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INTRODUCTION

i

Ihis manual describes the features and operation of the
EINSTEIN, lt is divided into three distinct sections,
the first of which deals with setting up the computer,

general information, loading BASIC and familiarisation
0f the keyboard,

I'he second section provides an introduction to BASIC
and includes several exercises for the beginner.

I'he third section describes some of the more advanced

facilities of EINSTEIN including details of Graphics,
Colour and Sound.

ln producing this manual we have assumed no previous
knowledge of the material and, therefore, offer lengthy
explanations to accommodate the inexperienced reader

(THE USER)., At the end of each topic a summary has been
included which contains the main elements of
information and it would be sufficient for the
experienced user to consult these rather than the full
text,

A chart 1s provided which guides the reader through
this manual Aceording to individual experience. We
would &stress the importance of reading carefully
through i he inftarmation relating Lo setting up
EINSTEIN, regardless of previous knowledge,

The inexperienced user ahould adhere to the sequence of
the chart when work ing through the manual as
information presented in one section often expands on
knowledge gained in previous sections.

For the absolute novice we have lncluded a very simple
figurative explanation of the elements of a computer.




SECTION A

Setting Up.

Flowchart Guide

what is a Computer
Hardware/Software Expandability
Screen Display

Operating Systems

Keyboard

Talking to the Computer

Introduction to Discs.
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SETTING UP

UNPACK ING

Carefully unpack your EINSTEIN and check that you have
the following items.

Computer unit with one integral disc drive,

UHF lead (for connecting to T.V. aerial socket).
A SYSTEM MASTER disc in a plastic case.

An EINSTEIN "INTRODUCTORY MANUAL"

An EINSTEIN "BASIC REFERENCE MANUAL"

Quick reference card for BASIC

An EINSTEIN DOS/MOS MANUAL

L

~N OO s WN <&

[Inspect all items and packing for any damage which may
have occurred during carriage. If there is evidence of

damage caused by mishandling during carriage, contact
your supplier as soon as possible,

Optional extra itema are:

e Colour Display Manitor TMO1

4, Becond integral dise drive in the computer unit

J s External dise drives

4, PFPrintenr

B, JOYBELEKE

COMPUTER AND DIBPLAY

Fig:«1:1 11lustprates the computer, complete with two
integral dise drives and the display in place, Fig.1.2
shows a4 view frem the rear of the computer.
Familiarise yoursself with all the parts indicated in
the diagrams,
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“"POWER ON" LIGHT
This will illuminate Green to indicate the power 3=
switched on.

"ALPHA-LOCK" LIGHT

This will illuminate Red to indicate that ALPHA-LULE 12
in operation (i.e. the computer is accessling upper CAase
letters at that time).

T.V. SOCKET

This socket is used to connect the computer to &
television when a Display is not used.

VOLUME CONTROL KNOB

The rotation of this knob will control the volume &f
sound emitted by the speaker mounted behind the centis

grille of the computer console.

ANALOGUE 1/ANALOGUE 2 SOCKETS
These are used to connect games paddles, joysticks and

laboratory measuring devices to the computer.

SERIAL PORT (RS232) SOCKET
This is used to connect serial printers,
other serial devices to the computer.

modams a/d

YUV-RGB LINEAR (INT.SELECT) VIDEO SOCKET |
This is used to connect the computer to a sultabils

display.

Facilities are available on the EINSTEIN far F#!;fl
the Display with either YUV or, with RGH AUE
signals.

Normally as supplied, the computer s set %8
YUV via this socket, located at the FreEaF 8
computer housing, to accomodate the TATUNG flispla

LT RGUB fTormat 1a required, refer to Appendix I {dismlay
Monitor Signal Optiana) af thia manual,

PRINTER CONNECTON

This connector is used t6 eoannect A parallel printer
device Lo the compuUtepr,

USER INPUT/0UTPUT B BIT CONNECTOR

This allows sauitable quvlﬁﬂg i he econnected to the
computer for difsct INPUT/ERITRLIT processesa in a aimilar
manner to Accessing & BiFi}iE} BrintEer via the printer
gocket.

TATUNG  PIPE CONNECTOR
diFfeEE ABEEBE ®A the ZA0 processor for

future axpanslan

This allows

EXTERNAL DIBC DRIVE GONNECTOR

his 18 ueed when lﬂﬁlﬂiiﬁ additianal external disc
drives te the computer, |

RESET BUTTON e L "
Pressing this BUEESR  EIBAFE  Everything from the
computer and restapts it 88 iF Fram "pawer up'",

INGTALLATIEN

: = ol | o+
Hefore aetting up -mﬂ"m&l"hllﬂ the following:

I, COMPUTER MAING LEAD

[f the socket m 8 be used are not suitable
for the plug supplied with the computer it should

be out off and &an apprepriate three pin plug
fitted, -
NOTE: The plug severed from the mains lead must be

destroyed, as a plug with bared flexible cord is
hazardous if engaged in & live socket outlet.



a)

ot

The mains lead contains three wires coloured In
accordance with the following code:-

BLUE - Neutral
BROWN - Live
GREEN WITH YELLOW STRIPE - Earth

The colours of these wires may not correspond with
the coloured markings identifying the terminals of
your plug, therefore CONNECT AS FOLLOWS:-

The wire coloured BROWN must be connected to the
terminal marked L or coloured RED.

The wire coloured BLUE must be connected to the
terminal marked N or coloured BLACK.

The wire coloured GREEN AND YELLOW must be
connected to the terminal marked E or coloured
GREEN, or coloured GREEN AND YELLOW, or marked with
the earth symbol —17—'

Use a 3 amp fuse approved by ASTA to BS1362 ie.
carries the following mark.

Always replace the fuse cover, never use the plug
with the fuse cover omitted.

WARNING -~ THIS APPLIANCE MUST BE EARTHED.
DIAPLAY MAINS LEAD

Refer to the operating instructions supplied with
the dimplay unit for installation procedure.

H

6,

VENTILATION

[t is important that all ventilation slots in both
the COMPUTER and DISPLAY cabinets are clear of any
obstruction S0 "'that a free flow of air is
available., Do not cover with mats or material of
any kind, and avoid placing near heating devices.

Always stand the computer on a FIRM, FLAT surface
to allow a free passage of air to the ventilation
slots in the underside of the cabinet. Do NOT
stand it on upholstered surfaces or soft cushions,

etc., as these might obstruct the required air flow
necessary for efficient ventilation.

WARNING

lo prevent shock or fire hazard, do not expose the
egquipment to rain or moisture. If such exposure
oecura, remove the plug from the mains power point

and have the exposed unit checked by a competent
teonnician,

PROTECTION AND BAFETY

Shoeuld ARy unit fail to operate after turning on
the powsr 6F AUFIRg use, awiteh off and remove the
plug from the mains peawer poeint,

o net aperate the units in a faulty condition as
this mAy EAMSE TUPFENREr damage to the system and
could bE hazardaus,

Ask yaur dsalep af Bervice Centre for assistance.

CLEANING
fhe computer and display cabinets may be cleaned
periodically with a seft elean damp cloth. To

aveid damage o painted surfaces proprietary
cleanera and polishes ahould not be used.



SETTING UP

i

If using a DISPLAY:-

Connect the computer to the display as illustrated 1in
Fig.1.3, using the lead supplied with the display unit,

SWITCH SELECT

ON-OFF BUTTON

GREEN SCREEN-

B vvv RGs LIN

RGB TTL

(A

TO YUV—RGB
LINEAR (INT.SELECT)

Fig.1.3

The YUV-RGB socket at the rear of the computer is
connected to the YUV/RGB socket at the rear of the
display using the lead supplied with the unit.

'he LINEAR YUV/RGB socket is the upper of the two
sockets situated at the rear of the display, the lower
one being a TTL/RGB socket for use with other computer
Byatems,

Ihe switoh located above the two sockets should be 1in
the CENTRE pasition when wusing the LINEAR YUV/RGB
aocket (1,8, with EINSTEIN) and the LOWER position when
uaing the ROB,TTL eaeket,

If using a TELEVIBION

" FIFrEE PEMBYE the aerial lead from the rear of the
I‘Iui

¥ LORneEt ERE SAMPUESE T,V, sacket to the aerial socket
of Ehe T,¥y a8 dllustpated in Fig.1.4, using the
UsHFy 1ead supplicd with the camputer,

N,
%ﬁu‘[’h :

Ph TELEVIBIEN
BERIAL BWEEET

EERE

Fig.1.4

11



POWER UP

Maving set up your computer and display/T.V. you area
now ready to switch on (i.e. POWER UP).

* Plug the mains lead from the rear of the computel
into a mains power point (household 13 Amp socket )
and likewise for the display/T.V. (see appropriate
operating instructions).

* Turn the computer on by operating the main power
switch at the rear of the unit. The ON position i#

indicated by a red bar on the switch rocker. [he
"Power On" light on the front fascia will illuminatae
when ON.

* Turn on the display/T.V. (see appropriate operating
instructions).

If using a DISPLAY:-

Refer to the Operating Instructions Manual to adjust
the various controls until a satisfactory picture is
obtained of the computer logo in white text on a blue
background as illustrated in F10 YD,

¥ % % EINSTEIN # % %
Insert disc In drive O and

press CTRL-BREAK to load
TATUNG /XtalMOS 1.0 (C) 1983 1984
Ready
>N
Fig.1l.5

12

Lt wusing a TELEVISION: -

'he television may need to be '"tuned 1in" to the
computer, using one of the vacant channel selectors,
until a picture appears_as above, bearing the computer
logo in white text on a blue background.

Refer to your television Operating Instructions Manual
for information relating to the tuning procedure.
Having decided on a particular channel selector, it
should be "tuned in" to channel 36.

Some televisions may operate more successfully by
making use of the A.V. facility (when provided). Refer
to appropriate operating instructions for this.

3
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FLOWCHART GUIDE

The flowchart guide on the following page is desalgned
to guide the user through this manual.

The following points should be noted as an aid ta
using the guide correctly.

1.

Rectangular Boxes contain instructions for vyou
to follow.

Diamond Boxes contain questions which require a
YES/NO answer,

Read the instructions in the boxes carefully
and follow the route from one box to the next
as indicated by the arrows.

Diamond Boxes give an option of two routes,
The route you take will be selected according
to your answer to the question, and 1is
indicated on the <chart by YES and NO
directions.

Plan your route through the gquide before
proceeding any further.

14

(START)

l

g T HD

AN EREERiFNEED "

Ll

"l’irEs

QO0TD FAQE XN

AEAD BUNMMARY OF CH. §.
QOTO FPAGE 2T

.'

READ CH, %.

|

@OTO FAGE 48
FAMILIARISE CEEYROARD

FRAOE BUNMARY

{

“I}iﬁili}ii Bl

WORE THRADUGMW CH. 3,4, 8,8,

a0T3 FPAGE 32
WORK THROUGH CH. T
"EEYBOAND®

GOTO PAGE 48

MEAD THRNOQUOQH CH. ¥,

A0TO FAQGE E2

READ THRAOUGHM CH, ¥,

ANE YOou

NO

AW EEPENIENCED
URER T

MEAD BUMMARIES ON
PAGESTI, 08,101,118, 119,128

GF AECTION =N=,

QOTO PAGE a0 wWonu
THROUGH SECTIiONM =B° ,

“IMTRODUCTION TO BARICS
"PROGAAMB ""QUANTITIER"

"FROGAAN BTRUCTURE"
"TEUBNOUTINER® "AMmMAYE",

MEAD THROUGH SECTION

"CT FON INFORMATION

(_ END )

Fig.2.1
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WHAT IS A COMPUTER?

This section has been included for the benefit of thoss
who have no previous knowledge of computers and
provides general information relating to the CINGTEIN,
[t is designed to give a very brief and simple
explanation of the fundamental elements of a computal
and introduce some of the terms in common use.

THE COMPUTER

In the first instance we must realise that the compute
does not have a "Brain" and is therefore not an

intelligent "animal". A computer can only do what Il
is told. However, what the computer does have 148 &
MEMORY and a CENTRAL PROCESSING UNIT (abbreviated to
qutut}-

Information and instructions are fed into the computer
by using a keyboard which is very similar to that of a
typewriter. The MEMORY stores the information and the
C.P.U. carries out the instructions.

MEMORY

There are two separate areas of memory, known as READ

ONLY MEMORY (ROM) and RANDOM ACCESS MEMORY (RAM)
respectively.,

The ROM area is a permanent memory which stores all the
information and instructions which control the general
operation of the computer (usually referred to as the
OPERATING SYSTEM). This operating system is put into
the computer by the manufacturer and although there are
variations from one machine to another it cannot
normally be affected by you. Therefore no matter whal
you do with your computer the ROM will remain
permanently unchanged.

16

'he RAM area 1s the memory into which you feed your own

information and instructions whilst using the computer.
It 1s only a temporary memory and therefore when you
awlitech offt the computer the contents are lost.

Fig.3.1 gives -a  representative illustration of the
points covered so far.

READ ONLY MEMORY

CENTRAL PROCESSING (PERMANENT)

UNIT P
RANDOM ACCESS MEMORY S Rom
"'l'|||||"'-“l!l'.' B )

(TEMPORARY)

f%l{'ﬁﬁ[ﬁjfr"ﬁu 'I'In"J

| I||.:|I| I T,
I IJII#J |'|"|| |||||P||r UJ!E |I l... B
hr|- l1J | | { II"IIII i "I e

1i5i
"un'J II|| II I

Fig.3.1

BACKING BT0RE

[t would be most inconvenient to lose information,
which you may need at a later date, by turning off the
computer, Therefore we incorporate a system which is
known as a "BACKING STORE" This is simply a method of
atoring the infoarmation whieh was in the RAM so that it
can be uased again on another cocasion,

17



Many home computers use cassette tape as A& bBAaEking
store., EINSTEIN however USes DISC storage. I he
information can be stored on them and retrieved as wWith
cassette tapes.

Just as tapes need a tape recorder for operation, b H &
NISCS need DISC DRIVE units. EINSTEIN uses dial
storage only.

EINSTEIN uses a 3 inch compact floppy disc, which 18
protected within a plastic cassette type case. I he
physical operation therefore becomes similar TO loading
and removing cassette tapes from a car cassette player,

Fig.3.2 illustrates these points.

INFORMATION FROM RAM
STORED ON DISC

Fig.3.2

18

he advantage of Disc Storage ijs “¢he facility of
wpandom access" to information which is a much gquicker
process than the "sequential access" associated with

CApes,

-

CENTRAL PROCESSING UNIT

The CPU is that! part of the machine which 1s
responsible for all the calculating and processing of
information, and might be considered the "heart' of the
computer.

USE

We now know some of the fundamental concepts relating
to the computer. The facilities it offers allow us to
deal with large quantities of information and data for
home and business applications more gquickly than
before. Also it can provide hours of fun in the form
of "Arcade Type" games and personal application
programs.

[-SUHHARY-—-—————- - -

The following terms have been introduced and
explained. You should now be familiar with their
use. If not, please read through the appropriate
section again.

a) KEYBOARD

b) ROM (Read Only Memory)

c) RAM (Random Access Memory )

d) CPU (Central Processing Unit)
e) OPERATING SYSTEM

f) BACKING STORE

| g) DISCS and DISC DRIVES |

19



4

HARDWARE /SOF TWARE EXPANDABILITY

HARDWARE / SOF TWARE

A1l the solid physical objects incorporated within the
system are known as the HARDWARE, e.g. Computar,
Printer, Display, Keyboard etc.

The SOFTWARE is a sequence of instructions and
information which enables the computer to perform #a
particular task. Software is usually contained Of
disc, but may, in some cases, be fed into the computel
via one of the ports (at the rear of the computer).

The essential items of HARDWARE are the COMPUTER, the
KEYBOARD and some form of DISPLAY (VDU or TV)a This
can then be expanded to incorporate the facilitien
illustrated in Fig.4.1, which include a printer, up to
three extra disc drives, two joy sticks for games and
a variety of applications involving the 8-bit usaer
port and TATUNG 'PIPE'. (Further details of the User
Port and TATUNG 'PIPE' are included in chapter 16)

A printer is quite useful for producing printed copi@sn
of any particular results the computer might give.

INPUT

You are the person using the computer and putting
information into it via the KEYBOARD. In other words
you are a USER and the keyboard is an INPUT device.
OUTPUT

The DISPLAY and PRINTER are facilities for displaying

what is coming out of the computer either on screen or
paper. They are therefore known as OUTPUT devices,

20
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[

TELEVISION

DISPLAY
COMPUTER

PRINTER

USER INPUT/OUTPUT

AN 8 BIT USER—PORT
WHICH CAN BE CONNECTED
TO A RANGE OF DEVICES

KEYBOARD

w

x

o=

w -

=

< |

g >

o

-3

RLLE 7

F T
L)
- W
< >
B
E =)
&
»
" =
(=]

Fig.4.1
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DISC DRIVES

The DISC DRIVES provide a facility for both INPUT and
OUTPUT because the DISCS can be used either to stors

information

information into the computer.

PERIPHERALS

All the extra devices which can be connected to th#
computer are known as PERIPHERALS,
Extra Disc Drives etc.
models for use with EINSTEIN appears in appendix (.

Display,

SUMMARY

To quickly

jargon" :-

a)
b)
c)
d)
e)
f)

recap, we have introduced the

following terms which are recognised '"computer

DISPLAY

PRINTER

USER

INPUT/OUTPUT devices (I/0)

PERIPHERALS

HARDWARE / SOF TWARE

coming out of the computer or transafel

Eig| Pr"lr.ltir‘
A list of suitable
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DIBPLAY

Having seb
T TEY 1A

THE MEBBAGE

b)

c)

d)

e)

o

SBCREEN DISPLAY

Wpp Ehe computer and display as described

thé 1nitial measage displayed on the screen
16 Beplailned balow,

The title at the top of the screen is the
computer's own name followed by the
instructions to load the system disc. This
only appears on "SWITCH ON" or when the
reset button 1is used without a disc
inserted.

The first line or the message,
TATUNG/XtalMOS 1.0, indicates that the
computer is working wunder the Machine
Operating System

READY indicates that the
waiting for instructions.
The (CHEVRON) sign is a "prompt" to
indicate that you should insert an
instruction. When the execution of an
instruction has been completed, the
chevron will re-appear as a reminder that a
new instruction should begin.

The flashing square character adjacent to
the chevron is known as the CURSOR. When
we type in a character the cursor will
automatically move one space to the right,
indicating the current position at which we
can expect the next character to appear on
the screen when we press a key. It is also
possible to move the cursor independently
about the screen by use of certain keys on
the keyboard.

computer 1s

23




SCREEN GRID
[t will help to understand the positioning i
characters oh the screen if we know a little aboul b b

"Sereen Grid'.

We can imagine the display area of the screen to h#
mapped out by an "invisible" grid similar to thal

shown in Fig.5.1.

o -

Fig.5.1

The grid does not cover the full area of the screen
and a border is therefore left around the perimeter,

This grid represents all the possible CHARACTER
positions which can be displayed. Each small "square"

of the grid corresponds to one character CELL. These
character cells are then sub-divided again into small
squares known as PIXELS. The PIXEL is the smallasnt
unit of display possible on the screen and all
character shapes are formed by displaying the

necessary combination of pixels within a cell %t8
produce the required figure.

24

there are two "GRID MODES" available being referred to
ag 12 COLUMN DISPLAY and 40 COLUMN DISPLAY.
tn 3¢ COLUMN display the grid is 32 cells across by 24
¢ells down, each cell containing 64 pixels (8 x 8).
p 32
24
1
Fig.5.2

In 40 column display the grid is 40 cells across by 24

cells down, each cell containing 48 pixels (6 x 8).

. 40 -

N
=

Fig.5.3
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We see therefore that the 40 column Character o6lls

are smaller in width than the 32 column Charactei
cells as illustrated in Fig.5.4.

b s T

S G :

GRAPHICS CHARACTER CELL TEXT CHARACTER CELL

(8X8 PIXELS) (6X8 PIXELS)

Fig.5.4

SUMMARY

You should now be familiar with the following
terms: -

a) MACHINE OPERATING SYSTEM (MOS)
b) CHEVRON and its functions

c) CURSOR and its functions

d) SCREEN DISPLAY GRID

e) CHARACTER CELLS

f) -PIXELS
F———
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6

THE OPERATING SYSTEMS

There are three different levels of operation available
with the EINSTEIN, these being:-

r he MACHINE CODE DISPLAY section of the '"Machine
Operating System" - MOS

4. The DISC OPERATING SYSTEM - DOS
3. The LANGUAGE operating mode - BASIC is supplied.

lo make an analogy we could consider these '"levels" to
be similar to 3 different channels on a television,

Unlike a television, however, there are no physical
switches for selecting channels; the "levels" (systems)
are selected by use of certain commands which are typed
in from the keyboard (these commands in fact act like
switches to "turn on" a particular system),

Various different facilities are available within these
"levels" (systems) which are self-contained, but there
1% some interaction between them.

MO

The facilities within the MOS mode allow the user to
acceas the memory of the computer directly and carry
Out any neoessary modifications, This 1is a useful
aapect far the more advanced user, but new users would
he advised to become more familiar with the machine
before attempting te work within this area. (More
details of this system are gliven in the DOS/MOS
REFERENCE MANUAL ) ,

The prompt measage diaplays '"Ready" with a chevron
below when in MOS,
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DOS:

The DOS concerns itself with accessing and processing
of  Diacs, There are 1limited facilities availlahlg
within thas mode but more often 1t is ueed 1R
conjunction with the particular LANGUAGE in operation

within the machine.

Inexperienced users need not concern themselvea ta#

greatly with this at the moment as more use can be made
of the DOS at a later stage when familiarisation of the
machine and the language mode are complete. (MaFre

details of DOS are given in the DOS/MOS REFERENCE
MANUAL ) .

The prompt message displays the current drive numbejy
and a colon when in DOS,

LANGUAGE :

The LANGUAGE "mode'" 1is perhaps the most used system foi
general purposes. BASIC 1s supplied, but othe
languages can be used with EINSTEIN. Newcomers should
familiarise themselves with the BASIC language before
attempting to work in either MOS or DOS exclusively
(some interaction will be found between BASIC, MOS and
DOS) .

The prompt message displays "Ready" with cursor below
when in language mode.

LOADING THE LANGUAGE (BASIC)
As mentioned earlier, when the machine is initially

turned on it will "“power up" in the operating system
(ie. MOS).

28

'he following message should be present on the screen:-

Insert disc in drive A and
press CTRL - BREAK to load.

Remove the SYSTEM MASTER disc from the protective case
and place it in the disc-drive as shown 1in Fig.6.1,
with the label "SYSTEM MASTER" uppermost.

EJECT BUTTON

RED/GREEN INDICATOR
LOAD WITH LABEL UPPERMOST

Fig.6.1
i) The disc should be pressed firmly home 1in the

same manner that you would with a front loading
cassette tape player.
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ii) The indicator light on the disc drive facia will
illuminate GREEN for side A and RED for ailds B8,

If loaded with the "SYSTEM MASTER" side uppermosl
the light should be GREEN.,

iii) To remove the disc press the eject button, Ihis
will cause the cassette to release and jump oul
slightly so that it can be removed by hand,

Having correctly inserted the disc press the hkay
labelled CTRL and the key labelled HHEAR
simultaneously, as indicated by the message on thea
screen.

CTRL-BREAK

This causes the Disc Operating System to be loaded
into the computer from the disc.

The computer should now be operating in DOS and the
following heading should appear on the screen.

* %% EINSTEIN * %%

TATUNG /XtalDOS 1.0 (C) 1983 1984

O:m

If this 1is not the case then check through the
""loading'" procedure again.

Now type XBAS and then press the orange ENTER key. Thina
causes BASIC to be loaded into the computer from the
disc.

30

'he computer ahould now be operating in the LANGUAGE
MODE and the following heading should appear on the

Bren;

—

/ rnunﬁ;um-uulc 4.0 (C) 1983 1984

S1ZE: 00000
Ready
L]

[f this 1is not the case then check through the
'loading' procedure again.

The heading only appears when the language 1is first
loaded and the figure given after "Size" will vary
according to the version of BASIC installed. The
screen format changes by necessity in accordance with
the operations in hand. The heading will disappear at
the first change of screen, leaving only the Ready
prompt and cursor to indicate that the computer is
working in language mode.

I—smmﬂv- b 2

There are three modes of operation:

a) MACHINE CODE DISPLAY (MOS)

b) DISC OPERATING SYSTEM (DOS)

l_-c} LANGUAGE SYSTEM - LOADING THE LANGUAGE
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KEYBOARD

LAYOUT

FO F1} F2 !FB FL |IFS||F6||F7

L5c

—

-4

§R—
]
=l

1"’2 l.(ll[
I

crecl Q W E‘ R Tl
el AllSIDIFlel[n]J] k]l _+_I 0L
Z 1w L VIIBIINIM - -1 ! swier]| s

1 » Fi DEL

SHIFT

GRiArpn

SPACE

Fig.7.2

Fig.7.2 above represents the layout of the keyboard.
The labelling is very similar to a typewriter, with the
addition of a few extra keys, The LIGHT GREY keys are
all CHARACTER keys, the DARK GREY keys are FUNCTION
keys, and there is one ORANGE key labelled ENTER.

The keys fall into three distinct groups;:-

a) '"User Defined'" Function Keys - DARK GREY

b) Character Keys - LIGHT GREY

c) Ancillary Function Keys - DARK GREY/
ORANGE
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"USER DEFINED" FUNCTION KEYS

Fig.7.3

The top row of eight grey keys labelled FO to F7 are
"user defined" function keys. Each key can be
programmed by the user to have a very clearly defined
function, The details of programming these functions
are described in the BASIC manual and should be left by
the inexperienced user until the following sections
have been covered:-

a) Familiarisation of the remaining keys
b) Introduction to BASIC

34

CHARACTER KEYH

ZIX||C| VI|BIN

SPACE

Ll - s s R e e e b PR L e e LA 1]
e R e D e e
-::*.-:-::3::-::'-'-'“:'::5-"‘:-3-,’;5_!:,';:::-:3;:55."5::::::-::'5;::3;;EF,';h'-;_:*.::'if::ﬂ'52:;5_:;';:;:;:;-’;E!::-,;:-:-:;'::E:':5':::'5!’;:;‘:35.5:55':'

Fig.7.4

'his group includes the numbers (NUMERIC), letters
(ALPHABETIC), symbols and fraction keys used to "type
in" information and instructions to the computer. Each
key can access two characters as indicated by the
labelling on the top surface, these being either upper
or lower case letters for the alphabetic keys (upper
case only are labelled).

The computer 1is set to access upper case letters when

first switched on (Powered Up), and the characters
illustrated on the lower half of the key-top surface.

To access the '"second" character we incorporate the use
of the SHIFT key (one of the ancillary functions).

It can be seen from Fig.7.5 that there are two shift
keys. This is for convenience only; both keys perform
the same function.
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Fig.7.5

The shift key must be held down whilst the appropriate
key is pressed to access the "second" (SHIFTED)
character required.

KEYBOARD TRAINER

A KEYBOARD TRAINER program is supplied on the MAGTEHR

disc and this can be loaded into the computer by typing
in the following exactly as shown.

RUN"KEYBOARD"
Then press the orange ENTER key and the program will
load and RUN., Follow the instructions presented on the
screen by the program.

DEMONSTRATION PROGRAM

When you have completed the keyboard trainer exercises,

type in RUN"DEMO'" and then press the orange ENTER kay,
This will load a demonstration program which
illustrates some of the facilities of EINSTEIN. Follow

the instructions presented on the screen.

36

when you have completed the DEMO program read thr*ﬂugh

thée following sections 8o as to reinforce and extend
the knowledge you have gained,

AT you" Compleéete a Tull line of characters across the
acreen you will notice that the cursor automatically
moves to the beginning of the next line.

[f you wish to type 'a character several times
consecutively, simply hold down the key. This 'will
cause the character to REPEAT itself until you release
the key. The same function applies to the space bar.

ANCILLARY FUNCTION KEYS

ESC

Fig.7.6

These keys provide us with various useful facilities.

The SHIFT keys have already been discussed, others are
as follows,
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a)

ENTER — ENTER

Under normal circumstances the ENTER key is used al
the end of a valid instruction in order to entei
that instruction for processing. It invokes a
"carriage return line feed" (CRLF) ie. transafers
the cursor to the beginning of a new line. [f &
ERROR message is displayed, there is a mistake in
the instruction format. Information on how to deal
with error messages is given 1in later sections,

BREAK - BREAK

The normal use of this function is to cause a breal
during the execution of a program, simultaneously
displaying the message '"Break in **" on the screen,
This is obtained by holding down the SHIFT key and
then pressing BREAK,

The program is not "lost'" and can be continued an
and when required by typing CONT and keying ENTEH,
All variables are preserved,

When BREAK is used on its own, program execution 1%
halted whilst the key 1is held down. Execution
continues when the key is released.

When BREAK is used in conjunction with the CTRL key

(ie. CTRL-BREAK) the machine returns to the Dlai
Operating System (DOS).

38

d)

EEHER

l‘i ALPHA LOCK

The ALPHA LOCK key provides a facility which
mailntaina the alphabetic characters in "Shifted
modae', Thie 18 particularly wuseful 1f a large
amount of text 1s to be used in upper case letters.

'he facility applies to the alpha characters only
and all other keys remain unaffected by alpha lock.

i) The alpha lock is activated by pressing the
key once and released when the key is
operated a second time. NMote that the
system 1s designed such that alpha lock is
initially activated each time the machine is
powe red up, therefore to access lower case
letters alpha lock must be released.

ii) A red indicateor 1light, positioned on the
front fascia of the computer, illuminates
when alpha is locked ON.

<
=R

These two keys enable us to move the cursor about
the screen quite independently.

— CURSOR CONTROL

i) The first key provides horizontal movement
either left or right according to whether in
shifted mode or not, as 1indicated by the
arrow heads.

ii) The second key provides vertical movement
either up or down according to whether in
shifted mode or not, as 1indicated by the
arrow heads,
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e)

This provides a facility for positioning tHEe
cursor over any individual character, or charactei
space, on the screen.

i — DELETE/INSERT
As the title suggests, this key provides a facility

for insertion and deletion of characters from =&
piece of ' téext relative  to the cursor positiah
& Y e the cursor is used to indicate the
particular character/position in question).

i) Quite often when Ytyping in"' characters,

errors are made and the 1insert/delete key
provides the means of correcting the errors,

ii) The DELETE function is activated LA
"unshifted mode".

iii) When used in conjunction with the SHIFT key,
the INSERT function is activated.

To DELETE a character:-

1. Position the igursor to the right of tne
character (by use of the cursor control
keys).

2. Press the DELETE key.
3:s The character 1s deleted and the line of
text automatically ''closes up'" one apace

from the right to fill the gap.

4, Remove the cursor.

40

EXAMIPLL
griginal; AJKLMNP

We wish to delete 'L

Cursor positioned:- AJKLENP
UDelete activated:- AJKENP

Text 'closes up' from the right
Cursor removed:— AJKMNP

When the cursor is positioned to the
right.of  aidiner of i text, "™ iDELETE"
acts as a "rub-out" facility, deleting
characters and spaces to the left of
the cursor. Experiment with a line of
text so as to familiarise yourself
with this function,

To INSERT a character:-
1. Position the cursor where a character is
to be inserted.

2. Press the SHIFT and INSERT key
simultaneously.

3. The 1line of text will move one space to
the right from the cursor position,
leaving a gap ready for insertion of the
extra character.

4. Press the required character key.

5. Remove the cursor.
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EXAMPLE ) [‘ GRAPMICH
Original: ZKJLMOP

We wish to insert a 'Y' to the right

of %3 din the text.

| L

e L)
I .._]HUHVHU-‘E!Q 88||00||DG|D [I][I]] palimglliocollgalizns

Cursor positioned:- ZKJEMOP

Insert activated:- ZKJELMOP

Text moves one space to the

right

Key in character:- ZKJYEMOP

When the character 1is keyed In {(h#&
cursor moves to the right as in normal
operation

Remove cursor:- ZKJYLMOP

[ HH||E8|GO||EQ||0O||00||S 0|80 0|8 | |E D |2 6| | &S

OO0 DmoQoQ|n = |RH = | D EE‘ Bl

oollasloalloollog ma]m‘rs nollso

Experiment with a few examples making un#
of the INSERT/DELETE facilities,

Fig.7.7
To CHANGE a character:-
The wvarious character keys (numbers, letters,

To CHANGE an existing character rather than symbols) provide a secondary function incorporating

insert or delete, simply position the curaol graphic characters, vEach key provides two
over the particular character and "type in'" the different graphic symbols which are shown on the
new character. front 'face of the Kkey. For the purposes of

illustration the symbols are indicated as being on

This OVER-WRITES the existing character, leaving the top surface of the keys as shown in Fig.7.7.

the new character in its place without any Each symbol occupies one character space.
alteration to the position of the remaining

text, and without the operation of any othal To access the Graphic Characters, press the GRAPH
keys. key and hold it down whilst you operate the

particular character keys required. Under normal
conditions the 1left hand character will be
accessed, but by using the shift key in conjunction
with the graph key the right hand character will be
accessed.

When the graph key is released the keys return to
"text" mode,

NOTE:
These three operations (INSERT, DELETE, CHANGE )
fall under the umbrella of a function known @s
EDITING. There are other editing facilitiea and
these will be described later.

42 43




T
k.
iy

Fig.7.8

ipy & few examples of graphic symbols. It is qQquite

afi jayable building up various patterns and shapes
ysing the saymbols. The only limitation is your own
imagination, A few examples are illustrated 1in
Fig. 7.8 to show what is possible. (The grid
patterns show the pixels of each character cell.)

(1) |CTri]= CONTROL

The CONTROL key, when used with various character
keys, offers several useful facilities. Like the
shift key it does not offer a function as an
individual key but creates a series of functions
when used in conjunction with other single keys.

In each case the control key is held down whilst

a second key is then depressed. Some of the
functions will REPEAT if the second key 1is also
held down.,

All the control functions are described 1in detail
in the "REFERENCE MANUAL'". It is common practice
to abbreviate CONTROL to CTRL for documentation
pUrposes. ;

f) ESC - ESCAPE

The ESCAPE key provides a specialised function
which causes 1listings and tabulations to be
aborted.

SCROLL

When we reach the end of the screen whilst "typing
in", the display will automatically move up one line
at a time to accommodate each new line of characters.
This facility is known as SCROLLING and produces a
similar effect to that which we see at the end of
cinema films.
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[rn— cont, -—-—-———-———————m———————-—_———ﬂ

SUMMARY — _ k) |aaaew Lvakes the GRAPHICS mode
F I LEFT HAND character="unghifted"
a) KEYBOARD HIGHT HAND character="shifted"
i} LIGHT GREY keys - CHARACTERS ‘
ii) DARK GREY keys — FUNCTIONS | ) FH“'] CAUABEE A break 1in program execution and
iii) ORANGE key - ENTER displaye the message 'BREAK IN LINE ..'

Can be used with CTRL and SHIFT keys.

b) LIGHT GREY keys can access TWO characters in TEX]
mode (illustrated on upper surface of each koy]
and TWO characters in GRAPHICS mode (illustrated
on front surface of each key).

m) %J'l ~ performs special functions 1n
& conjunction with other keys (Details in
EINSTEIN BASIC REFERENCE MANUAL )

vl to the ”Eecgnd; character of exhibit a REPEAT facility when held down.
|
each key

o) The screen is provided with a SCROLL facility.

d) ALPHA characters are LOWER CASE in "unshifted"
mode and UPPER CASE in "shifted" mode,.

e) NUMERIC characters are "unshifted", alternative
SYMBOLS "shifted".

) AhE N - maintains alpha characters in

LOCK UPPER CASE without affecting
other keys.

g) SPACE BAR - provides a spacing facility

h) ENTER | = returns "prompt" and "cursor"
to beginning of next line.

i) *C:? E% move the cursor either horizontally ar
vertically. Use of the shift key will
determine the direction.

INS

AR R — provides a DELETE facility in

"unshif ted" mode and an INSERT

facility in "shifted" mode.
cont, I
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8

TALKING TO THE COMPUTER

COMMUNICATION

Until now we have been making use of the screen display
functions available with EINSTEIN. This has provided a
few useful exercises to introduce you to the world of
the computer. We have not asked the computer to carry

out any kind of processing for us. To do this we munt
learn how to communicate with the computer.

Let us imagine that we have two different animals who
wish to communicate with each other. They do not have
a common language SO therefore they must wuse an

interpreter to translate for them as shown in Fige8.,

e
LANGUAGE )
ST

Plis

LANGUAGE

INTERPRETER

Fig.8.1

48

he same situation arlses when we wish to communicate
with the computear, Lomputears uae a language known as
MACHINE CODE | therefore we need to translate English
Language into Machine Code ror the computer, and
Machine Code into _English Language for our benefit.
'hia 18 1llustrated in Fig.8.2.

ENGLISH
LANGUAGE

CONVERSION TO
MACHINE CODE

O
N ¢

-
el S

Fig.8.2

PROGRAMMING LANGUAGES

MACHINE CODE is a form of BINARY notation made up of
O's and 1's only.

lt is quite a laborious task to convert English
Language to Machine Code but this was necessary with
early computers, To speed up this process several
abbreviated forms of English Language have been

developed and these are known as PROGRAMMING LANGUAGES.

Frogramming is simply one method of giving the computer
instructions and is dealt with in more detail in later
aections.
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Programming Languages usually take the form of codes o
gspecial words to represent lengthy procenaea &anH
therefore are more easily converted to Machline Cads,
Today this conversion is normally carried out hy &
master program which is loaded into the computer, AG
with our previous examples, this master program acts AS
an INTERPRETER. In the case of EINSTEIN the
INTERPRETER is stored on disc and must therefore hHe
loaded into the computer when it is required.

One of the most commonly used programming languages 1
BASIC. This is an abbreviation for:

B A S I C

BEGINNERS ALL-PURPOSE SYMBOLIC INSTRUCTION CODE

We will be using BASIC to communicate with the compule
as shown in Fig.8.3.

INTERPRETER

Fig.8.3
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fhereafare:

a) We INPUT in BABIC

bl The INTERPRETER program converts BASIC to MACHINE
CODE |

¢)  The computer functions internally in MACHINE CODE

d) The INTERPRETER program converts the MACHINE CODE
back into an "English like" language (ie.BASIC),

HIGH/LOW LEVEL LANGUAGES

English Language, BASIC and other similar Programming
Languages are referred to as HIGH LEVEL languages

Machine Code is known as a LOW LEVEL language.

Here are a few examples of HIGH and LOW level
languages: -

HIGH LEVEL LOW LEVEL
BASIC MACHINE CODE
COBOL ASSEMBLER
FORTRAN

PASCAL

FORTH

Each programming language has slight wvariations
(DIALECTS) according to manufacturing requirements for
individual machines,

We are no exception, and whilst adhering to a common
core of standard (DARTMOUTH) BASIC, TATUNG/Xtal BASIC 4

includes additions which provide extra facilities for
you as a USER of the EINSTEIN.

o



— SUMMARY

a)

The INTERPRETER program 1is loaded from
disc to facilitate the use of BASIC

TATUNG/Xtal BASIC 4 adheres to a commor
core of standard (DARTMOUTH) BASIC but
with additional facilities provided within
its own dialect
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INTRODUCTION 10 DISCS

THE Di8C CABBETTI

Fig.¥,1 1llustrates the main characteristics of a disc
casaette which the user needs to be familiar with.

“WRITE PROTECT" INDICATORS

ACCESS WINDOW

i LOCATION HOLES

PLASTIC CASE

DRIVE HUB

INDEX ACCESS HOLE

Fig.9.1

I'he disc 1is accessed by means of the WINDOW when loaded
in the disc drive unit. This window has a protective
meétallic shutter which opens as the cassette is loaded,
thereby exposing that area of the disc to the

read/write head within the drive unit. Both sides of
the disc can be used.



NOTE:

When purchasing disc cassettes (sometimes known as
compact floppy discs) or extra disc drives, make #suP
they are marked with the logo illustrated in Fig.9...

Fig.9.2

This 1logo indicates that any disc related materials
bearing it are compatible with each other and theroby
with EINSTEIN.

Beware of any attempt to supply disc related materials
which do not bear this logo, as they may not function

correctly (if at all) when used with your EINSTEIN
System.

HANDLING DISCS

Care should be taken when using a disc to avoid any
damage which might be caused by wunnecessary rough
handling. The following precautions should be observed

at all times in respect of disc cassettes.

i) Discs not intended for immediate use should bha
stored in their box for protection.

il1) Keep discs away from magnetic fields and
materials which might become magnetised, Streng
magnetic fields can distort the data recorded on
a gisc,
54

L11) Use ldentifticatien labels in the correct position
ARdd nevar oval lay them,
iy ) NE @l LUE® erasenrs (rUubbers) .,
v) The dise could be damaged if exposed to HEAT or
DIRECT SUNLIGHT, therefore avoid placing near

windows or heating appliances (particularly rear
parcel shelf of a car).

vi) Dust can cause contamination and damage to a disc
(e.g., cigarette ash).

vii) Do not expose the access area of the disc by
opening the "window shutter'" manually.

WRITE PROTECT TABS

There are two WRITE PROTECT indicators labelled A and B
for each corresponding side of a disc. When activated
they protect the data on the disc from being
overwritten similar to the way that recordings on
cassette tape can be protected. It allows information
to be READ from the disc but not WRITTEN onto it, thus
preventing accidental CORRUPTION or DELETION of data.

TAB SHOWN IN
PROTECTED POSITION

WRITE PROTECT TAB(RED)
SLIDES IN LOCATION

Fig.9.3



fhe WRITE PROTECT TABS slide in a small housing albt each
corner of the cassette case as illustrated in Filg.Y.d,
[f the tab obscures the hole, giving a RED indicator in
the hole, the write protect is NOT in operation. IO
acivate the write protect, slide the RED TAB (using a
small pointer, e.g. pencil) to the opposite end of the

housing leaving the hole clear.

An alternative form of write protect tab used by some
manufacturers is illustrated in Fig.9.3a. In thia
instance the tabs are WHITE, and slide backwards and
forwards in the direction shown in the illustration,

TAB SLIDES

IN THIS DIRECTION
TAB SHOWN IN

UNPROTECTED POSITION

Fig.9.3a

When showing white to the edge of the case the write
protect is not in operation. When the tab is slid
back, leaving an empty space, the write protect 1is in
operation,

HOW DISCS STORE DATA

Data is stored on a number of concentric tracks on the
disc surface similar to music tracks on a record.
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__EDGE OF DISKETTE.

ONE TRACK ON
DISKETTE SURFACE,

Fig.9.4

I'he disc surface is divided into SECTORS, each SECTOR

embracing all the tracks on a particular side as shown
in Figs.9.5 and 9.6.
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Fig.9.5
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Each SECTOR holds exactly the same amount of data and
this is measured in BYTES per track as shown 1n
Fi1g.9.7.

SECTOR

Fig.9.6
SECTOR

::;Tnncus_

BYTES OF DATA STORED
ON TRACK -

Fig.9.7

All blank discs need to be FORMATTED before they can b
used to store data/programs and this 1is dealt within

EINSTEIN DOS/MOS MANUAL.

A formatted disc will consist of 40 tracks ana 10

sectors with a storage capacity of 512 bytes per trach
for each sector. (total storage = 40 x 10 x 512 bytes),

o8

Normally, when FORMATTED, each disc has a DIRECTORY

track, This contains the name assigned to the disc (by

the user) and the namesa and sector addresses of

programs/files which have been loaded onto the disc

(4.8, "Baved"), ’his 1in fact facilitates the "direct

access'" of the programs/files which are on the disc.
— AMMARY —————— . -

a) Characteristics of Discs
b) Precautions for use with Discs
c) WRITE-PROTECT TABS - Use

d) Storing data on Disc

L AR T e T L e e s e e e -
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10.

1.

12.

13.

14.

15.

SECTION B

Introduction to BASIC
Programs

Quantities

Program Structure

Subroutines

Arrays
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INTRODUCTION 10 DASIC

LOADING BABITC

o make the LCINSTEIN more flexible, the BASIC
interpreter has not been installed within the system.
A method has been adopted whereby the user can load the

language to be used from disc as described earlier on
Page 28. Each time the computer is switched on, the
master disc must be inserted in the disc drive and the
BASIC INTERPRETER LOADED INTO RAM

(Other languages can be loaded in the same manner).

[f the computer has been switched off or re-set since
loading the language then it will be necessary to re-
load the language (ie. BASIC INTERPRETER) as before.

THE LANGUAGE
BASIC consists of a series of COMMANDS and STATEMENTS.

The commands/statements are "ENGLISH LIKE" words which
represent specific functions. These are known as KEY
words, or RESERVED words. (The EINSTEIN BASIC REFERENCE
MANUAL deals with each of the RESERVED words in detail
and a list also appears in the appendices.)

The first principle to appreciate 1is that BASIC

operates in TWO quite separate MODES, these being known
as DIRECT mode and DEFERRED mode.

BASIC
e n ey
DIRECT MODE DEFERRED MODE
Instructions in Instructions in
the form of the form of
COMMANDE COMMANDS and STATEMENTS
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DIRECT MODE

Direct mode (sometimes known as COMMAND mode) 1ia such
that the computer executes commands DIRECTLY they apre
entered; in other words an immediate reaction to the
instructions given.

The following example illustrates a direct mode
operation and uses the computer like a calculator.

EXAMPLE - type in the following exactly as shown:
PRINT 7%9
Now press the ENTER key
The * is used as a multiplication sign and the result
should immediately appear on the screen, on the noxl
line of text below, as 63.
NOTE: Pressing the ENTER key informs the computer thal

you have finished typing the instruction ready for
execution., The computer then acts accordingly.

& A

& COMPUTER
ENTER
- PROCESSING
T
Fig.10.1
62

IMPORTANT

Care must be taken to ensure all the example exercises
are typed in EXACTLY as printed. Any slight mistake or
deviation from the given format may result 1in the
computer displaying an ERROR MESSAGE, or a different
result, If a mistake occurs check that the example has
been TYPED correctly; a punctuation mark, character, or

space out of position or context may cause a deviation
from the required result.

[f a mistake is made, use the '"cursor control" and
INS/DEL keys to correct, as shown before (i.e. EDIT the
mistake out).

There are various error messages given by the computer

to the user and more information concerning them is
given later.

DEFERRED MODE

Deferred mode is such that instructions in the form of
numbered lines containing commands are typed in but no
action is taken on them until the RUN, CHAIN or GOTO
commanda are entered. Instructions with related line
numbers are known as STATEMENTS and are then executed
automatically when the RUN command is entered. A list
of numbered statements (instructions) in sequence 1is
know as a program.

EXAMPLE -

/ 10 PRINT 847
20 PRINT 5-4
=~ 30 PRINT 6*3
40 END

LLINE NUMBERS
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lype in the above example exactly as shown, uBing €he
ENTER key at the end of each line. You will obsapve
that the computer does not act upon these instructians

and therefore no results appear.

Type in LIST and press ENTER. This command liats the
instructions stored in memory on the display.

Now type in RUN, followed by ENTER key to execute the
program.

10 PRINT 847
20 PRINT 54
30 PRINT 6%*3
40 END

RUN

The computer now automatically executes Lhe
instructions given and produces the three results of
15, 1, 18, at the beginning of consecutive lines.

To summarise:-

a) DIRECT MODE is executed immediatly
(manual execution)

after ENTER

b) DEFERRED MODE allows for automatic execution of a
sequence of instructions known as a PROGRAM which
is activated by RUN,

More details on PROGRAMS will be given in a later
section. For the moment work through the following
examples of DIRECT MODE and DEFERRED MODE processes,
Some of the results should prove . to be quite
interesting.
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DIRECT MODE | XAMPLE £

A, CALCULATIONS Normal calculation operations
can be conducted using the

- tollowing mathematical and
relational operators:

l MATHEMAT ICAL I RELATIONAL l

() Parenthesis

! f Raise to power
LDescending
order of * Multiply = Equal to
precedence / Divide
+ Add
- Subtract
_"————-—————.—.—ﬂ__—_—. —

The mathematical operators are listed in order of
precedence for multiple operator calculations. Further
details of OPERATORS are given in the EINSTEIN BASIC
REFERENCE MANUAL .

The following examples should be typed EXACTLY as
printed and the ENTER key used at the end of each one,

Ex. 1 PRINT 8*7
Ex., 2 PRINT 9/3
a3 PRINT 7+4-2
Ex. 4 PRINT 33-4%6

The order of precedence in Ex.4 will be:

i) 4%6 = 24 (multiplication
2) 13304 (subtraction next)
111) Answer = 9 (result)

first)
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EXs. D PRINT (6+8)-6/2

The order of precedence here will be:

i) (6+48) = 14 (brackets first)
ii) OGsiw 3 (division next)
iii) 14-3 (then subtract)

iv) Answer = 11 (result)

Before continuing with the following examples, type CLA
and then key ENTER. This is a command used 1in HAGII
to clear the screen and HOME the cursor. ( The
abbreviation CLS E is adopted to represent this process
in the following text).

B. GRAPHICS - Here we illustrate some of the graphics
capabilities other than the key based graphics
characters. Type each line followed by the ENTER kay,

Ex. 1 DRAW 50,50 TO 150,50,

o gy DRAW 150,50 TO 175,100,0

Ex. @ DRAW 175,100 TO 50,50,0

This should now have produced a triangle on the screen
display with two sides dotted. Each pair of numbers
represents the co-ordinate of individual pixels

(points) on the screen.

Clear the screen using CLS E

Ex. 4 ELLIPSE 175,100,65

548 COLOUR — There are 16 colour options available as

shown in the table below, each one being allocated &
code number from O to 15.
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I haé “I*I‘H command 1isa UEBsd TO |hn””ﬂ " he H-'ll'lhdf‘ﬂp CGLGUT"

on the sereen depending on the colour code number
apacitied from the following table,

() Franaparent : 3 -« Medium Red

| Hlach 9 -~ Light Red

2 Madium Green 10 - Dark Yellow

! Light Greeen 11 - Light Yellow

A Dark Blue 12 - Dark Green

& Light Blue 13 - Magenta

6 - Dark Red 14 - Grey

f = Cyan 15 - White

flype 1n the following examples using the ENTER key
after each one. Observe the effect on the screen.

Ex, 1 BCOL 3
Bl & BCOL 6
-y T BCOL 10
Ex. 4 BCOL 13
Exe 9 BCOL 4

tach example changes the «colour of the screen in
accordance with the colour code number specified.
Example 5 returns to the original display colour.

Now Key CLS E to clear the screen again.
The TCOL command allows the colour of characters and
background colour of the character cells to be

specified independently of the screen backdrop colour.

Type in the following examples, keying ENTER after each
line,

Exsd TCOL 1,15 displays BLACK character on a white
EINSTEIN cell background
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Exad  ACOL IO displays YELLOW characters on a HEU

EINSTEIN cell background

Ex.3 TOOL 3,38 displays GREEN characters on a
EINSTEIN MAGENTA cell background

Ex.4 TCOL 15,0 - returns to normal display setting

(WHITE characters on TRANSPARENT
cell background).

Key CLS E to clear the screen.

The GCOL command offers a similar function tc TCOL hul
in this instance is related to graphics. Type In tRHE
following examples keying ENTER after each line. (Cleaf
the screen after each example using CLS E.

Ex. e 4, 1D displays a BLACK line
DRAW 25,25 TO 100,100 on a WHITE background

Ex.2 o GULL A0 displays a YELLOW line on
DRAW 25,25 TO 100,100 a RED background

Ex.3 GCOL 15,0 = returns to normal display setting
(WHITE on TRANSPARENT background)

D. SOUND - Various options are available for sound and
music; details will be found in the EINSTELIN HBAGIL
REFERENCE MANUAL. For the moment type in the exampls
given below followed by the ENTER key and observe whal
happens.

Ex. BEEP

Now key CLS E to clear screen.
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DEFERRED MODE | XAMPLEE

In thé TfTollowing eéexamplea tyvpe each line followed by
ENTER key, Observe the results in each case.

EXy 10 PRINT 7-3
20 PRINT 9-6/2
30 PRINT (10+2)-4%2
40 END
RUN

'he results of this program should appear as 4,6,4 on
consecutive lines. When execution is complete type in
NEW and key ENTER. This will clear the existing

program from memory (in the following text this
procedure will be abbreviated to key NEW E).

Ex. 2 10 CLS
20 GCOL 6
30 DRAW 70,100 TO 170,100,3
40 DRAW 120,35 TO 120,165,3
50 ELLIPSE 120,100,50
60 END
RUN

The results of this program should display a red circle
with the horizontal and vertical diameters shown as red
dotted lines. On completion key NEW E,

Ex,3 10 CLS
20 BCOL 3
30 BEEP

40 DRAW 70,100 TO 170,100,0
50 VOICE 1,0,12,0,1,20

60 A$= "G2AGFESCG3AGFES5C"
70 MUSIC "V1"+A$

80 BCOL 6

00 BEEP
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100 DRAW 120,50 TO 120,150,0
110 MUSIC "V1"+A$

120 BCOL 10

130 BEEP

140 ELLIPSE 120,100,50
150 MUSIC "VA"+A$

160 BCOL 4
170 END
RUN

On completion key NEW E

The following examples will illustrate some of {the
spectacular effects which can be produced using the
graphics capabilities. It is not intended that tha
inexperienced user should understand how these work af
this particular time, but  rather they are a

demonstration of possibilities available once a fullei
appreciation of the BASIC language has been obtained,

Follow the instructions carefully:-

1. Key CLS E to clear the screen.

2. Key NEW E to clear the previous program from RAM,
3. Type each example program as before.

10 REM RANDOM CIRCLES

20 BCOL1:CLS: ORIGIN 0,0

30 FOR I=0 to 30

40 X=RND(256) :Y=RND(192) : R=RND(60)
50 GCOL RND(13)+2

60 ELLIPSE X,Y,R

70 NEXT

80 BCOL4

90 CLS

70

¥

Ihia program should display circles of random size,
coloeur, and position on a black background, When the
program has completed execution key NEW E to clear

MEBMOrY.

10 REM RANDOM POLYGONS

20 BCOL1:CLS: ORIGIN 0,0

390 FOR I=0 TO 30

40 X=RND(200)+20:Y=RND(170)+20:R=RND(50)+10
50 N=RND(10)+3:GCOL RND(14)+2

60 POLY N,X,Y,R

[0 NEXT

HO BCOL4

00 CLS

Ihis program should display polygons of random size,
colour and position on a black background. At the end

of execution key NEW E.

= SUMMARY — - -

a) BASIC - Consists of the following:
i) COMMANDS
ii) STATEMENTS
iii) KEYWORDS/RESERVED WORDS

b) TwO MODES -
i) DIRECT - Immediate response
ii) DEFERRED - Automatic execution,
delayed until run
command used

€) EXAMPLES, illustrating:
i) CALCULATIONS |
i1) SIMPLE GRAPHICS
i11) SIMPLE COLOUR
iv) SIMPLE SOUND
v) MORE COMPLEX GRAPHICS/COLOUR J
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PROGRAMS
You should now be familiar with some  of EhE
capabilities of the EINSTEIN. The facilities &pPE
accessed in either direct mode or deferred mode thraugh
the use of programs.
REMEMBER - a PROGRAM 1is a sequence of instructions
which direct the computer to perform =8

particular task.

PROGRAM FORMAT

Each 1line of a program 1is numbered. It is cOmMmEn
practice to begin at 10 and progress in 1increments &f
10 (consecutive line numbers being 10, 20, 30, 40 eti, )

This is not absolutely necessary, as any numbers from |
to 65,535 may be used, provided they are in some fGHM
of ascending sequence (e.g. increments of 100).

The purpose of incrementing in this manner is to allow
space for the insertion of extra lines. This may ba
necessary either to improve or alter a program (or if &
line has accidentally been omitted!). Therefore theps
is the flexibility of another 9O optional lines betwesn
each existing line of a program. Lines of a program apre

referred to as statements.

PROGRAM STORAGE IN RAM

When a program is typed in it is stored in RAM until
either it is cleared or the power is turned off, e
input another program a special command must be used
which clears the existing program from memory. If thHis&
is not done, the new program overlaps the old program
and sections of each will intermingle depending on 1ine
numbers,

72

FThe NEW command, as used earlier, provides this
faclility. NEW ia entered immediately prior to
commencing another program, thus clearing the memory of
ANy éxlating program.

'he analogy of buying a new car and disposing of the
old one to make space in the garage can be made.

NEW

; OLD

Fig.11.1

SAVING YOUR PROGRAM

To store a program on a more permanent basis it must be
transferred from RAM into backing store (i.e., onto
disc). This is done by using the SAVE command which
has the following format:

SAVE "PROG1"

The program NAME

Program "PROG1" is Disc Drive

transferred to the disc 0
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i) The program name can be up to 8 characters in
length, but must not be a reserved word, and is
devised by the user.

ii) Further details of other facilities available
with the SAVE command are given 1in the EINSITEIN
BASIC REFERENCE MANUAL and DOS/MOS MANUAL.,

iii) Any new blank disc must be FORMATTED before i1
can be used to store data (i.e., save programsa)
and this is described in more detail in the
EINSTEIN DOS/MOS MANUAL.

iv) Occasionally you may wish to make a copy of a
particular disc. To do this you simply duplicate
the contents of one disc onto a newly formatted
disc.

This facility is quite wuseful for creating
security discs as a safeguard against corruption
of "master discs'" as was mentioned in an earlier

section.

The use of this "backup" facility is described 1in
more detail in the DOS/MOS MANUAL.

RESERVED WORDS

The following RESERVED WORDS are very common in
programs:-—

i) REM

ii) END
iii) RUN

iv) PRINT
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HEM fhia 18 an abbreviation for REMARK, Any line

preceded by REM is not part of the program, but simply
AN Ald o the programmer as a title, or comment.

HEM 18 optional and can be omitted to save memory
Bpace ,

LN This 1indicates the '"finishing 1line" of the
program involved. In complex programs the END
statement 1is not necessarily the final statement in the
listing. However, in less complex programs END is

usually the 1last statement of the listing and may be
omitted.

RUN - This 1is the '"magic word" which makes everything

work. RUN, instructs the computer to commence
automatic execution of a program.

PRINT - This is an OUTPUT command and causes
information/data to be transferred to a particular
output device such as screen or printer, etc.

For the moment we are only concerned with output to the
screen, but further details involving other output

devices are given in the EINSTEIN BASIC REFERENCE
MANUAL .

some of the previous examples have used the PRINT
command but we will now examine the format in a little
more detail.

i) If the material is in the form of an arithmetic

expression (e.g. 247 or 3*5 etc.) the computer
will evaluate the expression and then PRINT the
result only, This has been seen in previous
examples.



ii)

il

If the material 1i1s "TEXT" to be printed ta EHE
output device it 1is enclosed by double fuUaEE
marks. Any displayable character within thHe
quotes will be output to the particular deviee in
use at the time, after displaying on the acreen,

EXAMPLE: PRINT "COMPUTERS ARE QUICK"

This will cause COMPUTERS ARE QUICK to appear &h
the output device. (screen)

Look at the following program:-—

10 REM A PROGRAM TO PRINT A NAME AND ADDRE 5t
20 PRINT "™ A.N. ASTRONAUT"

30 PRINT " 2001 MOONCAKE WALK"

40 PRINT * SPACE MOUNTAIN"

50 PRINT " SOLAR SYSTEM"

60 END

RUN

‘Use NEW E to clear previous programs and CLS [ to

clear the screen then modify the above program to
accommodate your own personal details and try it
on the computer.

The spacing in PRINT expressions can also be
controlled using a selection of SEPARATORE,
SEPARATORS are symbols which are positioned aftep
print expressions to indicate specified output
formats.
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ﬂ.}

b)

'he ;3 (semi-colon) separating two expressions
indicates that the second expression will be
printed immediately following the first, without
a space.

EXAMPLE: PRINT "COMPUTER" ; "JARGON"

This will appear as COMPUTERJARGON

If spaces are left within the quote marks they
will be considered to be character positions when
the print out is executed.

EXAMPLE: PRINT "COMPUTER " ; "JARGON"
This will now appear as COMPUTER JARGON

The |, (comma) at the end of one expression
indicates that printing will re-start at the next
TAB POINT.

Tab points are simply pre-set positions on each
line of the screen grid and are 10 columns apart
as shown in Fig.11.2. (They can be altered by the
user - see EINSTEIN BASIC REFERENCE MANUAL)
EXAMPLE::

PRINT "“THIS", "JARGON"

Character positions

01234567890123456
This will appear as THIS JARGON
Beginning Tab
of line point
o



iv)

TAB—POINT

10 / ‘ID\

COLUMNS | COLUMNS
(=3 et e
. ONRRS e
N
Fig.11.2

EXAMPLE::
PRINT "COMPUTER";"JARGON";"IT","IS"

This will appear as:-

COMPUTERJA IT IS

|

Beginning 1st tab 2nd tab
of line point point

It can be seen from the examples that by careful
manipulation of the two separators (; and ,),
combined with spaces as character positions, we
have a facility for controlling the layout of a
printed expression.

8

No separator acts as a ''carriage return/line
fead" (abbreviated to CRLF)

PRINT on ita own acts as a CRLF
PRINT can be abbreviated to ?

Look at the following example:

10 REM BOOK TITLE PROGRAM

20 PRINT "TITLE", "SHORT STORIES"
30 PRINT "AUTHOR", "A.S. MICHAELS"
40 ? "PUBLISHER", "METCALFE"

50 ? "DATE", 1978

60 END

RUN

Note down on paper what you anticipate will be
displayed, then type in the program and RUN it.

Experiment by altering the PRINT formats in the
above program using (,), spaces and (;). RUN the
program and observe the results on the screen.

ERRORS/BUGS

Occasionally a program may be typed into the computer
but when the RUN command is issued nothing happens.
This usually means there is a fault somewhere in the
program listing and under normal circumstances the
computer will display an ERROR MESSAGE. This message

gives some indication of the error involved and which
area of the program it affects.

When a 'prngram will not run correctly because of
errors, we say it has a BUG in it. We use the term
DEBUGGING to indicate tracing and correcting errors
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BUGS PREVENT PROGRAMS FROM RUNNING CORRECTLY

Fig.11.3

ERRORS/SYNTAX

The most common category of errors in program listings
are SYNTAX ERRORS. This means that a particulai
statement or command has not been written in it#s
correct format.

BASIC must always be formatted precisely as indicated
in the manual. Some of the more common syntax errors
include: -
a) Incorrect use of punctuation marks.
b) Typing errors, ie. spelling mistakes.
¢) Additions or exclusions to the format of a
particular statement/command

A single punctuation mark out of place could prevent a
whole program from running, therefore accuracy of

format is absolutely essential in the listing.

& full listing of ERROR MESSAGES, can be found in the
EINSTEIN BASIC REFERENCE MANUAL.
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HREAK lo exit a program whilst it is running, the

BREAK key 18 wused in conjunction with SHIFT (i.e.
BHIFT-BREAK)

his may be required for various reasons, but perhaps
the most common use is as follows:

Qccasionally, bad logic and structuring can cause a
program to go into a continuous cycle of processing
which does not end. We say that the program has gone
into a loop.

I'he SHIFT-BREAK function is used to stop the program in
order to examine the listing and discover the cause of
the unwanted loop. The listing is then rectified so as
to produce the correct processing.

The program HALTS at whatever 1line it is on at the
particular moment when SHIFT-BREAK is used.

EDITING

In order to correct errors in a program listing we have
various facilities available to delete and insert
individual characters, words or whole lines. These
functions are controlled by the BASIC EDITOR.

The BASIC EDITOR contained within the system is quite
powerful. It has been specifically designed to make
program entry and debugging a pleasure rather than a
difficult task. To this end it provides more editing
facilities than most other BASIC interpreters.

The use of the DEL/INS key has already been explained
in relation to EDITING. More details of the specific
functions available can be found in the EINSTEIN BASIC
REFERENCE MANUAL.
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SYSTEM COMMANDS

System Commands are so called because they affaal
modification and overall control of programs and 1h#

system (operating system).

The following are some of the system commands which
relate to program listings:

a&) mA:E8T
bl Dek
c) RENUM
d) AUTO
e) SAVE
f) NEW

LIST - Instructs the computer to display the listing of
that particular program in memory at that time.

DEL L1,L2 - Deletes all lines from L1 to L2 dnclusive.

RENUM - Can be used to renumber the lines of a program
in any increment but defaults to 10 if no increment is
specified.

EXAMPLE :

Original listing Listing after Listing after
insertion renumbering

1“ lllll - . w 101‘.1!.'# 1DilIiilli

2“--- IIIII 15I-ll-lli 20!!!!'.‘1

. PSR ., 0 4 SRR i

4'0!.!"-.. 25'.-‘--'" 4-01- IIIIIII
SOlll.illl 50 --------
40---.&--- ﬁﬂ-.lillll
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ALITO This command can be used to create automatic

numbering of linesa as they are typed in. This removes
the need for the uaer to type in line numbers.

HAVIE Can be used- as a command to place a program in
backing store for future reference (.e. place it on

disc as explained earlier).

NEW - Clears all existing program listings currently in
the memory and is wused prior to commencing a new
program (as explained earlier).

For in depth details of these functions, refer to the
EINSTEIN BASIC REFERENCE MANUAL. However, we suggest
that you work through the following examples to give
yourself a fundamental understanding of these commands.

EXAMPLES

Work through the following examples, taking care to
type in the data as instructed.

B T Key NEW E to clear any previous programs.
BN 2 Type in the following listing:

10 REM EXAMPLE PROGRAM

20 PRINT "RESULTS"

30 PRINT "FIRST PLACE--ARCHIBOLD"
40 PRINT "SECOND PLACE-—SMITHSON'"
90 PRINT"THIRD PLACE——WELLINGTON"
60 PRINT "FOURTH PLACE-—WOLSEY"
70 END

i) RUN the program

11) Type in CLS and key E (clears the screen)
L11) Type LIST and key E - program listed again
iv) Continue with next example
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EX.

i)

ii)

iii)

3.

To insert extra lines using the listing on
the screen

Type the following:

195 CLS

25 PRINT

35 PRINT

45 PRINT

55 PRINT

Type LIST

The new program listing will have incorporated

the new lines (15, 25, '35, 45, 55) and should
appear as below:

10 REM EXAMPLE PROGRAM

15 CLS

20 PRINT "RESULTS"

25 PRINT

30 PRINT "FIRST PLACE--ARCHIBOLD"
35 PRINT

40 PRINT "SECOND PLACE——SMITHSON'"
45 PRINT

950 PRINT "THIRD PLACE——WELLINGTON"
55 PRINT

60 PRINT "FOURTH PLACE--WOLSEY"
70 END

RUN this program and examine the layout of the
screen display. A 1line space should appear
between each printed result.

This 1is caused by the "empty" PRINT statements in
lines 25, 35, 45, 55. In other words the computep
has been told to print NOTHING on those lines,

BN

1)

11)

X

ii)

iid)

4 L]

Clear the screen by keying CLS E
lype in RENUM and key E (renumbers the program)
Type in LI1ISI and key E
The new program 1listing appears with all 1line

numbers in increments of 10, as a result of the
RENUM command, as shown below:

10 REM EXAMPLE PROGRAM

20 CLS

30 PRINT "RESULTS"

40 PRINT

50 PRINT "FIRST PLACE--ARCHIBOLD"
60 PRINT

70 PRINT "SECOND PLACE--SMITHSON"
80 PRINT

90 PRINT "THIRD PLACE--WELLINGTON"
100 PRINT

110 PRINT "FOURTH PLACE--WOLSEY"
120 END

Key NEW E to clear previous program.
Type AUTO and key E

Type in the program 1listing from above without
the line numbers

The line numbers will appear automatically at the
beginning of eack line as a result of the AUTO
command.

Before running the program use the SHIFT-BREAK

keys to return to direct mode (i.e. escape from
AUTO) .
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Ex, O Key CLS E to clear screen 14)
i) Type LIST and key E 111)
ii) Type DEL 30,60 and key E
iii) RUN the program iv)
You should observe that the display now hae V)
"RESULTS" and "FIRST PLACE—ARCHIBOLD" omitted,
iv) LIST the program
vi)
Note that lines 30,40,50,60 are now missing ans &
result of the DEL command. This command, (in 111
above), told the computer to delete all lines vii)
from 30 to 60 inclusive from the program listing,
viii)
Key NEW E and then clear the screen.
ix)
Ex.7. A program must have a name (title) if it is to be
saved and recalled later (as shown on Page 73).
i) Type in the following program listing:
x )
5 REM - PROG-1
10 CLS
&0 PRINT “"7'2" xi)
30 PRINT " 3 4°
40 PRINT " 5 6"
50 PRINT " T a"
60 PRINT " 9 10"
70 PRINT " T xii)
80 PRINT " 5 6"
90 PRINT "™ 3 4"
100 PRINT "1 2"
110 PRINT xiii)
120 PRINT
130 PRINT "THAT WAS CLEVER"
140 END
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RUN the program

Key CLB E to clear the screen

Remove the "SYSTEM MASTER" disc

Check that the write-protect is not operative on
the second side of the disc (ie side B), which is
blank but has been formatted.

Replace the disc in the drive unit with the blank
side uppermost. (ie. side B).

Type SAVE "PROG1" and key E
Key NEW E
Type LIST and key E

There will be no listing because the memory has
been cleared by the NEW command.

Type RUN and key E - Nothing will happen because
the program has been '"cleared out".

Type LOAD "PROG1'" and key E

This will load PROG-1 back into the memory from
the disc,

Type LIST and key E
The program listing now appears on the screen,
Type RUN and key E

The program will operate again and produce the
display on the screen as before.
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a)

f)

h)

A PROGRAM is:-
i) A list of instructions
ii) Each line is numbered
iii) Increments of 10 commonly used
Programs are stored temporarily in RAM

Programs cleared from RAM by "NEW" command

Permanent storage of programs is on DISC (backing
store)

Introduction to:

i) REM
ii) END
iii) RWN

iv) PRINT and use of separators

Introduction to ERRORS:
i) BUG

ii) SYNTAX ERROS

iii) DEBUGGING

Introduction to SYSTEM COMMANDS:

) EIST
14y BEL
iii) RENWM
iv) AUTO
v) SAVE
vi) NEW

Examples using system commands
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QUANT [Tlt;i
Quantities in PAGBIC Tall into two main categories:

a) NUMBERS
b)) STRINGS

STRINGS are combinations of characters (letters,
numbe rs, symbols) wused for storing names, titles,
labels and text.

A string can be any combination of up to 255 characters
usually contained within quotes " ", and we can imagine
them being held together like beads on a string.

STRING

Fig.12.1

NUMBERS

These are either numeric literals or numeric variables.

1) Numeric LITERALS have been used in the previous

examples and exercises, They are simply numbers
as given

PRINT 9%6

9 and 6 are numeric literals here
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i1) Numeric VARIABLES are represented by combinations
of letters and numbers, the first charactesi
always being a letter.

ABSTONING VALLES

Values are assigned to variables by the use of the LET
atatement and stored using the (equals) sign.

The simplest form 1is obviously a single lettej
representation. Example LET A =6

Example A or B or C etc. This 1instructs the computer to store the value 6 in

box A.
STORING VARIABLES

Imagine that inside the computer there are stores in
the form of "pigeon holes" or "post boxes'", similar to
those found at hotel receptions for accommodating
guests' post and messages.

These stores are labelled either with a single lette
or a combination of letters and numbers. Care must be
taken not to use key words for this and the simplensl
way 1s to give each store a single letter.

Fig.12.3

Example LET B = A

\,f STORE FOR VARIABLES

Fig.12.2

This instructs the computer to copy the contents of

box A and store it also in box B (i.e. the same
value is stored in both boxes).
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'ry the following examples:

Ex.1., Uaing the format of the previous program,
write a gimilar program to carnry out the
following operations and RUN it.

a) Put four numbers (5,7,12,20) into four
different stores.
b) Add them together, then print the result

Ex.2. Write another similar program to carry out
the following and RUN it,.

a) Put the two numbers, 27 and 3, into stores.
b) Divide the first number by the second and
print the result.

STRINGS

Fig.12.4

i) STRING CONSTANTS have been used in earlier examples

;i _ to illustrate PRINT statements.
Study the following example illustrating the use of

numeric variables:- Ex. PRINT "FIRST PLACE..ARCHIBOLD"

I———-r———l

10 REM ADDITION STRING CONSTANT

20 LET A =6 (Store 6 in Box A)
. LEY B.= 13 (Store 13 in Box B) i1) STRING VARIABLES can be stored in the pigeon holes
40 LET C = A+B (store the result of adding

in the same manner as numeric variables. A $
(dollar) sign is used as a suffix to signify that
the store contains a string of characters.

the contents of Box A to
contents of Box B in Box C)
50 PRINT A,B

60 PRINT "RESULT IS ";C (output result onto

Ex. = "J. SOAP"
screen) I_I_IA$ |_l_ :
70 END STRING STRING
VARIABLE

NOTE: Other values of A and B can be used and this
would only necessitate changes in 1lines 20 and 30
therefore the program becomes quite versatile.

A$ is a STRING VARIABLE containing the string "J.
SOAP", (A% reads as 'A' STRING.)
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otudy the following example illustrating the une of
string variables.

10 REM NAMES

20 LET A$ = "“J. SOAP"™ (Store "J. SOAP" in Bo»x A,
i.e. A$)

30 LET B$ = "J. RIDDLE"™ (Store "J. RIDDLE" in Hos
B, dse,. BS)

40 LET C$ = "A. NIP" (Store "A. NIP" in Box C,
1.8,.0C8)

50 PRINT A$, B$, C$, (Print the contents of A},
B$, C$)

Clear the previous examples by keying NEW E and thon
type in and RUN this program.

NOTE: The inclusion of "LET" is optional and undet
normal circumstances is omitted from the statement in
order to save space in memory,

Ex. A =26
B$ = "J. RIDDLE"
etc.

READ/DATA

The READ and DATA statements provide one method of
inputting data, either numeric or siring, to store.

Effectively the READ statement instructs a series of

stores to pair up with a list of elements presented in
a DATA statement,

EXAMPLE :
READ A B C D
R i, [N,
DATA 6 7 3 4

94

READ THE DATA FOR STORE

Fig.12.5

It can be seen from this example that the READ/DATA
statement replaces several LET statements, therefore
providing a greater efficiency within a program.

READ WITH NUMERIC DATA

The following program illustrates the use of READ and
DATA in respect of numeric quantities.

10 REM FRED SMITH

20 READ A,B,C,D

30 DATA 6,7,3,4

40 LET E = A+B+C+D

50 PRINT A,B,C,D

60 PRINT "THE SUM IS "; E
70 END
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The chart in Fig.12.6 indicates the sequence of events,

C;START;>

READ A, B, C, D

FROM THE DATA GIVEN LINE 20/30

COPY THE OONTENTS

QF STORES A, B, C, D
ADD TOGETHER AND STORE LlNE EID
RESULT IN BOX E

PRINT CONTENTS OF
STORES A, B, C, D. LINE S0
PRINT "THE SuUM 15"

/ FPOLLOWED BY THE / L|NE ED
CONTENTS OF STORE E

Q END ) LINE 70

Fig.12.6

Diagrams of this kind illustrating the sequence of a

program are known as FLOW CHARTS. Rectangles are
INSTRUCTION boxes, parallelograms are INPUT/OUTPUT
boxes.

NOTE: A READ statement must always be paired with a
DATA statement. Data statements appear at some point
after the corresponding Read statement in a program,

RUN the above program, observing what appears on the
screen display. On completion key NEW E,
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READ WITH STRING DATA

Study the following program which illustrates the use
of READ and DATA with atring expressions.

10 REM A.G. NEE-US
20 PRINT "NAME'", "DATE OF BIRTH", "COMPANY"

30 READ A$, B$, C$
40 DATA "J. LANGE", "APRIL 1ST 1984", "O.W.NERS"

50 PRINT A$, B$, C$
60 END

RUN the program. Observe the display. On completion
key NEW E. Fig.12.7 illustrates the FLOWCHART sequence.

(" START )

PRINT "NAME", "DATE OF

BIRTH", “COMPANY", ONTO LINE 20

SCREEN AS LITERALS

B e LINE 30/40

COPY THE CONTENTS

OF A%, B§, C$ AND L[NE 50

PRINT ONTO THE SCREEN

(_ END ) LINE 60

Fig.12.7
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EXAMPLES: Work through the following examples
incorporating READ/DATA statements.

Ex.1. Using the READ and DATA statements, write &
program of similar format to the "FRED SMITH" program

to carry out the following sequence of operations:

i) Read in TWO numbers, for example 7 and 28
ii) Divide the second number by the first
iii) OQutput the result

Ex.2. Using the READ and DATA statement, write a
program of similar format to "A.G. NEE-US" to produce a
printed result as shown below:

BOOK AUTHOR PUBLISHER
COMPANIONS A.L. LONE P.R. INTERS

Ex.3. Write a program of similar format to FRED SMITH
to carry out the following operations:

i) READ in 6,8,15,21,7,9
ii) Calculate their average
iii) Print out the numbers
iv) Print out the statement

"THE AVERAGE OF THESE NUMBERS IS "...

Ex.4. Using READ and DATA statements, write a program
to produce the following printed result:

QTY DESCRIPTION SUPPLIER
50 BOLT FRANKENSTEIN
29 NUT MONKEY
30 WASHER CLEANALL
40 PIN NEEDLER
98

INPLUIT

'he INPFUT statement provides a facility for the input
af data from the keyboard whilst a program is running.
With this facllity the user can vary the data input
each time the program runs, or input several elements
of data as a program progresses,

The format is: INPUT A,B,C,D,....

'he action is similar to the read statement whereby the
AB,C,D.... will pair up with elements of data.

lhere 1is no data statement as such and the input
statement must wait until the data is typed in via the
keyboard following the RUN command. (ie. INPUT waits
for a key press followed by ENTER).

In a program listing the DATA would appear as a series
of elements after the RUN command. The following
program illustrates one use of the input statement.

10 REM GUESS A NUMBER

20 PRINT "GUESS A NUMBER"

30 INPUT N

40 IF N < 7 THEN PRINT "TOO SMALL"
90 IF N = 7 THEN PRINT "CORRECT"
60 IF N > 7 THEN PRINT "TOO LARGE"
70 END

RUN

Line 30 asks for the input of a number.

Lines 40, 20, 60 make a relational comparison to
determine whether or not it is the number 7. They also

CAURe an appropriate message to be displayed. Run the
program again to have another try.
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The FLOW CHART
operations.

LINE 20

LINE 30

LINE 40

LINE 50

LINE 60

LINE 70

below illustrates the sequence

CSTAE’T )

PRINT "GUESE A
NUMBER" ONTO SCREEN

TYPE IN ANY
NUMBETR

Is
THE MNUMBER LESE
THAN 7

PRINT “CORRECT"
ON SCREEN

|

15
THE NUMEER GREATER
THAN 7

PRINT "TOO LARGE™
ON SCREEN
1

[ END )

Fig.12.8
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A )

b)

IntEroductlion
i ) NI MH"P i
11) STRINGS

Principles

sl
) \ "
} a8 quantities

of LITERALS and VARIABLES

in

numbers and strings
c) How the information is stored
d) Introduction to the LET statement

e) Introduction to:
i) READ/DATA
ii)’ "INPUT

m
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PROGRAM STRUCTURE

There are three fundamental facilities within the
structure of a program:

1. SEQUENCE

2. BRANCH
P ¢ v
SEQUENCE

This 1is the ability to execute instructions one after
another in a continuous sequence.

All the example programs used previously exhibit this
facility.

BRANCH

This is the ability to execute one of several sets of
instructions within a program as a result of a
""decision making" capability.

Branching is controlled by three statements in BASIC:
i) IF-THEN statement

ii) GOTO statement
iii) GOSUB statement

i) The IF-THEN statement is known as a CONDITIONAI
branch and has the following format:

IF "a condition exists'" THEN '"execute a given set of

instructions".
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DECISION POINT

uEutj | ; ool (ool (oo
[P - EIElEN

3 L 5
IF THERE 18 POST FOR 1 ll{!‘\ /

THEMN BRANCH OFF HERE FOR DELIVERY

e
| |[]1&3

1 2

0
[

Fig.13.1

This can be compared with decisions we make in our
everyday lives. For example:-

IF "it is raining" THEN 'wear a raincoat"
CONDITION OPTION

If the CONDITION is TRUE, the OPTION instruction is
executed before continuing.

If the CONDITION is NOT TRUE, the OPTION instruction is
ignored and you continue,

The assumption is made therefore that if it is not
raining you do not wear a raincoat.

The flowchart format would appear as shown in Fig.13.2.
I'he "diamond'" box is the standard method of indicating

A decision point in a flowchart, thereby creating a
branch (i.e. a gquestion box).
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YES WEAR A
RAINCOAT
NO
¥
CONT INUE CONTINUE
Fig.13.2

EXAMPLE :
10 REM EXAMPLE
20 LET A = 1
30 LET A = A+1
40 IF A = 6 THEN PRINT "FINISHED"

50 - 8 F 8 B 8 " " " B0 8N
60 & & & 8 8 8 8 8 &8 5 8 88
ETC.

The CONDITION is "“IF A = 6". The OPTION instruction 18

"PRINT FINISHED".
(See Fig.13.3.)

The computer assumes that if A is not = 6 then it must

ignore the PRINT instruction and carry on to the next
listed instruction in the normal sequence.
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ii)

1

FLACE A VALUE
L|NE 'ZU OF 1 INTOD

STORE A

|

ADD 1| TO THE

LINE 30 CONTENTS OF

STORE A
LINE 40 YES PRINT "FINISHED"
ONTO SCREEN
NO
LINE S50 CONTINUE CONTINUE
Fig.13.3

The GOTO statement is known as an unconditional
branch and has the following format:

GOTO line number

This is a direct command to execute a
particular statement without considering any
conditions.
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EXAMPLE: GOTO 80

This tells the computer to branch out of the
program at that point, go to line 80, and
continue from there.

EXAMPLE :
10 REM PROGH1
20 LET A =86
30 LET A = A+1
40 GOTO 80
Branch to I ewdamesnun
line 80 Bk B

TO coiscnence
BO - & B 8 " 8@

m - " & " 8 B SB®
ETC.

iii) The GOSUB statement is another unconditional
branch which operates in a similar manner to
the GOTO statement. Further details of GOSUD

are given in a later section (Subroutines).

IF-THEN, GOTO, and GOSUB are commonly wused in
programs. Further details of these three statements
will be found in the EINSTEIN BASIC REFERENCE MANUAL.

LLOOP

This 1is the ability to loop back and repeat certain
sequences of instructions as required.

Fig.13.4 illustrates a practical application of the
loop principle

106

- | WATER TAHK\
TAP

Sl
St AR

EMPTY BUCKET INTO

TANK, GO BACK- LOOP FILL THE BUCKET

REFILL FROM TAP FROM THE TAP

\ /

Fig.13.4

Loops in programs can be set up in various ways. The
two most commonly used methods involve:

i) Combinations of IF-THEN and GOTO statements.
ii) FOR-TO-NEXT statement.

The following example illustrates the IF/THEN/GOTO
combination: -

0 LET I =0
20 PRINT "?"
ESD LET I = I+1
40 IF I < 256 THEN GOTO 20
50 END

LINE 40 is the operative line of the loop. It asks if
I is 1less than 256 and if so instructs the

computer to go back to line 20 and repeat the
sequence of instructions again.
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The FOR«TO<NEXT statement can be used to actuate the
same simple loop as follows:
LINE 10 oo gy 10 FOR I = 1 TO 256
STORE- I E?{] PHINT "won
JO NEXT I
l_ 40 END
F19.13.6 illustrates the flow chart format.
PRINT A "7"
LINE 20 v ot
PLACE A VALUE
OF 1 INTO LINE 10
l STORE I
ADD 1 TO THE r‘\LE".'.‘.'F" -l
LINE 30 CONTENTS OF
STORE I
PRINT A "2"
ONTO SCREEN LINE 20
YES
LINE 40
Loop | NS i j
NO
YES
LINE S0 C END ) —
ADD 1 TO THE
CONTENTS O
e i B LINE 30
Fig.13.5
The computer will continually loop back to line 20 ]
until the I store is NOT less than 256, at which point
it will END the program. The display will have shown A Fig.13.6
total of 256 "?" ‘on the screen. el i
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LINE 10 Sets the lower and upper limits for the values
to be stored in 1.

LINE 20 Instructs the computer to print a "7",

LINE 30 Instructs the computer to increment I and
repeats the previous instructions,
(Incrementing will be one wunit at a time
unless otherwise stated in the program.)

The loop will continue until the upper limit of I sel
in the first statement is reached; at that point the
program will end.

Note that on this occasion the gquestion to determine

the value of I and compare it with the maximum value 1ia
inherent and assumed as a result of the FOR-TO-NEXI

statement. Greater efficiency is therefore achieved,

The following analogy may help to explain the FOR-TO-
NEXT loop further.

Imagine a "'window cleaner" is to clean the windows of
each house in a street of 10 houses.

1 3 5 7 9

B - o o P ol

2 4 6 8 10

Fig.13.7
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For each house he will earry out the same process.

a) Clean lower windows )

) Clean upper windows ) "ecleaning process"
¢) Collect payment )

fhus, for house number 1 he will carry out the cleaning
process, then for house number 2 he will REPEAT the
cleaning process, then for house number 3 and so on.
In other words he repeats the cleaning process for each
house number in turn, working his way along the street.

If we write this down as a sequence of instructions, it
would appear as:

FOR each house number from 1 to 10
clean the lower windows

clean the upper windows

collect the payment

move to the NEXT house number

N b WMN =

L 3

We can see the formation of a FOR-TO-NEXT loop which
would appear as below with H representing the house
numbe rs.

10 FORH = 1 to 10
20 clean lower windows
30 clean upper windows
40 collect payment

50 NEXT H

If the window cleaner had only to clean the houses on
one side of the street, say the odd numbers

(1,3,5,7,9), then he would need another instruction to
inform him of this.
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he instructions might now appear as:-

1. FOR each house number from 1 to 9, moving to every
second house number

Clean lower windows

. Clean upper windows

Collect payment

Move to NEXT house number

sl

The section "moving to every second house number'" can
be replaced by the word STEP followed by the number 2
(i.e. STEP 2). This indicates the amount of increment

required between the house number and the next one to
be cleaned (i.e. 1+2=3, 3+2=5 and so on).

Thus the FOR-NEXT loop would now appear as:-

10 FORH =1 to 9 STEP 2

20 clean lower windows
30 clean upper windows

40 collect payment
50 NEXT H

Therefore the processing is unchanged but the inclusion
of STEP 2 indicates that the house numbers will be
* incremented by two as opposed to one each time. STEP 3
would give an increment of 3 (i.e. house numbers
T.4,7) STEP 4 would give an increment of 4 (i.e.
house numbers 1,5,9) and so on.

Example,
10 FOR I = 1 TO 10 STEP 3
20 PRINT I
30 NEXT I

This would take each value of I from 1 to 10 in
increments of 3 and print it on the output device as
follows:
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- s =

=
-
b

More information and details relating to the FOR-TO-
NEXT statement will be found in the EINSTEIN BASIC
REFERENCE MANUAL.

EXAMPLES

1. 10 FOR I = 1 TO 20
20 PRINT "*"
30 NEXT I
40 END

2. 10 for I =1 TO 20
20 PRINT "1
30 NEXT I
40 END

3. 10 FOR I = 1 TO 20
20 PRINT "X"
30 NEXT I

a) SEQUENCE

b) BRANCH - Introduction to:
i) IF-THEN (conditional)
ii) GOTO (unconditional)

¢) LOOPS - Introduction to:
i) IF/THEN/GOTO (Loop)
ii) FOR-TO-NEXT (Loop)
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SUBROUTINES

Quite often in a program a part?CulaP sequency ”:
instructions may occur seuera¥ times. . To Tvnil
reproducing the sequence each time, the instructiliond
are grouped separately as a SUBROUTINE.

The computer can simply go to the subroutine from any
line in the program and return toO the same place tO

continue the main program.

) 4 i
Subroutines are in fact a minli-program and coulc
operate in isolation if required.

GOSuUB

The instruction "GOSUB" followed by a 1line r*!uml:::er 11
used in a program to inform the computer that it shoul«
access a subroutine at that point,.

GOSUB 90 accesses a subroutine which starts at line 90.

THe final 1line of any subroutine contains the

instruction RETURN. This sends the cnmputeﬁ bacﬁ éqin
the main stream program at the line immediately

following the GOSUB instruction.

Thus if 1line 60 was the GOSUB instruction, the
" -
computer returns to line 70.

60 GOSuUB 120
70‘ @ % & B &5 B 8 8
BO 5 B B 8 B 8BS

There can be any number of subroutines attached to nl
program and each individual subroutine can be accessaal
any number of times.
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Many of the '"arcade" type games make

EXAMPLE 1

We can make a comparison here with a touring holiday
which 1nvolves the use of two different

types of
accommodation according to location,

Look at Fig.14.1 which illustrates the example. The use
of GOSUB in this example has avoided the repetition of
Instructions for accommodation at the various

locations. If we transpose this illustration into a
program format it would appear as shown in Fig.14.2.

In this example:-

LINES 10 to 210 represent the "Mainstream" program,

LINES 220 to 270 represent the CAMPING subroutine.
LINES 280 to 330 represent the HOTEL subroutine.

The subroutines are accessed at various points in the
main program as follows:-

LINE 50 accesses the camping subroutine
RETURNS to line 60.

LINE 80 accesses the camping subroutine
RETURNS to line 90,

LINE 120 accesses the hotel subroutine and then
RETURNS to line 130.

accesses the camping subroutine and then
RETURNS to line 160.

LINE 190 accesses the hotel subroutine and then
RETURNS to line 200,

and then

and then

LINE 150

use of the

subroutine facility for repetitions of displays and
functions,
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HOME LERVE
HOME
| SUBROUTINE FOR CAMPING
TRAVEL .%' Erect the tent.
ETC 11. Cook own meals.
1ii. Use sleeping bags
iv. Ceollapse tent in morning.
1 v. Continue journey. o T S
1ST LOCATION 20 :
1.E. GOSUB "CAMPING" Travel to 30
lat location.
L -
TRA
50 GOSUB 220 (Camping)
ETC SUBROUTINE FOR HOTEL ’ am‘-: '
l A e L P T T LT R PR R e : E'D
i Check into hotel REavR. B 0
7 . y tion. ¥
2ND  LOCATION ii. Meals in restaurant 4nd location X
1.E. GOSUB "CAMPING" iii. Sleep in beds. 80 GOSUB 220 (Camping)
CAMP iv. Check out of hotel [90
| in morning.
TRAVEL v. Continue journey. Travel to — 100
ETC ;
rd location 110 Instructs computer
l 120 GOSUB 280 (Hotel) =— :ﬂubf_zuznzppmr’nate
3JRD LOCATION 1. Travelling - equates with Travel to 130
SrE. TN “ROTEL" the mainstream program. 4th Location. 140
HOTEL 2. When camping the appropriate 5
subroutine is used. 150 GosuB 220 (Camping)
3. When in Hotel the appropriate (160
subroutine is used.
TRAVEL 4. Continue journey - equates Travel to =170
ETC with RETURN to program, o2th location 180
¥ 190 GOSUB 2B0 (Hotel)
TH LOCATI
I.E. mm IIERWIHGH TIan t':l HEGD
CAMP e 210 END (Arrive Home) END OF MAIN PROGRAM.
[ T B WroutTos T T U A e e
TRAVEL
v 230 Erect tent
l_ Subroutine | 240 Cook Meals
P . —
o i e 250 Use Sleeping Bags
5TH LOCATION 260 Collapse tent in morning
I.E. GOSUB "HOTEL"
HOTEL 270 RETURN (continue journey) e INSTRUCTS COMPUTER
| [280 REM HOTEL SUBROUTINE TO RETURN TO MAIN
TRAVEL 290 Check into Hotel s s
ETC Hubrout i ne | 300 Meals in Restaurant.
l ' OF Notel. 310 Sleep in Beds.
The use of GOSUB in this example has avoided ; :
the repetition of instructions for accommodation at 320 Check out in morning
the various locations. If we transpose this illustration 330 RETURN (Continue journey)

into a program format it would appear as follows:-

Fig.14.1 Fig.14.2
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EXAMPLE

lype in the following program and observe the

2

on the screen.

10

20

30

40

20

60

70

80

90

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330

REM MAGICIANS POEM

CLS

PRINT

PRINT " ", "MAGICIANS POEM"
BCOL2

PRINT

GOSUB 280

PRINT

PRINT " ", "ABRACADABRA"
PRINT

GOSUB 280

PRINT

BCOL10

PRINT "WHITE RABBITS AND MICE"
PRINT

GOSUB 280

PRINT
BCOL13

PRINT "ALL MIXED TOGETHER"
PRINT

GOSUB 280

PRINT

BCOL7

PRINT "IN A BUCKET OF RICE"
PRINT

GOSUB 280

END

REM SUBROUTINE
FOR I =1 TO 30

BCOLS8
PRINT "%
NEXT I
BEEP
RETURN
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reasults

ifi §his example the '"mainstream" program is 10 to 270,
gl Ehe subroutine is 280 to 340.

Ihe action of the subroutine is to print a line of "=*"

atcompanied by colour change and a noise, following
g#ach line of print on the screen. This occurs five
times during the program, thus illustrating the

advantage of using a subroutine for this purpose.

SUMMARY - "“-1
a) Introduction to:
i) GOSUB
ii) RETURN

b) EXAMPLE of use
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ARRAYS

LISTS

wWwhen information needs to be stored as a list, we refor
to it as an ARRAY.

One advantage of an ARRAY is that it can be referred to
by the use of a single variable, thus avoiding the need
to allocate individual variables to each piece of data

in the list.

EXAMPLE:

A record of the average daily temperature for one week
would probably be of a similar format to the following:

1 2 3 4 5 6 7
DAY - SUN MON TUE WED THUR FRI SAT

TEMP - 73 77 78 68 712 i e ] ¢
ARRAY - 'T!'

i) The data is the temperature on each day.
ii) The ARRAY is the whole 1list of temperatures and
is allocated the single variable 'T'.
iii) The individual temperature values in the ARRAY
are known as ELEMENTS.

If the days were referenced by number (1 to 7) rather
than name, then the individual elements of the ARRAY

can be identified as follows:

Ny
o S et e R L
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FHUS
f, 16 the temperature for Sunday, i.e. day 1

., 18 the tempgrature for Monday, i.e. day 2

I, 18 the temperature for Tuesday, i.e. day 3

T, is the temperature for Wednesday, i.e. day 4
T_ 1s the temperature for Thursday, i.e. day 5
T. is the temperature for Friday, i.e. day 6

T? is the temperature for Saturday, i.e. day 7

It can be seen that each element of an array can be
ldentified by a single VARIABLE followed by a NUMBER.

This number is known as a SUBSCRIPT and refers to the
position of each element within the ordered progression

of any array. Within TATUNG/Xtal BASIC 4 subscripts
begin from 0. Hence an array A containing 3 elements
would be subscripted AO,A1,AZ2.

Normally the SUBSCRIPT is enclosed in brackets
immediately following the VARIABLE.

EXAMPLE:

T(2) refers to the third element of the
array 'T'.

If the elements are STRING expressions then the ARRAY
would be allocated a string variable,

EXAMPLE :
Let Y$ be the variable representing the
array whose elements are the months of
the year.
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Thus:

Y$(0) is "January"

Y$(1) is "February"

Y$(2) is "March"

Y$(3) is "April"
etc.

DIMENSION

When an ARRAY 1is used the computer needs to know how

many items are in the list so as to allocate space in
memory accordingly.

This information 1is provided by use of the DIMENSION
statement as illustrated below.

DIM A(15)

This informs the computer that the array 'A' has 16
elements (0 to 15).

The dimension (DIM) statement is always included in the
program listing prior to the use of an ARRAY.

EXAMPLE :
A(0)
A(1)
A(2)
A(3)
A(4)
A(5)
A(6)
A(7)
A(8)
A(9)
A(10)
A(11)

This ARRAY would
be given a DIMENSION
of 11, i.e. DIM A(11)

122

READING A LIHT

lo read this list and print results within a program
structure, the following format would be used:

10 REM TO PRINT RESULTS FROM LIST

20 DIM A(11)

30 FOR I = 0 TO 11

40 READ A(I)

50 PRINT A(I)

60 NEXT I

70 DATA 2:20 8.8.i7:1. 9.3, 4.2, 5.1. 1.8,
1218 T2 BN N2 A

Note the use of the FOR-TO-NEXT statement to set up a
loop to read each element of the array in turn.

LINE 20 dimensions the array.
LINE 40 reads each element of the array in turn.,

LINE 50 prints the value of each element of the array
in turn onto the screen.

LINE 70 lists the elements of the array.

Try this example in the computer - first key NEW E to
clear previous programs.

TWO-DIMENSIONS

The lists examined so far have only required a single

dimension and are therefore known as ONE-DIMENSIONAL
ARRAYS,

Howaver, if we have a TABLE of results, as opposed to a
single list, then a second dimension is used and it
becomes known as a TWO-DIMENSIONAL ARRAY.
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Ihe FIRST dimension indicates the number of horizontal
rOwWSs , and the second the number of vertical columns
making up the table.

EXAMPLE :

This ARRAY would be given a dimension of (5,6) i.e. DIM
A(5,6).

A single variable is still wused to refer to the

complete array, put it will be followed by TWO
subscripts which together indicate an individual
element of the array.

A(0,0) Refers to the element in the 1st row of
the first column, i.e. 7

A(2,5) Refers to the element in the 3rd row of
the 6th column, i.e. 6

A(5,2) Refers to the element in the 6th row of
the 3rd column, i.e. 9

1t can be seen that the two subscripts are used in a
similar manner to co-ordinates for graphs and maps.
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Fig,15.1 L1luatrates how each box of a table is
refarred to by use of the aubsecripts.

Fig.15.1

Further information concerning ARRAYS will be found in
the EINSTEIN BASIC REFERENCE MANUAL.

EXAMPLE

The program 1listed below illustrates a method of
obtaining a total value from an array. The elements of
the array could represent quantities of materials, size

of objects, physical measurements, scores ‘- or ‘test
results, price of articles, etc.

The program could be adapted to suit a variety of
criteria according to the requirements of the user.

Run the program in the computer and observe the result
on the screen,
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10 REM TO READ AN ARRAY AND PRINT TOTAL
20 DIM A(14)

30 LET B=0

40 FOR I =0 TO 14

50 READ A(I)

60 LET B = B+A(I)

70 NEXT I

80 PRINT "TOTAL REQUIRED= ";B

90 DATA 6,9,12,7,5,2,3,8,11,4,6,3,9,5,7
100 END

LINE 20 dimensions the array.
LINE 30.sets . the store B’ 0.0,

LINE 50 reads the elements of the array in ordered
progression.

LINE 60 adds each element in turn to the contents of
store 'B'.

LINE 80 prints out "TOTAL REQUIRED =" followed by the
sum of the elements (i.e. final contents of
store 'B').

LINE 90 lists the elements of the array.

Adapt the program to a particular use of your own,
making the necessary changes in data, dimension
statement, and loop control (FOR-TO-NEXT statement).
The flow chart is illustrated in Fig.15.2 to assist you
with this operation.

126

DIM ACLA)
LINE 20 HAVE 18 HTORAGE
SPACES FOR ‘A’

l

LINE 30 LET STORE 'B' = 0

l

LET 'I' = 0

.

LINE 50 / READ NEXT DATA j

ADD DATA TO
LINE 60 CONTENTS OF STORE 'B'

I

ADD 1 TO "I

IS YES

I£157

NO

PRINT FINAL CONTENTS
LINE 80 i Mg

1
o)

Fig.15.2
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SUMMARY = e

a)

b

ARRAYS - used to store information in the form of

lists or tables, and are represented by a single

variable.
ELEMENT - an individual piece of data in an array,.

SUBSCRIPTS - used to identify each single element
of an array.

DIMENSIONS -
i) Used to inform the computer of the necessary
storage space required for a particular

ARRAY,

ii) Single dimensions - lists.

iii) Two-dimensional (similar to co-ordinates)
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16

INPUT OUTPUT PORTS

INTRODUCTION

This section outlines the INPUT/OUTPUT facilities
available with the EINSTEIN.

It is intended mainly for the experienced user who may
be familiar with the application of these facilities
using computers,

The newcomer may well read through this section to
become aware of the kinds of facilities available bul
would probably only be concerned with the application
of Joysticks at the moment. However, after a period of
familiarisation, newcomers may well return to this
section to further their knowledge .of these facilities,

SERIAL I/0 PORT(RS232)

A serial I/O port is provided in the form of an 8 pin
socket located to the right hand side of the computer
(refer to illustrations in SETTING UP section).

This port provides a facility for use with serial
printers, modems and other similar devices.

To access this port special forms of PRINT and INPUI
statement are used which assign different I/0 devices
to the system by use of a designated number. Within
Tatung BASIC the serial port has been designated the
number 2. Therefore the PRINT and INPUT statements used
to access the serial port will be:-

10 PRINT # 2
20 INPUT # 2
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Fhese astatements will direct all output to the device

numbered 2 and recedve all input from the device
numbered 2, 1.8, the serial port(RS232),.

Further explanation of these statements will be found
Lh the EINSTEIN BASIC REFERENCE MANUAL.

THE TATUNG PIPE

The PIPE provides a direct connection and software
interface which gives very high speed communication
with the processor. It takes the form of a ribbon
connector at the rear of the computer (refer to
illustrations in SETTING UP section) which provides a
facility for considerable expansion in the future.

ANALOGUE INPUT

There are two 6 pin sockets located to the right hand

side of the computer and labelled ANALOGUE 41 ANALOGUE 2
(refer to illustrations in SETTING UP section).

These sockets provide the facility for analogue input
which can be used for two main purposes:-

i) To plug in joysticks for games
ii) An input for measurement of voltages from
scientific devices.

a) Joysticks

Two joysticks can be connected to the computer, one
to each socket. Each joystick can be used to move
an object on the screen, for example, either up and
down or left and right. This means the object can
be moved to any position within the screen area.
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b) Voltages
Fach dinput can be wused for measuring voltages.
Since it is - possible: to ~use ‘'a "transducer! to
provide a voltage proportional to tEmDGFHt“rw,
light intensity, water pressure, gas concentration,
smoke density etc., the computer can be used to
monitor these parameters using appropriate hardware
devices.

8 BIT USER INPUT/OUTPUT PORT (Digital input/output)

The computer contains an "8 bit user port" in the form
of a ribbon connector at the rear of the computer.
This can be used for a wide range of devices and other
general interfacing boxes which are then accessed as
follows.

a) OUTPUT | |
For output to the port the following command 1S
used: -

ouT J1,J2

where J1 is the "address'" of the port and JZ
is a value from 0-255 decimal (00 to FF
he xadecimal)

The "address! of the port is &32 (i.e. HEX 32) so

if a value of 5 is to be output to the port the
command would appear as follows:-

OUT &32,5

b) INPUT |
For input from the port the following command 1§
used: -

INP(J)
where J is the "address" of the port
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r'he "addreasa" of the ponrt 18 &322 (as above)

theratore the command would appear as follows: -

A%=INP (832)

Ihis would return the value currently at the port

as a number 1in the range 0-255 decimal (Q0 to FF
he xadecimal).

EXPLANATION OF USER PORT

As suggested by the title,

the user port has 8 pins
available for use.

Each pin can be connected directly

to a hardware device using a ribbon of 8 parallel wires
as 1llustrated in Fig.16.1.

8 BIT USER PORT

.

8 PARALLEL WIRES

Fig.16.1

I'he pins are allocated values as shown in Fig.16.2.
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When a value is output to the port it is converted to
an 8 digit (BIT) binary number using the values on the
pins.

e.g. a value of 27 is made up of:-
one 16
one 8
one 2
one 1

When related to the pins the configuration shown in
Fig.16.3 would appear.

8 BIT NOTATION FOR 27

Fig.16.3

Therefore each of the 8 wires is set either to 1 or 0O
according to the value output or input to the port as
shown in Fig.16.4.
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8 BIT PORT

BITS SET FOR 27

Fig.16.4

tach of the 8 binary digits (BITS) acts like a switch
setting each wire either on or off. If we imagined the
wires connected to 8 lights, then "1" would switch the
Light on and "0" would turn a light off.

Ihe wires can be set to any combination of BITS for all
values from 0-255 decimal, and communicated directly to

a particular hardware device for interpretation, as
1llustrated in Fig.16.5.

8 BIT PORT

1
|
L S \

BITS TO HARDWARE DEVICE

Fig.16.5

Ihe technical specifications for all the I/O ports will
be found in appendix E and F.
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17

GRAPHICS TECHNIQUES

'his section has been included in order to illustrate
some of the more simple techniques used to produce
"graphic effects" within BASIC.

SIMPLE DRAWINGS

Simple drawings, shapes, and patterns can be produced
on the screen by use of the following facilites which
can be manipulated in either 40 column display or 32
column display.

Lines.
The DRAW command is used to produce straight lines from
one specified point to another specified point on the
screen (co-ordinates being wused to position each
point).

The command also contains a qualifier which specifies
the type of line to be drawn (full,dotted,dashed etc.).

Circles/Ellipse.

Circles and Ellipses can be drawn by use of the ELLIPSE
command, which again may also specify the type of line
to be used.

The position of a circle or ellipse is fixed by
specifying the co-ordinates of the respective centres
within the command.

Polygon.

The POLY command is used to draw polygons with varying
numbers of sides and again the type of line to be used
may be specified within the command.

The position of a polygon is fixed by specifying the
co-ordinates of the centre within the POLY command.
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Colour,

lo select a particular colour for the lines produced by
the DRAW, ELLIPSE, and POLY commands the GCOL command
is used. (ie. Graphics colour).

GCOL normally preceeds the particular command it
relates to in a program listing and may specify any one
of 16 different colours.

EXAMPLE

The following example program illustrates the method of
producing simple coloured drawings on the screen using
the DRAW and ELLIPSE commands. Carefully type in the

program listing and then observe the result when it is
RUN .

10 REM SPACESHIP
20 REM HULL
30 CLS BCOL13
40 GCOL 9
50 DRAW 120,75 TO 90,80 TO 80,100 TO 80,130 TO 90,150
TO 110,160 TO 140,160 TO 160,150 TO 170,130 TO
170,100 TO 160,80
60 DRAW 160,80 TO 130,75
70 DRAW 170,120 TO 185,120 TO 185,110 TO 190,100 TO
175,100 TO 180,110 TO 180,115 TO 170,115
80 DRAW 80,120 TO 65,120 TO 65,110 TO 60,100 TO 75,100
TO 70,110 TO 70,115 TO 80,115
90 DRAW 90,80 TO 70,40 TO 65,40 TO 65,35 TO 80,35 TO
80,40 TO 75,40 TO 95,79
100 DRAW 160,80 TO 180,40 TO 185,40 TO 185,35 TO 170,35
TO 170,40 TO 175,40 TO 155,79
110 GCOL11

120 ELLIPSE 92,130,4

130 ELLIPSE 102,130,4
140 ELLIPSE 125,130,5
150 ELLIPSE 150,130,4
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HOO DRAW 200,50 TO 210,50 TO 215,30 TO 195,30 TO 200,50

6510 FLLIPSE 205,55,5
B20 DRAW 203,87 TO 207,57

530 DRAW 203,56 TO 203,50

540 DRAW 207,56 TO 207,58

550 DRAW 205,54 TO 205,56

560 DRAW 204,53 TO 206,53

570 DRAW 200,30 TO 200,25 TO 197,25 TO 197,24 TO 201,24

160 ELLIPSE 160,130,4
170 ELLIPSE 100,110,6
180 ELLIPSE 150,110,6
190 ELLIPSE 125,115,3
210 DRAW 130,100 TO 130,30
220 DRAW 120,100 TO 120,30
230 FOR I=35 to 95 STEP 5

240 DRAW 120, TO 130, I

250 NEXT I TO 201,30
254 GCOL3 580 DRAW 210,30 TO 210,25 TO 213,25 TO 213,24 TO 209,24
255 DRAW 120,100 TO 120,120 TO 130,120 TO 130,100 TO TO 209,30

120,100 500 DRAW 200,50 TO 190,45 TO 191,44 TO 199,48
260 GCOL1 600 DRAW 210,50 TO 220,45 TO 219,44 TO 211,48

610 GCOL3
620 ELLIPSE 205,45,2
630 ELLIPSE 205,40,2

270 DRAW 110,160 TO 105,175 TO 100,177
280 DRAW 125,160 TO 125,175 TO 130,180
290 DRAW 140,160 TO 145,175 TO 142,178

300 REM BUG 640 ELLIPSE 205,35,2

310 GCOL3 650 GCOL15

320 ELLIPSE 40,40,10 660 PRINT @2,21;MULS$("*" 38)

330 ELLIPSE 27,40,3 670 END

340 ELLIPSE 53,40,3

350 ELLIPSE 36,43,2 Programming drawings such as the one produced in the
360 ELLIPSE 44,43,2 above example is made simple if a sheet of 'grid paper"

is used to map out the 1lines and points etc. The
paper represents the imaginary "Pixel grid" of the

370 DRAW 36,35 TO 36,37 TO 44,37 TO 44,35 TO 36,35
380 DRAW 45,31 TO 45,25 TO 47,25 TO 47,24 TO 44,24 TO

44 , 31 screen, which is numbered O to 255 horizontally from
390 DRAW 35,31 TO 35,25 TO 33,25 TO 33,24 TO 36,24 TO left to right, and O to 191 vertically from bottom to
36, 31 top, as shown in Fig. 17.1.
400 GCOLA1

410 DRAW 34,48 TO 30,55

420 DRAW 28,53 TO 32,57

430 DRAW 46,48 TO 50,55

440 DRAW 52,53 TO 48,57

450 REM MARTIAN

460 GCOLO

470 DRAW 200,60 TO 205,65 TO 210,60 TO 200,60
480 ELLIPSE 205,67,2

490 GCOL11
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191 -

0 3

s 255

BOTTOM LEFT HAND
CORNER OF SCREEN

Fig.17.1

A sheet of A4 size graph paper with 10mm squares
sub—-divided into 1mm squares would be suitable for this
purpose and is normally available from a stationer.

MOVEMENT

Simple.
There are several methods which can be utilised to
create an impression of simple movement in graphics.

Perhaps the most fundamental way is to use a LOOP
within a program 1listing which will print a shape on
the screen, then apparently "rub it out" and print it
again in a new position. This 1is similar to the
process involved in making cine films produce movement
on a screen,
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e create the impression of a character or shape moving

between two specified points then it is necessary to
draw it in #everal positions between the points,
"rubbing out" the last drawn character immediately
prior to printing edch new one,

he smaller the distance between each position, the
smoother will be the movement. If the positions are too

far apart then the movement created will be more like a
Jumping action from one place to the next.

EXAMPLE

Imagine that we wish to make ‘a horizontal 1line appear
to move down the screen. The sequence of operations
required would be as follows:-

1. Draw the 1line in - its inditial position 'in a
contrasting colour to the background.

2. Draw the line again in exactly the same position
but this time wusing the same colour as the
background (this gives the effect of "rubbing out"
the line).

3. Re-draw the line (in a contrasting colour) in a new
position which is a relatively small distance from

the original position.

4, Draw over this line using the same colour as the
background (ie. repeat as in 2 above).

9. Repeat as in 3 above - and so on,

Thus the sequence continues, selecting a number of
positions until the final location has been reached.
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he following example executes this sequence of
operations.

10 CLS
20 GCOL6
30 DRAW 70,120 TO 180,120
40 GCOL4
50 DRAW 70,120 TO 180,120
60 GCOL6
70 DRAW 70,100 TO 180,100
80 GCOL4
90 DRAW 70,100 TO 180,100
100 GCOL6
110 DRAW 70,80 TO 180,80
120 GCOL4
130 DRAW 70,80 TO 180,80
140 GCOL6
150 DRAW 70,60 TO 180,60
160 GCOL4
170 DRAW 70,60 TO 180,60
180 GCOL6
190 DRAW 70,40 TO 180,40
200 GCOL4
210 DRAW 70,40 TO 180,40
220 GCOL6
230 DRAW 70,10 TO 180,20
240 END

Before reading any further type in the above 1listing
(remember to key NEW E first in order to clear any
existing programs) and observe the result when you RUN
the program.

The speed of operation makes the 1line appear to move
from it's initial position to the final location.
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o give the movement a continuous effect simply create
a loop by sending control back to the line of listing
which represents the beginning of the sequence. This

L6 done by replacing line 240 with the following new
Line, ]

240 GOTO 30

Add this new line to the listing you have already typed
into the computer and then once again observe the
result when you RUN the program.

1t will be necessary to use 'SHIFT BREAK' to break out
of the loop once it is set in motion. Key CLS E to
clear the screen,

The following example uses this method to illustrate
"rubbing out" and "movement" in respect of smoke coming
from a ships funnel. Type in the following listing and
observe the result when the program is RUN.

10 CLS

20 GCOL15

30 DRAW 0,60 TO 55,60

40 DRAW 185,60 TO 240,60

50 REM HULL

60 GCOL6

70 DRAW 60,50 TO 180,50 TO 190,70 TO 160,70 TO 157,65
TO 90,65 TO 80,70 TO 65,70 TO 60,75 TO 50,75 TO
50,70 TO 60,50

80 REM FLAGS

90 GCOL12

100 DRAW 65, 70 TO 65,105 TO 75,100 TO 65,95

110 GCOL10

120 DRAW 180,70 TO 180,100 TO 185,100 TO 185,95 TO
180, 95

130 REM CABIN

140 GCOL14

143



150 DRAW 100,65 TO 100,90 TO 110,90 TO 110,80 TO 150,80 D20 DRAW 152,116 TO 158,116

TO 150,65 530 GOTO 250
160 REM FUNNEL
170 GCOLA Again wuse 'SHIFT BREAK' to break out of the loop and

180 DRAW 120,80 TO 120,100 TO 130,100 TO 130,80
190 REM CIRCLES

200 GCOL6

210 ELLIPSE 115,75,3

220 ELLIPSE 125,75,3

230 ELLIPSE 135,75,3

240 REM SMOKE

key CLS E to clear the screen.,

Another example is given below to illustrate the
"rubout'" and "movement" effect but in this case the
FOR-NEXT statement has been used to create the required
loop for the sequence. Remember to key NEW E before
typing in the listing.

250 GCOL1

260 DRAW 126,103 TO 134,103 10 REM FANLINE

270 GCOL4 20 CLS

280 DRAW 126,103 TO 134,103 30 FOR J=1 TO 10

290 GCOL1 40 BCOL1

300 DRAW 133,105 TO 141,105 50 FOR I=50 TO 200 STEP 10

310 GCOL4 60 GCOL RND(13)+2

320 DRAW 133,105 TO 141,105 70 DRAW 50,50 to 200,I

330 GCOL1 80 NEXT I

340 DRAW 138,107 TO 142,107 90 FOR I=200 TO 50 STEP -10

350 GCOL4 100 GCOL1

360 DRAW 138,107 TO 142,107 110 DRAW 50,50 TO 200,I

370 GCOL1 120 NEXT 1

380 DRAW 140,110 TO 149,110 130 NEXT J

390 GCOL4 140 BCOL4

400 DRAW 140,110 TO 149,110 150 END

410 GCOLA1

420 DRAW 145,112 TO 151,112 Ihere are in fact two loops in this example. An outer
430 GCOL4 loop using J (lines 30 and 130) and an inner loop using
440 DRAW 145,112 TO 151,112 I (lines 50 and 120).

450 GCOL1

460 DRAW 149,114 TO 154,114 fhe inner 1loop on I creates the necessary movement
470 GCOL4 cycle and the outer loop on J causes the whole cycle to
480 DRAW 149,114 TO 154,114 repeat 10 times.

490 GCOL1

H500 DRAW 152,116 TO 158,116 Having observed the result key CLS E to clear the
510 GCOL4 screen followed by NEW E to clear the memory.
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USE OF SYMBOLS

Imaginative use of keyboard characters and symbols can
often produce "graphic effects".

For example the asterisk (*) and hash (#) symbols are
commonly used to make up borders by printing lines of
characters in succession (horizontal and vertical).

Lines of Symbols.
The MUL$ command can be used to produce a number of

characters in a single line as follows:-

PRINT MUL$("*",30)

This will print a 1line of 30 asterisks across the
screen.,

PRINT MULS$("#",25)

This will print a line of 25 hash symbols across the
screen.,

Type in the two statements given above (separately) and
observe the result when you press ENTER. Clear the

screen using CLS,
A line of symbols/characters can be positioned anywhere

on the screen by specifying the co-ordinates of the
first character of the line using the PRINT @ command.

PRINT@ 8,9,MUL$("*" 15)
This will print a 1line of 15 asterisks across the

screen starting from the character position 8,9 on the
imaginary "character grid" of the screen,.
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Fhe "character grid" is different from the '"pixel
gria', The character grid is numbered 0 to 39
horizontally from left to right and 0 to 23 vertically
from TOP to BOTTOM in "40 column display'", and 0 to 31
horizontally (left to right) O to 23 vertically (top to
bottom) in "32 column display".

Iype in the above example and observe the result when
you press ENTER. Clear the screen using CLS E .

Movement of Symbols.
Lines of characters/symbols can be made to move down

the screen in a similar process to making drawn lines
move,

In this case a line of '"space" needs to be printed over
the top of the line of characters to produce the "rub
out" effect. A new line of characters is then printed
in a lower position and the process repeated as before
until the characters reach the final location.

Changing the vertical component of the character grid
co-ordinates in the PRINT @ command will alter the
position of the line of characters on the screen. A
FOR-NEXT loop can be set up to carry out this process
thereby producing movement of the line down the screen
(or up) as illustrated by the example given below.

10 CLS

a0 FOR TI'= 17020

40 PRINT@10,I,MULS$("*" 20)
40 PRINT@10,I,MUL$(" '",20)
BO NEXT I

fype in the above listing and observe the result when
the program is RUN.
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A second FOR-NEXT loop could be introduced in order to
cause the sequence to repeat a given number of times
and this is illustrated by the following listing.

10 CLS
FOR J=1 TO 5

FOR I=1 TO 20

PRINT@10, I,MUL$("*",20)
PRINT@10,I,MUL$(" ", 20)
NEXT I

NEXT J

388883

This will cause the sequence to be repeated 5 times as
given by the FOR-NEXT loop J. Try the above example.

Alternatively a continuous cycle could be set up by the
use of the GOTO command as shown below in line 60.
(Key NEW E before typing this listing).

10 CLS
20 FOR I=1 TO 20

30 PRINT@10,I,MUL$("*" 20)
40 PRINT@10,I,MUL$(" ",20)
50 NEXT I

60 GOTO 20

In this case 'SHIFT BREAK' would then have to be used
to break out of the loop.

The following is another similar example but presented
slightly differently. ITry to ascertain the sequence
cycle before running the program in the cnmputér.

10 REM ADVANCE
20 CLS

30 LET A$="# # #"
40 LET B$"-=" "
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50 FOR J=1 TO 8

60 FOR I=1 TO 20

70 BCOLG

80 PRINT®10,I;MUL$(AS,S5)
90 PRINT@10,I;MUL$(BS$,25)
100 NEXT I
110 NEXT J
120 BCOL4

130 CLS
140 END

The example given below illustrates movement across the

screen, In this instance it is the horizontal
component of the character co-ordinate in the PRINT®@

command which is manipulated. (Key NEW E before typing
the listing).

10 CLS
20 FOR I=10 TO 80
30 PRINT@I,12,"*"
40 PRINT@I,12," "
50 NEXT I
60 GOTO20

Type in the 1listing and observe the result when the
program is run, Use 'SHIFT BREAK' to break out of the
loop when required then key NEW E to clear the memory.

SHAPES
The characters and symbols which can be accessed from

the keyboard are simply regarded as shapes by the
computer which make up the character set.
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Each shape (character/symbol) is de fined and
constructed within a grid pattern of 8x8 pixels, he
example in Fig.17.2 illustrates the formation of the
letter E in the character set,

Fig. 17.2

Once constructed (or defined) within this grid pattern
each shape (character/symbol) 1is allocated a '"code
number" for reference. The code number is a decimal
number in the range 0 to 255 and 1is known as the ASCII
CODE for a particular shape. The computer then uses
these ASCII CODES in order to recognise and use
particular shapes during processing.

EINSTEIN wuses the following codes for the inbuilt
character set.

ASCIL CODES O E0 3%
These are control codes and therefore not displayable
as characters.

ASCII CODES 33 to 64, 91 to 96, 123 to 127
These are used to identify the numbers, symbols, and
fractions in the character set.
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ABCII CODES 65 to 80 Ihese are "upper case" letters
of the character aset.
ASCLI CODES 97 to 122 - These are '"lower case" letters
of the character set.

A table 1s given 1in appendix D which illustrates the
ASCII CODES and respective characters. It will be seen
that CODES 128 to 160 are apparently left free.

Facilities are provided within the BASIC which allow
users to define (construct) their own shapes, symbols,
or redefine the character set if so desired but we
would not recommend the 1latter if there is a lack of
experience, Some of the ASCII codes from 128 to 160
contain control characters but the following codes are
free to be allocated to shapes defined by the user
without affecting the existing character set.

130,131,132,134,142 to 154,156 to 160

Defining a Shape.

The first stage in defining any new shape is to use an
8x8 grid pattern of squares in which to construct the
desired character. Look at the example given in

Fi1ig.17.3. which illustrates a "little man".

Fig.17.3
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Remember, each square of the grid pattern represents a
single pixel on the screen, thus each shape constructed
in this manner will be of a similar size to the
existing keyboard character set when displayed on the
screen,

Each horizontal row of 8 squares on the grid represents
what is known as 1 BYTE of data, and each pixel square
in any row represents what is known as 1 BIT of that
BYTE of data. Thus the grid is made up of 8 BYTES of
data stacked horizontally on top of each other.
Fig.1l7.4 illustrates this,

Each row of

8 squares represents

1 BYTE of data

Each square represents

1 BIT of esach BYTE

Fig.17.4
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Another point to consider when constructing shapes on
the grid 1is that in 32 column display all the squares
of the grid may be used whereas for normal 40 column
display the two most right hand columns of squares must
be left blank (since they are not displayed in this
case). In other words the last two BITS of each BYTE
must be left blank when defining shapes for use in 40
column display as shown in Fig.l1l7.5.

Last 2 BITS of each BYTE

left blank in 40 column display

Fig.17.5

Once a particular shape has been constructed on the
grid the next stage is to place the information into
the computer. 10 do this, the data must first be

gonverted from a diagram format into '"Hexadecimal"
format so that it may be used within the SHAPE command,
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'he following example illustrates the conversion
process.

1« Lontruct .the .. shape..on .a .  grid _pattern. of 8x8
squares.

2. Represent the shape on another 8x8 grid by using
O's in the empty squares and 1's in the shaded
squares corresponding to the reguired shape.

o|lojo|0j0|0Oj0O|0O
oj{1|1]1]0o|lo o]0 Grid pattern using O's
gl1j1|1]10j0 | 0|0 i ks

n
olol1lololololo e empty squares and
1|1j1|1|1]0] 0] 0 1's In the shaded sgquares
ojoj1|0|0|{0| 0|0
o[1{o|1][o]o] o]0 SLLERN ARENE.,
1lojo|o|1]0| 0|0

Thus each BYTE (row) is now represented as an eight
digit BINARY NUMBER,

3. Convert each BINARY number (row of 0O's and 1's)
into a HEXADECIMAL number by referring to the table

of equivalent values in appendix H.

The first 4 bits represent the 1st hexdigit, the
last 4 bits represent the 2nd hexdigit.
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MINARY FORMAT HEXADECIMAL FORMAT

olojofo olojofo - 400
ol1{1]1]|o]o]o]o . a70
of1[1[1]elololo > &70
olo{1]|olo]o]|0]lo > 220
1j1|j11111|0] 0|0 - &F8
cloj1|0|0|0|0]o0O a5 &20
ol1|(o|1|/0|lo]|olo — &50
1(0|0|(0|1]0| 0|0 e ABB

Note that an "&" symbol is used as a prefix to signify
HEXADECIMAL numbers. This helps to distinguish them
from other numbers when documented.

Entering a Shape.
The HEXADECIMAL numbers representing the data of the

shape are used in the SHAPE command, reading them in
order from the top of the grid downwards.

SHAPE 150,"00 70 70 20 F8 20 50 88"
S S T SR

Particular ASCII CODE 'HEX' data representing
selected by the user the particular shape
and allocated to this required.

shape.

Ihis command places the required data in the computer,
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When selecting ASCII codes the following points should
he considered.

1) ASCII codes 32 to 127 and 161 to 255 are used for

the keyboard character set. Unless there 1is a
need to redefine any of these characters avoid
these codes.

ii) ASCII codes 0O to 31 are used for CONTROL-CODES
and cannot be displayed.

iii) The range of codes 1left vacant and therefore
available for use in the range 128 to 160 (see
Page 151).

Should any of the alphanumeric characters be destroyed
by the use of SHAPE, they can be restored using a cold
start, but all programs and variables will be lost (see
BASIC REFERENCE MANUAL).

Use of the Shape.
Having defined a shape and entered it in the computer,

the next process is to make use of it.

Unlike the inbuilt character set, the new shape cannot
be accessed from the keyboard (unless an existing
keyboard character has been re-defined using the same
ASCII code) therefore we have to make wuse of a
different method for accessing characters, To do this

the CHR$ function is applied.

By specifying the particular ASCII code in the CHR$
function then it will access that particular shape,
character, or symbol.
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FThug the "l1ittle man" sahape previoualy defined and
#RtEFEd iR the computer could be mccessed as follows: -

PRINT CHR$(150)

Hy wusing this method of accessing the shape it can be
manipulated and displayed in the same manner as any
normal character shape on the screen.

PRINT CHR$(150)
Now try the following:-

10 CLS 32

20 SHAPE 150, "00 70 70 20 F8 20 50 88"
JO PRINT® 15,10,CHR$(150)
40 END

Having observed the result key CLS E to clear the
screen and key NEW E to clear the memory.

Movement of a Shape.

I'he principles of simple movement as described earlier
¢an also be applied. The following example enters the
shape "little man" and then makes it appear to move.

10 CLS 32

20 BHAPE 150, "00 70 70 20 F8 20 50 88"
30 FOR 1«10 TO 30

40 PRINT®I 12, CHR$(150)

B0 PRINT®L 12, " »

60 NEXT 1

70 GOTO 30

Type 0 Ehe 1listing and observe the result when the

program 18 RUN, The 'BHIFT BREAK' will have to be used
ta Break out of the laap,

167



fype in the following example and observe the resull
when the program 1is RUN.

10 REM ARMY ADVANCE

20 CLS 32

30 SHAPE 150, "00 70 70 20 F8 20 50 88"
40 LET A$=CHR$(150)

50 LET B$=" "

60 LET C$=A$+B$

70 BCOL6

80 FOR I=1 to 20

90 PRINT@10,I,MUL$(C$,12)
100 PRINT@10,I,MUL$(B$,24)
110 NEXT I

120 GOTO 80

It will be necessary to use the 'SHIFT BREAK' to break
out of the loop once it 1is set up.

Now define a character shape of your own, using the
method described previously, then use it in the above
example by replacing the data in the SHAPE command
(line 30) with your new data relating to the shape you
have defined.

RUN the program with your new shape in,

Use 'SHIFT BREAK' to break out of the loop, key CLS E
to clear the screen. Key NEW E to clear the memory
followed by BCOL4 to return to normal backdrop colour.

Building Shapes.

It is possible to build up larger shapes by printing
several individual character shapes adjacent to each
other. This is know as contiguous graphics. To produce
extended shapes of this kind the following procedure
should be adopted.
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1) Draw the whole shape on grid paper.
<) Divide the complete shape up into 8x8 grids.

3) Define each -8x8 grid as an individual shape with
i1ts own ASCII CODE,

4) Individual grid shapes on the same level or line

can be printed next to each other by use of the
STRING CONCATENATION facility as follows:-

A$=CHR$(140)+CHR$(120) +CHR$(130) +.....

Thus A$ would contain the shapes listed together
according to the ASCII codes specified. PRINT A$

would then display the shapes side by side on the
screen,

5) Lines of shapes can be positioned by use of the
PRINT@ command.

eg. PRINT @12,15,A%
PRINT @12,14,B$ etc.

Using the method outlined above, larger shapes
can be displayed on the screen.

lType in the following example which uses the principles
outlined above, and observe the result when the program

18 RUN (note that line 20 sets 32 column display for
this example)

10 REM ALIEN
20 CLS32

30 SHAPE 130,"081422410103070F1F3F7FFFFFFFFFE7
FBFCFEFFFFFFFFE71028448280C0EOFO"

40 SHAPE 134, "OFOFOFOFOFOFOFOFE7FFFFFCFCFFFFFF
£ 7FFFF 3F 3FFFFFFFFOFOFOFOFOF OF OF 0"
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50 SHAPE 138, '"0000000003030303FOFOFOFOFCFCOCOC
OFOFOFOF 3F 3F303000000000C0OC0OCOCO"

60 A$=CHR$(130)+CHR$(131)+CHR$(132)+CHRS$(133)

70 B$=CHR$(134)+CHR$(135)+CHR$(136 )+CHRS$(137)

80 C$=CHR$(138)+CHR$(139)+CHR$(140)+CHR$(141)

90 PRINT@ 12,10,A%

100 PRINT® 12,11,B$

110 PRINT® 12,12,C$

120 END

Note how each SHAPE command (lines 30,40,50) gives th
data for four shapes thereby allocating consecutive
ASCII codes from the first one specified. 'Tﬁus the
complete shape which appears on the screen gnﬁalsts of
three 1lines of shapes, each 1line cahta1n1ng Fmgr
adjacent shapes. The grid pattern is illustrated 1in
Fig.17.6 to show the construction of the shape.

Fig.17.6

Now key CLS40 E to clear the screen and return to

normal 40 column display.
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FFy Ehe rallawing BEAMPLIE which makea use of the built

HE SHapE again, Observea the result when the program is
BN and examineg the 1ist ihg 80 as te understand how the
spplication of aimple  movement has been used by
SHapting the principles described previously,

10 REM ALIEN MOVE

20 0LBA2

40 BHAPE 130, "081422410102070F1F3F 7FFFEEFFFFET
FBFCFEFFFFFFFFE71028448280C0EOF0"

40 BHAPE 134, " OFOFOFOF OF OFOFOFE7FFFFFCFCFFFEFE
L 7FFFF 3F 3FFFFFFFFOFOF OFOF OFOFOF O

50 SHAPE 138, ""00000000030303FOFOFOFOFCECOCOCOE

OF OF OF 3F 3F 30300000000000C0C0OCOCO"
60 A$tCHR${130]+CHR$(131}+CHR${132}+CHR$(1331

o0 H$HCHH${134}+CHH${135}+CHR$(135)+CHR${137}

1o ﬂ$-CHH${138]+CHH${139}+CHR${140}+CHR$[141]
00 FOR I=1 TO20

100 PRINTE 12,1, A%

110 PRINT® 12,1+1,B$

120 PRINT® 12,1+2,C$

130 PRINT® 12,I,MUL$("",4)
140 PRINT® 12,I+1,MUL$(""?4)
150 PRINT® 12,I+2,MUL$("",4)
160 NEXT I

170 GOTO 90

fou will notice that the shape appears to be flashing,
Ihis is because the time taken to draw the shape and
then "rub out" is fairly slow therefore the movement is
Bt quite as smooth as with a single character shape.

The next section explains a different method which
BYEroomes this problem.
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Use 'SHIFT BREAK' to break out of the loop, then key
ClLS40 E to return to normal 40 column display.
Position the disc with side B uppermost in the drive
and then save the program as follows:-

i) Type in SAVE "ALIEN"
ii) Key E

SPRITES

Sprites provide an alternative method of manipulating
shapes on the screen. The shapes are defined using
grids of 8x8 or 16x16 pixel squares but the SPRIIE
command in conjunction with the MAG command allows
magnification of a particular shape, and more versatile
movement.

Sprites 'exist' on what are known as "sprite planes”.
If we imagine a number of glass sheets stacked up one
behind the other, but are so thin that the naked eye
perceives them as one, then we have a comparison with
sprite planes on the screen. Fig.17.7 illustrates this.
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Fhere are 32 sprite planes in all and they are numbeped

Ffrom O to 31. Shapes drawn on different sprite planes
can overlap, therefore, creating a 3 dimensional
effect. By careful planning of the sprite plane

numbers the effect of one shape moving in front of, or
behind, another can be created.

For example a train could appear to move behind a
building but in front of some trees by using different
sprite planes for each shape accordingly.

The lower the sprite number, the nearer to the eye it
becomes, Thus a sprite numbered 4 would appear to be
in front of a sprite numbered 6, on the screen. (ie.
lower numbered sprites have display priority).

The SPRITE command is as follows:-—

SPRITE M, x,y,C,N

M - 1is the 'sprite number" allocated by the user
from the range 0 to 31.

N - is the number of a previously defined shape
(ie. from the SHAPE command)

C - 1is the specified foreground colour (a number in

the range O to 15) the background always being
transparent).

x and y - are the co-ordinates on the screen pixel
grid of the TOP LEFT HAND CORNER of the SPRITE.
(positioning a sprite on the screen).
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ln mode 1 the single 8x8 shape is doubled 1in size
(magnified) to occupy an area equivalent to a 16x16
pixel grid. Each original pixel is in fact made 4
times larger, resulting in a grid of 8x8 large pixels
as shown in Fig.l1l7.9.

MAGNLF ICATION

here are four modes of magnification numbered 0, 1, 2,
3. They are specified by use of the MAG command.

eg. MAG 2
Iry the following examples which serve to illustrate

Modes O and 1. the use of modes O and 1, and compare the results.

Modes O and 1 apply to a shape which has been defined
on a single 8x8 pixel grid as shown in Fig.17.8. In
mode O the shape remains as a single 8x8 pixel
character.

i) 10 CLS32
20 SHAPE 140,"00 70 70 20 F8 20 50 88"
30 MAG O
40 SPRITE 4,110,100,6,140

ii) 10 CLE%D
20 SHAPE 140, "00 70 70 20 F8 20 50 88"
30 MAG 1
40 SPRITE 5,150,100, 8,140

Notice that the first sprite is not cleared and

is also affected by the second MAG command (ie.
MAG 1).

Sprites cannot be cleared by the usual CLS but
must be "turned off" by use of the SPRITE OFF
command, Key CLS40 E to return to 40 column

display. Now type SPRITE OFF and key E to clear
the screen. Key NEW E to clear the memory.
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Modes 2 and 3.

Modes 2 and 3 apply to a shape which is built up from
four 8x8 pixel grid shapes to form a single shape on a
16x96 grid (in the same manner as described in BUILDING
SHAPES)

In mode 2 the four shapes are printed as a single shape
6n & 16x16 pixel grid as shown in Fig.17.10.
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16

16

Fig.17.10

When "defining" the complete shape the data for each
8x8 grid should be used with the SHAPE command 1in the
order shown above. Note also that the selected ASCII
code number must be 0 or a mulitple of 4 (eg. 156,144
etc) In mode 3 the shape on this 16x16 grid is doubled
in size to occupy an area equivalent to 32x32 pixels.

Work through examples which illustrate the use of modes
2 and 3, and compare the results,

1. 10 CLS32
20 SHAPE 152,"00604040414141E17F3F1F0000000000
00303030BOFCB4FCFFFEFC0O000000000"
30 MAG 2
40 SPRITE 6,70,100,6,152

2. 10 CLS32
20 SHAPE 152,"00604040414141E17F3F1F0000000000
00303030BOFCB4FCFFFEFC0000000000"
30 MAG 3
40 SPRITE 7,150,100,6,152
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Notice again that the first sprite is not cleared and
la also affected by the second MAG command (ie. MAG

4). Type CLS40 and key E to clear the screen then
type SPRITE OFF and key E to remove the sprites. The
saprite definition, however, remains in memory until a
reset or cold start is used.

MOVEMENT OF SPRITES

dprites can be made to move by setting up a loop which
continuously changes the values of the co-ordinates in
the SPRITE command.

For vertical movement, change the y co-ordinates.
For horizontal movement, change the x co-ordinates

I'he example given below illustrates how a FOR-NEXT loop
can be used to make a sprite move horizontally across
the screen by continuously changing the x co-ordinates
in the SPRITE command.

10 CLS32
15 BCOLZ2
20 SHAPE 0, '"0060404141F17F3F0000000000000000"

30 SHAPE 2, '"003030BOFCS4FFFE0000000000000000"
40 MAG 2

50 FOR I=230 TO 1 STEP -1
60 SPRITE 0,1,132,4,0

70 NEXT I

80 GOTO 50

Maving observed the result of this program use the ESC
hey to breakout of the loop then key CLS40 E to return
£t 40 column text mode. Type SPRITE OFF,0 and key E to
Glear the sprite from the screen. Type BCOL4 and key E
to return the backdrop colour to normal.
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FILLING AREAS OF COLOUR

Finally just a brief word in respect of the FILI
command., This provides a facility for filling enclosed
areas of line drawings with colour

By specifying a single point within the boundries of an
enclosed area, then that area can be filled with a
selected colour.

The format of the FILL command is as follows:-

FILL x,y,n

x and y indicate the specified point within an area,
and n selects the colour ( a number in the range of
O to 15).

Try the following example which illustrates the use of
this command.

10 CLS

20 GCOL10

30 DRAW 100,40 TO 140,40 TO 140,70 TO 100,70 TO 100,40
40 DRAW 140,55 TO 170,55

50 DRAW 100,40 TO 70,55 TO 100,70

60 ELLIPSE 180,55,10

70 FILL 120,55,6

80 FILL 90,55,

00 FILL 180,55,12

100 END

Further details of the FILL command are given in the
EINSTEIN BASIC REFERENCE MANAUAL.

168

18

MACHINE CODE LINKAGE

MACHINE -CODE SUB ROUTINES

Quite often progranms (particularly games programs) use
A combination of BASIC and MACHINE CODE,

MACHINE CODE is a method of writing programs which
"talk" directly to the computer without the necessity
of an interpreter (ie. a direct linkage to the machine
operating system). Thus execution is faster because

the delay introduced when converting from one language
to another is no longer present,

BASIC can be used to create the main core of a program
and then subroutines written in machine code can be
linked into it. This is quite wuseful when a large
amount of graphics is involed, the faster machine code
sections producing spectacular effects on the screen.

Machine code subroutines are linked into a BASIC

program by wuse of the CALL command which has the
following format.

CALL I

I refers to the '"start address'" of a particular routine
required (ie. the 1location in the computers memory
store where the particular machine code subroutine
starts). It can be "called up" into use at any point
in the main program. The address given in I can be in
@ither decimal or Hexadecimal format.

EXAMPLE : CALL &0FO00

This will access a machine-code subroutine stored in
memory starting at the location &0FQ0
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Obviously machine-code routines need to be placed 1into
memory before they can be accessed by the CALL command.

Some routines are already in store as an integral part
of the machine "operating system" and the BASIC. For
example the routine which handles ERROR MESSAGES is

found at location &06CF.

Generally machine-code subroutines accessed by the CALL
command are those which have been created by the user
for a particular program and placed into memory.

Program listings found in magazines and other
publications often illustrate the use of machine-code
routines but the writing of machine-code programs 1is
beyond the scope of this book. The user must therefore
research other publications for further information on
the subject.

Areas in memory can be reserved for machine-code
subroutines by the facilities offered with the CLEAR
command (see EINSTEIN BASIC REFERENCE MANUAL) thus
avoiding any clash with BASIC programs when belng
stored.

MEMORY LOCATIONS AND CONTENTS

Memory locations are listed in Hexadecimal in ascending
order starting from 0 for identification purposes.
Each location is referred to by a four digit HEXNUMBER
which is known as the address for the data it contains.

e.g. &0013

&012E
&215D__|

Memory Locations
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Each memary location can hold 1 BYTE of data

represented by a two digit HEX NUMBER,
e.0. &34
&3F ———Two digit HEX NUMBERS
&A2

(Remember that the '&' symbol is used as a prefix to
denote Hexadecimal numbers in documentation).

we can 1imagine these memory locations to be stacked
vertically on top of one another, For example the
spaces between the rungs of a ladder could be envisaged

as memory locations into which data can be placed. Fig.
18.1 illustrates this,

64K

ol -
&0003

Fig.18.1

o access the memory locations directly from BASIC the
two commands PEEK and POKE can be used.
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fhe PEEK command allows the wuser to examine the
contents of a particular memory location (or address)
by using it as follows:-

PRINT PEEK (I)

Where I indicates the particular memory location

e.g. PRINT PEEK (&41FD)

This will return an integer in the range of 0 to
255, according to the contents of the 1location
specified (in this instace &41FD). The integer will
be displayed on the screen,

The POKE command allows the user to insert data to a
particular memory location (or address) as follows.

POKE I,E1,E2,E3,.....,EN

This will place the values of the expressions E1, to
En into memory locations starting at the 1location
given by I.

e.g. POKE &5100,877,834,8CD,&3A

This will place the values &77,&34,8CD,&3A into
locations &5100,&5101,8&5102,4&5103 respectively.
Thus:-

&5100 contains &77 (ie. 119 decimal)
&5101 contains &34 (ie. 52 decimal)
&5102 contains &CD (ie. 205 decimal)
&5103 contains &3A (ie. 58 decimal)

Try entering these values and then use PEEK to check
the contents of the locations.
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LCare should be taken if. using this facility to avoid
corruption of any essential utilities programs which
would "crash" the computer. If this happens the
only way out 1s to use the re-set button, thereby
destroying any current user program.

wome selected memory locations contain data for various
functions relating to the operation of the computer,

It 1s the corruption of these by careless use of the
POKE command which should be avoided.

€.g. LOCATION &O11E - contains the data which
determines the number of characters which can be
used in a single line of input. This is referred to
as the LENGTH OF INPUT BUFFER (BUFLEN) and is 126
characters (ie. &7E).

These selected locations are known as SCRATCH-PAD
LOCATIONS.

Some scratch-pad locations are labelled with a
"pointer'" (PTR), The "pointers" are numbered from A to
24 and <can be used to access those particular
locations,

fhus the PTR command can be used as an alternative to
POKE in order to change the contents of any of those

particular 24 locations, The PTR command has the
following format.

PTR N,E

"N'" indicates the pointer number for a particular
location, and "E" is the two digit HEXNUMBER
representing the new data to be inserted at that
location,
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e.g. PTR13,&3C

"PTR 13" refers to the location which contains the
data relating to the LENGTH OF INPUT BUFFER (ie.
number of characters allowed in one single line of
input). Normally the 1length is 126 characters
(maximum allowed) but the data inserted above,
changes the value to 60 characters.

Again care should be taken to avoid corruption of data
necessary for the operation of the computer.

MACHINE-CODE PROGRAMS

Quite often MACHINE-CODE programs appear in magazihes,
and other such publications, for users to type 1into
their own computers. The 1listings for MACHINE-CODE

programs might appear in one of three different formats
as follows:-

1. The presentation might consist of . the CODE
LISTING in HEXADECIMAL giving the memory
locations and their corresponding bytes of data
to be typed in. A section of one such listing 1s
shown below.

0BO7
0BO8
0B0O9
0BOB
0BOC
OBOE
0B10
oB11
0B13

LOCATION DATA

F5
79
D309
78
CBF7
D309
F1

D308
Co
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E The presentation might consist of the ASSEMBLY

SOURCE CODE  LISTING which uses MACHINE-CODE
MNEMONICS as shown below.

LINE NUMBERS SOURCE CODE LISTING

1563 VRMWR PUSH AF

1564 LD A,C

1565 ouT (H'09'),A
1566 LD A,B

1567 SET  6,A

1568 ouT (H'09'),A
1569 POP  AF

1570 ouT (H'08'),A
1571 RET

Ihis type of listing is the equivalent of the program
language before conversion to "machine-code'",

It 18 necessary to use an "assembler" to convert the
source coding into machine-code data.

Assemblers are special programs written specifically
for this purpose and are similar in function to an
interpreter when using BASIC,

When loaded into the computer the assembler takes on
the task of converting the ‘"source-code" into
Ymachine-code" automatically as it is typed in.

. 4y The presentation could consist of both the

col MACHINE~CODE LISTING with data, and the SOURCE-

CODE  LISTING wusing MNEMONICS combined into a
aingle program list as follows:-
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LINE SOURCE-
LOCATION DATA NUMBERS CODE LISTING

0BO7 F5 1563 VRMWR PUSH AF

0BO8 79 1564 LD A,C

0BO9 D309 1565 ouT (H'09'),A
0OBOB 78 1566 LD A,B

0OBOC CBF7 1567 SET  6,A

OBOE D309 1568 ouT (H'09'),A
0B10 F1 1569 POP  AF

0B11 D308 1570 ouT (H'08),A

0B13 C9 1571 RET

The following is one method which can be used to copy a
machine code program from a listing into the computer.

It does not involve the use of an "assembler". Memory
locations and bytes of data are typed in from a code
listing similar to that in example '1' above. The
procedure is as follows:-

a) Set up the computer to work in MOS (Machine
Operating System)

b) Type M immediately followed by the first memory
location of the 1listing and then ENTER. This
invokes the "modify" command .under MOS which then
allows data to be entered into consecutive memory
locations.

c) The first memory 1location appears on the screen
ready for the data to be typed in as shown in the
listing. As the bytes of data are ENTERED the next
consecutive memory location automatically appears
on the screen ready for the corresponding data to
be typed in. (Details of the MODIFY command under
MOS are given in the EINSTEIN DOS/MOS MANUAL).
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d) At the end of the liating type a full stop (.) and
key ENTER so as to EXIT the sequence,

@} Te run the program type G followed by the first
memory location of the listing and then key ENTER,
I'his instructs the computer to go to the program
starting at the address given, and execute,

[t the SOURCE-CODE LISTING only is given, as in Example
'2' above, then an assembler becomes necessary.

Without the assembler the SOURCE-CODE cannot be typed
in. Assemblers available for EINSTEIN are indicated in
the literature enclosed with the machine.

TO SAVE MACHINE-CODE PROGRAMS

Machine Code programs should normally start at location
&0100 in which case they can be saved using DOS
commands without having to load BASIC (saved as .COM
files in this instance).

If a machine code program starts at an address
different from &0100 then it should be a location above
&5000 and end below location &E00O. This is to avoid
any overwriting of BASIC and DOS which might cause
corruption, Programs within this catageory can be
saved using commands in BASIC. (saved as .OBJ files)

1. To save a program which begins at &0100:-
a) Determine the number of BLOCKS of memory which
the program occupies wusing the following
calculation with the computer working in BASIC.

(&XXXX — &0100)/256 = NUMBER OF BLOCKS

where xxxx is the END address of the program.
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b)

c)

i)

ii)

If necessary the answer given (No. of blocks)
should be rounded up to the next whole number,

Go into DOS (CTRL/BREAK or type DOS from BASIC)

Use the SAVE command in the following format.

SAVE N Name.COM

where N is the number of BLOCKS, Name is the
program title as selected by the user, ,COM is
the file type for machine-code programs saved
in this manner.

e.g. SAVE 4 MAK.COM

This will save the program MAK, which occupies
4 BLOCKS, as a .COM file on disc.

The procedure for re-locading a program which
has been saved in this manner is as follows:-

Go into DOS (CTRL/BREAK if not already there,
or key DOS from BASIC).

ENTER the program NAME only.
e.g. MAK

when ENTERED will load and run the program
MAK.

2. To save a program which occupies locations between
&5000 and &EQ0QQ:-

a)

b)

Go into BASIC

Use the SAVE command in the following format.
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BAVE UName 081" Btart Address,ind Address

WHEFE Name 1s Ehe particular program title
sRlEeted By Ehe u=ep, Htart and End Addresses
HEiHE EHE first and last hexadecimal memory

iaeatinneg af the li=stings,

Bl BAVEUMALH, (R BBOZO0 , RBOFA
THis will save the program MACH, which starts

8t ABHEO ahd ends at RBOFA in memory, as an
(BORJ File an diac,

The proacedure for re-loading a program which
nas bheean saved 1n this manner isa as follows:-

L) Go into BASIC

i1) Use the CLEAR command to fix the memory
location for loading of the program.

e.g. CLEAR &6018

this will cause the program to be loaded
in beginning at location &6018

111) Use the LOAD command as follows:-

LOAD "Name.OBJ"

where Name is the program title.

iv) Use the CALL command to invoke execution
of the program.
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e.g. CALL &6018

this will execute the machine-code
program which starts at address &6018

FURTHER READING

For more information relating to Machine-Code and
Machine-Code Programs the  user should refer to
publications written specifically on the subject.
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GLOSSARY

Access:
The means of acquiring or adding information from a
computer register, memory or peripheral unit,

Access Time:

The time which is taken to reference a particular item
in storage, to read from or write to a memory location
or a stored record on disc.

Accumulator:

A place in the computer (where operations take place on
data)

Acoustic coupler:

A device which enables audible tones, say from a
telephone, to be turned into the digital form which the
computer can understand (and vice-versa).

Address:
In the computer, information in the form of numbers is
moved around from place to place. Each place has an

'address' which is the number of the memory location
where particular data is stored (like the number of a
house in a street),

ALGOL :
A high level language - often used by mathematicians,

Algorithm:
The procedures leading to the accomplishment of a
particular event?

Alphanumeric:
A mixture of characters which can be a combination of
Aumbe rs, letters and symbols. The typewriter or

computer keyboard is an 'alphanumeric' keyboard,
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Analogue:

A quantity (e.g. temperature, time, voltage) which can
vary and can be measured, giving them a numerical
value,

A/D converter - Analogue to digital converter:
(See under CONVERTER.)

Applications program (or applications software):

A computer program designed for a particular outside
purpose - it might be for a business application or a
game or be an eductional program. As opposed to
systems software (see Software.)

Arithmetic & Logic unit (ALU):

An area in the central processor of the computer where
arithmetical and logical processes (such as comparing
two numbers) take place.

Array:

An orderly list or a table of numbers or words (data)
where every position is labelled and can be handled
separately or in a sequence by the computer.

Artificial Intelligence:

The ability of a computer (or computer-controlled
machine) to perform a task which, if a human being were
to perform the same task, would be said to require
'intelligence’. Often the computer will learn from
experience and improve its performance of a particular
task.

ASCII:
‘American Standard Code for Information Interchange’.
The internationally accepted code which represents

numbers, letters and symbols with unique binary code
values which the computer can then deal with.
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Assembly language ('assembler'):

A low level language which uses mnemonics rather than
ordinary words to give instructions to the computer.
Ihese mnemonics translate directly into the Dbinary
Instructions which the computer understands in a much
more economical way than does a high level language in
that they take up less memory space.

Backing storage:

Any outside storage medium (usually magnetic tape or
disc) which supports and can be linked to the main
memory in the computer. When the power is off,
information in the backing storage is not lost. The
capacity of a backing storage memory 1is much greater
than the computer's internal working memory.

Bar code:

A pattern of printed lines on an object identifying it
and containing information about it which can be read
into the computer by scanning it with a 1light pen,
Common now in supermarkets and libraries.

BASIC:
A very popular 'high level language' for
microcomputers. Stands for 'Beginners All-purpose

Symbolic Instruction Code'.

Baud rate:

This is a measure of the number of bits per second
travelling from oOne part of a computer system to
another, or between computers and peripherals. It is
the rate at which data is transmitted, or received in
serial data system.

Hinary:
A way of counting using only two alternative values - O
BN Yon' on  loff', . '‘black! or. 'white'. It is the

foundation of all computers.

183




Bit:
A binary digit - a '0O' or a '1' (see binary).
A Number to base 2.

Boot:
To start up a computer. Abbreviation for executing

bootstrap program.

Bootstrap Program:
A program kept in memory which uses certain preliminary

instructions to load or read other programs or data.

Branch:

A part of a computer program where a choice 1is made
between alternative routes - the decision maker 1in
computing.

Breakpoint:

A point in a computer program where normal execution 1s
interrupted to enable wvisual checking, allowing

debugging, or to obtain print-outs.

Buffer:

An area of computer memory used for temporary storage
of input or output data until a particular device is
ready for it.

Bug:
A defect or mistake in a computer program.

Bus:
A set of electrical pathways or connectors inside a

computer,

Byte:
'By eight'. Usually means a group of eight bits.
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CAD
Stands for 'computer aided design’'.

CAL :
fitands for 'computer aided learning'.

Central processing unit: (CPU)
Ihe control 'brain' of the computer where all parts of

the computer system are linked together and where the
calculations and manipulation of data take place.

Characters:
IThe expression used for numerals, letters & symbols
which a computer can print, or display on a screen.

Chip:

A single device containing many transistors and other
components formed on the surface of a piece of silicon.
wWhen packaged up, looks like a centipede because of its
many metal legs.

COBOL: (Common Business Oriented Language)

A high _ievel._language usually wused for business
applications.

Command:
A direct instruction to the computer.

Compatible:

Iwo computers are said to be compatible if a program
written on one will run on the other without
modification,

Compiler:

A program which converts like an applications program
written in a high level language into the machine code
version which the computer needs to be able to run it.
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Computer:
The computer is a device which can process information
according to instructions given to it, and in this way

perform useful or entertaining tasks.

Concatenation:
The linking of two or more "strings" to make a single
longer "string".

Constant:
An item of data used, but not altered by a program,.
The data can be either a NUMERIC CONSTANT or a STRING
CONSTANT.

Converter analogue to digitial (or vice-versa):

A device for converting anologue information in the
form of a continuously varying electrical voltage from
some kind of electrical sensor into the digital form
which the computer can cope with - or the reverse.

CP/M: (Control Program for Microprocessors)

This is an operating system most commonly used in
microcomputers. All micros which use a CP/M system can
use the same software.

Crash:
A computer is said to 'crash' when a program which is
running cannot be completed and cannot be restarted.

Cursor:
Some way of marking the screen with the position at
which the next character typed in at the keyboard will
appear.
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Cyole Time:

fhe time required by a computer to read from or write
into the system memory. Cycle time is often used as a
measure of computer performance, since this is a
measure of the time required to fetch an instruction.

aisy wheel printer:

A printer which makes use of a plastic disc around the
#dge of which is a set of print characters. The wheel
rotates at speed until the required character is
brought before a hammer which strikes it against a
ribbon. One wheel can easily be replaced with another
with a different typeface.

Data:
Loosely, means 'information' which a computer program

can deal with. Data can be in the form of numbers or
characters.,

Database:

An organised collection of files of information to
which the computer has access. If many people have
access to it through different terminals it might then
be called a data bank.

De-bugging:
The business of testing a program and then changing it
to get rid of 'bugs' or faults.

Default:

A standard characteristic or value which the computer
Ansumes if certain specifications are omitted within a
statement or program.

Device:
A particular unit or processing equipment in a computer

syatem external to the Central Processing Unit and
usually in the form of a peripheral.
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Dialect:

A version of particular computer language e.qg.
TATUNG/CRYSTAL BASIC, BBC BASIC, RML BASIC - all are
different dialects of BASIC with some things in common,
others not.

Digital:
To do with numbers, c.f. 'Analogue'.

Digitizer:

A device which converts "continuous information' into
the numbers a computer can understand. (e.g. a graphics
tablet).

Directory:

An area of storage on a disc indicating the contents
and their locations on the disc (similar to contents
listing in a book).

Disc or 'floppy disc':

A flat magnetic disc on which programs and data may be
stored and retrieved quickly - much faster than
cassette tape.

Documentation:

a) The collation of documents or the information
recorded in documents,

b) A collection of documents or information on a
particular subject.

Dot matrix printer:
A printer using a series of electrically 'hammered'

moving pins to create characters composed of a pattern
of dots.
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EFROM: (Frasable, Programmable Read-Only Memory )
A thip which can be fed with a program or data and
whicgh will hold it wuntil it is erased (usually by

axposing the surface of the chip to ultravoilet light).
After that it can be re-programmed. (See PROM. ROM).

I xecute:
& run a program or peform the task specified.

I xponent:
A number indicating the power to which a number or
'expression' is to be raised.

Expression:
Representation of a mathemetical or logical statement
by symbols.,

File:
An organised collection of information - e.g. computer
programs,

Firmware:

A program permanently held in a 'read only memory' chip
in a computer. The term usually refers to the programs
which manage the internal operations of the computer
rather than applications programs.

Flow chart:

A diagram on paper showing the sequence of events and
choices which need to be made in the solution of a
problem - usually (though not exclusively) relating to
A computer program.

FORTRAN: (FORmula TRANslation)

A high level 1language mainly for scientific and
mathematical use.
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Garbage:
Meaningless or unwanted data coming from the computer.

Graphics:
The overall term meaning the appearance of pictures or

diagrams on the screen as opposed to letters and
numbers.,

Handshaking:
A 'dialogue' between two computers or a computer and a
'peripheral device' - . like a printer - which

establishes that a message is passed between them to
their mutual satisfaction.

Hardware:
The physical bits and pieces of the computer - as
opposed to the 'software' or the programs.

Hard copy:

Tangible and permanent output from a computer, on
paper.

Hexadecimal or 'HEX':

A method of counting in a base of 16. Used for
proegramming in low level languages. One 'byte' can be
represented by two hexadecimal symbols,

High level language:

A programming language where the programmer uses
instructions which are close to his ordinary familiar
language rather than machine code. In effect, ° the
higher the 'level' of the language the nearer -it is to
ordinary language and the easier it is for the
uninitiated to understand.
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Hausskeeping:

Mefere to instructions, wusually at the beginning of a
program which help to organise the tasks involved but
da not contribute directly to the solution of a problem
(€,8, clearing fields to zero).

Iinteger:
A humber which does not contain a fractional part.

Integrated circuit (IC):
The eircuits combined together on the surface of a

#ilicon chip.

Interactive:

A way of operating where the user is in direct and
continual two way communication with the computer,
maybe answering its questions and receiving its
peactions to the answer.

Input:

The route whereby information gets into the computer or
the putting in of information by the operator (e.g.
from a keyboard)

Instructions:

A computer program consists of Ll series of
instructions, often used interchangably with
feommands ',

-@]ntlrflul:

boundary between two parts of a computer system.
| the boundary consists of a piece of electronic
'_;Hliry. Also means to make one part of a computer
{IH run smoothly with another.

r
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Interpreter

A program which translates the keywords in a high level
language program, line by line, into machine code which
the processor can cope with.

Iteration:

Refers to the technique of repeating a group of program
statements and is one repetition of such a group (ie.
one pass of a loop).

Keyboard:

One form of input device for a computer. Keyboards are
usually 'Alphanumeric' (q.v.) but also contain special
keys which perform particular functions on the
computer.

Keywords:
Words 1in the vocabulary of a high level language which
have a special meaning to the computer.

Kilobyte:
Approximately a thousand bytes (actually it is 2 to the
power of 10, which is 1024) e.g. 64k memory is 64
thousand bytes of MEMORY.

Language:

A  computer 'language’ 1s an organised way of
communicating with a computer using precisely defined
instructions in the form of 'English like' statements.

LED: (Light Emitting Diode)
An electronic component which emits light when excited
by an electric current,

Listing:

A list of items (program instructions, gata., etc.)
printed on a peripheral device by the computer.
Usually refers to the 'listing' of a program.
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Load:

o enter programs or data into storage or working
registers,
lLocation: :

A place in the computer's memory where information is
to be stored (see address)

Loop:
A group of consecutive program lines which are

repeatedly performed, usually a specified number of
times,

Low level language:
(See machine code)

Machine code:

The pattern of '0Os' and '1s' which the computer
actually understands. It is the lowest 1level of
language for a programmer to work in and all high level
programs are converted into machine code instructions
automatically when they run, Programs written directly

in a low level language run faster than those in high
level language.

Memory:

A computer's memory is a device or series of devices

capable of storing information temporarily or

permanently in the form of patterns of binary '1s' and

'Os’ . The computer then 'reads' information from the

memory or 1in some cases also 'writes' information into

it when it operates.

1. Internal Memory — ROM and RAM.

¢+ External Memory - Magnetic tape or disc on which
binary information is stored and 'retreived' by the
computer as required. The information is not lost
when the computer is switched off.
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Menu-driven programs:
Programs which present the operator with a 1list of

choices at any particular time and these are displayed
on the screen for him to choose from. Each choilce
leads down a different branch of the program.

Micro:

Has two meanings - (i) 'small' - as in microcomputer' -
and (ii) a millionth of something - e.g. microsecond, a
millionth of a second.

Microcomputer:
A small computer system built round a microprocessor

but having all the necessary bits and pieces
(peripherals and memory) to link with the outside world
and store information.

Microelectronics:

The use of electrical devices in which many different
components are formed together (integrated) 1into
microscopically small circuits on the surface of single
'chips' (usually of silicon).

Microprocessor:
A microprocessor is the central chip containing the

control unit for the computer.

Minicomputer:

A medium sized computer of the kind which might be used
by a medium sized company to keep its records, work out
its payroll, stock control, etc., Midway between a

'micro' and a 'mainframe' computer.
MOS: (Machine Operating System.)

That system which controls the internal function of the
computer.

194

MP/M: (Multi-user CP/M)

An operating system like a CP/M except that many people
can use it simultaneously.

Multi-user: E

A computer system where a group of terminals are

connected to a single microcomputer so several people
can use the micro simultaneously.

Network:

A system where a number of computers, terminals and
other components (like printers and disc drives) can be
linked together electronically - sometimes over some
distance.

Numeric:
To do with numbers,

Operand:

The data upon which a machine-code instruction
operates,

Operating System:

The software program residing permanently inside the
computer which supervises the running of applications
programs and controls the operations of the various

input and output devices like the video display unit,
keyboard etc.,

Operator:
This is a sumbol used within program instructions to

indicate numeric or relational comparisons. There are
sets of numeric and relational operators.

Output:
Information which a computer sends out to a screen or a
printer or to a backing memory store.
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Paddle:
Another name for a joystick control - e.g. for a T.V.

game.

Parallel:
When electrical patterns of all 8 bits in a byte travel

simultaneously along separate wires they are said to be
in 'parallel’',

Pascal:
A high level language preferred by many to BASIC for

general programming work.

PCB (printed circuit board):

The plastic board into which the computer's various
electronic components are soldered. These are linked
by thin inter-connecting wires printed on its surface.

Peripherals:

Bits and pieces of a computer system which connect in
different ways with the centra processor and memory and
which form its input and output devices, Peripherals
include printers, disc drives, joy sticks, graphics
tables, light pens etc.,

Pixels:
The smallest dot on a screen which the computer can
control.

Port:
A place where electrical connection can be made with
the central processor in the computer,.

Portability:

Programs are portable if they run on different computer
systems.,
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Processor:
(See central processing unit)

Program:
A series of instructions which the computer carries out
in sequence,

PROM (Programmable Read Only Memory):

A chip which can be programmed by the user,. Once
programmed, its contents are 'non-volatile'. (See also
ROM, EPROM).

RAM (Random Access Memory):

Memory into which information can be put (written) and
from which it can instantly be copied (read) no matter
where it is in the memory. RAM is the 'working memory'’
of the computer into which applications programs can be

loaded from outside and then run, Sometimes called a
read/write memory.

Real time:
A computer system is operating in 'real time' if the
processing of information fed in takes place instantly

Reserved words:

A special word with a predefined meaning, wused in a
programming language. Reserved words must be spelled
correctly, appear in the proper order in a statement or
command, and cannot be used as a 'variable' name.

ROM (Read Only Memory):

A memory circuit in which the information stored is
'built into' the chip when it is made and which cannot
subsequently be changed by the user. Information can
beée copied from ROM but it cannot be written there,
hence the name read only memory. Another name for read
only memory is 'firmware' since this implies software
which is permanent or firmly in place, on the chip,
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Robot:

A computer-controlled device which is fitted with
sensors and activating mechanisms. The sensors receive
information about the surrounding environment, send it
to a computer which then decides on the basis of its
program how the mechanical parts should respond - e.qg.
to pick something up or to move about, Some robots can
be programmed to improve their performance as a result
of their experience, (see artificial intelligence).

Scanning:

This word usually refers to the very rapid examination
of every item in a computer's 'list' of data to see if
some condition is met,.

Scrolling:

The automatic upward movement of the information on a
screen to allow new information to be displayed at the
bottom of the screen. Sideways scrolling is often used
in graphics to scan a particular scene.

Serial:

When electrical patterns of bits travel one after the
other down a wire in a computer they are said to be a
'serial' bit stream - as opposed to a 'parallel' bit
stream (qg.v.)

Silicon:

The chemical element which is used as the basis for the
increasingly more complex integrated electronic
circuits which have been responsible for the

'microelectronics revolution'. Silicon is present in
sand (which is silicon dioxide). It has odd electrical
properties, sometimes conducting electricity and

sometimes not, depending, for example, on what other
substances are mixed with it in minute quantities.
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ASoftware:

The general term which refers to all computer programs
which can be run on computer hardware. A distinction
can be made between the programs responsible for the
running of the computer - its internal 'housekeeping'
and operating systems and so on - and 'applications
programs’'. Ultimately, all software consists of
patterns of binary information which give the computer
instructions.

Gtatement:
A numbered line of a computer program.

Storage:
Another word for memory - a place where information can
be kept in a form which is accessible to the computer.

String:

A set of characters one after the other which «the
computer can deal with, usually enclosed by quote marks
and a distinction is wusually made between strings and
numbers. Spaces contained within a string count as
characters.

Subroutine:

A self-contained part of a program that can be called
up and run by other parts of the program. It is usually
written to perform a task that is needed frequently by
the main program.

Syntax:
The structure or 'grammar' of program statements and
commands.
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fiystems analyst:
A person trained in the analysis of complex physical or

organisational problems and able to offer solutions
calling on a range of skills, one of which may involve
the use of the computer and computer programming.

Tape:

Magnetic tape or punched paper tape can both be used to
store computer programs or data. Neither is as fast as
disc systems when it comes to finding the information

stored.

Telesoftware:

Computer programs sent by telephone 1line or by
television as part of the teletext signal. With a
suitable decoder the computer program can be entered
directly into the memory of a computer and then 'run'.

Terminal:

A peripheral device usually consisting of a keyboard
and a screen which can link into a computer network
sometimes using a telephone as the 1link.

Time-sharing:

A way of sharing out powerful computer facilites
between a number of users who want those facilities at
the same time on a number of separate terminals. Each
user gets the impression that he has sole use of the
computer.

Unary Operation:
The processing operation carried out on one operand

(eg. negation)

User:
The individual person using a machine.
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Variable:

AR electronic 'box' or pigeon hole into which data can
e put and subsequently be changed. A variable has a
name and a value, IThe name does not change but the

viilue can. Variables can also be 'numeric' or 'string’
variables,.

VU (Visual Display Unit):
A television-like screen on which the output of the

computer can be displayed. The VDU is the most usual
'output peripheral device' of the computer,

Voice recognition:
rhe ability of a computer to match the pattern of
signals coming into it from a microphone with stored

'templates' held in its electronic memory and thus
recognise words.

Voice synthesis:

The ability of the computer to use stored patterns of

sounds within its memory to assemble words which can be
played through a loudspeaker.

Volatile memory:

Memory in which information is lost when the power 1is
Switched off.

Wand:

A pen-like device able to read optically coded labels
(see bar codes),

Winchester disc:
A form of back-up storage for a computer. It consists

of a rigid magnetic disc in a sealed container scanned
by a head which does not quite touch the disc,
therefore not wearing it out.
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ERROR MESSAGES

Error Messages

Break
Next

sSyntax
Return

Data

Qty

Ovfl
Mem Full
Branch

Range
Dimension

Division
Stack Full

Type
Cmd

Str Ovfl
atr Complex

Gont

APPENDIX A

CODE

HEX DECIMAL

00
07

02
03

04

05

06
o7
08

09

OA

0B
OC

oD

OE

OF
10

11

—L

W M

#)]

0 =~

10

11
12

13

14

1o
16

17

Interruption from Keyboard!
NEXT statement found without
corresponding FOR

Typing error in line

RETURN or POP found without
corresponding GOSUB

No more DATA statements for
READ

Number specified outside
allowable range

Number too large

No more memory left

Attempt to refer to non-
existent line

OQutside, dimensions specified
for array |

DIM encountered for already
dimensioned array

Divide by Zero!

No more stack for FOR,
or expressions

String given when number
expected or vice versa
Auxiliary Reserved Word not
defined in system

String expression too long
String expression too complex
- Split it up!

Cannot continue after error
or program mod.

GOSUB
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Fn Defn
Operand

fHad data
End of Text
File

Drive Select
File Type
DISC ERRORS

No File
File Exists

File Locked

Disc Locked
Disc Seek

Disc Full
Dir Full

12
13
14
195
16
17

18

19
1A

1B

1C
1D

1E
1F

18

19
20
21
22
2.

24

29
26

27

28
29

30
31

FN user function not defined
by a previous DEF

Operand expected in
expression

Tape/Disc checksum error

End of File encountered
FDESC not defined (or used by
another file)

Drive selected not available
in system

File of incorrect type

File not found

File already present in
REName )

File has been locked ('Read
Only')

Disc 1s in 'Read Only' mode
Attempt to seek beyond end of
disc

No space for file contents
Too many files in Directory
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COLOUR TABLE
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APPENDIX C

Transparant
Black

Medium Green
Light Green
Dark -Blue
Light Blue
Dark Red
Cyan

Medium Red
Light Red
Dark Yellow
Light Yellow
Dark Green
Magenta

Grey

White
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APPENDIX D
ASCII CODES

Code Code| Sym-| Code |Sym- [Code | Sym- [Code | Sym- [ Code | Sym— | Code | Sym_

, |hu1 bol bol bol bol bol
32 sPlesa e |96 £ | 128 160 (.| 182 [d] 224 Y
33 65 A | or a | 120 161 i:_l 193 [Jlz2s [
34 6 8 |98 b |30 | 1e2 Bl| 1ee K| 226
35 87 € 1 e |13 ¢ |63 B 195 [ 22r O
36 68 0 |100 a |32  |18a | 108 (W] 2=s ]
37 6 E 01 e f133 wiflaes [ wr [J] 220 Gl
38 7 F [102 ¢ | 134 __ - 166 [J| 198 [J] 230 ]
19 ™M G |103 g | 135 vir | 187 L] o0 ] 221 ™
40 72 0 f104 n L13s | Jaes [[)| 200 [ 222 b
41 TR SRR e YT i L3l ™)
42 74 J [106 j | 13e | 7o [g] 202 (M| 204 M
43 ™ K |07 k | 130 171 (]| 200 BR| 235 oo
a4 ™ L 18 1 | 140 | |72 204 [8] 23 [
a5 77 M 108 m | 141 | |73 [ 2es 237 [)
a8 7B N |10 n ::;_' 174 Pl 206 []] 238 My
47 ™ 0 1M o | 1a3 175 [N] 207 239
48 80 P 1112 p | 144 176 [Hl208 [[I| 20 B
a9 81 Q@ |13 g | 148 177 [J] 200 H]| 241 [B
50 82 R (114 ¢ | 148 178 [ 210 [ 242 H
51 B3 8 |18 & | var 78 Hlen [Jlae [
52 84 T (118 t | 148 w0 (212 [ 244 ]
53 8 U M7 w49 o4 11 []] 213 245 [0
54 8 Vv |118 v | 1m0 182 []] 214 [N 248 F]
55 87 w |18 w | 189 183 [[]] 215 Hf =47 B3
56 88 x [120 x | as2 18a [[Jl2e [[lass g
57 88 ¥ |21 oy | 183 185 [ 217 [Z] 249 0
58 90 z 122 2 | 454 186 FFll21s Plzs0
59 91« l123 ¥ ‘:E;: 87 M) 210 | 2o o]
B0 92 % lza w |58 " | 1es [N] 220 (2] 292 £
A1 83 - |125 % | 157 18 []f 221 [9§] ens N
na 4§ P2 + | 1ss w0 Rlf22e [J]em [
O B _ Per m | 1s¢ 1w [Jl22a B een om
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APPENDIX E

HARDWARE TECHNICAL SPECIFICATIONS

CPU:
Z80A-clock frequency 4MHz

MEMORY :

64k RAM
8k ROM with expansion for up to 32k internally.

16k separate video RAM

DISPLAY: :
Hi-res graphics 256 x 192 pixels, plus 32 planes

of "sprites". In addition to '"sprites' there 1is a
text/graphics and backdrop plane. The display is
capable of 16 colours:

Transparent Dark Blue Mid Red Dark Green
Black Pale Blue Pale Red Magenta
Mid Green Light Yellow Dark Red Grey

Pale Green Cyan Dark Yellow White

DISPLAY FORMAT:
Raster scanned 625
interlaced.

field non-

lines 50Hz

Resolution: 256 x 192 pixels.

Display Modes:

5 - Graphics I 32x24 cells of 8x8 pixels 2
colours/cell (one foreground, one background
colour).

- Graphics II 32x24 cells of 8x8 pixels 16
colours/cell (8 foreground, 8 background
colours).
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- Multicolour 64x48 cells of 4x4 pixels 1
colour/cell (foreground colour only)

- 32 Sprites either 8x8, or 16x16 with an
optional magnification factor of two. 1
colour/sprite. Sprites are arranged in 32
planes, plane O having the highest priority
for display.

-~ Text 40 x 24 or 32 x 24 characters on a 5x7
matix 256 characters/patterns may be stored in
memory, 980 can be displayed on the screen.

Backdrop One of 16 colours. The backdrop

illuminates the whole screen behind the text,
graphics & sprites,

DISPLAY PRIORITY:
Sprite 0 (highest),
Backdrop (lowest).

Sprite 31, Text/Graphics, and

CHARACTER GENERATOR:
96 alphanumeric characters and 160 graphics

symbols. All characters and symbols are software
re—-programmable,

RF OUTPUT:
UHF : 591.25MHz 1.5mV peak
modulation, PAL encoded.

syncs, negative

DISPLAY OUTPUT: (user selectable)
YUV : Y-luminance signal with
syncs. 1V p-p into 75 ohms.
U & V-chrominance signals.
75 ohms.

negative going

0.68V p-p into

RGB and Syncs.: 1V p-p into 75 ohms,
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RS232-C PORT:
Full duplex capability to RS232-C/V24 standards.
Transmission speeds are software programmable
between 75 & 9600 bauds. Signals available - Tx
data, Rx data, RTS, CTS, Ground.

USER PORT:
8 bit bi-directional with strobe and ready signals
TTL levels.

ANALOGUE TO DIGITAL CONVERTER:
4 Channels, 8 bits resolution. Conversion speed
less than 4Qus (for 8 bits). Input range 2V.

PRINTER OQUTPUT:
Centronics interface standard.

TATUNG 'PIPE’:
Z80OA buffered bus to TTL levels,
control signals,

with clock and

EXTERNAL DISC INTERFACE:
Provides signals for wup to two self-powered
external disc drives. Either 3 1inch compact
floppy, 3% inch micro floppy disc, or 5% inch mini

floppy.

PROGRAMMABLE SOUND GENERATOR:
A means of providing a variety of sounds,
including chromatic music, with envelope shaping
is provided. The sound generator has three
‘voices!',

SOUND QUTPUT:
250mW into
loudspeaker.

internal 3% x 2% inch elliptical
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SWITCH MODE POWER SUPPLY UNIT:

lype =~ Self Oscillating Flyback Converter
20 - 40KHz

Mains - 220V to 240V
20 to 60 Hz

Qutputs (Fused @ 1AMP)
Lxternal 5V output load -

Tatung pipe 1 amp per pin max.
Analogue ports 1 amp per port
max.

User port 1 amp max.

All outputs are overvoltage and short

protected.

circuit

KEYBOARD: Full travel typewriter style QWERTY keyboard

1) 48 alphanumeric/graphics keys, 8 function keys 11
'control' keys.

2) All keys to have n lockout with 1 key roll-over,

4) Automatic repeat.

4) Programmable repeat delay and repeat speed.
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DISC DRIVES:
leac FD30A 3 1

Specification:

Access time:

Transfer rate:

Ssectors/track:

Bytes/Sector:

nch disc drive is to be incorporated

Single sided
100 tpi
40 tracks

MFM coding
Disc fully enclosed in a cassette.

12ms track-track
171ms average

250k bit/sec.

Media Specification:

FEATURES AND

10

512

500k byte unformatted capacity
(250k/side)

400k byte formatted 200k/side)

80 tracks (40/side)

Double density (MFM) recording

100 tpi

Double sided 'flip-over' cassette

SPECIFICATIONS ARE SUBJECT TO CHANGE

WITHOUT NOTICE.
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APPENDIX F

EXTERNAL SOCKETS AND CONNECTORS — Pin Specifications

1)

2)

3)

4)

5)

6)

7)

8)

Analogue 1f§nalngue 2
& MO15

RS232-C 5-Pin Din connector MO13
User Input/output IDC Connector MOO2
Printer Output IDC Connector MOO1
Printer Connector (Epson MX80)

Tatung Pipe 60-way IDC Connector M003

External Disc-Drive IDC Connector MO 04

YUV-RGB Linear
MO16

(Int.Select) 6-Pin-Din

2%

f-Pin Din connectors MO14

connector



1) Analogue 1/Analogue 2

7—=Pin Din Connector MO14 &

MO15

PIN NO,

~NOoO bk WN S

ANALOGUE - 1
CONNECTOR MO14

Channel O
Signal Ground
Channel 1
Fire - 1

Vref

Owv

+5v

ANALOGUE- 2
CONNECTOR MO15

Channel 2
Signal Ground
Channel 3
Fire - 2
Vref

Ov

+5v

VIEW LOOKING INTO SOCKET
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2)

RS232-C 5—-Pin Din Connector MO13

PIN NO,. SIGNAL

1
2
3
4
-

Ov

CTS
TxD
RTS
RxD

'
DCE

TxD
RxD
CTS
RTS

——

DIRECTION

To Computer
To DCE

To DCE
To Computer

Data Communication equipment (eg. MODEM)

Transmit Data
Receive Data
Clear to Send

Request to Send.

VIEW LOOKING INTO SOCKET
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4) User Input/output IDC Connector MO02 “ ESHEEF TIMEHUE 1PN IRBEEan
PIN NO. SIGNAL e o .';_.“ BlaNAL FIN NO, BIGNAL

1 5v 4 i - af fonE 1 Ov
2 DO h : Oy 10 ACK.
3 Ov - B 20 Ov
4 D1 =3 Ov 21 BUSY
5 RDY - ' 02 22 Ov
6 D2 : Qv 23 PE
7 Ov I - D3 24 Ov
8 D3 - Qv 25 N/C
Y Ov D4 26 N/C
10 D4 | Ov 2 4 N/C
11 STB — 05 28 ERROR ;
12 D5 Ov 29 3 N/C
13 Ov D6 30 N/C
14 D6 - Ov 31 Ov
15 5v 07 32 N/C
16 D7 Ov 33 Ov

- D8 34 N/C

- Data Bit
-~ ACK -~ Acknowledge
PE ~ Paper End
ik MU, T R, S . PO - N/C « No Connection

18 14 12 10 8 6 4 2

VIEW LOOKING INTO CONNECTOR J—
.. p“ S04 B2 .00 .18 18 14 .42 10 B & i .5

VIEW LOOKING INTO COMMECTOR
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%) Printer Connector (Epson MX80) “ fi) Tatung Pipe 60-Way IDC Connector MOO3
PTIN NO. STGNAL RETURN n PIN NO. SIGNAL PIN NO. SIGNAL PIN NO. SIGNAL
1 STROBE Pin 19 1 +ov T 21 A12 41 oV
5 D4 20 2 D7 22 A11 42 WR
3 D2 24 ” 3 +5V 23 A10 43 oV
a D3 29 4 D6 24 A9 44 RD
5 D4 23 “ 5 oV 25 A8 45 oV
6 D5 24 6 D5 26 AT 46 TIORQ
7 D6 o5 T oV < AB 47 oV
8 D7 26 “ 8 D4 28 A5 48 MREQ
10 ACK 28 10 D3 30 A3 50 HALT
11 BUSY 20 11 oV 31 A2 51 oV
12 PE 30 c. 12 D2 32 A1 52 NMT
13 N/U 13 Ov 33 AO 53 oV
14 N/U ST S 14 DT <7 T 54  INT
15 N/U KEY: - “ 15 ov 35 oV 55 oV
16 oV D - Data Bit 16 DO 36 RFSH 56 WALT
17 GND N/U - Not used by the “ 17 Ov 37 oV 57 oV
18 N/C . TATUNG COMPUTER | 18 A15 38 ™M1 58  BUSREQ
31 N/U N/C - No Connection 19 A14 39 oV 59 oV
32 ERROR ACK — Acknowledge “ 20 A13 40 BUSACK 60 SYS CLK
33 N/U PE - Paper End ( 4MHz )
34 N/C
35 N/U “
36 N/C
59 57 &85 653 S51 g 9 7 ey [T
O TR A @ e A il ol A Al AL e Y 18 s R BT D T L L R T
T e i A B T e Y e S TR TR . R A 3 N A R

80 58 58 HH‘J“_‘H‘J 8 L 4 2

e 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 3s ae ARROW ON TOP OF CONNECTOR INDICATES PIN—1

VIEW LOOKING INTO CONNECTOR
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) External Disc-Drive IDC Connector MQO04
PIN NO. SIGNAL PIN NO. SIGNAL DIRECTION
1 Qv 2 N/C -
3 Ov 4 N/C —
5 Qv 6 D/S—3 TO DRIVE
4 Qv 8 INDE X TO COMPUTER
9 Ov 10 D/S-0 TO DRIVE
11 Ov 12 D/S~-1 TO DRIVE
13 Ov 14 D/S-2 TO DRIVE
15 Qv 16 MOTOR ON TO DRIVE
17 Ov 18 DIR/S TO DRIVE
19 Ov 20 STEP TO DRIVE
21 Ov 22 WRITE DATA TO DRIVE
23 Ov - 24 WRITE GATE TO DRIVE
29 Ov 26 TRACK O TO COMPUTER
27 Ov 28 WRITE PROTECT TO COMPUTER
29 Ov 30 READ DATA TO COMPUTER
R e P L T e
a9 Ov 32 SIDE-SELECT TO DRIVE
33 Ov
KEY : -
N/C - No connection
D/S - Drive-Select
DIR/S - Direction Select
83 81 28 27 25 BB 31 W T . 1% 11 9® 5 By
28" 8% 8" BT ety By ot aTD " s TilalE"
B O U Tl ik A O W D 89" ©
@4 232 30 28 28 24 22 20 1 18 14 12 10 6 4 2

VIEW LOOKING INTO CONNECTOR
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S
=t
C=)
=3
D
=1
o1
ot
1
=1
=

#) YUV-RGB Linear (Int.Select), 6-Pin-Din Socket for

Video

PIN EMHEE-
.1

2 CORE
3

4

S S ek
6

*The outputs are

RGB SIGNAL*

R
G

B
SYNCS
ov
N/C

N/C

internally

link switches M100 and M101,

YUV OUTPUT*

V
Y+SYNCS
U

N/C

oV

N/C

— No Connection

user selectable via
(See Appendix I)

o
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ENDIX H
APPENDIX G l'll:'lll' APP
I BINARY/H CI EQUIVALENTS
PERIPHERALS “ DECIMAL/ RY/HEXADECIMAL EQU
The following models are suitable for use as P00, vy < et e e |
pEl"‘lpher‘alE with the EINSTEIN. 0 0000DOO0 © | 64 D1DOODOD 40 | 12B 10000000 80 | 192 11000000 OO
1 00000007 1 | 65 01000001 41 | 129 10000001 81 | 193 11000001  C1
2 00000010 2 | 66 01000010 42 |130 10000010 82 | 104 11000010 ©2
FPRINTERS: 3 00000011 3 | 67 01000011 43 |131 10000011 B3 | 195 11000011 o3
4 00000100 4 | 68 01000100 44 |132 10000100 &84 | 196 11000100 C4
5 00000107 5 | 69 010001017 45 | 133 10000101 @5 | 197 11000101 C5
6 00000110 6 | 7O 01000110 46 | 134 10000110 86 | 198 11000110 OF
g o TATUNG TP8O 7 00000111 7 | 71 01000111 47 | 135 10000111 87 | 199 11000111 ©7
- 8 00001000 B | 72 01001000 48 | 136 10001000 88 | 200 11001000 c®
2 e EPSON FX80 - The TATUNG character set can 9 00001001 9 73 010010017 49 | 137 10001001 @9 | 201 11001001 CO
4 f 10 00001010 A | 74 01001010 4A | 138 10001010 BA | 202 11001010 €A
be pr*ﬂgrammed into this deEl 11 00001011 B 7S 01001011 4B | 130 10001011 8B | 202 11001011 CB
12 00001100 C | 76 01001100 4C | 140 10001100 &C | 204 11001100 or
13 00001101 O | 77 01001101 4D | 141 10001101 80 | 205 11001101 oD
: ¥ . 14 00001110 E | 78 01001110 4E | 142 10001110 8E | 206 11001110 oF
The f‘allawlng prlnters can also be used with EINSTEIN 15 00001111 F | 79 01001111 4F | 143 10001111 BF | 207 11001111 oF
. 16 00010000 10 | 80 01010000 SO | 144 10010000 90 | 208 41010000 O
but do not necessarily conform to the full TATUNG 17 00010001 11 | 81 01010001 S1 | 14% 10010001 91 | 209 11010001 D1
i ric racters/svmbols 18 00010010 12 | B2 01010010 52 | 146 10010010 92 | 210 11010010 02
character set. Some E.lphﬂ. nume cha € Ef_i"l 19 00010071 13 | 83 01010011 83 | 147 10010011 93 | 211 11010011 03
: di nt nd he r hics characters wi not 20 00010700 14 | B84 01010100 54 | 148 10010100 84 | 212 11010100 De
will be iffere e t grap 21 00010101 15 | 85 01010101 55 | 149 10010101 9% | 213 11010101 OS5
exist on these models. 22 00010110 16 | 86 01010110 56 | 150 10010110 96 | 214 11010190 DB
23 000107111 17 | 87 01010111 57 | 151 10040111 97 | 215 11010111 D7
24 00011000 18 | 88 01011000 58 | 152 10011000 98 | 216 11011000 [&
25 00011001 19 | 89 01011001 50 | 153 10011001 00 | 217 11041001 DO
i B EPSON RX80 26 00011010 1A | 90 01011010 SA | 154 10019010 OA | 218 11011010 DA
27 00011011 18 | 91 01011011 5B [ 155 10011011 98 | 216 11011011 ©e
2. FACIT 4510 28 00011100 1C | 92 01011100 SC | 156 10011100 oC | 220 11011100 OC
: 20 00011101 1D | 83 09011101 S0 | 157 10011101 o0 | 221 11011101 0O
3. SHINwA CT1CPS80 30 00011110 4E | 94 01011110 SE | 158 10011110 9€ | 222 11011110 O
: 31 00011111 F | 95 01011111 SF | 1590 10011111 9F | 227 11011111 ©OF
32 00100000 20 | 06 01100000 60 | 160 10100000 A0 | 224 11100000 Eo
33 00100001 21 | ®7 01100001 61 | 167 10100001 A1 | 225 11100001 E1
DISC DRIVES: 34 00100070 22 | 98 01100010 62 | 162 10100010 A2 | 226 11100010 E2
35 00100011 23 | 99 01100011 63 | 1863 10100011 A3 | 227 11100011 E7
36 00100100 24 | 100 01100100 64 | 164 10100100 A4 | 228 11100100 E4
_ 37 00100101 25 | 101 01100101 65 | 169 10100101 AS | 220 11100101 ES
Y3 TEAC FD30A 38 00100110 26 | 102 01100110 66 | 166 10100110 A6 | 230 11100410 &
39 00100917 27 | 103 01100111 67 | 167 10100111 A? | 231 11100111 E7
2. HITACHI HFD 305S and HITACHI HFD305SX 40 00101000 28 | 104 01101000 68 [ 168 10101000 A2 | 232 11101000 E&
41 00101001 20 | 105 01101001 69 | 169 10101001 A% | 233 11101001 Eg
42 00101010 2A | 106 01101010 6A | 170 10101010 AA | 234 11101010 EA
g 43 00101011 2B [ 107 01101011 6B | 171 10101011 AB | 235 11101011 ER
Other models are avalilable but ensure thEy are 44 00101100 2C | 108 01101100 6C | 172 10101100 AC | 226 11101100 EC
" . . g by 45 00101101 2D | 109 01101101 60 | 173 10101101 AD | 237 11101101 EO
cumpatable for the 3 micro ‘Flﬂppy discs used with the 46 001071110 2E | 110 01101110 6E | 174 10101110 AE | 238 11101110 EE
n 5 1 47 00101111 2F | 111 01101117 eF [ 175 10101111 AF | 239 11109111 6
computer and bear theyﬂ: yﬂ'lbﬂ . 48 00110000 30 | 112 01110000 70 | 176 10110000 BO | 240 11110000 FO
49 00710007 31 | 113 01110001 71 | 177 10110001 B1 | 241 11110001 F1
50 00110010 32 | 114 01110010 72 | 178 10110010 B2 | 242 11110010 F2
JOY STICKS: 51 00110011 33 | 115 01110011 73 | 179 10110011 B3 | 243 11140011 Fa
52 00110100 34 | 116 01110100 74 | 180 10110100 84 | 244 11110100 F4
53 00110101 35 | 117 04110101 75 | 181 10110101 85 | 24% 11110101 €%
54 00110710 36 | 118 01110110 76 | 182 10110110 BE | 246 11110110 Fe6
Model Type Manufacturer 58 00110111 37 | 119 01110111 77 | 183 10110111 B7 | 247 11110111 F7
56 00111000 38 | 120 01111000 78 | 184 10111000 B8 | 248 11111000 F8
B7 00111001 .39 | 121 011110017 70 | 185 10111001 BY | 249 11111001 Fo9
. * BN 00111010  3a 122 01114010 TA | 186 10111010 BA | 2% 11111010 FaA
J1 (TATUNG) Analngue Fllght Link Control M8 00111017 3B | 123 o1111011 7B | 187 10111011 @8 | 251 11111011 FB
. . e N A0 00111100 3¢ | 124 01111100 7C | 188 10111100 BC | 252 11111100 FC
Sure Shot Digital R.P. Products B 00111101 3D | 125 01111101 7D | 189 10111101 8D | 2%3 11111101 €D
fAF 00111110 3E 126 01111110 TE 190 10119110  BE 254 11111140 FE
R DOY11111 3F 127 01111111 TF 1899 101114114 BF 255 T1114431 FF
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APPENDIX I

DISPLAY MONITOR SIGNAL OPTIONS

selection of the desired standard (YUV or RGB), is
determined by the positioning of 4 'Mini-shunt' 1links
located on the main printed circuit board assembly.

To gain access - refer to the following notes:i-

Note: Be fore commencing - first switch-off the power
supply, unplug the mains lead from the supply and
disconnect all other inter-connecting cables.

Removal of Cover:
The moulded top cover of the microcomputer may be

removed as follows:-

1. Unscrew and remove the 2 retaining screws
located in the rear face of the cover.
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2. Lift the back of the cover gently - and in

the same movement - slide the cover

towards the rear of the unit, to disengage
gnd clear from their respective locations
in the base unit assembly, the 4 retaining

lugs moulded into the cover's front top
and sides,

Ba LiLE Fhe cover away to provide access to
the microcomputer interior.

Selection of 'Mini-Shunt' Locations:
With thu.e cover removed, retTer %o Pig.A and . Fig.B
These diagrams show the location of the 'Mini-Shunt'

plug link connectors (M100 & M101) on the main PCB, and
the respective positions of the links themselves, ’

Link positions for YUV format are shown in chain dotted
gutline, Positions for the change to RGB format are

shown in solid outline.
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Fig.B
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Location of “Mini-Shunt”

link connectors on P.C.B.

— L ink positions

YUV -Dotted outline
RGB -Solid outline

12220200008

fa change from one format to the other, carefully slide
4ll 4 links upwards off the vertical location Pins (as

illustrated below) and replace them in the required
alternative positions as indicated in Fig.B.

B ik {

S o

“MINI-SHUNT" LINKS

Finally, replace the top cover as decribed below.

1.

€,

Replacing the Cover:

Ensure the 4 retaining lugs are correctly located
into their respective slots and into the
retaining lip on the moulded base unit assembly.

Finally, check that the cover and base are
correctly aligned along their edges, then press

the cover down evenly onto the base moulding and
refit the two retaining screws,
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