are on chifferent branch cirguits

I necessary, the user should consult the dealer or an exparienced radio
television techmcian tor additional seggestions. The user may fmd the fal
I booklat preparad by the Federal Communications Commission halpfu
“"Howe to kdentify and Resolve Badio-TV Interference Problems”. This Bookb
i% available from the US Govermment Printing Office, Washington, DC
20402, Stock Mo, 004-000-00345 -4

WARNING: This equipment has been caertified 1o camply with tha limits for a
Cless B computing devece, pursuant to Subpart J of Part 15 of FCC Rules
Unly peripharals lcomputer input/output deviees, terminals, printers, etc)
cartified to comply with the Class B Bmits may be attechad fo this computer
Uperation with non-certified penpherals = bkaly to result in interfarance to
racho and T recepton
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LIMITED WARRAMNTY

Basic Coverage: This Timew' Sinclar Computer is wafranted to the owner
for a period of 90 days from date of ariginal purchase sgamst defects in
ranufactura. This limited warranty is given by Tinex Computar Cosporation
— niot by the cealar feom whom it was purchased

What Timex Will Do: I a defect in manufacture of the Compular s
discoverad within 20 deys from date of ariginal purchase Tameax Computar
Coarporation will, at its option, repair or replace the defactive unit

What You Must Do;  You must retusn the Computer, indicating date of
purchass, to Times Prodect Sarvice Cantar with a wntben axplanaton of the
reason Tor tha raturm
Return your unit, postage pre-pad, 1o

Times Product Servce Canter

PO B 2 540

FO00 Murray Streat

Litths Rk, AR 72203

To protect against instransil 108S, we recommend you insurg
woasr Compuber
Limitations;
THE ABOWE REMEDY 15 EXCLLUSIVE. TIMEX COMPUTER CORPORATION
LBETS THE DURATION OF ANY WARRANTY IMPLIED BY STATE LAW,
INCLUDING THE IMPLIED WARRANTY OF MERCHANTABILITY, TO 90
DAYS FROM THE DATE OF ORIGINAL PURCHASE, TIMEX COMPLUTER COR-
FORATION IS NOT LIAELE EOR ANY INCIDENTAL OR COMSEQLEMNTIAL
DAMAGE, This warranty gives you specific legal rights, and you may also
hawve ather rights wmch vary fromm state 1o state. Some slates do not allow
limitations on haw lGng an implead sefrenty asts, or the axclusign o limita-
son of incidental or consaquantial damages, o the above imitations or
axclusions may not apply 1o you
This wearranty is vosd if the Computer kas been tamperad with o ill-treated o
f the defect is related to sarvicing not performead by us







Introduction
Getting Started

Walcormd 1o the world of computing. Before v plug o your newy Timax/
Sinclair 1000, peasa taka a momant 1o think about this exciting néw advan
ture. Wa wan 10 assure you that:

1. You will enpoy computing.

2. ou wall find it epsy a2 well as anjoyable

3. You shouldn't be afrasd of the computer. You are smarter then it is. Sois
yiour parakaat, for that matter

4. You will make mistakes as you larm. Tha computer will not laugh at you

5. Your mistakes will not do any harm to the computer, You can't break it by
pushing the “wrong  button
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. You are about f0 take a giant step into the future. Everyone will 5oo0n be
using computers moevery part of their daily lives, and vou vweill hawe 3 hegd
start

¥ou do not nesd to know how to program a computer to use the T/5 1800,
#ny mare than you naad 1o know haw 1o do a tuneup to dive a car. You may
wwanl U learn iG progrsm — it is not difficult and can be very enjovable — but
¥ou ¢an usa the computer 1or the rest of vour life without having to leam
PrOsgrsmiming

& computar s a tool, like a hammar or saw — or parhaps ke a food
ProCassor. Nammess antd saws ';EI'IEha"'r Ao onfly ang "h|'|-;; weall, A food
processar can parform differant aperations, prd no rmally you can “program’
t by simply pushing the propar buttons. A computer is an sfarmation tool,
and is the most versatile tool ever invenied. Because it can do many things, it
neads a saguence af instructions 1o partormm any particudar task Thesa
MEIMBC NGNS ara calad DFOQFRINE.

There are mary available programs for your evenyday use with vour Times
Senclair 1000, You can use them for learming, and for home of business
managament ke balance-sheet calowlatons. mecond kuq:F: i) :|r:|_'_:|||n'_inq
nookkeeping, taxes, parsongl or busstess mventonies, etc.). You can maintam
atdetsc statslics, recipas, address or Chrstmas-card hsts, prepare reports,
aarn and use mathamatic g, play 1 Hg L and do many otnar thimgs

O of the mest important usas of Timax Sinelair computar is as an
educational tood  Right now your children are beginning to use compulers in
school ThE'.- ara learning about computars, and thay a&re using computars 1o
halp them learn othar subjects. Your T/5% 1900 can halo vour children learm at
homa, whethar theirr schools have computers o nod. Many educational
programs are available, for both tutoral hedp and advanced learning. You can
find all of these programs at the same store where yvou bought vour Timax
Sinclair 1004, Many more programs are baing developed righit mows far the
T/5 1999, because it iz the world's bast-selling computar. In the near future,
your parson computer will be sble to dial and answer vour telephone
manitor your bungles alarm, control appSances, water vour liwn and parform
rmany ather duties for you. Keep in touch with your dealar

About This Guide

'his beok i5 in sevaral sections, 85 you can see from the Teble of Contanis
Thee first saction 1ells vou how to plug in and sat up your Timex Snelair 1 o0,
and use programs from books and tape cassettes. The second part is an
glamentary introdectan o programming, so that you can, if you wish, leam
the basics and better understand how the comoarter does its work.  Later
sectons get into mone advanced programming and provide refarence material
for axpearts

Some of the later chapters may be espacially valuable o vou if you want 10
program for particular usas:

Chaptar 21, “The T/5 1684 for Thosa Who Lnderstend BASIC.” is an
introduction o the specifics of Sinclair BASIC a5 wsed by the T/S 1008, and
i% a good starting place for expenenced programmers — but it % also a good
raview 1or beginners whan thay have reached that point in the book
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It wou want 0o iry your hand &t wntiing games with mowving graphics, or
maka artistic designs an tha screen, you'll want 1o ses Chapter 13, ""The
Character Set,” 14, “Graphics,” and ‘Tima and Motion.” Ewentually,
wou'llevan want Chapter 25, Lising Machineg L '

Fod the mathematcally o sciantifcally inclined,
tics with the T/5 1899, and 15, "Functions W OfF most t, anc if
sou plan 1o mampulata text maternal, vou should sea Chaptar 12, "“Advancad
Printing Technigues.” 18, “Strings.”” and 12, “Substrings.” as wall 0% per
haps 17, Arays.”

Hewve fun as vou get 10 know your Timew'Sinclvr 1800 computer

Cheptars 11, “MMatheama-







Chapter 1

How to Set Up Your T/S 1000

Wea've provided evarything yvou nesd to start us ng your T/5 1000 compu-
ter immediately, with YOUr owvn televison sat and an ardinary audio cassatte
racordar

Hara are tha companants of your personal Computer System:;

1. Your fefevision sef. You can useé a color or a black-and-whita sat buit, of
course, the Timax Sinclalr 100 will display in black and white o iy

2. A pransfer switch box, which enablas you o switch between your TV
antanna and the camputer

3. A cable sbout four feat lang, to comnect the computer ta your TV,
4. The computer itsalf. You will ges three jack sockets on one side, marked

IV DC IN. EAR and MIC, a larger socket marked TV, and, on the back, an open
SpacE in which you can see an edge of the crcuit board inssds
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5. The power supply. It is & transformer that plugs into any standard wall
socket {110 volts), with a cord that plugs into the computer's 9V DC IN
socket. (You will ke glad to haar that vou can touch the plug at the cormputer
end without getting any shock at all, and can plug it ints the wrang socket in
tha T/5 1800 withowt doing any damagel The computar has no andoff
switch, you turn it on by simply plugging it in with the power supply

b. A double cable, about a foot long, with 3.5 mm plugs at esch end, to
connect the T/5 1000 to your tape cassette recorder

7. Your cassette recorder, You'll need one that will accept the 3.5 mm plugs
noits earphone and microphone sockats W you have a recorder and it
doesn’t fit the plugs, try faking the recorder and the cables 1o youwr loce
alectromes shop You wil probably be abla to get veny nexpansne adaptors
rather than buying another cassette recordar) Strangely enough, any inex-
pensive Dattery-powersd recordar wall wiually work bast with the TS5 1060
and, in fact, expensive and powerful stereo equipment may damage the
computer. 11 is helpful — but not essential — if your cassette recorder has a
counfar By measuning how much tape has gone by the record ng'playing
mechamgm, the nurnbars n the counter window can halp you find PFOQrarms
EN YOl CASEETIEE

Mow that vou hawve all the parts assembled, you can put the systam togath
er. i you are going to iry Some programming on your Swn, you can do
without the recorder and skip to Chaptar 3 after satt g up; if wou have &
ricordar and want 1o uSe SO pre=reconded softwane, of sive on tape s0ma
of your own programming, you'll want to ses Chapter 2.)

First, desconnect the WHE TV anftenna wires from your telavision sat fyow
can e the UIHF wires slone). Connact tha wires from the transfar switch
box to the termanal on your TV instead, and then connect the antenna wires
to the screws marked TV on the transfer switch box. Plug the four foot
comnectag cabde into the socket on the transfer switch box and into the TV
sacket aon tha T/5 1800,

MOTE: If you have cable TV, or @ 75-ahm antenna lead (& round
wiire anding in & scraw terminall, you will need to ik up a small
deyice 1o consert this to the standard, flat, two-wira antenna lead
that connects to the transfer switch box. There are sevaral ver-
sions of this device, which may be called a “UHFVHF matching
fransformer,” ""75-to-308-0hm convarter,” “cable adaptor” or
“WCR edaptor.” Someons at your loea! elactronics stora will bs
able o help you; the cost will ba from three to ten doliars. You
may hewe to contact yvour cable comgany if their wire goes into
your st instead of screwing on to the terminal on the back,
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Second, plug the power supply nto the wall and into the 3% DC IN socket
an thi computer.

Third, turm on the TY, Set it 1o channal 2 o channel 3, whichever one is not
bairyg used (oF broadcasting i yowr sres. Make sura tha switch on the botiom
of vour T/'S 1000 is set to the same channel Tum the sound all the way
A
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You should have a piciure ike this on ¥our Scresn:

The [ in the lower laft-kand comer of the screan is celled the cwrsor, and
means the T/5 1000 is ready for action

Fourth, connect your recorder to the computer with the twin laads.
Althowgh wa'va provided tweo, it may ba best 00 use therm one af a tima [you
can axpariment), connect the eerphone socket on the recorder to the EAR
sockat on the computer in arder to koad a prograrm from tape inta the T/S
1000, and tha microphone socket of the recorder to the computer's MIC
sockat to save programs youw va put mformation into or writhen

MOTE: The picture on your TV screan should ba clear; if you are
gettng intarferanca, iry the following staps m ordar

1. Adjust the tuning coniral on the sel, then try the brightness,
contrast, and horizontal hold horizontad s usually on the back of
i St

2. Muove tha computer awey from the TV sat; or, if possible, place
it lowar than the sai,

3. F‘1u-|; thea computer into a diffarent circwit from the televisaon
sot. uzually outlets on opposite walls sre on different branch
circuits.

4 You ey wizh to try 8 longer [shiedded] cable between tha
switch box and the computer to mova the T/5 1000 still farther
pwvay from the TV

5. Consult an axparianced radiod TV repairman; your Set miay need
adjusiing

Mow you're ready to use your TimexSinclair 1000]




Chapter 2

Using Ready-to-Run Programs

A of now, thers are many programs available for the Times Saclair 1900
cormparter, programs which are fun and programs wiech are useful It is
axciting to see how maty e ones appear aach monthe You weill fimcd that
programs writtan for the Sinclair ZX81, the predecessor of tha T°5 1000, will
U N Wour Cormpiaber

=ame programms — the longer ones — may mequine the T.5 1018 16K RAM
FPack, which can be attachad 1o the back of the compuler to aereass the
compuier’s memony capacity; 18, the amount of mfarmation it can hold The
1 8K RAM Pack iz available whars iU purchasad vour computer

Sometams yvou will load a program into the armputer from a tape cassatte
You can then use the program, and even re-use il as often as you ke, As long
&g tha camputaer remains on, i will refain that prodgram Wiwan wou are done
and turmn off the computer, i1 will disappear from the 75 1008's mtermal
rmemary but, of cowrsa, vou will still heve o on tape to load and use again
This s how wou woll usually use games, for axample

Sometsmas you will type in 8 program from a book in arder to wse it, and
than will want to save it on & tape cassette, Then, the next time ywou want ta
usa 11, wiu wion thave to tvps itin, bt zimply load o frarm tha cassatte
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And somatimes thara will be programs you will koad from e tape, sdd data
to, and then save the program with the added data on anothar part of the
tape, saparatae from the original program

Let's look af how aach of these g done

Laading & program from taps

Every program should have 8 name, and any cassette that has mose than
one program on it should provide you with an indas listing tha names of all the
programs on the tape.  Often this mdes will mark the location of sach
program with a tape counter number, |If vou set tha countar to 8@@, then run
the tape forward to the number of & program you want @0 usa, you should be
at that program’s approximate location. (Caution: since cassetia reconder
counters are waually not exact, it is 8 good kdea to stop a few numbers short
of the index figure — at ©3.3 if the index calls for 037, for instancea.l

With all the components of vour svsiem connacted and turmed on, as
discussad in Chapter 1, make sura that youwr tape is rawound to the beginning,
and that the [ cursor is on yowr TV screan.

Conniect the EAR socket on the computer to the “earphone”™ or “hesd-
phomes'’ socket on the taps racordar to sboul three-guarters of the maximem
wolurne, it has tone contrals, adpest tham so that treble s high and bass is
low

Than typsh
LOAD

wiich Is what vou get when you press the J key while the [ cursor is
showing. [Whenever the [3 cursor is on tha screan, prassing any key will give
you the keywora command printed albove thal key on the keyboand.) Motics
that th computen had prnbied

LOAD

o thié Scrsen

You'll notice also that the cursor has changed 1o This means that the
computer now will inferpret any key you prass as the erfer or maen I:Iarge:l
symbod on any key. iIf wou pressed the J key again, for instance, you'd gat a
Jb

If you want one of the symbols printed in fea on 8 key, you hold dosen the
SHIFT key Inotice that 3HIFT i n ored, tool and press the kay you want That
is what wea will do;

You want o msirect the computer 10 loed the program youw wish to usa, 50
you must put the name in quotes. Suppose you want 1o run & program for a
gamea, called STAR ZAP,

Hold down the SHIFT key and press the P key, and you'll gat quotation
marks. Then, without SHIFT, iype in the narme of the program, making sure
you hava it axactly right incleding spacas. Then type SHIFT P apgasn for
quotetion marks. ¥our scresn will ook b thes

LOAD “STARZAF" gs LoOAD S i pesidioned

10
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If you make a misteka, you can start over by pressing MEW, and then
ENTER, or by brefly unglugging the computer. in Chapter 3, wa will show
WO el T sy m ake corrections withouwt start g Owes |

Mo 51art thie cassetie recorder lon PL 8%, ancd then type

ENTER

You will sea patterns of Back and whube stripas on yowe TV Sormen thin,
squiggly ones while the computer is seerching for the program you've speci-
Tiesd, and thick straight ones whila the program 12 baing loaded inta the T'S
1008, When it is ready. tha black and white stripas will stop, and in tha lower
laft-hand camer of the screen will be the “repor’ 000 (This means hat the
computer has sucoessiully completed the loading g-a_grq'—'em 1 You can themn

turn the tape recordar off. i Py
If the entire tape plays — ar 50 much of o that yvou suspect that your

program has not leaded peoparly —  and you don’t get the /0 repaort, press
it BREAK key. Something has gone wrong and bears a Wte investigaton
& shiort program shoubd not teke more than Hifteen seconds to load, once the
Fusdyy lines start |

For mstance, it is possible that the tape wes not positioned progerly [re-
rmamber when wee 1ald vou those counters were not alewavs axact?] The
compautar might not have fownd the baginning of the program you desined
IThig 15 indscated of the than, squigaly lines never changed to thick, straight
ones.| Double chack the program |laCcation, beck up thea tapa to & point & Dl
aarlier than betore, and try again

The next most likehy prodiem s that the volurme leveal is oD |'|Il;|“ or 100 0w
It meiecks to e Lk loud enowgh tor the computer to pick wup tha program,
I not 50 loud that tha pro=Qram 5 thstortad thea 15 actually faul-.r raregl, anc
Iz quisat enough for the Silent par 1o ba recognized as silent by tha computer

The best adll.l‘i-tl'l'lE""‘ 5 12 turn tha wolume wp as koud &3 it vl ] without
cauging Silent spaces on the @ape 1o be nosy, vou can chack this by dscon
'|El:-'li|'|l:| the |:I|I.Il2'| In tha recorder s egrphona sockat and | Sleming (0 the taps on
ihe spaaker. IF (e Silencd iS5 vary noigy, ether you still have the volume set
oo hll.'I hoor you may hevea other prossemes

Some lape recorders can form a feedback oop wath the T/S 1200, [This
maans that output from the recorder Oaets mixed up with Input o the recorder,
resulting in distortion of the sgnall This s why we recommended connecting
only one laad at a time; if ¥OU ve recorded E-:Il'l'lEThll'll':l with both EAR and MIC
connechons mads, vou may ndt be able to load it

Some tape recorders cen record a B0 cycla AC hem. This can ba svoided
oy operating them on batternes

Some tape recorpers — aspecially old, worn ones — are intnnsically noigy,
and prodece a kot of axtransous noise on thair bepis. You may hawe to nvest
n angther recordar

You may hawe o wiggle the plug n the sarphone socket; on soma re-
corders contact is lost if tha plug is pushed in too far. I you pull it out just a
bt you may Teel it 2aitleg inld a mone secure position

It is possibla to kad a program without using its nema. If you type

LOAD ™™

11
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then start wour recorder and press ENTER, thae T/5 180 will load the first
program it comes to. Yiou can use this mathod if you've forgotten the nama
aof & Pra=Qram You can evan load and use 8 number of programs on a lape,
ong after another. WWhen vou stop the mcorder after you have finsshed
loading one program, the tape will be in position to load the next |

Wit you hive succasstully loaded a program (verifed by the G/0 rgpq:"tl
YU Car ue TE-.-' prasETmg — B

FI UM and ENTER
and then fiollpwing tha instructions the pe rogram it Esalf gives you on the screen
and arvy praied InSTrOCTTTTS -
['ou can ook at the program by typing

LIST and ENTER
and than RUM it if you hke.)
Typing a printad program and saving i1 on lape

Many shorter programs are vallable s books and MEgaZIneEs. Yiou Can usa
them By simply typing them n. Type them exactly as they appsar in tha
publication, meking sure your spellngs sre cormect, and all punciuation and
SpEcRs % woall

You can check your listng by companing svhat you kava on the screen with
the: printed version, See Chapter 3 for how 1o sasdy make corrections

Wien you've finished typing the program in, you axecube it by prassing

ARUN and ENTER

as above. When you've finished using it — efther you reach the end, or you
imterrupt the program by pressing the key marked BREAK — you can gat the
lsting beck on the screen by pressing

ENMTER

Again. You don't heve 10 typa LIST in Sinclar BASIC.E Then, after varifying
by wsing itl that the program works and thet you've typed it in comrectly, you
can sava it for future wse on tape. [You don't hive B try it owt first, of coursa,
bt IT"IB'H you might ba going to the troukble of saving & program that won't
Fuif.

Saving & program on taps

As we saed earher, every program should hase a name The TS 10040, o
fact, won't save s program on taps without B namea. You can maks Uy 8 Manms
for a program you invent, use the name of a2 program you have typed in as
albeove, or aven change that name to somathing vou like battar. Whatewver you

1z
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call thet program when you save it will be the name you have to ask for to load
it later

MOTE: It is a good idea to put tha mama of a program infto the
lizting of that program, S0 yow can doublecheck that you have tha
right gna, Tha sasiast way is fo use a REM line at the baginning
REM — tha keiword ovar the E key — maans remmank oF remiidar.
&ny line in a program that starts with BEM is not usad by tha
camputer. buf is shown on the screan 1o people 1o healp theam use
the program
The Timax/'Sinclair 1088 automatically puts tha loweast-fnum

bsgrirct linve of 2 program first, and asranges all the linegs in nemancal
order. You can put a new firsl line — a REM statement in a
program, afber yvou hawve kbaded it by typing

G REM "STAR ZaP” EMTER
uzing & ling numbear keeer than the losest in the listing (vou'd usa

B if. for instance, the first lne of the program started with the
number 190 and, of course, the actual name of WOUr program

Connect the MIC socket of the comauter to the microphone sockei of the
reconder.  Position the fape in a part that is blank, or a past that yvou ane
prepared to gvarsTite. Type:

SAVE "STAR ZAP"”
Start the 1ape recorder, on RECORD, then press

ENTER
Watch the TV screen. You'll see the pattern of black and white Enes, and
avantually the pattern will end and the screen will show 0@

As a check on whether the recorder has received the program correcily,
vy Can hsten to it over the spaaker. Rewind the tape to where you startad
and play it back. ¥'ou should haar, inorder
1. A soft, hemming buzz. This is the signal bafore you pressaed ENTER
2. Fiova seconds of silance

3. A wvery harsh, high-pitched buzz, whech is the progeam itssif. This will go
on lamnger Tor & |onges program

4 The soft, hummeng buzz again

13
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MOTE: A tachnique that may make it easier to fod programs you
record is 10 speak the namea of the program onto the tape throwgh
the microphone before connecting tha computer 1o the reconder
Then you can search for the sound of your announcemant to find
the program.

You can check on your success at saving a program by following the LOAD
instructions above

Saving programs with your own data sntered

Sorme programs are meant for you o enter your own data into — saving
lists, figures, atc. These ar easiy usad by following the same procedures
Wl Just descussed

1. LOAD tha program as we've described

2. RUN the program, antaring your own data a3 it is callad for,

3. SAVE the program with data in it, using a new name to distinguish it from
the original program. M, for example, you load a program called " Caloulator”
and then fill m your personal financial records, you may want [o save the
filbad-in warsion undear tha name “Fingnces.'”

As you can see, there arg many ways to use vour Tirbe Sinclair 1000
without learming computer programming, But if you'd like to look into it iry
the next chapters and Sed Rhow wou like it

14




Chapter 3
Telling the Computer What To Do

Mooy that wou hava the scraen looking like tha picture in Chapter 1, yvou can
enter spacial computar “ifstructions.” For example;

PRINT 2+ 2
makes the computer compute the sum 2+ 2 and display PRINT) the result on
tha scréan, An instruction like this, which the computer acts upon immadi-
ately, is tachnicelly called & BASIC command

(Thare are ather BASIC sfetemants thal are used in programs — thay ars
not operated on immediately, These will be coverad in Chapters 4-7)

To typa in this command,

1. First typs PRINT. Sut. although a8 you can see the keyboard has a key for
oach batter, you do not spall the word out P.RIN,T. As spon as you prass P,

1%
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e whiohe weord will come up on the soreen, followed by & space, and the
craan vl look ke this:

PRINT N

The reagon is that at the beginning of sach command the computer is
mpEctng a fevword — @ word that specifies what kind of command it is.
The keywords are writtan above the keys, and you will see that “"PRINT™
appears above the P key, 50 that 1o get “"PRINT " you have to press P

Ihe computer lets you know that it expects 8 keyvword by the B3 that vou
had to start off with. There is almost always a white-on-Black limverse videal
letter, edther [ or [W tor, wa shall see later, [@ or [@ ), called the cursor. The
3 means “Wheatevar key you press, it will be taken as a keyword” As WM
saw, after you had pressed P for PRINT, the [3 changed to an M

This systam of pressing just one key to get mors than one symbol 12 wied a
lot on the TS 1884, In the rest of the manual, words with their own keys ara
prinbied in BOLD TYPE

Keywords cannor be fyoed in lefter by laftes

£ Mow typa 2. Thizs should cause no oroblem Agaen, you should ses 2
appear on the screen, and the M move ona place to the right

Note also how a space is automatically put batwsan PRINT and 2. This is
done as much a5 possible, 80 that you hardly evar have to type a space, If you

oo type 8 space, it will appear on the scresn, bt it owill not affact the
Earmmand

J4. Now type +. This is & shred character |such characters are rmarked in
red — the color of SHIFT itselif — in the top right-hand comar of aach kev)
and to get "+ vou must hold down the key [ . and, while daing that,

press the kay (=

115
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4. Mow type 2 again. The screen will look B this

6, Maw press ENTER, the key HITE . You press this kay wiven yiou arne
finishad with a ling. The computer will then compute 10 oor cese, the Screen
chamges 10

4 15 the answer — bul of course you don't nead B8 computar 1o fIgurEl
that owul
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D0 is the report in which the computer talls you how it got whens it is
iMoie that zero is written with & slash to distingush it from capital 0. This is
standard notatson m computingl Tha first @ means 0K, no problems,” (At
the wery end of the book, where you can flip t9 it comaniantly, thera is s list of
othar report codes that can arise: for instance, If something goas wrong |
The second @ maans that "“the kst thing done was line 8.7 You will see later
— when you star to write programs — thet & statement can be given a
nurnber and stored away for axecution kater: it i then a program line
Commands not in programs do not acteally heve numbers, 5o for the sake of
fEpors tha computer tragts them as lina &

You should imegine & report as hiding &8 0 cursor — if you press P for
PRINT ndw, the report willl disappear and the screen will changs to

PRINT M

The cursor can also be used for correcting mistakes: typa + +2, to get
FRINT + +2 %

on the bottorm ling, When you press ENTER you get

18
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PRINTE+ « 2N

The B] i= the spnrlax anror macker [the syntax is the grammar of M55 B8s,
sayang which are allowed and which are notl; it shows that the computer got
a5 faras "PRINT," but after that i was nota ™ egal”’ massage

What you want to do, of coursa, is to dalate the first 4 and replace it with
— lat us sy — 3. First you have fo move the cursor 50 that it = just (o tha
right of the first +; there are two keys, 7 and [ehifted 5 and ahiftad &I,
that move the corsor left and mght. Holding SHIFT down, press the © key
twice. This mawves the cursor left two places to give you

PRINT +[@+2
Meavw prass tha DELETE kay (shifted O, and vou will get
PRINT (4 +2
DELETE removas the character lor keyword) immediatety to the left of the
{uﬁ::-.. ninw prass 3 a 3" will be inserted, egein immadiately to the left of
the cursor, giving
PRINT 2IM+2
and pressing ENTER gives the answer (5),

The = key |shifted Bl works just like tha ¢ key, axcept that it maovas tha
cursor night instead of it

19
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Summary

This chapter has covered how to type in commands for the T/S 1000
explaining the singlé keystroke system for words,

the 3 and [N cursors,

epons

thix syntax arror markar, E]

and how 1o correct mstakes using 2 | ¢ and DELETE

Tha Keyboard

Here 5 a picture of the keyboard.

Y REKD |.['|u|-r.

It wou @arm not familiar with ty pewriters, you can wusa this Pestration to leam
where all the letters are. Remember that to wuse SHIFT, vou have to hold it
ciwn at thr same time that you press another key. Do not confuse the digit @
wiith lattar O.

It you are a typist, you must also remembar that you cannot use a kwer
case L for the numaeral 1

20




Chapter 4
Writing a Program

Wa ara now going to write our first computer program, which is a set of
nstructlions 19 the computar. In the last chapter, wee gove the computer
carmmands, which it esecutad immadiataly. Mow we will bagin to construct
statermants wiich tha TS 1900 vl carry dut in ardar, Althaugh wa will start
small, thara arm Prograsms of many thousands of lines, which direct GO~
ters to carry oul lengthy and complcated procedures; the power of comput-
ng is in the ability of the mechne to recelve, store and carry out many
different Comphas prosrams.

Wa will program the T/5 1080 in 8 computer “language” called BASIC
[which stands for Beginner's All-purpose Symbolic Instructon Codel. Inwent
ad at Dartmouth College, BASIC looks mora ike English than other computer
angueages and cen be used in an mferachive mode, whare the user types in
samething and the computer responds mmadiately via a display like your TV
scresn. Whan you have leamed to program the T/5 1080, you will find that
you can wse pragrams in BASIC drawn from other books and magazines. You
will almoat certainly have to alter tham ﬁlll:i".ll'r 1o make tharm ren on the TS
100, because every maching has its own slightly different version of BASIC

Let's get sterted. First, type NEW and then ENTER. That erases anything
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that meght be laft owver in the compuber from Chapter 3 and clears the decks
tor action

Then, typa
1 PRINT "HELLD, JACK™

If you ere a typist, be sura you wvse nemaral 1, not the lovercasa L. in the 10
{for one thing, there is no lower case on the T/'5 1000, . | Also, be sure vou
usa zero (@ with tha slash mark through itl rather than e letter O, The 10 in
front of the same command you typed before makes it a program line, Type
EMNTER and se& what happans

Now the cursor is ready agaim at the bottom of the screen. Type this

20 GOTO 18 ENTER

Note that GOTO i a keyword lover the G keyl and should not be spalled
ot

Now you have 8 program! To execute i, typa RUN keywiard aver B
notca how mast of the keywords are over the lettarms thiry start with?1 and
ENTER

How about that? That's e lot of stuff For the little effort vou put in. As we
said, thir computer is not very smart. But it s fast. and accurate, and tirsless
with doing repetitions, One of the maost powerful commands in BASIC i3 the
GOTO, directing the computer o go back te an earlier ling and repaat what
it's done before

You'll notice the report 5/10 at the botiasn of the screen. That means it
stopped because the screan was filled (5], and st auecuted ine 19, ¥ou can
clear the screan and allow the computer 1o continue by typ gy CONT, then
EMTER.

Here's something else. While the computer is running down the screen
saying “Hello, Jack."” press the BREAK kay lwhich doubles as the SPACE
keyl and notice that the st stops wheraver it is whan you pressed BREAK.
The computer checks at the end of fvary program ke to see i anvone has
pressed BREAK ; if so, it stops the program, (You can slso use BREAK to
Stop & runaway program, an “endless loop,” of & misfired LOADIng from a
taps cassette. |f BREAK doesn’t work, you wind up naving to pull the plug
and you kose whatever's in the maghing, )

You can rastart the program after the BREAK, also by keying CONT, then
ENTER. CONTinue lets you continue whan the screen is full, when yiu
interrupt the program with BREAK or STOP, or when a program intemupts
with tha STOP command

Ukay. After vou've had wour fill of ‘l-:.:.lmg around with BREAK and CONT.
let the program stop with a full screan, and touch ENTER again.  Your
program is back on the screen. You can AUN it again (go ahead: RUN,
ENTERI and then display it again EENTER]. You can go on to somathing else
and keap it in the computer untd you arase it tha COMPUlEr's mamory gats
full, or yvou unplsg the machine

22




Chapter 5
Punctuation and Arranging Output on
the Screen

You ¢an do wonders with puencteation marks ina T/5 1000 Basic program.
For instance, let's clean up with NEW, ENTER, then type

10 PRINT "JACK",
20 GOTO 10

Matica that we've decided to dispanse with the “HELLO™. And, instead of
JACK, why don't you g0 ahasd and wse wiuer own name? Ina program, tha
computar will traat evarything in quotes as & siring B string of characters),
and tha string can ba of any length — and it dossn't have to make sense. The
IS 1000 will print JACK, but it will just as faithfully print HERRMAMN,
JACQUELIME, or KLJYBE? TF

Mast emportantly, nofice the comma we've added — and to the dismay of
yiour sixth-grade English teacher, it is after and putside the guotation marks.
Typ: AUMN, ENTER

23
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The scraen is 32 characters wide in T/5 1000 operations, numbered 0 to
31, and the comma moves the baginn ng of the next entry to position 16 or
position @ fon the next ling), depending on where the |ast antry finished, So
YOu Can make twd columns, as lang as your name (8 nof moee than 18 letars
lang

Let's see what a semicolon does, But don't wipe out tha program with
NEW. Just prass ENTER 1o bring it back

There it is, at the top of the screan. There is & differant kind of cursor U
there, B showing that ling 20 was the last one you entarad. Now hold SHIFT
down and prass the up armow, <, |shifted 7), mowving (he cursor up to line 10
Maw hold SHIFT and prass EDIT ishifted 1), and ling 1@ [the one wath tha
cursor| comes down to the bottom of tha scraan whens you can work on at.
MNoviw use tha right srrow ishifted B, to maowve the cursor ll the way o the
end of the line, then DELETE (shifted Q) to erese the camma, Typa in the
sernicolon instead (shifted X1 and ENTER. The edited line replaces tha old
one in the program. RUN tha program

The semicolon starts the second PRINT entry right after the first one. But
that's pratty crowded. We need 10 add a space. Press ENTER to get the
program listing back. Use the EDIT command and the cursor armows to bring

ne 13 down and add a space batwean the K in JACK [or the last letter in wour
namal and the guotation mark. Just position the cursor betwean K and = and
press SPACE. Then ENTER. And RUN. Asnd ENTER, Behold

There's a trick you can use with the EDIT function, by the way. If you're
weorking on & long pragram bne and have it all messed up, 50 Ehat vou wish it
would Qo away 50 you can start over, you can press DELETE as My Lirmes
@5 it takes to get back fo the left margin, Or you can just press EDIT, bringing
down your last successful program line end wipemg out the ona you wens
wisking on. Then hit ENTER and return the unEDITad line 1o the program,
giving you a clean slete to wark with on the bottom

Wa stilll have ane proféem with JACE, and most likaly with vour nama. too
— 'the nams is divided in diffarent ways at the eads of the lines SupgosE wa
want £ line up the namas in neat columns, With 8 comma we can gat two
columng, by can wea get mose?

With the TAB command, which & actuplly a funcrion. (Well actually it's
not a function, but it's treated ke ona because of whars it is located on the
keyioard |

Claar the program INEW, ENTER) and tvpe

18 PRINT

You'll then find TAB written wnder the P key. To get it and to gel all athar
functions writlen undar kaysl, hold down SHIFT and prese FUNCTIOM ishift-
ad ENTERI. The cursor changas to (@, mganing that the T'S 1680 will
nterpret the next key as a function. [You can et go of the SHIFT now, and
the cursor is still [d | Press TAB, i appears on the program line and the
cursor changes back to M. (You can't have two funcbons in a row withoot
something for them o operate on, so the cormputer automatically switchas
out of the functon mode) Typa ina 1 and a semicolon, the * JACK™ or vour
name. 5o far the line looks like this (but don't ENTER it; we're not done yet)
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10 PRINT TAR 1" JACK’

Mowe wei weant to separate the columng of nemes by 8 space. Since JACK
has fouwr lettars, we add a space by making the next entry at TAB 6, using
SErmicoldng babswaan asth antry |

13 PRINT TAB 1, JACKE" TAB 6" JACK"

It wour name has a different number of letters from JACK, just add tha
numiber of lattars, plus one for the space, 1o the st TAB posdion w ofder to
get the nexi TAB position. Keep doing this, but be swne you don't have mong
than 31 ketters or spaces in all, howeyver many times you put your ramea in i
you do, just elsminate one entry, using DELETE, the cursor srrows and EDIT if
MBCA5EEATY)

10 PRINT TAB 1,7 JaCK” TAB & " JALK " TAB 11;
“JACKE™ TAB 16" JACK"  TABR 21" JACK"  TAB 26, "JACK"

Then ENTER. From now on, we'll stop reminding youw about ENTER. ENTER
evary lina whan you're done with it Typa

20 GOTO 18

RBUN the program. lsn't that tidy ¢

Fa-
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Loops and Ifs

[T, 7 maantionad earer that G'T”':' could be VY r:-"-.'-\.'|""" il command
Detause If directs the computes 10 repeat an action over and ower. This is
callad roogwag, andd 1hé porfion of the program th ted is called a loop
Iy, it you don't h cther than BREAK or
pulling the plugl ad an endless loop,"” which is massy
JPAFTIITIINC 1

J of imeas imdaybea twice taybe ten thousand birmes it's &
10 @ Coamparter]. You can use GOTO and wse a countisr ar covf
Typa this

1 [ raps ]

C mant the action repeatad a specibe

1d LET I1=1
| e LET statemant assigns a vabee [0 B wEF
ol thi variab and If 18 baing asasgned the valve of 1. Yol 1
numiar of letters ar digits in a varighls mame in T'5 10080 BASK 3% B as
the first ona is 3 letter] Sometmas vou spell out 3w like RENTPAYMERM
. i You can only B

rnurmErical valuas to BOuUar varraies, Dart wou can assign anythirng o ¢

for clamty often you use just one better for g
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srring varabies, whech are always named by a single letter followed by a
dollar sign shifted U In the previous pragram, if your nama was ABER-
CROMBIE, instead of spelling it out sach fima, you might have done this

18 LET A% ="ABERCRAOMBIE"
20 PRINT TAB 1A% TAB 13:A% _and 55 onl

Let’s go on with owr program fos this chagtes. Now type
20 PRINT "HELLCL JACK"™
30 LET I=l+1

Hold on right there, partner] You expect me o believe that 1=I+17 What
kind of math is that?

Well, it isn't math, it's programming. And in a LET statement in BASIC, it's
okay It means “'set the new valua of | egqual to the old value plus 1°°; m athar
winfds, Incréaase the value of | by 1. So each time we go throwgh the program,
in @ repeating loop, the cowntér will bBe resed by 1 In 8 moment wa'll cen
why. Typeon

40 IF I=6 THEN GOTO 60

Ahal Se, each time we get to line 40, the T/S 1300 will check the valua of
I Whamn it reaches 6 — the sixth tirme through the program — it weill GOTO
ne G0, Until | equals &, the program will just go on 1o the next line after 30
e e

5@ GOTO 20
63 STOP

If 1=&, we GOTO 60 and STOP. If | is not equal 1o B, wee go past 29 to 50,
wehich in tum tells us to GOTO 28 and start over from thara, Let's RUN it

Wa've printed “HELLD JACK™ five timas (the sixth tirme we went to B9
instieacd]. Press ENTER to gef back the listing, The IF statemant, with its
dacision-making atihty, 5 another of BASIC s important leaturas

But that was a fairy clumsy loop. There is a cleanar aporoach, called (he
FORNEXT loop. Type this i withouwt first eraseyg the program above

100 FORI=1TO&
L% shifted 4 for TO; don't spell i1 out)

110 PRIMT "HELLD, JACkK"

120 NEXT |
il is commonly used as the counting or conirod vanable, meidentally: control
varigbles of POR/NEXT loops must have names a single lettar lang.)

To RUN that part of the program, typa in RUN 100 instead of just RUN
ithe computer ig saving all the lines and will star runn g at any line you
choosa), Aftar you've seen how that three-fine program does jusl wehat the
preveous six-bier does, ook at tha listing again by typmg LIST 100, If you
want to sae both listings tor, mare properdy, all of what is really a single
hatingl. jusi hil ENTER again — or LIST wath oo hes number, and then

28
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EMTER. (This is the way mast BASICs handle the listing function; the T/5
1 BBE's recallng of a Esting with just ENTER i unuswsal)

SPECIAL NOTE: Whan vou use "RUN 108." vou claar all vanables bafore
begemng the ron. W for Some reason yiu want o Save vanables that you
have sssigned velues to, usa “GOTO 100" instead. The command RUM
rmaans, o the TS 1000, CLEAR [which you can also enter from the key
boprd f you want to clear all the vanablas — for mstance, if you naed the
space — bul bsave the program and the screen intact], than GOTO

An sxtra subtlety is that the control variable does not have to go wp by 1
aach tirme: wou can change thag 1 10 anything else you hke by uging a STEP
part in the FOR stetemant. I line 100 resd

180 FORI=1T0 5 STEP 2

then you'd get 3 "HELLD, JACK"s bafore the loop reached its limit and
stopped. The STEP need not be in whole numibbers, and the control value
repcd not hit the Bmat evenly = it goes on looping as long as it is less than or
Byiind to the et

Wou must be careful if you are runnng tveo FORNEXT kops togethar, ona
ingide tha othar. Try this program, which prints out & complate sat of G-apaot
daminoas

10 FORM=0TD G
20 FORN=OTO M
A0 PRINT BN
40 NEXT M

50 PRINT

60 NEXT M

You can see that the N-loop is antiraly inside the M-loop — in other words,
thay are correctly nested. What mast be avoided is bwo FOR'NEXT loops
that overlap withowt either baing entirely inside the ather, like this:

19 FORM=0TD G

20 FOR N=aTO M

30 PRINT M, N WRONGI
40 NEXT B

50 PRINT

B NEXTM

Two FOR/NEXT loops must be either ona inssde the other, or complately
separate. Another theng to evd 18 jumpsng mto the middle of a FOR/NEXT
leop from outside. (You might da this with a GOTO directing the computer to
a line after 8 FOR staternaent, and when you get to the NEXT statemeant, you
weill prohably get an error report 1 or 2.

Mow let's take & look at & program that might be of some use, and some
statemants wa haven't seen bafore. First typa it in, and than we'll anabyze it
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18 REM PROGRAM TO MULTIPLY BY P
[Spall out Plin lines 19 and 28
20 PRINT “THIS PROGRAM MULTIPLIES ANY MLIMEER BY P
0 PRINT
40 PRIMT “EMTER A MUMBER™
S50 INPUT &
&0 PRINT A" TIMES Pl= "' AP
[Llse tha function Pl — the & wnder the M key = although the comguber w
prind ot ber lesok pust bke the spalled-out versson in lines 10 and 20
TO PRINT
80 GOTO 30

Moy, lel 5 talk & bit about this PG ramm before we run it
1. Motice the line numbers we have been using are in mulples of ten
Mhways do thes in & first draft” Because the computer automatically puts
tha program lines in nemeancal order, you can insert a lme 15 i1 you weant o
need Lo later — and after that, a 12anda 13
2. Tha keyword REM, for "REMARK™ ar ""REMINDER, " identites a hne that
iz panted oul in the progrem listing to help a leter user understand the
program, but ignored by the computer during 4 RUN
3. The keyword commend INPUT in bne 58 causes the computer 1o s5top
and wait for the user to enter 8 numbser. The M cursor 81 the bottom of the
goraan when you run the program ndicates that the T/'5 1000 is waiting for
inpart, but it is bast 1o mdicate mone claardy G 1he user that he has @ do this
Mhat's the function of line 40

SPEC .‘-'l.l_ MNODTE: When vou wish b5 INPUT a string Las see will ater anl, wou
must indicate a 51'"’-9 vanagole m the program — E“E instead of A — and the
cursor promgt will appaar at the bottom of the sorean enclasad in quotatson
marks. |f, at thet point, you want 1o STOP the program, you can’t just input
tha word STOP thi camputar will treat it as a string! You must use the latl
arrwy kay o move the cursor [0 a point ouls de and bafore tha gutatenn
marks and thes type STOP
4. Lines 3¢ and T0, PRINT without anything to ba printed, essantially tell the
computer to print a blank ling, or skip a Bse This simply makes the autpul
easiar to read on the screan because of the axira spaca. Aftar you've run the
prograrm, you migght want to change the lishing by typing 20 ENTER and fQ
EMTER |I':'|II'I'|II'Ii-.'.II'II'=| both fimes) and see how much more crowded the scraan
onks
&, Another piece of spacing for legibility s found m fine 60, Motice that thare
5 o space typed in after the first guotabion mark and befose the second ane
Lon | leeve theam out

Mo RUN the program

You can do the same thing on a DDE-LE" calculator with memorg LEiora an
accurate walme for Plin memary, entér & newy iamiser, et the mulisply key and
the ‘memory recall’ key for eesch answsar). But evan for this frivial piece of
miath, the computer i easier and hancser, and trelessly guides you throuwgh
the exarsise, Fem "ﬂll'll'1| vl along the way what wou ang doeng, imagema tha
valua of having the computer do this far you on a more complex task!
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Chapter 7
More About IF

Al the programs we've sean so far have bean fairly predictabls — thay
followsed 8 the instructions from beginnimg to end, and then maybe weent
back to the beginning agan. This i= not all that useful. In practice the
computer would ba expactad to distinguish batwesn different cases and act
accordingty: if does this by using the IF statament.

Claar tha computar lusing MEW|, and type in and run this program:

18 PRINT | AM THINEIMG OF A™
20 PRINT “HUMBER FROM 1 TO &
30 PRINT “CAMNYOU GUESSITY
40 LET A=INT RAND®S|+1

S0 INPFUT B

G0 IF A=B THEN GOTO 99

70 PRINT "GUESS AGAINT

80 GOTO 50

a@ PRINT "CORRECT™

Far a discusson of RND, see Chapter 15, “Functions™, espacially exarcess 4.

a
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A5 you can =84, an IF statement takas the form
IF condition THEM statement

Tha statermants hare are GOTO statements, but they could be anything at
all, evan more IF stataments. The condition is something that is goeng to be
proved gither free or false. If it comes out as tree, the statermeant after THEM
is axecutad; otharwiaa, ot g skipped over

Tha most useful conditions compane two numbers or bwio sirings: thay can
test whather two numbers are equal, or whether one is bigger than the other,
and they can test whather two strings are equal, or whether ane comes
bafore the other in alphabeticel crder. They use the relations =, <, = <=,
== and < =,

=, which wa have used twica in tha prograrm lance for numbers gnd once
for stringsl means “equals™, 11 s not the same as = in 5 LET statermant

= rans "is bass than,” =0 that

1=2
=T =1
and -3

all hold {they hawve the value fres), but

1=
and Q= =2

da not [thay have the value fafzal

To see how this works, lat's write a proggrem 3 inpul numbers and display
i biggest so far

13 PRINT “NUMBER","BIGGEST SO FAR"
20 INPUT A

30 LET BIGGEST =4

40 PRINT A BIGGEST

50 INPUT 4

G0 IF BIGGEST < A THEM LET BIGGEST=A,
T GOTO 40

The crucial part is ingé 60, which updates BIGGEST if its old valus was
smaller than the new input numiber A

> [shifted M} means "is greater than'™ and is just like < except in reverse
You can distinguish batwean them by rermembenng that tha thin end poinis to
tha numbear that is supposed to ba smallar,

< = Ighifted B — do not type it g < followed by =1 means "is lass than or
equal t0.” 50 that it iz lke < except that it holds even if the two numbers are
equal. thus 2 < =2 holds, but 2 << 2 doss mot.

> = (shifted Y} means “'is greater than or equal to™ and is similary ke =

= > [shifted T) rmasns “is not egual to,” ths spposite in meaning from =,

Mathematicians usually write < =, > = and < > as =, &= and #. They also
wirite such sequences as “2< 3< 4" to maan “2< 3 and 3< 4" bart this is

a2
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not possibla in BASIC.
These relations can ba combined by using the logical operations AND, OR
and MOT.

i relathdan AND anothar relation

hokds wehaneeer Bath mitlations hakd
one redation OR anothar

hiodd whanawer ona of the two relations doas lor both dop.
NOT relation

hadds whanever the relation does not

Logical exprassions can be made with relabons and AND, OR and NOT,
just as numernical exprassions can be made with numbears end 4, = and 5000,
you can even put in parenthases it necessary. MOT has prioety 4, AND 3 and
OR 2

To llustrate, clear the computer and try this program, expanded from the
one at the beginning of the chaptes

18 PRINT I AM THIMEING OF A"
20 PRINT “MUMBER FROM TOB"
25 PRINT “CAMNYOU GUESS IT?"
48 PRINT

A5 LET T=

40 LET A=INTAND S|+1

53 INPUT B

55 LET T=T+1

B3 IF A< >BAND T > =3 THEN GOTO 120
b IF A=ETHEN GOTO 99

T80 PRINT "GUESS AGAINT

B GOTO 5@
S0 PRINT “CORRECT'
95 STOP

108 PRINT "SORRY, GAME OVER"
1718 PRINT "YU DEDNOT GETIT B
128 PRINT “THREE GUESSES."

130 PRINT “THE ANSWER WAS A

Motice the STOP statemant in fine 35 Otherwise, wihen the program
reachad line 90 (because the answeer was carrsctl, it woulkd than g on o 100
and say tha right answar had nof been given. This would be confusing, to say
the laast

Lasthy, we can compare not only numbars but also strengs. We heve seen

howe =, <, 2, < 2, =, and o= work when companng numbers
What doss “less than' maan for strings? One thing it doas not mean ia
“ghorter than S0 don © maka that mestake. Wae make the distinction that one

string is bess than another if it comes first in alphabetcal ordes: thus




Chaptar ¥
“SMITH™ < "GN THE™
“EMYTHE™ “EMITH'
“BILLION™ < CIILLION
"DOLLAR™ < “POUND

all hold. < = means s less than or aqual 10, and s00n, pust as for numbsrs

Mote: In some varsions of BASIC — but not on tha TS 1800 — the IF
statemant can have the form

IF condition THEM ling nurmbser
Thiis maans the sama as
IF conditean THEM GOTO G nammlser

You must usa both THEN and GOTO m Smclair Bl

Semmary

Cperations: =, <, >, <= >=>=_ < > AND, OR
Functions: MOT

Exercises

1. <> and = are opposites in the sanse that NOT A=B is the sema as
B 8 oand

MNOT A< 8 1% the same a5 =8
Prove to yoursall that < and > = and > and <= are oppositas in the
same way, 80 that you can always remove NOT from in front of & relation by
changing the relation
Also,
MOT ia first logical expression AND a second
I8 the same as

NOT {tha first) OR MOT ithe sacond)

and MNOT {a first logical expression OR a second)
1= the same as
MNOT lihe tirst] AND NOT jthe sacond

Using this, you can work NOTs throwgh paranthases until eventually they
are all epplied to redations, and then you can dispose of them. Thus, logically
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5“"“"'"-‘!- NMOT = Unnacessary, Bt WU mnay atill ‘||I‘|d that LSmg i makes a
program clearer

2. BASIC san sormatimes work along different lines from English, Consider,
for instance, the English clause “if & doesn't aqual Boor 7 How wiould you
write this in BASKC Y The answar is mof

“IF A 2 BORC nor "IF & < == BOR & < > C"

Don't worry if you don' t undarstana exarcise 3, 4 and 5, the points coversd in
them are faily advancad

3. [Skip this unlass you almeasdy know BASIC thoroughhby )
Try
PRINT 1=2 1< =2

which yiou might expact to give a syntax armor. In fact, as far a5 the computer
is conoemed, there is no such I:hlrn'| as a logical value

i = < = <= »=agnd < > ara il numbar-vakeed b nary operations,
with |-_|r|.;_;.r||-|.- g '|||E- rE=u|1 is 1 Hor truel if the relation holds, and @ For false) o
11 Oes Nt

ml in

IF condition THEMN statement

the condition can actually be sy nurmenial gxpressson If its wabes is ©. than it
counts as false and amy other value counts &s true Thus the IF statemant

matans axacty the seme as
IF condition << > @ THEM statarnent
il AND,. OR and NOT arg also number-valued oparations

® if ' i non-zero lcounting as true)
N AND Y has the velue Qi ¥ is oera {eounting as falsel

1Y is mean - BEro
X0ORY has the valua X1 Y is paro

and {0 if X 5 non-zaro
NOT X has the value 1 if X i ero

With this in mind, reed through the chapter again, making sura it all works

I the axpression X AND Y, X OR Y and NOT X, X and ¥ will each usually
take thi walue @ ar 1, for false or tree Waork out the ten different combina
tions and sea if they dowhat you expect AND, OR and NOT todo

4. Try this program

=1
(=1}
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10 INPUT A
20 INPUT B
30 PRINT LA AND A% =B]+(B AND A< B)
40 GOTO 10

Emch tirme, it prants the larger of the two nembers & and B Wh-r-?'
Convince yvoursalf that wou can think of

XANDY
#% maaning
WiF Y lalse the result is @)
and of
X0RY
#% MEaning
'K urmibess Y Unowhich cesa the reault @ 1)

An expression using AND and OR in this way is caled a conofffonal expres
sion. An example using OR could b=

LET RETAIL PRICE=PRICE LESS TAX*1.05 DR VE="HON-
TAXABLE")

Motca how AND tends to go with addition (because ils default vakes is &),
and A tands to go with multiplication [becass its dafpult valua is 1]

B, You can also make sir ng-valued conddianal sxprassions, but only using
AMND.

X3 AND ¥ has thevalue X% if ¥ is non-zera
Tl Y % @

s0 it means X% if ¥ lalsa the ampty string).”
Iy thus peogram, which sputs twio strings and arranges them in alphabeti-
cal order

10 INPUT A%

20 INPUT BS

30 IF A%< =% THEN GOTO 78
40 LET CE=A%

50 LET AS=BES

60 LET BE=C%

7O PRINT A% ("< AND A% < BS)+
"="AND AE=8%]." " .BS
B0 GOTO 10

IG5
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8. Try this program
18 PRINT "X

29 STOP
48 PRINT "'

Whan you run it it will display X" and stop with report 2°20, Now type
COMT

You might expect thes to behave like "GOTD 287 so that the computar
weould just stop again without displaying “™"". but this would not ba vary
useful, 0 the program is arranged s that for reposts with code 9 ISTOP
statemant executed), the line numbar is increased by 1 for a CONT state-
mant. Thus, in our example, "CONT behaves iks "GOTO 217 lwhich, sincs
thera ara no Enes batwean 208 and 39, bahevas Bka “GOTO 3@™]

7. Many versions of BASIC |but not the Sinclair BASICY have an OMN state-
mant, whach takes the form

OM numerical expression GOTO line number, line number, . . ling numiber

In this the noemencal expression 15 evaluated, supposs 18 value B n then the
effact is that of

FOTO thi Ath Il naembaer
Far instance,
ON & GOTO 183, 208, 304, 434, 5A0

Hare, if & has the valua 2, then "GOTO 2007 i axecutad. In Sinclair BASIC
this can be replaced by

GOTO 1004

In caza the lne numbers don’t go wp naatly by hundreds like this, work out
oy you could use

GOTO a conditional axpression

mnEtaad.
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Chapter B
SLOW and FAST

1 it es first
forma

mphics"”
1 -|||_|'_||||=i

The T/S 1003 can run &t two spae

ugged in, i1 rur 1
tion on the scre
use it gives pniarty to maintaineng th
wring the penods whean the television
T T 1L
Howea
riornty
wiathing

ttorm of tha scrr

i

go rowghly Tour Uimes as tasi, which i1 does by giving
tation and only maintaining the micture whan it has
lo. Tosee this working, type

FAST

Movew wwhenevear vou press 5 key, the screan will Bhink h bl =t T
ompiater has stop splaying a pecturg while it datermined what key you
I |

el I 3 PDran, say
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10 FORN=OTD 265
20 PRINT CHRE M;
30 MEXTHN

Mote that CHRS (= a funciion, & wea maentioned briefty in Chapter 4. Press
SHIFT pnd ENTER to get the [§ cursoe, then type U o get CHRE, which is
under the LI,

Whan you run this, the whole scraen will becoma an indeterminate gray
until the and of the program, when the output from the PRINT statament vl
o up an the screan

The picture ig also dizplayed during an INPUT statemant, while tha compu-
ter is waiting for you to type the INPUT data. Try thes program:

18 INPUT &
20 PRINT A
30 GOTO 10

TEQEI. back intd normal ieompute and display) mode, type

SLOW

it waill often b ust a rmatter of taste whether yvou want compute and |j|‘5|:||3|||
moada for continuity on the screen, or fast mode for spead; but in general you
will usa the fast moda

Il when your program contains & lot of numeancal caloulation, especialby if it
dossn't print mach — teme doesn't seem o drag guite 50 much if vou can see
output coming up on the screen fairly frequently

i) when you are Byping in & long program, You will already have noticad
that the Esting gets redona evary time you enfar 8 new prograrm line, and this
can be annoying.

fou can use SLOW and FAST statements within programs
For axampha,
10 SLOW
20 FORN=1TD G4
30 PRINT "A™:
40 IF N=32 THEN FAST
L0 MNEXTN
&0 GOTO 1&

Summary

Satements: FAST, SLOW

Lt
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Subroutines

Sometimes different parts of your program will have similar jobs to do and
You will find yourself typing in the same lines two or more times, This is not
NBCassery. ¥Youw can type the lines moonce, in the farm known &8s a subrouiing,
g than use, or calf. tham amewhare &lss in tha program without aving o
type them in agas

I diy this, use the statemants GOSUB (Go 1o SURouting] and RET LIRN

GOSUEB n

wihere n s the line number of the first line in the subrouting. s just like GOTO
N except that the computer stores the line number of the GOSUB stata
50 that it can come back again after doing the line, It does this by |
ing number lthe refem addrese) on tap of 3 pde of statarnants [t a 005

stackl

% gx (i by putt
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HETURN

takes the top ling numibes off the QOSUB stack snd goes on to tha line sftar
it

Az anexampla,

10 PRINT "THIS 15 THE Maih FROGRARM™

20 GOSUB 1000

30 PRINT " AMD & GullM

40 GOSUB 1000

E@ PRINT “AMD THAT IS aLL"

60 STOP
1000 REM SLBROUTINE STARTS HERE
1918 PRINT "THIS |15 THE SUBROUTIME™
1820 RETURM

Without tha STOP statemant in line 63 the program wwould run on into tha
subroutine and cause error 7 when the RETURN statement was mached

As anothar example, suppose you want to writa a computer program 1o
hardle yards, feat and inches. You will kave three variables Y, F and | land
maybs others — Y1, F1, 11, and so0 ¢nl. The arithrmatic is easy. Fest you do it
saparataly on the yards, feat and inehes — for instance, 1o add two quantitias
of distance, you add the inches, add the faat, and add the vards: to double the
digtandgs, you doubla the inchas, doubla the feat, and doubla the yards. Then
gdjust the guantities to the comact form so that the inches ang between & and
12 and the lest are babtwsan O and 3. This last stage is common to all
oparations, so wa can make it into a subrouting

Putting aside the notion of subroutines for & momendt, it is worth your whila
o try 1o werite the program yourself, Given the achbitrary membess Y, F. and |,
ke diy you comeart them into the comect numbsar of yvards, feet, and incheas?

What first comes to mind will probably be somathong like 1Y_48F. 14 wiach
you want to convert o 2Y_2F 21 This is not so difficult. But suppose you
hawe nagative numbers Lat"s go back to our iniial values 1Y, 4F 141 nega
tivaly they becomsa — 1Y —dF_— 141, which would then fum out to be = 2%
ZF. =21, And what sbout fractions? |If you divida 3%, 1F_71 by twa, you ged
1.58%. .8.6F. 3.5, and aithough this has the feat between § and 12, and the
ward as 1.5, it is certainly not as good as 1Y 2F. 3,61, Try to work aut your
owwn angwers 1o all this and use them = 8 computer program — nafore you
raad any further

Here s one solution, wusing functions which will be describad more
1"‘|:|r|:IlJi;_h|I|l' in Chaptar 15, Chapter 5 talls wou honw 15 program tham.
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1900 REM SUBROUTIME TO ADJUST ¥, F, | TO THE NORBAL
FOREM FOR YARDS, FEET, AND INCHES

1210 LET I=36"Y +12°F+

1320 REM NOW EVERY THING 1S IM INCHES

1230 LET E=5GN |

1340 LET i=ABS |

1250 REM WE WORK WITH | POSITIVE, HOLDIMG

T3 SHGM IN E
1260 LET F=INT 0/12)
1370 LET i=l—-12"F|"E

1280 LET ¥=INT IF/3)"E
1090 LET F=F"E-3"Y
1100 RETURMN

On its own this is not much wse, because thara is no orograrm to et up Y.F
and | beforehand, or to do anything with them afterwards. Type in this main
program. and also enothar subroutine, 1o print cut Y, F, and

10 INFUT Y

L0 INPUTF

20 INPUT |

40 GOSUB 2000

45 REM PRINT THE WALLUES
S0 PRINT TAB 12;'="";

GO GOSUB 1200

G2 REM THE ADJUSTMENT
7O GOSUB 2000

o REM FRINT THE WALLIES
20 PRINT

a0 GoOTO 18

2000 REM SUBROUTIME TO PRINT ¥, F, AND |
2010 PRINT "% R F 1
2020 RETURN

Clearly we have saved on program length by using the printing subrouting
at 2090, bart the adjustment subrouting in fact makes the program longar —
by o GOSUB and & RETURN. Still, program length is nat the only considera-
tom, Used wath skill, subrputines can maka Programes aasar 1o understang

The main program 1s made simpler by the Tact that it usas mora EE‘WE"’f'.Il
statemants:. each GOSUB represents some complicated BASIC, But vou can
1EIIQE'. that, only the mat result mattars. Becausa of this, it @ much aasmer (o
grasp tha main structure of the program

The subroutss, on the other hand, are simplified for a very diffarant
reasom, namaly that they are shorter.  They sl use the same okl plodding
LET and PRINT staterments, baut they have to do only a part of the whaole job
and =0 are easer to write

The skill lies in choosing the lBvel — or lavels — at which to write the
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subroutimes

They must be big enough to have a significant impact on the

main program, yet small encugh to be significantly easier to write than a
complata program without subrowtines. These exarmples (aof recommended)

nugiratla.

First

and sacond

13 GOSUB 1080
20 GOTO 1A

1000 INPUT Y

18718 INPUT |

1823 INPUT |

18308 PRINT & %, "Y_".F.F.L T TAB 12)'= "
1040 LET =38+ 12°F+|

000 RETURN

18 GOSURB 1910
20 GOSUB 1920
30 GOSUB 18334
40 GOSUE 1040
BQ GOSURB 18654

309 GOTO 10

1812 INPUT Y

1815 RETURN

1028 INPUT F

1025 RETURN

1030 INPUT |

1035 RETURN

1840 PRINT ©7%,"Y_"F."F."1"T".TAaB 12."= ",
1045 RETURN

1050 LET [=36%Y+12F+|

1055 RETURN

The Birgt, with 15 singhe poweartul subrouling, and the sacond, with its many
trivial ones, damonstrate quite opposite extremas, but with equal futility

& subroutme can call another, of aven iiseff (a subroutine that calls itsalf is
recursivel, 50 don't be afraid of having several layers

q4
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Summuary

Staterments: GOSUB, RETURM

Exarcises

1. The exampla program is wvirbeally a universal distence celculator. How
wwoubd vyl use it

lit toconvert yards and inches into vards. fest and inches?

i} toconvart rmeaters into yards and feet?

lii} to find fractions of a vard? {e.g., a third of a yard, or & foot |

Futin a lina o round inches off to the nearest mch
2. &dd tevo statements to the program

4 LET ADJUST =100
T LET YFIPRINT =2083

and change

GOSUB 1000 to GOSUB ADJUST
GOSUB 2000 ta GOSUB YFIFRINT

This wiorks exactly as you'd hopa; in fact, the Ere number in a GOSUB lor
GOTO or AUM) statement can be any nurmencal exprassion. (This may nod
work on compaters other than the T)5 1008, because it is not standard
BASIC ]

This kind of thang can work wonders for tha clarity of youwr programs

3, Rewrite tha main program in the sxample o do something quite differant,
bast 5till using the same subroutings,

4. GOSUB n
.HETURN

in consecutive linas can ba mplaced by
GOTOn
Wiy

&. A gubrouting can have Several enfry points, For instance, bacause of the
wWay Our mam program uses them, with GOSUB 1000 followead immadiatehy
by GOSUB 2090, we can replace aur two subrowtines by oné big one thad
adpests Y. F and | and then prints them. It wouwld hawve two antry points: one at
the beginning tor the whode subrouting, and anothér further on for the print
g part ondy

Mﬂk& e MECESSArY MEarrangemien (4]
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B. Run this program:

18 GOSUB 20
20 GOSUB 10

The return addressas are pushad on to the GOSUB stack in drowes, but
ihey never get taken off sgein; and eventually thers is no room for any mora
in the computer. Thea program than stops with amor 4 (see Raport Codes)

Yoau right hae difficulty in cleering them oul sgain withouwt losing avery-
T, Dt This wall work.

W Dedete the two GOSUB statemanis

il ngert two new inas

RETURMN
£1 RETLUIRM
] Fregs
RETURN

The return addresses will b stripped off until you get efror 7
livi Change your program so the same thing doesn’t happan BaEin

Howy doas this work ?
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When the Computer Gets Full

Tha T/5 TODR has anly limited intemal storage, and it s not hard to il it
The bast indication that this hes happened is usually an ermor report 4, bt
athar things can happen, and some of tham ara rather strange. f you have a
RAM pack. datach it for & moment

Tha dvspley file — the area inside the compuier whare it storas the tebewi-
IO Pichuns i5 designed S0 that it only takes up space for what has baen
printad g0 far: a line in tha display conssts of up to 32 charactars and then
an ENTER charascter. This maans that yvou con run out of room by |:|rin1|ng
somathing, and the most obvious time is while making a listing. Type

MEW

CHM & 1356

10 FORI=1TG3 15
20 PRINT I

IThe DIMeangion statemant sats aside space in the computer's mamaony, as
wia will see in Chapter 17, For now, we are using it as a quick way to “use
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up'” the memary for this chapier s demonstration, Type it in and don’t womy
aboeut it

Here comes thae firstl swipnse: ine 10 digsappears from the listing. The
ligting must inchede the current line, 2@, and there is no room for both lines
Mow typa

30 NEXTI
Again, there ks only reom for ling 39 n the listing, Mow type
43 REM X (without ENTERI

and you will see line 30 disappear and ling 40 jurmp 1o the top of the scraen, It
has not bean entered m the program — vou still heve the [N corsor and can
mawe it abowt. All vou have seen 15 soma obscurs machanism that gives tha
bottom halt of the screen 24 lines to give it prionty ovar the top half. Mow
tvpe

L (=till wiithout ENTER]

and the cursor will disappesr — thera 8 no room o display it Type anothar
A, without ENTER, and one of the Xs will disappaar. Mow typs ENTER.
Evargthing will diseppear, but the program = still in the computer, as you can
prove by desetng ine T@and wsing = and - Moww fype

14 FORI=1TO G

again — it will Mg up 10 tha top of the screen as line 40 did. But whean you
press ENTER, it will not be entered, although there = no error meassage or B
marker to s&y that anything is wrong, This 5 the result of thara bsing na
rixam to check the syntax of a line, and it usually happens only for lines that
contam fumibers (othaer than the line number at tha I:-Elg-"':'.gl

The solution s to meke space somehow, but Tirst dalete the ling 10 that
won't goin, Press EDIT: the screen will go blank, baceuse there is no rogm
to bring the line down

Press ENTER and you will get part of the listing back. Now delate the ling
A0 P you really dedn't want anyway] by byping

4 landl ENTERI

Maow try typing in ling 18 sgem — it still weon't go. Delets it again, ¥ow mast
still find extra Space somawhare. Bear in mind that the reason ling 18 was
rojacted was probably that thera was nd room to chack tha syntax of tha teo
mumiers, 1 and 15 so if you dalete line 20 in the program, you may have
rixom to anter line 10 and still have room 16 reentar ling 20 twhich contains no
numiper) afterwards. Try this Typs

29
14 FOR =1 T3 15
20 PRINT I
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and the program is eantared proparhy
Type

GOTO 10

and again you will find that this line is rejected becausas its syntax cannot ba
checked, howaver, if you delate and type

RUN

Towill weork., [RUMN clears out the array rnah:ing plenty of spaca.|
Mowv typa in the sama as befora from NEW wp to ling 30, and then

D REMN 0 e

111 ¥sl, which will end up looking like 40 RE. When you press ENTER. tha
Eating will congist anly of line 39, and in fact line 40 will have been compiletely
kst This i bacauss it was simply 100 long to fitm the progrem. The effect is
aven wiorsa when tha ling is a lengthaned version of & line that is already in the
prograrm, for you will bosa both the old ne from the program and the new lina
that was to replace it

The sokstion for this is to buy 8 RAM pack, wisch fits on the back of tha
compautes.

The T.5 1018 16K RAM pack gives the computer sght times as much
mamuory {computer jargan for the storage) as it has in its unexpanded form.

The bahavior with the 16K RAM pack is ditferent. because the display fils
i filled with spaces to make sach ine 32 characters long (note that SCROLL
upsats this — saa the chapter on Organdzation of Storagel. Mow printing and
listing will not make the computer run ot of memong, and you will not ses all
the shortened listings and jumping arownd; bt you will still see the Enes
sticking or getting lost, and again the solution is 1o find spere spaca

If you have a mamory expansion board (16K RAM Pack), put it on and go
tmrough the typing in this chapter, using

DI AIGED)
to replece DM AL3E5).
To summarize

1. i tha listing s only partially shown or things start jumping around, the
Space i3 getting tight
Z. i ENTER seems to have no effect at the end of a line, thera is probably ng
rosorn 0 chedl with a number, Dalata tha line, using EDIT-ENTER or DELETE
3. ENTER méght lose a kne altogether
For ol thase oddities, the solution is the same: Don't panic, and look for

SDme spare spacea.

The first thing to consider is CLEAR. I you have vanables and you do not
mind kxsing any of tharm, this (s tha thing to do
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Failing this, look for unnecessary statements in the program, such as REM l
statermants, and deleté somea of tham
Summary l
When the mamory fills up odd things can happan; but they are not usualhy
fatal
sl:l l




Chapter 11
Mathematics with the T/S 1000

Turm on the computer, You can now use it 85 B mathematical caloulatar,
alang the bves describad in Chapter 3: type PRINT, then svhatever 1t is you
weant to sohee, and than ENTER,

The T/S 1003 can not only add, but also subtract, multiply jusing & star *
instead of tha wsual timaes sign thig 18 fairly commaon on computers) and

divicke (using instaad of +). Try thase out )
#, = *and ! ame pperafions, and the numbars thay operata on are thir

aEerands. )
The computer can also raise one number 10 tha powar of ancthar by using

the operation ** (shifted HI: type
PRINT 2°°3

and vou will get the answesar B 127, or ? eubead).
The T/5 1000 will slso compute combinations of the operations. For
exampla,

PRINT 20-—2"3""2+4/2"3

B1
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gives the answer 8. |1 doas it in @ roundabout way, because First it works out
all the powsrs (**) in order from left to right; then all the multiplications and
divisions [* and /), again from left to right; and then the additions and
subtractions (+ and —|, yet again from left to right. Thus our example is
worked out in the following stages:

i Bt e B Tl
i

i firat the powers
20-2+9 2"

than tha maltiplications and divisions

-1 #7343

20-1d +2 "

A=18 +B

S |

i, e arid than tha additsons and subtractions
i 4

B

Wa formalize this by gring each operation a priowy, & numbar between 1
and 16. The operations with highest priarity are evaluated first, and opera
tans with squal pricrity are evalusted in ordar from laft to right

has priority 10

*and b pricerty B
+ gl = have pricaity &
Whan = is used 10 negate something. as whan you write — 1, it has priority

3. This is unary minus, as opposad to the Sinery minus in 3—1. (A unary

oparation has one oparand, svhile a binary oparation has two.) Nots that on
the 7.5 1000 you cannot use + as 8 unary oparation

This ordar is absolutaly rigid, but vou can circumvent it by using parenthe-
ses.  anything in parentheses is eveluated first and then treated as a single
b, 50 that

PRINT 3*242
Qivas the answar G+ 2=8, but
PRINT 3*(2+2)

grves the answear 3*d= 12

a9d
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& combenaton like thes s called an axpression — in this cass, an snthmelnc
or pumenc exprassion, because the answer is a numbar. n general, whanevar
thi compular is axpectg o numbser from you, you can give it an expression
instead and it will work out the answer.

iou can wiike nurmbers with decimal points, and you can also wse sciantific
notation, as is quite common on pocket calculators. In this, after an ardinipry
nurmbear fwith of without a decimal pointl, you can write an exponent pers
consisting of the latter E, than maybe + or =, and then & numiber sithout a
decimal point. The E hare means " 18" ("times 19 1o tha power of"”) 50
that

FAAFD =234 100 = 2.34
2I4EI =234 103 = 2340
234E-1=234"10"=2 = 30234 and g0 on

{Try printing these out on the T/S 1008

It weill hiedp 1o understand this if vou imagine tha exponent part 5'-.|f1|ng e
decimal point along to the right (for a positive exponent) or to the left for a
niegative axponant],

¥ou can also prant moreg than one entry at & 1ema, SEparating thatrm with
gither commas [ of sermicalons | an shifted X, If vou use & comma, the next
nurmber will be displayed starting edther s the left-nand mangsn or in the
middba of the ling in the 16th calurmn. I you use a semicolon, the next
nurniber will be displayed immediataly fn:lli:-.'-.-mg the last one. Try

PRINT 1,£:3:4;5:6;7;8:9,10
PRINT 1,2,3.4,5.6,7,8,9,10

to sea tha differences. You can mix commas ad semacolins within a singha
PRINT statérment

Summary

Functions: +, =, *, / **
Exprassions, scientific notations

Exercizas

1. Try
PRINT 2 34E3
PRINT 2. 34E1
PRINT 2 34E2

and 50 onoup to
PRINT 2 34E15

You will see that after a while the T/S 1008 slso starts using sclentific
notatson. This i@ becausa i1 never uses mioss than 14 Spaces 1o writa a
nurmbar. Similarly, try

Bl
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PRINT 2 34E-1
FPRINT 2_34E-2
and =0 on.
2 Tr-,.

PRINT 1.2,.3.,.4...5

A comma always mowves you on Weward the next number, Mow try
PRINT 1:,2:,3;;:4;...5

Wy s a sting of semicolons no different from a single one?

3. PRINT gives only B significant digits. Try
PRINT 4204067295 4234967235 -423E7

This proves that the computer can hold all the digits of 4294967285, avan
thasegh it s not prepared to display tham all at ance

d. I you have some log tables, test out this rula

Aaising 10 to the power of a number is the same as taking the antilog of
that numbsr

For axample, typa
PRINT 12**0 3813
ond look up the antdog of B.3813. Why are the answars not exactly squal?

. The T/S 10300 uses Mosling paind arithmetic, which mesns that it keeps
separate the digits of a number lits mantisss) and the position of the point
lthe exponenti. The answer is not ahways auact, avan for whola numbars

[ ypatr
FRINT T1E12+1-1E101E19=1E1041

Mumbers are held to about 9 1/2 digits accuracy, so 1E19 & 100 big to ba
hald exacthy right The inaccuracy (actually about 2) s more than 1, so the
numbers 1E1& and 1E18+1 appaar to the computer to ba aqual.

For an van mora paculisr exampla, type

PRINT 5E3+1-5ES

Here the ingccuracy in 5E9 is anly about 1, and the 1 to be added on, in fact,
pets rovhded we to 2. Hera the numbers S5E9+1 and 5E9+2 appear 1o the
computer to be edqual

The largest integer that can be held completely accurately is 2%=1
(4,294,967 295). The T/S 1000 rounds this to B significant digits and it is
displayed as 4, 284 987 300
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Advanced Printing Techniques

You will recall that a PRINT statement has a list of items, sach one an
axprassion lor possibly nothing at alll, and that they are separated by commas
of germecolong.  There ane two moare PRINT itemns used to tell the computar
niot what, but wheva to print. For example, PRINT AT 11, 16" prints & siar
m the rmiddbe of the screan

AT ling, colunmm

moves tha PRINT position ithe place where the next iem is io be printed)
i the line and column specified. Lines are numbared from @ lat the topl to
21, and columns from @ lon the left) o 31

TAB colwmn

moves the PRINT positan (o the column specified. | stays on the sama
ling, or, if this would involve back-spacing, moves on 1o the next one MNote
that the computer reduces the column number modulo 32 Gt divides by 32
and takes tha remainder]; so TAB 33 means the same as TAB 1. For
axample (to print out a Contents page headngl;

B
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PRINT TAB 12, "CONTENTS ;AT 3,1;
"CHAPTER".TAB 24; "PAGE"

S small points

W You should normally use semicolons with these new items, a5 we have
done above, You can use commas lor nothing, at the end of the staterment},
but this means that after having carefully set up the PRINT position you
imrmediately move it to either the left sdge o the center of the screen

i) Although AT and TAB are not functions, you have to typs the function
key |shifted ENTERI to get them

i} You cannot print on the two bottom Enes (22 and 23] of the soresn
Relerensas to the “hottom line™ usually meaan line 21

livl ¥You can use AT to put the PRINT position even where thare is alraady
something printad; the odd stuff will be oversritien

I'hEre are two more statéments connected with PRINT. namely CLS and
SCROLL.

CLS clears the screen (but nothing alse)

SCROLL mowves the whole display up ona line llosing the top linal and
moves the PRINT positon 1o the beginning of the battom line

T se@ how it waorks, run this program

10 SCROLL
20 INPUT A%

30 PRINT A%
40 GOTO 10

Summary
PRINT item=: AT, TAB
Statements GLS, SCROLL
Exercises
1. Try runnimg this
16 FORI=0T0O 20
20 PRINT TAB B8~1:0:
30 NEXT

This shows what is meant by the TAB number’s be g reduced modulo 32
For 8 morne mtergssting axample, changatha B inlee 2080 a 6

BB




Chapter 13
The Character Set

Thie letters, degits, puncluation marks and 50 on that can appaar m strings
ara called characters, and they make up the alphabeal, or charscrer sef, that
the T/S 1000 vses. Most of these characters are single symbols, but theng
are somme, called fokens, that represent whale words, such as PRINT, 5STOP
Roand 50 on

There are 256 characters altogethar, and each ane has a codea between @
angd 265 A& complete i
beEbwean Codas and Charac

8 A poandi o conveart

4, CODE and CHRS.

CODE iz applied to & strmg and gives the code of the (sl character in the
string lor O of the string s ampiyl

CHRS o applied to a number and gives the singhe character stnng whose
code is that nurmiber

This prograrm prints out the antire character et

(54
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10 LET &=

20 PRINT CHRS A

30 LET A=aA+1

40 IF &< 256 THEN GOTO 20

A1 the top you can see the symbals , £, $ and s0 on up to Z; o¥ appear on
the keyboard and can be typed in wihen you hawe the M cursor. Further oan
yiou can 56 the same characters, but in white on black finverse videal- thesa
ara also obtamable from the keyvboard. I you peess GRAPHICS (shifted 9),
the cursor will come up as (B this means graphics mode. I yiu type in B
symibal, it weill appsar moats invarse vided form, and this will go on untl you
press GRAPHICS sgain. DELETE will have its ususl meaning. Be caraful not
to lose the [ cursor amang all the inverse video characters you've just typed
in

Whan youve expermented a bit, you should still have the character set at
the top; if not, then run the program again. &t the beginning are space and
fen patterns of black, white and gray blobs, further on, there are elevan more.
These are called the graphics spmbols and are used for drawing pictures. You
can anter these from the keyboard, again using graphics mode (except for
space, which is an ordinary symbol using the [ cursor; the black squore is
invarse spaceal. Use the 20 keys that have graphics symbals writtan on them
Fof mEtance, suppose you want the syrmbod B®, which is the T key. Press
GRAPHICS to get the [ cursor; and then press shifted T, From the pravious
description of the graphics mode, you would axpect to get an imverse video
symbol; but ahifted T is normally < >, & token, and fokens heve no iNverses:
=0 you get the graphics symibol g ingfesd
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Here are the 22 graphic symbaols

Spymbo! Code  Howobrained Symbol  Code  MHowobraimed

o Hord . 124 [
SPACE SPACE
[ G} u 129 =
ghfled 1 shified O
shitted 2 shitied W
shitpd 7 shifled
shiflgd 4 shifted R
. a [l @
shifled 5 shifimd 0
shified T shifled ¥
shitted E shiftad 3
B Gl 135 G
shified A shifted H

138 [
shitied F

m ’ HI-[‘?E-: O ﬁ h shifted G
= -

shitteg

o
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Moo look at the character set sgein. The tokens stand oul guite claarly in bwo
blascks: a small group of three IAND, INKEYS and PI) aftar 7. and 3 argar
group Istarting with the quote image efter 4, and running from AT ug o
COPYI

The rast of the characters all seem to be ¥. This is actually just the way
thay get printed; the real queston mark is bebtween @ and | OF tha others,
s arg for control characters like 7, EDIT and ENTER, and the rest are for
characters that have ng spacial meaning for the TS5 1000 at all

Summary

Functions: CODDE, CHRS

Exarcisas

1. Imagine the space tor one symbal dvided up into four quarters: o I#
airch quarter can ba ether black or whita, there are 2°2*2°2 = 16 poasibili-
tigs. Find them all in the characier sat

2. Imagina the spaca for one symbol divded inte beg hoazanially il
aach hall can be black, whate or gray, them are 3°3 = 9 possibilties. Find
tharm all

3. Thae cheracters in asercise 2 are designed 1o be wsed in horizontal bar
charts, using tewo codars, gray and black, ‘Write a program that inputs two
numbars & and B (ooth betwean @ and 321 and draws a bar chart for tham

- A -
S -
- -

Fou will need to start off by printing &, than charge to ether "™ or

‘ma, depending on wihether A = more or less than B
‘What does your program do if A and B are not whole nemibers? O if they

arg nol in the range @ to 327 A good “user frisndly™ is the fashionabla
term — program will o0 somathing sansioée and useful

4, There are two different all-gray characters on the keyboard, on & andH H
ywou ook at themn closely, you will sée that the one on M is Bke a miniature
chessbhoard, while the one on & is like & sidaways chessboard. If you print
them next to each oiher, you will see that they don't join up properly. The ona
on A s used to jom up neatly with ™ and ... lon 5 and DI, wheseas the one on
H joins up neatly with i and ™ (on F and Gl

B0
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3. Run thes prosgram

10 INPUT &
20 PRINT CHRS &,
30 GOTO 19

If you will expenment with it you will find that for CHRS, A s rowsded o
the nearest whole number; and if & i not o the range & to 255, the program
stops with report B, integer out of ranga.”’

B Lising the codes far the characters, we can extend the concept of “algha-
betical ardenng™ to cover strings containimg any charactars, not just letters
If, instead of thinking in terms of the wiual alphabet of 26 letters, we use the
extended alphabet of 258 charactars in the same order as their codes, the
principle is exactly the same. For instance, these strings are in slphebetcal
order

. ..-;' ACHARY"™
“{aSIDEL
123 TAXI SERVICE”
“AASYOGEL"
NGO v A[RK B
“ZACHARY"
" ADRDYARK™

Here is the rule. First, compare the first characters in the beo strings, 1f
thay differ, the code of one of them is kess than that of the other. and the
string of wiich it is the first character i the earliar lesser] of the two strings
If thay ara the same. than Qo on o compane the next characters. I i this
process ong of the sirngs runs out before the other, thet string = the earlier,
atherwise they are obwioushy agual

Type in again the program n exercise 5 of Chapter 7 (tha one that inputs
tewn strings and prints them o orderd and use it 1o expearirent

!. This program prints a screenful of randes Black and white graphics
characters

10 LET A=INT (16 RND)

20 IF A> =B THEN LET A=A+120
30 PRINT CHRS A

40 GoOTD 19

Hivww 7}
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Graphics

Hefe ang gome of the more attractive features of the TS 1000 they wtillza
ivxels |picture alaments). The screen you use for display has 22 hnes and 332
columns, making 2232 = T84 character positions, each containing 4 pixels

A pizel is specified by two numbers, its coordinefes. The first, its x-
coprawnale, denolies how far if is a 58 from the extrema left-hand columi
irermamibar, X iz ACROSS], and the second, its y-coordénate, 1alls how far up
it = fromn the botfom. These coordinates are usually written as 8 pair m
paranthasis, so 20), 163, @), W 43} and (63, 43) are the boblom laf-,
bottom right-, top left- and top right-hand corners

Tha statemant
PLOT x-coorcingte, v-coondeats
blacks in the pixal with these coordinates, wihile the stabemant

UNPFLOT x-coordinate, y-coordinate
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blanks it out
Try this simpla program

10 PLOT INT (RND G4}, INT [RND"44)
20 INPUT A%
30 GOTO 10

Thes plots a random point each tirme you press ENTER
Haere ia & Midre useful program. |t plots 8 graph of the function 8IN (& sine
wiretl for values between @ and 2 pi radians

10 FORN=QTO 63
20 PLOT M22+20°SIM BII2°PI)
30 NEXT N

This mext ane plots a graph of SAR {part of a parabolal between O and 4

18 FORN=0TO 63
20 PLOT N, 20"S0R {N/18)
30 NEXT M

Notice that pixel coordinates are different from the Bne and column in an
AT iten. You may find the diagram at the end of this chapter usaful in
wenrking out pixel coordinatas and line and caluran numbars

Exaroises

1. Thare are three dfferences among the aumbers in an AT item and plael
coordmates, whal are they?

Suppose o PRINT position comasponds ta AT L, C (for line and column).
Prova to yourself that the four pixels in that position have x-coordinates 2°C
of 2*C+1, and y-coordinates 2°(21-L} ar 2°(21-L}+1. |Look at
the diagram.|

£. Alter the simple program so that it first fills the screen with black (o black
SOuUARE & an inversa wideo spacel, and then unplots random points. IF you
hava only 1K of memory = the standard mechine without exira mesory —
you will find yourself running out of space and will have to alter the program
=0 that it usas only part of the screen

3. Modify the SIN graph program so that before plotting the graph mtself i
prints & hoeizontal line of “="5 for an x-axis and a vertical e of /s for
a Yy-axls

4. Write programs to plet graphs of more functions: e.g, COS, EXP, LN,
ATN, INT and 20 an For eah one, you must make sure that the graph fits tha
soraan, 50 you wWaill need Lo congidér

bl owver what range you aré gaing to take the functions lcorresponding to
the range 0 i 2 i radians for the SIN graph
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fll where on the sereen o put the =-axis (comesponding to 22 in line 2@ in
th SIM graph programi

hiil how to scale the y-axis of the graph lporresponding to 20 in line 20 of
e SIM graph program)

You will find that COS is the easest — it's just ke SIN

B, Aun this

10 PLOT 21,21
20 PRINT "HEAVY QUOTES™
30 PLOT 45,21

PLOT mowes tha PRINT position to the firsi space after the PLOT location
IUNPLOT doas toa |

6. Thes subrowtsne draws & fairky straight line from the pixal 14,8 to the piosl
.08, Lise it as part of some main program that supplies the valees A B, C. D

It wou o not have a memory expansion board then ywou will probably need 1o
omit the REM statemeanis.]

1000 LET U=C=4

1005 REM LI SHOWS HOW MaNY STEPS OVER

WE MEED TO GO

1018 LET V=0D-B

1015 REM VvV SHOWS HOW MANY STEPS UP

1028 LET D1 X=8SGN L)

1038 LET 01 Y=5GN

10348 REM DX DY) 15 & SINGLE STEP IN A DIAGCHMAL
CERECTIOM

Taad LET DL X=8GN L}

105 LET D2Y=0

T REM (D2 02115 A SINGLE STER LEFT OR RIGHT
1060 LET M=ABS L

TE/d LET MN=ABS

108 |F M>NTHEN GOTO 1230

1084 LET D2¥=0

118@ LET D2Y=5GN W

1105 REM MNOW (02X 02Y) IS A SINGLE STEP LP OR DOWH
1118 LET M=ABS W

1120 LET N=ABS L)

1130 REM M I5 THE LARGER OF ABS U AND ABS W, N IS THE
SMALLER

1148 LET S=INT IM/2)

1145 REM WE WANT TO MOWVE FROM [AE] TO {C00 IN M
o TEFS UGING N UP-DOWN OR RIGHT-LEFT STEPS D2, AND
i _._-r"_'._- DIAGOMAL STEPS D1, ISTRIBUTED AS EVENLY AS
FllaslELE

h
Lh
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1164 FOR N=2TO M

1160 PLOT AB

1170 LET 5=5+N

118 IF 5= M THEN GOTO 1230
119@ LET S=5-M

1230 LET A=A+D1X

1210 LET B=B+D1Y

1215 REM A CRAGONAL STEP
1220 GOTO 1260

1230 LET A=A+D2 X

1240 LET B=B+D2v

1245 REM AN UP-DOWH OR RIGHT-LEFT STEP
1250 NEXTH

1260 RETURN

The last part bnes 1160 an) 1 T T
muxes the M—M steps D1 evanly -
with the M staps D2 Intagene & .
Monopaly boand with M squares " ——
around tha edge, numbered
from & to M—1. The square you
are oo at any tma is number 5,
5tar'.ing Al the comar opposite i
GO, Each move tekes you M T
squares around the board, and ]
in the Straight line on tha screen
¥ou make aither a left-right / up-
ot Step Uf you pass G0 on L
thy boardl, or 8 diagonal step
otherwiss. Since your total jowr- i -
nay on the board is MM Steps, iy 14 [!
of all the way argund K I;|r|'|Fe-5, ) '
you pass GO N tmes, and even
ly spatad out in ywour M steps
are M left-right / up-down steps

Adust the pragram so that if enother parameter, E, is 1, the e s drawn n
black Las haral; and if it is @, the ling is draswn in white jusing UNPLOT]. You
can then delete a ling you've just drasvn by undrawing i
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pixel (57,32}
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Chapter 15
Functions

Mathamatically, & functson i$ a rube for giving a nember tthe reswid n
exchange for anothar (the argument, or gperendl and o 15 really 8 unary
oparation. The T/S 1800 has sorme of these built into it: thair names ara the
wirds written undar tha keys. S0R, for instance, (3 the familiar souang root
funaction, and

PRINT S0R &

gives 3, the sguare root of 9. (To gat S0OR, vou first prass the FUNCTION
kigy — ghifted ENTER. This changes the cursor to (@, Now press the SOR
key (Hi: S0OR appears on the screen, and the cursor changes back to (M. The
sarme method works for all the words that are written underneath the keys,
niearly all of which are function names |

Ir.r.

PRINT SQR 2
T ou can test the accuraty of the answer by
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PRINT S0R 2*80R 2

which ought togive 2. Note that bath 5QRs are worked out before the *, and
n fact all functions lexcept one — NOT) are worked out before the fve
aperations +, —, ° and **  Agam, you can circumvent this rule using
narentheses

PRINT SQR (2*2]

ives 2

“ Here are sorme more functions (Thare is a complate list in Chapter 210, |

VO fmath 1 not up 1o l.lI'IdEfE-[Enl'lﬂll'lg goanee of thege, it doesn t matier — you

will still b able 1o use the compauter

SGM  The sign function [Eometimes called sigowem to avold confusion with
SINI. The resultis =1, 0 or +1 accordmg to whether the argumant is
nagativa, Zeqrn or pogtnes

ABS The absolute value, or modulys, The result is the argument made
positve, 80 that

ABS -3 2 =ABS32 =32

SIN

COs

TAN Ihe tngonometne funchions. These wark
ASM  arcsin in radians. not degrees

ACS  arccos

ATN  arctan

LM natural kogarithm (10 base 2. 71BZH1828 ., alias e

EXP axponantial function

SOR  square root

INT integgar part, This always rounds down, 5o INT 3.8 = 3 and
INT -3.8 = -4, (An imfeger 5 a whole numbaer, possibly

nagativa.l
Fl T = 314169465 bt circurmference in inches of a crcla
o inch aoross. Pl has no srgument. (Type function m under
the M ke |
RMD  Meither has AND an argument. It yvields & random number
Detweaen O which value it con taka) and 1 fwhach it cannot)
Al fhese axcept Pl and BRND am unary oparations with posority 17, 0P and

RMND ara nulfary oparations, becauss thay have no oparands.)
The imgonometrnt lunctons, 4% well a5 EXP, LN and SQR. are ganarally
calculated to B dll; L5 BCCUrBCsy

RMD and RAMD: These ara both on the same key, but whereas AND is a
tunctiaon, RAND & a keyword, like PRINT. RAND &= usad for cormtrolling the
randomness of RMD

RMND 15 mof truly randorm, but instasd follows a fived seoguence of B55368
numizers that happen to ba so jumbled up as to appaar random [RND s

it
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prgudo-random). You con use RAND to start RND off at a definite place in
this secuance by typing RAMND, then a number betewssn 1 and 65535, and
than ENTER. 1t's not o impartant to know whers & given number starts RND
aff, as that the same number after RAND will atways start RND off &t the
same place. For instance, typae

RAMND 1 e ENTERH
and then

PRINT RND
and type both these in turn several times.  [Remeamber 1o use FUNCTION to
get AND | The answear from AND will aleays be 800223735598, not a vary
FANGOM S8quanca

RAND O
lor you can leave oul the @) acts sbghily differently: it detarmines where to
start AND off by how long the talevision has been on, and this should be
ganuinaly random

Mote: In somea dislects of BASIC you must always enclosa the argurnent of a
tunction in brackets. This is not the case in Sinclair BASIC

Summary
Smamement: RAND

Functions: SGMN, ABS, SIN, COS, TAN, ASN, ACS, ATN, LM, EXP, SOHR,
INT, Pl, RND

Enarcises

1. Toget cormman loganthms (o base 100, whech are what you'd look up in
log tables, divide the natural loganthm by LN 10, For axample, to find log 2,

PRINT LM 2/UN 10
whach gives the answes $L30103,
I'ry ching rmultiplicatson and devision using kegs, wsing the T/5 1000 &5 a
sat of hog tablas in this way. Check the answers uzing * and /. The direct way
15 More accurate

2. EXP and LN aret jnverse functions in the sanse that if you apply ona and
than the other, you get back to your origmal number. For instance,

LMEXP 2 =EXPLMN Z=2

T
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The sama alsp hodds for SIN and ASN, for COS and ACS, and for TAN and

ATH. You can wuse this to test how accurately the computer works oul these
functicns

4. radians ara 180° To conwvert from degrees to radians, vou divide by
180 and muleply by o s

FRINT TAM 45 TP

gves tan 45 (1)
To get from radians to degrees, divide by = and mudtiply by 180

4. Try
PRINT RND

a lew times fo see how the answer vanes, Can you detect any pattem?
{Lmlikaly |

How wisadd you usa RND and INT to get & randam whols number batweean
1 and B, to represaent the throw of a die? (Answear: INT IBND *6) + 1)

5. Testthis rule:
Suppose you choose a numbser between 1 and B72 and type

RAMD and than your number {end ENTERI
Thie mext value of RND will ba
{76 " lyour mermber + 1] = 11/ 65536

6. {For mathematcmans anly |
Let p ba a llargal prime, and bet & be a pramitive root modulo p,
Then if b is the residhes of a' modulop (1 < = b, < = p—1), the sequence

b -1
p-1

is @ cyclical sequence of p — 1 distingt numbers in the range @ to 1 (Bxcheding
11. By choasing a suitably, you can make these leak farly random

65537 is & Mersenne prime, 2'—1, Use this, sbong with Gauss's law of
quadratic reciprocity, to show that 75 is 8 primitive root madula 85537

The T/5 1000 uses p=6553T and a=75, and stores some arbitrary =1 in
mgmmry.  The function AND invaolves replacing B—1 in memany by b, -1,
and yiebding the result fb,,— 11 p=1), RAND n twith 1 < = n « = G535
makes b squal ton+

-

7. INT abways rownds down. To round to the nearest integer, add 8.5 first

For instanca,

s




aptEr 15

INT 125+ 05 =3 INT (24 + 08 =2
INT [-252+ 05 3 INT (=24 + 05 =-2

Compare these with the answers you get whan you don't add 0.5
B Tl'. [y e 'i'_.'II||Il'. T thie scresn will shioves PL
PRINTPLPI=3. Pl=3.1.FI-3.14 P1=3. 141

This shows how accurately the computer stores =
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Time and Motion

Sometimes wou will want to maks the program take a spacifiad langth of
Taree, B TorF Thig purposse you sl Tind the PAUSE stalament usalul:

PALSE n

SLOEs Comiputing for n frames of the televisson (at 6O frames par sacondl. n
can be up to 32787, which gves you just under 11 minutes; if n & any
bigger, it means 'PALUSE forever”

You can always cut & pauss short by prassing a key note that a space, or k.,
will ceuse a break as welll. You have to press the key down after the pausa

b started

At the and of the pause, the screen will flash

]
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I'his program works the second hand |hara just a single dot on the edge) of

B GG

5 REM FIRST WE DRAW THE CLOCK FACE
10 FORN=1TO 12
20 PRINT AT 10=10%C05 MN/SPI, 104 10°5IN WGP, N
30 NEXTM
35 REM MOW WE START THE CLOCK
40 FOR T=0T0 10008
45 REM T IS5 THE TIME IM SECOMDS
B0 LET A=T/30"FI
B0 LET 5X=21+18"5IN &
70 LET S¥=22418"C08 A
200 PLOT SX.5Y
300 PALSE 42
310 UNPLOT S5x.5Y
400 MEXT T

This clock will run dowen after absoul 2 3/d hours because of B 43, but
you can easily make it run longer, Mote how the timing ie controlled by lina
388 You might expect PAUSE B0 1o make 1 tick once a second, but the
computing takes tema as well and has to be allowed for. This is best done by
tnal and errod, timeng the computer clock agaimst a real one and adjusting line
309 wntil thay sgree. (You can't do this very accurately: an adjustment of one
frame in one second i 2% or hall an howr in & day)

Tha function INKEYS bahich has no argumentt reads the keyboard. If you
arg pressing axactly one key, the resull = the character which that kay gives
in 8 mode; othernsise the result is the ampty string. The control characters
do not have ther usual affest, but give reselts like CHR% 118 for ENTER =
they are printed as "7’

Try this program, wisch works like a ty peworiber

18 IF INKEYS < """ THEMN GOTO 142
2% IF INKEY S =" THEN GOTO 20
30 PRINT INKEYS

40 GOTO 13

Here line 10 waits for you to lift your finger off the keyiboerd and line 29
wWaILS 1OrF Yyou 10 press & new key

Fremmambaar that unlike INPUT, INKEY S dosan’t wait for you. So don't type
ENTER; on the oiber hand, if yau dan't type anything at all, vou hawe missad
your chance. In this program, fine 18 “waits for you' by the GOTO 12
repetrhion if mo Ky 15 prasged
Exgrcisas
1. What happens if you leave out line 10 in the typewriter program?
2. Why can't you tvpe space or £ m the typewriter program !

G
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~ Here s a modified program that gives you a space if you type cursor right
ighifted 8|

18 IF INKEYS < =" THEN GOTO 10
& IF INKEY&=""THEM GOTO 20

A3 LET AS=INKEYS$

43 IF AZ=CHRS 115 THEN GOTO 110
93 PRINT AS

180 GOTO 10

11@ PRINT & 7,

120 GOTO 10

Note that we read INKEYS into A% in line 30, 1t would be possible to gmit
this and replaca A% by INKEYS in bines 40 and 99, but thers would alwavs be
a chance that INKEY'S could change batwaen tha lines

Add some more program so that if you type ENTER ICHRS 118 it gives
WOU 3 ney lene

3. ¥ou can also use INKEYS in conjunction with PAUSE, as i this alterna
tive by pewriter program

10 PAUSE 40000
20 PRINT INKEYS
30 GOTO 10

T make this work, why i3 it essential that a PAUSE not finish if it finds vou
airgady préssing o kay whan it staris?

This method has the disadvantage ihat the screesn flashes, but in fast mode
it 15 the only way of doing it Whan you run & prograrm in fast mode, nofice
that tha computer uses the pause to dsplay the television picture

4 The following program makes the computer display a numbers, which you
lor an innocent wictiml must type i reponse. To begin with, you have a
second to do it in, but If you get it wrong, you get a langear time for the nesl
mumier, whiseas if you get it right, you get less tirma for the next ona, The
idea is to gat it going &s fast as possibla, and then press O to find your scose
— the higher the bettar

13 LET T=60

15 REM T=NLMBER OF FRAMES PER TURMN —
INITIALLY &@ FOR 1 SECOND

20 LET AS=CHRZ INT {AND*1 0+CODE “0")

30 REM A% IS A RAMDOM DIGIT

40 PRINT A%

50 PAUSET

&0 LET BE=INKEY%

0 IFRE="0" THEN GOTO 204

B0 IF A%=B% THEN GOTO 150

S0 PRINT “NO GOOD™

108 LET T=T"11

11
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110 GOTO 24

150 PRINT "OK"

16Q LET T=T"0.9

170 GOTO 20

200 SCROLL

210 PRINT "YOLR SCORE IS " INT (53Q/T)

2. IFar fun. Try this

18 IF INKEY: = """ THEN GOTO 10

20 PRINT AT 11.8; "KEYBDARD TOUCHED™
A0 IF INKEYS < = """ THEN GOTO 30

40 PRINT AT 11.14

b GOTO 1@
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Arrays

&n array is a set of vaniables, or alamenis, all wath the sama nama and
distinguished only by & number [the swbscrpll written m parenthieses alter
the name. For example the name could be A ke eontrol vanablas of FOR -
MEXT loops, the name of am array mast be a single letter], and twela
variables would then be A{11, &02), and g0 on up to AT 2.

The elaments of an arrey are called subscripted varables, as opposed to
tha simple vanable you are already Tarmibar with.

Before you can wse an BITEY YOU MAUST resena SHATH) SRR far it inside the
computer, Toda this you uie a DIM Hor dirmension) stetemant

CHMA )

sots up an array called A wath gimensaon 12 lie, there ara 12 subscriptad
varigbles A11), .., A2, and initializes the 12 values 1o 0. 11 also deletes any
array calbed A that existed previously. [But nol a simple verisble. An array and
a simpée numerical variable with the same name can coéxst, and there
shouldn’y be any confusson batwean them, because e array variable always
nas B subscrpt.|

=
]
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The subscrpt can be an acbitrary nemenical expression, S0 now you can
write

18 FORMN=1TO 12
20 PRINT AN
40 NEXT M

You can alzo set up arays with more than one dimension, In a two-
dimansional erray you nesd two numbers (o specify one of the elaments —
ratfher like the line and column numbers to specify & characher pogition on tha
tolevision screen — so it has the form of a table, Alternatively, if you imagine
e line and column numbers [baeo dimensions) as referring to & panted page,
you could have an axtra dimension for the page numbers, OF coursa, we ara
talking about memenc arrys:  the elemeants would not be panted charactons
as m o book, but numbars. Think of the eements of a three-dimensionel array
> 8= being apecified by C |page number, line numbar, colsia fuoimilsrd

For axample. to set up & two-dimensional array B with dimension 3 and 6
you use 5 DIM staterment

=

DM B3 E)

This than gives you 36 = 18 subscripted variablas

Bi1.1), B0.2), . . Bi1.8
BlZ,1), BIZZ), _ . Bi26)
B3, 1), Bi32), . Bi3.8i

Tha sama principla works for amy nember of dimansions

Althouwgh you can have a numbar and an array with the same nama, you
cannat hawve twio arrays with the same npme, aven if they have different
numbers ol dimansicns

There are also siring arrays. The strings in an array differ from simpba
stnngs in that they are of fized langth, and assignment to them is always
Frocrustean. Another way of thinking of them s as amrays (with one exira
dimension} of single characters. The name of tha string array i$ a single lettar
followsed by _5 and a string array and a simple string variable cannot have the
apmeE name (unlike the casa for numbers)

Suppose, then, that vou want an array A% of five strings. ¥ou must decide
oW long thesa strings am to be — let us suppoga that 10 characters sach s
Iy enough, Wow then say

DI AE05, 140 [typar thiss inl

Bl
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This sets upa § * 10 array of characters, but you can also think of each row
a9 g & string:

ASII= | AS(11)  ASi1.2] Agin, 10|
A%I2] = ARI211 AE(2,2) AEIZ“.'Dil
ABIE) = | ABIS.1)  ASI52) .asla_'ml

F you give the seme number of subscripts [owo in this casal as there weare
dimansions in the DIM statement, you gat a singbe character, but if you omit
the last one, you gt a fized-langth string. 5o, for instance, A%(Z, 7] is tha Tth
cheracter in the stnng AE2): using the slicing notation, we could also write
Ehis s AXLFT] MNow tvps

LET A%{21="1234567H0Q"
and

PRINT ASI2]1 A%(2,T)
¥ou et

1234567899 7

rof the st subschipl (the ong you can omitl, vou can also have a slice so
that, for axample

ASEA4TO B = AKIZH4 TO 8] = 45678

Fesmarmbar

In a string array, all the strings havae the same, fixed length

The DIM statemant has an extre number (the last onal 0 specdy this
length

When you write down a subscripted variable for & siring array, you can puf
In an exira number, of a slicer, 19 cormespond with the axtra number in tha
DIM statement

Summary

Arrays lthe way the T/5 1000 handles string armays is slightly nonstan-
dard)

Statemeants: DIM
Exercisas

1. Set up an array ME of bealve strngs in which MBI is the nome of the
mianth
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2. |Hint: the DIM statement will be DIM ME(12 8) ) Tast i by printng ot
all the MEN use a loopl. Type

PRINT “MOW IS THE BAONTH OF " MEIE): “ING™; "WHEN TINY
TOTS ARE PLAYING™

‘Whet can you do about all thase spaces 7

2. You can have string arrays with no dimensions. Typa
DM AS1D)

and you will find that AS bahawees just likm a string varigble, except that i
always had langth 19, and assignmant to it is always Procrustean

3. READ, DATA and BESTORE

Most BASICs {but not Sinclair BASICH have three stataments called READ,
DATA and RESTORE

A DATA staterment i a st of axpressions, and taking sl the DATA state
menis in tha program gives one long kst of exprassions, the D4 T4 bt

READ statarments are used to assign these exprassions. one by one, to
varnables:

HEALD X

for instance, assigns the currant exprassion i the DATA list to the variabla X
and movas on to the naxt sxpression for the next READ statament

{RESTORE moves back to the baginning of the DATA kst

In theary, you can always replace READ and DATA statements by LET
statemanis, howeeer, one of thair major uses (s for initislizing arays, as n
thiis program:

5 REM THIS PROGRARM WILL MOT WORK IN SINCLAIR BASIC
10 DIM BIE(12.3]
20 FORN=1TO 12
A0 READ MASIMNI
40 NEXTHN
50 DATA “JAN".FEBE" “MAR" “APR"
GO DATA “RMAY" “JUN" “JUL” .~ AUG™
O DATA “SEP” “OCT™ “NOWV™ “DEC™

I you want to run this program only once, vou might well replace line 30 by
20 INPUT MSIMI

and you won't hae any axtra typing to do. Howevear, if you want to save tha
Progpraam, you cartainly woan 1 want (o type in the months evanytime you run it

Wi suggest that you use this method:

B2
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il Indtindize the array wsing a FOR-NEXT loop and an INPUT statemant as
described above

il Delete the FOR-NEXT laop and the INPUT statemant  (But not with
MNEW, becauss you want to preserva the array |

liii} Typed i the rest of the program and Sawa if. This will save the varabdas
as wall, mchuding tha array

el WWhen you load the program back, you will also load the armay

vl WWhen you run the program, do mor vee AL, which clears the vari-
abdes. Uss GOTO instead
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Strings

One thing the T/S 1800 can do that pocket calculators cannot do is dea
wirth text. Tvnoe

PRIMT “'HI THERE. | AM Y OUR T/5 108Q." " shifted 2|

The greating mside the quotes is called a sfang [Mmeatng 8 string of
il and can contain any characters vou like axcept tha string guote.™
{But wou can use the so-celled puore IFTLEETE, |aFaltad (1), and this will D
printed as "]

A common typing emos with strings (8 1o leave out one of the guotes — this
willl give you the El marker

f you sre printing numbers out, you can use these strings to explain what
thé numbers mean, For instance, i you own a sportings good stone, you
might type

LET PRICEGOLF = 12.64
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and than

PRINT "THE PRICE OF GOLF BALLS IS ™;
FRICEGOLF ;" PER DOZEN."

(Don't woarry of 1hig rundg ower inte a second line )

This statement displays three PRINT items: the string “THE PRICE OF
GOLF BALLS I5." the nufiber 1250 {the velue of the varable PRICEGOLF],
angd than the string “PER DOZEMN In fact, you can PRINT ey number of
tems and any mixture of strings and numbers (or expressions). MNote how the
Spaces n a sting are just a5 much part of it a5 the Btters. They are not
sgnored even at the end

There ari lots of things you can do with strings

Tou can assign them to varigbles. However, the namae of the varable miust
oe spacial to show that its valus is a ﬁtring and not a nuember: it must be a
single letter followad by B [shiftad L. For example, type
LET A5="BASKETBALL UMIFORM"
and
PRINT A%

2. ¥ou can add them togethar. This s oftan called concafenation maaEning
‘thaining togethar,” and that is exactly what it does, Try

PRINT " JERSEY" + “&ND SHORTS"
Mote that you ara missing a space. Mow try

PRINT “JERSEY" 4 ™ AMD SHORTS"™
Notice the space bafore AND.

o cannot subfract, multiply or divide strings, or raise them 1o powars
3. You can apply some functions 1o sirings 1o get nembers, and vies verss

LEN This is applied to a siring. and the result is its langth (the number of
charactars m the strngl. For instance

LEM "GLOVES" = 8
LEMN "BATS" = 4

VAL This applied to a string. evaluates that string as an arithmetic expres
sion. Forinstance (if A=3}, VAL “1/2 + SQRA" = 3.5. If the string to
which WAL is applied containg variables, then two rules must be
cheyed.

) It the VAL function is part of & larger expression, it must be the first

Ba
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itarmn; eg. T8 LET X = 7 + WAL "Y' "'must ba changed to 10 LET X = VAL
Y 4T,
m VAL can only appear in the first coonfnate of a PRINT AT, PLOT or
UNPLOT statement
Isee Chapters 12 and 14l a.g

13 PLOT 5, VAL "X must be changed to
10 LET Y = VAL X"
15 PLOT G, Y
STRE® 'Whan this is spplied to a numbaer, the result is what would appear on
the screen if the number were displayed by a8 PRINT statemant. For
nstance STRE 3.6 = "3.6”

4, Just as for numbers, you ¢an combine thesa to make siring eepressons,
(]

VAL ISTRSLEN 123456 + " =4"

which is evalusted a5

VAL (STRS LEN "123456" + "~ 47]
VAL (STRS 6 4")
VAL {6 F 4]
VAL (6 -4 - )
VAL 64"

.

-4

q
2

Burmmary

Operation: + o stringa)
Functions: LEM, VAL, 5TRS

Exercisas
1. Type
LET AS=""2+2"

and then

BY
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PRINT A8;" = " ValL A%
Try changing A% to more complicated iterms and doing the same: 84,
LEN A5="ATHN 1°4"
I The angwer hore should ba =

2. The string " with no charecters is called the emety or aul string. 1tis tha
only string whose length is @ Remamber that spaces are significant and an
ampty string is not the same as one contaming spaces

Do not eonfuse it with the gquota meage, ' (A single token, shifted Q). This
% 3 spacial device 1o allyw for the fact that you cannot write an grdingry
string quote in the middle of a string twhy not?l. When tha quote image
appaars in a string that has it$ quotes at the end for instance, in the listing of
a program), f shows up as two guota spmbols, to destinguish it from e
ardinary quote; but when it is displayed by a PRINT statement, it is as just
ona quote Syimitaal

Try
PRINT **)7, *r'"; *#)("r: “menas, ttiaserr, seir souasers
3 Type

FRINT "2+2=""2+1
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Substrings

Lalwen a sir 3, & Swhsining CONSIsETs of & numbar of consacutive characters
from it. taken in seguence. Thus “STRING" is a substring of “BHGGER
STRING," but "B 5TING" and “BIG AEG" are not

There s a notation, called shcing, for describing substrings which can be
applied to arbitrary sirng expressions. Tha ganeral form is

string expression istart T Tinish)
=0 thal, Tor mslance
“ABCDEF (2 TO 5| “BCDE™

If wou amit the start. then 1 s assumed; i you amat the finish
the length of the string i assumead. Thus

“ABECDEFT I TO R = “ABCDEF (1 TOEBl = "ABLDE
VaBLDER T 12 TGN = "ABCDEF" [ZTOBI ‘BCDEF
“ABCDEF” ITOI = ABCDEF 11TOE = "ABLDEF
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For what it's worth, wou can akso write this last one as " ABCDEF™ [
& slightly different form omits the TO and has just one number

“ABCDEF" 13) = VABCDEF” (3to 3l = “C”
Although normally both start and finish must refer to axist ng parts of the
string. this rule i ovarndden by another ona:  if the start = rmore than the
finish, than the result is the empty string. So
"ABCDEF" (5 to 7|

gives error 3 {subscript errorl beceuse, since the string contains only 6
characters, Fis too many. but

"ABCDEF” Bta 7] =
g "ABCDEF M to@ = *v

The start and finish must not be negative, or you get errar B
This nawt program makes BS equal to A%, but omitting any frailing speces
18 INPUT A%

20 FOR N=LEN AS TO 1 STEP -1
30 IF ASIN) 10 <> " THEN GOTO 50

40 NEXT N
50 LET BS=A%{ TOMN

&0 PRINT ..I.”.I.l'."'-s..“ N . T
0 GOTOD 14

Mote that if AS is antiraly spaces, then in ling 50 we have N=0 and &8 | TO
M= ASITOO ="

For string warigbles, we can not only extrect subsir i34, bart also assign
substitute characters to them. For instance, type

19 LET A%="THAT IS FAR QUT"
and then 20 LET ASIE TO g)=rrrewe
and 30 PRINT A%

Notica that since the substring A% (5 TO &) is only 4 characters kg, anly
the first four stars have been used. This is a charactenstic of assigning to
substrings: the substring has to be axactly the same langth aftarwards as it
was before. To make sure this happens, the string that is being assigned to it
is cut off on the right if it is too long, or flled out with spaces if it iz too short
This is called Procrustesn assignmant

f wou now chandgs nes 28 and 30 1o

20 LET AS0="TERRIFIC"
aind 30 PRINT AL "

#
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you will see that the same thing has happened again ithis time with $paces
put inl because A%l counts 8s & subsiring

28 LET AS=""TERRIFIC"

will place the period properly (but the string in line 19 has been replaced by
the one in 20).
Slicang may be considarad as meving prigrty 12, so. for instance,

LEMN “ABCDEF"|2TO &) = LEN ["ABCDEF (2 TO 5| = 4

Complicated string expressions will need parenthases around them before
thay can be sliced, For axample,

"ABCT+"DEFTITO 2} = “ABCDE"
["ABC" +"DEFIT TO 2} = "AB"

Summary

Slicing, using TO. Mote that this notation is used onky en the T/5 1086

Exarcizses

1. Soma BASKCe (nof R Sanclair BASIC) have threa functions. called LEFTS.
RIGHTS & BMIDS

LEFTE(A%.M gives the substring of A% consisting of the first N characters.

RIGHTE(8E MI gives tha substring of A% conssting of the characters from
the Mih on.

MIDERE N1 N2 gives the substring of A% consisting of N2 charpcters
starting at tha N1tk

Herw wioaskd wou write thesea in Sinclair BASICT

2. Try this sequence of commands:

10 LET AS="4"4"Y"
20 LET AZ(Z)=CHR% 11
30 LET AS(4)=CHRS 11
40 PRINT A%

A% is now a string with string quotes inside it! So you can do this if you
work hard encwgh, but if you had onginaihy typed

18 LET AS=" X"+
the part to the '-gh1 of the efquals sign would have besen treated as an

BXprEssion, Qiving A% the vals XY,
Mow typa

a1
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50 LET BSm X 4"y
60 PRINT BS

You will find that althowgh A% and BS look the same whan printed out, they
are not squal — try

70 PRINT AS=BE

The computer responds with “@7" [the equation is falze), because B con-
t@ins mefe quote image charactars fwith code 132], whils A5 contains -
né string quote characters lwith code 111

3. Aun thes program:

10 LET #5='LEN "-'-lﬁ‘El:D.-.....
108 PRINT A%, =" WAL A%

This weill fail, because VAL does not treat the quote image *'"" as a st g
qute

Insart some extra lines betweaen 10 and 100 o replace the quote imagas in
AS by string qualtes [which you must call CHRS 1 1], and try sgain

4. Type in the subrowutie that ignoras trailing spaces, and write and mn a8
program that usas it

8. This subrouting deletes avery occurrence of the string “SLUPERMAN"
from A%,

1000 FORN=1TOLEN A% 7

I'!.IEE'.P IF ABIN TO N4+ T)="SUPERMAN" THEM LET ASN TO
+ :="IIIIIIII ¥

1330 NEXT M

1840 RETURN

Write & program that gives A% various values le.g., "SUPERMAN |5

STRAOMNG™.) and applies the subrouting. Motice that “SUPERMAN does not
hieva 1o be the first word in A%

bz
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Sinclair BASIC Print Commands

This chepter cowers the special BASIC statements needed o operale &
prinder with wour T/S 1800

I'ha tirst two, LPRIMT and LLIST, are just hke PRINT and LIST, axcapt that
thiy wii the printer mstead of the tebevisson is a historical acoident
Whan BASIC was invented, it genarally used an edacinc typewriter mstead of
# feleagion, S0 PRINT really did mean print. 1 you weanted massas of output
wiou would wse a vary rast & printar attached to the compuater, amnd ar

LPRINT staterment meaning “Line prinfer PRINT
Try this program. for exampla

10 LPRINT “THIS PROGRAN
20 LLIST

10 LPRINT . “PRINTS OUT THE CHARACTER SET
A0 FOR N=0TOD 255

50 LPRINT CHRS N

&0 NEXTM

e Thend statement, COPY, prnds out @ copy of the telesision screen, For




Cha e 20

instance, got a lksting on the screen of the program abowve, and type
COPY

You can alwiays stop the printer whean it is running by presaang the BREAK
key |spacal

Il you execule these statemants without the printer attached, you will
usually lose the output and proceed 1o the next statement. However, soms-
fimes the compuler will get hung wp. and you will need 1o wuse the BREAK kay
o rescus it

Summary
Statameants: LPRINT, LLIST, COPY

Mote: Mone of these statarments i standard BASIC, althowgh LPRINT is used
by S0 oiiher comparters

Exarcises
1. Trythis:

1¢ FOR N=31T005TEPF -1
20 PRINT AT 31-MN.M:CHRE (ICODE 0" + MI;
33 NEXT M

You will see a pattern of letters working down deagonally from the top
right-hand cormear witil it reaches the bottom of the screan, when the prograrm
slops with error rapoet §

Mo change AT 31 =MN n lineg 28 to TAB N'. The program will have
axactly the same affect as balon

Meww change PRINT i ling 2@ to LPRINT. This time there will be noarror 5,
which should mot accur with the printer, and the pattern will continue an axtia
ten nes with the digits

MNiowe change TABR N to AT 21 —M N s4ill wsing LPRIMT. This tims wou well
get just & single line of symbols. The reason for the difference is that the
ocutput from LPRINT = not printed smrmediately, but arrangad in & buiffer
&tore, 8 puciure ong line long of what the computer will print

) wihen e buffer i full,

hil after an LPRINT statement that does not end in 8 comma
0F sermicolon,

liid whan a comma or TAB item requires a new line,
or (vl atthe end of a program, if there is anything lefi ungrinisd,

Number liiil explaims why our program with TAB works the way it does. As

for AT, the lme number & ignored and the LPRINT position (ke the PRINT
pasition, but for the printer instead of the television) is changed to the column

94
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nurmbar. An AT item can never cause a line to be sent to the printer
Wctuallty, tha line naemiber after AT i not completaly gnored; it has to be
batwaan =21 and +21 or an error will resulft, For this reason it © safast
ahwarys to specify e @, Tha item "AT 271 =NN' in the last version of our
program would be much better Lalthowgh less illustrativel if replaced
by AT QM)

2. Maka a printed graph of SIN by runming the program s Chapter 16 and
then usang COPY




a5




Chapter 21
The T/S 1000
for Those Who Understand BASIC

Genera
f you alrgady know BASIC then you should 1

::';-:hll‘-_: Bagt it bias e i Dot 1o IS iEs

il Weards are not spefed out, but hawe keys of thair own — this is
describad n Chapter r keyworda and shifted keysl and Chapter 15 o
Functisn names]. In the taxt, these words are printed in BOLD TYPE

il Sinclair BASIC lacks READ, DATA and RESTORE lbut see exercise 3 o
Chapter 17 concerning this), usar-defmaed functions IFM and DEF. but VAL

11 have mech Fouble using the

CAEMN SO0imaEtimeas T e, and rmuld Eals &1 =
e The o ek ansiva hut nan-standard —
sea Chapters 18 0 Chagtes 17 1Tor string arrays

The T/5 1 = et omplataly if TWT
vl | ha fslenasion o =haral . 1 - T B D e
Wi | wou are accustomed to using PEEK and POKE on & differamt

machina, remamber that all the addresses will be differant on the T/5 1003
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Spead

I'he maching works at tbwo speeds, called compute ang' avgmlay mode and
fast mode

In compute and display, the TV screen is generated continuously, and
comparting is done during the blenk parts at the tog and bottom of the pictura

In Tast modea the lelension picture is tumad off gunng computmg and s
displayed only at the and of & program, while waiting for INPUT data, or
during a pause (ses PAUSE]|

Fast miode runs about four times as fast and should be used for programes
with & lotl of computing a6 opposed to output, or when typing in long pro-
Jrams

Switching between speeds is done with the FAST and SLOW staterments
Ly wed

The keyboard

T/5 10080 characters comprise not only the single symbols (letters, digits,
o, but also the compound fokens (keywords, function names, atc,: these
are printed kene m BOLD TYPE), and all are enterad from the keyboard rather
than being spellad out. To fit this in, some keys have up to five distinct
meanings., grven partly by shifting the kys o, pressing the SHIFT key at the
sivmit tirme as the required onal and partly by having the maghine in differant
gy lecs -

The mode is indicated by the cursor, Bn mwerse video letber that shows
wihere the nexi character from the kéyboard will be inseried
LY rmode For keywords) ocours automatically wihen the maching is sxpecting
& Ccommand or program line (rathser than INPUT datal. and from this position
ot the line it knows it shoukd expact a line number or 8 keyword. This is at the
baginning of the line, or just after sorme digits at the baginning of the lina, or
just after THEM. |f unshifted, the next key will be interpreted as sither a
keyweord (thase are written abave the keys) or a digit
O rmodea (For ketterst normally ocours at el other times. I unshifted, e e
ey will b interprated &g the main syrmbicl on that key

I barth [ and M modes, a shiftad key will be interprated as the subssdiary
red charactar in the top rught-head cormer af the key
@ made for functions) occurs after FUNMCTION shifted ENTERI = pressed
ard lasts for one key deprassion only. That key waill be interpreted as a
Tt thm maemil, which appears wwder the keys
[ mode for graphics accurs alter GRAPHICS (shifted 3] is pressad and lasts
until it 15 pressed again, An unshifted kay will give the inverse video of s M
mode interpratation. A shifted key will a8 wall, provided that it is o symiod;
bt if the shifted key would normally give a token, in graphics mode it will gve
tha graphecs symibol that appears in the botiem right-hand corner of the keay

The screen

This has £4 lines, each 32 characters long, and is divided o bed parts
The top part is at most 22 lines, and dsplays either a listing or program
oulputl. The bottom part, at least two lines, is usad for Inputting commands
program linas and INPUT data, and also for displaying reparts

Eeybosrd input:  this appears in the bottom lines of the screen as i s
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typed, each character Isingle symbol or compound token) being mserted just
betors the cursor, The cursor cen be moved left with o ishifted 5) or right
with © ishifted B). The character before the cursor can be ramowed with
DELETE Ishifted D). [MNote: the whole line can be deleted by typing EDIT
Izhiftad 1) followed by ENTER.)

When ENTER is prassed, the line is executed, entared into the program, or
used a6 INPUT data as appropriate, vndess it contasns a synias errar, in which
case the syrmbal B appesrs just bafore the error

As program lines are entered, o listing is displayved in the top half of the
seraan, The kast line to be enterad is called the cwrrent Foe and is indicated by
tha symbol B, but this can be changed by using the keys « [shilted &) and
{shifted 7). ¥ EDHT ishifted 1) is pressed, the current ling is brought down to
thar bottom part of the screen and can be adited

When a command is executed or & program run, output is displayed i the
o half of the screen and remaing until 3 program line is entered, or ENTER is
prassed wath an empiy ling, or = or 5 pressed. In the bottom part appaars
# repart of tha form min, where m is 8 code showing what happened [sea
Report Codes), and n i the number of the last line executed — or @ for &
command  The report remains until a key i$ pressad (and indscates [3 mode)

In certain circurnstances, the SPACE key acts 83 o BREAK, stoppng the
cormputer with report 0. This is recognized

Wil atthe and ol & statement whils g PO Em S FURnIng,

fill wehile the computer is lookmg far 4 program on tapa,
or §iil while the compauter is using the printar lor by accident trying to use i
whan it 1% nof tharal

The BASIC

MNumbers are stored to an accuracy of 3 or 10 digits. The Largest rembar
you can get is about 107 and the srmallest ipositivel numbsar is about
419"

A nfwmbar i stored in the T/S 1000 in floating-point binary with one
axponent e [1 < =g «< = 256, and four mentisss bytes m (172 <=m < 1)
Thes reprisants the numbear m * 2% 718 '

ginca 1/2 <. =m < 1, the most significant bit of the manisss m s always
1. Therefore in actual fact we can replace it with a bit to show the sign — @
for positive numibers, 1 for negative

Zero has o special representation in which all & Erytas are @

Murmeric wariables hawe names of arbitrary length, starting with a letter and
continuing with betters and digits. Spaces are ignored

Contrgd variables of FOR-NEXT loops have names a single letter long

Murnenc pregys have names a single kiter long, which may be the same as
tha nama of a simple vanable They may have arbitrarity many denansions of
arbifrary size Subscripts start at 1.

Strings ara comp etaly Tlexible m length. The nemea of & gir g consists of a
gingke ketier followed by 5

String arrays can hawve arbitrarily many dimensions of arbitrary size The
naime = a ingle latter followed by § and may noet be the same as the namea of
o string. Al the strings o & given array have the same fixed length, which is
specilied 8% an exira, fmal dimension in the DIM statement.  Subscripts
gtart at 1
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Slicing: Substrings of strings may be specified by using sicers. A slicer can
[#L]

lif  emoby
ar

lit mumencal expreseon
or

liiip optonal numencal axpression TO optignal nemarical expression and
i5 wsed in expressing a substring aithar by

lal string exprasson {shoer
or by

Ibi strang errey variable subsenpt, .. subscript, slicar)
wihach maans the samea as

gtring erray vanable :riul::-:.l.':||'._ subscript)islicerl

n [al, suppose the Sinng expression has the value 53
I the shear is empty, the result s 55 conssdered as 8 substring of itael

i the slicer is a numencal expression with value m, the result is the mth
charactar of 55 (a substring of length 1)

i tha slicar has the form (), suppoese the first numenical expression has the
whlue m the default walue = 1], and the second. n ltha default value iz fhe
length of 55

1 =<=m-<=n <= the langth of 53, the result is the subsiring of 2§,
starting with the mth cheracter and anding with the nih

H@ < =n < m, the result is the ampty string

Otherevise, arror 3 resulis

Slltu'lg 15 performed befors functions or operations are evalusted, unless
brackats dictate othierwisa

Substrings can be assigned 1o (Gea LET]

The argurment of a function does not nesed beackets if it it a8 constant ar 3
ipossibly subscnpted or sliced) variahles

Function Type of aparand Romsnelt
[}
AR mamibar Arsolute magnituda
ACH raEmibar BFCCO8E 1N FAdeang
Error & if x not in the range =1 1o
&1
AND Dingry Cperateon,




ASN

ATN

CHRS

CODE

Cos

EXP
INKEYS

INT
LEN

LM

NOT

OR

PEEK

Murmeric left agsarand;

String beft operand

numiber

raETLer

TANTEDET

string

finTibsir
lin radians]
numbsar

nona

nurrbaar
string

nurmbar

number

binary oparation,

both operands
numbers

murmiber

Chapter 21

| AfEEQ
AANDE= | 0ifB=0

. | ASiFBwO
ASANDB= | DR IE RS

Borcniree in rasdiang
Error A if x not i the range =1 to
+1.

Arctangant in radsans

The characler whoge code is x
rounded down to the nearest

inieges.
Error B if x notin the range @ to 255,

Thet code of the first charscter in x
bor @ if x is empty string).

Cosine

Haads the keyboard The result is
the charectar represanting flin [N
made) the key prassad if thare is
axgctly ona, else the emply string.

Enteger part lalways rounds downl,
Length.

Matural leganthm (to base el
Errarfiof x << =@
Bt =0 1TdFx==0 MNOT has
praority 4

_ i1iiB=+0
SA0REB= | AifB=0
OR hes pragrity 2

il H

The value of the byle in memony
wihose address is x rounded to the
nearast II'ltB-ﬂE-I"l

Errar B if ¥ mf m tha range @ to
65635

11
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[ ] none
RND none
SGN riumber
SIN rAumibaEr
tm redigns)
S0R niumber
STR% riaimiber
TAM niumber
(o el s |
USSR pITTyp1eT0
Wal sinmg
- vameber

e tollewwing are binary operations:

= (314168285 .. |

Tha nast peeudo-randorm numbear y
in a sequence genarated by takin
the powars of 75 module 66537,
gubtracting 1 and d 'uiljing by
G553 A<=y < 1.

Signum: the sagn (=1, B or + 1} af =

Sina.

Squara rood
Emmor Bif = < Q.

The string of charecters that would
ba displayed it o were printed

| eyt

Calls the machine code subroutine
winoga ataring sddress s x. Un ra-
furn, the result is the comtents of
the b register pair

Evaluates x lwithout its bownding
quotas) asa numarical exprassion.
Errar C of % containg a syntax arror,
ar gives a string valua,

Other errors poasible, depanding on
the exprassion

Megation

Addition lon numbers), or concatenation (on strings|

Subtraction
Muttiplication
Divagion

Raising toa power. Error B i1 left operand is negative

Equals
Graater than
Lass than

Lass than or agual to
Graater than or aqual to

Mot aqual 1o

Both operands must be of the
sama type. Theresultisa
namiser, 1 if the cormparisan
holds, and @ if it does not
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Functions and operations have the following priorities
Cparation Priority
Subscribing and slicing 12
All functions axcept NOT and
unary minus 11
o 18
Unary memus 3
8
+,= ihinary =1 (i
= O A e = = b
NOT 4
AND 3
OR 2
Stataments
In thig hsk,
o represents a single letier
W represents & vanabls
WY.E raprasents numerncel exprassions
m.n represents nemencal exprassions that are rounded o the negrest
ntagar
a FEQFrEsSenis an exprassion
f raprasants a string-valusd expression
5 rapresants a statament

Note thet arbitrary expressions are allowed evenywhere lexcept for the line
nusmiser at the beginning of a statemsant)

A0 Statemants aucep IMPUT can bé wied sither as commands or in pro-
grams talthough they may e more sensibla in one than the otter]

CLEAR Delotes all vanablas, freeng the space they
occupied
CLS (ClLear Screen) Cleprs the display file Ses
Chapder 28 conceming the display fée.
COMNT Suppose a'b wara tha last repor with a non
zaro. Then CONT has thae efect
GOTObifas 9
GOTO b+1 if a = 2 [STOP
statamant}
COPY Sends 8 copy of tha display to the panter, if

attached; otherwise does notheg
Repart D if BREAK pressad

103




Chaptas 21

DIME SN, ond

FAST

FOR =u TO v

FOR =u TO v STEF 2

GOSUEB n

GOTO n

IF x THEN 5

10

Daletes any armay with the name @ and sats
up an Brrey  of numbers with Kk
dimensions ny,...n,. Initializes &l the valees 1o

Errgr 4 ocowrs if there 15 D room W0 Tt tha
array in. &An array is undafmad until it is diman-
satriEd in o DIM Siatement

Dlatos any aray or Sinng wilh the nama mE
and sets up an array of characters with k
chimengions n,, ., n,. ebhahzes all the valeas to
" This can be considersd as an amray of
strimgs of fixed langth m,., with k=1
gimensions ., My-1q

Error 4 gecurs if there 8 no room to fit tha
array in. &n array is undefined until i1 S dirmen-
sionad ina DM statament.

Starts fast mode.in which the display file is
displayed only at the end of the program,
whida INPUT data is beeng typed in, or durmg a
PiEse

FOR®E =x TO v STEF 1

Deletes any ample vanable and sa1s up 8
controd variable with valua =, limit y, step 2,
and looping address 1 mone than the e num-
bar of the FOR statement {—1 f it i& 4 com
mandl. Checks if the nstisl velue is greater lif
step = = O or bess Uf step < Q) than the e,
and if 5o, then skips 1o statement NEXT & at
the aginming of aling, Ses NEXT@

Error & gecurs if thare s no room for the con-
trol variabéa

Pushas tha number of the GOSUEB statermant
onto a giack; than as GOTO n

Errgr 4 can occwr if there are not enough
RETURN=.

Jumips to line n Gor, of there is none, 1o the first
lime after thatl

I x is trows o= pard), thén 5% exacebed
The form ‘IF =« THEN ling number® is not
allonwed.




INPUT

LET v=g

LIST

LIST n

LLIST
LLIST n

LOAD f

LPRINT

Lhagiar £ 1

Stops lwath no special prompt) and waits for
the wser to type in an expression; the value of
this is assigned to v, In fast mode, the display
file i displayed. INPUT cannot be vsed as a
command, ernor 8 ocours i you try

If thir first character im the INPUT line is STOP,
the program stops with report 0.

Aszigns the value of @ to the variable v

LET cannot be omitied.

A gimple variable is undefined until it is
assigned toin a LET or INPUT staternant

i v is & subscnpted siing variable, or & sliced
string variable {substringl, then the assign-
ment = Frocrustean:  the string valee of & is
either truncated or filled out with spaces to tha
right, to make it the sama length as the var-
1able v

LIET €

Lests the program on the TV screen, starting at
lire n, and makes n the current lina

error 4 or 5 iff the ksting is too long to fit on the
screen; CONT will do exactly the same egadn

LLIST @

Like LIST, bt using the printer instead of the
1&lavision

Should do naoth g if the printer is not
altached

Stops wath Report D if BREAK is pressad.

Looks for 8 prograrm called f on tape and loeds
It and its varablas.  f = 7', then bads tha
first program availabie
It BREAK is prassed, than

litr if no program kas et been read in from
tepe, 9ips with report D and old sl 65

lit if part of a program has besn read n,
then exacutes NEW

Like PRINT, but usmg the printar instead of
the television. A line of text is sent to the
et e

il when prnting spills over from one line
1o the mext,

nl aftar an LPRINT staterment that does
not &nd m g comme or & samicalon,

0B
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MNEW

MNEXT @

PAUSE n

PLOT m.n

POKE m,n

FRINT ..

[} whan a cormma or TAB ibe recpuings a
ey lin\. or

livl at the and of the program, if thans is
anythang laft unprinted
Im g AT e, only the column number has
any affect; tha line numbser is ignored. An AT
item nevar sends a lme of text to the printer
There should be no affect if the printer s
albsent.
Stops with report O if BREAK is pressed.

Hastarts the BASIC system, debating program
and wariables and usng the mamary up 1o but
ot mcluding the byia WI'II}'E:E‘ addrass i m tha
gyslem varnable RAMTOP Undtes 18388 and
163831

il Finds tha control variable @,

il Adds its step bo it valud

iiil i the stap == & and the valua > tha
lomit; oF if the step < O and the valee < tha
limiit. than jumps to tha looging line
Error 1 if there i no control wariable &

Stops computsg and displays the display file
far n frames (at 5@ fremes per sacondl or wntbil
A key 18 prassed O <= n <= GB35, Msa
arror B, fn > = 32TE7. then the pauss s not
timed, bul lasis wuntil & key s pressad.

Blacks in the pixel {|lm|.Inl); moves the
PRINT pasition to just after that pixal

B <w ml <=83 0 <= Inl <= 43, alzs
arror 8,

Wites tha valee n to the byte in store with
addrass m.
0 <=m < =(B5535, —255 <=n <= 25§,
else arror 8

The '’ is a sequance of PRINT items, sepaf-
ated by commas or semicalons. Thay are
written to the display file for display on the
=T E AT e position Uine and column)
whara the nexi character is 1o be printesd 15
callad the PRINT position
& PRINT itarmn can b

i} empty, L& nathang

liit 8 masmarical exprassion
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First, & runus sign is printed if the value is
negativa
Now let x b the madules of tha walua

Wx<=10"prx>= 10", then it is printad
uesing scientificc notation, The mantissa pan
has up to eight digits Iwith no trailing zeros|,
and the decimal poant {absant if ondy one digit)
% after tha first The exponent part is E, fod-
owed by + or —, followed by one of bao
cligits

Otherwise « & printed m ordinary decimal
notation with up to eight significant digits, amnd
na trailing zeros after the decemal point. A
decimal point right at the baginning = ahvays
followed by a 2ero, %0, for instance, 03 and
0.3 arg printed &8 such

0 iz printed a5 a single digit @

(ig] & sirang exprassion

The tokens in the string are expanded,
possibly with a space before or after

Thé quote magea charpcter peants a5 ™
Unusad charsctors and control characters
print as 7

il &T rm,n

Tha PRINT EOEifldn 18 Changed to g m
lcaunting from the topd, column n lcounting
from tha lefth. @ <=mli<=21, 0 < =jpl< =
3, elseemorBE ¥ iml =22 or 23, amror 5

wl TABnn

n is reduced modulo 32, Than, the PRINT
pasiteon s moved to column n, staying on the
same ling unbess this would involve backspac-
ing in which casa it maovas on to the next line
Q< =n< =256, plsa ermor B,

A semicolon between two itemns leaves the
PRINT position unchanged, so that the sec-
ond iterm follows immediataly after the firgt. &
camma, on the other hand, moves the PRINT
position on at least one place; and sftar that,
o5 ANy a% are necessary [0 Mave 1 n Solamn
@ or 18, moving 10 a naw line if necasseny

A the and of the PRINT statemsent, if it
doas ot end in & SEmacolon or comima, & naw
line i5 started
Error 4 tout of mamory] can occur with 3K or
less of rrenmory
Error 5 means that the scren is filled

T
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RAND

RAND n

HEM

RETURMN

RUMN
RUMN n

SAVE 1

SCROLL

SLOW

noa

In baoth cazes, the cura is CONT. which will
clear the screen and allow the pragram
L0 COnTmg.

RAND G

Sets the systern variable called SEED] used 1o
genarata the next value of AND. Fn = 0 the
SEED iz gren the vakwe n; if no= @, it is given
the wolse of another system varmbla (cabad
FRAMES) that counts the frames so far
displayed on the television, and 20 should ba
fairly ramdorm

Error B occurs if noig not in the range @ i
65535

Mo affest " can be any sequence of charac-
tars except ENTER.

Fops a line number from the GOSUB stack
and jumgs 1o e g after it

Error 7 ocours when there is no ling nurmber
on the stack. Thare is some mistake in your
program; GOSUBs are not properly balanced
b RETURM:

RN O
CLEAR, and than GOTO n

Records the program and vanaoéas on tepe
amd calls it f
SAVE should not be used inside a GOSUB
routing

Error F ocours if Tis the ampty string, which
i not allowed.

Ftrolls the display file up one line, losing the
top line and making an empty ling at the
Battoem

Mota that the fees lire is genuingly empty with
jest an ENTER chesacter and no spaces

Futs the computer inlo compute and disp ay
moade, m which the display file is displayed
contineously and computing g done during
the spaces at the top and bottom of
this picture
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STOP Stops the program with Raport 9. COMNT will
rasuma with the Tollowang ling

UNPLOT mun Like PLOT, but blanks out 8 pixel mestasd of
blacking it in
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Chapter 22
Flowcharting and Debugging

There &5 mora 1o the art of programming computars than just knowing
which statement dosg wihat You will probably alrasdy hawve found that most
of your programs have what are technically known as bugs whan you firgt
typed tham in: maybe jusl typing errors, or maybe migtakes in your own idess
of what the program should do. ¥ou might put this down {0 ingsperience

ALMOST EVERY PROGRAM STARTS OFF WITH BLIGS INTT
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Tha ganeral plan can be lustrated with a fowcharr

Wirile program with as
few bugs as possibia

1

I Test program

Do
FRfiG

!

I Find 1he bugs |
1

Fix 1hem, infrosdue
e NEw Gnes as o

The idaa is to Follow the arrowes from Bax to b, __-n;.ing what aach o tells
vou to do. We heve used different sorts of boxes for different sorts af
nsiruclions

& rounded box {: is to gtart of finigh

A ractangular box i5 & straightf orewand

mEdrustion

& diamond asks you 1o make some kind of
dacision befora going on.
([These shapes are fairly widely used, but they sre not mandatony

Flowcharts are often used for describing the large-scale structure of pro-
grams, with a subroutine in almost gvery box, so & flowchart for gur distance
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sxample in chapter 9 might ba

%
e ]
1
|- Frint outl ¥, F & I
L
| Adjusl YF &I ]
1
Print oul the
new Y F & |
L |

fnything — flowcharts, subrowutines, and also REM statements — that
makes (he program clearer gives you a befter understanding of if, and then
you ara sure to write feswer bugs. But subroutines also help you get out the
Dugs you v alrgady written, by makmg the program easier (o test  You wi
find it much easiar to test the subroutines indavidueally and Mmake sura thay fit
together properly than 1o test a whods unstructured program

Subroutines, then, help with the box “fad the bugs,” end this is the box
wwhere you need all the halp wou can get, far it is often the mast exasperating
Other hirts for finding bugs are

il Make sura thara ara no typing esrors. Always do thes,

liil Ty to debermyine what all the variables should be at gach staga = and,
if possible, explain tham in REM statements. You can check the vanables at a
given paint in the program by insecting a PRINT statemant at that point

liiih If the effect of the program s 1o make the program siop with an erros
report, wse the mformation as thoroughdy as you can. Look up the report code
and dacide why it stopeed on a particular hine, Prnd oul the values of the
variables, if necessary

liw] “Wouw might be abde 10 step throwgh @ program line By lne by byping o
its limes as commands

vl Pretend to bea the comguter. run the program on yoursell, using penc
and paper to note doem the values of the varisbles

Once you've found the bugs, fxing them is much ke writing the oniginal
program. but vou maest tast tha program again. i is sunprisingly easy to fix one
bug ooty 1o Introdwete anolfer
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Exercisas

1. Qeccasionally — this may have alresdy happened to vou — vou will loga a
langtiy program you have written, or almost finished, by disconnecting the
povwer suppdy accidantally. This sort of thing somatimes happans spontsmg-
oushy; it 1z not a bug but 8 giifeh. Therg is nothing you can do about it. B it
happens much too often, thera is probably samathing wrong. but it would ba
worth saving the incomplate program on tape halfway ihrough

2. The flowchart for the distance calculator has no “finish™ box. Does this
matter? Whare would vou put ane in the fliowehart i you swanted to 7




Chapter 23
Number Systems

We balieve that hamians couwit by tens — tha gecvmal system efi Bt
hasreans have ten fingers. Computers count internally by twos”, or in binary
This is not becawse thiy have ondy bwo fingens, but because thay can anly
distinguish batwean two stetes of their many intemal switches. on or off
1ord
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Although enginesrs use o hinary systam when building compulérs (See l
right colurmn of table next pagel, ancther number system is usatul bacause it
i% aasior toread and can be easily convartad ta binamy. 1 is called haxaderimal
Iby sixteans, or having base sivteen), and begins: .
Hex English
i TErD
1 ool
£ D
9 allal-}
. tEn
B elivan
C twalve
D thirtesn
E fourtean
F fiftean
1@ ixtean
19 tweenty-frea .
148 teniinty-gin
1B Dweenty -Saven l
1F Il:lir!','-:-ne
29 thirty-two
21 thirty-thras .
SE one hundred and fifty-aight
aF ol hundred snd fifty-nina
g one hundred and sixty .
N one hundred and sixtyv-ona
FE twio undred and fifty-four .
FF twe haundred and fifty - five
188 two hundred and fifty-sis
it you are using hex notation and you want to make the fact guite: claar, .
write 'R at the end of the number and say “hex'’. For instance, for ona
hundred and fifty-esght, write “3Eh"" and say “nina E hax™, .
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In the different aystems, counting begins
English Decitrral Hexadecimal Birnary
A 2 o G or Q008
one 1 1 1 or Q01
il 2 2 10 ar @018
thraa K| 3 11 or@@11
ficwar 4 4 100 or @108
firva 5 & 101 or@1@1
§ix G L] 118 or@1 18
BEVEN 7 7 111 or@111
eight a a 1308
ning 9 a 1001
ten 10 & 1916
alevan 11 B 1211
tweihe 12 C 1106
thirtean 13 ] 1181
fourtean 14 E 1110
fiftaan 15 F 1111
Sidhesen 16 1@ 18086

The importent point is that sicteen i3 equal to bwo raesed o the lourth
powar. which makes conwverting between hex and binary vary easy

To eomiart hes to binary, change sach hax digit into four Bits, using the
table above. The binary digits © and 1 are reterred to a8 vfs

Ta convwert benary to hex, divida the binary numbar into groups of four bats,
starting on tha right, and then change sach group inte the corrasponding hex
digit

Tha bits msice the computar are mostly grouped It sais af Eligr't. ar
bytes. A sangle byte cen raprasant any numbar from zerd 10 teed hundred and
fiftg-fiwa 1111711111 hinary or BF hexh, or, alternatively, any character in the
T/ 1900 character set. [ts valua can be written with tweo hax digits

Tweo bytes can be groupsd together 1o make what is technically celled a
word, A oword can be owritten using sixteen bits or four hex digits, and
raprasents a number from @ to lin decimall 2'*=1 = 66535,

& bybe is always eigiht bits, but words vary from computer 1o computer

Summary
Decimal, haxadecimal and binary syvstems
Brts and Bytaes idon' t confuse theml and wornds,
Exercisas
1. How would yiou comvart from pounds to ounces and back again
fif  wihwen all the numbers are written i decimal
fi} winen all the numbers are written in bhex?
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2 Hl:l'i'll wiolld i Cdenegrt Detween decenal and h:_:'\-? :Hin'_ aEarcigs 1)

Vrite programs on the T/S 100Q to convert numencal valuas mto tha
SiNNgs giang thes hax representation, and vice versa  (This is what STRS
and VAL do with decimal representations.)
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How the Computer Works

It is bayond the scope of this manual to describe in detail the elecironics of
thie T/5 1000 and its oparation, but we can give some idea of the purpose of
its larger componants,

The Sustration in this chapter shows the T/5 1000 with its outer case
removed, The rectangular black components with the metal legs are ICs —
integrated circuits. Actually you are looking at only the package = the IC

itself is much smaller,

The mast important IC of the T/S 1000 = the CPU [Cantral Processing
Unitl. kis a ZB8A microprocessor. The procassor does the amthrmetic, and
whecironically controls the rest of the compuler according to the operating
syEtem program

The operatng systern is contaned i the ROM IC. This is a solid state
glectronic storage device which hes a program parmanently wired in 1o make
the CPU work. The program is uniqué to the T/5 1000, In symbaolic forem it is
& long sequance of bytes. Each byte has an address showing its position in
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the ROM — the first one has address @, the second has address 1, and $0 on
up to 81917 ; which is why the Sinclair BASIC is called BE BASIC

You can see whal byte is at a given address by us ng the function PEEK
For azamghe, fhis program prints out the first 21 bytes in the BOM (and
their addressas |

10 PRINT "ADDRESS™  TAB B, "BYTE"
20 FORA=QTO 20

30 PRINT A;TAB 8.PEEK A

43 NEXT A

Ihe RAM chip is an electranic “scratch pad” which is hooked up o the
CPU. The BASIC programs that you type in are stored electronically hare, as
ere s wariables, the television picture, end the systern variables (anothaer
technical wordl).

Like the ROM, the RAM storage is arranged into bytes, each with an
address. Thesze rangs from 16384 1o 18431 (or 32767 f vou have & 18K
RAM pack extension). As with the ROM wou can find the velugs of thass
bytes by using PEEK. The difference is that you can elag changs tham

Tvipe

POKE 17300,57
This gives the byte at address 17300 the value 67 If you now type
PRINT PEEK 17300

you gt vour number 57 back. (Try poking in ather vakses |
Mote that the address has to be between @ and 85535 and mast of thess
will refer to bytas in ROM or ngwhara at all, and so have no effest. Tha value
must be bebwesn —255 and +255, and if it is negative it gets 256 added to it
The abiity to poke gives you immense power over the computer if you
know how to use it; however, the necassary knowledge 15 rather more than
can be imparted in an infroductory manual like this
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The last large IC wa call the SCL (Sinclaer Computar Loasie) t iz @ LILA
Imare technical jargon] specially designed and made for the T/S 10008 1t
weires th other components 1o one ancther in an inganious way

e moduiator convarts the computes's tela sutput into & form suif
able for tha television, and tha reguiator converts the smoothad, bud unreg-
ulated 8 valts of the power supply to a regulated 5 volts

Summary

Lhips
Staternents: POKE
Functions: PEEK
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Using Machine Code

This chagter is written for those who understand Z80 machine code, tha
set of instructions that the Z80 processor chip uses. I you wish 1o leam
maone about ZBE machine codes end programming, the following books pub-
kshed by Reston Publshing Company, Ing,, Reston, Vingmia, may be helpful
Mastering Machine Code on Your ZX87, by Toni Baker; and I-5& Upers
Marwal, by Joseph J. Carr

The ultimate authority is the S80 Assembly Lenguage Programming
Manwal togaiher with the 288-CRL Z884-CPU Technical Manual, published
by Zilog: but thasa can hardly be recommended for beginners.

Machane code routings can be executed from withn a BASIC pragrarm by
using tha function USSR, The argument of USSR i the starting address of tha
routing, and s result s 8 bad-byle undgned intégear, the contents of the be
ragistar pair on return. The retwrn address 1o the BASIC is stacked in the
usLial wiay, 20 raturm is by & 280 RET ingirecthon

There are cartain restrictions on WSHA routines:

fil Onoredurn, the @ registar must have the value 1EhR
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lil The display routing wses a” F ixiy and r registars. a USR routine should
not use these |1 compute and display 15 oparating. 18 s nob even sate to resd
tha af” pair.}

All these lines from the processor gre exposed a1 the back of the T/S
1089, a6 in principhe wou can do armything with a T/S 1003 that you can with
a Z80. The T/5 1000 hardware might sometimes get in the sway, though
pspacially in compute and display. Hera is a diagram of the exposed connec-
tions at the back

won [T - | |
] I [ & [} i 5 P! ol N ] i W ., 'S d
1T 1 T T 1T 11 T T
| | | |
Al ' 1 L i [
ARiF !

A pieca of machine code in the meddle of memony runs the risk of beaing
marwitien by the BASIC system Somie safer places are

il Ina REM staterment: typain 8 AEM statemant with anough characters
io hold wour mackhing code, whatch you than pake in. Aeaid halt instructions.,
since thase will be recognized as the end of the REM staternent

al Ino@ String. 20t up s long enough string, and then assign a maching
coo| byta (0 each character

In Eath of these the code s sate but likely 1o move abssut; this s espacially
the case with strings.  In the Appandix, the charactar sat, you will find the
characters and 280 nstruchions witten sicde By side in ordér, and wo may
werdl find this usaful whan entering codsa

hill AL the top of the memony. When thaT/'S 1000 2 swaitehed on, it iests
1o 588 how much mamory thara is and puts tha machineg siack n gl'l'. an e T
S0 that there 5 no space 1or USA roulimes there, 1§ stores tha address of the
first nonexistent byte le.g., 17K, or 17408, if you have 1K memaory] in &
system vanabde known as HaMTOF, wi tha bwo byles wath acdiddressas 16388
and 16389 MEW, on the othar hand, doas not do a full memony test, bt
only chacks up 8s Yar as just before the address in RATOF. Thus, it you
poke the address of an existng byte mto RAMTOP. for NEW all tha mamaory
from that byte on is outside the BASIC system and (g left alone. For instance,
Suppose you hawe TE memany and you have just switchad on the computar

FRINT PEEK 163BE+255 PEEK 16388

{alls waan the adidress |1 7208 of the first nonaxistant byte

Mow supposa you have a USR routing 20 bytes long. ¥ou want to change
AAMTOP ta 17388 = 236 + 26687 (how would vou work this ot in the
computar?l, 5o typa
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POKE 16388236
POKE 1638587

and thern NEW, Tha twenty bytes of memory from addrass 17388 1w 17407
BNg N0y WoUrs 10 O with wwhat wou ke, 1T you then type NEW again it will not
aftact thase twenty bytas

Tl‘lE_' top of memory 15 8 good place for UWSA routines, safe aven from
NEW and immaobsle. Its main disadvantege is that it is not seved by SAVE.

Summary
Functions: USHA
Statemaniz: NEW

Exarcisas

1. Maka RAMTOP equal to 16 700 and then axecute NEW. You will get an
wes of what happens when the memory gats full
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Chapter 26
Organization of Storage

The memory s divided into different areas for storng different kinds of
infarrmation. The arees sre only lange enough for the information they actually
contain, and if you insert more &t a8 given point (for instence, by adding a
program g or variable), space i made by shifting wp everything above that
peoint. Conversely, if you dalete information, evarything above the delation is
ghiftted down
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Eyle coniainirg Sdh
1
SrElam FET— F—— N ET T Line baing iypad
aariahles ogram ( Display file | Vanables || work Space
] ' i i d ]
16364 16504 D_FILE WAaRE E_LINE STHEEOT

GOSUR]  USRA

|
| Galculator stack | Spare |Maching sisck| .
| | Stk Tl inaa

i b i l i
STHROT STEEMND Machine stack ERR_SE RAMTOP

[ LT =T ]

The systern varipbles contain varous pleces of information that tall the
cormputer what sort of state the computer is in. They ame ksted fully i the
naxt chapter, but for the momant note that there arg some (caled D_FILE,
VARG, E_LLINE and s0 on) thal contain the addresses of the boundares
betwean the various areas in the mamaory. Thasa are not BASIC variables, and
their narnes will not ba recognized by the computer

n the program, each line is stored as

Mare signiticani oyte
Less signifezand biyle

T '
I ! - )| ]
2 oytas 2 byles | 111 me1 .
| B RN
Ling I--"--\.| _: :__._,.,‘.|-. o '|-\.' I EF‘i'LH -

text + ENTER

Mote that, in confrast with all other casas of twa-byte numbars in the 280,
tha lma number hare land also in 8 FOR-NEXT control variahle) is stored with
it% miore significant byte firzt: that is to sy, in the order et vaw would writs
tharm dawen

A numerical constant in the program is followead by its binary form, using
the character CHRE 128 followed by five bytes for the number itsalf
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Thia display file is thea marnory copy of the television pictura. | l::ua!;|ir1zh warth
an ENTER character. followed by twenty-four Enes of text, each finishang
with an ENTER. The oyatam iz a0 degigned that a lire of text does not need &
full tharty-tewo characters; final spaces cen be omitted. This s done 10 Shee
space whan tha memory i amall

Whin the total amount of memory laccosding fo the systern wariable
RAMTOP) is less then 3 1/4K, a clear scrsen as sat up at tha start or by
CLS congists of just 25 ENTERs. 'When the memory is bigger, a chear
screen is padded out wath 24732 spaces, and on the whole it stays at its full
size; SCROLL, howeeer, and cartain conditions where the lower part of the
sCrean expands o more than two lines, can upset this by introducing short
lines &t tha bottom

The variabdas hevae diffarent formats, depending an thair different natures

Mumbsar whose name is one lattar anly

T
. . . —
g1 Expoment byle 4 Mantissa byies
1 |
Lalies Jal
Mumbar whose nama is longer than one letter
I [ |
I i
14 al B i | 4] L bvles
| ' ] 1
Ll Ll 1 |
Lelia Pl s LS T T LAsT "".-u B e WElye
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Array of numbears:

i [ [
1] ] ]
i i 1yl [
| 1 I :I { |:

Thea order of the alemenis is

first, thar elements for which the first subscrigt is 1

mext, the elements Tor which the first subscript is 2

maxl, thé ebarmants for which the firsi sulsseript is 3
and so on for gl possible vabeag of the first subsoriot

[ elarnents with a givan first subscrigt sre ardered in the same way Us g
the sacond subscrpt. and 20 on down to tha last

Ag an axampls, the flaments of tha 3 X 6 array B in Chapter 22 are stored
in the order BIT, 18, B01,2H B01,3) B(1.4), BI1.5), BI1.8l. BI2.1], Bi2.2,
B(Z,6), BI3.11, Bi3.2),. . . B3 B

Lontrol variable of a FOR-NEXT loop

¥ f
I —
1 L 5 Bybas i Pl
e
Ledie Waliss Lirmirt g Lodaping ling
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— — -~ T T
| ] | ) |
- | 1 I i |
118 2 Byl [ } (1= I ackH |
i1 i |
| 1 1 I |
| J 1 I L
rEter-2At Tl M )
It dir
alemenis
& dime
i1

Tha part starting at E_LIME contains the ling baing typad |as a command, 8
program hine, or INPUT datal and also some work space

The calculator is the part of the BASIC system that deals with anthmetis,
and the nurmbers it & oparating are hald mosthy ;m the calculator stack

The spara part contains the space 50 far unused

The machine stack s the stack used by the Z-80 chip to hold retum
addressas and sa on

The space for USRA routines has to be set assde by you, using NEW as
describad in tha last chaptar
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The System Variables

The bytes m memory from 16384 1o 16508 are set aside for specific uses
by the system. You can pesk them to find cut various things about the
system, &nd soma of them can be usefully poked. They are listed here with
thatir uses

These are called system veriegbles and carry names, but do not confuse
thaarm with the vanables used by the BASIC., You cannot use the namas in a
BASIC program. they are simply mnemanics that are usad to make it easior o
refar fo the variablas

The abbreviations in column 1 have the falloeving meanangs.

¥ The wariable should not be poked, because the system might crash
3l Foking tha variable will hawe no g-;.ting affaci
5 The variable is saved by SAVE.

The number in column 1 is the number od byytes in the vemable., For two
bytes, the first ona is the fess significant byte — the reverse of what wou
might expact. So 1o poke a valee v 108 Tswo byt variable at addeesg n, uke
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POKE n,v=258"INT v 258]
POKE n+1,IMT v/ 258]

and to peak its value, use the expression

PEEK n + 256"PEEK n+1)

%1

KL

M1
M2

|
54

X2
5

M2
52
X2
S

5

134

Covriernts

1 kess than the report code. Starts off at

255 for =11, so PEEK 18384, if it works
at all, grves 2565 POKE 16384 n can ba
used to force an arror halt, @ <=n <=
14 gives one of tha usuad raports, 16 <=
n<=34orf <=n <= 127 gives a
nonslandard report, pand 356 < =n < = 98
s likedy to meass up the desplay file,

varlous flags to contral the BASIC

Address of first dem on machine stack
lafter GOSUB returns)

Addrasa of firat byte above BASIC system
argd  You can poke this to make NEW
rasarve space above that area see Chap-
ter 250 or to fool CLES into setting wp &
minimal display file [Chapter 28},
Specifies X, L, F or G cursor

Lina number of staterment curently baing
executed Foking this has no lasting
affect excapt in the last line af the

@ Identifies B ROM in saved programs
Murmbsr of currant ling beith program

See Chapter 28

Address of PRINT position in display fike
Can be poked o that PRINT output is
sant alsawhera

S Chapter 26

Achdress of variable in assignment.

Sen Chaples 26

Hciddress of the next charecter o be mier-
prated: the characiar after the argumant
of PEEK. or the ENTER &t the end of a
POKE statemant

Agafress  Aame
18384 ERR_MR
16385 FLAGS
Systmm
163B& ERB_SP
163BE RAMTOP
16390 MODE
16391 PPL
[arges [F )
16393 VERSN
16334 E_PPC
cursot
16336 D_FILE
16398 OF.CC
16400 VARS
16402 DEST
16404 E_LINE
16406 CH_ADD
16408 X _PTR

Ackdress of the character precading tha
markar.




Notes

EX2
X2
a2

51
551

52
SM2
SM1
SM1
Sx2

52
M1
SN2
SNZ

52

52

&1
51
&1

5x1
5x1

Adadrass

18418
18412

16414
16415

16417
16418
15415
Ta421
18423
16424
16425
16427
164249
16430
16432
16434

16436

18438
16439
15440

16441
16442

e

STEBOT
STKEND

BHEG
MEM

il udecd
DF_5ZF
5_TOP
LAST_K
ARG
METLIN
CLOPPC
FLAGH
STELEN
T-A0DR
SEED
FRAMES

CODRDS
PR_CC

S5_POSN

Chapier 27

Comfents

Sea Chepter 26

Calculators b regeaier.

Address of area used for calculator's
mamaory. Uswally MEMBOT. but not
AlwwiEys. |

The number of lines including one blank
line] n the lower part of the screen

The number of the top program ke in
automatic listings.

Shows which kays pressed

Debounce status of keyboard

Mumber of blank lines above or below
picture — 31

Address of next program lina to be
axEcuted

Line number to which COMT jumps
Vanous flags

Length al string type designation in
assignment

Addrass of next dem in syntax table [very
unlikaly to ba usafull

The sead for RND. This is the variable
that is st by RAND

Coumnts the frarmes desplayed on tha talevi-
som. Bit 15 is 1. Bits @ 1o 14 are decre-
mented for each frame sent fo the taelevi-
s, This can be used for twmeng, but
PAUSE alao uses it PAUSE resets bit 15
to @ and puts = bits @ to 14 the eagth of
the pause. When these have been count-
wcd dowen to zero, the pause stops. |f the
pause stops because of a key depression,
hit 15 is et to one again.

x-coordmate of last point PLOT ted
y=coordinata of the lest point PLOT bed
Less segmificant byte of address of nest
position for LFRINT to print at lin
PRBUFF)

Column number for PRINT position

Lina numbear o PRINT position
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Notes  Address  Name Contenis

g1 ioddd CDFLAG Various flags Bit 7 & on (1) during com-
piite and display e
233 16ddd PREUFF Frinter buffer {33rd character! is ENTER.
SN3IG 18477 MEMBOT Calculetor's memory area; used fo store
nurmbsers that cannot convenantly ba put
an the calocwlator stack
52 16507  not used

Exarcises

1. Try this program
10 FORMN=0TD 21
20 PRINT PEEK [PEEK 16400+256° PEEK 16401 + N|
A0 NEXT M

This tells wou the first 22 bytes of the varables area: try to match up tha
contred varable N with the descrption in Chapter 26

2. Inihe program abowe, change ke 20 to
20 PRINT PEEK (16509 +M

Ihis telks you the firgst 22 bytes of the program araa. Match thasa up with
the program itself
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Appendix
The Character Set

This is the complate T/S 1000 character sat, with codes in decimal and
nax. It one wnagineés the codes being £80 maching code nstructions. then
hg '||;I|": hand columins Qe the cormre ponding assambly |.-_|-;:||_|;;:J|- TIrMETICN =
icE. AB you are probably aware, certain 280 instructions are compounds
slarting with CBh or ED¥h, as shown in the right-hand colurmns

Code Characiss Hex  F8D aszermbiles after CF -gffar ED
@ space 01 1] Fic o
' 21 o b, MM ric C
Ly o2 Id (el a

| o3 inG ba
[ D inc b

= Ll B




Anpardi

30 jrocOIS
31 d sp. NN
32 id INN)a

o
40
=~

Coda  Characres Hax JHE axrarmibalar aifer CH after £ED .
5 1 08 dach i |
& m el o] Idd B rig |hiy
F 07 s FiC 8
8 i il ] ax at.af mc b
9 &8 add hi_be FTC ¢
164 a4 Id &, (b me o
. OB dac bc C 8 I
12 £ Ll ine ¢ e h
13 % 00 decc rre |
14 OE Id oM rre: [l
15 ' oF roa ITe & l
18 | 18 dinz DIS b
17 ) 11 Id e, NN rl ¢
18 = 12 Id (de},a i
13 13 inc de da
20 14 incd il h
21+ 15 dac d rl
332 — 16 idd M il [kl
z " 17 rla ra
24 18 jrId5 i
25 14 add ki de e
1] 14 Id a, lda} F
27 18 dac de e
78 0 1C inc e r l
28 1 10 e @ T
ip 2 1E Id a,M rr (ki
3 3 1F I ra
12 4 73 irnz. OIS sla b '
33 5 21 id ki NN sha e
34 B 23 id {NM, R slad
35 7 23 inG il slaw
iB B 24 inch ala h l
37 9 25 des h sla |
ig A 26 id h,N sla hl}
3 B 27 daa sl a
ao C 28 irz. IS gra b
41 D 28 ackd il qrd &
43 20 d hl, (MM} sra d
43 F 2B dec h 5Fa |
[N 20 e sra h
45 H 20 det | gra | I
ag | 2E d LM sra |hi}
47 ZF o 8ra &




A ppendin
Code Characher Hex  DHQ assemier -affer A -alter D
51 N =3 inc s
. B2 0O 34 ine Chill
53 P 35 dec (hi
B4 0O 36 id {hij,M
K R 37 scf
. BE & . Fe OIS gri b
BT T 38 add hlsp sl g
58 U 34 el @, N 5 d
G v a8 | 50 &l @
. a0 W ac ing a zrl b
61 X a0 dece %l |
a2 v 3E IdaM s {hil}
63 I 3F cof %l B
. &4 RND 40 ldbb bit @.b in b i)
65 INKEYS 4.1 b bt @.c out ol b
B8 Pl 4.7 idbd bt @ d she bl be
g7 43 i e bt O, Id iMM e
GA 44 id b,k bit @, h Mg
. (] id5 d b, bt @, rgtn
18 45 i b, 1) bt @, [ m g
71 4/ idb.a [aTLe ] i i.B
12 48 ideb hit 1, i &, (el
I 73 a4 Ide,c bit 1,6 aut lobo
T4 44 Id ,d hit 1.d ade Rl b
75 48 Id e it 1,8 Id bz, (MMI
Té a0 Id ez, Wit 1.h
77 &0 Id g, ot 1.1 rati
8 af Id e, hi) bt 1.4hll
79 4 Idz.a It 1.8 Idra
a0 1) Idd.b bit 2.b ind, [zl
21 Y not used 51 Idd,c Bt 2 ¢ out el d
g2 52 ddd bit 2.d she hi,da
g3 k3 idda bit 2. b M), e
gd 54 id d.h hit 2,
BE 55 dd, bif 2,
l BE 58 i d, [kl it 2, [hi) w7
By a7 ldd.a bif 2.2 Id a,
BB 58 I & by bit 3. ine,lcl
g 68 Id a,c fit 3,0 out lcl.e
. ag 54 lef &, it 3.d ade hilde
01 58 Id a8 bt 3 a Id da, (M)
a2 & Id &,k bt 3.h
93 5D Id &, bt 3.1
. 94 EE  Ide.lhl) bit 36 im 2
a5 5F ide.a kit 3.0 dar
E: [ G id b bit4.b ifi b, el
l 139




&npanioe
Gt Charad rar Hax L0 grrarmibiar after CH after ED
a7 81 Idh.c bit 4,z out (), b
a8 62 Ief h,d hit 4.d sbe h.hi .
94 33 Id & it 4,8 |l [P, R
188 Bd Ief I,k hit 4.h
191 85 Il i, it 4,1
192 66 Icd I, [kl it 4. {hi} .
183 1ot usad a7 Idh.a it 4,8 rref
1904 B5H Ied Ll hit 5. b inl ik
125 g8 Id Lc it 5. out (e}l
106 BA Ied L hit 5.d adc kil R .
147 i lE] IdLe it 5.8 Id de, (M|
198 BC Id Lk hit 5.k
1aa 51 W] Id Ll it 5.1
110 BE  ld Lihl) it 5, (il l
111 BF IdLa oit 5.8 rid
112 cursorup - M Id b it B.b
113 cursor down = 71 Icd il ¢ it B.c
114 cursorleft o 72 Idhid it 6, d s hi sp .
115 cursorright & £33 Icl ), it .| Id INM), ap
116 GRAPHICS T4 Id [hil k it G,k
117 EDNT 75 Ieh Tkl 1 bt 6.1
118 ENTER T8 halt bt B, il
118 DELETE 17 Id (k.2 ket B a I
120 [/ Mmode 78 Ida,b bt S b in el
121 FUNCTIOM 7a Idac bit 7.c out icl.e
122 not usad TA Ida,d [ G adc hilsp
123 mot used /B Idae bit 7@ Id sp. iNN) l
124 not usad FC Idah bit 7.k
125  not used D dal bit 7.1
126 numbar JE Id &, [hid bt 7, il
127 cursor IF Idaa hit 7.a
128 W 89 add a,b res @b l
12a o B1 add a.c ras Q.
130 W B2 eddad res @,d
131 = B3 add a.m ras @8
132 1 B4  addah res @,h '
132 A 85 wcdd @l rasd,]
134 M BE  adda.lhl) res @, i
136 (= a7 wdd a4 ras 0.3
136 ES 88 adc a,b rag 1,b .
137 ™ B4 ade 8. ms 1.c
138 & A&  adcad res 1,d
139 inversa ™ BB ade a8 es 1.8
140  invarsa B sdc ah res 1. h
141 inversa % BD ade al s 1.0 l
142  inverse HE pede a, (i) reg 1, [kl
1440 .




Code

143
144
145
148
147
148
148
154
151
1652
163
154
165
156
187
158
159
160
161
162
163
164
165
166
187
168
169
170
171
172
173
174
175
176
177
178
173
T80
1&E
182
183
184
185
186
187
188

Characres

IVErssE *
invarsa |
P ErSa |
i< arsa =
P e
iNyarse =
invErge +
inwerse —
Inwerse "
inverse
INVEFSE |
IS
inarse
lrss @
nvarsse
virss 2
nvarsa 3
s 4
nvargs b
InvErsg &
inversa 7
INwErss B
inversa 9
IF B &
inverse B
Irwerss C
inverse D
imverss E
imearse F
imvarse G
Imyvarse
R
marse J
vErbe B
vvarse L
ifvards b
invarsa M
Invargs 0
invarsa P
Inverge
ineersa B
inversa 5
inverse T
Inwerse L
invarse W
Invarse W

A

Z58 asspmbinr

adc a8
sub b
Bub ¢
sud d
BUD 8
subh
BLID
Suky ()
sub @
b @,k
sbec B.C
she a,d
sbc e
she ah
shec a,l
&b a, il
sheaa
and b
and g
and d
argd @
amd h
s |
aned il
and o
W b
KON L
s |
KW
®OF
KW

w0 1)
KO 3
or o

o
ard

or é@
orin

ar

or Inl
or #
cob
tpe
cpd
o8

P n

-afrar CE

ras 1.8
res 2 b
ras 2.c
ras 2.d
ras 2.8
ras 2. h
s 2.

res 2, (hd

s 2.a
res 3,b
FiEs 3.0
res 3,0
FiEg 3 e
res 3.h
res |
res 3. il
fes 1.4
rgs d3.b
rgs 4

L]

L
d

e [

g

-

rgs
ras.
ros o,
res.d.a
ras B
res
riEs
res
i
Nes o,
s 5. |hl}
s
i
ngs

T Eu b
o =

S 5

47 £

AT LE
4

cr

a0 oW

{1
Ml
ras
g H
ras
[ H
ras
g -+
res 7.8

s 1.k

el =l £33 ) [0 O T LT T T
T Tm

=i
e

Appendix

after ED

= u]]
ifil
oul

o

ot

Cpir
inir
ofir

141




B ppsnndin

Coge Charecter

188  inverse X
199  inverse Y
181  imnverse 2
182

193 AT

194 TAB
195 ot usad
196 CODE
187 waL
198 LEM
189 SIN
200 COS5
201 TAN
£02  ASN
203 ACS
04 ATN
205 LM

208 EXP
207 INT
208 S0R
209 S4GN
28 ABS
211 PEEK
212 USSR
213 S5TRS
214 CHR%
215 NOT
216 =

217 OR

218 AND
219 <=
220 ==

23 ==

242 THEN
223 TO

224 STEP
225 LPRINT
228 LLIST
227 SBToOP
228 SLOW
229 FAST
230 NEW
231 SCROLL
231 CONT
233 DIM

143

ZAR azsemilner

el

cp thil
Lpa

ret mz
pop b
onz NN
el
call nz, WM
prsh b
add a N
rst @
iz

rat

ip NN

call . NN
call MN
adea N
rst B
T
[0 O
I=Ral=Ay ]
out M8
call fe, NN
push da
sub M
rst 18
ratc

[Fe
[+TL 1L
inaM
call & NN

prafixes instruc-

[ons using ix
sbe aM
rat 24

it po
pop i

ip pa, NN
ax {apl, kil
call po, NN
puish
and M

rst 32

rat e
ip i)

after CH -&ftar £

rag F
ras 7, (]
ras 7.8
sat @b
sal e
sat@.d
sat B8
st .k
set 0.1
st 0, (Rl
set 0.8
st 1.b
st 1.c
8t 1.d
s8t 1.8
81 1.k
sat 1.0
gat 1, 0l
st 1.4
sai 2b
sat Z.¢
sal 2.d
sat Z.a
sat 2, h
st 2.0
st 2, [hil
it 2o
set J.b
st 3o
set 3.d
=t 3.8
set d.h
sat 3,1

ot 3, (W
sat3.a
aat 4 b
sat 4.c
gaf 4.d
sat 4.
caf 4.k
set 4,
sat 4, {hil
set 4.8
zet B b
=6t 5.c




Code CMaracis

234
235
238
237
238
239
240
241
241
243
244
245
248
247
248
249
Lol
251
252
253

254
255

REM
FOR
GOTO
GOSURB
INPUT
LOaD
LIST
LET
PALISE
MEXT
POKE
PRINT
PLOT
RUN
SAVE
RAND
IF

CLS
UMNPFLOT
CLEAR

RETURM
COPY

T M ) Mmoo T
= MM '3

T1 T
2

= CT1 T T

..,.,..,..
0 I e D0 - R P e B

T

FE

L0 assemiar

| e, N
ex e hl

call pe NN
w=0r M

rit 49

ret p

pop at

ip P MM
di

call p, i
pugh af
ori

ral 48

ret m

Id &p,
jpe NN
Bi

call m MM

prafixas mstruc-
HES Lsingg iy
cp M

rst BB

Appandix

after ED




Index

This index inchsdes tha kays on the keyboard and how ta abiain them tha
mode — L W [For [ — and whether shifted or notl, and their codes.

Usually an antry 15 raferanced only onca par chapler, 20 having found ane
reference. look through the rest of the chapter mcluding the axercises.

A
ABS @ onG Code 210 0
securacy 54
ALCS @ on S Code 203, Arcoosing 0
ackdition of strings HE
address

—gf @ byie 120

ratum address a1
alphabetical order 43,61
AND [ or M, shifted 2. Coda 218 33
antilog 5
argurment e}
arithmatic axprassion 53
array 18
AEN . on A, Code 282, Arcsine. L
GEEHEN 27
aT @, onC Coda 1933 EE AT 94
ATHN @, on 0. Code 204 Arctangant 0
B
bar chgrt [3504]
BASIC 21.97
Dingry

—oparation 3552

= gyEiam 115
ot 117
BOLD TYPE 16497
BREAK On SPACE. Only recognized as

BREAK m cartain situations 11,22

bauffar 138
gy 111
144




Dyte

C
call
cassette reconer
characters
— EDEITo
Lt
control charaches
CHR%
CLEAR
CLS
CODE
codea
machinag code
COMMmanG
COMparis0dn
af namibers
—of strings
compute & display
ConCatanatian
comdition
comditional expresssn
CONT
control
character
—warable
coordinate
COPY
COs
CPLU
ELrSr
I cursor
i1 cursor
B cursor
M cursor
prograrm cursos (Bl

D

L T

decimal system
e r

DELETE

DipA

Indax

@ onl Code 214 57
(3. on X Coda 253 24
LA on V. Code 261 15
ld. onl Code 196 57

[d.onZ Code 255
Id, on W Coda 200

H

s
z
o1 5]
E:

—_

. @ or M. shefled 0. Code 119

A onD Code 233

.
el 1S

e =

1456




Incliax
dimension 4779 .
display file a5 128
: -
=i g ponent part 543
EDIT L3 or (Y, shifted 1. Code 117, 24
elarmgnt 8
ampty string 57.88
ENTER Code 118. 1317021 l
antry peint 45
axiEtute 2
EXP @ on X. Coda 206 0 I
gxponant o3
—byta 129
—part L
axpression 53
anthrmetic axprassion &3 l
conditional axpresgiom i 1:]
logical exprassion 33
MANME MG 8 prasseiin |
SEFing exprassion 27 l
F
E mode 24 69 '
falsa a2
FAST 3 or [N, shufied F. Code 229 34
fast mode 44
floating paint 52 I
Flereechart 112
FOR L3, on F. Code 235 28
FUNCTIOMN C1 o M, shitted ENTER. Coda 121 24 65
function
—moda 69 .
G
& mode 58 l
giitch 114
GosuB [, onH Coda 237 41
—satack 41
GOTO [, an G Code 236 2241
graph G4
graphacs 5B 63
—aymboal 58 .
148 l




. Iirvife
. miode ata
GRAPHICS M. @ or Bshefted 3. Code 118 LA
gray characters B0
B -
hex 118
haxadacima 118
I
if 28,31
IF Id an ). Code 250 28 31
. INKEY S [d ,onB. Code 85 TE&
INPUT [ . onl Code 238 a0
INT [d.onA Code 207 70, TE
Integer R4 T2
infaractiva 21
l INBrSe
—functions i
— ynliad 16,58
itmm B
. PRIMNT it&am B&
J
. Jack plug ;
K
. B mode 16 98
kayboard 15
Eawwond 16 498
. —made 16,98
L
M moda 16,98
LEFTS 41
. LEM @, onkE. Code 198 BE
LET @ .onlL, Code 241 27
gttermode 16,08
e
. = MAETHIET A4
prosgran hine ]
LIST [y, on K. Code 240 1228
. 147




Irsians l
28 .
LLIST [ or M, shifted G. Code 278, 43
LN O .onZ Code 205 70
LOAD L1 . onJ Cods 238 10 .
logic
—=ghip 122
=gl oparation a3
logs 54,71 '
loop 27
LPRINT @ or M, shifted 5. Code 225 93
v i
madhme coda 123
MmN program 4243
mMmanissa 54.129
MMy ay .
= @xpansion board a3
MIDS 21
i
compute B display 40 l
faat i 40
function mode (L) 63
qgraphics mode ([9) 58
keyword mode (C3] 16,98 '
hattar rmacie 1Y) 16,98
modulg 55,72
micubus o
. B
naimea
-if a vanabla 27
—of & prograrm 10,12 l
nigsting 29
NEW @ . onhA Code 239 11,271,124
MEXT [ .onM. Code 243. 28
ROT @ .onM Code 215 3 .
Aullary operation U
null strimg Gl
MUMnG
—exprassion 53 l
0
Ok av .
. l




I

o rand
oearatnon
binary operation
logical oparation
mullary oparabion
unary opeeratnn
OR L4 o [N, shulted W, Coda &1 7

Ll O el Lad 71 O L
el Podl (0 Lol BRI =

P-
paranineses L
PALUSE on M, Code 243 [E-
FEEK Lon Q. Code 271, 120
P on M. Code 88 30,70
paxel
PLOT G, on QL Code 248
POKE on 0. Code 244 1
[ 1Ty

LFRINT posstion

PRIMT positsan
ol

supply
PRINT [3.onP. Code 245 15,55
tirm

— oS ITen _'-_
arirkEr
orion by
wigulnl ot
Procrustean AsgiIgnmant
prograrm ‘
—CUFEDr -:'

x| =] x
L 0 IR 00 M
1 £ O

£
+ LF

o

T

i
pEaUdoranaom

quats 10,23 c.-

LBt Lol ) o

string quote g5

R

resdign
FAM =L
RAMT P 124
RAND KN Code 24l

0%
I I-




IrecfEs .
random ik l
READ #2
MBCUTSive A4
reqgigter 123
rislataoin 33
RERM (. onE Code 234 13.30,113 l
ripart 11,18,113,153
RESTORE g2
RETURN E.onY. Code 264 41
raturm addres s 21 l
RIGHTS 91
RN @ onT. Code &4 Fin|
F e 114
rounding lnec. to nearest integer| G4,61,72 .
RUN O, on R, Cods 247 11,22
: i
SAVE [@.on5 Code 248 13
scientific notation 53
SCROLL [ onB Code231. 5
SGN . onF. Code 209 it
shift 1916 l
— e key 16
sample variable 79
SIN @ on Q. Code 199 F]
shoa B9 l
SLOW 3 or M, shifted D, Code 228 359,40
S4R E. onH Code 208 £
stack 124
calcubator stack 128 .
GOSUB stack 41,128
maching stack 128
slatemant 21
STEP 1 or M, shifted E. Code 224, 29
STOP (3 or W, shifted & Code 227 28.33
5TRS @.onY, Code 213, B7
&tring 23,85
— addition HE
— BNETEEEI0n BT .
—quote g5
—variabla 27886
BuUbroutine 41
subscript TS .
—ad variabla e
—@rmor S0
180 l




sulbsirng
symbo

— (rapiacs symbol
syntax
aystem varabla

T
TAB
TAN
tape
—recordar
—atorage
talevision
THEM
TLE
TO
foknn
trigonomeatric functiong
il

U

unary oparations
unless

UNPFLOT

USH

W

WAL

walus

variable
eontred variabla
sEMpee variabla
string wariakbbs
sunscriptad varable
system variable

w

wiord

A

W= OO e

@, on F. Code 154
&, on E. Code 291

@ orM, skhifted 3. Coda 222

[ orl¥, shifted 4. Code 223

EA. on'W. Code 252
@ onl Codelil

@.ondJd Codel197

Inidlas

B3
123

BE
27

27,86

-

2786
79
133

63

161




Index

Y

y-codrdinate

Z
Z-80A

152

[ or M, Coda 27. Full stop or decimal point

C3or M, shifted full stop. Code 26 Commea

(@ or M, shifted ¥. Codae 25, Samicolan

[ or M, shifted 2. Code 14 Colon

L3 or M, shifted C. Code 15, Quesiion miark

[dor M, shafted P. Code 11, String quote.

[ ar M, shifted 3. Code 192, Qugte maga.
[3or M, shifted |, Code 16. Opan parenthesis

[ or M, shifted 0. Code 17, Close
pargnthesig

Cior D, shiftad space. Code 12, Pound

[@or [V,
@ or M
Cor [N,
Gor W,
Eor ¥,
G or M,
[ or [N,
G or M
dor W
LA or I8,
Equal to.
Hor IV,
ecpual to.
Ldor W,
Eor .
Eor M
[ or M
LA or 9.

ghitted L), Code 13. Dollar/Str g
shifted K. Code 21, Plus

shafied J. Code 22 Minus
shifted B. Code 23. Times
shifted ', Code 24. Divige
shifted H. Coade 218, To power
shifted L, Code 23, Equals
shiftad M. Code 18, Graater than
shifted M. Coda 19, Less than
shafted A, Code 219, Less than or

shifted ¥. Coce 220, Greater than or

shifted T. Coda 221 MNot aqual to
shifted 5. Code 114, Cursor left.
shifted 8. Code 115, Cursor right
ghifted 7. Code 112, Cursor un
shifted 8. Code 113, Cursor down

14,




Report Codes

This table gives sach report code, with a general description and a list of
the statemnents and functions m which it can occur. In Chapter 21, under
sach statemant or function, vou will find & mora detailed description of wiat
1 @m0 FEpOorS mesn.

Codle  Meaming Sitwations

a Successful completion, or jump to hne Ary
resmibier bigeger than any existing. A report
with code O does not Ghal'l{:lE' the line
niumber used by CONT

The controd varable do@s not exist thas RMEXT
nol been et wp by 8 FOR statement], but

thera is an ordinary variable with the

Sarme Mmama.

Z An undefined variable has been used Ay

For a simple variable this will happan if the
wvarigble 15 used before it has been
EEE-I-QI'IE'H toin a LET staterment

For & subscripted variable it will happen if
the variable is wsed before it has baen
dimansioned in & DIM statemant

For a control wariabbe in 8 FOR stetemant
and if there is no ondinary simpla varabis
weith the E8ma nemsa

3 Subscript cut of ranga. Subscrpted variables
If the subscrpt is out of ramge -:l'l.-v._',i|1|'-.'n_
or bigger than 65535, error B will result.

4 Mot enocugh room in mamory.  Mote that LET, INPUT, DIR,
the line number in the report ofter the A FRINT, LIST, PLOT.
may not be complete on the screan, UNPFLOT,. FOR,




Repart Codes

Code  Mearing

(3]

154

because of the shorlage of memory
for matance, 420 may sppesr as 4.2
Sea Chaptar 9

Mo more moom on the screen, CONT will
maka room by cléaring the screan

Arithmetic overflow; calculations have
led to @ number graater than about 10

No cormsponding GOSUB for a RETURN
statement

fiou have atternpied an INPUT comimand
Inod allomesd]

STOP statement executed. CONT will not
iry to raexecute the STOP statemsant

Invalid argumeant 10 certain functions
integer out of range. When an integer is
resguirad, the Fl'_\-:ll:m-;-:n:u--l argurmant s
rounded to the nearest mteger. B s s
outside & suitatda range, arror B results
Foarf #rrivy access, see also Report 3

Tl text of the (stringd argument of VAL
does not farrn a valid numerical

#Xprassion

il Program interrupted by BREAK.

il The INPUT Ene starts with STOP
Mot used

The program name provided & the empty
sErng

Situafions

GOsUB
Somatimes during
fumeg tiom ewvaluation

PRINT, LIST, PLOT,
UNPLOT

Ary arithmetic
RETURM
INFUT

STOP

S0OR, LN, ASN, ACS

RUN. RAND, POKE,
DIM, GOTO, GOSUB,
LIST. PAUSE, PLOT,
UNPLOT, CHRS.
PEEK. USR

Lrray access

VAL

&t the end of ary stata-
meni, ar in LOAD,
SAVE, LPRINT, LLIST,
of COPY

INFUT

SAVE
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