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Introduction
Getting Started

Welcome to the world of computing. Before you plug »n your new Timex
Sinclair 1000, please take a moment to think about this exciting new adven-
ture. We want 1o assure you that
1. You will enyoy computing

2. You will find it easy as well as enjoyable

T You shouldn't be afrasd of the computer. You are smarter thanitis. Sois
your parakeet, for that matter

4. You will make mistakes as you leam. The computer will not laugh at you

5. Your mestakes wil not do any harm to the computer. You can't break it by
pushing the “wrong' button
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©. You are about to take a guant step into the future. Everyone will soon be
using computers in every part of their dady lives. and you will have a head
start

YOou do not need to know how to program a computer to use the T/S 1000,
any more than you need to know how to do a tuneup 1o drive a car. You may

want 10 learn 10 program — it is not difficult and can be very enjoyvable — but
you can use the computer for the rest of your ife without having to leam
Programming

A computer 8 a tool, like 8 hammer or saw — or perhaps like 3 food

processor. Hammers and saws generally do only one thing well. A food
processor can perform different operations, and normally you can “program’
t by simply pushing the proper buttons. A computer is an mformation tool,
and is the most versatile tool ever mvented. Because it can do many th ngs, it
needs a sequence of instructions to perform any particular task. These
nstructions are called programs

There are many available programs for vour everyday use with your Timex
Sinclair 1000. You can use them for keaming. and for home or business
management (ke balance-sheet calculations, record-keeping. accounting
DOOKkkeeping, taxes, personal or busmess inventones, etc.). You can maintam
athlehc statistics, recipes, address or Chnistmas-card lists, prepare reports,
earn and use mathematics, play games, and do many other things

One of the most important uses of the Timex/Sinclair computer is as an
educational tool Right now your children are beginning to use computers in
school. They are learning about computers, and they are USIQ COMPUters o
help them learn other subjects. Your T/S 1000 can help your children leam at
homea, whether their schools have computers or not. Many educational
programs are available, for both tutonal help and advanced learning. You can
find all of these programs at the same store where you bought your Timex
Sinclair 1000, Many more programs are being developed NGt NOwW TOr the
T/S 1000, because it is the world's best-selling computer. In the near future,
your personal computer will be able to dal and answer your telephone
monitor your burglar alarm, control apphances, water your lawn and perform
many other duties for you. Keep in touch with your dealer

About This Guide

This book s in several sections, as you can see from the Table of Contents
The first section tells you how to plug in and sat up your Timex/Sinclair 1000
and use programs from books and tape cassettes. The second part is an
elementary introduct»on 1o programming, so that you can, if you wish, leam
the basics and better understand how the computer does its work. Later
sechons get into more advanced programming and provide reference matenal
for experts

Some of the later chapters may be especially valuable 1o vou if you want 1o
program for particular uses

Chapter 21, “The T/S 1000 for Those Who Understand BASIC.” is an
introduction to the specifics of Sinclair BASIC as used by the T/S 1000, and
I$ 3 good starting place for experienced programmers — but it i also a good
review for beginnars when thaey have reached that point in the book

2
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Chapter 1
How to Set Up Your T/S 1000

We've provided everything you need to start us ng your T/S 1000 compu-
ler immediately, with your own television sat and an ordinary audio cassette
recorder

Here are the components of your personal computer system

1. Your television set. You can use a color or 8 back-and-white sat but, of
course, the Timex/Sinclair 1000 will desplay in black and white only

2. A transfer switch box, which enables you 10 switch between your TV
antenna and the computer

3. A cable, about four feet ong, 10 connect the computer to your TV
4. The computer itself You will see three jJack sockats on one side, marked

9V DC IN, EAR and MIC, a larger socket marked TV, and. on the back an open
Space in wihech you can see an edge of the circuit board inside
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5. The power supply It is a transformer that plugs into any standard wall
socket {110 voits), with a cord that plugs into the computer's 9V DC IN
socket. (You will be glad to hear that you can touch the plug at the computer
end without getting any shock at all, and can plug it into the wrong socket in
the T/S 1000 without doing any damage) The computer has no on/off
switch, you turn it on by simply plugging it in with the power supply

6. A double cable, about a foot long, with 3.5 mm plugs 8t each end, to
connect the TS 1000 to your tape cassette recorder

7. Your cassette recorder. You'll need one that will accept the 3 5 mm plugs
" 1S earphone and microphone sockets if yvou have a recorder and it
doesn't fit the plugs, try taking the recorder and the cables to vour local
electromcs shop.  You will probably be able to get very inexpensive adaptors
rather than buying another cassette recorder) Strangely enough, any inex-
pensive battery-powered recorder will usually work best with the T/S 1000
and, in fact, expensive and powerful stereo equipment may damage the
computer. It is helpful — but not essential — f your cassette recorder has a
counter By measurning how much tape has gone by the recordng/playing
mechamism, the numbers m the counter window can help you find programs
On your cassettes

Now that you have all the parts assembled, you can put the system togeth-
er. iif you are gong to try some programming on your own, you can do
without the recorder and skip to Chapter 3 after setting up; if you have a
recorder and want 10 use some pre-recorded software, or save on tape some
of your own programming. you'll want to see Chapter 2)

First, dssconnect the VHF TV antenna wires from your television set (you
can leave the UHF wires alone). Connect the wires from the transfer 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
connectng cable into the socket on the transfer switch box and into the TV
socket on the T/S 1000.

NOTE: if you have cable TV, or a 75-ohm antenna lead (a round
wire enchng In a screw terminal), you will need to pick up a small
gevice 10 convert this to the standard, flat, two-wire antenna lead
that connects 10 the transfer switch box. There are several ver-
sions of this device, which may be called a “'UHF/VHF matching

transformer,” “75-10-300-0hm converter,” “‘cable adaptor” or
“VCR adaptor.”” Someone at your local electronics store will be
able to help you; the cost will be from three to ten dollars. You
may have to contact your cable company if their wire goes into
your set 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 9V DC IN socket
on the computer

Third. tum on the TV. Set it to channel 2 or channel 3, whichever one 1s not
being used for broadcasting i your area. Make sure the switch on the bottom
of your T/S 1000 is set to the same channel Tum the sound all the way
down
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You should have a picture hke this on your screen

The [J in the lower left-hand comer of the screen is called the cursor, and
means the T/S 1000 is ready for action

Fourth, connect your recorder to the computer with the twin leads.
Although we've provided two, it may be best to use them one at 3 ime lyou
can axperiment), connect the earphone socket on the recorder to the EAR
socket on the computer in order to load a program from tape into the T/S
1000, and the microphone socket of the recorder to the computer’'s MIC
socket to save programs you ve put mformation into or written

NOTE: The pacture on your TV screen should be clear; if you are
getting intarferance, try the following stéeps n order

1. Adjust the tuning control on the set, then try the brightness,
contrast, and horizontal hold thorizontal s usually on the back of
the set

2. Move the computer away from the TV set; or, if possible, place
it lower than the sat.

3. Plug the computer into a different circurt from the television
set, usually outiets on opposite walls are on different branch
CIrCuIts

4. You may wish to try a longer (shwelded cable between the
switch box and the computer to move the T/S 1000 still farther
away from the TV

5. Consult an experienced radio/ TV repairman; your set may need
adjusting

Now you're ready to use your Timex/Sinclair 1000!
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Using Ready-to-Run Programs
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Chapter 2

And sometimes there will be programs you will load from a tape, add data
to, and then save the program with the added data on another part of the
tape, separate from the ongmal program

Let's look at how each of these is done

> Loading a program from tape

Every program should have a name, and any cassette that has more than
one program on it should provide you with an index listing the names of all the
programs on the tape. Often this ndex will mark the location of each
program with a tape counter number. |f you set the counter to 000, then run
the tape forward to the number of a program you want to use, you should be
at that program’'s approximate location. (Caution: since cassette recorder
counters are usually not exact, it 1S a good wea to stop a few numbers short
of the index figure — at 033 i the index calls for 037, for instance.)

With all the components of your system connected and tumed on, as
discussed in Chapter 1, make sure that your tape is rewound to the beginning,
and that the [ cursor is on your TV screen

Connect the EAR socket on the computer to the “earphone’ or "head-
phones’ socket on the tape recorder 1o about three-quarters of the maximum
volume. If it has tone controls, adjust them so that treble is high and bass is
low

Then type
LOAD

which is what you get when you press the J key while the I3 cursor is
showing. (Whenever the [ cursor is on the screen, pressing any key will give
you the keyword command printed above that key on the keyboard.) Notice
that the computer has prnted

LOAD

on the screen

You'll notice also that the cursor has changed to [§. This means that the
computer now will interpret any key you press as the fetter or mamn (large)
symbol on any key. if you pressed the J key again, for instance, you'd get a
J)

if you want one of the symbols pnnted in réd on a key, you hold down the
SHIFT key (notice that SHIFT s n red, tool and press the key you want That
is what we will do:

You want to nstruct the computer to load the program you wish 10 use, 50
you must put the name in quotes. Suppose you want 10 run a program for a
game, called STAR ZAP

Hold down the SHIFT key and press the P key, and you'll get quotation
marks. Then, without SHIFT, type in the name of the program, making sure
you have it exactly right including spaces. Then type SHIFT P agan for
qguotation marks. Your screen will look ke thes

LOAD “STARZAP" A1 LOA| ¥ nesihiened

1|.
| i -+I r' '\f.

10
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f you make a mistake, you can start over by pressing NEW, and then

ENTER, or by bnefly unplugging the computer. in Chapter 3, we will show

you how 10 eastly make corrections without starting over |
Now start the cassette recorder on PLAY), and then type

ENTER

You will see patterns of black and whule stnpes on your TV scroen thun
squiggty ones while the computer 1s searching for the program you've speci-
fed, and thick straight ones while the program 1S being loaded into the T/S
1000 When it 15 ready. the black and white stripes will stop, and in the lower
left-hand corner of the screen will be the “report’ 0/0.) [This means that the
computer has successtully completed the loading assignment) You can then

turn the tape recorder off T2
If the entire tape plays — or so much of it that you suspect that your
program has not loaded properly — and you don't get the @/0 report, press

the BREAK key Something has gone wrong and bears a kttle investigation
(A short program should not take more than hifteen seconds to load, once the
neavy nes start |

For mstance, it is possible that the tape was not positioned properly (re
member when we 10ld yvou those counters were not alwavs exact?] The
computer might not have found the beginning of the program you dessred
(This 18 indkcated «f the then, squiggly ines never changed to thick, straight
ones.| Double check the program location, back up the tape to a point a bt
earhier than before, and try again

The next most hkely problem s that the volume level is too high or 100 low
it needs to be a3l loud enocugh for the computer to pick up the program,
ib) not 50 loud that the program 5 distorted (thes 15 actually fairly rarel, and
i) quiet enough for the silent part 10 be recognized as silent by the computer

The best adjustment 5 to turn the volume up as loud as it will go without
causing silent spaces on the tape 10 be nosty, you can check this by descon
nacting the plug in the recorder’s earphone sockat and kstening to the tape on
the speaker If the silence 15 very nOisy, eérther you still have the volume set
too h-qh Or you may nave other proteeimes

Some tape recorders can form a feedback loop with the TS 1000. [This
means that output from the recorder gets mixed up with input to the recordar,
résulting i distortion of the signal ]l This is why we recommended connecting
only one lead at a time; if you've recorded something with both EAR and MIC
conneclions made, vou may not be able 1o load it

Some tape recorders can record a 80 cycle AC hum. This can be avouded
Dy Oopérating thém on battenes

Some tape recorders — especially old, wormn ones — are intrinsically noisy,
and produce a ot Of extransous noise on ther tapes. You may have to mvest
n another recorder

You may have to wiggle the plug m the earphone socket, on some re-
corders contact is lost if the plug 15 pushed n too far. If you pull it out pust a
Dil, yOu May feel it settl g INLo & More secure position

It 15 possible to load a program without using its name. If you type

LOAD ~
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then start your recorder and press ENTER, the T/S 1000 will load the first
program it comes to. You can use this method f vou've ‘(‘r"{]l.‘lﬂl}n the name
of a program. You can even load and use a number of programs on a tape,
ong alter another. (When you stop the recorder after you have finsshed
loading one program, the tape will be m posstion to load the next.|

'-'-.F‘ en you have successiully lcaded a ;-'nqrnrn Iverified by the 0/0 repc.rtl
YOu | canuse TE-.r pressing -

HUN and ENTER

and then followwng the instructions the pr ogram rwi* gives you on the screen
and any prnled inSTrUCTIONS .
(You can look at the program by typing

LIST and ENTER
and then RUN it, if you kke
Typing a printed program and saving it on Lape

Many shorter programs are available m books and magazines. You can use
them by simply typing them n Type them exactly as they appear in the
publication, making sure your spellngs areé cormrect, and all punctuation and
spaces as well

You can check your isting by companng what you have on the screen wath
the printed version. See Chapter 3 for how to easdy make correctons

When you've finished typing the program in, you éxecute it by pressing

RUN and ENTER

as above. When you ve finished using 1 — esther you reach the end, or you
mterrupt the program by pressing the key marked BREAK — you can get the
kSting bacCk on the screen by pressing

ENTER

again. (You don't have to type LIST in Sinclair BASIC.}) Then, after verifying
(by using it) that the program works and that you ve typed it in comrectly, you
can save it for future use on tape. (You don't have to try it out first, of course,
but then you might be going to the trouble of saving a8 program that won't
run.

Saving a program on tape

AS we saud earher, every program should have a name. The T/S 1000, m
fact, won't save a program on tape without 8 name. You can make up a8 name
for a program you invent, use the name of a program you have typed in as
above, or even change that name to sometheng you like better. Whatever you

-~

12
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call the program when you save it will be tha name you have to ask for to load
it lates

NOTE: It is a good idea 1o put the name of a program into the
isting of that program, S0 you can doublecheck that you have the
nght one. The sasiest way 15 to use a REM line at the bagmnnang
REM — the keyword over the E key — means remark or rerminder
Any ine n 3 program that starts with REM s not usad by the
computer, but 18 shown on the sCreen 10 peopie 10 help them use
thae program

The Timex/Sinclair 1000 automatically puts the lowest-num

bered line of a program first, and arranges all the hines in numencal
order. You can put a new frst kne — 3 REM statement ina
program, after you have loaded it by typing

5 REM “STAR ZAP” ENTER

using a ine number iower than the lowest in the isting (you d use
o If, for instance, the fist ne of the program started with the

number 10) and, of course, the actual name of your program

Connect the MIC socket of the computer to the microphone socket of the
recorder. Position the tape in a2 part that is blank, or a2 part that you are
.
prepared tTo gvarwrite YD

SAVE "'STAR ZAP'
Start the tape recorder, on RECORD, then press
ENTER

Watch the TV screen. You'll see the pattern of black and white nes, and
éveantually the pattern will end and the screen will show Q/9

As a check on whether the recorder has received the program correctly,
you Can lhisten to it over the spéaker. Rewind the tape to where you started
and play it back. You should hear, in order

1. Asoft, hamming buzz. This is the signal before you pressed ENTER

Z Fwea seconds of silence

3. A very harsh, high-pitched buzz, whech is the program itself. This will go

on longer for a longer program

4. The soft, hummung buzz again
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NOTE: A technique that may make it easier to find programs you
record is 10 speak the name of the program onto the tape through

the microphone before connecting the computer 1o the recorder
Then you can search for the sound of your announcement 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 entered

Some programs are meant for you to enter your own data into — Saving
lists, figures, etc. These are easily used by following the same procedures
we ve just descussed
1. LOAD the program as we' ve described
2. RUN the program, entenng your own data as it is called for
3. SAVE the program with data in it, using a new name 10 distnguish 1t from
the onginal program. if, for example, you load a program called ““Calculator”

and then fill m your personal financial records, you may want to save the
filled-in version under the name "‘Finances '’

As you can see, there are many ways 10 use your Timex/Sinclair 1000
without leaming computer programming. But if you'd like to look into it, try
the next chapters and see how you like it

14



Chapter 3

Telling the Computer What To Do

Now that you have the screen looking like the picture in Chapter 1, vou can
enter spacial computer “'mstructions.”’ For example

PRINT 242
makes the computar compute the sum 2+ 2 and display PRINT) the result on
the screen. An instruction hke thes, which the computer acts upon immedi-
ately, s tachnically called a BASIC commend
(There are other BASIC statements that are used in programs — they are
not operated on immedsately. These will be coverad in Chapters 4-7 )

To type in this command

1. First type PRINT. But, although as you can see the keyboard has a key for
each letter, you do not spell the word out P.RIN,T. As soon as you press P

15
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the whole word will come up on the screen, followed by a space, and the
screen will look like this

S
=

Ihe reason 15 that at the beginning of each command the computer is
onpectng a Kéyword & word that spectfies what kind of command it is
Ihe keywords are written above the keys. and vou will see that "PRINT"
appears above the P key, 50 that 1o get "PRINT" vou have to press P

Ihe computer lets you know that it expects a keyword by the 3 that you
had to start off with. There is almost always a white-on-black (inverse videol
letter, esther (3 or [§ lor, we shall see later. [d or [ ) called the cursor The
3 means “"Whatever key you press. it will be taken as a kayword As vou
saw, after vou had ',"l'i""""-..‘.l'."."| P for PRINT the D. l"”‘":"'_j:r“!‘ toan [‘

This system of pressmn 0 Just oneé key to get more than oneé symbol 1S usad a

lot on the T/S 100Q. In the rest of the manual, words with thesr own keys are

printed in BOLD TYPE

Keyworags cannorl Dé (yped in letter by letrey

Z. Now type 2 This should cause no problem. Agam, vou should see 2

dppear on the screen, and the I.‘ nave aonea ]'i.:l: e 1o the ’h;h!

bl = = - - - — ) i
vOte als0 how a space is automaticelly put between PRINT and 2 us 1S

done as much as possible, 5o that you hardly ever have to type i Space. If you
L[ iype 8 space 1w IDeear N the screan. HDut ot will nOt :3""‘.:".'+. the
ommand

3 Now type +4 This 18 a shifted character s [ AracClers are marked

red — the color of SHIFT itself — in the top riaht-hand comer of aach kev

and to get  +  you must hold down the key and, while doing that
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4. Now type 2 again. The screen will look ke this

“ J
5. Now press ENTER, the key YOu press thus key when you are
finsshed with a line. The computer will then compute In our case, the screen

C hnr*;_;r--. o

F
L

4 18 the answer — but of course you don't need a8 computer to figure
that out
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/0 is the report in which the computer talls you how it got where it is
iINOte that zero is written with a slash to distinguash 1t from capital O Thes s
standard notaton in computing.! The first @ means “OK, no problems '’ (At
the very end of the book, where you can flip to it conveniently, there is 5 kst of
other report codes that can anse. for instance, iIf something goes wrong |
The second 0 means that ““the last thing done was line 0. You will see later
— when you start to write programs — that a statement! can be gven a
number and stored aw ay for execubon later t s then 3 program hne
Commands not in programs do not actually have numbers, so for the sake of
reports the computer treats them as line ©

You should imagine a report as hiding 8 [ cursor — if you press P for
PRINT now, the report will disappear and the screen will change to

)
=

The cursor can also be used for correcting mistakes: type + +2, to get

PRINT + +2IM

on the bottom line. When you press ENTER you get

18
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—
e

The E) is the syntax érror marker (the syntax is the grammar of messages
saywng which are allowed and whach are not); it shows that the computer got
as far as "PRINT,” but after that it was not a “legal”’ message

What you want to do, of course, is to delete the first 4+ and replace it with
— lat us say — 3. First you have to move the cursor so that it s just to the
right of the first +. there are two kays, and (shifted 5 and shifted 8),
that move the cursor left and nght. Holding SHIFT down, press the key
twice. This moves the cursor left two places to give you

PRINT +I8+2
Now press the DELETE key (shifted 0], and you will get
PRINTIN+2
DELETE removes the character lor keyword) immediately to the left of the
cursor
It you now press 3 a 3" will be mserted, agasn immediately to the left of
the cursor, giving
PRINT 318+2
and pressing ENTER gives the answer (5)

The key |shifted 8] works just ke the key, axcept that it moves the
cursor nght instead of left

19
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Summary

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

the [3 and [§ cursors,

repons

the syntax error marker, E)

and how 10 correct mestakes using © ., ¢ and DELETE

The Keyboard

Here is a2 picture of the keyboard

mno Ly )T [l e - makD BETuFm ¥ L sl =oar AN
i {
i 18 AN TN T, L = o ¥ P 'tr" ."'l
5 e

ol . Dt (g GOT0 GlGum Ll LR LET
AR RN ARCIDS ARCTAR 50N Y. 1A I II '™ i Tl
Ly i L] N CLS SORCLL NERT P Y- 1]
. T At N REY N .

I you are not famikar with typewnters, you can use this dustration to keam
where all the letters are. Remember that to use SHIFT, you have to hold it
down at the same time that you press another key. Do not confuse the digit 0
with letter O

I you are a typist, you must also remember that you cannot use a lower
case L for the numeral |
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Writing a Program

¥We are now going to wnite our first computer program, which s a set of
nstructions 10 the computer. In the last chapter, we gave the computer
commands, which i1 executed immediately. Now we will begin to construct
staternents which the 1/'S 1000 wil carry out in order, Although we will start

small, there are programs of many thousands of ines, which direct compu-

gthy and compicated procedures. the power of comput

térs 10 carry out e
ng I1s in the ablity of the machsne to recaive, store and carry out many

different compiex programs

We will program the T/S 1000 in 8 computer "language’” called BASIC
Al ™

which stands for Beginner's All-purpose Symbo nstructhon Code). Invent
ed at Dartmouth College, BASIC looks more ke English than other computer
anguages and can bé used in an wleracive mode, where the user typDes In
'.Hn-'m*l'. ng ar dthe c omputer responas smmeadiately via 8 -j..;pl,:..«,r e your TV
SCres VWhen you have keamed to program the 1/S 1800, you will find that

yOU Can ¢se programs in BASIC drawm "'_' m other books and Mmagazmnes You

S S . iy — - = - = b i »
will aimost certainly have 10 aiter them shghtly 1o make then e 1/S

L

¢ W
TN - 5 b i - e el . E . . i
...|__“."|. WHCAUSeE pvery machane has itz W = .-i|- tv d “.—-rp- t version Y F!&S“

Let's get started. First, type NEW and then ENTER. That erases anything
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that meght be left over in the computer from Chapter 3 and clears the decks
for action

Then, type
10 PRINT “"HELLO. JACK"™

If you are a typist, be sure you use numeral 1, not the lowercase L in the 10
{for one thing, there is no lower case on the T/S 1000 . ) Also, be sure you
use zero (O with the slash mark through itl rather than the letter O. The 10 in
front of the same command you typed before makes it a program line. Type
ENTER and see what happens

Now the cursor is ready again at the bottom of the screen Type this

20 GOTO 10 ENTER

Note that GOTO s a keyword lover the G key) and should not be spelled
out

Now you have a program! To execute it, type RUN (keyword over R
nouce now Most of the keywords are over the lettars thay start with?) and
ENTER

How about that? That's a lot of stuff for the kttle effort you put in. As we
said, the computer i1s not very smart. But it is fast, and accurate, and tireless
with doing repetitions, One of the most powerful commands in BASIC is the
GOTO. dwrecting the computer to go back to an earlier line and repeat what
it's done before

You'll notice the report 5/10 at the bottom of the screen. That means it
stopped bacause the screen was filled (5], and last executed ine 10. You can
clear the screen and allow the computer 1o continue by typs ng CONT, then
ENTER

Here s something else. While the computer is running down the screen
saying “Hello, Jack.” press the BREAK key Iwhich doubles as the SPACE
keyl and notice that the list stops wherever it is when you préessed BREAK
The computer checks at the end of every program kne to see if anyone has
pressed BREAK ; if s0, it stops the program. (You can aiso use BREAK to
Stop & runaway program, an “'endless loop,”" or a misfired LOADing from a
tape cassette. If BREAK doesn't work, you wind up having to pull the plug
and you lose whatever's in the machne )

You can restart the program after the BREAK also by keying CONT, then
ENTER. CONTinue lets you continue when the screen is full, when you
interrupt the program with BREAK or STOP, or when a program interrupts
wrth the STOP command

Okay After you've had your fill of fooling around with BREAK and CONT
let the program stop with a full screen. and 1ouch ENTER agan. Your
program is back on the screen. You can RUN it again lgo shead: RUN.
ENTERI] and then display it again ENTER) You can go on to something else
and keep it in the computer untd you erase i1, the computar s memory gets
full, or you unplug the machine

22
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Punctuation and Arranging Output on

the Screen

You can do wonders with punctuation marks in a T/S 1000 Basic program
For mstance, let's clean up with NEW, ENTER, then type

10 PRINT “JACK",
20 GOTO 10

Notice that we ve decided to despense with the "HELLO". And, instead of
JACK, why don’t you go ahead and use your own name’ In a program, the
computer will treat everythang in quotes as a siring (a stnng of characters),
and the string can be of any length — and it doesn’t have to make sense. The
/S 1000 will print JACK, but it will just as faithfully prnt HERMAN.,
JACQUELINE, or KLJYBE? F

Most importantly, notice the comma we ve added — and to the dismay of
your sixth-grade English teacher, it is after and outside the quotation marks
Type RUN ENTER

23



Chapter 5

The screen is 32 characters wide in T/S 1000 operations, numbered 0 to
31, and the comma moves the beginning of the next entry to position 16 or
position O (on the next ne). depenading on where the last entry finished. So
you can make two columns, as long as your name is not more than 16 letters
long

Let's see what a semicolon does. But don't wipe out the program with
NEW. Just press ENTER to bring it back

There it is, at the top of the screen. There is a different kind of cursor up
there, B .showing that line 20 was the last one you entered. Now hold SHIFT
gown and press the up arrow, <, (shifted 7), mowving the cursor up to ine 10
Now hold SHIFT and press EDIT (shifted 1), and line 10 [the ane with the
cursor] comes down to the bottom of the screen where you can work on it
Now use the nght arrow ishitted 8, to move the cursor all the way 1o the
end of the ine, then DELETE (shifted 0) to erase the comma Type in the
semicolon instead (shifted X) and ENTER. The edited line replaces the old
one in the program. RUN the program

T'he semicolon starts the second PRINT entry nght after the first one. But
that's pretty crowded We need 10 add a space. Press ENTER to get the
program listing back. Use the EDIT command and the cursor arrows 1o biring
bne 10 down and add a space between the K in JACK [or the last letter in your
namel and the quotation mark. Just position the cursor between K and ™ and
press SPACE. Then ENTER And RUN. And ENTER. Behold

There's a tnck you cen use with the EDIT functon, by the way. It youre
working on a long program line and have it all messed up, so that you wish it
would go away S0 you can start over, you can press DELETE as many times
@5 it takes to get back to the left margin. Or you can just press EDIT, bringing
down your last successful program line and wip ng out the one you were
working on. Then hit ENTER and return the unEDITed line to the program,
giving you a clean slate to work with on the bottom

We still have one problem with JACK, and most likely with your name, too
— the name 15 divided in different ways at the ends of the lines. Suppose we
want to line up the names in neat columns. With a comma we can get two
Columns, how can we get more ?

With the TAB command, which % actua y a function. (Wall actually it's
not a function, but it's treated like one because of where it is located on the
keyboard |

Clear the program INEW, ENTER) and type

10 PRINT

You'll then find TAB written under the P key. To get it {and to get all other
functions written under keys), hold down SHIFT and press FUNCTION (shift-
ed ENTERI. The cursor changes to [, meaning that the T/S 1000 will
mterpret the next key as a function. {You can let go of the SHIFT now, and
the cursor is still I3 | Press TAB. It appears on the program line and the
cursor changes back to _ (You can’t have two functions in 3 row without
something for them to operate on, so the computer automatically switches
out of the functon mode ) Type n a 1 and a semicolon, the “"JACK" or yOur
name. S0 far the kne looks like this (but don’t ENTER it we're not done yet)

- 4
FL
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10 PRINTTAB 1 ACK

Now we want to separate the columns of names by a space. Since JACK
has four lattars. we add a space by making the next entry at TAB 6, using

semicolons between aach antry
10 PRINTTAB 1:"JACH TAB 6 "' JACK

If your name has a different number of letters from JACK, ust add the
number of letters, plus one for the space, to the last TAB posthion i order to
get the next TAB position. Keep doing thes, but be sure you don 't have more
than 31 letters or spaces n ai, however many himes you put your name in uf
you do, just esminate one entry, using DELETE, the cursor arrows and EDIT
necCassary)

O PRINTTAB 1,"JACK " . TABGE. "JACK " TAB 11
JACK" . TAB 16" JACK" . TAB 21 ACK™ . TAB 26, JACK'

Then ENTER. From now on. we'll stop remending vou about ENTER. ENTER

every ina when you re done with it y e
20 GOTO 10

RUN the program. Isn't that tidy !

45
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Loops and Ifs

W\ e ent ed earher that GOTO Jig f 3
- ' rects t . T repeat
[T | I b ag a ooy
' ¢ in BREAK ¢
. tice J P ecif
o | I il 5

ype Tl

LET
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string vanabies, whwth are always named by & single letter followed by a
dollar sign (shifted U). In the previous program, if your name was ABER-
CROMBIE, mstead of spell ng it out each tma, you mMeght have done thes

10 LET AS="ABERCAOMBIE’
20 PRINTTAB 1 AS.TAB 13 A% _and 350 onl

Let s go on with our program for this chapter. Now type
20 PRINT "HELLO, JACK
30 LET I=l+1

Hold on nght there, partner! You expect me to believe that Isl+1? What
kind of math i1s that?

Well, it isn't math, it's programming. And n a LET statement n BASIC it's
okay It means “'set the néew value of | equal to the old value plus 1 n other
woOrds, increase the value of |by 1. S0 each time we go through the program,
N a3 repeating loop, the counter will be rassed by 1 In 8 moment we'll see
why. Type on

40 IF 1=6 THEN GOTO 60

Ahal So, each time we get to line 40, the T/S 1000 will check the value of

| When it reaches 6§ — the sixth time through the program — it will GOTO

ne 60. Untd | equals 6, the program will just go on 10 the next line after 40
nstead

50 GOTO 20
60 STOP

If I=6, we GOTO 60 and STOP . If | is not equal 1o 6, we go past 40 to 50
which in tumn tells us to GOTO 20 and start over from there. Let's RUN it

We ve printed "HELLOD JACK five times (the sixth time we went to 60
nsteadl Press ENTER to get back the listng. The IF statement. with its
decision-making ability, s another of BASIC s important features

dut that was a farly clumsy loop. There is a cleaner approach, called the

FOR/NEXT loop. Type this m without first erasmg the program above

100 FORI=1TO 5
iUse shufted 4 for TO: don't spell 1 out

110 PRINT "HELLO, JACK

120 NEXT |
U is ¢ ommaonly used as the count g O contrdd vanable, svcicentally ' control
varables of FOR/'NEXT loops must have names a single letter lon q.l

To RUN that part of the program, type n RUN 100 instead of just RUN

the computer 1S Sav ng al the ines and w start running at any lhine you
choose) After you ve seen how that three-line program does jus! what the
previous six-tner does, look at the hsting again by typing LIST 100 If you
want 10 sae both IStiNgs or, Mmore propery, a OF what 1S really a single
isting), just hit ENTER again — or LIST with no ine number and then

28
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ENTER. (This is the way most BASICs handle the listing function; the T/S
1000's recallng of a ksting with just ENTER is unusual )

SPECIAL NOTE: When you use "RUN 100." you clear all vanables before
begnmung theé run. i for some réason you want 1o save vanables that you
have asssgned values to, use "GOTO 100" instead. The command RUN
means, 1o the T/S 1000, CLEAR [which you can also enter from the key-
board if you want to clear all the vanables — for mstance, if you need the
space — but leave the program and the screen intact), then GOTO

An extra subtiety is that the control vanable does not have to go up by 1
each time. you can change thus 1 10 anything else you hike by using 8 STEP
part in the FOR statement If ine 100 read

100 FORI=1TOSSTEP 2

then you'd get 3 “HELLO, JACK"s before the loop reached its limit and
stopped. The STEP nead not be in whole numbers, and the control value
need not hit the ket evenly — it goes on looping as long as it is less than or
equal to the limit

You must be careful if you are running two FOR/NEXT loops together, one
inside the other. Try this program, which prints out a complete set of 6-spot
dominoes

10 FORM=0TO 6
20 FORN=0TOM
30 PRINTM,"";N,"”
40 NEXTN

50 PRINT

60 NEXTM

You can see that the N-loop is antirely inside the M-loop — in other words,
they are correctly nesfed What must be avoided is two FOR/NEXT loops
that overiap without either being entirely inside the other, like this:

10 FORM=0TO 6

20 FORN=QTOM

30 PRINT M, N, ", WRONG!
40 NEXT M

5O PRINT

60 NEXTN

Two FOR/NEXT loops must be esther one insade the other, or completely
separate. Another thang to avoud is jumpang nto the middle of 8 FOR/NEXT
loop from outside. (You might do this with a GOTO directing the computer to
a line after 8 FOR statement, and when you get to the NEXT statement, you
will probably get an errorreport 1 or 2)

Now let's take a look at a program that might be of some use, and some
statements we haven't seen before First type it in, and then we’'ll analyze it:

29
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10 REM PROGRAM TOMULTIPLY BY M
(Spell out Plin lines 10 and 20)
20 PRINT "THIS PROGRAM MULTIPLIES ANY NUMBER BY PY

30 PRINT
40 PRINT "ENTER A NUMBER™
50 INPUT A

60 PRINT A" TIMES Pl="" A"PI
(Use the function Pl — the = under the M key - although the computer w
print it to look just kke the spelled-out versson in lines 10 and 20]

70 PRINT

80 GOTO 30

Now, let's talk a bit about this program before we run it
1. Notice the line numbers we have been using arée n mullples of ten
Always do thes in 8 "fwst draft.” Because the computer automatcally puts
the program lines in numencal order, you can insert 3 Ime 15 if you want Or
need to later — and afterthat,a12anda 13
2. The keyword REM, for "REMARK™ or "REMINDER, " identifes a hine that
i prnted out in the program ksting to hedp a later user understand the
program. but ignored by the computer during a RUN
3. The keyword command INPUT in bne 50 causes the computer to stop
and wait for the user to enter 3 number The M cursor at the hottom of the
gcreen when you run the program ndicates that the T/S 1000 s waiting for
input. but it is best 1o mdicate more clearty 10 the user that he has 1o do this
l'hat's the function of line 40

SPECIAL NOTE: When you wish 10 INPUT 2 s tring las we will later onl, you
must ndicate a string vanable m the program — AS instead of A — and the
cursor prompt will appear at the bottom of the screen enclosed in quotaton
marks. If, at that point, you want to STOP the program, you can’t just input
the word STOP the computer will treat it as a stnng! You must use the lefl
arrow key to move the cursor to a point outsade and before the guotaton
marI\'" and then type STOP
4. Lines 30 and 70, PRINT without anything to be printed, essentially tefl the
computer to print a blank line, or skip 8 ne  This simply makes the output
a@asier to read on the screen because of the extra space. After you ve run the
program, you meght want to change the listing by typing 30 ENTER and 70
ENTER leliminating both ines! and see how much more crowded the screan
ooks
5. Another pwece of spacing for legibikty s found m bne 6Q Notice that there
5 B space typed in after the | rl.l guotation mark and before the second one
Don’t legave them out

Now RUN the program

You can do the same thing on a pocket ,_3I- ulator with memory (store an
accurate value for Plin memory, enter a new number, vt the multyply key and
the “'memory recal’” key for each answer). But even for thws tnvial piece of
math, the computer 1£ easer and handsér. and trelessly gudes you '.H'-.'.ugln
the exercise, remending you along the way what you are dong. imagme the
value of having the computer do this for you on 8 more complex 1ask



Chapter 7
More About IF

Al the programs we've seen so far have been fairly predictable — they
followed all the instructions from begnning to end, and then maybe went
back to the beginning again. Thes is not all that useful. In practice the
computer would be expected to distinguish between different cases and act
accordingly, it does this by using the IF statement

Clear the computer lusing NEW|, and type in and run this program

19 PRINT "I AM THINKING OF A™
20 PRINT "NUMBER FROM 1 TO §”
30 PRINT “CAN YOU GUESS ITY
40 LET A=INTIRNDS)+1

50 INPUTEB

60 IF A=BTHEN GOTO 90

70 PRINT “GUESS AGAIN"

80 GOTO 50

90 PRINT "CORRECT’

For a discus2:0on of RND, see Chapter 15, "Functions”’, especially exercise 4
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As you can sea, an IF statament takes the form
IF conditsvon THEN statament

The statements here are GOTO statements, but they could be anything at
all, even more IF statements. The condition is something that is gong to be
proved ewther true or false. If it comes out as true, the statement after THEN
15 executed; otherwise, it is skipped over

The most useful conditions compare two numbers or two stnngs: they can
test whether two numbers are aqual, or whether one is bigger than the other,
and they can test whether two strings are equal, or whether one comes
before the other in alphabetical order. They use the relations =, <, >, <=,
>mand < >

=, which we have used twice in the program l(once for numbers and once
for stnngsi means “equals™, It is not the same as = in 8 LET statement

< means "is less than,”” so that

1<2
- -1
and -3<1

all hold (they have the value true), but

1<0
and 0< -2

do not (they have the value fa/se)
To see how this works, let's write a program to input numbers and display
the biggest so far

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

30 LET BIGGEST=A

40 PRINT A BIGGEST

50 INPUT A

60 IF BIGGEST <A THEN LET BIGGEST=A
/O GOTO 40

The crucial part is line 60, which updates BIGGEST if its old value was
smaller than the new input number A,
> (shifted Ml means “'is greater than' and is just like < excep! in reverse
You can distinguish between them by remembenng that the thin end points to
the number that 18 supposed to be smaller
= [shifted R — do not type it as < followed by =) means '‘is less than or
equal to,” so that it 1s ke < except that it holds even if the two numbers are
equal: thus 2 < =2 holds, but 2 < 2 does not
> = |shefted Y) means "TS greater than nraqual 0" and is similarty ke >
< > Ishifted T) means “'is not equal 10,"’ the opposite in meaning from =
Mathematicians usually wiite <=, >=and <> as &, & and #. They also
writeé such sequences as "2<3<4" tomean "2<3 and 3<4."” but this is
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not possible in BASIC
These relations can be combined by using the logica/ operations AND, OR
and NOT

one relaton AND another relation

holds whenever both relations hold

one relatton OR another
holdd whenaver one of the two relations does (or both do}
NOT relation

holds whenever the relation does not

Logical expressions can be made with relations and AND, OR and NOT,
just as numencal expressions can be made with numbers and 4, - and $0 On;
yOou can even put in parentheses if necessary. NOT has priority 4, AND 3 and
OR 2

To illustrate, clear the computer and try this program, expanded from the
one at the beginning of the chapter

10 PRINT | AM THINKING OF A
20 PRINT "NUMBER FROM 1 TO 5’
25 PRINT “CAN YOU GUESS IT?"
30 PRINT

35 LET T=0

40 LET A=INTIRND*5)+1

50 INPUT B

55 LET T=T+1

6O IFA<>BAND T > =3 THEN GOTO 100
65 IF A=BTHEN GOTO 990

70 PRINT "GUESS AGAIN™

80 GOTO 50
90 PRINT "CORRECT
95 STOP

100 PRINT "SORRY, GAME OVER'
110 PRINT “YOUDID NOTGETITIN”
120 PRINT “"THREE GUESSES."

130 PRINT “THE ANSWERWAS ".A

Notice the STOP statement in Iine 95 Otherwise, when the program
reached hine 90 (because the answer was correct), it would then go on to 100
and say the nght answer had nof been given. This would be confusing, to say
the leas:!

Lastly, we can compare not only numbers but also stnngs. We have seen
how =, < > < > < = and > = work when companng numbers

What does “less than ™ mean for stnngs’ One thing it does not mean |8

‘shorter than  s0 don t make that mistake. We make the distinction that one
string is less than another if it comes first in alphabetical order: thus

33



Chapter 7

“SMITH' : SMYTHE'
SMYTHE" . SMITH'
“"BALLION" . MILLION

“DOLLAR" - POUND
all hold. < = means Is less than or equal to, and SO on, pust as Tor nuMbers

Note In some versions of BASIC but not on the T/S 18000 — the IF
statement can have the form

IF condition THEN line number
This maans the samae as

IF condit'on THEN GOTO ne numiber

You must use both THEN and GOTO m Sinclar BASIC

Summary

Operations . > = < > AND,.OR
Functions: NOT

Exercises

1. <> and = are opposites in the sense that NOT A=B is the same as

A< >Band
NOT A< >8Bis the same as A=B
Prove 10 yoursel! that < and > =, and = and < = aré opposites n the
same way, 50 that you can always remove NOT from in front of a relation by
changing the relation
Also
NOT ia first logecal expressson AND a second)

I& the same as

NOT (the fist) OR NOT (the second
and NOT (a first logical expression OR & second

% the same as
NOT |the fustl AND NOT (the sacond

Using this, you can work NOTs through parentheses until eventually they
are all applied to relations, and then you can dispose of them. Thus, logically
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r-m.‘nklng_ NOT is unnecessary. but you may still find that using 11 Makes a
program Clparar

2 BASIC can sometimes work along different lines from English. Consider,
for instance, the English clause if A doesn't equal BorC" How would you
write thes in BASIC /7  The answer 1s nol

WA<>BORC ' nor"IFA<>BORA<>C

Don't worry if you don't understand exercise 3, 4 and 5, the points covered in
them are fairly agvanced

3. (Skip this unlass you already know BASIC thoroughily )

T!"'Ir

PRINT 1=21<>2

which you might expect tO geve & Syntax &mor. in fact. as far as the computer
is concermed there is No such thing as a logical value

i} = -« » <= »>=and < > are gl number-vakuad bnary operatvons
with pnority 5. The result s 1 (for true) if the relation holds, and © (for false)
i1 GOes not

lml "

IF condition THEN statement

the condition can actually be any numencal expréss:on. |1 11s value 1S 0. then it

counts as false and any other value counts as true Thus the IF statement
means axactly the same as
IF condition << > O THEN statement
i) AND.OR and NOT are also number-valued oparations

f Y is non-zero icounting as true)
f Y is zero {counting as false)

I

X AND Y has the value

1#Y is nOn-2ér0

XORY has the value Xi1t1Y s zaro
and O if X 18 non-zero
NOT X has the value 1 if Xis zer0

With thes in mind, read through the chapter agsn, makmng sure in all works

In the expression X AND ¥, XOR Y and NOT X, X and Y will each usually
take the value O or 1, for false or true Work out the ten different combina
tions and see if they do what you expect AND, OR and NOT to do

'1 w p"‘l, tr\ ".J D,r-:,ﬂra[r.

L
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Chapter 7

10 INPUT A
20 INPUT B
30 PRINT (AAND A> =Bi+(B AND A< B)
40 GOTO 10

Each time, it prints the larger of the two numbers A and B. Why?
Convince yoursalf that you can think of

XAND Y
as maaning

KifY lelse the result is @)
and of

XORY

as meaning
X uniess Y bn which case the result 18 1)

An expression using AND and OR in this way is called a conditional expres
sion. An example using OR could be

LET RETAIL PRICE=PRICE LESS TAX*(1.05 OR V$=""NON-
TAXABLE")

Notxce how AND tends to go with addition (because i1s default value is 0),
and OR tends to go with multiplication (because its default value is 1)

o You can also make strng-valued conditional expressions, but only using

ND

)

X$AND Y has thevalue X$if Y is non-zerc

fY = e

soitmeans “XSifY lalsa the amplty stning)
Iry this program, which mputs two strings and arranges them in alphabeti-
cal order

10 INPUT AS

20 INPUT BS

30 IF AS< =BS THEN GOTO 70

40 LET CS=A%

50 LET A§=B$

60 LET 8%=C%

TO PRINT AS """ AND AS<BS)+
="" AND A$=8%) RS

80 GOTO 10
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6 Try this program
10 PRINT "X

20 STOP
3@ PRINT "'Y"

When you run it. it will display X" and stop with report 9/20. Now type
CONT

You mught expect thes to behave like "GOTO 20." so that the computer
would just stop agan without displaying Y, but this would not be very
useful, so the program is arranged so that for reports with code 9 (STOP
statement executed|, the line number is increased by 1 for a CONT state-
ment. Thus, in our example, "CONT" behaves like "GOTO 217 (which, since
there are no knes between 20 and 30, behaves lke “GOTO 307)

7. Many versions of BASIC [but not the Sinclair BASIC) have an ON state-
ment, whech takes the form

ON numaerical expression GOTO kne number, line number, . . , line number

In this the numernical expression is evaluated, suppose its value s n then the
effect is that of

GOTO the nth ne number
For instance,
ONAGOTO 100, 200, 300, 400, 500

Here, if A has the value 2, then 'GOTO 200 is executed. In Sinclair BASIC
thes can be replaced by

GOTO 100°A

In case the ine numbers don't go up neatly by hundreds like thes, work out
how you could use

GOTO a conditional axpression

Mmatasd
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Chapter 8

10 FORN=0QTO 255
20 PRINT CHRS N,
30 NEXTN

Note that CHRS s a function, as we mentioned bnefly in Chapter 4. Press
SHIFT #nd ENTER to get the [ cursor, then type U to get CHRS, which is
under the U.

When you run thss, the whole screen will become an indeterminate gray
until the end of the program, when the output from the PRINT statement will
COM® up on the screen

The picture is also displayed during an INPUT statement, while the compu-
ter is waiting for you to type the INPUT data. Try thes program

10 INPUT A
20 PRINT A
30 GOTO 10

To get back into normal icompute and display) mode, type
SLOW

it will often be just a matter of taste whether you want compute and display
mode for continuity on the screen, or fast mode for speed. but in general you
will usa the fast mode

i when your program contains a lot of numencal calculaton, especially if it
doesn 't print much — time doesn’t seem to drag quite so much if you can see
output coming up on the screen fairly frequently

) when you are typing in a long program. You will already have noticed
that the ksting gets redone every time you enter a new program line, and this
can be annoying

You can use SLOW and FAST statements within programs
For axample,
10 SLOW
20 FORN=1TO 64
30 PRINT A",
40 IFN=32 THEN FAST
50 NEXTN
60 GOTO 10
Summary

Statements FAST, SLOW
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Subroutines
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Chapter 9

RETURN

takes the top line number off the GOSUB stack and goes on to the line after
"

As an example,

10 PRINT “"THIS IS THE MAN PROGRAM"'

20 GOSUB 1000

30 PRINT “AND AGAIN"

40 GOSUB 1000

50 PRINT “"AND THAT IS ALL"

60 STOP
1000 REM SUBROUTINE STARTS HERE
1010 PRINT “THIS IS THE SUBROUTINE"
1020 RETURN

Without the STOP statement in line 60 the program would run on into the
subroutine and cause error 7 when the RETURN statement was reached

As another example, suppose you want to write a computer program 0
handle yards, feet and inches. You will have three variables Y, F and | land
maybea othars — Y1, F1,11, and so onl. The arithmaetic is easy. First you do it
separately on the yards, feetl and mches — for mstance, 10 add two quantihes
of distance, you add the inches, add the feet, and add the yards; to double the
distance, you double the inches, double the feet, and double the yards. Then
adjust the quantities to the correct form so that the inches are between © and
12 and the feet are between O and 3. This last stage is common to all
operations, $0 we can make it nto a subroutine

Putting aside the notion of subroutines for a moment, it is worth your while
to try 10 write the program yourself. Given the arbitrary numbers Y, F, and |,
how do you convert them into the correct number of yards, feet, and nches?

What first comes 1o mnd will probably be something like 1Y_4F_. 14| wiach
you want to convert to 2Y.2F 21 Thes is not so difficult. But suppose you
have negative numbers. Let's go back to our inrtsal values 1Y 4F 14} nega
tively they become - 1Y_-4F_~ 141 which would then tum out to be =2Y_=
2F. ~21. And what about fractions? If you divide 3Y . .1F_7I by two, you get
1.5Y.0.5F_3.51, and although this has the feat between O and 12, and the
vard as 1.5, it is certainly not as good as 1Y. 2F 351 Try t0 work out your
own answers (0 all thus and use tham »n a8 Ccomputer program — before you
read any further

Here 8 one solution, using functions which will be descnbed more
1Horuughl-r mn Chapter 15. Chapter 5 tells you how 10 program them
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1000 REM SUBROUTINE TO ADJUST Y. F. I TO THE NORMAL
FORM FOR YARDS, FEET, AND INCHES

1010 LET 1=36°Y+12°F+

1020 REM NOW EVERYTHING IS IN INCHES

1030 LET E=SGN |

1040 LET I=ABS |

1050 REM WE WORK WITH I POSITIVE. HOLDING
TSSIGNINE

1060 LET F=INT I'12)

1070 LET i=0-=12"F)"§

1080 LET Y=INT IF'3)'E

1090 LET F=F'E-3"Y

1100 RETURN

On its own this is not much use, because thare s no program to set up Y.F
and | beforehand, or to do anything with them afterwards. Type in this mamn
program, and also another subroutine, to printout Y, F, and

10 INPUT Y

20 INPUTF

30 INPUT |

40 GOSUB 2000

45 REM PRINT THE VALUES
50 PRINTTAB 12,"'=

60 GOSUB 1000

65 REM THE ADJUSTMENT
70 GOSUB 2000

!5 REM PRINT THE VALUES
80 PRINT

90 GOTO 10

2000 REM SUBROUTINE TOPRINT Y, F, AND |
2010 PRINT Y. "Y. " F.7FE.7". 171"
2020 RETURN

Clearly we have saved on program length by using the printng subrouting
at 2000, but the adjustment subroutine i fact makes the program longer —
by a GOSUB and a RETURN_ Still, program length is not the only considera-
tion. Used with skill, subroutines can make programs eas«er 10 understand

The main program is made simplér by the fact that it uses more powerful
statemaents each GOSUB represents some comphcated BASIC. But yvou can
forget that; only the net result matters. Because of this, it 8 much aaser to
grasp the main structure of the program

The subroutmes, on the other hand, are simplified for a very different
reason, namely that they are shorter. They stull use the same okd plodding
LET and PRINT statements, but they have to do only a part of the whole job
and so are gasser Lo write

The skill lies in choosing the level — or levels — at which to wnte the
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subroutines. They must be big enough to have a significant impact on the
main program, yet small enough 10 be sigrwhicantly easer 1o wrnite than a
compéate program without subroutines Thege éexamples (nof recommended)
ustirate
Farst

10 GOSUB 10040
20 GOTO 10

INPUT Y
INPUT |
INPUT |
PRINT Y f
LET I=36°Y+12°F+|

GG G

F.' TAB 12,"=

&l b == Ca

GO

il il s — —

oL

2000 RETURN
and second

10 GOSUB 1010
20 GOSUB 1020
30 GOSUB 1030
40 GOSUB 1040
50 GOSUB 1050

300 GOTO 10

1010 INPUT Y

1015 RETURN

1020 INPUT F

1025 RETURN

1030 INPUT |

1035 RETURN

1040 PRINT Y'Y N [ TAB 12
1045 RETURN

1050 LET |1=36"Y+12"F+|

1055 RETURN

The hirst, with it1s single powertul subroutine, and the second, with its many
trivial ones, gamonstirate gurte opposite axtrames, Dut w ith n:]u.-:I futility

A subrouting can call another, or even 1tself (a subroutine that calls itself is
recursive), $0 don t be afrawd of having several layers
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Summary

Statements. GOSUB, RETURN

Exercises

1. The example program is virtually a universal distance calculator. How
would you use It

i} toconvert yards and snches into yards, feat and inches?

i} to convart meters into yards and feet?

i) to find fractions of a yard? leg., a thard of a yard, or a foot

Put in a line to round inches off to the nearest nch
2. Add two statements to the program

4 LET ADJUST=1000
7 LET YFIPRINT =2000

and change

GOSUB 1000 to GOSUB ADJUST
GOSUB 2000 to GOSUB YFIPRINT

This works exactly as you'd hope; in fact, the ine number m a GOSUB |or
GOTO or RUN) statement can be any numencal expression. [This may not
work on computers other than the 1/S5 1000, because it is not standard

BASIC)
This kind of thang can work wonders for the clarity of your programs

3. Rewrite the main program in the example to do something quite different,
but still using the same subroutines,

4 GOSUB n
RETURN

in consecutive lines can be replaced by
GOTO n
Why ?

5. A subrouting can have several entry points. For instance, because of the
way our mamn program uses them, with GOSUB 1000 followed immediately
by GOSUB 2000, we can replace our two subroutines by one big one that
adyusts Y, F and | and then prints them. It would have two entry points. one at
the beginning for the whole subroutine, and another further on for the print.
ng part only

Make the necessary rearrangements
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6. Run this program

10 GOSUB 20
20 GOsSuB 10

The return addresses are pushed on to the GOSUB stack in droves, but
they never get taken off again; and eventually there is no room for any more
in the computer. The program then stops with arror 4 (see Hep(yt Codes)

You might have difficulty in clearing them out again without losing every-
thung, but this will work

Wl Delete the two GOSUB statements

il  Insert two new lines

11 RETURN
21 RETURN

iml Press
RETURN

T'he return addresses will be stripped off until you get error 7
ivi Change your program so the same thing doesn’t happen again

How does this work ?
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When the Computer Gets Full

Tha T'S 1000 has only hmited internal storage. and it s not hard to fill it
The best indication that this has happened is usually an error report 4, but
other things can happen, and some of them are rather strange. If you have &
RAM pack. detach it for a moment

The display file — the area inside the computer where it storas the televi-
$ION picture 15 designed 0 that it only takes up space for what has been
printed so far: a line in the display consists of up to 32 characters and then
an ENTER character. This means that you can run out of room by printing
somathing, and the most obvious time 18 while making a hsting. |ype

NEW

DIM AI355)

O FORI=1TO 15
20 PRINT |

(The DIMension statement sets aside space in the computer's memory, as
we will see in Chapter 17. For now, we are using it as 8 qusck way to “use

" ]
-
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up  the memory for this chapter' s demonstraton. Type ot in and don’t worry
about it )

Here comes the first surprise. line 10 disappears from the histing The
hsting must include the current line, 20, and there & no room for both lines
Now type

30 NEXT |
Again, there is only room for line 30 m the listing. Now type
40 REM X (without ENTER)

and you will see line 30 disappear and line 40 jump to the top of the screen. It
has not been entered n the program — you still have the [§ cursor and can
move it about. All you have seen is some obscure mechanism that gives the
bottom half of the screen 24 lines to give it prionty over the top half. Now
type

MK X stll without ENTER)

and the cursor will disappear — there 18 no room 1o display it Type another
X, without ENTER, and one of the Xs will disappear Now type ENTER
Everything will disappear, but the program s still in the computer, as you can
prove by deletng line 10 and using and Now type

10 FORI=1TO 15

again — it will move up 1o the top of the screen as line 40 dwd. But when you
press ENTER, it wi not be entered, aithough there = no error message or B
marker to say that anything 1s wrong., Thes 15 the result of there being no
room to check the syntax of a line, and it ususlly happens only for lines that
contan numbers iother than the line number at the beginning|

The solution s to make space somehow, but first delete the line 10 that
won't go in. Press EDIT: the screen will go blank, because there is no room
to bnng the line down

Press ENTER and you will get part of the listing back. Now delete the line
40 |whach you really didn't want anyway) by typing

40 wnd ENTER)

Now try typing in line 10 agan — it still won't go. Delete it again. You must
still find extra space somewhere. Bear in mind that the reason line 10 was
rejected was probably that there was no room to check the syntax of the two
numbers, 1 and 15 so if you delete line 20 in the program, you may have
room to enter line 10 and still have room 10 reenter line 20 (which contains no
number) afterwards Try this Type

20
10 FORI=1TO 15
20 PRINT |

48



Chapter 10

and the program is entered properly
Type

GOTO 10

and again you will find that this line is rejected because its syntax cannot be
checked, however, if you delete and type

RUN

it will work. (RUN clears out the array, making plenty of space.)
Now type in the same as before from NEW up to line 30, and then

40 REM XOOOCOOCOCOCCX

(11Xsl, which will end up looking like 40 RE. When you press ENTER, the
nsting will consist only of line 30, and in fact ine 40 will have been completely
lost. This s bacause it was simply 100 long to fit m the program. The effect is
aven worse when the line 1s a lengthened version of a line that is already in the
program, for you will lose both the old ine from the program and the new line
that was 10 replace it

The solution for this is to buy 8 RAM pack. whech fits on the back of the
computesr

The T/S 1016 16K RAM pack gives the computer eight times as much
memory icomputer jargon for the storage) as it has in its unexpanded form

The behavior with the 16K RAM pack is different, because the display file
s filled with spaces to make each hne 32 characters long (note that SCROLL
upsets this — see the chapter on D‘ga“:zaht:m of Sturagnl Now pnnting and
hsting will not make the computer run out of memory, and you will not see all
the shortened listings and jumping around, but you will still see the Enes
sticking or getting lost, and again the solution s to find spare space

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

DIM A3069)
to replace DIM A(355)
10 summarize

1. i the listng s only partially shown or things start jumpeng around, the
space is getting tght
2. IfENTER seems to have no effect at the end of a line, there is probably no
room to deal with a number, Delete the line, using EDIT-ENTER or DELETE
3. ENTER might lose a kne altogether
For ol these oddities, the solution is the same: Don't pamic, and look for

SOMe spare space

The first thing to consider is CLEAR. If you have variables and you do not
mind losing any of them, this is the thing to do
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Failing this, look for unnecessary statements in the program, such as REM .
statements, and delete some of them
Summary l
When the memory fills up odd things can happen; but they are not usually
fatal




Chapter 11
Mathematics with the T/S 1000

Turn on the computer. You can now use it 85 8 mathematical calculator,
along the kneés described in Chapter 3: type PRINT, then whatever it is you
want to solve, and then ENTER

The T/S 1000 can not only add, but also subtract, multiply (using a star

instead of the usual imes sign this 8 faurly common on computers) and
devicdde (using / instead of + ). Try these out

#, =, " and / are operations, and the numbers they operate on are ther
operands

The computer can also raise one number 10 the power of another by using
the operation ** (shifted HI: type

PRINT 2°°3

and you will get the answer B (27, or 2 cubed)
The T/S 1000 will also compute combinations of the operations. For
exampie,

PRINT 20-2°3""2+44/2"3

B1
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gives the answer 8. It does it in a roundabout way, because first it works out
all the powers ("°} 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

N } Tl &
e~ 3"V + W,

| first the powers

l then the multiplications and divisions
2O -1¢ +4/2%3

-.ﬂ 11. + | ] L]

f,‘h T -

and then the additons and subtractions

=]

We formalize thes by grving each operation a priovity, 8 number between 1
and 16. The operations with highest priority are evaluated first, and opera
bons with equal pnority are evaluated in order from left to right

o has prionty 10
and have prionty B
+ and - have pnoeity 6

When - is used to neégate something, as when you write — 1, it has prionty
9. This is unary minus, as opposed to the Sinery minus in 3-1. (A unary
Operation has one operand, while a binary operation has two.) Note that on
the T/S 1000 you cannot use + as a unary operation

This order is absolutely rigid, but you can circumvent it by using parenthe-
5es. anything in parentheses 15 evaluated first and then treated as a single
number, s0 that

PRINT 3°2+42
gives the answer 6+ 2 =8, but
PRINT 3°(242)

-

gves the answer 34w 12

=¥
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A combmnation like thes is called an expression — in this case, an anthmetic
or numeric exprassion, because the answer is a number. in general, whenever
the computer IS expectng 8 number from you, you can gwe it an expression
instead and it will work out the answer

You can writé numbers with decimal points, and you can also use sciantific
notation. as s qQuite commaon on pockat calculators. In thes, after an ordinary
number (with or without a decimal point), you can write an exponent pért
consisting of the letter E, then maybe + or =, and then 8 number without
decimal point. The E here means "* 10", ("times 10 1o the power of”") so
that

23460=234"10""0 = 2.34
234E3 =234"10""3 = 2340
234E-2=234"10"-2 =0 0234 and 80 on

{Try printing these out on the T/S 1000.)

it will hedp to understand this if you /magine the exponent part shifting the
decrmal point along to the nght tfor a positive exponent) or to the left {for a
negative exponent)

You can also prnt more than one entry al &8 me, separating them with
aithar commas [ ) or samicolons |, on shifted X). If vou use a8 comma, the next
number will be displayed starting either as the left-hand margsn or in the
middie of the line in the 16th column. I you use a semicolon, the next
number will be displayed immediately following the last one. Try

PRINT 1,2:3.:4,5:6.:7,8:9.10
PRINT 1,2,.3.4,5.6,.7.8,9.10

to see the differences. You can mix commas and semecolons within a single
PRINT statement

Summary

Functions: +, =, °,/,
Expressions, scientific notations

Exercises
1. Try
PRINT 2 34EQ

PRINT 2 34E1
PRINT 2 34E2

and $O on up to
PRINT 2 34E15
You will see that after a while the T/S 1000 also starts using scientific
notation. This is because it never uses more than 14 spaces to wrnite a

number. Similarly, try
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PRINT 2 34E-1
PRINT 2 34E.2
and S0 on.
2 Tflr

PRINT 1.2,.3.4..5
A comma always moves you on toward the next number, Now try
PRINY 1..2:.3;:.4;...5
Why is a stning of semicolons no different from a single one?
3. PRINT gwves only B significant digits. Try
PRINT 4294867295,4294967295 -429E7

This proves that the computer can hold all the digits of 4294967295, even
though it s not prepared to desplay them all at once

4. 1 you have some log tables, test out this rule

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

For example, type
PRINT 12**0.3010
and look up the antdog of 0.3010. Why are the answers not exactly equal?

5. The T/S 1000 uses floating point arthmetc, which means that it keeps
separate the dwgits of a number lits mantisss) and the position of the point
the exponent). The answer 1s not always exact, even for whole numbers

Type
PRINT 1E10+1-1E10.1E10=1E1041

Numbers are held to about 9 1/2 digits accuracy, so 1E10 s 100 big to be
held exactly nght The inaccuracy (actuslly about 2) is more than 1, so the
numbers 1E1Q and 1E10+ 1 appear to the computer to be equal

For an even more peculiar example, type

PRINT 5E9+1-5E9

Here the inaccuracy in 5E9 is only about 1, and the 1 to be added on, in fact,
gets rounded up to 2. Here the numbers SE9+1 and 5E9+2 appear to the
computer to be agual

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 4,294 967,300
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Advanced Printing Techniques

You will recall that 8 PRINT statement has a hist of items. each one an
axpression lor possibly nothing at alll, and that they are separated by commas
or semicolons. | here are two more PRINT items used to tell the computer
not what, but wheve 1o print. For example, PRINT AT 11, 16.7"" prints a star
mn the middie of the acreen

AT line, column

moves tha PRINT position (the place where the next item is 10 be printed)
to the line and column specified. Lines are numbered from © (at the topl to
21, and columns from O lon the left) 1o 31

TAB column

moves the PRINT positon to the column specified. it stays on the same
ne, or, if thes would involve back-spacing. moves on to the next one. Note
that the computer reduces the column number modulo 32 it divides by 32
and takes the remainder), so TAB 33 means the same as TAB 1. For
exampie (to prnt out a Contents page heading|
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PRINT TAB 12, "CONTENTS AT 3.1
“"CHAPTER ' TAB 24: "PAGE

Some $Mad points

W You should normally use semicolons with thesa new items as we have
done above. You can use ¢ ommas (or nothing, at the end of the statement).
but this means that after having carefully set up the PRINT position you
immediately move it to either the left edge or the center of the screen

U Although AT and TAB are not functions, you have to type the function
key ishifted ENTERI to get them

i You cannot pnnt on the two bottom knes 122 and 23) of the screen
References to the “bottom line' usually mean line 21

vl You can use AT to put the PRINT position even where thers is already
something printed; the old stuff will be overwritten

Ihere are two more statements connected with PRINT. namely CLS and

SCROLL

CLS clears the screen (but nothing else)

SCROLL moves the whose display up one hne ’I-;:u,"*.g the top hnel and
moves the PRINT posityon 1o the h#;‘.lll"ir‘ln"u; of the bottom hine

To see how it works, run this program

10 SCROLL
20 INPUT AS

30 PRINT A%
40 GOTO 10

Summary
PRINT tems. AT. TAB
Statements CLS, SCROLL
Exercises
1. Try running this
10 FORI=0TO 20
Z0 PRINT TAB 8"
30 NEXT |

This shows what 18 meant by the TAB number's besng reduced modu 032
For a8 more nteresting example, changethe 8inlne 20t0a 6
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The Character Set

T —_ . 5
he etters, hQils, punciuatio IrKs anao
ind thay maka upD the alphabel, or characrer sel, that

50 On that can appeaar m $tNNgs
are called characters, &

the 7/S 1000 uses. Most of these characters are single symbo/s, but there

are some. called tokens that represent whole words, such as PRINT, STOP

** andsoox
- . — i
There are 2506 characters altogether, and each one has & code Detween L
and 255 A complete List of tham appears the Appendix To convert

between codes and characters, there are two | tions, CODE and CHRS

CODE s appled to a string and gives the code Of the st character in the

string lor © of the stning 8 amply

CHRS s applied to a number and gives the single character stning whose
ooe 15 that number

This program prnts out 1na entire Characier Se
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10 LET A=0Q

20 PRINT CHRS A

30 LET A=A+1

40 IF A< 256 THEN GOTO 20

At the top you can see the symbols ', £, $ and 50 on up to Z; a¥ appear on
the keyboard and can be typed in when you have the [N cursor  Further on
you can see the same characters, but in white on black linverse video! thesa
are also obtanable from the keyboard. If you press GRAPHICS (shifted 9)
the cursor will come up as (. this means graphics mode. If you type in 8
symbol, it will appear n its inverse wwdeo form, and this will go on untl you
oress GRAPHICS again. DELETE vwall have its usua! meaann 0. Be careful not
to lose the [ cursor among all the inverse video characters '.:"'i-' Ve Just Typed

When you've expenmented a Dit, you should sl have the character seat at
the top. f not, then run the program again. At the begin ning are space and
ten patterns of black, whrte and grey blobs . further on, there are eleven more
I'hese are called the graphics symbols and are usad for drawing peCtures You
can enter these from the keyboard, again using graphics mode laxceapt for
space, which 1s an ordmary symbol usang the [§ cursor: the black SqQupre 1%
nverse spacei. Use the 20 keys that have graphics symbols written on them
FOr mstance, suppose you want the symbol g®. which is the T key Press
GRAPHICS to get the (1 cursor; and then press shifted T. From the previous
gescription of the graphics mode, you would expect to get an mnverse video
symbol; but shufted T is normally < >, a token, and tokens have no inversas
S0 you get the graphics symbol g® instead
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Here are the 22 graphic symbols

Symbol

HE BN

Code

FJ

How obtaned

Qo8
SPACE

G

shiftegd 1

G

shited ¢

G

s haM

1 £
el

G

hifted

G

shted E

d
-
-
—Y
o
b

hifted D
G
= 4—:'—\— c

A
=
-
Cr
o

Eill /PN

o,

Code

_'.;

Chapter 13

HMow obraned

G
SPACE

G

shifted W

{.

sh*ted 6

E."lﬂﬁ-‘- H

G/

sh¥ind A

shifted Y

shifted 3

..-.‘hll-!..-.l—: .__1

G

chifted G

G

ek H'— - E

LR
[ ]
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Now look at the character set egan. The tokens stand out quite "|t"'ii'|‘|r N two
blocks: 8 small group of three IRND, INKEYS and PI) after Z, and a larger
group (starting with the quote image after £, and running from AT p 10

COPY)

he rest of the characters all seem to be This is actually just the way
they getl pnnited, the réal qQuesbon Mmark 15 between | and | Of the others
some are for control characters like EDIT and ENTER, and the rest are for

1AM

characters that have no special meaning for the 1S 1000 at all

Summary

Functions: CODE, CHRS

Exearcises

imagine the space for oneé symbol divided up into four quarters If
sach quarter can be ether black or white, there are 2°2°2'2 = 16 possibili-
pes. Find them all im the character set

2 imagine the space for one symbol dvvded iNt0 two honzontally If
éach halt can be Dlack, whute or gray, there are 37 3 9 possibdities. Find
i-u:;.m :H-III

3. The characters n axercse 2 ara gesignad 10 Dbée usad i Hhonrontal Dar
charts, using two colors, gray and black. Write a program that snputs two

numbers A A and B poth betwean 1: and 341 and draws a Dar chart 10r them

- -
A
. -
You will need to start off by printing "' . then change to esther O
m |, depending on whether A & more or less than B
What does your program do if A and 8 are not whole numbers? Or if they
are not in the range O 1o 327 A good user fnendly’” 1s the fas nabla
term — program will do somathing sensible and useful
4. There are two different all-gray characters on the keyboard, on A andH I

you ook at them closaly, you will see that the one on H 15 ke 2 minature
chessboard, while the one on A is like a sidaways chessboard If you print
them next o each other, you will Sée that they don t om up property. The one
on A 5 used to jom up naatly with and on S and DI, whereas the one on
H jons up neatly with 5 and ™ [on F and GI
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5. Run thes program

10 INPUT A
20 PRINT CHRS A,
30 GOTO 10

If you will experiment with it, you will find that for CHRS, A is rounded to
the nearest whole number. and if A is not m the range O to 255, the program
stops with report B, "integer out of range.”

6 Using the codes for the characters, we can extend the concept of “alpha-
Detical ordenng  to cover stnngs contanng any characters, not just letters
if, iInstead of thenking in terms of the usual alphabet of 26 letters, we use the
extended alphabet of 256 characters in the same order as their codes. the
prnciple i1s exactly the same. For instance, these strings are i alphabetical
order

_zn{;nmw"
"“{ASIDE]
'“123 TAXI SERVICE"
“AASVOGEL
Y ARID VI AIRK IS
“ZACHARY"
" DDRDVARK™

Here 15 the rule. First, compare the first characters n the two strings. I
they differ, the code of one of them is less than that of the other. and the
string of which it is the first character s the earlier lesser] of the two strings
if they are the same, then go on to compare the next characters. If n this
process one of the strings runs out before the other, that string = the earlier
otherwise they are obviously aqual

Tvpe in again the Program m exercise 5 of Chapter 7 the one that nputs
two strings and prints them i order; and use it 10 experiment

/. This program prints a screenful of random black and white graphics
characters

10 LET A=INT (16"RND)

20 IFA>=BTHEN LET A=A+120
30 PRINT CHRS A

40 GOTO 19

How |






Chapter 14
Graphics

Here are some of the more attractive features of the T/S 1000 they utihze
pixels \picture alements). The screen you use for display has 22 knes and 32
columns, making 22°32 = 704 character positions, each containing 4 pixels

A pixel 15 specified by two numbers, its coordinates. The first, its x-
coordinate, denotes how far it i1s across from the extreme left-hand columi
remember, X 1s ACROSSI|; and the second. its y-coordinate tells how far up
it s from the bottom. These coordinates are usually wntten as a paw
parenthes:s, so (0,0), (63, @), (0, 43} and (63, 43) are the bottom left
bottom rnight-, top left- and top right-hand corners

The statement!

PLOT x-coordmate v-coordeata
= ¥ -’ il gie

blacks in the pixel with these coordmates. while the statement

UNPLOT x-coordinate, y-coordinate
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blanks it out
Try this simple program

10 PLOT INT (RND*64), INT (RND"44)
20 INPUT AS
30 GOTO 10

Thas plots a random point each time you press ENTER
Here 18 @ more useful program. It plots a graph of the function SIN [a sine
wavel for values between 0 and 2 pi radians

10 FORN=~QOTO 83
20 PLOT N.22+20'SIN IN'32"PI)
30 NEXTN

This next one plots a graph of SQR (part of a parabolal between 0 and 4

10 FORN=0TO 63
20 PLOTN, 20°SQR IN/16)
30 NEXTN

Notice that pixel coordinates are different from the lne and column in an
AT item. You may find the diagram at the end of this chapter usefud in
working out pixel coordinates and line and column numbers

Exercises

1. There are three differences among the numbers in an AT item and pixel
coordmates, what are they/

Suppose a PRINT position corresponds to AT L, C (for line and column)
Prove to yourself that the four pixels in that position have x-coordinates 2°C
or 2°C+1, and y-coordinates 2*(21-L} or 2*(21-L)+1 |Look at
the diagram.|

4 Alter the simple program 30 that it frst fills the screen with black (a black
square % an inversa wdeo space), and then unplots random points. If you
have only 1K of memory the standard machene without extra memory —
you will find yourself running out of space and will have to alter the program
s0 that it usas only part of the screen

3. Modify the SIN graph program so that before plotting the graph itself it
prints 8 hornzontal line of "="'s for an x-axis and a vertical ine of *'/"'s for
2 y-axis

4. Write programs to plot graphs of more functions: e.g, COS, EXP. LN
ATN, INT and 30 on For eah one, you must make sure that the graph fits the
scraen, so0 you will need to consider

U} over what range you are going to take the functions {corresponding to
the range O to 2 pi radians for the SIN graph

64
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al  where on the screen to put the x-axis (corresponding to 22 in line 20 in
the SIN graph program)

ail how to scale the y-axis of the graph (corresponding to 20 in line 20 of
the SIN graph program)

YOU W find that COS s the easiest — it's iust like SIN
:r"' q mtms
10 PLOT 21.2
20 PRINT "HEAVY QUOTES"
30 PLOT 48 ;-

PLOT moves the PRINT position to the first space after the PLOT locatic
IUNPLOT does too

a] ws SubIg neé draws 2 fairty straight hine from the pixel 1A, 8l to the pixe
e e : "

C.D ﬂﬂ"‘”FW"w‘cvhw‘"fr“T'?ﬁLwT"m'hd;Wan'Pﬂ..:“ﬂxﬂ B,.C.D
It wOu ) O Rave 3 Memory axpansson board then you well probatdy neaed 1o

1000 LET | =.. i

1005 REM | OWS HOW MANY STEPS OVER
WENEED TO ,L"

1010 LET .-'_.’. B

! : 15 REM V SHOWS HOW MANY STEPS UFP
1020 LET D1 X=SGN

10 tEr D1Y=SGN \

1035 REM DI1X.D1Y) IS A SINGLE STEP IN A DIAGONAL

DIRECTION

1040 LET D2X=SGN

--\.-"

| WLL=Y

1 iIANE ™ ) % -

050 LET D2Yw=(

1065 REM (D2X,02Y) IS A SINGLE STEP LEFT OR RIGHT

1060 LET M=ABS |

1070 LET N=ABS \

1080 IFM>NTHEN GOTO 1

1090 LET D2X=0

1100 LET D2Y=8GN \

1105 REMNOW (D2X.D2Y) IS A SINGLE STEP UP OR DOWN
1110 LET M=ABS \

1120 LET N=ABS |

30 REM M IS THE LARGER OF ABS U AND ABS V_ N IS THE
:.:..-P-.'!;'«. LER

1140 LET S=INT IM/ 2

—
=
&

1145 REM WE WANT TO MOVE FROM IAB) TO ICDI IN M

TEPS USING N UP-DOWN OR RIGHT-LEFT STEPS D2. ANC
'.,‘ Iﬁ‘ :_Jl:'-'.:l: ?..‘:,L Pl | EPS D1 "M | IBIL A G [ JENLY ‘&1
P CIR
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1160 FORN=OTOM

1160 PLOT AB

1170 LET S=5+N

1180 WS<MTHENGOTO 1230
1190 LET S=S-M

1200 LET A=A+D1X

1210 LET B=B+D1Y

1215 REM A DIAGONAL STEP
1220 GOTO 1259

1230 LET A=A+D2X

1240 LET B=B+D2Y

1245 REM AN UP-DOWN OR RIGHT-LEFT STEP
1250 NEXTN

1260 RETURN

The last part (knes 1150 on)
muxés the M—N steps D1 evenly
with the N steps D2. Imagmne a
Monopoly board with M squares i ] - N
around the edge, numbered
from O to M=1. The square you |

are on at any tma s number S 1 1
starting at the comer opposite i
GO, Each move takes you N 5 '

sQuares around the board, and
n the straight line on the screen
you make esther a left-rnght / up-

down step f you pass GO on | )
the boardl, or a diagonal step

otherwise. Since your total jour- 26 _ <

ney on the board is M*N steps " | CO

or all the way around N times.
YOu DBss GO N times, and even
ly spaced out in your M steps
are N left-right / up-down steps

Adjust the program so that if another parameter, . is 1, the lne s drawn n
black {as herel. and if it is O, the line s drawn in white {using UNPLOT). You

can then gelete a line you've just drawn by undrawing it




LOT

RINT

i B






Chapter 15
Functions

Mathematically, a functon is a rule for giving a number (the resu/f) in
exchange for another (the argument, or operand! and S0 i$ replly a unary
operation. The T/S 1000 has some of these built into it thair names are the
words written under the keys. SQR, for instance, is the familiar square root

function, and

PRINT SQR 9
gives 3, the square root of 9. (To get SQR, you first press the FUNCTION
key shifted ENTER. This changes the cursor to {3 Now press the SQR
key (H): SQR appears on the screen, and the cursor changes back to (§. The
same method works for all the words that are written underneath the keys

nearty all of whech are functon names |
Try

PRINT SQR 2
YOou Can tést the accuracy of the answer by

69
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PRINT SQR 2°SQR 2

which ought to give 2 Note that both SQRs are worked out before the *, and
n fact all functions |except one — NOT) are worked out before the fve
operations +, —, ° and ** Agan, you can circumvent thes rule using

parentheses
PRINT SQR (2°2]

ves 2

’ Here are some more functions (There is a complete list in Chapter 21}, ¥

your math is not up to understanding some of these, it doeésn t matter — you

will still be able to use the computer

SGN The sign function [sometimes called signum to avold confusion with
SIN). The resultis =1, 0 or +1 according to whether the argument is
negative, zero or positive

ABS The absolute value, or modulus. The result is the argument made
positive, SO that

ABS ~-32=ABS 32 =32

SIN

COS

TAN I'he tngonometric functions. These work
ASN arcsn in radians, not degrees

ACS arccos

ATN arctan

LN natural logarithm (1o base 2. /18281828 _, alias e
EXP exponental function

SQR square root

INT integer part. Thes always rounds down, so INT 3.9 = 3 and
INT -39 = -4 (An integer i 8 whole number, possibly
negatve |

Pl r o= 3141569265 the circumference in inches of a crcle

one nch across. Pl has no argument. {Type function = under
the M key |

RND Nedther has RND an argument. It yelds a random number
bétween O lwhich value it can take) and 1 fwhech ot cannot)

All these except Pl and RND sre unary operations with pnority 11, (Pl and
RND are nullary operations, because they have no operands |

The tngonometne functons, as well as EXP, LN and SQR, are generally
calculated to 8 digits accuracy

RND and RAND - These are both on the same key, but whereas RND s a
function, RAND 5 a keyword, like PRINT. RAND s used for controling the
randomness of RND

RND is not truly random, but instead follows a fived sequence of 65536
numbers that happen to be so pumbled up as to appear random (RND is
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pseudo-random). You can use RAND to start RND off at a definite place in
this sequence by typing RAND, then a number between 1 and 65535, and
then ENTER. It's not so important to know where a given number starts RND
off, as that the same number after RAND will always start RND off at the
same place. For instance, type

RAND 1 and ENTER)
and then
PRINT RND

and type both these in turn several times (Remember to use FUNCTION to
get RND ) The answer from RND will always be O 0022735596, not a very
random saquence

RAND ©

lor you can leave out the Q) acts s! ghtly differently. it determines where to
start RND off by how long the television has been on, and this should be
genumnealy random

Note: In some dualects of BASIC you must always enclose the argument of a
function in brackets. This is not the case n Sinclair BASIC

Summary

Statement. RAND
Functions: SGN, ABS, SIN, COS, TAN, ASN. ACS, ATN. LN. EXP. SQR.
INT, Pl, RND

Exercises

1. To get common loganthms (to base 10), whsch are what you'd look up in
log tables, divide the natural loganthm by LN 10. For exampie, to find log 2,

PRINTLN 2/LN 10

whach gives the answer 0. 30103

I'ry doing multiplication and dwvision using logs, using the T/S 1000 as a
sat of log tables in this way. Check the answers using * and The direct way
15 More accurate

2. EXP and LN are /nverse functions in the sanse that if you apply one and
then the other, you get back to your origmal number  For instance,

LNEXP 2 =EXPLN2Z2=2

"
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The same also holds for SIN and ASN, for COS and ACS. and for TAN and
ATN. You can use this to test how accurately the computer works out these
functions

3 m rachans are 180° To convert from degrees to radians, you divide by
180 and multiply by = . thus

PRINT TAN 145/ 180"P1)

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

4. Try
PRINT RND

a few times to see how the answer vanes. Can you detect any pattern?
{Unhkely |

How would you usa RND and INT to get a random whole number between
1 and 6, to represant the throw of a die? (Answer INT IRND *6) + 1)

5. Test this rule
Suppose you choose a number between 1 and 872 and type

RAND and then your number (and ENTER|
The next value of RND will be
{756 * lyour number + 1] - 1] / 65536

6. (For mathematicians only |
Let p be a llargel prime, and let a be a prsmstive root modulo p
Then if b is the residue of a modulop (1 <=h < = p=1)}, the sequence

b-1
p-1

15 8 cychcal sequence of p — 1 distinct numbers in the range O to 1 (excluding
1). By choosing a suitably, you can make these look fairly random

65537 is a Mersenne pame, 2'°-1. Use this, along with Gauss's law of
quadratic reciprocity, to show that 75 is a primitive root modulo 65537

The T/S 1000 uses p=65537 and a=75, and stores some arbitrary b~ 1 in
memory. The function RND involves replacang b—1 in memory by b, -1,
and yelkding the result b, , -1/ (p—=1). RAND n lwith 1 < = n < = 6§5535;
makes b equal ton+

-

/. INT slways rounds down To round 1o the nearest integer, add © 5 first

For instance.
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Time and Motion

Sometimes you will want to make the program take a specified length of
ume, and for this purpose you will find the PAUSE statement usafu

PAUSE r

stops computing for n frames of the televiswon lat B4 frames per sacond!. n
can be up to 32767, which gves you just under 11 minutes; i
bigger, it means 'PAUSE forever

You can Biways cut » pause short Dy pressing a key inote that a space, Or i
will cause a break as we You have to press the key down after the pause
has started

At the end of the pause, the screen will flash
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Thes program works the second hand |here just a single dot on the edge) of
B ClOCK
5 REM FIRST WE DRAW THE CLOCK FACE
10 FORN=1TO 12
Z0 PRINT AT 10=10°COS IN'E°PI), 10410°SIN IN6"P1). N
30 NEXTN
35 REM NOWWE START THE CLOCK
40 FOR T=0T70 10000
45 REM T IS THE TIME IN SECONDS
50 LET A=T/30"P1
60 LET SX=214+18"SIN A
70 LET SY=22+18"COS A
200 PLOT SX.SY
300 PAUSE 42
310 UNPLOT SX.SY
400 NEXT 1

This clock will run down after about 2 3/4 hours because of ing 40, but
you can easily make it run longer. Note how the timing is controlled by line
30Q. You might expect PAUSE 60 to make 1 tick once a second, but the
computing takes bme as well and has to be allowed for. This 15 best done by
tnal and error, timeng the computer clock aganst a real one and adjusting line
JOQ until they agree (You can’t do this very accurately; an adjustment of one
frame in one second 18 2% or half an hour in a day)

The function INKEYS$ (which has no argument} reads the keyboard. If you
are pressing exactly one key, the resultl = the character which that key gives
in 8 mode; otherwise the result is the empty string. The control characters
do not have thew usual effect, but give results ke CHRS 118 for ENTER —
they are printed as " 7'

Try this program, wihsch works like a typewriter

10 IFINKEYS < >""THEN GOTO 10
20 IF INKEYS =" THEN GOTO 20
30 PRINT INKEYS

40 GOTO 10

Here line 10 waits for you to kft your finger off the keyboard and line 29
waints for you 10 press a new key

Remember that unlike INPUT, INKEYS doesan 't wait for you. So don’t type
ENTER, on the other hand, if you don’t type anything at all, you have messed
your chance. In thus program, ine 10 “waits for you" by the GOTO 10
repettion if no kéy 15 pressed
Exercises
1. What happens if you leave out line 10 in the typewriter program?

2. Why can’t you type space or £ in the typewriter program?

G
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Here is a modified program that grves you a space f you type cursor night
(shifted 8|

10 IFINKEYS < > """ THEN GOTO 10
20 IF INKEYS="""THEN GOTO 20
30 LET AS=INKEYS
40 IF A3S=CHRS 115 THEN GOTO 110
90 PRINT AS
100 GOTO 10
110 PRINT ' ',
120 GOTO 10

Note that we read INKEYS into AS in line 30. It would be possible to omit
this and replace AS by INKEYS in ines 40 and 90, but there would always be
a chance that INKEYS could change between the lines

Add some more program so that «f you type ENTER ICHRS 118) it gives
YOu a new hine

3. You can also use INKEYS in conjunction with PAUSE, as n this alterna
tive typewnter program

10 PAUSE 4000
20 PRINT INKEYS
30 GOTO 10

To make thes work, why is it essential that a PAUSE not finish if it finds you
airgady pressing a key when it starts?

This method has the dlﬁdlj\'d“'..ﬂ:lt‘! that the screen flashes. but in fast mode
it 1S the only way of doing it 'When you run a program in fast mode, notice
that the computer uses the pause to display the television pecture
4 The following program makes the computer display a number, which you
or an innocent victm! must type = reponse. o begn with, you have a
second to do it in, but if you get it wrong, you get a longer time for the next
number, whereas if you get it ngnt, you get less tima for the next one, The
1383 15 10 get it going as Tast as possible, and then press Q to find your score
- the higher the better

10 LET T=60
15 REM T=NUMBER OF FRAMES PER TURN —
INITIALLY 80 FOR 1 SECOND
20 LET AS=CHRS INT IRND*10+CODE "'0")
30 REM AS IS A RANDOM DIGIT
40 PRINT A%
50 PAUSE T
60 LET BS=INKEYS$
0 IFBS="Q" THEN GOTO 200
O IF AS=BS THEN GOTO 150
S0 PRINT “NO GOOD™
100 LET T=T"11
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110 GOTO 20

150 PRINT QK’

160 LET T=7'0.9

170 GOTO 20

200 SCROLL

210 PRINT "YOUR SCORE IS ""INT (500. 1

0. Forfun.) Try this

O IFINKEYS = """ THEN GOTO 10
20 PRINT AT 11,8, "KEYBOARD TOUCHED
30 IFINKEYS < >""THEN GOTO 30
40 PRINTAT 1114
50 GOTO 10
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Arrays

An array 15 a2 set of variables, or slements, all wath the same name and
distnguished only by 8 number (the subscnptl written mn parentheses after
the name. For example,the name could be A (hke control vanables of FOR -
NEXT loops, the name of an array must be a single letter], and twelve
vanables would then be A{1], Al2). and so onup to AlT12

The elements of an array are called subscripted vanables, as opposed to
the simpie vanabie you are aready 1amibar w th

Before yOu can use an array you must resernve Some space for it msada the
computer. To do this you use a DIM for dimension) statement

DIM ALY 2]

sots up an array called A wath dimension 12 (e, there are 12 subscnpted
vanables All) Al12)). and initializes the 12 values 10 0. It also deletes any
array colled A that existed previously. [But not a simple variable. An array and
a ssmpke numencal vanable with the same name can coexsst, and there
shoulcdn 1 be any confus:On batwean tham, bacause e array vanable AW ays

has a subscnpt. |
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The subscrpt can be an arbitrary numencal expression, S0 NOwW yOu Can
write

10 FORN=1TO 12
20 PRINT AIN)
J0 NEXTN

You can also set up arrays with more than one dimension. In a two-
gsmensional array you neéd two numbers to specify one of the elements —
rather like the ine and column numbers to specify a character position on the
television screen — so it has the form of a table. Alternatively, if you imagine
the line and column numbers (two dimensions) as referring to a printed page.
you could have an extra dimension for the page numbers. Of course, we are
talking about numenc arrays; the slements would not be printed characters
as m 3 book, but numbers. Think of the elements of a three-dimensional array
C as being specified by C {page number, ine number, column number)

For example, to set up a two-dimansional prray B wath dimension 3 and 6.
yvou use a DIM statermment

DIM B(3.6)

Thes then gwes you 3°6 = 18 subscripted variables

B(1,1), B(1.2) 8(1.6)
B(2,1), BI22), . BI(2,6)
B(3,1), BI(3,2) B8(3.6)

The same principle works for any number of demensions

Although you can have a number and an array with the same name, you
cannot have two arrays with the same name, even if thay have different
numbers of dimensions

There are also str ng arrays. The strings n an array differ from simple
stnngs in that they are of fixed length, and assignment to them is always
Procrustean. Another way of thinking of them s as arrays (with one extra
dimension) of single characters. The name of the string array is a single letter
followed by $§. and a string array and a simple string vanable cannot have the
same name (lunlike the case for numbers)

Suppose, then, that you want an array AS of five strings. You must decide
now long these strings are to be — let us suppose that 10 characters each is
Ong enough. You then say

DIM AS(5,10) itype this inj



Thussetsupa ® * 10 array of characters, but y

a8 DEINg a stnng

yu can also think of each row

ASil) = ASI1,T AS(1.2 AS(1.10
ASI2) = ASI2.1 AS(2.2) ASIZ2.10
A$(S) A$I5.1] AS(5,2 AS(5.10
{ vOu Fve the $ame number of sub sCripts Itwo i this casal as there weare

dimensions in the DIM statement
the last one, you get a hixed-length stning

LT i:itf‘ A %N
i® P

character in the stnng ASLZ) using the sicmg

this as ASIZ Now type

LET A$(2)=""1234567890

leNT 4";,‘:- . ;h:._.';-.- 7
1234567890 '

ror the ast subscnipt (the oneé vou can omit

that. for axampile

f“':‘TDE.‘ "':"'E-';.J-

N

A 47T08
Hemember

N 8 stnng array, all the stnings have the same

The DIM statemment has an axtra numbes
Il':""]':}‘_'.l

When you write down a subscripted varable
N 8N éxtra Number, Or

DIM statement

a sheer. 10 correspond

Summary

So, for instan

ghe character, but of you omit
e, AL, /) s the 7th

fnotation we coulkd also write

you can aiso have a slice so

specily this

for 8 sty g array, you can put

with the extra number in the

Arrays Ithe way the T/S 1000 handles string arrays is shghtly nonstan-

gard)
Statements

DIM

Exercises

1. Set up an array M$ of twelve strings in wi
month

wch M3 is the name of the
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2. [Hint. the DIM statement will be DIM MS$(12,9)) Test it by printing out
all the MS(D (use a loopl. Type

PRINT "NOW IS THE MONTH OF ", M$(5);"ING"";: “WHEN TINY
TOTS ARE PLAYING"

What can you do about all those spaces?

2. You can have string arrays with no dimensions. Type
DIM AS(1Q)

and you will find that AS behaves just like a strng variable, except that it
always has length 10, and assignment to it is always Procrustean

3. READ, DATA and RESTORE

Most BASICs (but not Sinclair BASIC) have three statements called READ.
DATA and RESTORE

A DATA statement is 8 st of expressions, and taking all the DATA state-
ments in the program gives one long kst of expressions, the DATA /st

READ statements are used 10 assign these expressions. one by one, to
vanables

READ X

for instance, assigns the current expression i the DATA list to the varable X
and moves on to the next expression for the next READ statement

{RESTORE moves back to the beginning of the DATA kst )

In theory, you can always replace READ and DATA statements by LET
statements, however, one of their major uses is for initializing arrays, as in
this program:

5 REM THIS PROGRAM WILL NOT WORK IN SINCLAIR BASIC
10 DIM M$1(12,3)
20 FORN=1TO 12
30 READ MSIN)
40 NEXTN
50 DATA “JAN".“FEB”,"MAR",”"APR"
60 DATA "MAY" " JUN" "“JUL"," AUG"
70 DATA "SEP”,”OCT","NOV","DEC"

If you want to run this program only once, you might well replace line 30 by
30 INPUT MSIN)

and you won't have any extra typing to do. However, if you want to save the
program, you certainly won 't want to type in the months everytime you run it

We suggest that you use this method

B2
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ul  Inetiakze the array using a FOR-NEXT loop and an INPUT statement as
gescnbed above

Uil Delete the FOR-NEXT loop and the INPUT statement (But not with
NEW, because you want to preserve the array }

Wil Type n the rest of the program and save it. Thas will save the vanables
as well, mcluding the array

vl When you load the program back, you will also load the array

vl When you run the program, do not use RUN, which clears the vari-

ables. Use GOTO instead -
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Strings
Une thung the 1/'S 1000 can do that pocket calc 1tors cannot do s daa

PRINT “"HI THERE. | AM YOUR T/S 1000 (" s shifted P

- ha l.:,E

b3

ung mside the quotes S caled a sinng Imeéamng a string of

Characters: and Can contamn any characters you ike except the string guote,

But you can use the so-called guore image ghalted QU and this will be
prnted as )
A common typing error with strings 18 to leave out one of the guotes this

will give you the &l marker
f you are printing numbers out, you can use these stnings to explain what
the numbers mean. For instance, f vou own a sportings good store. you

might type

"
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and than

PRINT “"THE PRICE OF GOLF BALLS IS *;
PRICEGOLF;” PER DOZEN."

(Don’t worry if this runs over into a second line )

This statement displays three PRINT items: the string "'THE PRICE OF
GOLF BALLS IS."” the number 12 50 (the value of the vanable PRICEGOLF),
and then the stnng “"PER DOZEN.” In fact, you can PRINT any number of
items and any mixture of strings and numbers (or expressions). Note how the
Spaces n 3 stnng are just as much part of it as the letters. Thay are not
gnored even at the end

There are lots of things you can do with strings

You can assign them to vanables. However, the name of the vanable must
be special to show that its value i1s a stnng and not a8 number. it must be a
Slf‘lglﬁ' letter followed by § Ishifted U). For example, type
LET AS="BASKETBALL UNIFORM'
and
PRINT AS

2. You can add them together. This is often called concatenation, meaning
‘chaining together,  and that s exactly what it does. Try

PRINT "JERSEY" + “"AND SHORTS"
Note that you are missing a space. Now try
PRINT “JERSEY" 4+ ' AND SHORTS"™
Notice the space before AND
You cannot subtract, multiply or divide strings, or raise them 10 powers
3. You can apply some functions 10 strings to get numbers, and vice versa

LEN This is apphed to a string, and the result is its length (the number of
characters m the stnngl. For instance

LEN "GLOVES" =8
LEN "BATS " =4

VAL This applied to a string. evaluates that string as an arithmetic expres
sion. For instance (if A=9), VAL “1/2 + SQRA" = 3.6. If the string to
which VAL is applied contains variables, then two rules must be
obeyed

W) If the VAL function is part of a larger expression, it must be the first

88



Chapter 18

item; eg. 10O LET X = 7 + VAL "Y' must be changed to 10 LET X = VAL
"Y' e}
ml VAL can only appear in the first coordnate of a PRINT AT, PLOT or
UNPLOT statement
isee Chapters 12 and 14) e g

10 PLOT 5, VAL "X must be changed to
10 LET Y = VAL "X"
15 PLOTS. Y

STR$ When this is applied to a number, tha result is what would appear on
the screen If the number were dsplayed by a8 PRINT statement. For
nstance STRS 35 ="35°

4. Just as for numbers, you can combine these to make siring expressions,
e

VAL ISTRS LEN "123456" -

#

which is evaluated as
VAL _ STRS LEN "123456 dq

VAL (STRS € 4

I

VAL {'B

s

VAL |I'6

Summary
Operation. + [for strings)

Functions: LEN, VAL, STRS

Exercises
1 r.’,m-_
LET AS=""242"

and then



Cr _;jl_bl-l_:l' 1 E‘

PRINT AS.” = " VAL A%
I'ry changing A$ to more complicated items and doing the same: e g

LEN AS="ATN 1°4

(The answer here should be =

2. The string """ with no characters is called the empty or null stnng. Itis the
only st ng whose length i1s @ Remember that spaces are significant and an
empty string s not the same as one contaming spaces

Do not confuse it with the gquote mage 8 single token, shifted Ql. This
$ § special gevice 10 allow for the fact that you cannot writé an ordinary
stnng quote in the middle of a string (why not?). When the quote image
appears in a stnng that has its quotes at the end (for instance, in the listing of

a program), it shows up as two quote symbols, to distinguish it from th
ordingry quote, but when it is displayed by 3 PRINT statement. it is as

ona gquote symibol

- I}

PRINT "X X"
3 Type

PRINT "2+2="":2+1
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Substrings

Given a stnng, 8 substring consists of 8 number of consecutive characters
from it. taken in sequence. Thus “"STRING" is a substring of "BIGGER
STRING,” but "BSTING" and "'BIG REG" are not

There s a notation, called sicing, for describing substrings which can be

appued 1O arbitrary String expressions '@ general form is

string expreassion (start TO 1
or nsiance

ABCOEF" (2TO 5 BCDE

{ you omit the start. then 1 s assumed, if you omet the finish

the length of the string 1$ assumed. Thus

“ABCDEF” ITOS5) = ~“ABCDEF'(1TOS = “ABCDE"
ABCDEF” (2TO) = “ABCDEF" (27O 6) BCDEF
‘ABCDEF"” (TO) ABCDEF" (1 TOB) = “ABCDEF
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(For what it's worth, you can also write this last one as "ABCDEF" () )
& shightly different form omuts the TO and has pist one number

“ABCDEF™ (3) = “ABCODEF' (3t03) = “C”
Although normally both start and fiesh must refer to axist ng parts of the
string, this rule is overndden by another one: if the start is more than the
fimish, then the result is the empty string. So

‘"ABCDEF" (5 to 7)

gives ermor 3 (subscript error] because, snce the string contains only 6
characters, 7 is too many, but

‘ABCDEF” (Bto 7] =
and "ABCDEF " (1t0 Q) =

The start and finish must not be negative, or you get error B
I has next program makes BS equal to AS. but omitting any trailling spaces
10 INPUT AS

20 FOR N=LEN ASTO 1 STEP -
30 IFASIN) 10 <> """ THEN GOTO 5¢

40 NEXTN

50 LET BS=A%({ TON

E'E:. FHINT ErlE] ‘.As. STi0 12 TIt AL, H$ ddnan
70 GOTO 10

Note that if AS is entirely spaces, then in line 50 we have N=0 and AS | TO
NN=AS(1TO O} =""

For string variables, we can not only extract substr ngs. but also assign
substitute characters to them Fu_’}( nstlance type

10 LET AS="THATISFAROUT"
and then 20 LET ASI5 TO B)=‘"rerere
and 30 PRINT AS

Notice that since the substring AS (5 TO 8] is only 4 characters ong, only
the first four stars have been used. This is a charactenstic of assigning to
substrings: the substring has to be axactly the same length afterwards as it
was before To make sure this happens, the stnng that is being assigned to it
15 cut off on the right if it is 100 long. or filled out with spaces if it is too short
This is called Procrustean assignment

if you now change lnes 20 and 30 10

20 LET AS(="TERRIFIC"
and 30 PRINT AS," "

90
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you will see that the same thing has happened again (this time with spaces
put in| because A$(l counts as & substnng

20 LET AS="TERRIFIC

will place the penod properly (but the string m ine 10 has been replaced by
the one n 20)
Shcing may be considered as having priority 12, so, for instance

LEN “ABCDEF"(2TO 5) = LEN ["ABCDEF'(2TO 5]l = 4

Complicated stnng expréssions will need parentheses around them before
they can be sliced, For example

"ABC+"DEF'IITO 2) = "ABCDE"
("ABC ' +"DEF'I[1 TO 2] = "AB"

Summary

Slicing, using TO. Note that this notation is used only on the T7/S 1000

Exercises

1. Some BASICs (not the Sinclair BASIC) have three functions, called LEFTS.
RIGHTS & MIDS

LEFTS(AS.N) gives the substring of AS consisting of the first N characters

RIGHTS(AS.N) gives the substring of AS consssting of the characters from
the Nth on

MIDS(AS N1,N2| gives the substring of A% consisting of N2 characters
starting at the N1th

How would you write these in Sinclair BASIC?

2. Try this sequence of commands

10 LET AS=""X"4*Y"
20 LET AS(2)=CHRS$ 11
30 LET AS(4)=CHRS 11
40 PRINT AS

AS is now a string with string quotes mside it! So you can do this if you
work hard enough, but if you had onginally typed

10 LET ASm X" +"Y"
the part to the nght of the equals sign would have been treated as an

expression, giving AS the value " XY."”
Now type

g1
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50 LET BSm X" 4" Y"
60 PRINT BS

You will find that although AS and BS look the same when printed out, they
are not equal — try

70 PRINT AS=BS

The computer responds with Q" (the equation is false), because BS con-
tains mere quote image characters (with code 192), while AS contains genu-
ine string quote characters lwath code 11)

3. Run thes program

10 LET AS="LEN ""ABCD""™
100 PRINT AS,"=" VAL AS

Thes will fail, because VAL does not treat the quote mage "' as a stnng
quote

insert some extra lines between 10 and 100 to reptace the guote images n
AS by string quotes (which you must callCHRS 11), and try agan

4. Type in the subroutine that gnores trailling spaces, and write and run 3
program that uses it

5 This subroutine deletes every occurrence of the string “SUPERMAN"
from AS

1000 FORN=1TOLEN AS—7
1020 IF ASIN TO N4 7)=""SUPERMAN"' THEN LET ASIN TO
N+ "r:: -------- ™
1930 NEXT N
1040 RETURN

Write a program that gives AS various values le.g. "SUPERMAN IS
o> THONG ) and applies the subrouting. Notice that "SUPERMAN" does not
have 10 be the hirst word in AS

e
ka2
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Sinclair BASIC Print Commands

.-- L -"p- I LFR 28 e -Il—l = 1 i s ™ -Iili-l‘:.l- fe [

- B FaTale
printer with vyou {

I'he first two, LPRINT ar

they

ILLIST, are just ke PRINT

8 the o a0

] I
| LS } A T - - - r
Wwran F'*'_'LI_ fids eg b - 10 Ssed an esacing Ir;--""-"- Al

) television, $0 PRINT really did mean print. If

W'l 59 1 -+'rf 1851

LPRINT statement meaning “Line printer PRINT

10 LPRINT “THIS PROGRAM
20 LLIST

310 LPRINT PRINTS OUT THE CHARACTER
40 FORN=0TO 255

50 LPRINT CHRS N

60 NEXTN

he third statement, COPY, prnts out a copy of the televis



Chapter 20

instance, get a ksting on the screen of the program above, and type

COPY

You can always stop the printer when it is running by pressing the BREAK
key (spacel

I you execute these statements without the printer attached, you will
usually lose the output and proceed 10 the next statement However, some-
times the computer will get hung up. and you will need to use the BREAK key
to rescue 1t

Summary
Statements: LPRINT, LLIST, COPY

Note: None of these statements s standard BASIC, although LPRINT is used
by some other computers

Exercises

1. Try this

10 FORN=31TOOSTEP -1
20 PRINT AT 31 -N.N.CHRS ICODE "0" + N,
J0 NEXTN

You will see a pattern of letters working down diagonally from the top
nght-hand comer until it reaches the bottom of the screen, when the program
stops with error report 5

Now change ‘AT 31=-NN n line 20 10 ‘TAB N'. The program will have
axactly the same affect as before

Now change PRINT in ine 20 to LPRINT. This time there will be no error 5,
which should not occur with the printer, and the pattern will continue an extra
ten knes with the digits

Now change "TAB N' to "AT 21 ~N.N’ still using LPRINT. This time you will
get just a single line of symbols. The reason for the difference is that the
output from LPRINT is not printed smmediately, but arranged in a buffer
store, a picture one line long of what the computer will print

)  when the buffer s full

il after an LPRINT statement that does not end in a comma
Of semucolon,

b when a comma or TAB item requires a new line,
or livl atthe end of a program, if there is anything left unprinted

Number i} explams why our program with TAB works the way it does. As

for AT, the ine number & ignored and the LPRINT positon (ke the PRINT
position, but for the printer mstead of the television) is changed to the column

94
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number. An AT tem can never cause a line to be sent to the printer
VActually, the line number after AT s not completely ignored, it has to be
between =21 and +21 or an error will result. For this reason it s safest
shways to specify bne 0. The temn AT 21<NN" in the last version of our
program would be much better (although less illustrative) f replaced
by ‘AT QN')

2. Make a prnted graph of SIN by running the program = Chapter 16 and
then using COPY

15
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Chapter 21
The T/S 1000
for Those Who Understand BASIC
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Speed

The machine works at two speeds, called compute and display moge and
fast mode

in compute and display, the TV screen is generated continuously, and
computing is done dunng the blank parts at the top and bottom of the picture

In fast mode the television picture is tumed off during computing and s
displayed only at the end of a program, while waiting for INPUT data. or
during a pause (see PAUSE)

Fast mode runs about four times as fast and should be used for programs
with a lot of computing as opposed to output, or when typing in long pro-
grams

Switching between speeds is done with the FAST and SLOW statements
igwv)

The keyboard

T/S 1000 characters comprise not only the single symbols lletters, digts,
etc.!, but also the compound rokens keywords, function names, etc.. these
are printed hare in BOLD TYPE), and all are entered from the keyboard rather
than being spelled out. To fit thes in, some keys have up to five distinct
meanings, given partly by shifting the keys (e, pressing the SHIFT key at the
same time as the required onel and partly by having the machine in different
modes

The mode is indicated by the cursor, an mverse video letter that shows
where the next character from the keyboard will be mserted
[3 mode (for keywords) occurs automatically when the machine is expecting
a command or program line (rather than INPUT datal. and from this position
on the line it knows it should expect a ine number or a8 keyword. This is a1 the
beginning of the line, or just after some dgits at the beginning of the ne, or
just after THEN. If unshifted. the next kay will be interpreted as either a
keyword (these are wntten above the keys) or a digit
3 mode (for lettersl normally occurs at all other times. If unshifted, the next
key will be interprated as the main symbol on that key

n both [3 and [§ modes, a shifted key will be interpréted as the subscchary
red character in the top nght-hand corner of the key
@ mode (for functions! occurs after FUNCTION (shifted ENTER) s pressed
and lasts for one key depresson only. That key will be interpreted as a
function name, which appears under the keys
(@ mode for graphics occurs after GRAPHICS (shifted 9) is pressed and lasts
until it 18 pressed again. An unshifted key will grve the inverse video of s [
mode interpretation. A shafted key will as well, provided that it 5 3 symbol:
but if the shifted key would normally give a token, in graphics mode it will give
the graphscs symbol that appears in the bottom right-hand comer of the key

The screen

This has 24 lines, each 32 characters long. and is divided nto two parts
The top part s at most 22 hnes, and desplays either a listing or program
output. The bottom part, at least two lines, is used for inputting commands
program hknes and INPUT data, and also for displaying reports

Keyboard input. this appears n the bottom lines of the screen as it s
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typed. each ch dr.:u,h:r (single symbol or compound token) being ins serted just
before the cursor he cursor can be moved left wath ishifted 5) or nght
with ishifted B). The character before the cursor can be removed with
DELETE Ishifted 0. (Note: the whole line can be deleted by typing EDIT
ishifted 1) followed by ENTER.)

VWhen ENTER is pressed, the line 1s executed, entered into the program, or
used as INPUT data as Appropnate. uiess i contans a syntax emar, m whach
case the symbol E] appears just before the @rror

As program lines are entered, a listing is displayed in the top half of the
screen. The last line 10 be entered is called the current line and is ndicated by
the symbol B, but this can be changed by using the keys © (shifted 6) and
ishufted 7). if EDIT (shifted 1) is pressed, the current line is brought down to
the bottom part of the screen and can be edited

When a command is executed or a program run, output is displayed in the
top half of the screen and remains until a program line is entered, or ENTER is
pressed wath an empty line, or < or < s pressed. In the bottom part appears
2 report of the form m/n, where m is a code showing what happened (see
Report Codes), and n is the number of the last line executed — or O for 2
command The report remans until a key is pressed (and indicates [3 mode)

In certain circumstances, the SPACE key acts as @ BREAK stoppng the
computer with report D. Thus is recognized

Wl atthe end of a statement while a Program s running

Wl while the computer is looking for a program on tape,
or il while the computer is using the printer lor by accident trying to use it
when it 1% not there)

The BASIC

Numbers are stored to an accuracy of 9 or 10 digits. The largest number
you can get is about 107%, and the smallest Ipositivel number is about
4 - 1c ¥

A number is 51(;-er n the T/S 1000 in floating-point bnary with one

exponent @ |1 <=e <= 255), and four mantissa bytes m (1 2 <=m< 1)
Thxrnpmwmﬂhe numberm * 2*"**
Since 1/2 <=m < 1, the most significant bit of the mantissa m s always

1. Therelore in actual fact we can replace it wath a bit to show the sigh — @
for positive numbers, 1 for negative

Zero has special representaton in whach all 5 bytes are 0

Numenc vanables have names of arbetrary length, stal*.mg with a letter and
continung with letters and digits. Spaces are ignored

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

Numenc arrays have names a single lketter long, wisch may be the same as
the nama of a simple vanable Thay may have arbitrarily many dimensions of
arbitrary size Subscripts start at 1

Strings are completely flexible n length. The name of a str ng consists of a
singhe letter followed by $

Str ng arrays can have arbtr; .ﬂ'll, many dimensions of arbitrary size The
name % a single letter followed by $ and may not be the same as the name of
a stning. AN the strings = a given array have the same fixed length, which is
specified as an extra, final dimension in the DIM statement. Subscripts
startat 1
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SHCAG. SUbstNNgs of strings may beé specitiad by using shcers. A slicer can
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i) optonal numencal expression TO ophonal numencal expression and
IS used In expressing a substrnng aither by
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f tha slicer has the form |i suppose the hirst numencal exprassion has the
valuée m (the default value s 11, and the second, n {the default value is the
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Substrings can be assigned ¢ oo LET

The argument of a function does not need brackets if it is a constant or 2
posSsiDly sul plted o 1l vanahls
Function Type ol opearand Result
ABS numiba Absolute maanitude
&Cg YT A f < =i iuans

Eeree A " tha ranod .

AND binary operat




ASN

ATN
CHRS

CODE

COs

EXP
INKEYS

INT
LEN
LN

NOT

OR

PEEK

Numenc left operand

String left operand

number

number

MUMDar

string
number

in rackans)
numbear

none

number
xtrnng

number

numbes

binary operation,
DOt Operands

numbers

number
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| AfB=0
AANDB= | 0ifB=0
. _ |ASfBwO
ASANDB » | B =0

Arcsing in radians
Error A if x not n the range -1 to
+1

Arctangent in radsans

The character whose code i1s x.
rounded down to the nearest
integes

Error B if x not in the range O to 255

The code of the first character in x
or O if x is empty string)

Cosane

o

Heads the keyboard The result is
the character representing (in [
model the key pressed if there is
axactly one, else the emply string

integer part lalways rounds down)|
Length

MNatural loganthm (to base el
ErmorAfx <=0

QO x#0 1fx=0 NOT has
pnority 4

-  J14B=20
ADRB = VAIfB =0

OR has pnority 2

The value of the byte in memory
whose address is x rounded to the
nearest IF'ItE'g'E'(l

Error B if x not ;m the range 0 to
65535

101
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Pl none (3.14159265

RND none The next pseudo-random number y
N a sequence generated by taking
the powers of 75 modulo 65537,
subtracting 1 and dividing by
65536. 0 <=y < 1

SGN number Signum: the sign (=1, 0or +1) of x

SIN number Sine

@n radians)

SQR number Square root
ErmorBifx< 0

STRS number The string of characters that would
be displayed if x were printed

TAN number | angent

(n rachians)

USR numbes Calls the machine code subroutine
whose starting address s x. On re-
turn, the result is the contents of
the be register pair

VAL sINNg Evaluates x (without its bounding
quotes) as a numencal exprassion
Error C «f x contans a syntax error,
or grves a stnng value
Other errors possible, depending on
the expression

numMmber Negation

I'he following are binary operations

Addition lon numbers), or concatenation (on strings)
Subtraction

Muttiplicaton

Division

Raising to a power. Error B if left operand is negative
Equals

Greater than

Less than

Less than or equal 1o
Greater than or equal to
Not equal 10

Both operandds must be of the
same type. The resultis s
number, 1 if the comparison
holds, and O if it does not
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Functions and operations have the following priorities

Operanon

Subscribing and slicing
All functions except NOT and
unary minus

L

Unary menus

+.~ (binary =)

nor
AND
OR

&£ T

Statements

In this hst,

Priority

12

O —

MWHaROODW

@ represents a single letter

v represents a vonabig

y.z represents numencal expressions

nn represents numencal expressions that are rounded to the nearest
nteger

8 reprasents an exprossion

f represents a stnng-valued expression

5 represanis a statement

Note that arbitrary expressions are alowed everywhere iexcept for the line
number at the beginning of a statement)

All statements except INPUT can be used either as commands or in pro
grams (although they may be more sensible in one than the other)

CLEAR

CLS

CONT

COPY

Deletes all vanables
oCcCued

freeng the space they

(Clear Screen) Clears the display file. See
Chapter 26 concemng the display fde

Suppose a'b were the last report with 8 non
zero. Then CONT has the effect
GOTObifan9
GOTO b+1 ifa =9 (STOP

statement|
Sends a copy of the display to the printer,
attached; otherwise does nothang
Report D if BREAK pressed
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DIM@ In,,..n,

DIME Sin,. ..n)

FAST

FDH L=y TU ¥

FOREZ=xTO ySTEP :

GOSUBn

GOTOn

IF x THEN s

104

Deletes any array with the name & and sets
up an armay of numbers with Kk
dimensions n,,...n,. Initializes all the values 10
0

Error 4 occurs if there 15 n0O room to it tha
array in. An array s undefined until it is dimen-
s0ned in a DIM statement

Deletes any array or strng with the nama @ $
and sets up an array of characters with k
chimensions n,, n,. mtighzeas all the valpes Lo
o This can be consxderecd as an array Of
strings of tixed length n,, with k=1
GImensions n n,

error 4 occurs if there 8 no room to fit the
array in. An array is undefined until it £ dimen-
sioned n a DIM statement

Starts fast mode, «n which the dsplay file is
displayed only at the end of the program,
whde INPUT data is beeng typed in, or durng a
pause

FORZ=xTO ySTEP 1

Deletes any simple vanable and sa1s up a8
controd vanable with value x, mit v, step .
and Iooping address 1 more than the ne num-
bar of the FOR statement (=1 f it 15 a com
mand). Checks if the mstial value is greater if
step > = 0l or less if step < Q) than the imit,
and if so, then skips to statement NEXT @ at
the begmming ofaline. See NEXT &

Error 4 occurs If there 18 no room for the con-
trol vanable

Pushes the number of the GOSUB statement
onto a stack: then as GOTO n
Error 4 can occur «f there are not enough

RETURNs

JUMps 10 line n Lof, « there s none, 1o the first
hne after that)

H xis true Inon-26ral. than § 1% éxacuted
The form IF x THEN lLine number is not
allowed



INPUT v

LET v=e

LIST

LIST n

LLIST

LLIST n

LOAD ¢

LPRINT

Chapter 21

Stops [with no special prompt) and waits for
the user to type in an axpression. the value of
this 1s assigned to v, In fast mode, the display
file 15 displayed. INPUT cannot be used as a
command, error 8 occurs if you try

If the first character in the INPUT line is STOP
the program stops with report D

Assigns the value of @ to the vanable v

LET cannot be omitted

A simple variable is undefined until it s
assigned ton a LET or INPUT staterment

If v is a subscripted strnng variable, or a8 sliced
stnng vanable {substringl, then the assign-
ment 18 Procrustean: the string value of e is
either truncated or filled out with spaces to tha
ngnht, to make 1t the same ength as the var

iable v
LIST €

Lists the program on the TV screen, starting at
ne n, and makes n the current line

crror 4 or 5 if the ksting 1s 100 long to it on the
screen; CONT will do exactly the same agan

LLIST ©

Like LIST, but using the printer instead of the
lalévision
Should do nothing if the printer is not
attacheq

Stops with Report D if BREAK is pressed

Looks for 8 program catied f on tape and loads
it and its vanables. If 1 T then loads the
first program available
It BREAK 15 pressed, then

il f no program has yet been read in from
tape, stops with report D and old program;

Wt «f part of & program has been read n

then executes NEW

Like PRINT, but usng the pnnter instead of
the television. A hine of text is sent to the
printed

I when prnting spilis over from one hine
10 the next

ml after an LPRINT statement that does
not éend n 3 COMMEa Or a semicolon
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NEW

NEXT &

PAUSE n

PLOT m.n

POKE m,n

PRINT

106

iy when a comma or TAB item requires 2
new line, or

livl at the end of the program, if there is
anythang left unprinted
in an AT tem, only the column number has
any affect; the line number is ignored. An AT
item néver sends a lime of text to the prnter
There should be no affect if the printer s
sbsent
Stops with report D if BREAK is pressed.

Restarts the BASIC system, deleting program
and vanables and usang the mamory up to but
not ncluding the byte whose address s in the
system variable RAMTOP (bytes 163B8B and
16389)

#l Finds the control variable @

Wil Adds its step to its value

wil if the step > = O and the value > the
hmut, or if the step < 0 and the value < the
herut, then jumps to the looping line
Error 1 if there 5 no control variable @

Stops computing and displays the display file
for n frames (at 50 frames per second) or until
akey s pressed 0 <= n <= 65535, slse
error B ifn>= 32767, then the pause s not
tmed, but lasts until a key is pressad

Blacks in the pixel {Iml|.Inl); moves the
PRINT posstion to just after that pixel

O <®e iml <=63,0 <= Inl <= 43, eise
error B

Writes the value n to the byte in store with
addrass m
O <=m <= 55535, -2556 <=n <= 255,
else error B

The ' " 15 a sequence of PRINT items, separ-
ated by commas or semicolons. They are
written to the display file for display on the
talevision The position Uine and column)
wherea the next character s to be printad 18
called the PRINT position
A PRINT item can be

(i} empty, i.e, nothing

i anumencal expression



FIrSL, &8 munus sign s printed if the value is

NOw 18l x Dé the modulus Of the value
Ix<=10"0orx>= 10", then 1t s printed

Using scientinc notatwr The mantissa part

nNas up 1o aght diges Iwath NO tramhing 2eros)

and the cecimal pomt {absent f only one digit

- | E—— - T . =
} atter the Tirst e exponeént part 1s &, fo
owed by + or —, followed by one or two

l_ TI'H:“ Wise - - ;"I" 1 fened - ..I..:! - il":f \jF_'\.. ﬂ”d'
10tatwon with up to eight significant digits, and
tralling zeros altéer the decmal point. A

WCIMa point nght at e begu g 5 always

followed by & 2ero. $0, for instance. 03 and
_\-i =re Srintar ac <
-l i ! d DD 2 -

S prnted as a

[ 4

The tokens theé strin ire expanded

-

possiDly with a space beafora or after

P o
Thae Quote m jl]-iv-"|.':'.: e prants as
Jnused characters and control characters
print as
vl AT m,n
ed 0o Wng m

'he PRINT position is ct

countinmg Tvom the top). co

from the left:. Q -« mi<=

Jl. elsaerrorB W I n = L4i OF J
o TAB n
N s reduced modulo 32. Then the PRINT

POSIDON 15 Moved 10 Column n, staying on the

same liné unkess this would involve backspac

dl‘:'i Il-. (‘I":!

Q<=n<=255 elsaerrorB

za58 11 Moves on to the next ine

A Sy oOn between two imams Laves the
pHINT pOSs LONn unNncha e 50 That !'_I-':' S8 -
[}

ong 1tan

ws immediately after the first. A
comma, on the other hand, moves the PRINT
posiion on at least one place, and after that,

% Many as are neCassary (0 eave It m CoMpmn

Qor 1€ oving 10 a new ine if necassary

At the end of the PRINT statement, if it
goes Nnol end in a semeCcolon Oor COMMAE. 8 New
line 15 startec

Error 4 fout of mamory| can occur with 3K or
ess Of memory
=

Error 5 means that the screen is filled
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RAND

RAND n

REM

RETURN

RUN
RUN n

SAVE 1

SCROLL

SLOW

in both cases, the cure is CONT. which will
clear the screen and allow the program
1O COontnue

RAND O

Sets the systern varniable icalled SEED) used to
generate the next value of RND. Ifn = O, the
SEED is gven the value n; if n = O, it is given
the value of another system vanable Icaled
FRAMES) that counts the frames so far
displayed on the television, and so should be
fairly random

error B occurs If n IS not in the range 0 to
65536

NO affect can be any sequence of charac-

tars except ENTEH

Fops 8 ine number from the GOSUB stack
and wmps 10 the e after it

Error 7 occurs when there s no line number
on the stack There is soma mastake n O
program; GOSUBs are not properly balanced

RUN O
CLEAR, and then GOTO n

Records the program and vanables on tape
and calls it {
SAVE should not be used inside a GOSUB
routnea

error F occurs if fis the ampty string, whech
15 not allowed

>crolls the display file up one line, losing the
top iné and making an empty line at the
bottom

Note that the new line is genuinely empty with
ust an ENTER character and no Spaces

Futs the computer into computeé and display
noge, m whach the display file 1s displaved
continuously and computing 18 done during
the spaces a1 the top and bottom ot
the peCture



STOP

UNPLOT m.n

Stops the program with
e M ”‘ the 10ll0wl
Like PLOT. E gite
Dlackung it in

Report 9

g line

CONT will






Chapter 22
Flowcharting and Debugging

There s more to the art of programming computers than just knowng
which statement does what You will probably already have found that most
of your programs have what are technically known as bugs when you first
type them in: maybe just typing errors, or maybe mustakes in your own ideas
of what the program should do. You might put thes down to inexpenence

ALMOST EVERY PROGRAM STARTS OFF WITHBUGS INTT
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you to do. We have used different sorts

The general plan can be lustrated with a flowcharr

Wrile pragram with as

¢w bugs as possibie

{ 1
| lest program

Finigh

(]
). |
1
I i ¥ _——
nd " .
Eix 1 ore [ 1 T
| ; o
| Il‘h - e " | 5
|
1

The idea is to follow the arrows from box to box Doing what each one tells
o1 { {

boxes for different sorte o

Nstruclhions

A rounded box {

A rectangular box [

I8 10 star or linith

5 8 straightforward

NnEtructhon

o~ decision before going on
P

A diamond <\ a9k3 you 10 make soma kind of

(These shapes are fairly widely used. but thay are Nnot Mandatory )

Flowcharts are often used for describing the large-scale structure of pro

grams, with a subroutine in almost every box, so & flowchart for our distance

>
¥
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example in chapter 9 might be

Anything — flowcharts, subroutines, and also REM statements — that
makes the program clearer gives you a better understanding of if, and then
you are sure to wnte fewer bugs. But subroutines also help you get out the
bugs you ve already written, by makmng the program easier to test You w
find it much easier to test the subroutines indmwidually and make sure thay hit
together properly than to test a whode unstructured program

Subroutines, then, help with the box ""find the bugs,”” and this is the box
where you need all the help you can get, for it 15 often the most ex asperatng
Other hints for finding bugs are

il Make sure there are no typeng errors. Always do thes
it Try to determane what all the vanables should be at each stage — and

f possible, explam tham in REM statements. You can check the vanables at a
given point in the program by inserting a PRINT statement at that point

in} If the effect of the program is 10 make the program si1op with an error
report, use the information as thoroughly as you can. Look up the report code
and decida why il stopped on a particular hine. Prnl out the values of the
vanables if necessary

livl You msght be able 10 step through @ program line by ine by typing o
ts Imes 3s cCOmMMands

vl Pretend to be the computer. run the program on yoursell, using penc
and paper to note down the values of the varnables

Once you've found the bugs, fixing them is much ke writing the onginal
program. but you must test the program again. It s surpnsangly easy to fix one
bug ondy 10 Introduce another
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Exercises

1. Occasionally — this mav have already happened to you — you will lose a
lengthy program you have written, or aimost finished. by disconnecting the
pOwWer supply accidentally. This sort of thing sometimes happens spontane-
Ousty, it i1s not a8 bug but a glirch. There is nothing you can do about it. if it
happens much too often, there is probably something wrong, but it would be

H

worth saving the incomplate program on tape halfway through

2. The flowchart for the distance calcu ator has no ""timish’™" box. Doeas this
matter/ Where would you put one in the flowchart if vou wanted to?
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Number Systems

We believe that humans count by tens — the decvmal system — bDecpuse
humans have ten fingers. Computers count internally ""by twos . or i Dinary
This is not because they have only two fingers, but because they can only
distinguish between two states of their many internal switches, on or off

1o 0
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Although engineers use a binary system when build g computers (see

nght column of table next page), another number system is useful because it

S edsier 10 read and can De sasaly convarted 1o binary It 1s called hexadecimal

by sixteens, or having base sixteen), and begins

Max £ i_l_g_ﬂ',;;h

0 IR0

1 O g

2 WO

- Mre

1 ten

H‘ Beevean

C twelve

D thirteen

k fourteen

F fifteen

10 <)

- S tean

19 wenty-frve
1A IwanNty-six
1R

weanty -saven

1F thirty-one
20 thiny-two
21 thirty-three

9F one hundred and fifty-eight
9F one hundred and fifty-nine
AQ one hundred and sixty

A one hundred and sixtyv-one

Fi two hundred and fifty-four
FF two hundred and fifty-five
ot two hundred and fifty-six

f yOu are usi g héx notaton and you want to make the fact Qurte Clear
writé h at the end of the number and sav “hex For instance. for one
hundred and fifty-esght, write “9Eh" and say "'nine E hax
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In the ditferent systems, counting begins
English Decimal Hexadecimal Binary
2810 9 0 0 or 0000
one 1 1 1 or OO01
twoO 2 2 100r 2010
three 3 3 11 0or@011
fout 4 4 100 or D100
five 5 5 101 or @101
S1x 6 6 1100r @110
savean 7 7 1"MMor@11
eight 8 8 1000
nine 9 9 1001
1en 10 A 1010
aleven 11 B8 1011
twelve 12 C 1100
tharteen 13 D 1101
fourteen 14 E 1110
fiftean 15 f 1111
Sixteen 16 10 10000

The important point is that sixteen s equal to two rassed to the fourth
power, wheCh makes converting between hex and binary very easy

To convert hex 1o binary, change each hex digit mto four bits, using the
table above The binary digits © and 1 gre referred to as irs

To convert benary to hex, divide the binary number mto groups of four bts,
starting on the nght, and then change aach group into the corresponding hex
digit

The bits mnside the computer are mostly grouped into sets of eight, or
bytes. A single byte can represent any number from zero 10 two hundred and
fifty-five (11111771 binary or FF hex) or, alternatively, any character in the
T/S 1000 character set. Its value can be written with two hex digits

Two bytes can be grouped together to make what is techmcally called a
word. A word can be wnitten using sixteen bits or four hex digits, and
represents a number from 0 to lin decimall 2'"—1 = 65535

A byte s always eight bits, but words vary from computer 1o computer

Summary
Decimal. hexadecimal and binary systems
Bits and bytes (don't confuse them| and words
Exercises
1. How would you convert from pounds to ounces and back again

it when all the numbers are wntten ;m decimal /
i} when all the numbers are written m hex/
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Z How would you convert between decsmnal and hex! (Hint: exercise 1)
Write programs on the T/S 1000 to convert numerical values mto the

Sinngs giving thew hex representation, and vice versa (This is what STRS
and VAL do with decimal representatons )

118
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How the Computer Works

It is beyond the scope of this manual to describe in detail the electronics of
the T/S 1000 and its operation, but we can give some idea of the purpose of
its larger components

The #ustration in this chapter shows the T/S 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 s much smaller

The most important IC of the T/S 1000 i the CPU (Central Processing
Unit). It is a ZBOA microprocessor. The processor does the anthmetic, and
electromically controls the rest of the computer according to the operating
§ystem program

The operating system is contaned in the ROM IC. This is a sohd state
alectronic storage device which has a program permanently wired in 10 make
the CPU work. The program is unique to the T/S 1000. In symbolic form it s
a long sequence of bytes. Each byte has an address showing its position In

118
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the ROM — the first one has address @ the second h as address 1. and so on
up t0 8191, whach 1s why the Sinclair BASIC is called BK BASIC

You can see what byle is at a given address by us ng the function PEEK
For example, thes program prints out the fast 21 bytes in the ROM (and
their addresseas. )

10 PRINT “ADDRESS"' ;TAB 8. "BYTE
20 FORA=0TO 20

30 PRINT A.TAB 8,PEEK A

40 NEXT A

'he RAM chip 1s an electronic ““scratch pad” which is hooked up to the
CPU.  The BASIC programs that you type in are stored electronica ly here, as
are its vanables, the television picture, and the systern variables (another
technical wordl!)

Like the ROM, the RAM storage |s arranged into bytes, each with an
address. These range from 16384 10 18431 (or 32767  vou have a 16K
RAM pack extension). As with the ROM you can find the values of these
Oytes by using PEEK. The difference is that you can also change them

TvDe

POKE 17300.57
This gives the byte at address 17300 the value 57 1f YyOu Now type
PRINT PEEK 17300

you get your number 5 7 back. {Try poking in other values)

Note that the address has to be between 0 and 85535 and most of these
will refer to bytes in ROM or nowhere at all. and so have no effect The value
must be between —255 and +255, and if it is negative it gets 256 added to it

The abekty to poke gives you mmmense power over the computer if you
know how Lo use it howevar the NeCossary u_-",;.“-lH;]:__;ﬂ % rather more than
can be imparted in an introductory manual like this
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™
i
™
- l_-.-
= L
-

- iL_
el
.

-

ontrol & anithmetic)

Video modulalor

(operating system)

IOM

™
A




- il

The last large IC we call the SCL (Sinclar Computer Logic). | is a ULA
more technical jargon) specially designed and made for the T/S 1000. It
' "I the other components to one another in ar ingenious way

e MOoduiator convearts the computer’'s telayis Dutput iInto a Torm sunt
able for the television, and the regulator converts the smoothed. but unregq-

J :-11-9} 1._’} '-f-‘:“, 1- dal: W BT ‘;,_.':_I:II‘.« toy rﬂﬂ'.ld_-if'f'_i j._, T l..
Summary
r_|._l|..,-1

Statements. POKE
Functions: PEEK
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Using Machine Code

This chapter is written for those who understand Z80 machine code, the
set of instructions that the ZB0O processor chip uses. If you wish to leam
more about Z80 machine codes and programming, the following books pub-
kshed by Reston Publishing Company, Inc., Reston, Virgema, may be helpful
Mastering Machine Code on Youwr ZX81, by Tom Baker; and Z-80 Users
Manwual, by Joseph J. Carr

The uitimate authority is the Z80 Assembly Language Programming
Manual, together with the Z80-CPU. Z80A-CPU Technical Manual. pubished
by Zilog. but these can hardly be recommended for beginners

Machmne code routines can be executed from within 3 BASIC program by
using the function USR. The argument of USR s the starting address of the
routine, and s result 5 a two-byte unsagned integer, the contents of the be
regester pair on returmn. The return address 1o the BASIC is stacked in the
usual way, 50 return s by &8 Z80 RET instructon

There are certain restrictions on USR routnes

Ul On return, the | register must have the value 1Eh

143



The display routne uses a'.f . uciy and r registers, a USR routine should
not use these |1 compute and display 1S operating. It 15 not even safe 10 read
the af’ pair

All thesa lines from the processor are axposed a1 the back of the 1.5

DI C
2 Ta P - . " . R - - % . - e
1000, 50 in principle you can do anything with a T/S 1000 that you can with
] “ ¥ _ T Wy ]
a Z80. The T/S 1000 hardware might sometimes gét in the way, though

especially in compute and desplay Here is 3 diagram of the exposed connec-
tions at the back

p—— S - ]
———— w " = - - - - - — ’
A piece of machine code in the mwddle of memory runs the risk of being
verwritten by the BASI tem Some safer places are
In 3 REM statement iYpe a REM statemant with enou ) MAracCtier
10 hold vwour machine e whath i than poke n A 1 halt mstruchi “
ince thease Wwill Da re INnized as thea anc T1 -HtM 1atement
string et up 1 enough string, and then assign a n o
ode byvte to eactH yracter
i th of 1hese the T8 [ i1 Butl ik 1 1 v e e | nSpn 114"
1t 1568 Wit ir ', thi -:-['-"r"h: ¥ Tha nail i e ¥ o 1 he
aracters and ZB0O nstruct whilten e by Side [ ind may
iw il fin I 1Thas f W [ antann | e
Al The L F The me v, YW ’ (L it il | t st
| yBE NOW M 1Moy 1here > 1:- it - T . N 31 1The 1 D
a hhat thara ¥ OaAace 101 UEHI' i e o TRS I8 . thi
firey axistent byt F ] 175 s ] -:._ f & 1T - o
ySle VANADMWE KNOWN 4 AN & two bvles with ad T 1B3IRE
ind 16389 NEW the ot t t 1 1 TH iy L oul
¥ 2N up 4 far a | 1 bat e the It 1AMT O} nu o
r ke thi 1|| Y 5 & " Fy W |- I|I1-.._ i -F-" ‘." 1" i I NFW daT a _"r
irom that i .ll' i 1 la tha "':+_" | el et ak é nets P
PRINT PEEK 1638B+2568PEEK ) i
Now suppose you haw USH tine 20 byte ng. ¥ want to change
IAMTOP to 1 /388 236 + 25667 S \ NOre tf t th
omputear?’) s V[
. 1
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POKE 16388,2386
POKE 16389,67

and then NEW. The twenty bytes of memory from address 1738810 17407
are now yours 10 do with what you hke. If you then type NEW again it will not
atfect these twenty bytes

The top of memory 18 &8 good place for USR routines
NEW) and immobsde. Its man disadvantage is that it is not saved by SAVE

Summary
Functions: USR
Statements NEW

Exercises

1. Make RAMTOP equal to 16700 and then execute NEW. You will get an
wea of what happens when the memory gets full

kJ
L_'l'l
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Organization of Storage

The memory i divided nto different areas for stornng different kinds of
information. The areas are only large enough for the informaton they actually
contain, and if you insert more &t a given point (for instance, by adding a
program kne or variable), space 15 made by shifting up everything above that
point. Conversely, if you delete information, everything above the deletion is

shifted down

MJ
=
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i i ] S
L)
r - -'l-.-r_ ‘---__...- " - -
| ; | " G Fa C ilay hile Vi Lg] [ =5 Line Do e /
iarialles nock sna H
i i [l i [} i
1620 155049 O _FILE vVARS E NE STKROT
——— — == \. = ‘ - —
(e By oba nans | Rlncdhin GOSuUB Usm !
LAalICulator stack spar VMaching siath [
- 12Ch ul nas
i i i b L]
STRBOT STEKEND Machine stack ERR_SP RAMTOP

The systemn variables contain various pieces of information that wall the
computer what sort of state the computer is in. They are ksted fully m the
next chapter, but for the moment note that there are some Icalled D_FILE
VARS, E_LLINE and so on) that contain the addresses of the boundarias
betweean the various areas n the memory. These are not BASIC vanables, and
thé&ir names will not ba recognized by the computer

n the program, €ach hne i1s stored as

| ¥ Fim # a
" . | 1
r .
| 3 FTTTITITH
¥ b l:l - i
- .. 4131 1 1
’ ! T ENTER

Note that, in contrast with all other cases of two-byte numbers in the Z80.
the ne number here (and also in a8 FOR-NEXT control variable) is stored with
s mom fs.rgr.l-' cant byte first. that is to say. in the order that vou would write
them down

A numerical constant in the program 15 followed by its binary form us ng
the character CHRS 126 followed by five bytes for the number itsalf -

s
[
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The display file is the memory copy of the television picture. It bagins with
an ENTER character, followed by twenty-four ines of text, each finishang
with an ENTER. The system is so designed that a ine of text does not need &
full therty-two characters: fmal spaces can be omitted. Thes s done 1o save
space whan the memaory 1 amall

When the total amount of memory laccording to the systéem variable
RAMTORP) is less than 3 1/4K, a clear scroen as sot up at the start or by
CLS consists of just 25 ENTERs. When the memory is bigger, a clear
screen is padoed out with 24°32 spaces. and on the whole it stavs at its ful
size, SCROLL, however, and certain conditions where the lower part of the
sCreen expands 10 more than two lines, can upset thes by introcducing short
ines at the bottom

The vanables have different formats, depending on their different natures

Number whose name s one lattar only

Number whose name is longer than one letter

N —— F— | —_— - & i . 1
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Array of numbers

P — - . i - —— i ¥
i h .
\ ] | |
19 4 2 by g \ mr |
| i ]
A — § I \
i it Trils I . | " . T
ar ;* E N i
T kil all
Y1 Me i
I |

The order of the alements is

first, the elements for whach the first subscrpt is 1

next, the elements for which the first subscript is 2

next, the elements for which the first subscript is 3
and so on for all possible values of the first subscnpt

The elements with a given first subscript are ordered in the same way USINg
the second subscnpt, and 30 on down to the last

As an example, the elements of the 3 X 6 array B in Chapter 22 are stored
in the order B(1,1), BI1,2), B(1,3), B(1.,4), BI1.5), BI1.8). B(2.1), B(2.2).
B(2.6), Bi3.1). B(3.2), B(3,6)

Control variable of a FOR-NEXT loop

(W] (] -
- ¥ -
Fa Y. T-11.
- :’ F‘
Y L
- —— - - & —
1 r_l."‘ 1% vime =T
—
=116 v & - L imn teg [ J
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Chapter £6

String

- ¢ S S— ) \

Array of characters

The part starting at E_LINE contains the line being typed las a command, a
program line, or INPUT datal and also some work space

The calculator is the part of the BASIC system that deals with anthmetic,
and the numbers it & operating are held mostly i the calculator stack

The spare part contains the space s0 far unused

The machine stack is the stack used by the Z-80 chip to hold retumn
addresses and s0 on

The space for USR routines has to be set assde by you, using NEW as
described in the last chapter
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Chapter 27

The System Variables

The bytes m memory from 16384 to 16508 are sat aswde fTor specific uses
Dy the system. You can peek them to find out various th ngs about thea
system, and some of them can be usafully DOXKao "'l-fr-, are igtad here with
their uses

T —_—— i i
nese are called system varnables

1id carry names, but do not confuse

them with the vanables used by the BASIC. You cannot use the names in a
BASIC program. they are simply mnemonics that are used to make it easier to
rafer to the vanahbles

The abbreviations in column 1 have the fo Wing meanangs

b4

I he varable should not be poked because the system miaht crash

i

Fokming the variable will have no lasting affect

S he vanable is saved by SAVE
--._HE number in cokamn ) e _”_I!__: nun :”_. .rl I..v'-..l n th 8 Vvar _5-* ' * Wi
Dylés. the -l-.r":: one 15 The /scx sign fu ant Dyle - iheé reverse of whal yOou

might expeact So poke a valyue v 8 Two-bvte vanable at addvess n use

- L



Chapter 27

POKE n.v=256"INT Iv. 256!
POKE n+1,INT v/ 2586

and to peek i1s value, use the expression

PEEK n + 256°PEEK (n+1)

Notes

i

X1

Xd

NI
N2

S1
S$2

SX2
S2

SX2
SN2
SX2
SX2

52

134

Contents

1 less than the report code Starts off at
11, so PEEK 16384, if it works
at all, grves 255 POKE 16384, n can be
used to force an error halt: @ <=np <=
14 gives one of the usual reports, 15 < =
n<s3or88 <=n<= 127 gives a
nonstandard report, and 35 <=sn <= 98
5 hkely to mess up the desplay file

Various flags to control the BASIC

Address of first dem on machine stack
(after GOSUB returms)

Address of first byte above BASIC system
You can poke this 1o make NEW
raserve space above that area (see Chap-
ter 25| or to fool CLS into setting up 8
minimal display fide (Chapter 26)
Specifies X, L, F or G cursor

Line number of statement currently being
Foking this has no lasting
effect except in the last line of the

0 identifes 8K ROM in saved programs
Number of current line (with program

See Chapter 26

Address of PRINT position in display file
Can be poked so that PRINT output is
sent alsewhere

See Chapter 26

Address of vanable in assignment

See Chapter 26

Address of the next character 1o be mter-
the character after the argument
of PEEK, or the ENTER at the end of a
POKE statement

Address Name
16384 ERR_NR
255 (for
16385 FLAGS
system
16386 FRR_SP
1638 RAMTOP
ares
16390 MODE
16391 PPC
éxecuted
program
16393 VERSN
16394 E_PPC
cursor)
16396 D_FILE
16398 DF._CC
16400 VARS
16402 DEST
16404 E_LINE
16406 CH_ADD
prated
16408 X _PTR

Address of the character preceding the
marker



Notes

SX2
SX2

SN1
SN2

S1
SX1
S2
SN2
SN1
SN1
SX2
S2
SN1
SN2
SN2
S2

S2

S1
S1
S1

SX1
Sxi

Address

16410
16412

16414
16415

16417
16418
16419
16421
16423
16424
16425
16427
16429
168430
16432
16434

16436

16438
16439
16440

16441
16442

Name

STKBOT
STKEND

BREG
MEM

nNot used
DF_SZ
S_.TOP
LAST K
MARGN
NXTLIN
OLDPPC
FLAGX
STRLEN
T-ADDR
SEED

FRAMES

COORDS
PR_CC

S_POSN

Chapter 27

Contents

See Chapter 26

Calculator’s b regster

Address of area used for calculator's
memory. [(Usually MEMBOT. but not
always |

The number of lines lincluding one blank
hnel m the lower part of the screen

The number of the top program kne in
automat histings ‘

Shows whsch keys pressed

Debounce status of keyboard

Number of blank lines above or below
picture — 31

Address of next program line to be
executed

Line number to which CONT jumps
Vanous flags

Length of string type designation in
assignment

Address of next tem in syntax table (very
unlikely to be usefull
The seed for RND
that is set by RAND
Counts the frames displayed on the telew-
sion. Bit 15is 1. Bits O to 14 are decre-
mented for each frame sent to the televi-
sion.  This can be used for timng, but
PAUSE also uses it PAUSE resets bit 15
to O and puts n bits @ to 14 the length of
the pause. When these have been count-
ed down to zero, the pause stops. If the
pause stops because of a key depression,
bit 15 15 set to one again

x-coordingte of last point PLOT ted
y-coordmate of the last point PLOT ted
Less significant byte of address of next
position for LPRINT to print at {in
PRBUFF)

Column number for PRINT position

Lineg number for PRINT position

This is the vanable
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Chaptar 2
Notes Address Name Contents
S 16443 CDFLAG Various flags Bit 7 is on (1) during com-
pute and display e
S33 16444 PRBUFF Printer buffer (33rd character! is ENTER
SN30 16477 MEMBOT Calculator's memory area, used to store
numbers that connot convernsently be put
on the calculator stack
S2 16507 not used
Exercises

1 Try this program
10 FORN=0TO 21
20 PRINT PEEK PEEK 16400+256° PEEK 16401 + N|
30 NEXTN

Thes taells you the first 22 bytes of the vanables area: try to match up the
control variable N with the descrption in Chapter 26

2. In the program above, change kine 20 to
20 PRINT PEEK (16509+N)

s tells you the first 22 bytes of the program area. Match these up with
the program itsalf
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Appendix

The Character Set

his s the complete T/S 1000 ch
Néax I ONé magmes the O08as Dbaing
"r-,p: r.lql-.p I- -II'."I_I -._. L L, 5 -‘. i 1-'.._‘ o o

- A - . . = -
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startng with CBh or EDh, as showe

o ¥ e - O~
{ -'"': = erad [& e X ¥, ::t
~ = - A
L space \.?'\ WD
s [} -
1 i
o1 a0

iIrscie a1
Y s
Lo 11
poncing
rlhp-\
- -

arier LD

ma

aTal=

and

ther
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Anpendix

Codle ([Characrer

DOy OMbLELDN-CUOURJdWOM
"

" - S — —

S p——1

J

Y SE Y SE Ry Sy LYW
wd D O B L) b =

L Lad L0 L0 L
N oo D kD —

I ATATAT
GO ~J

S
Gl b =

<Y

b b
.

bbb
0 00 ~J

50

138

)
o
yMMOOPEORN~DUEWN-

"

W B B
< WO o
- 5

e

Srxo

Hex

.
L ¥

L
LY,

OB
09
OA

LY
LY

-
LY
M
LY

OF

10
11

12
13
14

15
16
17
18
19
1A
18
1C
10
1E

1F

20
22
23
24
25
26
27
28

-
Fig-

2A
28
2C

Y,
il

2€
2F
30

3l
32

Z00 assamblear

decb

id b.N
rica

ex af af
add hi bc
id a.Ibc)
dec bc
nc c
decc

ide N
mca
dinz DIS
id de, NN
Id Ide).a
inc de
incd
decd

id d N
rla

jr DIS
add hi_de
id a, lde)
dec de
Inc e
dec ¢
ideN
s

ir nz.DIS
id hi NN
id INN) hi
inc hi
inc h
dac h

id h N
daa

iz, OIS
aad hi hl
id bl (NN}
dec hi
e i

dec |

id LN

Cip

i e, DIS
id sp. NN
d INN) 2

1 i)

oD
T
rad
e
rn
rr

rr thi)
mra
sia b
slac
slad
slae
slah
sla |
sla (hl
5la B
5rap
Srac
srad
Srae
srahn
ara |
sra thi
Sra a

after £D



»
[ s il
A DDeNUE

85 55 gdq, bit

86 56 140, bit 2.1} m

87 57 dd.a bitd.a ida

88 5 aeb bit 3.b ina,lcl
89 59 Iid e c it 3. out Ic) &

wn
P
=1
[+ 2

Q0 d ot 3.d adc hl.de
91 58 idee et 3 0 Id de, INN)
892 SC Id &k bt 3. h

Code Character How 80 assemibier afrev CHB sfter ED
. 51 N 33 inc sp
82 0O 34 inc (hil
83 P 35 dec (h
04 0Q 36 d thii.N
55 R 37 scf
l b6 S 38 rC.DIS 5
57 1 319 add hl.sp S
68 U JA d 8. (NN srl d
00 W i8 dec sp srl e
bo vy 3:: mc & SN N
l 81 X 3D dec a i
62 ¥ JE idaN sl (I
63 Z 3F ccf orf
64 RND 40 idb.b et O.L nt
65 INKEYS 41 id b.c { b
o6 Pl 42 }abd U d gshe hl b
687 43 1b.¢ J 1 INN) b
68 44 dt bit 0,1 B
I 69 45 it bit @ ot
10 46 1b.1} bit O
71 4] ib.a il O a
72 48 dc.l bit 1 '
. 73 49 d | out lct,c
/4 ah . it 1 adc hi b
7 48 o it 1.8 Id be, NN
6 4C dct wt 1.1
77T 4D W1 t 1 reti
18 4F id ¢, (hi) bt 1.{hi
79 4F idc.a t 1.4 idra
80 50 s o bit 2 | md |
81 \ not used 5 idd.c bit wt ic) d
. 5 id d.d bit 2.¢ sbe hl.de
83 53 dde bit 2.¢ d (NN).de
B4 54 ddk bit2!
93 19, id e, bet 3.1
. 94 SE  Idelh bit 3. th m 2
a5 5F ide.a bit 3.2 dar
96 ) 60 id h.b bit4b h.ic




ﬁfjpﬂr‘lﬂ ('l

Code Chavacrer Mo x 280 assernbler after CB after ED
97 ) 81 id h.c bit 4.c out (c).h
98 62 id h,d bit 4,d sbc hihi
99 83 dhe bit 4.8 id INNLhI

100 64 Id h.h bit 4.h

101 65 id h, bit 4.1

102 66 Id h (ki) bit 4. (hi}

103 }not used 87/ Iiaha it 4.4 rrcd

104 68 idLb bit 5.b inlic}

1056 69 id Lc bit 5.¢ out (c).l

106 BA idLd bit 5.d adc hihi

107 68 id Le bit 5.8 Id de, (NN|

108 6C id Lh bit 5.h

109 8D ia Ll it 5.1

110 6E id 1 {hi} bit 5, {hi

B R BF idlLa bit 5.8 nd

112 cursorup - 70 id (h), b it 6.b

113  cursor down / Iid (hi) ¢ hit 8

114 cursorleft ¢ 72 id (hi).d bit 6.d sbe hi sp

115 cursorright ¢ 73 Id (hi), e it 6.0 id INN).sp

196 GRAPHICS 74 id (hi) h it B h

117 EDIT /6 Id (hi) 1 it 6.

118 ENTER 716 halt bt B, (hi)

119 DELETE 17 id (h) 2 bt 6.2

120 3'(Ymode 78 ida.b bt 7.b in alc)

127 FUNCTION 79 Id a.c bt 7.c out icl.a

122 not usad TA ida.d bt 7.d adic hisp

123 not used '8 Id a0 bit 7.e id sp.INN)

124 not used 1C Id a,h bit 7.h

125 notused 0  Iida)l bit 7.1

126 number JE id a,ihi) bt 7 Chl

127 cursor TF Id 2.2 bit 7.a

128 ! 80 add ab res@b

129 81 addac res O.c

130 L 82 addad res {J,cj

131 = 83 add a.e res 0.0

132 9 B4 eddah res O h

133 1 85 addal resQ,|

134 " 86  adda.lhl) res O, )

135 = 87 add a.a res 0.2

136 &= 88 adc a.b res 1.b

137 © 89 adc 8. res 1.¢

138 & BA adcad res 1.d

139 inverse " 88 adec a0 res 1.0

140 inverse BC adc ah res 1.h

141 mverse $ 8D adc al res 1.

142 inverse 8BE adc a, (h) res 1,(h)

140
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Appandix

Code Character

189 inverse X
190 inversea Y
181 inverse Z
192

193 AT

194 TAB
195 not used
196 CODE
197 VAL
198 LEN
199 SIN
200 COS
201 TAN
202 ASN
203 ACS
204 ATN
205 LN

206 EXP
207 INT
208 SAQR
209 SGN
210 ABS
211 PEEK
212 USR
213 STRS
214 CHRS
215 NOT
2186 *

217 OR

218 AND
219 < =
220 >=

221 <>

222 THEN
223 TO

224 STEP
225 LPRINT
226 LLISY
227 STOP
228 SLOW
229 FAST
230 NEW
231 SCROLL
232 CONT
233 DM

143

MHex

8D
BE

BF

Co
C1

C2
-
ca
C5
Co
C7?
Cc8
C9
CA
CB

CD
CE
CF

D1

D2
D3
D4
D5
Dé
D7
D8
D9
DA
DB
DC
DD

DE
DF
EQ
E1
E2
E3
E4
ES
EE
E7
E8
E9

Z80 azsembier

cpl

cp (hil
cpa

ret nz
pop be
i nz NN
NN
call nz.NN
push be
add a N
rst @

ret z

ret
jpz.NN

call z, NN
call NN
acic aN
rst 8

rét nc
pop Oe
1D nc, NN
out N,a
call nc,NN
push de
sub N
rst 18
retc

oxXxX

ip ¢.NN
naN
call ¢, NN

prefixes nstruc-

tloNs using ix
sbec a.N
rst 24

ret po

pop i

» po,NN
ax {spl . hl
call po.NN
push h
andN

rst 32

ret pe
ip (hil

after CB

res /|
res 7. (W)
res /.8
sat0.b
setQ.c
sot Q.d
set Q.e
sot O.h
set 0,
set O.(hi}
setQ.a
sat 1 b
set 1.c
set 1. d
set 1.e
set 1. h
sot 1.1
set 1.(hi)
sot 1.2
set2.b
set 2.C
sat 2.0
set .o
sat 2.h
sot 2.
set 2, (hi)
set 2.a
set 3.b
set 3.c
set 3.d
setde
set 3.h
sot 3.1

sat 3.(h)
set 3.a
saetd b
sat 4 .c
gatd d
satd e
sat 4 h
sat 4 |
set 4, (hi)
set 4.8
set 5.b
set5.c

-aftar ED



Appandix

Code Characier Hex 280 assemble after CH after ED
234 REM EA ip pe, NN setb d
235 FOR EB ox cde hl sot5 @
236 GOTO EC call pe NN set 5.h
237 GOSUB ED sat 5
238 INPUT EE xor N set 5. (i
239 LOAD 3, rst 49 =ot 5 p
240 LIST FQ retp set6.b
241 LET 1 pop af sotB ¢
241 PAUSE F2 jp p.NN setb.d
243 NEXT F3 di sot 6.0
244 POKE Fd call p.NN set 6. h
245 PRINT FS push af et B
246 pLGT rfﬁ orN Sl !_1 Lhl)
247 RUN F7 rat 48 etba
248 SAVE FB ret m set 7 b
249 RAND F9 Id sp.h et 7.¢
250 |F FA jp m,NN set /.d
251 CLS FB & sl J e
252 UNPLOT FC call m NN set 7.h
253 CLEAR FD prefixes mstruc- set /

HONS UsInNg 1y

254 RETURN FE cp N set 7,.(nhl)

255 COPY FF rst 56 sot 7.8
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Index

This index includes the keys on the keyboard and how to obtain them [the
mode — [ B [For (B — and whether shifted or notl, and their codes

Usually an entry is referenced only once per chapter, s0 having found one
reference, look through the rest of the chapter mcluding the exercises

A
ABS
accuracy
ACS
addition of strings
address
- Of a byte
retum address
alphabetcal order
AND
antlog
argument
anthmehc expression
array
ASN
ass«gn
AT
ATN

B
bar chart
BASIC
DINary
— operation
- System
ot
BOLD TYPE
BREAK

buffer
bug

144

[ onG Code 210

. onS Code 203. Arccosine

Ror N shifted 2 Code 218

4. on A Code 202. Arcsine

[d.onC Code 193
[3.onD. Code 204 Arctangent

On SPACE. Only recognazed as
BREAK m certain situations

i)
Lad

L "1~ LY
-

DHE~NODWO AW

s O

o

e

15

55,87

] D

21,97

- L
= QP < L

i) e
=l = U0 R

i S ]
== T M)



nclan
Dytle 117
C
call 41
cassette recorgdes & 9
Charactes 'r_-";
— DOSITON '%;
Sl 571 ’J.'"'-
control character 680
CHRS J.onU. Code 214 57
CLEAR [3.onX Code 253 24
CLS LY. onV. Code 251 56

CODE id.onl Code 19 b 57
code 57
machine code 123
command 15
COmpanson 3 .
of numbers 32

—of strings 3
compute & display Al
concatenation o]

[
condition p.
conditional &xpressaon S0
CONT (d.onC. Code 23. 22
control
charactes 6
—vanable r |
coordinate :'-1
COPY (3.onZ. Code 255 9 '-i
COS ld.onW Code 200 T(
CPU 2

CUrsor

H Cursor
L] Cursor
Ci  cursor

9 cursor
program cursor (1B

T X+

|
¢ Qe -Rials- Qe

o |
b C

D

DATA o

decimal system 115
degroe }'5
DELETE E. 3 or (. sheftad O. Code 119 19,58
DIM ES. onD. Codde 233 &l 79

14‘:.‘



Indax

dimeansion
display file

E
n exponent part
EDIT
e¢lerment
ampty string
ENTER
antry point
axecute
EXP
exponant
—b"j".t-."
part
QX pPresson
anthmetic expression
conditional expression
ogical expression
NUMEnc axpression
stnng exprassion

F

4 mode
false

FAST

fast mode
floating point
flowchart
FOR
FUNCTION

function
— moda

G
(3 mode
gittch
GOSuUB

— stack
GOTO
graph
graphecs

— symbol

146

47,79
47,129

53

dor N, shufted 1. Code 117 24
/9

57.88

Code 118 13.17.21

l“h

k2
1 D

d.on X Code 206

A U ~J A
WO

-

N L2 G U™ LN LT

wd € CO OD G L) L WD

(s s ]

(3 or 8 shufted F. Code 229 39

3. on F. Code 235 28
(3 or 4, shifted ENTER. Code 121 24,69

"

B — N
N Y

3. onH Code 237

Ll.onG Code 236 y.

kB
s < R

C® 0

oB8.B3



mode

GRAPHICS

gray characters

H

héx
hexadecima

|
¢
IF
INKEYS
INPUT
INT
nteger
intaractve
iNnversea
— functions
— vdeo
tem
PRINT item

J

Jack plug

K

1 mode

keyboard

Keyword
— moge

L

¥ mode

LEFTS

LEN

LET

lettermode

e

— number
program hne

LIST

[ .00 or Bshifted 9 Code 116

(L} onU. Code 250
d.onB CodeB5
(1.0nl Code 238
IJ.onR Code 207

[3.onK. Code 198
LY .onlL. Code 241

Irwchesx

58
58

60

"ET-

LY
o 00

) N

0N ~J
= 1
s i L) s Ca) )

& S B

16,58
B6
86

16,98
16,98
16 98
16 9§
81
HF
o ;’
16 98
64
12.28
147



e

LLIST
LN
LOAD
iogic
Chl{_\

-al opearation
0gs
loop
LPRINT

M

machmne code

masn program

mantssa

mamory
— @xpansion board

MIDS

MOde
compute & display
fast mode
function mode ([J)
graphics mode |[)
keyword mode ([3)
letter mode ([Y)

modulo

modulus

N

name
-of a vanable
—Of a program
nesting
NEW
NEXT
NOT
nullary operation
null string
MUMeEC
—@8xprassion

O
ON

3 orN, shifted G
d.ond Code 205
l4.onJ Code 239

LY or [N, shifted S

(3 .on A Code 230
[ .onN Code 243
G .onN.Code 215

Code ??E'

Code 225

54

b b

-

28

b ) LD

- ..l.1 P-.'
s L) NS

By =
Lot =)



oparand

operahon
Dinary operation
logical operation
nullary oparation
unary operatbon

OR

P
parentheses
PAUSE
PEEK
Pl
pexel
PLOT
POKE
DOSIHON

LPRINT postion

PHIHT pOs 1On
DoOwer

supply
PRINT
tem

— POSITON
orinter
prionty
DroCessor
Procrustean assignment
program

— CUrsor

e

psaugorancom

Q

quote
mage
stnng Quote

R

radian
RAM
RAMTOP
RAND

L3

RO

EJEd

(K

or (8. shufted W

onM Code 247

N e -

on Q. Code 2
on M C ode BB

onQ
on O Code 244

onP. Code 245

LCode 246

Code 217

[ |

Indjax

¢

k) =

N om
Y G 2

G ON ~J LD

Cad P2 €

A
I

P



Invdex

random
READ
recursive

registeér

relpton

REM

report
RESTORE
RETURN
retum acdress
RIGHTS

RND

ROM

mung -ng

RUN

S
SAVE
scentific notation
SCROLL
SGN
shift
—8d key
simple vanable
SIN
SxCa
SLOW
SQR
stack
calculator stack
GOSUB stack
machene stack
statement
STEP
STOP
STRS
string
— agditon
— aXpression
—QqQuote
- vanable
subroutine
subscript
—ad vanable
= @rror

J.onE Code 234

l.on¥. Code 254

[J.onT. Code 64

nc. 10 nearest integer|
(3, onR Code 247

(3.onS Code 248

B onB Code 231
[J.onF. Code 208

d.onQ. Code 199

3 or N, shifted D. Code 228
[d.onH Code 208

[} or N, shifted E. Code 224
3 or (8, shifted A Code 227
B.onY. Code213

-I-"}
*

fad |

&

70

&
Fog

00N — L3 b2
S SIATATAT Y

-
T
B s = g D B O
DO =

I NS

2833
23.85



substnng
symbol
— graphscs symbol
syntax
svatem variable

T
TAB
TAN
tape
- recorder
—storage
television
THEN
TLS
TO
oken
tngonometnc functons
rua

U

unary operations
unkass

UNPLOT

USR

\")

VAL

value

vanable
control vanable
simpde varnable
string varabile
subscripted vanable
systemn vanable

W

word

X

coorchnate

[d.onP. Code 194
I3 onE. Code 201

L or[8, shifted 3. Code 222

£3 orly, shifted 4. Code 223

B.onW Code 252
[d.onL. Code 212

[J.onJ. Code 197

Indax

84

27.86
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fde s

Y

y-Coordinate

Z
Z-80A

+ h M

LI or [N, Code 27. Full stop or decimal point

(3 or [§, shifted full stop
[(dor [, shifted X. Code
Lior I8, shifted 7. Code
3 or [V, shifted C. Code
(Jdor N, shifted P. Code
[Jor I8 shifted O

Llor MM, shifted | Cg
dor 9, shifted 0. Code

parenthess

RBor ¥

shiftad Space

Cdor I3, shifted ) Code 1

dor V. sh fted K. Code
(3 or N, shufted J Code
(dor 19, shiftedB. Code
Ror 19, shiftedV. C
Jdor [N, shifted H

,,_
=y

Ix{x

or (9. shifted M. Code
or 8. shifted N Coda
J or (8, shvfted R. Code
equal to

[3or Y, shifted Y. Code

e 3
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Report Codes

Thes table gives each report code, with a general descnption and a hist of
the statements and functions in which it can occur. In Chapter 21, under
each statement or function, vou will find a more detailed description of what
the arrgr repors mean

Code Meaning Sitvations

Q Successful completion, or jump to kne Any
number bigger than any existing A report
with code O does not change the line

number usad by CONT

The control vanable does not exist (has NEXT
not been set up by a FOR statement], but

there 1s an ordmary vanable with the

same namae

2 An undefined varnable has been used Any

For a simple vanable thies will happen if the
variable 15 used before 1t has been
asssgned to in a LET statement

For a subscnpted variable it will happen f
the vanable 15 used before it has been
dimenswoned i 8 DIM statement

For a control vanable in 8 FOR statement
and f there 15 NnO ordinary simple varnable
with the same name

3 Subscnipt out of range Subscnpted vanables
if the subscnpt 15 out of range Inegative
or bigger than 65535), error B will result

4 Not enough room in memory. Note that LET, INPUT, DIM,

the line number in the report (after the /) PRINT, LIST, PLOT,
may not be complete on the screen, UNPLOT, FOR,
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Report Codes

Code

ir

D

Mearung

because of the sh Driage of memonry
for mstance, 420 may appear as 4/2
See Chapter 9

NO more room on the screen

CONT will

make room Dy ::Zﬂnrlnq 1he sCréen

Arithmetic overflow calculations have

led to a number graater than about 10

No corresponding GOSUB for a RETURN

statemant

rou have attempted an INPUT command

inot allowed|

STUP ctatermeant exaculag EDNT Wy 1O
"'r (O r@axecutle i?'*'STDP stateman?

nvahd argument 1o certain functions
mteger out of range. When an mteger
required, the floating-point argumaent

rounded to the nearest mteger. If 1t

outside a surtable range, arror B results

FoOr array access, see also Report 3
The text of the (string) argument of VAL
does not lorm a VB NUMancs

expression

i) Program mterrupted by BREAK

Wil The INPUT ne starts with STOP
Not used

The program name provided is the empty
string

Y ) |"I"|I" .'lll'iﬁﬁ

GOSUB

S0meatimes dun ng

func ton avaluation

PRINT, LIST, PLOT,
UNPLOT

Any anthmetic
RETURN
INPUT

STOP

SQR, LN, ASN, ACS

RUN, RAND, POKE,
DIM, GOTO, GOSUB,
LIST, PAUSE, PLOT,
UNPLOT, CHRS,
PEEK. USR

"
A Tay access

VAL

At the and of any state-
nent, or in LOAD.
SAVE, LPRINT, LLIST
or COPY

INPUT

SAVE
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